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OZET

Germinal matrix kanamasi-intraventrikiiler kanama, 6zellikle erken dogumlarin 6nemli bir komplikasyonu olup pretermlerde gériilen beyin
hasarmim en sik nedenidir. Etiyolojisi karmagsik ve multifaktoriyel olup yenidoganlarda sik goriilen morbidite ve mortalite nedenlerindendir.
Hastanemiz Yenidogan Yogun Bakim Unitesinde dogum agirhig 1500 gramin ve gestasyon yasi 32 haftanin altinda dogan toplam 391
yenidogan (n=119 prematiire germinal matrix kanamasi-intraventrikiiler kanama, n=27 prematiire ileri evre kanama tanili) ¢alismaya dahil
edilmistir. Caligmaya dahil edilen pretermlerin %30,4’ii germinal matrix kanamasi-intraventrikiiler kanama, bu bebeklerin %6,9u ileri evre
kanama tanist almigtir. Hastalarin dogum agirligi ve gestasyon haftasi azaldik¢a germinal matrix kanamasi-intraventrikiiler kanama ve ileri
evre kanama riskinin anlamli diizeyde artti§1 ve mortalite iizerine olumsuz etkisi gdsterilmistir. Yenidogan Yogun Bakim Unitesinde yatis
siiresi boyunca kanama riski olan bebekler ve eslik eden morbideteler degerlendirilmistir. Biz bu ¢alismada ileri derece preterm bebeklerin
hayatta kalma sans1 arttik¢a, giincel bir problem olan germinal matrix kanamasi-intraventrikiiler kanamanin 6nlenmesi igin riskli gruplart
gosterdik.

Anahtar Kelimeler: Germinal matriks kanamasi-intraventrikiiler kanama. Prematiirite. Risk faktorleri.

Investigation of Preterms Diagnosed with Germinal Matrix Hemorrhage-Intraventricular Haemorrhage in the Third Level
Intensive Care Unit: 4-Years Experience

ABSTRACT

Germinal matriks hemorrahage-intraventricular hemorrhage is an serious complication of premature births and is the most common cause of
brain damage in preterm babies. The etiology of germinal matrix hemorrhage and intraventricular hemorrhage is complex and multifactorial.
Germinal matriks hemorrahage-intraventricular hemorrhage are common causes of morbidity and mortality in neonates. A total of 391
neonates (n=119 preterms with germinal matrix hemorrhage and intraventricular hemorrhage, n=27 preterms with high grade hemorrhage
with born in the our Neonatal Intensive Care Unit, birth weight <1500 grams and <32 weeks of gestation were included in the study. Of the
included infants, 30.4% had germinal matrix hemorrhage and intraventricular hemorrhage, and 6.9% of germinal matriks hemorrahage-
intraventricular hemorrhage diagnosed infants had high grade hemorrhage. Germinal matriks hemorrahage-intraventricular hemorrhage were
found to be higher in premature babies with gestational week and birth weight decreased. At risk of germinal matriks hemorrahage-
intraventricular hemorrhage and the clinical morbidities they experienced were evaluated during their stay in the Neonatal Intensive Care
Unit. In this study, we demonstrated the risk groups for the prevention of germinal matriks hemorrahage-intraventricular hemorrhage, which
is a current problem as the chance of survival of severe preterm infants increases.

Keywords: Germinal matrix hemorrhage-intraventricular hemorrhage. Prematurity. Risk factors.
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32. gestasyonel hafta ve 1500 gramin altinda dogan
preterm bebeklerde daha siktir. Giincel literatiirde
insidans,  %20-25  olarak bildirilmektedir”
Prematiirelerin  gestasyon haftalar1 azaldikca bu
insidansin daha da arttig1, Ozellikle yirmi alti
gestasyon haftasindan 6nce dogan ¢ok kiiciik preterm

grubunun ise yaklasik %45’i GMK-IVK’dan
etkilendigi bilinmektedir'.
Prematiire bebeklerde solunum sistemi,

gastrointestinal, kardiyovaskiiler sistem gibi bir¢cok
sistem gelisimi immatiir olup c¢esitli problemlerle
karsimiza gelse de; uzun vadede prognoz iizerine en
olumsuz sonuclara neden olan GMK-IVK’dir. Bu
nedenle neonatolojideki giincel yaklasim &ncelikle
riskli gruplarin belirlenmesi ve gereken onlemlerin
alinmasidir.  Germinal matriks  kanamasi  ve
intraventrikiiler kanamanin en onemli risk faktorii
prematiirite oldugundan, 6nlemenin en etkili yolu da
prematiiritenin de onlenmesidir’. Bizim
calismamizdaki amacimiz GMK-IVK ve ileri evre
GMK-IVK tanis1 alan bebeklerin etiyolojisi, morbidite
ve mortaliteyle iligkisini degerlendirmek ve riskli
gruplari belirlemektir.

E.D. Acar Celik ve ark.

acisindan  degerlendirildi.  Arastirma  Helsinki
Deklarasyonu prensiplerine uygun olarak yapilmistir.
Bu calisma icin Saghk Bilimleri Universitesi Bursa
Yiiksek Ihtisas Egitim Arastirma Hastanesi Klinik
Arastirmalar Etik Kurulundan (tarih: 01.06.2022, no:
2022/03-22 karar1) onay alinmistir.

Istatistiksel Analiz

Arastirmada elde edilen verilerin istatistiksel analizleri
IBM SPSS V 25.0 (IBM SPSS, Tiirkiye) istatistiksel
paket programi ile degerlendirildi. Bagimsiz iki grup
karsilagtirmalarinda veriler normal dagildigi durumda
bagimsiz Orneklem t testi, normal dagilmadig:
durumda ise Mann-Whitney U testi uygulanmistir.
Betimleyici istatistikler olarak ortalama + standart
sapma, medyan (IQR) degerleri verilmistir. Kategorik
degiskenler icin betimleyici istatistikler n (%) ile ifade
edilmistir. Kategorik degiskenlerin gruplar arasi
karsilastirmasinda ise Pearson ki-kare, Fisher’in kesin
ki-kare testi ve Fisher-Freeman-Halton testleri
kullanilmistir.  Cok  degiskenli lojistik regresyon
analizi yapilarak odds oranlar1 (OR) hesaplamalari
yapildi. Anlamlilik diizeyi 0=0,05 olarak belirlendi.

Gereg ve Yontem

Caligmaya Saghk Bilimleri Universitesi Bursa Yiiksek
Ihtisas Egitim ve Arastirma Hastanesi dogum salonu
ve sezaryen ameliyathanesinde dogan ve YYBU’de 1
Ocak 2018-1 Ocak 2022 tarihleri arasinda 32.
gestasyonel haftanin altinda veya 1500 gram altinda
dogan preterm bebekler dahil edildi. Dislanma
kriterlerine uymayan, bilgilerine ulasilamayan ve
ailesinden onam alinamayan hastalar c¢alisma dis1
birakildi. Calismaya dahil edilen hastalar belirlenen
preterm ultrasonografik izlem protokoliine gore ayni
iki neonatolog tarafindan ¢ift kor degerlendirilmistir.
Tim hastalara ilki yatis sonrasi ilk 24 saatte olmak
iizere iki veya {i¢ kez kranial ultrasound goriintiilemesi
(kUS) yapildi. Daha sonra haftalik kUS izlemine
alindi. GMK-IVK smiflamas1 Volpe’ ye gére yapildi.
Hastalarin izlemde gériilen en yiiksek evre GMK-IVK
dereceleri kaydedildi. Volpe siniflamasi patofizyoloji
zeminine dayanir ve kUS goriintiilerini baz alir. Evre
I’de  GMK ventrikiilin igine tagabilir ancak
ventrikiilin <%10’unu doldurur. Evre 2, ventrikiil
alaninin  %10-50’sini dolduran kanamadir. Evre 3,
ventrikiil alaninin >%>50’sini dolduran kanamadir.
Periventrikiiler hemorajik infarkt ise kanamanin
oldugu tarafta parankimal kanamadir ve herhangi bir
evreye eslik edebilir’. Calismaya dahil edilen hastalar
GMK-IVK tanist alanlar ve almayanlar olarak iki
gruba ayrildi. GMK-IVK tamis1 alan hastalarda diisiik
evre (Evre 1 ve 2), ileri evre kanama (Evre 3,
periventrikiiler hemorajik infarkt) olarak iki gruba
ayrildi. Tim hastalar antenatal ve postnatal
ozellikleri, risk faktorleri ve eslik eden anomaliler

Bulgular
Calisma siliresince hastanemizin  kadin  dogum
ameliyathanesinde ve dogum salonunda toplam

28.192 canli dogum, 6.028 prematiire bebek, <32
gestasyonel hafta ve <1500 gram 517 bebek diinyaya
gelmigtir. Calismaya, diglama kriterlerine uyan
bebekler, verilerine ulagilamayanlar ve ailesi
tarafindan onam verilmeyenler elendikten sonra 391
prematiire bebek dahil edilmistir. Dislanma kriteri
olarak major konjenital anomali, dogustan kalp
hastaligi, kromozomal bozuklugu, hematolojik
hastaliklar belirlendi. Calismaya dahil edilen tiim
prematiire bebeklerin yiizde 30,4'linde germinal
matriks kanamasi-intraventrikiiler kanama goriliirken,
ylizde 6,9'unda ileri evre germinal matriks kanamasi-
intraventrikiiler kanama goriildii. Caligmaya dahil
edilen hastalarin ayrintili akis semast sekil 1°de
gosterilmektedir.

GMK-IVK  tams1 alan ve almayan bebekler
karsilagtirildiginda, dogum agirligt ve gestasyonel
hafta azaldikca GMK-IVK daha ¢ok goriilmektedir
(p<0,001). GMK-IVK tanis1 alan bebeklerde APGAR
1. dakika ve 5. dakika degerleri diistikce GMK-IVK
daha sik ortaya c¢ikmaktadir (p<0,001). Antenatal
kortikosteroid tedavisi, ¢alismamizda eksik ve tam
doz olarak degerlendirildigi icin GMK-IVK ile
arasinda istatistiksel iligki gosterilemese de GMK-
IVK olusmasini azalttigi bilinmektedir. GMK-IVK
tanis1 alan ve almayan bebeklerin demografik
ozelliklerine gore karsilastirilmasina iliskin veriler
Tablo I'de yer almaktadir. Cok degiskenli lojistik
regresyon analizi ile diger faktorler dahil edildiginde,



Pretermlerde Germinal Matriks-Intraventrikiiler Kanama

gebelik haftasinin azalmasinin GMK-IVK gelisiminde
bagimsiz rol oynadig1 goriildii. Aymi sekilde APGAR
1. ve 5. Dakika degerinin diisiik olmasinin GMK-IVK
gelisiminde bagimsiz risk faktdri oldugu goriildii.
Diger degiskenler coklu regresyon analizinde anlaml
bulunmadi.

Calisma siresinde meydana
gelen canl dogum

(n=28.192)

Calisma siresinde dofan
prematare bebek sayisi
(n=6.028)

Talyrna s0resinge 32
gestasyonel haftave <1500 gr
dogan prematdre bebekler
(n=517)

Klinikve laboratuvar verilerine
bebekler

(n=38)

Allesinden onay alinamayanlar
(n=42)

Calismaya dahil edilen hastalar
(n=39

I—I—|

GMEAVK tanisialmayan hastalard | GMK-IVK tans alan bebekler
(n=272) In=119)

ileri evre GMK-IVK tamisi alan | D5k evre GMK-IVK
bebekler bebekler

(n=27) (n=02)

Sekil 1.
Calismaya dahil edilen hastalarn akis semasi. YYBU:
yenidogan yogun bakim iinitesi; GMK-IVK: germinal
matriks-intraventrikiiler kanama

Tablo I. GMK-IVK Tanist Alan ve Almayan
Bebeklerin  Demografik ~ Ozelliklerine
Gore Karsilagtirilmasi

GMK-IVK
Yok (n=272) Var (n=119) P

Cinsiyet (Kiz), n (%) 112 (%41,2) 59 (%49,6) 0,123
Dogum Agiriigr gr 1130 (900-1391) {730 (620-850) [<0,001*
Dogum Sexli (C/S) 222 (%81,6) 109 (%91,6)  [0,012*
Gestasyonel Hafta (hf) 29 (27-31) 25 (24-27) <0,001
APGAR 1.-5. Dakika 7 (5-8) 45 (3-6) <0,001
IUGR, n (%) 41 (%15,1) 13 (%10,9) 0,274*
Anne Yas| 27 (24-32) 28 (24-32) 0,710%
Multiparite, n (%) 133 (%48,9) 77 (%64,7) 0,004
Gogul Gebelik, n (%) 42 (%154) 20 (%16,8) 0,734
Matemal Hastalik, n (%) |52 (%19) 25 (%21) 0.268**
Oligoanhidroamnios, n (%) |40 (%14,7) 19 (%16,0) 0,749*
EMR, n (%) 48 (%17,6) 20 (%16,8) 0,840*
AKS Yok |134 (%49,3) 63 (%52,9)

Eksik|52 (%19,1) 31(%26,1,) 0,068

Tam |86 (%31,6) 25 (%21)

Tanimlayici istatistikler medyan (minimum-maksimum), frekans (n)
ve yiizde (%) olarak belirtildi.

*Mann-Whitney U testi, ** Pearson ki-kare testi. (C/S: Sezaryen
Dogum, IUGR: intrauterin Geligme Geriligi, EMR: Erken Membran
Riiptiirii, AKS: Antenatal Kortikosteroid)

Diisiik evre ve ileri evre GMK-IVK tanisi alan
bebekler karsilastirildiginda, ileri evre GMK-IVK
tanist alan bebeklerde erkek cinsiyet daha fazla
goriilmektedir  (p=0,03). GMK-IVK tanis1 alan
bebeklerde gestasyonel hafta ve dogum agirlig:
azaldikca ileri evre GMK-IVK daha fazla ortaya
cikmaktadir (p=0,005). ileri evre GMK-IVK tanisi
alan bebeklerde, diisiik evreye gore daha fazla cogul
gebelige rastlanmaktadir (p=0,01). Diisiikk evre GMK-
IVK’da maternal hastaliklardan preeklampsi en sik
goriilmektedir. ileri evre GMK-IVK tamis1 alan
bebeklerde ise koryoamniyonit, preeklampsiye gore
daha sik goriilmektedir (p=0,04). Diisiikk evre ve ileri
evre GMK-IVK tamsi alan bebeklerin demografik
ozelliklerine gore karsilastirilmasina iligkin veriler
Tablo II’de yer almaktadir. Cok degiskenli lojistik
regresyon analizi ile diger faktorler dahil edildiginde,
erkek cinsiyetin ileri evre GMK-IVK olusumunda
bagimsiz risk faktorii oldugu goriildii. Yine dogum
agirhiginim azalmasi ve ¢ogul gebeligin de ileri evre
GMK-IVK gelisimi i¢in bagimsiz risk faktérii oldugu
goriildi. Diger degiskenler ¢coklu regresyon analizinde
anlamli bulunmadi.

Tablo II. Diisiik Evre ve fleri Evre GMK-IVK Tanist
Alan Bebeklerin Demografik Ozelliklerine
Gore Karsilastirilmasi

GMK-IVK (n=119)
Du(§n i]=k9;;lre ileri evre (n=27) p
Cinsiyet (Kiz), n (%) 51 (%55,4) 8 (%29,6) 0,018*
Dogum Agirhgr (gr) 735 (637-900) (650 (530-755)  {0,005*
Dogum Sekli (C/S), n (%) |84 (%91,3) 25 (%92,6) 1,000***
Gestasyonel Hafta (hf) |26 (25-27) 24 (24-26) 0,006*
APGAR 1.-5. Dakika 5(3-6) 4 (3-5) 0,351
IUGR, n (%) 9 (%14) 4(%14,8,) 0,488+
Anne Yasi, n (%) 27 (25-32) 28 (24-32) 0,145*
|Multiparite, n (%) 58 (%63) 19 (%70,4) 0,484+
Gogul Gebelik, n (%) 1 (%12) 9(%33,3) 0,017*
|Matemal Hastalik, n (%) |20 (%21) 5(%18,5) 0.87**
Oligoanhidroamnios, n (%) |17 (%18,5) 2 (%74) 0,236**
EMR, n (%) 16 (%17,4) 4 (%14,8) 1,000%**
AKS Yok |46 (%50) 17 (%63)
Eksik |25 (%27,2) 6 (%22,2) 0,473+
Tam 21 (%228,) |4 (%14.8)

Tanimlayici istatistikler medyan (minimum-maksimum), frekans (n)
ve ylizde (%) olarak belirtildi.

*Mann-Whitney U testi, ** Pearson ki-kare testi, *** Fisher’in
kesin ki-kare testi. (C/S: Sezaryen Dogum, IUGR: Intrauterin
Gelisme Geriligi, EMR: Erken Membran Riiptiirii AKS: Antenatal
Kortikosteroid

GMK-IVK tanis1 alan ve almayan bebeklerin eslik
eden morbiditeleri karsilastirildiginda GMK-IVK
tanis1 alan bebeklerde respiratuar distress sendrom



(RDS), orta-agir bronkopulmoner displazi (BPD),
pulmoner hipertansiyon, ventilator iliskili pnomoni,
tedavi gerektiren patent duktus arteriosus (PDA) ve
evre 3-4 prematiire retinopatisi (ROP) daha fazla
goriilmektedir (p<0,001). GMK-IVK tams: alan
bebeklerde inotrop ihtiyact olan hipotansiyon ve
bobrek  yetmezligi daha fazla  goriilmektedir
(p<0,001). GMK-IVK tanis1 alan bebeklerde
periventrikiiler 16komalazi ve konvulziyon daha fazla
goriilmektedir (p<0,001). GMK-IVK tamsi alan
bebekler daha uzun siire TPN almakta ve daha uzun
siire invaziv ve non invaziv mekanik ventilasyona
ihtiyag duymaktadir (p<0,001). GMK-IVK tanis1 alan
bebeklerin YYBU yatis siiresi daha uzundur
(p<0,001). GMK-IVK tanis1 alan bebeklerde mortalite
oran1 daha fazladir (p<0,001). GMK-IVK tanis1 alan
ve almayan bebeklerin eslik eden morbiditelere gore
karsilagtirilmasina iligkin veriler Tablo III’te yer
almaktadir.

Tablo III. GMK-IVK Tams1 Alan ve Almayan
Bebeklerin  Eslik Eden Morbiditelere
Gore Karsilastirilmasi

GMK-IVK
Yok (n=272) | Var (n=119) p
RDS, n (%) 149 (%54,8) {106 (%89,1) |<0,001**
Orta-Agir BPD, n (%) 36 (%13,2) |34 (%28,6) (<0,001*
Pulmoner hipertansiyon, n (%) {20 (%7,4) 23 (%19,3) [<0,001*
VIP, n (%) 16 (%5,9) 24 (%20,2) [<0,001*
Tedavi Gerektiren PDA, n (%) 58 (%21,3) |73 (%61,3) [<0,001*
PDA Tedavi Sekli ibuprofen 34 (%58,6) |11 (%15,3) <0.001*
Parasetamol 24 (%41,4) |61 (%84,7) ’
Evre 2-3 NEK, n (%) 12 (%4,4) 8 (%6,7) 0,340**
L%\;(aezii\l(gjii;anik ventilasyon 2(2-7) 14 (4-15) <0,001*
IS\IL?rr;;\(/gLZI:]v) mekanik ventilasyon 4(1-13) 13 (2-16) <0,001*
Evre 3-4 ROP, n (%) 13 (%4,8) 33 (%27,7) |<0,001*
innz;;c))p ihtiyaci Olan Hipotansiyon, 38(H140) |45 (%378) |<0,001%
Bobrek YetmezIigi, n (%) 4 (%1,5) 11(%9,2)  |<0,001**
TPN Alma Siiresi, n (%) 9 (6-14) 16 (7-17) <0,001*
Konvulziyon, n (%) 4 (%1,5) 16 (%13,4) |<0,001**
PVL, n (%) 54 (%19,9) |44 (%37) <0,001*
Hastane yatis suresi (glin) 34 (21-57) 61(13-101) {<0,001*
Mortalite, n (%) 54 (%19,9) |52 (%43,7) (<0,001*

Tanimlayici istatistikler medyan (minimum-maksimum), frekans (n)
ve yiizde (%) olarak belirtildi.

*Mann-Whitney U testi, ** Pearson ki-kare testi. (RDS: Respiratuar
Distres Sendromu, BPD: Bronkopulmoner Displazi, VIP: Ventilatér
fliskili Pnomoni, PDA: Patent Duktus Arteriozus, NEK: Nekrotizan
Entrokolit, ROP: Prematiire Retinopatisi, PVL: Periventrikiiler
Lokomalazi)

Diisiik evre ve ileri evre GMK-IVK tanist alan

bebeklerin  eslik eden  morbiditelerine  gore
karsilagtirildiginda, ileri evre GMK-IVK tanisi alan
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bebeklerde RDS (p<0,001) ve tedavi gerektiren PDA
(p=0,002) daha fazla gériilmektedir. ileri evre GMK-
IVK tamsi alan bebeklerde mortalite orani daha
fazladir (p<0,001). Diigiik evre ve ileri evre GMK-
IVK tanis1 alan bebeklerin eslik eden morbiditelerine
gore kargilastirilmasina iligkin veriler Tablo IV’te yer
almaktadir.

Tablo 1V. Diisik Evre GMK-IVK ve Ileri Evre
GMK-IVK Tanis1 Alan Bebeklerin Eslik

Eden Morbiditelerine Gore
Karsilagtirilmasi
GMK-IVK (n=119)
Diisiik evre ileri evre
(n=92) (n=27) P
RDS, n (%) 63 (%68,5) 27 (%100)  |<0,001*
Orta Agir BPD, n (%) 18 (%19,6) 5(%18,5) 0,904
FJ/L:I)moner Hipertansiyon, n 10 (%109) 6 (%22.2) 0,195+
VIP, n (%) 10 (%10,9) 4(%148)  [0519™
Tedavi Gerektiren PDA, n (%) |31 (%33,7) 18 (%66,7)  |0,002*
PDA Tedavi Sekli lbuprofen |9 (%17) 1(%5,6) 0,434
Parasetamol 44 (%83) 17 (%94,4) '

Evre 23 NEK, n (%) 5 (%5,4) 3(%11,1) 0,379
Evre 3-4 ROP, n (%) 1 (%12) 7(%259) 0,122
:_’i‘l‘[’)t(;?;n!:%ﬁc' Olan 19(%207)  |15(%556)  |<0,001*
Bobrek Yetmezligi, n (%) |8 (%8,7) 3(%11,1) 0,711
Konvulziyon, n (%) 8 (%8,7) 8(%29,6) 0,009
PVL, n (%) 30 (%32,6) 14(%519)  [0,069*
[Mortaiite, n (%) 24 (%26,1) 19(%704)  |<0,001**

*Mann-Whitney U testi, ** Pearson ki-kare testi, *** Fisher’in
kesin ki-kare testi (RDS: Respiratuar Distres Sendromu, BPD:
Bronkopulmoner Displazi, VIP: Ventilator liskili Pnomoni, PDA:
Patent Duktus Arteriozus, NEK: Nekrotizan Entrokolit, ROP:
Prematiire Retinopatisi, PVL: Periventrikiiler Lokomalazi)

GMK-IVK tamis1 alan bebeklerde ¢ok degiskenli
Lojistik Regresyon Analizi Tablo V’te yer almaktadir.
Modele gestasyonel hafta, dogum agirligi, APGAR 1.-
5. dakika skoru, RDS, tedavi gerektiren PDA, orta-
agir BPD, mortalite eklendi. Analiz sonucunda
gestasyonel haftanin, dogum agirligimin ve APGAR
1.-5. dakika skorunun azalmasinin, GMEK-IVK
sikligin1 anlamli derecede arttirdigi bulundu.

Tablo V. GMK-IVK Tamsi1 Alan Bebeklerde Cok
Degiskenli Lojistik Regresyon Analizi

» owmom OB 0w
Dogum Agirigi <0,001 0,995 0,993-0,997
Tedavi Gerektiren PDA 0,084 1,833 0,924-3,664

IMortalite 0,126 1,818 0,844-3,928
Apgar 1.-5. Dakika 0,002 0,751 0,622-0,901
Orta-a§ir BPD 0,071 2,187 0,941-5,188
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Tartisma ve Sonug

Daha kiiclik bebekler hayatta kalmayr basardikca
GMK-IVK, yenidogan yogun bakimlar igin daha
biiyiik sorun olusturmaya baglamistir®. Dogum sonrasi
ilk gilinlerinde gergeklesen bu durum hem hayatta
kalma sansini azaltmakta hem de hayat boyu kalici
hasarlara neden olmaktadir. Bu amagla ¢alismamiz en
riskli ve prematiir bebeklerin izlendigi iiclincii diizey
merkezlerdeki  giincel ~GMK-IVK  oranlarimi
belirlemeyi ve riskli bebekleri bulmay1 hedeflemistir.
Calismamizda, <32. gestasyonel hafta, <1500 gr
bebeklerin %30,4’ii GMK-IVK tams1 almis olup, tim
bebeklerin  %6,9°u ileri evre, %23,5’1 erken evre
GMK-IVK tanis1 almistir. Literatiirle uyumlu olarak
ileri evre GMK-IVK tanisi alan bebeklerde erkek
cinsiyeti bagimsiz risk faktorii olarak gosterdik’.
Bilindigi iizere diisik dogum agirligi ve gestasyon
haftas;;, GMK-IVK risk faktorleri arasinda en
bilinenlerinden birisidir®. Bizim ¢alismamizda GMK-
IVK tanisi alan bebeklerin ortalama dogum agirhig
730 gram, ortalama gestasyon haftasi 25 haftaydi.
Dogum agirligi ve gestasyon haftasi azaldikga GMK-
IVK sikliginda artis goriildii.  Sezaryen dogum
seklinin, normal dogum sekline gére GMK-IVK
sikligin1 azalttigina dair yeterli calisma yoktur.
Humberg ve ark.® tarafindan yapilan bir ¢alismada,
GMK-IVK prevelansi vajinal dogumda %26,6, acil
sezaryen dogumda %31,1 ve planl sezaryen dogumda
%17,2 olarak bulundu. Vajinal dogum ve acil
sezaryen dogum, bagimsiz olarak GMK-IVK ile
iliskilendirildi. Bizim yaptigimiz ¢aliyjmada GMK-
IVK tanisi alan bebeklerin sezaryen dogum oranini
%91,6, vajinal dogum oranini %8,4 olarak bulduk.
Dogum yontemi karar1 sadece prematiiriteye bagh
olarak verilmemeli diger risk faktorleri de géz Oniine
alinarak karar verilmelidir.

Prematiire bebeklerde germinal matriks ve germinal
matriksi cevreleyen destekleyici tabakalar tam
olgunlasmamustir’. Asfiksi ve hipoksi gibi durumlarda
olgunlagsmamis yapilarin spontan perforasyonu GMK-
IVK olusumuna yol agar. Diisik APGAR skorlari
hipoksi ve asfiksiye neden olarak, GMK-IVK
olusumuna zemin hazirlar’. Calismamizda literatiire
uygun olarak GMK-IVK tanis1 alan prematiire
bebeklerde, APGAR 1. ve 5. Dakika skorlar1 diisiiktiir.
Ozdemir ve ark.’min® prematiire bebeklerle yaptiklari
calismada, GMK-IVK tanis1 alan bebeklerde ¢ogul
gebelik  oramt  %12.5 olarak bulundu. Bizim
calismamizda da GMK-IVK tanis1 alan ve GMK-IVK
tanis1 almayan bebeklerde cogul gebelige rastlanma
acisindan fark yoktu. Biz bu durumu, dogum oncesi
kadin hastaliklar1 ve dogum ekibinden ¢ogul gebelik
bilgisi aldiktan sonra yenidogan canlandirmasi ve
restisitasyonunu etkin bilen bir ekiple doguma
katilmamiza bagladik. Fakat bu bebekler ¢ogunlukla
diisik dogum agirlikli ve prematir oldugu igin

takiplerinde GMK-IVK’ya yatkindir ve ileri evre
GMK-1VK ya ilerlemesi muhtemeldir’. Calismamizda
cogul gebeligin ileri evre GMK-IVK gelisimi icin
bagimsiz risk faktorii oldugu gordiik.

Enflamasyonun ve koryoamniyonitin GMK-IVK
patogenezindeki yeri hala aciklanabilmis degildir.
Literatiirde birbirinden farkli bulgular bulunmakla
beraber, bizim ¢alismamizda da GMK-IVK tanisi alan
bebeklerde koryoamniyonitte artis yoktu. Kim ve
ekibinin yaptig1 calismada preeklampsili annelerdeki
uteroplasental disfonksiyona karsi bebegin adaptasyon
sagladig1 ve bu bebeklerde GMK-IVK ve ileri evre
GMK-IVK riskinin azaldigim séylediler'®. Yapilan
baska bir ¢alismada preeklampsinin ileri evre GMK-
IVK igin potansiyel koruyucu faktdrlerden oldugu,
noroprotektif etkili ve nodronal maturasyonu
hizlandirdigi soylendi'’. Calismamizda GMK-IVK
tanis1 alanlar daha fazla preeklamptik anne bebegiydi
fakat istatiksel agidan fark yoktu. GMK-IVK tanisi
alan preeklamptik anne bebekleri, prematiire bebekler
olmalarin ragmen ileri evre kanamaya daha az
rastladik. Bu durumu da bebeklerin uteroplasental
disfonksiyona adaptasyon saglamasina ve
preeklampsinin  ndroprotektif etkisine bagladik.
Bununla beraber erken membran riiptiirinde (EMR)
insidans artis1 yoktu. Bunun nedeninin EMR’ de hizli
antibiyoterapiye baslamimiz oldugunu diisiinmekteyiz.

Invaziv ve noninvaziv mekanik ventilasyon serebral
kan akisin1 bozabilir ve lokal inflamatuar yaniti
indiikleyebilir; boylece GMK-IVK’ya egilim artar'®.
Biz de GMK-IVK tanis1 alan bebeklerin daha uzun
siire invaziv ve noninvaziv mekanik ventilasyona
ihtiya¢ duydugunu ve daha uzun siire oksijen destegi
aldigin1  bulduk. RDS; hipoksemi, hiperkarbi ve
hipotansiyona yol agarak beyine hasar veren
mekanizmalardan biridir ve bunu GMK-IVK’ya yol
acarak yapar'. Biz de literatiirle uyumlu olarak GMK-
IVK ve ileri evre GMK-IVK tanisi alan bebeklerde
RDS’yi daha fazla bulduk. BPD solunum is yiikiint,
hipoksi ve hiperkarbiyi, mekanik ventilasyon
ihtiyacini arttiran bir diger hastaliktir. GMK-IVK
olusumunu kolaylastirir'®. Bizim ¢alismamizda da
GMK-IVK tanisi alan bebeklerde BPD daha fazladir.

Pulmoner hipertansiyon (PHT) dogumdan sonra
gelisen degisken hipoksemi ve diferansiyel siyanoz
(preduktal spo2’nin, postduktal spo2’den yiiksek
olmasi) seklinde klinige yansir'”. Bizim ¢alismamizda
da GMK-IVK tanisi alan bebeklerde PHT daha sik
goriilmiistiir. Zamaninda ve etkili kapatilmayan PDA
sonucunda soldan saga sant meydana gelebilir. Soldan
saga sant ise bobrek yetmezligi, osteodisplazi, NEK,
GMK-IVK, PVL, BPD, konjestif kalp yetmezligi ve
pulmoner kanamaya neden olabilir'®.  Bizim
calismamizda da GMK-IVK tanisi1 alan bebeklerde
tedavi gerektiren PDA daha fazlaydi.

Beslenme problemleri ve nekrotizan enterokolit
(NEK), GMK-IVK icin bilinen bir risk faktorleri
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degildir; fakat bu hastaliklar riskli bebeklerde
goriildiigii icin birbirine sik eslik ederler'’. Bizim
calismamizda GMK-IVK tanis1 alan bebeklerde daha
cok beslenme problemleri goriilmektedir, daha uzun
siire TPN almaktadir ve tam enteral beslenmeye daha
uzun siirede ge¢mektedir. Calismamizda GMK-IVK
ve ileri evie GMK-IVK tanis1 alan bebeklerde NEK
daha fazla goriilmiistiir. Preterm dogum 6ncesi AKS
tedavisinin RDS, GMK-IVK, NEK ve mortalite
stkhigim  azalttigi  bilinmektedir'”.  Caligmamizda
literatiirle uyumlu olarak GMK-IVK tamsi alan
bebeklerde AKS tedavisinin %55,2, ileri evre GMK-
IVK tamis1 alan bebeklerde %64 oraminda
verilmedigini bulduk. Asfiksi, apne, RDS, BPD,
asidoz varlig1 gibi ciddi oksijen tedavisi gerektiren
hastaliklarda ROP gelisime riski artar'’. Bizim
calismamizda GMK-IVK tanist alan hastalarda RDS,
BPD, oksijen ihtiyaci, mekanik ventilasyon ihtiyaci
dolayisiyla da ROP insidansi artmig olarak bulundu.

Al-Muqdad ve ekibinin, Yenidoganlarda Diinya
Capinda Akut Bobrek Hasar1 Epidemiyolojisinin
Degerlendirilmesi ¢aligmasini dikkate alarak yaptiklari
calismada, GMK-IVK tamis1 alan hastalarda ABY
daha fazla goriildii'®. Bizim yaptigimiz ¢alismada da
GMK-IVK tanisi alan bebeklerde ABY daha fazladir.
Prematiire bebekler icin GMK-IVK ve PVL risk
faktorleri yaklasik olarak aynidir'®. Bizim yaptigimiz
calismada GMK-IVK ve ileri evre GMK-IVK tanisi
alan bebeklerde PVL fazlayd.

Ohlin ve arkadaslarmin Isve¢’te yaptiklar1 ¢aligmada
sepsis ve GMK-IVK arasinda istatiksel olarak anlamli
iliski bulunmadi®. Bizim g¢alismamizda GMK-IVK
tanist alan bebeklerde sepsis, tan1 almayanlara gore
fazla degildi; son zamanlardaki yenidogan yogun
bakim tinitemizdeki gelismelerin bunda etkisi vardir.
Bizim ¢alismamizda GMK-IVK tanisi alan bebeklerde
ge¢ sepsis oramt daha yiiksek bulundu; c¢iinkii
prematiire ve GMK-IVK’l1 bebekler, YYBU’de uzun
siire yatmaktadir. Bu sebeple ge¢ sepsis olma
ihtimalleri de artmaktadir. Bizim iinitemizde sepsis
etkeni olarak gram pozitif erkenler fazla olmasina
ragmen GMK-IVK tamis1 alan bebeklerde gram
negatif etkenler fazla goriildii. Bu nedenle 6zellikle bu
hastalarin ge¢ sepsis tanisinda gram negatif etkenler
akla gelmelidir.

GMK-IVK, bilindigi iizere mortalite {izerindeki en
onemli faktorlerden birisidir'’. Ulkemizde Kazan ve
ark.’nin prematiire bebeklerle yaptiklar1 calismada
GMK-IVK olan bebeklerde mortalite orami %38
bulundu®'. Christian ve ark.’nmn prematiire bebeklerle
yaptiklart calismada diisik evre GMK-IVK’nin
mortalite oranim1 %14; ileri evre GMK-IVK oranim
%60°d1". Bizim calismamizda GMK-IVK tanis1 alan
bebeklerin mortalite oran1 %43,7, ileri evre GMK-
IVK tanis1 alan bebeklerin mortalite oran1 %70,4
bulunmus olup literatiirle uyumludur.

E.D. Acar Celik ve ark.

Caligmamizin  en Onemli kisitlilign  retrospektif
olmasidir. Ayrica iinitemizin ligiincii diizey bir merkez
olmasi ve hastanemize riskli bebeklerin sevk edilmesi
nedeniyle yatan prematiire hastalarimizin mortalitesi
ve morbiditesi genel popiilasyondan daha yiiksektir.
Caligmamizin  giliglii  yanlar1 ise hasta oOncelikle
saymmizin ¢ok olmasi ve takipte radyolojik izlemin
ayni 2 neonatolog tarafindan yapilmasi ile tanilarin
benzer konulmasidir.

Sonug olarak biz bu ¢aligmada gilintimiizde ¢ok kiigiik
pretermlere bakim veren {ist diizey yenidogan yogun
bakim merkezlerinin 6nemli bir problemi olan GMK-
IVK tanist alan bebeklerin, risk faktorlerini ve eslik
eden klinik durumlarini ayrintili olarak degerlendirdik.
GMK-IVK ve ileri evre GMK-IVK’ nin mortalite ile
birebir iliskili oldugunu gostermis olup, cakismamizin

bunlarin onlenmesi icin riskli gruplarin
belirlenmesinde  literatiire  katkida  bulunacagini
diistinmekteyiz.
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OZGUN ARASTIRMA

Tip 1 Diabetes Mellitus Hastalarinda Magnezyum
Duzeylerinin Glisemik Parametreler ve Mikrovaskiuler
Komplikasyonlarla lligkisi

Murat CALAPKULU, Merve TEKINYILDIZ

Igdir Dr. Nevruz Erez Devlet Hastanesi, [gdir, Tiirkiye.

OZET

Bu calisma, Tip 1 Diyabet (T1D) hastalarinda serum magnezyum diizeylerinin glisemik kontrol ve mikrovaskiiler komplikasyonlarla olan
iligkisini degerlendirmeyi amaglamaktadir. Retrospektif kesitsel olarak tasarlanan ¢alismada, Temmuz 2022 - Haziran 2024 tarihleri arasinda
262 TID hastast ve 120 saglikli birey incelenmistir. Calismanin verileri hastalarin dosyalarindan elde edilmis olup, serum magnezyum
diizeyleri atomik absorpsiyon spektrofotometresi kullanilarak ol¢iilmiistiir. Magnezyum eksikligi, 1.6 mg/dL’nin altindaki serum magnezyum
diizeyi olarak kabul edilmistir. Calismada, T1D hastalarinda kontrol grubuna gore anlamli olarak diisiik magnezyum seviyeleri tespit
edilmistir (p < 0.001). T1D hastalarimin %6.1’inde (n = 16) magnezyum eksikligi saptanmistir. Serum magnezyum diizeyi ile HbAlc
arasinda negatif bir korelasyon bulunmus (r = -0.286, p < 0.001) ve magnezyum eksikligi olan hastalarda HbAlc seviyelerinin daha yiiksek
oldugu goézlenmistir (p = 0.02). Bununla birlikte, mikrovaskiiler komplikasyonlar (retinopati, nefropati, ndropati) ile magnezyum diizeyleri
arasinda anlamli bir iliski bulunmamistir. Bu sonuglar, magnezyum eksikliginin kotii glisemik kontrol ile iligkili olabilecegini ancak
mikrovaskiiler komplikasyonlara dogrudan etkisinin olmayabilecegini gostermektedir. Bu bulgular, glisemik profili kétii T1D hastalarinda
magnezyum seviyelerinin izlenmesinin kan sekeri regiilasyonu agisindan 6énemini vurgulamaktadir.

Anahtar Kelimeler: Glisemik kontrol. Mikrovaskiiler komplikasyonlar. Tip 1 Diyabet. Magnezyum.

Association of Magnesium Levels with Glycemic Parameters and Microvascular Complications in Type 1 Diabetes Mellitus Patients

ABSTRACT

This study aims to evaluate the relationship between serum magnesium levels, glycemic control, and microvascular complications in Type 1
Diabetes (T1D) patients. Designed as a retrospective cross-sectional study, data from 262 T1D patients and 120 healthy individuals between
July 2022 and June 2024 were analyzed. Patient records provided the data, and serum magnesium levels were measured using atomic
absorption spectrophotometry, with magnesium deficiency defined as serum levels below 1.6 mg/dL. The study found significantly lower
magnesium levels in T1D patients compared to controls (p < 0.001). Magnesium deficiency was observed in 6.1% (n = 16) of T1D patients.
A negative correlation was found between serum magnesium levels and HbAlc (r = -0.286, p < 0.001), with higher HbAlc levels in patients
with magnesium deficiency (p = 0.02). However, no significant relationship was identified between magnesium levels and microvascular
complications (retinopathy, nephropathy, neuropathy). These findings suggest that magnesium deficiency may be associated with poor
glycemic control but may not have a direct effect on microvascular complications. These findings highlight the importance of monitoring
magnesium levels in poorly controlled type 1 diabetes patients in terms of glycemic regulation.

Keywords: Glycemic control. Microvascular complications. Type 1 Diabetes. Magnesium.
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Kuzey Kibris Tiirk Cumhuriyeti) sézIii bildiri olarak karakterize kronik bir hastaliktir'. Uluslararasi
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r. Murat © bunun %10°u T1D hastasidir’. IDF verilerine gore,

Igdir Dr. Nevruz Erez Devlet Hastanesi, 1gdir, Turkiye.

Tel.: 0506 611 01 16 Tiirkiye'de T1D'nin yayginligi son 20 yilda yaklasik
E-posta: calapkulumurat89@gmail.com 2,48 kat artmustir’. Magnezyum hiicre igindeki birgok
Yazarlanin ORCID Bilgileri: onemll metgb'oh'k ve blygklrflyasal sure.g:te yer.ahr.
Murat CALAPKULU: 0000-0002-7445-2275 Kemik gelisimi, noéromiiskiiler fonksiyon, sinyal
Merve TEKINYILDIZ: 0000-0002-6356-030X yollari, enerji depolama ve transferi, glikoz, lipid ve

protein metabolizmas1 ve hiicre ¢ogalmasi gibi
viicuttaki ¢ok sayida fonksiyondan sorumludur’.
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Ozellikle glukoz metabolizmasi ve insiilin sinyal
iletimi  siireglerinde kritik bir Oneme sahiptir.
Magnezyum eksikligi, insiilinin hiicresel etkinligini
azaltarak glisemik kontrolii olumsuz etkileyebilir ve
kan sekeri seviyelerinin yiikselmesine yol agabilir*”.
Bu baglamda, magnezyumun eksikliginin diyabet
hastalarindaki olasi etkileri lizerine yapilan galigmalar
artan bir ilgi gormektedir.

Diyabetli hastalarinda hipomagnezemi prevelansi
%10-48 arasinda degismektedir®’. Bu hasta grubunda
hipomagnezeminin en sik sebebi ozmotik dilirez veya
belirli tiibiiler defektlerin neden oldugu bobreklerden
magnezyum atilmudir®. Magnezyum takviyesinin
insiilin direncini azalttig1 ve glikoz metabolizmasini
iyilestirdigi onceki ¢ahismalarda raporlanmustir”'”.
Daha da onemlisi, magnezyumun inositol tagmmasi
iizerindeki  etkisiyle  diyabetin  uzun  siireli
komplikasyonlarinin gelisiminde 6énemli bir role sahip
olabilecegi 6ne siiriilmiistiir''. Magnezyum eksikligini
komplikasyonlarla iligkilendiren c¢aligmalarda, altta
yatan mekanizmalar arasinda daha yiiksek tiimor
nekrozis faktorii (TNF) alfa seviyeleri ve ileri
glikozilasyon son iirtinlerinin olusumunun artmasi yer

almaktadir®'.

Magnezyumun diyabetteki roliine yonelik ¢aligmalarin
cogu tip 2 diabetes mellitus (T2D) hastalar1 arasinda
gerc;eklestirilmistir5 110 T1D hastalarinda
hipomagnezemi prevelanst ve magnezyum diizeyinin
glisemik parametrelerle iligkisini arastiran kisith
sayida calisma mevcuttur®'?, Ayrica literatiirde
hipomagnezemi ile mikrovaskiiler komplikasyonlar
arasindaki iligki az sayida ¢alismada arastirilmis olup
celiskili sonuglar raporlanm1$t1r6’l4’”. Bu calismanin
amaci, TID hastalarinda serum magnezyum
seviyelerinin degerlendirilmesi ve bu seviyelerin
glisemik kontrol ve mikrovaskiiler komplikasyonlar
izerindeki etkilerini incelemektir.

Gereg ve Yontem
Calisma Tasarimi ve Hasta Segimi

Calismaya Temmuz 2022 ile Haziran 2024 tarihleri
arasinda Igdir Dr. Nevruz Erez Devlet Hastanesi,
Endokrinoloji ve Metabolizma Klinigi'nde 18
yasindan biilyilik T1D tanisi ile takipli 262 hasta ve 120
saglikli kontrol grubu dahil edilmistir. Calisma T1D'li
ayaktan poliklinige bagvuran hastalarda retrospektif,
kesitsel bir ¢aligma olarak yiiriitilmiistiir. Calisma
protokolii Kafkas Universitesi Tip Fakiiltesi Etik
Kurulu tarafindan 26.06.2024 tarihinde 471/10 karar
numarast ile onaylanmistir. Calisma  Helsinki
Deklarasyonu'na uygun olarak yiriitilmiistiir. Yas,
cinsiyet, viicut boyu ve kilosu, diyabet siiresi ve
mikrovaskiiler =~ komplikasyonlar hasta dosyalar1
taranarak elde edilmistir. Son klinik ziyarette
kaydedilen HbAIC, aglik plazma glukozu (APG),
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serum kreatinin, serum magnezyum, aglik total
kolesterol (TK), diisik yogunluklu lipoprotein
kolesterol (LDL-K), trigliserid (TG) ve yiiksek
yogunluklu lipoprotein kolesterol (HDL-K) diizeyleri
tibbi kayitlardan elde edilmistir. T2D hastalari,
MODY  hastalari, gebeler veya emzirenler,
magnezyum takviyesi kullanan hastalar, magnezyum
metabolizmasint etkileyen diiiretik ve benzeri ilag
kullanimi olan hastalar ve verileri eksik olan hastalar
calismadan ¢ikarilmigtir.  Kontrol grubu, yakin
akrabalarinda  hastalik  bulunan, kontrol igin
hastanemize bagvuran ve yapilan tetkiklerde herhangi
bir hastalik saptanmayan rastgele se¢ilmis saglikli
bireylerden olusturulmustur.

Klinik ve Biyokimyasal Olgiimler

Viicut kitle indeksi (VKI), kilogram cinsinden
agirligin metre cinsinden boyun karesine boliinmesi
yoluyla  hesaplanmigtir.  Analizler = merkezimiz
biyokimya laboratuvarinda biyokimyasal analiz cihazi
kullanilarak gergeklestirilmistir. Kan 6rnekleri, en az 8
saatlik agliktan sonra, gece boyunca ag¢ kaldiktan
sonra, sabah 8:00 ile 9:00 arasinda alinmistir.
Degerlendirmeler HbAlc, APG, serum kreatinin
diizeyi, serum magnezyum diizeyi ve lipid profili
iizerinden yapilmistir. Serum magnezyum seviyeleri
atomik absorpsiyon spektrofotometrisi, HbAlc ise
yliksek performansli sivi kromatografisi yontemi
kullanilarak Sl¢iilmiistiir. TG, LDL-K, HDL-K ve TG
degerleri, spektrofotometri ile enzimatik kolorimetrik
analizlerle belirlenmistir. En az iki ardisik idrar
orneginde proteiniiri saptanan (idrar alblimin/kreatinin
oran1 > 30 pg/mg) veya son donem bobrek hastaligt
olan hastalar diyabetik nefropati olarak kabul
edilmistir. Magnezyum eksikligi, 1.6 mg/dL nin
altindaki serum magnezyum diizeyi olarak kabul
edilmistir.

Istatistiksel Analiz

Istatistiksel analizler SPSS yazilimi (siirim 23.0,
SPSS, IBM Corporation, NY, ABD) kullanilarak
yapilmistir. Cinsiyet ve hipomagnezemi gibi kategorik
veriler frekans ve yiizde (%) ile Ozetlenmistir.
Oncelikle degiskenler Kolmogorov-Smirnov testi ile
normal dagilima sahip olup olmadiklar1 agisindan
incelenmistir. Normal dagilima sahip siirekli
degiskenler ortalama + standart sapma (SD) olarak
ifade edilmistir ve normal dagilim saglamayan
degiskenler ~medyan (aralik) degerleri olarak
verilmistir. Normal dagilima sahip degiskenleri
kargilagtirmak igin Student’s t testi kullanilmistir.
Normal dagilima uymayan degiskenleri kargilagtirmak
icin Mann-Whitney U testi kullanilmistir. Kategorik
degiskenler arasindaki karsilastirmalar Ki-kare analizi
ile, sayisal degiskenler arasindaki farklar Pearson
korelasyon analizi ile analiz edilmistir. Istatistiksel
anlamlilik diizeyi olarak p degerinin 0.05’den kiigiik
olmast anlamli kabul edilmistir.



Tip 1 Diyabet ve Magnezyum

Bulgular

Calisma 262 TID ve 120 saglikli goniilliiniin
degerlendirilmesi ile yapilmistir. Hastalarin ve kontrol
grubunun demografik verileri ve laboratuvar bilgileri
Tablo I’de verilmistir. T1D hastalarinin %57.6’sinin
(n = 151) kadin ve ortalama yasinin 31.8 + 15.6 yil
oldugu saptanmistir. Kontrol grubunun ise %67.5’inin
(n = 81) kadin ve ortalama yasinin 33.4 + 9.7 yil
oldugu saptanmustir. iki grup arasinda yas ve cinsiyet
agisindan farklilik saptanmamuistir (p = 0.07). VKI
bakimindan da gruplar arasinda istatistiksel olarak
anlamli bir fark bulunmamistir (p = 0.1). T1D
hastalarinda medyan hastalik siiresi 8 (1-39) yil olarak
saptanmistir. Bununla birlikte, serum kreatinin
diizeyleri TIDM grubunda kontrol grubuna kiyasla
hafifce yiiksek saptanmustir (p = 0.04). Serum
magnezyum diizeyi TIDM hastalarinda (1.8 + 0.2
mg/dL) kontrol grubu (2 £ 0.1 mg/dL) ile
karsilastirlldiginda daha diigiik saptanmistir (p <
0.001). Serum magnezyum diizeyi ile APG (r:-0.187,
p=0.004) ve HbAlc (r:-0.286, p<0.001) arasinda
negatif korelasyon gozlenmistir.

Tablo I: Katilimcilarin demografik ve laboratuvar

verileri

Parametreler T1D (n=262) Kontrol (n=120) p
Yas (y1l) 318+156 33497 0.3
Cinsiyet (K) 151 (%57.6) 81 (%67.5) 0.07
VKi (kg/m?) 227+34 23343 0.1
Kreatinin (mg/dl) 0.78 (0.4-35) 0.74(048-1.17)  0.04
AST (UIL) 16.16 (2-177)  17.7 (10.4-56.8) 0.13
ALT (UIL) 15 (1-132) 17.8 (4.9-70.6) 0.26
f‘nﬁg;‘d'l‘)a" sekeri 218132 884484  <0.001
HbA1c (%) 103+28 5504 <0.001
Total kolesterol (mg/dl) 170 (42-379) 166 (109-243) 0.58
LDL-K (mg/dI) 117.9+£37.3 111.5+289 0.11
HDL-K (mg/dI) 51.7+15.7 49.8 +15.1 0.27
Trigliserid (mg/dl) 98.3(26-705) 82.6(27-397.2)  0.22
Magnezyum (mg/dl) 18+0.2 2041 <0.001

TID: Tip 1 Diyabet, K:Kadm, VKI: Viicut kitle indeksi, AST:
Aspartat Aminotransferaz, ALT: Alanin Aminotransferaz, LDL-K:
Diisiik yogunluklu lipoprotein kolesterol, HDL-K: Yiiksek
yogunluklu lipoprotein kolesterol

T1D hastalarinin %6.1’inde (n = 16) magnezyum
eksikligi saptanmigtir. Magnezyum eksikligi olan T1D
hastalar1 ile normal magnezyum seviyesine sahip T1D
hastalar1 karsilastirildiginda, yas, cinsiyet dagilimu,
VKI ve diyabet siiresi gibi parametrelerde istatistiksel
olarak anlaml1 bir fark bulunmamistir (Tablo IT). Lipid
profili agisindan da iki grup arasinda anlamli bir
farklililk  saptanmamistir ~ (Tablo  II).  Ancak,
magnezyum  eksikligi olan hastalarin HbAlc
seviyeleri istatistiksel acidan anlamli diizeyde daha
yiiksek bulunmustur (p = 0.02).

Tablo II: Tip 1 diyabetik hastalarda klinik ve

laboratuvar  verilerinin  magnezyum
eksikligi durumuna goére degerlendiril-
mesi
Parametreler nhg?r:al:zoeliln ergztka SILI:I i(?li;:lg)n
hastalar (n=246)
Yas (yil) 3234192 298489 0.61
Cinsiyet (K) 139 (%56.5) 11 (%68.8) 0.34
VKi (kg/m?) 228432 26+73 0.83
Diyabet Siiresi (yil) 8 (1-39) 7 (1-20) 0.31
Kreatinin (mg/dl) 0.79 (043-35)  0.76 (04-1.13)  0.29
HbA1¢ (%) 10529 12329 0.02
Total kolesterol (mg/dl) 169 (42-379) 148 (73-207)  0.07
LDL (mg/dl) 116.3 £ 354 112.1£47 0.65
|HDL (mg/dl) 50.5+15.1 445+ 141 0.12
Trigliserid (mg/dl) 109.3 (26-705) 104 (40.7-395) 045

Mg: Magnezyum, K:Kadmn, VKI: Viicut kitle indeksi, LDL-K:
Diisik yogunluklu lipoprotein kolesterol, HDL-K: Yiiksek
yogunluklu lipoprotein kolesterol

Mikrovaskiiler komplikasyon orant %30.2 (n = 79)
olarak saptanmistir. Hastalarin %14.1’inde (n = 37)
retinopati, %14.5’inde nefropati (n = 38), %20.6’sinda
(n = 54) noropati saptanmigtir. T1D hastalarinda
mikrovaskiiler ~ komplikasyonlarin ~ varligi  ile
magnezyum diizeyleri arasindaki iliski Tablo III'te
verilmistir. Mikrovaskiiler komplikasyonlar1 olan
hastalarin magnezyum diizeyleri, komplikasyonu
olmayanlara kiyasla istatistiksel olarak anlamli bir
farklilik gdstermemistir.

Tablo III: Tip 1 diyabet hastalarinda mikrovaskiiler
komplikasyonlar ile magnezyum diizeyi
arasindaki iliskinin degerlendirilmesi

Komplikasyon Komplikasyon
olanlarda olmayanlarda p
magnezyum diizeyi magnezyum diizeyi

Komplikasyon

Retinopati 1.85+0.21 1.91+0.22 0.12
Nefropati 1.92+0.23 1.85+0.21 0.06
Néropati 1.88+0.29 1.86 +0.18 0.53

Tartisma ve Sonug¢

T1D hastalarinda magnezyum
ve mikrovaskiiler

Bu c¢alismada
diizeylerinin  glisemik kontrol
komplikasyonlarla  iligkisi  incelenmistir.  T1D
hastalarinda serum magnezyum diizeyi kontrol
grubuna gore daha diisiik bulunmus ancak hastalarin
%6.1’inde  hipomagnezemi oldugu gdézlenmistir.
Serum magnezyum diizeyi ile HbAlc ve APG
arasinda negatif korelasyon saptanmistir.
Bulgularimiz, magnezyum eksikliginin kotii glisemik
kontrol ile iliskili oldugunu ancak mikrovaskiiler
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komplikasyonlar ile anlamli bir iligkisinin olmadigini
gostermistir.

hastalarinda
6,13,18,19

Literatirde  T1D hipomagnezemi
prevalanst degismektedir Eski c¢aligmalarda
T1D'li kisilerde hipomagnezemi yiizdesinin %38,6'ya
kadar c¢iktig1 bildirilmistir'®. Ancak, bu sonuglar
giiniimiize genellestirilemez ¢iinkii T1DM tedavisi son
on yillarda onemli Ol¢lide iyilesmis ve daha iyi
glisemik kontrol saglanmistir. Gergekten de, yakin
zamanda Hollanda’da yapilan ve 207 hastay1 igeren
prospektif bir kohortta hipomagnezemi oran1 %4.3
olarak raporlanmustir’®. Pakistan'da yiiriitiilen bir bagka
calismada hipomagnezemi orani %14.5
bulunmustur'®. Qost ve arkadaglarimin 241 hastay1
degerlendirildigi  bir c¢alismada ise hastalarin
%2.9'unda hipomagnezemi oldugu gdsterilmistir'’.
Bu galismada %6.1 olan hipomagnezemi orani son
yillarda yaymlanan ¢aligmalardaki oranlarla benzerlik
gostermektedir.

Bu caligmada magnezyum eksikliginin daha yiiksek
HbAlc diizeyleri ile iliskili oldugu ve bunun koti
glisemik kontrolii isaret ettigi gozlemlenmistir.
Literatiirde magnezyum eksikligi ile kotii glisemik
kontrol arasinda iliski oldugunu rapor eden ¢alismalar
olsa da bunun aksini ifade eden yaymlarda
mevcuttur®' > Dijk ve arkadaslarinin yaptigi bir
calismada T1D hastalarinda magnezyum diizeyi ile
HbAlc arasinda bir iliski olmadig1 raporlanmlstlré.
Buna karsin yakin zamanda yapilan bir meta-analizde,
magnezyum ve glisemik kontrol arasindaki iliskiyi
degerlendirmek {izere tasarlanmis yedi calismadan
besinde azalan magnezyum seviyeleri ile zayif
glisemik kontrol arasinda bir iliski oldugu
raporlanmustir'”.  Oost ve arkadaslari ise serum
magnezyum diizeyinin kétii glisemik kontrolle iliskili
oldugunu ve bunun muhtemel sebebinin insiilin
direnci oldugunu 6ne siirmiislerdir’. Benzer sekilde,
Galli-Tsinopoulou ve arkadaslari tarafindan yapilan
bir ¢alijmada da magnezyumun, glisemik kontrol
mekanizmalar tizerinde dogrudan bir etkisi oldugu ve
eksikliginde kan sekeri seviyelerinde bozulma
goriildiigii ifade edilmistir'’. Magnezyum, insiilinin
hiicre i¢i glukoz alimi {izerindeki etkisini artirarak
glisemik kontroliin saglanmasinda O6nemli bir rol
oynamaktadir®’. Azalmis magnezyum
konsantrasyonlari,  tirozin  kinaz  aktivitesinin
bozulmasma ve insiilin direncinin Kkotiilesmesine
neden olmaktadir. Bu bivalent iyonun siirekli eksikligi
ise insiilin direncine de katkida bulunan daha yiiksek
TNF alfa seviyeleriyle iliskilidir”'. Caligmamizda
T1DM hastalarinin ortalama magnezyum seviyesinin
kontrol grubuna gore daha diisiik bulunmasi ve
hipomagnezemi olan grupta HbAlc diizeyinin daha
yiiksek bulunmasi diyabet ydnetiminde magnezyum
takviyesinin  faydali olabilecegini ve glisemik
kontroliin saglanmasina katkida bulunabilecegini
gostermektedir.
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Caligmanin bir baska sonucu da T1DM hastalarinda
retinopati, nefropati ve noropati gibi mikrovaskiiler
komplikasyonlar ile magnezyum diizeyleri arasinda
anlamhi bir iliski bulunamamasidir. Mikrovaskiiler
komplikasyonlarin gelisiminde hiperglisemi, oksidatif
stres ve vaskiiler inflamasyon gibi bir¢ok faktor rol
oynar’’. Magnezyum eksikliginin oksidatif stres ve
inflamasyon mekanizmalarii tetikleyerek vaskiiler
fonksiyonlar etkiledigi bilinse de, T1DM hastalarinda
bu etkinin dogrudan mikrovaskiiler komplikasyonlara

yansimasi literatiirde tam olarak
kanitlanamamugtir' >, Arslanoglu ve arkadaslarinin
yaptiklari ¢aligmada hipomagnezemi ile

mikroalbiiminiiri arasinda iliski oldugu raporlansa da
bu iliski sonraki calismalarda
dogrulanamamistir®'*'>'%. T1D hastalarinda retinopati
ile serum magnezyum diizeyi arasindaki iliskiyi
inceleyen iki farkli calisma, retinopati ile serum
magnezyum diizeyleri arasinda anlamli bir iliski
olmadigii gdstermistir'***. Rodrigues ve arkadaslari
tarafindan yapilan meta-analizde de benzer sonuclar
elde edilmis, magnezyum eksikliginin kotii glisemik
kontrol ile iligkili oldugu ama mikrovaskiiler
komplikasyonlar iizerindeki dogrudan etkisinin net
olarak kamitlanamayacag: bildirilmistir'*>. Hollanda’da
yapilan prospektif bir calismada da magnezyum
eksikligi ile mikrovaskiiler komplikasyonlar arasinda
dogrudan bir baglanti bulunmadigi rapor edilmistir®.
Genel olarak bakildiginda galigmamizin sonuglarinin
giincel literatlir ile uyumlu oldugu goriilmektedir.

Ancak magnezyumun mikrovaskiiler
komplikasyonlardaki roliiniin daha kapsamli ve uzun
donemli  calismalarla  agikliga  kavusturulmasi
gerekmektedir

Bu calismanin gii¢lii yonlerinden biri, genis bir hasta
grubunun dahil edilmesi ve kontrol grubunun
varligidir. Bu durum, magnezyum diizeylerinin T1DM
hastalarinda nasil degistigini anlamak icin saglikli
bireylerle karsilastirma yapmamiza olanak saglamistir.
Ayrica, mikrovaskiiler komplikasyonlarin detayli bir
sekilde degerlendirilmesi, bu calismay1 literatiirdeki
diger benzer caligmalardan ayirmaktadir. Magnezyum
eksikliginin glisemik kontrol {izerindeki etkileri bu
calisma ile desteklenmis olup, magnezyumun T1DM
yonetiminde potansiyel bir hedef olabilecegini
gostermektedir. Ancak ¢aligmanin bazi sinirlamalart
da bulunmaktadir. Caligmamiz retrospektif olarak
tasarlandig1 icin, nedensel iliskiler kurmak zor
olmustur. Ayrica, bu ¢aligma tek bir merkezde
yapilmig  olup, bulgularin  genellestirilebilirligi
smnirlidir.  Calismada  yalmizeca  mikrovaskiiler
komplikasyonlar degerlendirilmis olup,
makrovaskiiler ~ komplikasyonlara  iliskin  veri
bulunmamaktadir. Magnezyum takviyesinin glisemik
parametreler iizerindeki etkisi degerlendirilememistir.
Son olarak calisma popiilasyonunda insiilin direnci
varligi, TNF-alfa ve yiiksek duyarlikli C-reaktif
protein gibi inflamasyon belirtecleri incelenememistir.
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Bu ¢alisma T1D hastalarinda magnezyum eksikliginin
glisemik kontrol ile iliskili oldugunu ve 6zellikle kotii

glisemik  profile
seviyelerinin  diyabet

sahip hastalarda
yonetiminde

magnezyum
degerlendiril-

mesinin 6dnemli olabilecegini gostermektedir. Ancak,

T1D hastalarinda magnezyumun mikrovaskiiler
komplikasyonlarin gelisimine olan etkisini
netlestirmek  icin  ileriye = doniik  calismalar
gerekmektedir. Gelecekte yapilacak ¢ok merkezli,
prospektif ~ ve  genis  kapsamli  c¢aligmalar,
magnezyumun T 1DM’deki roliinii daha net bir sekilde
ortaya koyabilir.
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ABSTRACT

This study investigates outcomes and identifies factors influencing biochemical recurrence and biochemical recurrence-free survival (BRFS)
rates in patients undergoing retropubic radical prostatectomy (RRP) at a tertiary university hospital over 10 years. Data of patients who
underwent RRP between 2012 and 2022 were analyzed retrospectively. Variables included demographic information, preoperative prostate-
specific antigen (PSA) levels, prostate volume, PSA density, operative details, histopathological findings, and postoperative follow-up data.
Patients without at least three years of regular follow-up were excluded from the study. The Cox regression analyses were performed to
determine the independent risk factors for BRFS. Survival analysis was performed using Kaplan-Meier and the log-rank test. The final
analysis included 115 patients. The median follow-up duration was 77.2 months (range: 36.3—153.6), and the median BRFS was 47.3 months
(range: 0-153.6). The 3-year BRFS rate was 61.8%. Positive surgical margins were identified as a significant predictor of BRFS (HR: 2.388,
p=0.004), while higher PSA density and the ISUP grade groups also showed associations with recurrence risk (p= 0.033 and 0.048,
respectively). Survival analyses confirmed shorter BRFS in patients with positive surgical margins (p=0.000). This study highlights the
effectiveness of RRP in the surgical management of localized PCA. Surgical margin status emerged as the primary predictor of BRFS. PSA
density may be a promising parameter in predicting biochemical recurrence, but further studies are needed.

Keywords: Retropubic radical prostatectomy. Prostate cancer. Biochemical recurrence-free survival.
Retropubik Radikal Prostatektomi Uzerine Cagdas Bir Seri ve Biyokimyasal Niikssiiz Sagkalimi Etkileyen Faktorlerin Analizi

OZET

Bu ¢aligmanin amaci iigiincli basamak saglik hizmeti veren bir iiniversite hastanesinde son 10 yilda yapilan retropubik radikal prostatektomi
(RRP) ameliyatlarinin sonuglarin1 degerlendirmek ve cerrahi tedavi alan hastalarda biyokimyasal niiksiiz sagkalimi (BNS) etkileyen
faktorleri belirlemektir. Bu ¢aligma igin klinigimizde 2012-2022 yillari arasinda RRP gegiren hastalarin verilerini retrospektif olarak analiz
edildi. Incelenen veriler arasinda; hastalarin demografik bilgileri, preoperatif prostat spesifik antijen (PSA) diizeyi, prostat hacmi, PSA
dansitesi, operatif veriler, histopatolojik sonuglar ve postoperatif takip bilgileri mevcuttu. En az ii¢ yillik diizenli takibi olmayan hastalar
calisma dis1 birakildi. BNS {izerine etki eden faktorleri belirlemek i¢in Cox regresyon analizi uygulandi. Sagkalim analizi log-rank testi
uygulanarak Kaplan-Meier grafi ile verildi. Analize 115 hasta dahil edildi. Medyan takip siiresi 77,2 ay (36,3-153,6) ve medyan BNS 47,3
ayd1 (0-153,6). 3 yillik BNS orani1 61.8%’ olarak bulundu. Cerrahi sinir pozitifligi BNS etkileyen énemli bir faktor olarak tespit edildi (HR:
2.388, p=0.004). Ayrica yiiksek PSA dansitesi ve yiiksek ISUP derece grup varligi biyokimyasal rekiirrens ile iligkili bulunmustur (p
sirastyla = 0,033 ve 0,048). Sagkalim analizi cerrahi sinir1 pozitif olan hastalarin daha kisa BNS siiresine sahip olduklarini gdstermistir.
(p=0.000). Bu ¢alisa RRP’ nin lokalize prostat kanseri tedavisindeki yerini vurgulamistir. Cerrahi smir durumu BNS’ yi 6ngérmede anlamli
bir parametredir. PSA dansitesi biyokimyasal rekiirrensi 6ngérmede umut vaat eden bir parametredir; ancak bu konuda daha ileri ¢aligmalara
gereksinim vardir.

Anahtar Kelimeler: Retropubik radikal prostatektomi. Prostat kanseri. Biyokimyasal niikssiiz sagkalim.
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seminal vesicles. The procedure is subsequently
followed by vesicourethral anastomosis. The
application of radical prostatectomy dates back to
1905 when Hugh Hampton Young introduced the
perineal approach®. Later, in 1948, Milin described the
extraperitoneal radical prostatectomy using an
abdominal infra umbilical incision®. In 1979, Walsh
developed a technique for managing the dorsal venous
complex, significantly reducing intraoperative blood
loss and enhancing procedural safety’. Furthermore,
Walsh introduced the concept of nerve-sparing radical
prostatectomyG. The nerve-sparing retropubic radical
prostatectomy (RRP) became the standard surgical
procedure for prostate cancer treatment for many
years. While laparoscopic radical prostatectomy
(LRP) and robot-assisted radical prostatectomy
(RARP) are now widely utilized, open RRP continues
to hold its place in the management of PCA
treatment’.

Systematic  reviews have  demonstrated that
laparoscopic and robot-assisted radical prostatectomy
do not provide superior oncological outcomes
compared to RRP*’. Although LRP and RARP offer
advantages in terms of complication rates and length
of hospital stay, some LRP series have reported higher
incidences of anastomotic leakage, organ injury, and
ileus than RRP**’. Furthermore, the significantly
greater cost-effectiveness of RRP and its ability to be
performed with fewer technological instruments
compared to the other two methods represent a critical
advantage in favor of RRP’.

This study aims to present the outcomes of a 10-year
RRP series conducted at a university hospital
delivering tertiary healthcare services and to identify
factors influencing biochemical recurrence-free
survival (BRFS) in these patients.

Material and Method

In this study, we retrospectively analyzed the data of
125 patients who underwent RRP for prostate cancer
in our clinic between January 1, 2012, and January 1,
2022. The analyzed parameters included patient
demographic data (age, weight), preoperative prostate-
specific antigen (PSA) levels, prostate volume, PSA
density, American Society of Anesthesiologists (ASA)
scores, postoperative complications, preoperative and
postoperative hematocrit level, estimated blood loss,
operation time, length of hospital stay, Gleason scores
and International Society of Urological Pathology
(ISUP) grade group of the radical prostatectomy
specimens, presence of perineural invasion (PNI),
presence of lymphovascular invasion (LVI), lymph
node status, surgical margin status, postoperative PSA
follow-up results, bladder neck contracture rate, last
follow-up date, the date of biochemical recurrence
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(BCR), 3-year BRFS status, BRFS time. PSA density
was determined by dividing the PSA level by the
prostate volume. Estimated blood loss was calculated
using the formula: the difference between the
preoperative and postoperative hematocrit values was
divided by the preoperative hematocrit, and the result
was multiplied by the total blood volume. Total blood
volume was calculated by multiplying the body
weight by 70 ml/kg. Postoperative complications were
classified according to the Clavien-Dindo
classification system'’. Patients who underwent
radical prostatectomy surgery out of abdominal RRP
technique and those with less than three years of
follow-up were excluded from the study. As our
department serves as a training clinic for urology,
residents also participated in these surgeries.

Surgical Procedure

Following field preparation and sterilization in the
supine position under general anesthesia, a sub-
umbilical midline incision was made, traversing the
skin, subcutancous tissue, and fasciae, and finally
reached the peritoneum. The endopelvic fascia was
incised to expose the prostate capsule. The
puboprostatic ligament and dorsal venous complex
were ligated and transected using a 1/0 Vicryl suture.
Subsequently, the urethra was incised at the prostate
apex, rotated 180 degrees, and the foley catheter was
clamped and cut distal to the external urethral
opening. The lateral pedicles were then dissected
using both blunt and sharp dissection techniques. The
bladder neck was dissected and preserved, allowing
the prostate base to be separated through a
combination of blunt and sharp dissection. Posteriorly,
the vas deferens were bilaterally ligated and transected
at the level of the seminal vesicles, which were
subsequently dissected. The Denonvilliers fascia was
identified, enabling the separation of the prostate from
the rectum. After removing the radical prostatectomy
specimen from the surgical site, meticulous
hemostasis was achieved. A 20F Foley catheter was
then inserted before vesicourethral anastomosis. The
anastomosis of the bladder neck to the urethra was
performed using six 2/0 Vicryl sutures corresponding
to1,3,6,9, 11, and 12 o'clock. A drain was placed in
the surgical site, and the surgical layers were closed in
alignment with the anatomical planes.

Ethics Statement

The study protocol was approved by the Clinical
Research Ethics Committee of Zonguldak Biilent
Ecevit University (approval number: 2024/20) and
complied with the tenets of the Helsinki Declaration.
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Biostatistical Analysis

Categorical variables were compared using the chi-
square test, continuity correction, and Fisher’s exact
test. Shapiro—Wilk and Kolmogorov—Smirnov tests
were performed to evaluate the normality of
continuous data. The Mann—Whitney U and Kruskal—
Wallis test was used for nonnormally distributed
variables. Continuous data are expressed as the
median and minimum-maximum values. The Cox
regression analyses were performed to determine the
independent risk factors for BRFS. Survival analysis
was performed using Kaplan-Meier and the log-rank
test. P<0.05 was considered to indicate a statistically
significant result. SPSS software (IBM SPSS Statistics
for Windows, version 25.0; IBM Corp) was used for
the analyses.

Results

After applying exclusion criteria, 115 patients were
included in the final analysis. The median age of the
patients was 64.5 years (range: 47.5-75.3), with a
median body weight of 78.5 kg (range: 55-106). The
median prostate volume was 41 ml (range: 20—120),
the preoperative PSA level was 8.9 ng/ml (range: 3.1—
27.5), and the PSA density was calculated as 0.21
ng/ml* (range: 0.09—1.17). The median duration of the
surgeries was 175 minutes (range: 115-230), and the
median estimated blood loss was calculated as 742 ml
(range: 525-1375). The median length of hospital stay
was 5 days (range: 3-9), with most postoperative
complications being minor (13% vs. 2.7%). During
clinical follow-up, one patient presenting with acute
chest pain was diagnosed with acute myocardial
infarction following cardiac evaluation and underwent
percutaneous transluminal coronary angioplasty
performed by the cardiology team. Another patient
developed a hematoma at the incision site,
necessitating re-exploration and hemostasis under
general anesthesia. Additionally, one case of bowel
evisceration at the surgical wound site required
surgical repair under general anesthesia. During long-
term follow-up, bladder neck contracture was
observed in 10 patients (8.7%). (Table I)

The evaluation of RRP specimens revealed that most
patients (57.4%) were classified as ISUP grade group
1 (Gleason 3+3). Of the patients, 93 (80.8%) were
staged as pT2, while 19.2% were pT3. PNI positivity
was observed in 64 patients (55.7%), and LVI
positivity was noted in 6 (5.2%). Extended pelvic
lymph node dissection (including external iliac,
internal iliac, and obturator zones) was performed in
21 patients (18.3%), with malignant lymph nodes
identified in only one case. Positive surgical margins
were identified in 42 patients (36.5%). The median
follow-up duration was 77.2 months (range: 36.3—

153.6), and the median BRFS was 47.3 months
(range: 0-153.6). (Table I)

Table I: The Clinicopathological characteristics of the
entire patients.

Age 64.5

(median, min&max; years) (47.5-75.3)

Body Weight 78.5

(median, min&max; kg) (55-106)

Prostate Volume 41

(median, min&max; ml) (20-120)

Preop PSA Level 8.9

(median, min&max; ng/ml) (3.1-27.5)

PSA Density 0.21

(median, min&max; ng/ml2) (0.09-1.17)

|Estimated Blood Loss 742

(median, min&max; ml) (525-1375)

Operation Time 175

(median, min&max; min) (115-230)

Length of hospital stay 5

(median, min&mayx; days) (3-9)

|Fo||ow-up duration 772

(median, min&max; months) (36.3-153.6)

Biochemical recurrence-free survival 473

(median, min&max; months) (0-153.6)

Postoperative Complication 15 (13%)

Minor (1) (n, %) 3 (2.7%)

Major (> Ill) (n, %) 1 (0.9%)

(Illa) Percutaneous transluminal  coronary angioplasty 1 (0.9%)

(Ilb) Surgical intervention due to hematoma 1(0.9%)

(INlb) Surgical intervention due to bowel evisceration 1(0.9%)

|Bladder neck contracture (n,%) 10  (8.7%)
1 33 (n%) 66 (57.4%)
2 3+4  (n%) 26 (22.6%)

Ig:)z;;rade 3 43 (%) 14 (12.2%)
4 44 (n%) 3 (26%)
5 >4+4  (n%) g (52%)
T2a (n%) 27 (23.5%)
T2b (n.%) 14 (12.2%)

pT T2c (n%) 52  (45.1%)
T3a (n.%) 14 (12.2%)
T3b (n,%) 8 (7T%)

i Negative  (n,%) 51  (44.3%)
Positive (n,%) 64  (55.7%)

LVI Negative  (n,%) 109 (94.8%)
Positive (n%) 6 (52%)

Lymph Nx (n%) 94 (81.7%)

|Node NO (n%) 20 (17.4%)
N1. (n.%) 1 (0.9%)

Surgical Negative  (n,%) 73 (63.5%)

[Margin  posiive  (n%) 42 (36.5%)

min: Minimum, max: Maximum. kg: Kilogram, Preop:

Preoperative,

PSA: prostate-specific antigen, ng: Nanogram, ml: Milliliter,
ISUP: International Society of Urological Pathology, min: minutes
pT: pathological T stage, PNI: Perineural invasion,

LVI: Lymphovascular invasion
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At the end of the third-year follow-up status, the
patients were categorized into two groups based on the
presence of BCR. The 3-year BRFS rate was 61.8%.
Group 1 (n=71) included patients without BCR, while
Group 2 (n=44) included those with BCR. The
comparison between these groups indicated that
patients with BCR had a higher incidence of positive
surgical margins (54.5% vs. 25.4%, p= 0.003),
significantly elevated PSA density (0.38 vs. 0.15,
p=0.033), and a significantly greater proportion of
patients with higher ISUP grade groups (p=0.048).
(Table IT)

Table II: Comparative analysis of clinicopathological
characteristics of the groups

Group 1 Group 2
(n=71) (n=44) P-Value
Age 64.6 63.9 0629
(median, min&max; years) (51.9-75.3) (4757119)
Body weight 77 875 0.388
(median, min&max; kg) (67-102) (65-105) '
Prostate volume 45 36 0.247
(median, min&max; ml) (20-120) (25-62) '
Preop PSA level 8.1 9.3 0.629
(median, min&max; ng/ml) (3.1-27.3) (4.1-27.5) '
PSA density 0.15 0.38 0.033
(median, min&max; ng/ml) (0.11-1.16) (0.09-1.17)
1 (n%) 47 (66.2%) 19 (43.2%)
g‘;ﬂf’ade 23 (%) 19 (268%) 21 (47.7%) 0.048
45 n%) 5 (1%) 4 (9.1%)
pT2 (n%) 58 (81.7%) 35 (79.5%)
T 0.968()
P pT3 (n%) 13 (18.3%) 9 (20.5%)
BN Negative (n,%) 34 (47.9%) 17 (38.6%) 043764
CC)
Positive  (n,%) 37 (52.1%) 27 (61.4%)
VI Negative (n,%) 69 (97.2%) 40 (90.9%) 0,201
€,
Positive  (n,%) 2 (28%) 4 (9.1%)
Surgi_cal Negative  (n,%) 53 (74.6%) 20 (45.5%) 0,003
Margin — positive  (n,%) 18 (254%) 24 (545%)
min: Minimum, max: Maximum. kg: Kilogram, Preop:
Preoperative, PSA: prostate-specific antigen, ng: Nanogram, ml:

Milliliter, ISUP: International Society of Urological Pathology, pT:

pathological T stage, PNI: Perineural invasion, LVI:
Lymphovascular invasion
Cox regression analysis performed to identify

parameters influencing BRFS indicated that only
positive surgical margins had a significant impact
(HR: 2.388, p=0.004 CI: 1.319-4.322). (Table III)
Survival analysis further demonstrated that patients
with positive surgical margins had a statistically
significantly shorter BRFS (the log-rank test,
p=0.000). (Figure 1)
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Table III: Cox regression analysis for predictors of
biochemical recurrence free survival.

Cox regression Analysis

%95 Cl
(0] p-value Lower Upper

Preop. PSA level (ng/m) 1007 0687 0973 1043

Age years 0961 0142 0910 1014

ISUP 1 0.853

Grade 23 1850 0074 0943 3629

Group 45 1685 0433 0457 6208

oT pT2(R)vspT3 0981 0965 0422 2281

[pni Negative (R)vs o as6 0601 0428 1635
positive

LVI Negative (R)vS 4 43 0692 0424 3645
positive

Surgical Margin  Me9aMVe (RIVS 5308 0004 1319 4322
positive

OR: Odss ratio, Preop: Preoperative, PSA: Prostate-specific antigen,
ng: Nanogram, ml: Milliliter, R: Reference category,

ISUP: International Society of Urological Pathology, pT:
Pathological T stage, PNI: Perineural invasion,

LVI: Lymphovascular invasion.

0,8 e
LH_.L‘ negative surgical margin

064 |

4+ Dositive surgical margin
b

Cumulative survival

0,24

Log-rank test, p=0.000

0,07

T T T T T
00 50,00 100,00 150,00 200,00

Biochemical recurrence-free survival (months)

Figure 1:
Kaplan-Meier survival curves according to surgical
margin status

Patients were classified into three groups to assess the
impact of positive apical surgical margins on BRFS:
negative surgical margins, positive margins confined
to the apex, and positive margins outside the apex.
The BRFS of patients with positive apical surgical
margins did not differ significantly from those with
positive margins outside the apex (p=540, median
BRFS 23.7 [0-84.5] vs. 18 [0-139] respectively).
However, the BRFS of patients with positive apical
surgical margins was significantly shorter than those
with negative surgical margins (p=0.033, median
BRFS 23.7 [0-84.5] vs. 56.3 [0-153.6] respectively).
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Discussion and Conclusion

This study found that RRP is an effective treatment
for PCA, and a positive surgical margin is the most
influential factor in BRFS. Furthermore, we observed
that patients with BCR tended to have higher PSA
density and ISUP grade group. A high-volume study
with long-term follow-up of patients with localized
prostate cancer identified positive surgical margins,
pT3b staging, and pT3a combined with an ISUP grade
group >2 as factors associated with a high risk of
BCR''". In our study, positive surgical margins were
the only factor found to be significant. The relatively
low number of patients with pT3b (n:8. 7%) and pT3a
combined with an ISUP grade group >2 (n:3, 2.6%) in
the entire cohort may explain why these two factors
did not achieve statistical significance in our analysis.
Although the number of pT3 patients in our study was
limited, the relatively higher proportion of patients
with higher ISUP grade groups among those who
developed BCR within three years is consistent with
findings reported in the literature'?.

In a review conducted by Ho MD et al. on the
stratification of prostate cancer, PSA density was
suggested to be associated with high-grade disease'.
Similarly, Sasaki et al. found that patients with a
familial history of prostate cancer exhibited higher
PSA density and that these individuals demonstrated
poorer clinicopathological outcomes and an
association with disease progression following radical
prostatectomy'?. These findings align with our cohort
results, where patients defined as BCR within three
years exhibited higher PSA density. Furthermore,
Greco et al. suggested that PSA density could predict
biochemical and local failure in radiotherapy
patients'>. When evaluated alongside these findings
and other studies, PSA density emerges as an essential
biomarker indicative of tumor burden. However, there
is a need for well-designed, advanced studies to
investigate this subject further.

A long-standing debate persists regarding which
surgical approach, RARP, LRP, or RRP, is superior
for the treatment of patients diagnosed with localized
PCA. Urology associations have not endorsed any
method superior to the others™'. The consensus is that
all three approaches demonstrate comparable
effectiveness regarding oncological outcomes™”'" 2.
Systematic reviews and meta-analyses have indicated
that RARP offers advantages in reduced blood loss,
lower transfusion requirements, shorter hospital stays,
and fewer complications'***'. Wang et al. reported
that RARP results in lower rates of positive surgical
margins and BCR compared to RRP?'. Similarly,
Ramsay et al. reviewed studies comparing RARP and
LRP and found no significant differences in BCR
rates, although they highlighted the superiority of
RARP in reducing positive surgical margins'’.

Haglind et al. found no significant differences
between RARP and RRP regarding incontinence or
positive surgical margins in a prospective, controlled,
non-randomized study. Still, they noted that erectile
dysfunction outcomes were modestly better in RARP
patients™. In contrast, Du et al. argued that RARP is
superior to both LRP and RRP in terms of nerve-
sparing, erectile function, and urinary continence
outcomes in a systematic review and meta-analysis®.

An often-overlooked issue in RARP studies is cost-
effectiveness. RARP imposes a substantial financial
burden on patients and healthcare systems, with
reports suggesting that centers performing RARP must
maintain a high annual case volume of approximately
150 to mitigate these costs. LRP, another minimally
invasive approach, is less expensive than RARP and
has been shown to offer benefits such as reduced
blood loss and shorter hospital stays compared to
RRP'. However, its extended learning curve and
reports from particular series indicating disadvantages
compared to RRP, such as higher rates of anastomotic
leakage, organ injury, and ileus, represent notable
disadvantages for LRP*'". Additionally, the fact that
surgeons performing RARP and LRP are often more
experienced and operate in higher-volume settings
compared to those performing RRP raise concerns that
functional, and some oncological outcomes may be
influenced by surgical experience rather than solely by
the surgical method itself’. Furthermore, it has been
observed that the RRP series typically involve a more
significant number of surgeons per study and have
longer follow-up durations”. Based on this
information, RRP remains positioned in treating
localized prostate cancer due to its comparable
oncological and functional outcomes, relatively
shorter learning curve, and cost-effectiveness’".

Our findings regarding estimated blood loss, operative
time, and length of hospital stay are consistent with
the literature'"'*. Prudhomme et al. presented the
case series of a single experienced surgeon, noting that
the estimated blood loss was nearly as low as in the
RARP series”®. This low blood loss may be attributed
to the surgeon's experience. Our estimated blood loss
result is comparable to that reported in other
studies'®*. However, our surgical margin positivity
rate was somewhat higher than those described in the
literature. Notably, these studies primarily reported the
outcomes of a single experienced surgeon'***°. Given
that our center is a teaching hospital that trains
urology residents and allows them to perform RRP,
we suggest that this factor contributes to our study's
higher surgical margin positivity rate. Grabbert et al.
conducted their study in a tertiary health care center
and did not specify the operations were exclusively
performed by a single experienced surgeon. Their
study reported a surgical margin positivity rate of
29%"’. Consequently, our surgical margin positivity
rate is within an acceptable range based on teaching
hospitals that train residents.
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Previous studies have reported that positive apical
surgical margins are not associated with poor
prognostic outcomes compared to positive surgical
margins outside the apex™. Some of these studies have
even suggested that patients with positive apical
surgical margins exhibit BRFS durations comparable
to those with negative surgical margins®. In contrast,
our study demonstrated that patients with positive
apical surgical margins experienced BCR significantly
earlier than those with negative surgical margins.
Furthermore, there was no significant difference in
BRFS between patients with positive apical surgical
margins and those with positive margins outside the
apex. Consistent with our findings, Pettus et al.
reported that positive apical surgical margins do not
indicate a better prognosis than positive margins
outside the apex and that such patients experience
BCR more frequently than those with negative
surgical margins™. To resolve this dilemma., there is a
need for well-designed, high-quality studies.

The primary limitation of our study is the
retrospective nature of the study. The secondary one is
the lack of post-RRP functionality data (urinary
incontinence and erectile dysfunction rates), a
limitation stemming from the challenges inherent in
standard data collection processes due to the study's
retrospective design. Additionally, our study primarily
focuses on the oncological outcomes of RRP. Given
the low overall and PCA-specific mortality rates, data
on overall and cancer-specific survival could not be
presented. Nonetheless, due to the growing preference
for minimally invasive surgical techniques and the
decreasing volume of recent publications on RRP, our
study seeks to contribute to the reappraisal of this
surgical approach by presenting a contemporary series
on RRP.

This study highlights the effectiveness of RRP in the
surgical management of localized PCA. Positive
surgical margins emerged as the primary predictor of
BRFS. PSA density may be a promising parameter in
predicting BCR, but further studies are needed.
Although minimally invasive techniques are gaining
prominence, RRP is a viable alternative, especially in
settings with limited resources. A positive apical
surgical margin is not associated with a better
prognosis.
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OZET

Bu ¢alismanin amaci acil servise el ve el bilek travmasi ile bagvuran hastalarin klinik 6zelliklerinin degerlendirilmesi ve acil servis hekimleri
ile el cerrahisi hekimleri arasinda yaklasim farkliliklarinin ortaya konmasidir. Calismamiz 1 Ocak 2023 - 31 Mayis 2023 tarihleri arasinda
acil servise el veya el bilegi yaralanmasi nedeniyle bagvuran 333 is kazasi olgusunun prospektif olarak ¢alismaya dahil edilmesi ile ¢calisma
gergeklestirilmistir. Olgularin %88,31i erkekti ve yas ortalamasi 36,98+12,51°di. Acil serviste yapilan degerlendirme ve konsiiltan hekim
tarafindan yapilan degerlendirme sonucunda en sik saptanan patolojiler fraktiir (%68,5 vs %64,0), tendon yaralanmasi (%35,7 vs %26,7),
sinir yaralanmasi (%15,6 vs %18,6) ve damar yaralanmasiydi (%9,3 vs %9,3). Olgularin %24,0’1na primer onarim, %55,6’sina cerrahi
onarim, %4,8’ine rediiksiyon ve %3,0’mna yabanci cisim ¢ikarilmasi uygulanirken, olgularin %12,3’li tedaviyi reddetti. Olgularin %72,4’i
taburcu edilirken %13,5’1 klinige yatirildi. Acil serviste saptanan damar yaralanmalarn (x = 0,822) ve fraktiir olgularinin (x = 0,859)
konsiiltan hekimle yiiksek diizeyde tutarli oldugu, sinir (k = 0,620) ve tendon yaralanmalarinin ise (k = 0,653) orta diizeyde tutarli oldugu
goriildii. Acil hekimlerinin el ve el bilegi yaralanmasi olgularinda bu patolojilere dair daha detayli degerlendirme yapmasi, klinik pratikte bu
olgularin atlanmasmi engelleyebilir. Bu konuda yapilacak ¢ok merkezli ¢alismalarla daha net ve biitiin el ve el bilegi yaralanmalarina
genellenebilir sonuglar elde edilebilecegi disiiniilmektedir.

Anahtar Kelimeler: Acil servis. is kazasi. El yaralanmasi.

Comparison of Diagnostic Approaches of Consultant Physicians and Emergency Department Physicians in Occupational
Accidents Who Present to the Emergency Department with Hand Injuries

ABSTRACT

The aim of this study is to evaluate the clinical characteristics of patients presenting to the emergency department with hand and wrist trauma
and to reveal the differences in approach between emergency room physicians and hand surgeons. The study was conducted prospectively by
including 333 work accident cases who applied to the emergency department due to hand or wrist injury between January 1, 2023 and May
31, 2023. 88.3% of the cases were male and the average age was 36.98+12.51. As a result of the evaluation made in the emergency room and
the evaluation made by the consultant physician, the most frequently detected pathologies were fracture (68.5% vs 64.0%), tendon injury
(35.7% vs 26.7%), nerve injury (15.6% vs. 18.6%) and vascular injury (9.3% vs 9.3%). Primary repair was performed in 24.0% of the cases,
surgical repair in 55.6%, reduction in 4.8% and foreign body removal in 3.0%, while 12.3% of the cases refused treatment. While 72.4% of
the cases were discharged, 13.5% were admitted to the clinic. It was observed that vascular injuries (x = 0.822) and fracture cases (k = 0.859)
detected in the emergency department were highly consistent with the consultant physician, while nerve (k = 0.620) and tendon injuries (k =
0.653) were moderately consistent. Emergency physicians' more detailed evaluation of these pathologies in cases of hand and wrist injuries
may prevent these cases from being overlooked in clinical practice. It is thought that more clear and generalizable results for all hand and
wrist injuries can be obtained with multi-center studies on this subject.

Key Words: Emergency department. Hand injury. Occupational accidents.
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El; insanin ¢evresiyle dogrudan etkilesimini saglayan
viicudun hayati bir parcasidir. Ust ekstremitenin en
aktif, aynm1 zamanda korunmasi en az ve en sik
yaralanan bolimiidiir'.

El yaralanmalar1 genellikle kesikler, kiriklar, ezilmeler
ve amputasyonlar gibi cesitli tiirlerde olabilir. Bu tiir
yaralanmalar, hastalarin giinliik yasam aktivitelerini
ve is performanslarmni ciddi sekilde etkileyebilir’.

Is kazalar1 sonucu el yaralanmalari, acil servislerde
sikga karsilagilan durumlardan biridir ve genellikle
acil miidahale gerektirir. Bu yaralanmalar, hem hasta
hem de saglik hizmeti sunucular i¢gin ciddi zorluklar
dogurabilir. El yaralanmalar1 is gilicii kaybina, uzun
iyilesme siirelerine ve bazen kalici sakatliklara yol
acabilmektedir’.

Acil servislerde, el yaralanmalariyla bagvuran
hastalarin ilk degerlendirmesi ve tedavisi bilyiik 6nem
tagir. Acil servis hekimlerinin hizli ve etkili bir
miidahale yapmasi gerekmektedir. Ancak, bu hizli
miidahaleler sirasinda bazi detaylarin gozden kagma
riski vardir. Bu nedenle, konsiiltan hekimlerin daha
spesifik bir degerlendirme yapmasi gerekebilir®.

Acil servis hekimleri ve konsiiltan hekimler arasinda
tanisal ve tedavi yaklagimlarinda belirgin farkliliklar
olabilir. Acil servis hekimleri genellikle hizli karar
almak zorunda olduklarindan, tanisal siirecte bazi
detaylar1 atlayabilirler. Buna karsin, konsiiltan
hekimler daha detayli bir degerlendirme yaparak,
spesifik tedavi planlar olusturabilirler”.

Bu farkliliklar, tedavi sonuglari {izerinde Onemli
etkiler yaratabilir. Literatiirde yer alan bir ¢aligmada,
konsiiltan hekimlerin miidahalelerinin daha diisiik
komplikasyon oranlar1 ve daha iyi fonksiyonel
sonuglar sagladig1 goriilmiistiir®.

Bu calismanin amaci acil servise el ve el bilek
travmasi ile bagvuran hastalarin klinik 6zelliklerinin
degerlendirilmesi ve acil servis hekimleri ile el
cerrahisi hekimleri arasinda yaklagim farkliliklarinin
ortaya konmast olup isbirligi ve koordine ¢aligma ile
hasta  bakim  kalitesinin  yiikseltilmesi  ve
komplikasyonlarin azaltilmasi hedeflenmektedir.

C. Akca ve ark.

isirik ve yanik/ donma sebebi ile bagvuran hastalar
calismaya dahil edilmemistir.

Hastalarin yas ve cinsiyetleri, yaralanma sekli
(stkigma, delici kesici yaralanma, spiral ile kesi),
yaralanan el, yaralanan bdlge, yaralanan parmak, acil
hekiminin  degerlendirmesi, konsiiltan  hekimin
degerlendirmesi, ilk ve ikinci basamak tedavileri ve
klinik sonlanimlar1 kayit altina alinmugtir.

Acil servisin travma alaninda hastalar1 degerlendiren
acil servis arastirma gorevlileri ve konsiiltan arastirma
gorevlileri i¢in asistanlik siirelerinin 2 yilin1
tamamlamis olmasi gerekmekte olup konsiiltan
hekimler ortopedi ve plastik cerrahi brangslarindan
olusmaktadir.

Istatiksel Analiz

Calismanin analizleri SPSS 25.0 paket programi ile
gerceklestirilmigtir. Kategorik degiskenler say1 ve
ylizde, siirekli sayisal degigkenler ortalama, standart
sapma, ortanca degerleri ile dzetlenmistir.

Hekimlerin verdigi kararlar arasi uyum Kappa (k)
istatistigi kullanilarak degerlendirilmis olup tutarlilik
derecelendirilmesinde Douglas G. Altman siniflamasi
(x<0.20 zayif, x:0.21-0.40 az oranda, k:0.41-0.60 orta
diizeyde, «:0.61-0.80 iyi, «:0.81-1.00 ¢ok iyi)
kullanilmustir.

Bulgular

Acil servise bagvuran 333 el ve el bilegi travmali
olgunun %88,3°1i erkekti ve yas ortalamasi 36,98 +
12,51 (medyan: 37) idi. En sik yaralanma sekli %48,6
stkisma ve %46,5 delici-kesici alet yaralanmasi olup
olgularn %56,5’inde sol el, %43,2’sinde sag el ve
%0,3’tinde ise her iki el birlikte yaralanmist1 (Tablo I).

Tablo I. Olgularin cinsiyet, yaralanma sekli ve
yaralanan el 6zelliklerinin dagilimi

Gereg ve Yontem

Calismaya baglamadan 6nce Klinik Aragtirmalar Etik
Kurulu’ndan izin alinmistir (karar no: 2023-1/39).

Kesitsel tipte olan bu calisma, 1 Ocak 2023 — 31
Mayis 2023 tarihleri arasinda acil servise el veya el
bilegi yaralanmasi nedeniyle basvuran is kazasi
olgularinin prospektif olarak caligmaya dahil edilmesi
ile gergeklestirilmistir.

Acil servise ilgili tarihler arasinda basvuran, is kazasi
olan, el veya el bilegi yaralanmasi saptanan, konsiilte
edilen hastalar ¢aligmaya dahil edilirken acil servisi
izinsiz terk ettigi tespit edilen 8 hastaya ek olarak
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Degiskenler n %
Cinsiyet

Erkek 294 88,3
Kadin 39 11,7
Yaralanma sekli

Sikisma 162 48,6
Delici-kesici alet 155 46,5
Spiral 5 15
Diger 11 33
Yaralanan el

Sol el 188 56,5
Sag el 144 432
Bilateral el 1 0,3

Siklik sirasina gore yaralanan yer %90,1 orami ile
parmaklar, %6,6 orant ile el ve %3,3 oran ile el
bilegiydi. En sik yaralanan parmaklar ise %33,3
oraninda 2. parmak ve %31,8 orani ile 3. parmakt.



El Yaralanmasinda Tedavi Yaklasimlari

Acil serviste yapilan degerlendirme ve konsiiltan
hekim tarafindan yapilan degerlendirme sonucunda en
sik saptanan yaralanmalar fraktiir (%68,5 vs %64,0),
tendon yaralanmasi (%35,7 vs %26,7), sinir
yaralanmast  (%15,6 vs  %]18,6) ve damar
yaralanmasiydi (%9,3 vs %9,3) (Tablo II).

Klinik sonlanim acgisindan bakildiginda olgularin
%72,4’1 taburcu edilirken %13,5’1 klinige yatirildi
Olgularin %17,1°1 ise taburculuktan sonraki 1 hafta
icerisinde yatirilarak opere edildi (Tablo IV).

Tablo IV. Olgularin sonlanim dzelliklerinin dagilim

Tablo II. Acil hekimi ve konsiiltan hekimin saptadigi Degiskenler ‘ n | %
yaralanmalarin dagilimi Klinik sonlanim
Taburcu 241 72,4
Degiskenler n % —
Acil hekimi tarafindan saptanan yaralanma Kinik yatis 45 13,5
Frakiir 228 685 Tedavi red 47 141
Tendon yaralanmasi 119 357 Taburcu sonrasi 1 hafta i¢inde yatirilip opere edilen (2. iglem)
Sinir yaralanmas| 52 15,6 Evet o7 17,1
Damar yaralanmasi 31 93 Hayr 276 82,9
Konsiiltan hekim tarafindan saptanan yaralanma
Fraktdr 213 | 640 Acil serviste saptanan damar yaralanmalarinin
Tendon yaralanmasi 89 26,7 konsiiltan  hekim tarafindan  saptanan  damar
Sinir yaralanmasi 62 18,6 yaralanmalart ile yliksek diizeyde tutarli oldugu (x =
Damar yaralanmasi 31 93 0,822, p<0,001) ve %97,0 uyumlu oldugu; sinir
yaralanmalarinin konsiiltan hekim tarafindan saptanan
Olgularin  %24,0’na primer onarm, %55,6’sma sinir yaralanmalari ile orta diizeyde tutarli oldugu (x =

cerrahi onarim, %4,8’ine rediiksiyon ve %3,0’1na
yabanct cisim ¢ikarilmast uygulanirken, olgularin
%12,3’0 tedaviyi reddetti. En sik uygulanan cerrahi
onarimlar %24,6 acik fiksasyon onarimi, %16,5
amputasyon onarimi ve %9,3 tendon onarimiydi
(Tablo III).

Tablo III. Olgularin tedavi 6zelliklerinin dagilimi

0,620, p<0,001) ve %89,2 uyumlu oldugu; tendon
yaralanmalarinin konsiiltan hekim tarafindan saptanan
tendon yaralanmalari ile orta diizeyde tutarli oldugu (x
= 0,653, p<0,001) ve %84,5 uyumlu oldugu ve fraktiir
olgularinin konsiiltan hekim tarafindan saptanan
fraktiir olgulart ile yiiksek diizeyde tutarli oldugu (k =
0,859, p<0,001) ve %93,7 uyumlu oldugu belirlendi
(Tablo V).

Tablo V. Acil hekimi ve konsiiltan hekimin saptadigi
yaralanmalarin karsilastirilmasi

Degiskenler n %

Tedavi

Cerrahi onarim 185 55,6
Primer onarim 80 24,0
Reduksiyon 16 48
Yabanci cisim ¢ikarilmasi 10 3,0
Pansuman 1 0,3
Tedavi olmadan red 41 12,3
Cerrahi onarim

Aclk fiksasyon onarimi 82 246
Amputasyon onarimi 55 16,5
Tendon onarimi 31 9,3
Tirnak yatagi onarimi 5 15
Tendon + sinir onarimi 2 0,6
Sinir onarimi 2 0,6
Damar onarimi 2 0,6
Tendon + sinir + damar + agik fiksasyon onarimi 1 0,3
Tendon + sinir + agik fiksasyon onarimi 1 0,3
Tendon + acik fiksasyon onarimi 1 0,3
Tirnak yatagi onarimi + reduiksiyon 1 0,3
Tendon + amputasyon onarimi 1 0,3
V-Y flep uygulanmasi 1 0,3

Konsiiltan hekim

Yok Var
n| % | n| % |Kappa Uyu(zr/ll;ﬂuk
Yok 2971983 5 | 1,7 082 | 970
Damar o5 161 26 839 ’
yaralanmasi

Toplam {302| 6,9 | 31 | 93,1

- vo[2s[otel2s 62| T
S'"'rl ar |13 | 25039 [750] ’
Acil t|p yaralanmasi

Toplam |271] 814 | 62 | 18,6

<

hekimi
Yok [20afosal 0 a7 T ..
Tendon N\ 140 (336 | 79 | 664 | ’
yaralanmasi
Toplam | 244 73,3 | 89 | 267
Yok |102]97.1] 3 | 29
0859 | 937

Fraktir Var 18 | 7,9 [210]92,1

Toplam | 120 | 36,0 | 213 64,0

Acil hekimi ve konsiiltan hekim arasinda yaralanma
saptama agisindan uyumluluk sikligi Sekil 1°de
goriilmekte olup; uyumsuzluk agisindan  siklik
siralamast %15,5 tendon yaralanmasi, %10,8 sinir
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yaralanmasi, %6,3 fraktiir ve %3,0 damar yaralanmasi
olarak belirlendi.

100

80

Yiizde (%)
2

40

20

Tendon  Fraktinr

Smir

Damar

Yaralanma

Sekil 1.
Acil hekimi ve konsiiltan hekim arasinda yaralanma
saptama agisindan wyumluluk sikliginin grafiksel
gosterimi

Tartisma ve Sonug¢

Calismamizda acil servise bagvuran 333 el ve el bilegi
travmali olgunun demografik ve klinik o6zellikleri
incelenmis olup olgularin %88,3’li erkekti ve yas
ortalamasi 36,98 + 12,51 idi. Wu ve ark. 2112 is
kazasina bagli el yaralanmasini degerlendirdikleri
calismalarinda da olgularin %81’inin erkeklerden
olustugu ve yas ortalamasinin 31,33 = 11,00 oldugu
belirlenmistir’ Aymi  sekilde Serinken ve ark.
tarafindan yapilan ve is kazalarina bagh el
yaralanmas1 gegiren 244 hastanin degerlendirildigi
calismada olgularin %87'sinin erkek oldugu, yas
ortalamasinin 27,8 + 6,1 oldugu belirtilmistirg.

Erkek cinsiyetin; el ve el bilegi yaralanmalarina daha
sik neden olan insaat, imalat, madencilik ve agir
sanayi gibi yiiksek riskli ve fiziksel gii¢ gerektiren is
kollarinda daha fazla c¢aligmakta oldugu ve bu
durumun da el ve el bilegi yaralanmalar1 riskini
arttirdig1 bilinmektedir. Buna ek olarak erkeklerin is
yerinde daha fazla risk alma egiliminde olduklar1 ve
bu durumun da daha fazla yaralanma olasiligini
beraberinde getirebildigi goriillmektedir. Bu bakimdan
calisjmamiza ait bulgularm literatiirde yayinlanan
benzer c¢aligmalar ile uyumlu oldugu ifade
edilebilmektedir.

Calismamizda en sik yaralanma sekli %48,6 sikisma
ve %46,5 delici-kesici alet yaralanmasiydi. Yigit
calismasinda AS’ye is kazasina bagl el travmasi ile
bagvuran olgularda en sik yaralanma cesidini %36
sikisma ve %29 delici-kesici yaralanma olarak
belirtmistir’. Sakrak ve ark. calismasinda ise el
yaralanmasinin  %32,6 delici-kesici aletle ve %7
sitkisma ile meydana geldigi gosterilmis olup
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calismamizin  literatiir ~ ile  uyumlu  oldugu
soylenebilmektedir'.
Endiistriyel ortamlarda ve imalat sektoriinde

calisanlar, sik sik pres makineleri, kesme makineleri,
torna makineleri ve benzeri agir makinelerle
caligmakta olup bu tiir makineler, dikkatsizlik veya
giivenlik Onlemlerinin yetersizligi durumunda elde
stkigsma tarzi yaralanmaya neden olabilmektedir. Ayni
sekilde ¢ekig, tornavida, bicak, testere gibi el aletleri,
ozellikle bakim, tamirat ve montaj iglerinde yaygin
olarak kullanilmakta olup dikkatsiz kullanim veya
aletin kontroliiniin kaybedilmesi durumunda delici ve
kesici yaralanmalara yol agabilmektedir.

Caligmamizda  olgularm  %56,5’inde  sol el,
%43,2’sinde  sag el yaralanmisti. Wu ve ark.
calismasinda ise sag el yaralanma oram %53 ’tiir’.
Aslan ve ark.’in c¢aligmasinda ise olgularin
%54,6’s11n sag eli yaralanmistir ve bu durum sag elin
daha sik dominant el olmasina baglanmustir''. Bu
caligmalardan farkli olarak Karakurt ve ark. ise AS’ye
basvuran is yeri kazasi yaralanmalarinda %53 ile sol
tarafin  daha ¢ok  etkilendigi  belirtilmistir'®.
Caligmamizda da bu calisma ile uyumlu olarak sol
tarafin daha ¢ok etkilendigi goriilmiistiir.

Caligmamizda siklik sirasina gore yaralanan yerler
%90,1 parmak, %6,6 el ve %3,3 el bilegi olup en sik
yaralanan parmaklar ise %33,3 2. parmak ve %31,8 3.
parmakti. Wu ve ark. yaptigi ¢alismada da %81 ile en
stk parmaklarin yaralandigi rapor edilirken en sik
yaralanan parmaklar %27 ile 2. ve ayni oranla 3.
parmaklar olarak bildirilmistir’. De Jong ve ark.
caligmasinda ise %33 2. parmak, %22 1. parmak ve
%20 3. parmagin yaralandigi belirlenmistir’®. El
anatomisinde, oOzellikle 2. ve 3. parmaklar diger
parmaklara gére daha uzun ve daha dista yer alir. Bu
durum, bu parmaklarin daha fazla dis etkilere maruz
kalmasina ve dolayisiyla yaralanma riskinin artmasina
neden olabilir. Buna ek olarak 2. ve 3. parmaklar,
giinlik yasamda ve is yerinde sik¢a kullanilan
parmaklardir. Bu parmaklar, el islerinde, alet
kullaniminda ve objeleri tutmada daha fazla aktif rol
oynarlar. Bu nedenle, is kazalarinda bu parmaklarin
yaralanma olasiligt diger parmaklara gore daha yiiksek

olabilmektedir. Mevcut bilgilerin 15181nda
calismamizin  literatiir ~ ile  uyumlu  oldugu
sOylenebilmektedir.

Calismamizda hem acil servis hekimi hem de

konsiiltan hekim tarafindan yapilan degerlendirme
sonucunda en sik saptanan yaralanmalar fraktiir
(%68,5 vs %064,0), tendon yaralanmast (%35,7 vs
%26,7), sinir yaralanmasi (%15,6 vs %18,6) ve damar
yaralanmasi idi (%9,3 vs %9,3). Angermann ve ark.
tarafindan yapilan bir ¢alismada'® olgularm %35’inde
yumusak doku yaralanmasi, %19’unda fraktiir,
%19’unda kontiizyon ve %5’inde tendon yaralanmasi,
%2 yanik, %1 amputasyon ve %] sinir yaralanmasi
tespit edilirken, Aslan ve ark. ¢alismasinda ise''



El Yaralanmasinda Tedavi Yaklasimlari

%32,7 tendon yaralanmasi, %31,1 fraktiir ve %18,4
yumusak doku yaralanmasi gozlenmistir.
Calismamizla uyumlu olarak literatiirde yer alan diger
calismalarda da, fraktiir ve tendon yaralanmalarinin 6n
planda oldugu goriilmektedir. Calismalara dahil edilen
is kollarinin farkli olmast ve yaralanma tiplerinin
farkli sekilde siniflandirilmasi nedeniyle bu farkl
sikliklarin ortaya ¢iktig1 diistintilmistiir.

Calismamizda olgularn  %16,5’ine  amputasyon
onarimi yapilmistir. Yigit ve ark. tarafindan yapilan
calismada’ is kazasina bagli el yaralanmalarinda %15
amputasyon uygulandigi gosterilirken, Wu ve ark.
tarafindan yapilan calismada bu oran %7 olarak
kaydedilmistir’.

El yaralanmalarinda ampiitasyon kararini belirleyen
faktorler arasinda el yaralanmasinin siddeti, etkiledigi
alan, tedavinin gecikmis veya yetersiz olmasi ve
hastanin genel durumu sayilabilmektedir. Bu acidan
calisma bulgularimizin literatiir ile farklilik gdstermesi
kabul edilebilir bir durum olmaktadir.

Calismamizda acil servis hekimi ve konsiiltan hekimin
saptadigr yaralanmalarin karsilastirilmas:  yapilmis
olup literatiirde bu kapsamda sinirli sayida calisma
olup. Hartley ve ark. tarafindan yiritilen bir
calismada deplase  fraktiir, acik fraktir ve
angulasyonlarda en az tutarlilik goriiliirken kondillerin

dahil  oldugu  fraktiirler, malrotasyon  ve
dislokasyonlarda daha yiiksek tutarlilik rapor
edilmistir'’.

Calismamizda saptanan el cerrahisi konsiiltan hekimi
ile acil servis hekimi arasindaki ilk ve son muayene
farkliliklarinin, dis  merkezden el  cerrahisi
konsiiltasyon istemi nedeniyle yonlendirilen, ancak
bizim kontrollerimizde tendon, arter ya da sinir kesisi
diisiniilmeyen hastalarm, ilgili klinik hekimlerine
konsiilte edilmesinden kaynaklanmis olabilecegi
diigiiniilmektedir.

Sonu¢ olarak is kazasi sonucunda el ve el bilegi
yaralanmas1  gelisen  olgularin  ¢ogunlugunun
erkeklerden olustugu ve en sik fraktiir ve tendon
yaralanmas1 gelistigi saptandi. Acil hekimi ve
konsiiltan hekim degerlendirmeleri arasinda en fazla
tutarsiz  olan  yaralanmalar tendon ve sinir
yaralanmalariydi. Acil hekimlerinin el ve el bilegi
yaralanmas1 olgularinda bu patolojilere dair daha
detayli degerlendirme yapmasi, klinik pratikte bu
olgularin atlanmasimi engelleyebilir. Bu konuda
yapilacak ¢cok merkezli ¢alismalarla daha net ve biitiin
el ve el bilegi yaralanmalarina genellenebilir sonuglar
elde edilebilir.
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0OZGUN ARASTIRMA

Kardiyopulmoner Resusitasyon Basarisini I§tki|eyen
Faktorlerin Retrospektif Olarak Incelenmesi

Nuh KUMRU', Selcan YEREBAKAN AKESEN?, Suna GOREN?
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Karaman Egitim ve Arastirma Hastanesi, Karaman, Tiirkiye.
Bursa Uludag Universitesi Tip Fakiiltesi, Anesteziyoloji ve Reanimasyon Anabilim Dali, Bursa, Tiirkiye.

OZET

Kardiyopulmoner resiisitasyon (KPR) uygulanan hastalarda sagkalimi etkileyen faktorleri belirlemek amaciyla yapilan ¢alismamizda, bir yil
icinde hastanemizde KPR uygulanan 1576 hastaya ait 1995 KPR kayit formu incelendi. Calismaya 18 yas alt1 hastalar ve birden fazla KPR
uygulananlarm ilk resiisitasyonlar1 digindaki veriler alinmadi. Geriye kalan 1228 hastanin dosya ve KPR formlarindaki hasta 6zellikleri, KPR
ile ilgili bilgiler ve laboratuvar parametreleri kaydedildi. Spontan dolagimin geri doniisii (SDGD), ilk 24 ve 48 saatlik sagkalim iizerine
etkileri arastirildi. Istatistiksel analizde tek ve ¢ok degiskenli lojistik regresyon analizi kullamildi. Hastalarin %37,9*u kadin, %62,1°1 erkek
olup, yas ortalamasi 64,0+14,1 y1l idi. SDGD oran1 %32,41, ilk 24 ve 48. saat sagkalim oranlar1 sirastyla %8,15 ve %7,46 olarak bulundu.
SDGD’yi etkileyen bagimsiz risk faktorleri arasinda yatis siiresi, yogun bakim ve acil serviste arrest, sepsis, metastaz, karaciger yetmezligi,
solunum depresyonu ve ventrikiiler fibrilasyon/nabizsiz ventrikiiler tasikardi ilk ritmi yer aldi. ilk 24 ve 48 saatte mortalite oranlar1 yogun
bakimda arrest (OR=3,01 ve 4,57), yiiksek SAPS II (Simplified Acute Physiology Score II) skoru, yiiksek GOFAR (Good Outcome
Following Attempted Resuscitation) ve PAR (Prognosis After Resuscitation) skorlariyla iliskilendirildi. Sonug olarak, hastane i¢i KPR’de
sagkalim tahmininde SAPS II, GOFAR ve PAR skorlarinin kullanilabilecegi, yogun bakimda arrestin sagkalimi olumsuz etkiledigi saptandi.

Anahtar Kelimeler: Kardiyak arrest. Kardiyopulmoner resiisitasyon. Prognostik faktorler. Skorlama sistemleri. Sagkalim.
A Retrospective Analysis of Factors Affecting the Success of Cardiopulmonary Resuscitation

ABSTRACT

In our study conducted to determine the factors affecting survival in patients undergoing cardiopulmonary resuscitation (CPR), 1995 CPR
record forms belonging to 1576 patients who underwent CPR in our hospital within one year were examined. Patients under the age of 18
were excluded from the study, as were resuscitation data of patients who underwent more than one CPR, except for their first resuscitation.
Patient characteristics, characteristics related to CPR implementation, and laboratory parameters were recorded from the files and CPR
registration forms of the remaining 1,228 patients. The effects of all these data on return of spontaneous circulation (ROSC) and survival in
the first 24 and 48 hours after CPR were investigated. Univariate and multivariate logistic regression analyses were used for statistical
evaluation. It was determined that 37.9% of the patients were female and 62.1% were male, with a mean age of 64.0+14.1 years. The ROSC
rate was found to be 32.41%, while survival rates at the first 24 and 48 hours were 8.15% and 7.46%, respectively. In determining the ROSC
rate, length of stay, arrest in the intensive care unit (ICU) and emergency room, sepsis, metastasis, liver failure, presence of respiratory
depression, ventricular fibrillation/pulseless ventricular tachycardia in the first thythm were determined as independent risk factors. Mortality
rates in the first 24 and 48 hours were associated with arrest in the ICU (OR=3.01 and 4.57), high Simplified Acute Physiology Score II
(SAPS 1I) score, high Good Outcome Following Attempted Resuscitation (GOFAR) and Prognosis After Resuscitation (PAR) scores. In
conclusion, it was determined that SAPS II, GOFAR and PAR scores could be used to predict survival in in-hospital CPR, and that, the
occurrence of arrest in the intensive care unit has an adverse effect on survival.

Keywords: Cardiac arrest. Cardiopulmonary resuscitation. Prognostic factors. Scoring systems. Survival.
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Kardiyopulmoner resiisitasyon (KPR) uygulanan
hastalarda amag, spontan dolagimin geri doniisiine
(SDGD) kadar gegen siirede miyokard, beyin ve diger
yasamsal organlarin metabolik  gereksinimlerini
kargilamak iizere bu organlara gerekli kanin ve
oksijenin ulastirilmasmi saglamaktir'. Bu hastalarda
sag kalim sansini arttiran en 6nemli faktorlerden biri
erken donemde yapilan etkili ve kaliteli KPR'dir™’,

Gilintimiizde KPR uygulamasi ile SDGD saglanan
hastalarda, ndrolojik acidan iyi bir klinik tablo ile
sonuglanan sag kalim igin dnemli olabilecek faktdrleri
belirleyebilmek  amaciyla  ¢aligmalar  devam
etmektedir. Bu calisma ile hastanemizde, bir yilda
gerceklestirilen KPR olgularini retrospektif olarak
inceleyerek KPR’a yanit alinan hastalardaki sagkalimi
etkileyebilecek faktorleri belirlemeye amagladik.
Ayrica, hem kritik hastalar i¢in tanimlanmis, hem de
KPR i¢in tanimlanmig farkli skorlama sistemlerini
kullanarak, elde ettigimiz veriler ile KPR uygulanan
hastalarin sagkalimini tahmin etmedeki basarilarini
degerlendirdik.

Gereg ve Yontem

Bu calismada Bursa Uludag Universitesi Tibbi
Arastirmalar Etik Kurulu'nun 10/04/2018 tarih ve
2018-7/20 nolu karari ile etik kurul onay:1 alindiktan
sonra, 1 Ocak 2016 - 31 Aralik 2016 tarihleri arasinda
Bursa Uludag Universitesi Saglik Uygulamalari
Arastirma Merkezi Hastanesinde KPR uygulanan
hastalar retrospektif olarak degerlendirilmistir. Bu
doneme ait 1998 adet KPR hasta kayit formu
incelenmistir. Calismamizda, dislama kriterleri olarak
belirledigimiz 18 yas alt1 hastalar ve birden fazla KPR
uygulanan hastalarm ilk resiisitasyonlar1 disindaki 2.
ve daha sonraki resiisitasyonlar1 ile ilgili veriler
calisma dis1 birakildiktan sonra geriye kalan, 1228
hastanin verileri irdelenmistir.

Hastalarin altta yatan hastaliklar1 (malignite, metastaz,
hematolojik hastalik, evde bakim hastas1 olma,
gecirilmis serebrovaskiiler olay, renal yetmezlik,
karaciger yetmezligi, kalp yetmezligi, iskemik kalp
hastaligr) ve hastane yatig tanilari (sepsis, major
travma) degerlendirmeye alimmigtir. KPR uygulamasi
ile ilgili ozelliklerden arrest yeri [acil servis,
ameliyathane, yogun bakim, cerrahi veya dahili klinik,
diger (radyoloji birimleri, giliniibirlik gastroenteroljik
girisimlerin yapildig1 alanlar gibi)], kardiyak arrestin
gerceklesmesine neden olan durumlar (aritmi,
hipotansiyon,  solunum  depresyonu, miyokard
infarktiisii, koroner iskemi, hipoksi, diger), monitérde
gorillen ilk ritim [Ventrikiiler Fibrilasyon (VF),
Nabizsiz  Ventrikiller Tasikardi (VT), Nabizsiz
Elektriksel Aktivite (NEA), asistol] kaydedilmistir.
Laboratuvar parametreleri [Beyaz kan hiicresi
(WBC), Hematokrit (HTC), Trombosit sayis1 (PLT),
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Retikiilosit dagilim genisligi (RDW), kreatinin, iire,
albiimin, sodyum, potasyum, kalsiyum] ve monitorize
edilen oksijen saturasyonlar1 (SpO,) kayit altina
almmustir. Cesitli skorlama sistemlerinin [Glasgow
Koma Skoru (GKS), Good Outcome Following
Attempted Resuscitation Score (GOFAR), Pre-arrest
Morbidity  Score = (PAM), Prognosis  After
Resuscitation Score (PAR), Acute Physiology and
Chronic Health Evaluation Score II (APACHE II),
Sequential Organ Failure Assessment Score (SOFA),
Simplified Acute Physiology Score II (SAPS 1I),
Multiple Organ Dysfunction Score (MODS), Logistic
Organ Dysfunction Score (LODS)] degerleri bu
bilgilerden yararlanilarak hesaplandi. Tim bu
verilerin; SDGD, KPR sonrasi ilk 24 ve 48 saatlik
donemdeki sagkalimlar iizerine etkileri arastirildi.

Istatistiksel Analiz

Verilerin  tamimlayic1  istatistiklerinde  ortalama,
standart sapma, medyan, en diisiik, en yiiksek, frekans
ve oran degerleri kullanilmistir. Degiskenlerin
dagilimi1 Kolmogorov Smirnov testi ile 6lgiildii. Nicel
bagimsiz verilerin analizinde Mann-Whitney U testi
kullanildi. Nitel bagimsiz verilerin analizinde Ki-Kare
testi, Ki-Kare test kosullar1 saglanmadiginda Fischer
testi kullanildi. Sag kalim {zerine etkili olan
faktorlerin analizi amaciyla tek degiskenli ve cok
degiskenli lojistik regresyon analizleri yapildi. Tek
degiskenli lojistik regresyon analizi sonucu anlamli
bulunan faktorlerden bagimsiz risk faktorlerinin tespiti
icin ¢ok degiskenli lojistik regresyon analizi yapildi.
Cok degiskenli lojistik regresyon analizinde Forward
Likehood Ratio yontemi ile indirgeme yapilmustir.
Analizlerde SPSS 22.0 programi kullanilmis, p<0.05
istatistiksel olarak anlamli olarak kabul edilmistir.

Bulgular

KPR uygulanan hastalarin %37,9’u (n=465) kadin,
%62,1’1t (n=763) erkek olup, yas ortalamasinin
64,0£14,1 yil oldugu tespit edildi. Hastalarmn
%9,4’liniin (n=116) 18-44 yaslar1 arasinda, %38’inin
(n=467) 45-64 yaslar1 arasinda, %29,4’liniin (n=361)
65-74 yaslar1 arasinda, %18,7’sinin (n:230) 75-84
yaglart arasinda, %4.4’liniin (n:54) 85 yas ve lzeri
oldugu goriildii. Kardiyak arrest gelismesi sonucu
mavi kodun aranmasi ile mavi kod ekibinin arrest
haldeki hastaya ulagma siiresi ortalama 1,4+0,5 dakika
olarak tespit edildi. Bu hastalara uygulanan KPR
stiresi 1- 74 dakika (34,1%£16,9) arasinda
degismekteydi (Tablo I).

Hastalarimizda SDGD oran1 %32,41 (n=398), ilk 24
ve 48. saatteki sag kalim oranlari sirasiyla %8,15
(n=95) ve %7,46 (n=87) ve taburculuk orani %1.54
(n=18) olarak bulundu. Hastalarin yas ve cinsiyetleri
ile SDGD, 24 saatlik sagkalim, 48 saatlik sagkalim
arasinda anlamli bir fark saptanmadi (p>0,05).
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Tablo I. Hastalarin yas, cinsiyet, yatis siiresi, ulagma
stiresi, KPR siiresi ve resiisitasyon saatine
gore dagilimlar

Min-Mak Medyan n Ort. +S.s. %
Yas 18,0 - 93,0 65,0 64,0 14,1
18-44 116 9,4
45-64 467 38
Yas (yil) 65-74 361 29,4
75-84 230 18,7
285 54 44
Cinsiyet Kadin 465 37,9
Erkek 763 62,1
Yatis Siresi (Giin) 1,0 - 258,0 9,0 15,7 22,0
Ulasma Sresi (Dk) 1,0-40 1.0 14 0,5
KPR Siiresi (Dk) 1,0-74,0 45,0 34,1 16,9
. _ 708-16 383 312
Restsitasyon Saati 16.08 845 658

Arrest Oncesi hastanede yatig siiresi ve KPR siiresi
SDGD saglanan hastalarda anlamli olarak daha diisiik
saptandi  (p<0,001; p<0,001). Ulasma siiresi,
resiisitasyon saati ile SDGD arasinda istatistiksel
anlamli bir fark saptanmadi (p=0,149; p=0,153). 24
saatlik sagkalim ve 48 saatlik sag kalim agisindan
degerlendirildiginde; yatis siiresi, KPR siiresi, ulagma
stiresi, resilisitasyon saatinin istatistiksel agidan
anlamli olmadig1 gézlendi (p>0,05).

Hastalarin altta yatan hastaliklar1 ve hastane yatis
tanilar1  incelendiginde; sepsis, renal yetmezlik,
karaciger yetmezligi olan hastalarin SDGD, 24 saatlik
sagkalim, 48 saatlik sagkalim acisindan daha koti
prognozlu oldugu bulundu (p<0,05). Iskemik kalp
hastaligr tanili hastalarin ise SDGD orani yiiksek
bulundu (p=0,004).

KPR uygulamasinin gergeklestirilme alani olarak
yogun bakimdaki arrestlerde SDGD orani, tiim diger
yerlere gore daha yiliksek bulunmasina karsin, 24
saatlik ve 48 saatlik sagkalim oran1 daha diisiik
saptand1 (sirastyla p=0,002, p=0,000, p=0,000).

Arrest ritmi VF, nabizsiz VT olan hastalarin SDGD
orani anlamli olarak yiiksek, arrest ritmi asistoli
olanlarin ise daha diisiik oldugu saptandi (sirasiyla
p=0,000, p=0,000, p=0,000). NEA ile anlamli iliski
saptanmadi (p=0,217). Arrest ritimleri ile 24 saatlik ve
48 saatlik sagkalim arasinda istatistiksel olarak
anlamli bir iligski bulunmadi (p>0,05).

Laboratuvar  degerlerinden sodyum, potasyum,
kalsiyum ve HTC degerinin ¢alismamizdaki herhangi
bir sagkalim sonucunu etkilemedigi goriildii (p>0,05).
Diger laboratuvar degerleri SDGD agisindan
degerlendirildiginde WBC, fire, albiimin degerlerinin
diistikliigi ve PLT, RDW yiiksekligi anlamli olarak
daha iyi prognoz ile iligkili bulundu (p<0,05). 24
saatlik ve 48 saatlik sagkalim agisindan iire degerinin
diistikliigi ve kreatinin degerinin yiiksekligi iyi
prognoz ile iligkili bulundu (p<0,05).

Hesapladigimiz skorlama sistemlerine ait degerler ile
calismamizdaki tiim sag kalim sonuglari anlamli bir
sekilde iligkili saptandi (p<0,05). Bu degerlerden,
yasayan hastalarda GOFAR, PAM, PAR, APACHE II,
SOFA, SAPS II, LODS ve MODS skorlar1 daha
diisiik, GKS skoru ise daha yiiksek bulundu.

SDGD agisindan tek ve ¢ok degiskenli lojistik
regresyon analiz sonuglari Tablo II’de 6zetlenmistir.

Tek degiskenli analizde KPR’ye yaniti olan ve
olmayan hastalarin ayriminda; yatis siiresi, KPR
siiresi, WBC, PLT, RDW, iire, SpO2, GKS, GOFAR,
PAM, PAR, APACHE II, SOFA, SAPS II, MODS,
LODS degerinin anlamli etkinligi gozlendi. Altta
yatan hastaliklari  ve mevcut hospitalizasyon
esnasindaki tanilar1 agisindan ele alindiginda; KPR’ye
yanit1 olan ve olmayan hastalarin ayriminda sepsis,
metastaz, evde bakim hastaligi, renal yetmezlik,
karaciger yetmezligi, iskemik kalp hastalig1 varliginin
anlamli (p<0,05) etkinligi oldugu gozlendi. Arrest yeri
ile ilgili olarak acil servis, yogun bakim, dahili klinik,
cerrahi  klinikte arrest olusun anlamli (p<0.05)
etkinligi gozlendi. Arrest nedenleri ve ritmileri olarak
aritmi, hipotansiyon, solunum depresyonu, VF,
nabizsiz VT, asistol, varliginin anlamli etkinligi
gozlendi. Cok degiskenli indirgenmis modelde ise,
KPR yanit1 olan ve olmayan hastalarin ayriminda yatis
stiresinin, tlire degerinin, SPO: degerinin, sepsis
varliginin, metastaz varliginin, evde bakim hastasi
olmanin, karaciger yetmezligi varliginin, acilde veya
yogun bakimda arrest olmanin, solunum depresyonu
varliginin, VF veya nabizsiz VT varliginin, anlamli-
bagimsiz etkinligi gézlendi.

Tablo II. SDGD’ye etki eden faktorlerin lojistik
regresyon analizlerine ait sonuglari

Tek Degiskenli Model Cok Degiskenli Model

KPR Yanit

OR % 95 GA P OR % 95 GA P
Yatig Suresi 0,99 0,98 - 1,00 0,001 0,99 0,98 - 1,00 0,013
KPR Stresi 0,53 0,42 - 0,66 0,000
WBC 1,03 1,01 - 1,03 0,035
Pit 1,00 1,00 - 1,00 0,002
RDW 1,00 1,00 - 1,02 0,045
Ure 1,00 0,99 -1,00 0,000 1,00 1,00- 1,00 0,015
ALB 1,00 0,97 -1,02 0,925
SPO 1,14 1,11 -1,18 0,000 1,13 1,09- 1,18 0,000
GKS 1,29 1,23 - 1,36 0,000
GOFAR 0,92 0,91 -0,93 0,000
PAM 0,77 0,73 -0,80 0,000
PAR 0,84 0,82 - 0,86 0,000
APACHE Il 0,86 0,83 -0,88 0,000
SOFA 0,70 0,66 -0,75 0,000
SAPS Il 0,92 0,91 -0,94 0,000
MODS 0,68 0,64 -0,73 0,000
LODS 0,84 0,82 -0,88 0,000
Sepsis 0,30 0,23 -0,38 0,000 0,19 0,13- 0,28 0,000
Metastaz 0,19 0,14 - 0,27 0,000 0,16 0,11- 0,24 0,000
Evde Bakim Hastasi 0,31 0,20 - 0,47 0,000 0,41 0,25- 0,66 0,000
Renal Yetmezlik 0,70 0,55 - 0,89 0,003
KC Yetmezligi 0,49 0,33 -0,73 0,001 052 032-083 0,006
Iskemik Kalp Hastaligi 1,88 1,22 -2,89 0,004
Acil 0,19 0,07 -0,47 0,000 0,09 003 -028 0,000
Yogun Bakim 1,48 1,16 - 1,88 0,002 0,64 0,47- 0,88 0,007
Dahili Klinik 0,64 0,50 - 0,81 0,000
Cerrahi Klinik 1,68 1,02 -2,78 0,042
Aritmi 1,97 1,18 - 3,28 0,009
Hipotansiyon 0,68 0,53 - 0,87 0,002
Solunum depresyonu 1,46 1,06 - 2,02 0,022 1,79 1,21- 2,67 0,004
VF 6,83 4,28 - 10,89 0,000 8,13 4,32 - 15,28 0,000
Nabizsiz VT 8,57 4,68 - 15,68 0,000 23,04 8,73- 60,80 0,000
Asistol 0,22 0,16 - 0,29 0,000

Lojistik Regresyon

KPR: Kardiyopulmoner resiisitasyon, WBC: Beyaz kan hiicresi,
PLT:Trombosit sayisi, RDW:Retikiilosit dagilim genisligi,
ALB:Albumin, SPO,: Oksijen Satiirasyonu, GKS: Glasgow Coma
Score, GOFAR:Good  Outcome  Following  Attempted
Resuscitation Score, PAM:  Pre-arrest Morbidity  Score,
PAR:Prognosis After Resuscitation Score, APACHE II: Acute
Physiology and Chronic Health Evaluation Score II, SOFA:
Sequential Organ Failure Assessment Score, SAPS 1I: Simplified
Acute Physiology Score II, MODS: Multiple Organ Dysfunction
Score, LODS: Logistic Organ Dysfunction Score, KC: Karaciger,
VF: Ventrikiiler fibrilasyon, VT: Ventrikiiler tasikardi
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24 saatlik sagkalim acgisindan tek degiskenli modelde
ilk 24 saatte eksitus olan ve olmayan hastalarin
ayriminda iire, GKS, GOFAR, PAM, PAR, APACHE
II, SOFA, SAPS 1II, MODS, LODS degerlerinin;
sepsis, metastaz, renal yetmezlik, karaciger yetmezligi
varliginin; yogun bakim, dahili klinikte arrest olusun;
solunum depresyonu varligmin anlamli (p<0.05)
etkinligi gozlendi. Cok degiskenli indirgenmis
modelde ilk 24 saat eksitus olan ve olmayan hastalarin
ayriminda SAPS II skorunun, yogun bakimda arrest
olmasinin varhiginin anlamli-bagimsiz  (p< 0.05)
etkinligi gézlendi (Tablo IITI).

Tablo III. ilk 24 ve 48 saatlik mortaliteye etki eden
faktorlerin lojistik regresyon analizlerine
ait sonuglari

Tek Degiskenli Model Cok Degiskenli Model

ik 24 Saat Mortalite

% 95 GA p OR % 95 GA p
Ure 1,01 1,00 - 1,01 0,000
GKS 0,88 0,80 - 0,96 0,005
GOFAR 1,03 1,01 - 1,06 0,006
PAM 1.21 1,12 - 1,31 0,000
PAR 1,08 1,03 - 1,13 0,002
APACHE Il 1,08 1,03 - 1,13 0,002
SOFA 1,22 1,10 - 1,36 0,000
SAPS Il 1,06 1,04 - 1,09 0,000 1,06 1,03-1,09 0,000
MODS 1,21 1,08 - 1,34 0,001
LODS 1,10 1,02 - 1,17 0,008
Sepsis 2,57 1,58 - 4,17 0,000
Metastaz 2,66 1,02 - 6,95 0,046
Renal Yetmezlik 247 1,50 - 4,07 0,000
KC Yetmezligi 3,37 1,00 - 11,30 0,049
Dahili Klinik 0,42 0,26 - 0,67 0,000
Yogun Bakim 2,86 1,73 - 4,71 0,000 301 137-662 0,006

Solunum Depresyonu 0,48 0,27 - 0,82 0,008

Tek Degiskenli Model Cok Degiskenli Model

Il 48 Saat Mortalite

OR % 95 GA p OR % 95 GA P
Pit 1,00 1,00 - 1,00 0,019
Ure 1,01 1,00 - 1,01 0,001
GKS 0,84 0,75 - 0,94 0,002
GOFAR 1,04 1,01 - 1,06 0,002 095 091-099 0,025
PAM 1,23 1,13 - 1,33 0,000
PAR 1,08 1,03 - 1,13 0,001 1,17 1,06 - 1,30 0,003
APACHE Il 1,11 1,05 - 1,17 0,000
SOFA 1,29 1,14 - 1,45 0,000
SAPS Il 1,08 1,05 - 1,12 0,000 1,09 1,04- 113 0,000
MODS 1,26 1,12 - 1,42 0,000
LODS 1,15 1,06 - 1,24 0,001
Sepsis 2,57 1,56 - 4,25 0,000
Renal Yetmezlik 2,54 1,51 - 4,28 0,000
KC Yetmezligi 4,71 1,10 - 20,07 0,036
Dahili Klinik 0,42 0,26 - 0,68 0,000
Yogun Bakim 2,93 1,74 - 4,93 0,000 4,57 1,75- 11,96 0,002

Solunum Depresyonu 0,48 0,27 - 0,84 0,010
Lojistik Regresyon

KPR: Kardiyopulmoner resiisitasyon, WBC: Beyaz kan hiicresi,
PLT:Trombosit sayisi, RDW:Retikiilosit dagilim genisligi,
ALB:Albumin, SPO;: Oksijen Satiirasyonu, GKS: Glasgow
ComaScore, GOFAR: Good Outcome Following Attempted
Resuscitation Score, PAM:Pre-arrest Morbidity Score, PAR:
Prognosis After Resuscitation Score, APACHE II:Acute
Physiology and Chronic Health Evaluation Score II, SOFA:
Sequential Organ Failure Assessment Score, SAPS II: Simplified
Acute Physiology Score II, MODS: Multiple Organ Dysfunction
Score , LODS: Logistic Organ Dysfunction Score, KC: Karaciger,
VF: Ventrikiiler fibrilasyon, VT: Ventrikiiler tasikardi

48 saatlik sagkalim agisindan tek degiskenli modelde
ilk 48 saatte eksitus olan ve olmayan hastalarin
ayriminda PLT, iire, GKS, GOFAR, PAM, PAR,
APACHE II, SOFA, SAPS II, MODS, LODS skorlar1
degerlerinin, eslik eden hastaliklardan sepsis, renal
yetmezlik, karaciger yetmezligi varliginin, yogun
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bakim ve dahili klinikte arrest olusun, solunum
depresyonu varliginin anlamli  (p<0.05) olarak
etkiledigi goézlendi. Cok degiskenli indirgenmis
modelde ilk 48 saatte eksitus olan ve olmayan
hastalarin ayriminda GOFAR, PAR ve SAPS 1I
skorlarimin, yogun bakimda arrest olmanin anlamli-
bagimsiz (p<0.05) etkinligi gézlendi (Tablo III).

Tartisma ve Sonug¢

Caligmamizin amact hastane i¢ci KPR uygulanan
hastalarda sag kalim iizerine etkili olan faktorlerin
onceden belirlenebilmesidir. KPR basarisi iizerine
etkili olan faktorlerin bilinmesi KPR basarisinin
tahmin edilmesine olanak saglayacaktir ve bu sayede
yasam beklentisi daha az olan hastalar Onceden
belirlenebilecektir.

Bir yil igerisinde hastanemizde KPR uygulanan 1228
hastanin verilerinin degerlendirildigi c¢alismamizda
SDGD orani %32,41, 24 saatlik sag kalim orani
%8,15, 48 saatlik sag kalim oran1 %7,46, taburculuk
orant ise %1.54 bulundu. Sag kalim oranlar ile
literatirde yapilmis olan ¢alismalardan Xue ve
ark.’nin* yaptiklar1 ¢alismada SDGD oramim %25,8,
24 saatlik sag kalim oranin1 %13,8 ve taburculuk
oranimi %6,6 olarak bulmuslardir. Bagka bir ¢alismada
da SDGD orami %45, taburculuk orami %18.4
saptanmustir’.  Calismamizdaki sagkalim oranlar1
literatiir ile kiyaslandiginda daha diisiik bulunmustur.
Bu durum; iilkemizde kanunlar geregi ‘resusite etme’
(DNAR - do not attempt resuscitation) Kkarari
almamamasi sebebiyle arrest olan her hastaya KPR
uygulanmast ve her tiirli tibbi miidahalenin
yapilmasinin gerekmesi ile aciklanabilir.
Hastanemizin de, ii¢iincii diizey {iniversite hastanesi
olmast nedeniyle, son dénem kronik hastaliklart olan
ya da terminal donem kanser tanili hasta sayisinin
yliksek olmasi ve DNAR kararinin uygulanamamasi
sonucu sag kalim oranlarinin diigik bulunmasini
agiklamaktadir.

Calismamizda KPR uygulanan hastalarin yaglari ve
cinsiyetleri ile inceledigimiz sonuglarimiz dikkate
alindigmnda anlamli  farklilik  g6zlemlenmemistir.
Literatiirde c¢alismamiza benzer sekilde yas ve
cinsiyetin KPR basaris1 iizerine etkisi olmadigini
belirten ¢alismalar oldugu gibi6; yasl hastalarda KPR
basarisinin daha az oldugunu saptayan caligmalara da
rastlanmaktadir”®,

Hastalarin hastaneye yatisi ile KPR tarihi arasindaki
ortalama yatis siiresi 15,7422 giin olup, yatis siiresi
kisa olan hastalar SDGD saglanmasi agisindan daha
sansli bulundu. Yatig siiresi ile ilgili ¢ok degiskenli
lojistik regresyon analizi sonucu yatis siiresi ile SDGD
arasinda anlamli  iligki saptandi.  Literatiirde
caligmamizla uyumlu olarak yatig siiresinin artist ile
sagkalim azalmasinin iliskilendirilmektedir’.
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Mavi kod c¢agrist ile hastaya ulagsma siiresi
calismamizda ortalama 1,4+0,5 dakika bulundu ve
ulagma siiresi ile inceledigimiz sonuglarimiz arasinda
anlamli  farklihk gozlemlenmedi. Sandorini ve
ark.’nin'® 114 kardiyak arrest hastasim aldiklari
calismada SDGD ve taburculuk agisindan yasayan
hastalardaki ortalama ulagma siiresil.30+1.70 dakika,
eksitus olanlarda ise 2.514+2.37 dakika bulunmus ve bu
farkin istatistiksel olarak anlamli oldugu belirtilmistir.
Calismamizda inceledigimiz sonuglar agisindan
ulagsma siiresinin anlamsiz bulunmasinin sebebinin
arrest haldeki tiim hastalara mavi kod ekibinin
oldukea kisa bir siire iginde (ortalama 1,4+0,5 dakika)
ulagmasi oldugunun kanisindayiz.

Arrest haldeki hastalara uygulanan KPR siiresi
calismamizda ortalama 31,4+16,9 dakika olarak
saptandi. KPR siiresi SDGD saglanan hastalarda
anlamli olarak daha diisiik saptandi ve bu sonug
literatiir ile uyumlu bulundu'"'?. Bu durumla ilgili
iilkemizde hastane ici kardiyak arrestlerin incelendigi
bir ¢aligmada 6zellikle KPR siiresi 20 dakika alt1 olan
hastalarin SDGD oranlarinin daha fazla oldugu ve 6
aylik sagkalim oranlarinin daha yiiksek olarak
bulundugu saptanmustir'”.

Resiisitasyon saati calismamizda: 8-16 ve 16-08
olmak tiizere iki kisimda incelendi ve resiisitasyon
saati ile inceledigimiz sonuglar arasinda anlaml fark
saptanmadi. Literatiirde resiisitasyon saati ile ilgili
yapilmig olan ¢alismalardan Wallace ve ark.’nin'*
2008-2012 yillar1 arasinda 4789 hasta iizerinden
yaptig1 calismada SDGD acisindan ve Khan ve
ark.’nin'> 383 hastada yaptiklar galismalarinda 24
saat sag kalim acisindan resiisitasyon saatinin anlamli
olmadigint belirtmisglerdir. Calismamizda da KPR
saatinin alman yaniti etkilememesinin nedeni olarak,
hastanemizde giliniin her saatinde “Mavi kod”
sisteminin ayni etkinlikte c¢alisgmast ve KPR
uygulamasint gergeklestiren ekibin ayni o6zellikleri
tasimasina bagli oldugunu diisiinmekteyiz.

Sonuglarimizi  arrest yeri ile ilgili  olarak
degerlendirdigimizde yogun bakimlarda gergeklesen
arrestlerde SDGD oranmin daha fazla oldugu, ancak
sagkalimin disiik oldugu saptandi. Yogun bakim
hastalarinin  monitérize olarak yakin takibi ve
kliniklere kiyasla egitimli personel sayisinin daha
fazla olmast ile gergeklesen arrest durumu daha erken
fark edilmekte ve uygun miidahaleye daha erken
baglanmaktadir. Bu sayede SDGD oranlar1 artmakta,
buna karsin yogun bakim hastalarmin ciddi
hastaliklara sahip olmasi nedeniyle de sag kalim
oranlariin daha diisiik oldugu kanisindayiz. Arrest
yerleri ile ilgili literatiir taramamizda sagkalimi yogun
bakimda gerceklesen arrestlerde'® ve kliniklerde
gerceklesen arrestlerde'’ daha yiiksek bulundugunu
bildiren ¢alismalara rastlamak miimkiindiir.

Glintimiizde  kardiyak  arrestlerde  ilk  ritmin
soklanabilir ritim olmasmin sag kalim oranlarini

yiikselttigi bilinmektedir*>'®. Calismamizda da arrest

esnasinda monitorde ilk tespit edilen ritmi soklanabilir
ritim olan hastalar SDGD agisindan daha sansh
bulundu. SDGD oranlarinin, ilk ritmi soklanamaz
ritimlerden asistol olan hastalarda daha az oldugu,
ancak diger soklanamaz ritim olan NEA i¢in farklilik
gostermedigi saptandi.

Caligmamizda tiim sonug¢larimiz agisindan sepsis,
renal yetmezlik, karaciger yetmezligi birlikteliginin
sag kalim azalmasi ile iliskili oldugu saptandi.
Metastazi olan malignite hastalarinda ise SDGD ve 24
saat sag kalim oranlarinin daha diisiik oldugu tespit
edildi. Literatiir taramamizda KPR uygulanan
hastalarda metastazi olan maligniteler'’, bdbrek
yetmezligi®®, karaciger yetmezligi'’, sepsis® gibi
hastaliklarin birlikteliginin sagkalim ile
iligkilendirildigini gordiik. Calismamizda istatistiksel
olarak sag kalim artis1 saptanan tek hastaligin iskemik
kalp hastaligi oldugu ve iskemik kalp hastalig1 olan
hastalarin SDGD oranlar1 anlamli olarak daha yiiksek
saptandigin1 tespit ettik. Benzer sekilde literatiirde
sonuglarimizi  destekler bicimde Iskemik Kalp
Hastalig1 nedeni ile arrest olan hastalarda daha iyi

sagkalim bildiren galismalar mevcuttur® >,

Laboratuvar degerleri ile sag kalim sonuglarimiz
arasinda SDGD agisindan WBC, iire, albiimin
degerlerinin dusiikliigi ve PLT, RDW yiiksekligi
anlamli olarak daha iyi prognoz ile iligkili bulundu. 24
saatlik ve 48 saatlik sagkalim agisindan tire degerinin
distikliigli, kreatinin degerinin yiiksekligi anlamli
olarak iyi prognoz ile iligkili bulundu. Laboratuvar
degerleri ile ilgili literatiirde yapilmis olan
calismalardan Isenschmid ve ark.’nin® prospektif
olarak erigskin kardiyak arrest olgular1 ile ilgili
caligmalarinda  resiisitasyon  sonrasi  taburculuk
oranlart daha az olan hastalarin WBC degeri, iire
degeri, kreatinin degerleri anlamli olarak daha yiiksek
bulunmustur. Ayni zamanda bu c¢alismada WBC
degeri SDGD acisindan anlamli  bulunmamustir.
Fontana ve ark.** yogun bakimdaki kardiyak arrest
hastalar1 tizerinden yaptiklar1 calismasinda yiiksek
RDW degerinin KPR sonrasi 30 giinlik yasam
azalmasi ile iligkili oldugunu bulmuslardir. Kim ve
ark.” caligmalarinda RDW degeri, BUN degeri,
kreatinin degerleri yiiksekligi olan hastalarin ve
albiimin degeri, hematokrit degeri, trombosit sayisi
degerleri diisiikliigli olan hastalarin KPR sonrasi 30
giinliik mortalite oranlarin1 daha disiikk bulmuslardir.
Bu verilerin tiimiinii birlikte ele aldigimizda PLT,
RDW, iire ve albumin degerlerinin KPR’ye yanit1 ve
daha sonraki donemde sagkalim gostermede katki
saglayabileceklerini, ancak bu iki safhadaki etkilerinin
farkli olabilecegini gostermektedir.

Skorlama sistemleri ile ilgili yapilmis olan ¢aligmalar1
irdeledigimizde ozellikle kritik hastaliklar veya KPR
uygulanan hastalar igin tanimlanmis ¢ok sayida ve
farkli  skorlarm  kullamldigi  goriilmektedir™®=’,
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Prognostik acidan en sik kullanilanlar arasinda
APACHE, SOFA ve GKS skorlar1 yer almaktadir.
Liu ve ark.’nin®’ calismasinda GKS skoru yiiksek ve
APACHE 1I skoru diisiik olan hastalarin SDGD
oranlar1 anlamli olarak daha yiiksek bulunmus olup,
ayni ¢aligmada 24 saat sag kalim saglanan hastalarin
APACHE 1I skorlar1 anlamli olarak daha diisiik
bulunmustur. Ohlsson ve ark.”® ise 287 hastada
yaptiklar1 ¢aligmalarinda GOFAR skoru yiiksek olan
hastalarin KPR sonrasi taburculuk oranlarinit anlamli
olarak daha diisiik saptamislardir. Ulkemizde yapilan
bir calismada yogun bakimda uygulanan KPR’lerde
PAM skoru KPR sonrast beklenen mortalite ile
uyumlu bulunmustur’®. Misir’da 380 hastane ici
kardiyak arrest hastasini iceren bir diger caligmada
PAM skoru diisiik olan hastalarin 24 saat sag kalim
oranlar1 daha az saptanmustir’’. Ingiltere’de yapilmis
264 kardiyak arrest hastasinin yer aldigi bir diger
calismada PAM ve PAR skoru yiiksek olan hastalarin
KPR sonrast taburculuk oranlari daha diisiik
bulunmustur®’. Organ fonksiyon bozuklugu hakkinda
ongorii saglayan MODS, LODS ve SOFA skorlar ile
hastane i¢i kardiyak arrest hastalar1 arasindaki
sagkalim iliskisini aragtiran ¢aligmalardan; Hagiwara
ve ark.”? ¢alismalarinda APACHE II ve SOFA skoru
yiiksekligi olan hastalarda SDGD oranmin anlaml
olarak daha diisiik oldugunu gostermislerdir. SAPS 1I
skoru ile ilgili Kore’de bir diger calismada SAPS II
skoru yiiksekligi olan hastalarin SDGD ve
resilisitasyon sonrasi taburculuk agisindan daha sanssiz
oldugu bildirilmistir”®>. Benzer sekilde SAPS II
skorunun sag kalim tahmini {zerine etkisinin
incelendigi calismalar bulunmaktadir®**°.
Hastalarimizi bu farkli oOzelliklere sahip skorlama
sistemleri ile degerlendirdigimizde GOFAR, PAM,
PAR, APACHE II, SOFA, SAPS II, LODS ve MODS
skorlar1 KPR’ye yanit1 olan hastalarda anlamli olarak
daha diisiik; GKS skoru ise anlamli olarak daha
yiiksek saptandi. Ayrica GOFAR ve PAR skoru
SDGD sonrasi hospitalizasyon siiresince ve ilk 48
saatte mortalite; SAPS II skoru ise her iic donemdeki
mortalite ile iliskili bulundu.

Sonu¢ olarak KPR uygulamasinin basar1 ile
sonuglanmasi iizerine etkili olan faktorlerin bilinmesi
ve Ozellikle uygun skorlama sistemlerinin kullanimi
ile bu hastalarda KPR’nin basarisini arrest Oncesi
ongdormede ve KPR uygulamasi sonrasinda
sagkalimlarinin tahmin edilebilmesinde yol gosterici
olacagi kanisina varilmistir.
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0OZGUN ARASTIRMA

Dapagliflozin, Empagliflozin ve Eksenatid Kullanan Tip 2
Diyabetli Hastalarda Kardiyovaskiiler Olay Oranlarinin
Retrospektif Olarak Degerlendirilmesi

Bahriye GULTAS', Ozen OZ GUL?, Soner CANDER?

' Bursa Uludag Universitesi T1p Fakiiltesi, I¢ Hastaliklar1 Anabilim Dali, Bursa, Tiirkiye.
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OZET

Tip 2 diyabet hastalarinda kardiyovaskiiler hastaliklar diyabeti olmayanlara gore daha yiiksektir. SGLT-2 inhibitérlerinin (empagliflozin,
dapagliflozin vb.) ve GLP-1 analoglarinin (exenatid vb.) kardiyak etkilerine iliskin olumlu sonuglar veren genis ¢apli ¢alismalar mevcuttur.
Bu calismayla empagliflozin, dapagliflozin veya eksenatid kullanan hastalarda kardiyovaskiiler sonuglar1 degerlendirmek ve karsilagtirmak
amaclanmistir. Kontrol grubu olarak kardiyak agidan nétr oldugu bilinen DPP-4 inhibitorii (linagliptin) kullanan hastalar segilmistir. Bu
calisma her tedavi grubundan (linagliptin, eksenatid, dapagliflozin, empagliflozin) en az on iki aydir tedavi géren 100 hasta olmak iizere
toplam 400 hasta ile gergeklestirilmistir. Miyokard enfarktiisii (MI), serebrovaskiiler olay (SVO), kardiyak nedenlere bagl o6liim, major
kardiyovaskiiler olay (MACE: MI, SVO ve kardiyak 6liim), kalp yetmezIligi nedeniyle hastaneye yatis, kararsiz angina/akut koroner sendrom
(AKS), periferik arter hastaligi ve tiim nedenlere bagl olimler degerlendirilmistir. Tim kardiyovaskiiler patolojilerin toplam oranlar
incelendiginde linagliptin grubunda %10, eksenatid grubunda %6, dapagliflozin grubunda %4 ve empagliflozin grubunda %6 olarak tespit
edilmistir. Kardiyak hastalik Oykiisii olmayan hastalar karsilastirildiginda eksenatid, dapagliflozin ve empagliflozin grubunda toplam
kardiyovaskiiler patoloji oranlarinin linagliptin grubuna gore istatistiksel olarak anlamli derecede azaldigi saptanmistir. Kardiyak 6ykiist
olan hastalarda ise dapagliflozin ve empagliflozin grubunda angina/AKS tablosunun anlamli derecede azaldigi ortaya konmustur. Bu
sonuglar diyabet hastalarinin kardiyak patolojilerden birincil korunmasinda eksenatid, dapagliflozin ve empagliflozin molekiillerinin faydali
oldugunu gostermektedir. Dapagliflozin ve empagliflozin molekiilleirinin hastalarin kardiyovaskiiler patolojilerden sekonder korunmasinda
da tekili olabilecegini diigiindiirmektedir.

Anahtar Kelimeler: Linagliptin. Eksenatid. Dapagliflozin. Empagliflozin. SGLT-2 inhibitorleri. Kardiyovaskiiler Olay.

Retrospective Evaluation of The Rate of Cardiovascular Events in Type 2 Diabetic Patients Using Dapagliflozin, Empagliflozin and
Exenatide

ABSTRACT

Cardiovascular diseases are more common in patients with type 2 diabetes than in those without diabetes. Large-scale studies have shown
positive results regarding the cardiac effects of SGLT-2 inhibitors (empagliflozin, dapagliflozin, etc.) and GLP-1 analogs (exenatide, etc.).
This study aimed to evaluate and compare cardiovascular outcomes in patients using empagliflozin, dapagliflozin, or exenatide. Patients
using a DPP-4 inhibitor (linagliptin), known as cardiac neutral, were selected as the control group. This study was conducted with 400
patients, 100 of whom received treatment for at least twelve months from each treatment group (linagliptin, exenatide, dapagliflozin, and
empagliflozin). Myocardial infarction (MI), cerebrovascular accident (CVA), death due to cardiac causes, major cardiovascular event
(MACE: M1, CVA, and cardiac death), hospitalization due to heart failure, unstable angina/acute coronary syndrome (ACS), peripheral
artery disease and all-cause deaths were evaluated. When the total rates of all cardiovascular pathologies were examined, it was determined
that they were 10% in the linagliptin group, 6% in the exenatide group, 4% in the dapagliflozin group and 6% in the empagliflozin group.
When patients without a history of cardiac disease were compared, it was determined that the total cardiovascular pathology rates in the
exenatide, dapagliflozin, and empagliflozin groups were statistically significantly reduced compared to the linagliptin group. In patients with
a cardiac history, it was revealed that angina/ACS was significantly reduced in the dapagliflozin and empagliflozin groups. These results
show that exenatide, dapagliflozin, and empagliflozin molecules are helpful in the primary prevention of cardiac pathologies in our diabetic
patients. Dapagliflozin and empagliflozin molecules may also be unique in the secondary protection of patients from cardiovascular
pathologies.

Keywords: Linagliptin. Exenatide. Dapagliflozin. Empagliflozin. SGLT-2 inhibitors. Cardiovascular event.
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Diinya genelinde 18-99 vyas arasi erigkinlerde
diyabetes mellitus (DM) prevalansinin 2017 yilinda
%8.4 oldugu ve 2045 yilinda %9.9'a ¢ikacagi tahmin
edilmektedir. Giincel verilere gore diinya genelinde
yaklastk 415 milyon diyabet hastast oldugu
bilinmektedir'.  Diyabetik  hastalarda  glisemik
kontroliin saglanamamasi uzun donemde gesitli
komplikasyonlara neden olmaktadir. Bu
komplikasyonlar arasinda kardiyovaskiiler hastaliklar,
serebrovaskiiler hastaliklar, periferik arter hastaliklari
ve bobrek yetmezligi gibi hayati hastaliklar yer
almaktadir. Diyet, kilo kontrolii ve giinliik fiziksel
aktivitenin arttirtlmasi gibi yasam tarzi degisiklikleri,
glisemik kontrol icin ilk basamak tedaviyi olusturur.
Tip 2 DM hastalarinda kardiyovaskiiler hastalik riski
diyabetik olmayanlara gore 2-4 kat daha fazladir. Bu
hastalarin %65-70"1 makrovaskiiler komplikasyonlar
(koroner arter hastaligi, periferik arter hastaligy,
serebrovaskiiler hastalik) nedeniyle 6lmektedir”. Tip 2
DM'nin artan prevalansina ragmen, hastalarin gogunda
yeterli glisemik kontrol saglanamamaktadir. Ote
yandan diyabet tedavisindeki gelismeler oOzellikle
milenyumdan itibaren hiz kazanmis ve bir¢ok yeni ilag
kullanima girmistir. Bazilar1 sodyum-glukoz ko-
transporter-2 (SGLT-2) molekiiliinii  inhibe eden
ilaglardir. Bu ilaglar proksimal tiibiildeki sodyum-
glukoz kanallarini inhibe ederek bdbrekten glukoz
atilimini saglar. Son yillarda SGLT-2 inhibitorlerinin
ve glukagon-like peptid-1 (GLP-1) analoglarinin
kardiyovaskiiler koruyucu etkileri {izerine birgok
calisma ve meta-analiz yapilmaktadir. Randomize
kontrollii ¢aligmalar her iki sinifin da glisemik
kontrolii  iyilestirdigini ve  aym = zamanda
kardiyoprotektif ve renoprotektif etkiler sagladigini
gostermektedir™*,

Ozellikle SGLT-2 inhibitérleri (empaglifilozin,
dapaglifilozin vb.) ile ilgili hem kalp hem de bobrek
acisindan etkileyici sonuglar tespit edilmistir. Bazi
calismalarda SGLT-2 inhibitorii grubundan
empagliflozinin sekonder kardiyak korumada daha
etkili bir ajan oldugu bulunmustur. Ancak primer
korumadaki rolii acisindan daha fazla caligmaya
ihtiyag oldugu belirtilmektedir™®.

Bu calismada SGLT-2 inhibitorii (empaglifilozin,
dapaglifilozin) veya GLP-1 reseptdr agonisti
(eksenatid) kullanmakta olan tip 2 DM tanili
hastalarda  ilaca  basladiktan  sonra  gelisen
kardiyovaskiiler olaylarin oranmm belirlemek ve
prospektif caligmalarin gergek yasam projeksiyonunu
retrospektif olarak ortaya koymak amaglandi.

Gereg ve Yontem
Etik kurul onayi, Uludag Universitesi Tip Fakiiltesi

Klinik Arastirmalar Etik Kurulu’ndan 2019-7/18
numarali karar ile alindi. Mart 2017-Subat 2019
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tarihleri arasinda c¢aligmanin yapildi§i  merkeze
basvuran veya klinige yatisi yapilan erigkin (>18 yas)
tip 2 diyabet hastalar1 arasindan linagliptin (DPP-4
inhibitorii), eksenatid (GLP-1 analogu), dapagliflozin
(SGLT-2 inhibitoril) veya empagliflozin (SGLT-2
inhibitori) ilaglarini en az 12 aydir kullanmakta olan,
bu ilaglar haricinde baska bir oral antidiyabetik
kullanmayan ve elektronik kayitlarinda yeterli veri
bulunan hastalar tarandi. Bu ilaglara baglanmadan
once, bagladiktan 6 ay ve 1 yil sonra izlenen hastalar
calismaya dahil edildi. fla¢ yazildiktan sonra takip
edilemeyen ve/veya verileri eksik olan hastalar, tip 1
DM hastalari, gocuk yas grubunda olanlar, gebelik ve
emzirme donemindeki kadin hastalar, ila¢ yazildiktan
sonra bagka bir hastanede takip edilen hastalar diglama
kriteri olarak belirlendi.

Daha onceki ¢alismalarda dipeptidil peptidaz-4 (DPP-
4) inhibitorlerinin kardiyovaskiiler hastalik riski
iizerine notr etkileri oldugu tespit edildiginden bu grup
kontrol grubu olarak kabul edildi””.

Calisma Tasarimi ve Orneklem

Bu caligmada 4 ilag grubu (linagliptin, eksenatid,
dapagliflozin, empagliflozin) arasinda empagliflozin
en yeni tedavi oldugu ve caligma tek merkezde
yuritiildiigi icin her tedavi grubundaki hasta sayisi
empagliflozin kullanan hasta sayisina esit olarak
belirlendi. Empagliflozin verilen ve diizenli takipleri
yapilan maksimum 100 hastaya ulasildi ve bu nedenle
diger tedavi gruplarindan da ¢aligmaya dahil edilme
kriterlerini  karsilayan 100 hasta secildi ve
degerlendirildi. Toplam 818 hasta dosyasi retrospektif
olarak tarandi (229 linagliptin, 140 eksenatid, 272
dapagliflozin ve 177 empagliflozin kullanan hasta
dosyasi tarandi) ve toplamda 400 hasta caligmaya
dahil edildi.

Hastalara ait elektronik dosyalar detayli olarak
incelendi. Yas, cinsiyet, sigara i¢me durumu,
hipertansiyon, hiperlipidemi ve kalp hastaligi veya
ortaya ¢ikan kardiyovaskiiler patolojilerin varligi
(birincil sonug: miyokard enfarktiisii, inme ve 6limeciil
kardiyovaskiiler olay - ikincil sonug: anjina/akut
koroner sendrom, periferik arter hastaligi ve kalp
yetmezligi) ve tim nedenlere baghi oOliimler
kaydedildi. ACEI/ARB, betabloker, lipid diisiiriiciiler
(statinler), spiranolakton gibi ila¢ kullanimlart analiz
edildi. Yeterli kardiyak verisi olmayan hastalar
telefonla aranarak bilgi alindi. Ancak kiloyla ilgili
hastane kayitlarinin yetersizligi ve hastalarin gegmise
yonelik  kilolarin1  hatirlamamalar1  sebebiyle
degerlendirmeye dahil edilmedi. Glisemik agidan
hastalarin 0. (0 ay: tedavi baglamadan hemen 6nce), 6.
ve 12. aylarda glikozile hemoglobin Alc (HbAlc)
degerleri kaydedildi. Hastalarin DPP-4 inhibitord,
GLP-1 agonisti veya SGLT-2 inhibitérii kullanmaya
baslamadan hemen 6nce aldiklari tiim ilaglar ile tedavi
baslangicindan 1 yil sonra aldiklar1 tiim ilaglar not
edilerek karsilastirildi.
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Istatistiksel Analiz

Siirekli degiskenlerin normal dagilima uygunlugu
Shapiro Wilk testi ile incelenmistir. Degiskenler
ortalama + standart sapma, medyan (minimum:
maksimum) ya da n(%) degerleriyle ifade edilmistir.
Normallik testi sonucuna gore tedavi gruplar arasinda
yapilan karsilastirmalarda Kruskal Wallis testi
kullanilmistir.  Kruskal ~Wallis  testi  sonrasinda
anlamlilik bulunmasi durumunda gruplar arasindaki
ikili  karsilastirmalar  Dunn  testi  kullanilarak
yapilmistir. Tedavi gruplarinda 6. ay ve 12. ayda elde
edilen Olciimlerin baslangic degerleriyle
kargilagtirilmasi igin yapilan analizlerde ise Wilcoxon
Isaretli Sira Testi ya da eslestirilmis 6rneklemler igin
t-testi kullanilmigtir. Kategorik degiskenlerin gruplar
arasi karsilastirmalar1 ise Pearson ki-kare testi, Fisher-
Freeman-Halton Testi ya da Fisher’in kesin ki-kare
testi kullanilarak gerceklestirilmistir. Istatistiksel
analizler i¢in SPSS (IBM Corp. Released 2012. IBM
SPSS Statistics for Windows, Version 21.0. Armonk,
NY: IBM Corp.) programi kullanilmig ve istatistiksel
karsilagtirmalarda tip I hata diizeyi 0=0.05 olarak
kabul edilmistir.

Bulgular

Bu calismada 143 erkek (%35.8) ve 257 kadin
(%64.3) olmak iizere toplam 400 hastanin verileri
bulunmaktadir. Her ilag grubunda yas, cinsiyet
dagilimi ve sigara kullanimi, hipertansiyon tanisi,
gecirilmis kalp hastalifi, anjiotensin doniistiiriicii
enzim inhibitérii (ACEI) veya anjijotensin reseptor
blokeri (ARB) kullanimi, beta bloker kullanimi,
spiranolakton kullanimu, lipid disiiriicii ilag kullanima,
insiilin kullanim oranlar1 Tablo I’de yer almaktadir.

Linagliptin grubunda ortalama HbAlc seviyesi tedavi
baslangicinda %38.10, tedavinin 6. ayinda %7.45, 1
yilin sonunda ise %7.10 olarak tespit edilmistir.
Eksenatid grubunda ortalama HbAlc seviyesi tedavi
baslangicinda %8, tedavinin 6. ayinda %7.5, 1 yilin
sonunda ise %7.2 olarak tespit edilmistir.
Dapagliflozin grubunda ortalama HbAlc seviyesi
tedavi baslangicinda %8.45, tedavinin 6. ayinda
%7.25, 1 yilin sonunda ise %7.20 olarak tespit
edilmistir. Empagliflozin grubunda ortalama HbAlc
seviyesi tedavi baslangicinda %8.20, tedavinin 6.
ayinda %7.80, 1 yilin sonunda ise %7.30 olarak tespit
edilmistir. Gruplar arasinda 1 yil igindeki HbAlc
degisimleri agisindan istatiksel olarak anlamli bir fark
goriilmemistir.

Linagliptin grubunda yas ortalamas: diger gruplara

gore daha yiiksek saptanmustir. Eksenatid ve
dapagliflozin gruplarindaki kadin orani, linagliptin ve
empagliflozin  gruplarina  goére daha  yiiksek
bulunmustur.

Tablo I. Tedavi gruplar: arasinda bazal
karakteristiklerin karsilastiriimasi
Linagliptin  Eksenatid Dapagliflozin Empaglifiozin  p-
(n=100)  (n=100) (n=100) (n=100)  degeri
" 64(22:90) 57(29:77)  59(25:82) 50(28:79)  <0.001:
s 62.19+12.02 56.23+10.76 58.10+9.78  58.20+10.31
Cinsiyet
0 () o 0 <0.001®
Kadin 49(%49)  81(%81) 70(%70) 57(%57) -
Erkek 51(%51)  19(%19) 30(%30) 43(%43)
|sigara 17(%17)  20(%20) 16(%16) 17(%17)  0.891b
HT 60(%60)  60(%60)  54(%54) 46(%46) 0149
) . . . . 0.009
Eski KVS 19(%19)  15(%15)  22(%22) 34(%34) pt
ACEI/ARB 44(%44)  40(%40)  45(%45) 42(%42)  0.896°
Betabloker 20(%27)  14(%14) 19(%19) 20(%20)  0.146
ISpiranolakton 3(%3) 1(%1) 3(%3) 1(%1) 0.647¢
b
Lipid dilsiricii 33%33)  15(h15)  27(%27) sar) 0008
Jinsulin 50(%50)  33(%33) 38(%38) 47(%47)  0.047°

Veriler n (%), medyan (minimum: maksimum) ve ortalama + sapma
olarak verilmistir.

HT:Hipertansiyon, KVS: Kardiyovaskiiler hastalik, ACEL
Anjiotensin doniistiirlicii enzim inhibitorii, ARB: Aldosteron-renin
sistem blokeri

% Kruskal Wallis Testi, ® Pearson Chi-Square Testi, ®: Fisher-
Freeman-Halton Testi, ¢: Dunn Testi

* Yas, ikili kargilastirmada anlamli p degerleri: Lin&Exena: <0.001,
Lin&Empa: 0.015, Lin&Dapa: 0.026

** kili karsilastirmada cinsiyet oraninda anlamh p degerleri:
Lin&Exena: <0.001, Lin&Empa: 0.002, Exena&Empa: <0.001

*** Eski KVS, ikili karsilastirmalarda anlamli p degerleri:
Lin&Empa: 0.016, Exena&Empa: 0.002

*HEK Lipit diigiiriicti ilag, ikili kargilastirmalarda anlamli p degerleri:
Lin&Empa: 0.003, Exena&Dapa: 0.037, Exena&Empa: <0.001.

Daha o6nce kardiyovaskiiler olay1 veya bilinen kalp
hastaligi olan hasta oraninin linagliptin grubunda
%19, eksenatid grubunda %15, dapagliflozin
grubunda %22 ve empagliflozin grubunda %34
oldugu tespit edilmistir. Empagliflozin grubunda
gecirilmis kardiyak patoloji oranmin diger gruplara
gore daha yiiksek oldugu saptanmustir.

Bu caligmanin temeli SGLT-2 inhibitorii veya GLP-1
analogu kullanan hastalarda kardiyak patoloji
prevalansinin degerlendirilmesidir. Her ila¢ grubunda
meydana gelen kardiyak patolojiler Tablo II'de
verilmistir. Linagliptin ve empagliflozin gruplarinda
miyokard infarktiisi (MI) geciren 1 hasta varken,
diger iki grupta MI olmadig1 goriilmiigtiir. Gruplarin
higbirinde dlimciil kardiyovaskiiler olay tespit
edilmemistir. Linagliptin ve empagliflozin gruplarinda
serebrovaskiiler olay (SVO) gelisen bir hasta varken,
diger iki grupta SVO olmadigi goriilmiistiir. MI, SVO
ve Oliimle sonuglanan patolojiler major advers
kardiyovaskiiler olaylar (MACE) olarak kabul
edilmistir ve bu patolojilerin toplam insidansi
acisindan ilag gruplari kendi aralarinda
karsilastirildiginda istatistiksel olarak anlamli fark
bulunmamustir.
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Tablo II. Tedavi gruplari arasinda karsilagtirmalar

Linagliptin Eksenatid Dapagliflozin Empagliflozin  p-
(n=100)  (n=100)  (n=100) (n=100)  degeric
M 1%1) 0 0 1%1)  >0.9999
sVo 1(%1) 0 0 1%1) 0727
Fatal KVS 0 0 0 0 >0.999¢
Primer
sonlanim
M 1%1) 0 0 1%1) 05289
Svo 1(%1) 0 0 1(%1)
Yok 98(%98) 100(%100) 100(%100)  98(%98)
AnginalAKS  2(%2)  5(%5) 0 2%2) 01489
PAH 0 0 1(%1) 0 >0.999¢
e 2t ) 2%2) 1%1)  >0.9999
Ex 4(%4) 0 1(%1) 1(%1) 0.174¢
Toplam Olay  10(%10)  6(%6) 4(%4) 6(%6) 0373
Veriler n(%) olarak verilmistir.
MI:miyokard infarktiisi, SVO: serebrovaskiiler olay, KVS:

kardiyovaskiiler, AKS: akut koroner sendrom, PAH: periferik arter
hastaligi, KY: kalp yetmezligi, Ex: exitus (6liim), Primer sonlanim
(ML, SVO ve oliimle sonuglanan kardiyovaskiiler olaylar), Toplam
olay (tabloda bahsi gecen tiim patolojiler)

°: Fisher Freeman-Halton Testi

Kararsiz angina/akut koroner sendromlu linagliptin ve
empagliflozin grubunda 2 hasta varken, eksenatid
grubunda 5 hasta tespit edilmistir, dapagliflozin
grubunda ise hi¢ olmadig1 goriilmiistii. Dapagliflozin
grubunda sadece 1 hastada periferik arter hastaligi
tespit edilmistir. Linagliptin grubunda 4, dapagliflozin
ve empagliflozin gruplarinda 1l'er hastada tiim
nedenlere bagli 6lim oldugu ve eksenatid grubunda
6liim olmadig1 saptanmuistir.

Toplamda  tiim  kardiyovaskiiler = patolojilere
bakildiginda linagliptin alan 10 hastada, eksenatid
kullanan 6 hastada, dapagliflozin alan 4 hastada ve
empagliflozin alan 6 hastada yeni kardiyovaskiiler
olay tespit edilmistir. Ancak analiz sonucunda yeni
gelisen kardiyovaskiiler patolojiler agisindan tedavi
gruplar1 arasinda istatistiksel olarak anlamli bir fark
olmadigi goriilmistiir (p> 0.05).

Kardiyak patoloji Oykiisii olan hastalarda yeni
kardiyak patolojiler degerlendirildiginde angina/akut
koroner sendrom (AKS) insidansi a¢isindan tedavi
gruplari arasinda anlamli fark oldugu saptanmugtir. Alt
grup analizlerinde eksenatid tedavi grubunda
anjina/AKS insidansinin dapagliflozin ve
empagliflozin gruplarmma gore daha yiiksek oldugu
goriilmiistiir (sirastyla p=0.021 ve p=0.026). Tablo
IT'teki diger degigkenler agisindan tedavi gruplari
arasinda anlamli bir fark saptanmamaistir (p> 0.05).

Kardiyak patoloji Oykiisii olmayan hastalarda yeni
gelisen kardiyak patolojiler degerlendirildiginde
toplam olay yiizdesi agisindan tedavi gruplar arasinda
anlamli bir fark tespit edilmemistir. Alt grup
analizlerinde linagliptin tedavi grubundaki toplam
olay yilizdesinin  eksenatid, dapagliflozin ve
empagliflozin tedavi gruplarma goére daha yiiksek
oldugu goriilmiistiir (sirastyla p = 0.016, p = 0.034, p
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= 0.042). Diger degiskenler agisindan tedavi gruplari
arasinda anlamli fark saptanmamustir. (Tablo IV)

Tablo III. Daha 6nceden bilinen kardiyak patoloji
Oykiisii olan hastalarda (n=90) yeni

gelisen kardiyak patolojiler agisidan
tedavi gruplar1 arasindaki karsilastirmalar
Linagliptin Eksenatid Dapagliflozin Empagliflozin p-
(n=100)  (n=100)  (n=100) (n=100)  degeric
[mi 0 0 0 1(%2.94)  >0.999
SVO 0 0 0 1(%2.94)  >0.999
Fatal AKS 0 0 0 0 -
Angina/AKS 1(%5.26) 4(%26.67) 0 1(%2.94)  0.011%
PAH 0 0 1(%4.55) 0 0622
KY nedenliyatis  1(%5.26)  1(%6.67)  1(%4.55) 1(%2.94)  0.908
Ex 0 0 1(%4.55) 1(%2.94)  >0.999
Toplam Olay  2(%10.50) 5(%33.3) 3(%13.60)  5(%14.70)  0.367

Veriler n(%) olarak verilmistir.

MI: miyokard infarktiisii, SVO: serebrovaskiiler olay, KVS:
kardiyovaskiiler, AKS:akut koroner sendrom, PAH: periferik arter
hastaligi, KY: kalp yetmezligi, Ex: exitus (6liim), Primer sonlanim
(ML SVO ve olimle sonuglanan kardiyovaskiiler olaylar), Toplam
olay (tabloda bahsi gegen tiim patolojiler)

“ Fisher Freeman-Halton Testi, ¢:Fisher’in Kesin Ki-Kare Testi

* ikili karsgilastirmada anlamh p degerleri: Exena&Dapa: 0.021,
Exena&Empa: 0.026

Tablo IV. Daha once kardiyak patoloji oykiisii
olmayan hastalarda yeni gelisen kardiyak
patolojiler agisindan tedavi gruplari
arasindaki karsilagtirmalar (n = 310)

Linagliptin Eksenatid Dapagliflozin Empaglifiozin deg-eri
(n=100)  (n=100) (n=100) (n=100) M
i 1(%1.23) 0 0 0
SVO 1(%1.23) 0 0 0
Fatal AKS 0 0 0 0
Angina/AKS 1(%1.23)  1(%1.17) 0 1(%1.52)  0.891
PAH 0 0 0 0
KY nedenliyatis  1(%1.23) 0 1(%1.28) 0 0.718
Ex 4(%4.94) 0 0 0
Toplam Olay 8(%9.90)  1(%1.20) 1(%1.30) 1(%1.50)  0.009*

Veriler n(%) olarak verilmistir.

MI: miyokard infarktiisii, SVO: serebrovaskiiler olay, KVS:
kardiyovaskiiler, AKS: akut koroner sendrom, PAH: periferik arter
hastalig1, KY: kalp yetmezligi, Ex: exitus (6liim), Primer sonlanim
(ML, SVO ve olimle sonuglanan kardiyovaskiiler olaylar), Toplam
olay (tabloda bahsi gecen tiim patolojiler)

“ Fisher Freeman-Halton Testi, £: Fisher’in Kesin Ki-Kare Testi

* ikili kargilagtirmada anlamh p degerleri: Lin&Exena: 0.016,
Lin&Dapa: 0.034, Lina&Empa: 0.042

Tartisma ve Sonug¢

Bu calisma ile dapagliflozin, empagliflozin ve
eksenatid tedavilerinin kardiyak Oykiisii olmayan
diyabet hastalarin1 kardiyovaskiiler patolojilerden
primer korumada etkili oldugu saptanmistir. Ayrica
daha once kardiyak patoloji Oykiisii olan hastalarda
yeni kardiyak patolojiler diistiniildiigiinde angina/akut
koroner sendrom (AKS) insidansinin dapagliflozin ve
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empagliflozin gruplarinda, eksenatid grubuna gore
diistik oldugu ortaya konulmustur.

Hastalarin yas istatistikleri linagliptin, eksenatid,
dapagliflozin ve empagliflozin  molekiillerinin
kardiyovaskiiler etkilerine iliskin daha 6nce yapilan
caligmalardaki goriilen yas istatistikleri ile uyumlu

bulunmugtur**'*16,

Bu c¢alismada eksenatid alan hastalarda kadin hasta
oranmnin diger gruplara ve c¢aligmalara gore daha
yiikksek oldugu tespit edilmistir. Bunun durumun
iilkemizde sosyal giivenlik politikalar1 nedeniyle viicut
kitle indeksi >35 olan diyabetik hastalarda eksenatid
tedavisinin regetelenebilmesi ve obezitenin kadinlarda
daha sik goriilmesinden kaynaklandig1
diistiniilmistir'”.

Incelenen her dért tedavi grubunda sigara icen hasta
oranmnin %17-20 arasinda oldugu ve bu oranin
literatiirle benzerlik gosterdigi tespit edilmistir'®'"'™
! Her tedavi grubundaki hastalarin yaklasik yarisinda
hipertansiyon saptanmistir. Bilinen kardiyovaskiiler
patolojisi olan hasta oraninin linagliptin grubunda
%19, eksenatid grubunda %15, dapagliflozin
grubunda %22 ve empagliflozin grubunda %34
oldugu  goriilmiistiir.  Bilinen  kardiyovaskiiler
patolojisi olan hasta oranit CANVAS (kanagliflozin)
calismasinda %65, EMPAREG (empagliflozin)
calismasinda %100, DECLARE (dapagliflozin)
calismasinda %40 ve REWIND (dulaglutid)

¢aligmasinda %3 1°dir*'%*,

Empagliflozin grubunda kardiyak patoloji dykiisii olan
hasta oraninin daha yiiksek olmasinin kardiyovaskiiler
hastalitk  Oykiisii olan hastalarda EMPAREG
calismasindan sonra kilavuzlara empagliflozinin daha
erken girmesiyle iliskili oldugu diistintilmistiir.

GLP-1 analoglarinin kardiyovaskiiler etkileri lizerine
HARMONY (albiglutid) ve REWIND calismalarinda
ACEI/ARB kullanimi %81-82, betabloker kullanimi
%66 ve %45.2, statin kullanimi %84 ve %66.3, insiilin
kullanim1 %60 ve %24 idi. Bu ¢alismada ise GLP-1
analogu kullanan hastalarda ACEI/ARB kullanimi,
betabloker ve lipid diisiiriicii ilag kullanimi daha
diisiik oranda tespit edilmistir (sirasiyla %40, %14,
%15). Yasam siiresini uzatan ilaglarin literatiire gore
daha disiik oranda kullanilmasinin  eksenatid
grubunda goriilen kardiyak patoloji oranlarini olumsuz
yonde etkilemis olabilecegi diisiiniilmiistiir. Hastalarin
insiilin  kullaniminin ise literatiirle benzer oldugu
gorilmiistiir.

SGLT-2 inhibitorleri daha yeni bir ilag grubu oldugu
icin kardiyak etkileri agisindan yapilan caligmalar
daha yeni ve sayica azdir. DECLARE (dapagliflozin)
ve EMPAREG (empagliflozin)  caligmasinda
ACEI/ARB kullannom orant %80-81, betabloker
kullanim orani %52 ve %65, statin kullanimi %52 ve
%78, insiilin kullanim1 %41.6 ve sirasiyla %47°dir. Bu
calismada ise SGLT-2 inhibitorii kullanan hastalarda

ACEI/ARB kullanimi, betabloker ve lipid disiiriicii
ilag kullanimi daha diisiik oranda tespit edilmistir
(%42-45, %19-20, %27-37). Bu oranlarin literatiire
gore daha disiik olmasinin dapagliflozin ve
empagliflozin grubunda goriilen kardiyak patoloji
oranlarmi  olumsuz yonde etkilemis olabilecegi
diigiiniilmiistir. Hastalarin  insiilin ~ kullaniminin
literatiire benzer oldugu goriilmiistiir.

CARMELINA (2018) caligmasinda ortalama 2.2 yil
stireyle linagliptin alan 6979 hasta izlemis ve 1 yil
icinde MACE oranim1 %5.77 oldugu bulunmustur.
Calismaya dahil edilen ve linagliptin verilen grupta 1
yil i¢inde tiim nedenlere bagli mortalite %4.69, MI
%2.06, SVO %0.22, kararsiz angina/AKS %0.55 ve
kalp yetmezligine bagh yatis %2.77 olarak tespit
edilmistir. Plasebo grubu ile linagliptin grubu arasinda
bu oranlar ac¢isindan anlamli fark olmadigl ig¢in
linagliptin  kullaniminin  kardiyak nétral oldugu
sonucuna Var11m1st1r9. Bu calismada 1 yil iginde
linagliptin alan hastalarda MI oram1 %1, SVO %],
MACE orani %?2, kararsiz angina/AKS oran1 %2, kalp
yetmezligine bagli yatis orant %2 ve tiim nedenlere
bagli 6liim orant %4 saptanmistir. Bu bulgular gergek
yasam  analizindeki  sonug¢larm  CARMELINA
calismasina yakin oldugunu gostermistir.

FEksenatid

EXSCEL (2017) caligmasinda medyan 3.2 yil
boyunca cksenatid alan 14752 hasta izlemis ve 1 yil
iginde MACE oranmi %3.7, MI oranmi1 %2.1, SVO %0.8,
kalp yetmezligi nedeniyle hastaneye yatis %0.9,
kararsiz angina/AKS %2.6 ve tiim nedenlere bagl
olim %2.6 olarak belirlenmistir. Plasebo grubu ile
eksenatid grubu arasinda bu oranlar agisindan anlaml
bir fark olmadigi i¢in eksenatid kullaniminin
kardiyak-notr oldugu sonucuna varilmustir'>. Bu
caligmada 1 yil icinde eksenatid alan hastalarin
MACE oranmnin %0, kalp yetmezligi nedeniyle
hastaneye yatis oraninin %1, kararsiz angina/AKS
oranmin %5, SVO oranmin %0 ve tiim nedenlere
bagli oliim oraninin %0 oldugu gozlenmistir.
EXSCEL c¢aligmasinda kadin hasta oran1 %38 ve yas
ortalamasi 62 iken, bu c¢aligmada kadin hasta orani
%81 ve yas ortalamast 57 olarak tespit edilmistir.
Kardiyovaskiiler patolojilerin EXSCEL c¢aligmasina
gore daha diisiikk oranda goriilmesinin bu faktdrlerden
kaynaklanabilecegi diistinilmiistiir.

Eksenatid kullanan tiim hastalar linagliptin kullanan
hastalarla karsilastirildiginda MACE, M1, SVO ve tim
nedenlere bagli mortalite agisindan anlamli bir fark
goriilmemistir. Ancak eksenatid kullanan hastalardan
kardiyak Oykiisii olmayanlar incelendiginde yeni
gelisen kardiyovaskiiler patolojilerin  linagliptin
grubuna goére anlamli oranda disiik oldugu tespit
edilmistir. ~ Kardiyak  Oykiisi  olan  hastalar
incelendiginde ise yeni gelisen kardiyovaskiiler
patolojiler agisindan anlamli bir fark olmadigi
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gorilmiistiir. Bu durum eksenatid molekiiliiniin
diyabet hastalarim1 kardiyovaskiiler patolojilerden
primer korumada etkili olabilecegini diisiindiirmiistiir.

Dapagliflozin

DECLARE (2019) caligmasinda medyan 4.2 yil
boyunca dapagliflozin kullanan 17160 hasta izlenmis
ve 1 yil icinde MACE oran1 %2.26, MI oran1 %1.17,
SVO oramt 9%0.69, kalp yetmezligi nedeniyle
hastaneye yatis oran1 %0.62 ve tiim nedenlere bagl
6liim orant %1.15 olarak tespit edilmistir. DECLARE
calismasinda kardiyovaskiiler 6liim ve kalp yetmezligi
nedeniyle hastaneye yatis oranlarinin plasebo grubuna
gore daha az oldugu bulunmustur ve diger
parametreler agisindan anlamli bir fark olmadigi
gérﬁlmﬁstﬁrzz. Ancak EMPAREG calismasindan
farkli olarak daha once kalp hastaligi oykiisii olan
hastalarin  oranmnin %40 oldugu unutulmamalidir
(EMPAREG c¢alismasinda bu oran %100’diir).
Dolaywstyla dapagliflozinin  kardiyovaskiiler riski
yiiksek olan ancak heniiz kalp hastaligi gegirmemis
diyabetli hastalar1 olas1 kardiyak patolojilerden
korudugu soylenebilir. Literatiirde dapagliflozinin
kardiyovaskiiler dykiisii olan veya olmayan hastalarda
kardiyovaskiiler patolojileri azalttigin1 gosteren bagka
calismalar da  meveuttur®?°.  Bu  calismalar
dapagliflozinin hastalart hem primer hem de sekonder
korumada etkili oldugunu diisiindiirmektedir.

Bu ¢alismada dapagliflozin kullanan hastalarin 1 yilda
MACE oran1 %0, kalp yetmezIligi nedeniyle hastaneye
yatig oran1 %2, kararsiz angina/AKS orani %0, SVO
oranit %0 ve tiim nedenlere bagl 6liim oran1 %1 olarak
tespit edilmistir.

Dapagliflozin kullanan tim hastalar linagliptin
kullanan hastalarla karsilagtirildiginda MACE, MI,
SVO ve tim nedenlere bagli mortalite agisindan
anlamli bir fark goriilmemistir. Ancak dapagliflozin
kullanan hastalardan kardiyak &ykiisii olmayanlarda
yeni gelisen kardiyovaskiiler patolojilerin ve kardiyak
Oykiisii olanlarda angina/AKS tablosunun linagliptin
grubuna goére anlamli oranda diisikk oldugu tespit
edilmistir. Bu durum bize dapagliflozin molekiiliiniin
diyabet hastalarin1 kardiyovaskiiler patolojilerden
primer ve sekonder korumada etkili olabilecegini
diigiindiirmiistiir.

Empagliflozin

EMPAREG (2015) calismasinda medyan 3.1 yil
boyunca empagliflozin kullanan 7020 hasta (bu
hastalarin  %100'{iniin 6nceden bilinen kardiyak
patolojisi vardi) izlenmis ve 1 yil icinde MACE orant
%3.74, MI oram1 %1.68, SVO oranm1 %1.23, kalp
yetmezligine bagli hastaneye yatis oran1 %0.94 ve tiim
nedenlere bagli 6lim %1.94 olarak tespit edilmistir
(5). Kardiyovaskiiler olay agisindan yiiksek risk
altindaki hastalarla yapilan bu ¢alismada MACE orani

42

B. Giiltas ve ark.

plasebo grubuna gbre anlamli olarak diisiik
bulunmustur (MI, SVO agisindan fark olmadig: fakat
kardiyak nedenlere bagli 6lim agisindan fark oldugu
gOriilmistiir). Literatiirde empagliflozinin
kardiyovaskiiler 6ykiisii olan veya olmayan hastalarda
kardiyovaskiiler patolojileri azalttigin1 gosteren baska
caligmalar da mevcuttur. Bu caligmalar
empagliflozinin hastalari kardiyovaskiiler
patolojilerden primer ve sekonder korumada etkili
oldugunu diisiindiirmektedir®” .

Bu ¢alismada 1 yil ig¢inde empagliflozin kullanan
hastalarin MACE oraninin %2, MI oraninin %],
kararsiz angina/AKS oraniin %2, SVO oranmin %1,
kalp yetmezligi nedeniyle hastaneye yatis oraninin %1
ve tim nedenlere bagli 6lim oranmin %1 oldugu
gOrlilmistiir.

Empagliflozin kullanan tiim hastalar linagliptin
kullanan hastalarla karsilagtirildiginda MACE, MI,
SVO ve tim nedenlere bagli mortalite agisindan
anlamli bir fark goriilmemistir. Ancak empagliflozin
kullanan hastalardan kardiyak &ykiisii olmayanlarda
yeni gelisen kardiyovaskiiler patolojilerin ve kardiyak
Oykiisii olanlarda angina/AKS tablosunun linagliptin
grubuna goére anlamli oranda diigiik oldugu tespit
edilmistir. Bu durum bize empagliflozin molekiiliiniin
diyabet hastalarin1 kardiyovaskiiler patolojilerden
primer ve sekonder korumada etkili olabilecegini
diigiindiirmiistiir.

Bu ¢alismanin kisithiligr tek merkezde yiiriitiilmesidir.
Dort farkli molekiiliin  karsilagtirilmas:t ve gergek
yasam verilerini ortaya koymasi ise ¢alismanin giiclii
yanlaridir.

Sonu¢  olarak  tim  gruplarda daha  once
kardiyovaskiiler patoloji Oykiisii olmayan hastalar
linagliptin grubu ile ayr1 ayrn karsilastirildiginda
MACE agisindan aralarinda anlamli fark olmadigi
ancak ecksenatid, dapagliflozin ve empagliflozin
kullanan hastalarda total kardiyovaskiiler patoloji
oranlarinin linagliptin alanlara gore istatistiksel olarak
anlamli  derecede diisik oldugu saptanmistir.
Kardiyovaskiiler patolojisi olan hastalarda ise yalnizca
dapagliflozin ve empagliflozin grubunda angina/AKS
tablosunun anlamh sekilde azaldigi goriilmistir. Bu
calisma dapagliflozin, empagliflozin ve eksenatid

tedavilerinin  diyabet hastalari1  kardiyovaskiiler
patolojilerden primer korumada etkili oldugunu
diisiindiirmiistiir. Dapagliflozin ve empagliflozin

tedavilerinin diyabet hastalarini1 angina/AKS a¢isindan
sekonder korumada da etkili oldugunu gdstermistir.
Bu konuda yeni ¢aligmalara ihtiya¢ olmakla birlikte
tespit edilen sonuclar hayati Onem tasiyan
kardiyovaskiiler patolojilerden diyabet hastalarinin
korunmasi agisindan dnem arz etmektedir.
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0OZGUN ARASTIRMA

Klasik Tedaviye Diren¢li Romatoid Artrit

ve Ankilozan Spondilit Hastalarinda Tumor Nekroz Faktor
Alfa Blokeri Kullaniminin Bébrek Fonksiyonlari Uzerine
Etkisi

Oguzhan OZTURK', Mehmet SEZEN?, Tuncay DAGEL?

' Biruni Universitesi Tip Fakiiltesi, i¢ Hastaliklar1 Anabilim Dal, istanbul, Tiirkiye.

Bursa Sehir Hastanesi, Nefroloji Klinigi, Bursa, Tiirkiye.

OZET

Romatoid Artrit (RA) ve Ankilozan Spondilit (AS) kronik, inflamatuar, sistemik hastaliklardir. Bu hastaliklar kontrol altina alinmadiginda
hastalarda morbidite ve mortalitede artisa neden olmaktadir. Genellikle eklem tutulumu goriilmesine ragmen inflamatuar siiregten viicudun
diger organlar1 da olumsuz etkilenebilmektedir. RA ve AS’nin patogenezinde proinflamatuar sitokin olan tiimor nekrozis faktor-o’nin (TNF-
a) rolii oldugu anlasilmistir. Bu nedenle tedavi amagli anti- TNF-a ajanlar gelistirilmistir. Ozellikle de hastaligi modifiye edici
antiromatizmal ilaglara (DMARD) direngli hastalarda etkin olduklar1 gosterilmistir. . Biz bu ¢alismamizda DMARD’a direngli RA ve AS
hastalarinda etanersept tedavisinin bobrek fonksiyonlar ve hasar markirlart tizerine olan etkisini aragtirmayr amagladik. Calismaya Kasim
2005-Agustos 2006 tarihleri arasinda Uludag Universitesi I¢ Hastaliklart Ana Bilim Dali Romatoloji Bilim Dali poliklinigine bagvuran 11
RA ve 8 AS hastasi alind1. Hastalara haftada iki kez subkutan 25 mg dozunda etanersept tedavisi baslandi. Tedavi 6ncesi, tedaviden sonra 4.
hafta ve 16. haftalarda, kreatinin klirensi, serum sistatin-c, serum B-2 mikroglobulin, 24 saatlik idrarda N asetil f-D glukozaminidaz (NAG)
ve mikroalbuminiiri diizeyleri arastirildi. Tedavi sonunda hem serum ve hem de idrarda bakilan parametrelerde tedavi 6ncesine gore
istatiksel acidan anlamli olmayan degisiklikler gozlendi. Sonug¢ olarak; ¢alismamizda, DMARD tedavisi alan RA ve AS hastalarinda
etanersept tedavisinin bobregin glomertiler ve proksimal tiibiil fonksiyonlar1 iizerine olumlu ya da olumsuz bir etkisinin olmadigini saptadik.

Anahtar Kelimeler: Romatoid Artrit. Ankilozan Spondilit. Etanersept. N asetil B-D glukozaminidaz. Sistatin-c.

Rheumatoid Arthritis Resistant to Conventional Treatment The Effect of Tumor Necrosis Factor Alpha Blocker Use on Renal
Functions in Patients with Ankylosing Spondylitis

SUMMARY

Rheumatoid Arthritis (RA) and Ankylosing Spondylitis (AS) are chronic, inflammatory, systemic diseases. When these diseases are not
controlled, they cause an increase in morbidity and mortality in patients. Although joint involvement is usually seen, other organs of the body
can also be negatively affected by the inflammatory process. Tumor necrosis factor-o (TNF-a), a proinflammatory cytokine, has been
implicated in the pathogenesis of RA and AS. Therefore, anti-TNF-o agents have been developed for therapeutic purposes. They have been
shown to be especially effective in patients resistant to disease-modifying antitheumatic drugs (DMARDs). Among these, etanercept,
infliximab and adalimumab have been approved by the US National Food and Drug Administration (FDA). There are not enough studies in
the literature investigating the effects of these drugs on renal function. In this study, we aimed to investigate the effect of etanercept
treatment on renal function in DMARD-resistant RA and AS patients. Between November 2005 and August 2006, 11 RA and 8 AS patients
admitted to the outpatient clinic of the Department of Internal Medicine, Division of Rheumatology, Uludag University were included in the
study. Patients were started on etanercept at a dose of 25 mg subcutaneously twice a week. Creatinine clearance, serum cystatin-c, serum [3-2
microglobulin, N-acetyl B-D glucosaminidase (NAG) in 24-hour urine and microalbuminuria levels were investigated. At the end of
treatment, statistically insignificant changes were observed in both serum and urinary parameters compared to pretreatment. In conclusion; in
our study, we found that etanercept treatment had no positive or negative effect on glomerular and proximal tubule functions of the kidney in
RA and AS patients receiving DMARD treatment.

Keywords; Rheumatoid Arthritis. Ankylosing Spondylitis. Etanercept. N acetyl B-D glucoseaminidase. Cystatin-c.
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Romatoid artrit (RA) ve ankilozan spondilit (AS),
kronik, sistemik ve inflamatuar hastaliklardir. Kontrol
altina alinmadiklar1 takdirde yasam kalitesinde
belirgin diisiise neden olabilir ve erken 6liime yol
acabilirler. Bu hastaliklar yalnizca eklemleri degil,
diger organlari da etkileyerek inflamatuar siire¢
sonucunda fonksiyon kayiplarma neden olabilir'~.

RA ve AS, dogrudan bobrekleri etkilemez. Ancak,
hastalik siirecinde gelisebilen sekonder AA amiloidoz,
basta bobrekler olmak iizere cesitli organlarin
fonksiyonlarim1 bozabilir*®. Erken ve etkili tedavi,
hastalarin morbidite ve mortalitesini belirgin 6l¢iide
azaltabilir.

RA ve AS patogenezinde interlokin-1B ve timor
nekroz faktor-o (TNF-a)’nin 6nemli bir rol oynadigi
gésterilmistirg'ls. Bu dogrultuda, TNF-a aktivitesinin
bloke edilmesinin hastalik semptomlarini
hafifletebilecegi ve hastalik ~ progresyonunu
yavaglatabilecegi diigiiniilmiistir. Monomerik TNF

reseptorleri  (STNFR’ler) ile karsilastirildiginda,
etanerseptin TNF’ye karsi daha yiiksek bir afinitesi
oldugu belirlenmistir’'. Klinik ¢alismalar,
etanerseptin haftada iki kez 25 mg subkutan
uygulanmasinin optimum doz oldugunu
gostermistir’™'.

RA ve ankilozan spondilit AS hastalarinda TNF-a
blokerlerinin bobrekler iizerindeki etkilerine dair genis
capli randomize c¢aligmalar heniiz yapilmamustir.
Ancak vaka raporlarinda, o6zellikle ANCA iligkili
vaskiilitler ve diger glomeriiler patolojilere neden
olabilecegi bildirilmistir' ',

Bobrek hastaliklarinin teshisi ve hasarin belirlenmesi
amaciyla idrar enzimlerinin 6l¢iimii klinikte yaygin
olarak kullanilmamaktadir. Bu enzimlerden biri olan
N-asetil-B-D glukozaminidaz (NAG), renal proksimal
tibiillerde baskin olarak bulunan ve genis ¢apta
dagilan lizozomal bir enzimdir. Idrarda artan NAG

aktivitesi, tubiiler hasarla iliskilendirilmistir™*.

Bu retrospektif ¢aligmada, DMARD tedavisine yanit
vermeyen RA ve AS hastalarinda etanersept
kullaniminin bdbrek fonksiyonlariyla birlikte tubiiler
ve glomeriiler yapilar iizerindeki olas1 etkilerini
arastirmayr  amagladik.  Glomeriiler patolojileri
mikroalbliminiiri  ile  degerlendirirken,  bdbrek
fonksiyonlari1 cistatin C ve kreatinin diizeyleri
iizerinden inceledik.

0. Oztiirk ve ark.

alerjisi ya da asin hassasiyeti olmayan, kalp
yetmezligi olmayan 18- 70 yas gurubu hastalar olarak
belirlendi. Bilinen bobrek hastaligt  veya bu
hastaliklara bagli AA amiloidozu olan hastalar, aktif
enfeksiyonu olan, tespit edilmis malignitesi olan,
Diyabete bagli bobrek hastaligt olan hastalar,
Anjotensin  konverting enzim inhibitdrii veya
Anjiotensin  reseptor blokeri kullanan hastalar
caligmaya dahil edilmedi.

Istatistiksel analiz

Verinin istatistiksel analizi SPSS13.0 istatistik paket
programinda yapilmistir. Verinin normal dagilim
gosterip  gostermedigi  Shapiro-Wilk  testi ile
incelenmigtir. Normal dagilmayan veri igin iki grup
karsilastirmasinda ~ Mann- ~ Whitney U testi
kullanilmistir. Bagimli gruplarin karsilastirilmasinda
Wilcoxon Isaret Sira testi kullamlmistir. Kategorik
verinin incelenmesinde Fisher’in Kesin Ki-kare testi
kullanilmistir.  Anlamlilik  diizeyi p<0,05 olarak
belirlenmistir. Calismaya bu kriterlere uygun 19 olan
hasta alindi. Calisma Oncesi tiim hastalar ¢aligma
hakkinda bilgilendirildi ve yazili olurlar1 alindi. Bu I¢
Hastaliklar1 Uzmanlik Tezi’nin yapilabilmesi igin
Uludag Universitesi Tip Fakiiltesi Etik Komitesinden
onay alind1.

Gereg ve Yontem

Calismaya, Uludag Universitesi Tip Fakiiltesi Ig¢
Hastaliklar1 Anabilim Dali Romatoloji Bilim Dali
poliklinik takibinde olan 11 Romatoid Artrit ve 8
Ankilozan Spondilit hastast1 alindi. Hastalarin
calismaya dahil edilme kriterleri: Klasik Hastalig1
Modifiye Edici ilaglara ragmen hastalik aktivitesi
devam eden, ilaca ve igerdigi diger maddelere karsi
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Bulgular

Caligmaya, RA tanisi olan 11 ve AS tanist olan 9 hasta
olmak iizere toplam 19 hasta dahil edilmistir.
Hastalarin demografik ve klinik 6zellikleri Tablo I’de
sunulmustur. Higbir hastada hipertansiyon
saptanmazken, ii¢ hastada tip 2 diyabet tanisi
mevcuttur. RA hastalarinda kadinlar (E/K: 2/9), AS
hastalarinda ise erkekler (E/K: 6/2) baskin olarak
bulunmustur. Tim hastalarin DMARD tedavisine
klinik ve laboratuvar agisindan beklenen yanitt
vermedigi belirlenmistir.

Tablo I. Calismaya alinan hastalarin genel 6zellikleri
E:Erkek, K: Kadin

Romatoid Artrit Ankilozan Spondilit
|Hasta sayisi 1" 8
Cinsiyet (E/K) 219 612
Yas, (Yil) 50,8412 351487
|HastaI|k suresi (yil) 9,345,1 4,25
Hastalarin ~ kullandigr  hastaligt  modifiye edici
antiromatizmal ilaglar alt1 gruba ayrilmaktaydi:

NSAII, steroid, metotreksat (MTX), hidroksiklorokin
(HQ), salazopirin (SLZ) ve leflunomid. NSAII ve
steroid kullanan hasta sayis1 16, SLZ 12, MTX 10,
leflunomid 5 ve. HQ 3 idi. Bobrek fonksiyonlarim
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degerlendirmek amacryla 6l¢iilen serum {ire, kreatinin,
kreatinin klirensi, sistatin-C ve -2 mikroglobulin
diizeyleri tedavi Oncesi ve sonrasi benzerdi. Ayni

Tablo III. Calismaya alinan hastalarin tedavi 6ncesi,
tedavinin 4. haftast ve 16. haftasindaki
laboratuvar degerleri

zamanda istatistiksel olarak anlamli bir farklilik A
" d1. Tablo I’d ) " Tedavi Oncesi 4.hafta 16.hafta
saptanmadi. Tablo e sunulmustur.
p unuimustu Ure (mg/dI) 28+10 30£10 2748
|Kreatinin (mg/dI) 0,8410,24 0,8+0,14 0,82+0,14
Tablo II. Hastalarin kullandiklar1 hastaligit modifiye ini
astatarin KU andic £ e [Kreatinin 9631 100428 93429
edici antiromatizmal ilaglar klirensi(ml/dak)
Hastal Tani | Yas Cinsivet Hastalarin Kullandiklan ilaglar IESR (1.saat) 42423 19416 14412
asta| Tani|Yag |Cinsiye * *
5|Vl SAI Mitx [Steroid] HQ [Slz] Leflunamid | [Cme/d) 635164 042+096" | 0.5621.1
1 |RA |51 K . - N - N . .Slstatln-C(mgll) 1,03+0,25 1,05+0,24 1,04+0,18
2 |RA 68 K : N : 1. : :-:rar ::2 :;J‘:L) _ 6,31+4,16 5,4242,94 7,1614,01
rar saatli
3 |[RA|T1 K + + + - toplam uinite) 12,87+8,45 9,93+4,65 12,57+6,12
4 |RA|38 K - + + + - - -
Mikroalbuminuri
s [ralaal E | + N N " mglL) 792461 1142151 | 131177
6 |RAJS0) K | * M A * Mikroalbuminfi(mg/ | 16 37,1481 | 30,99+69,81 |27,36+53.24
7 |[RA|39| K + + + + 24 saat)
8 |RA[34] K | + + + - 2
|Mikrog|obu|in(pgll) 17954381 17544461 18891432
9 |RA |63 K - + + + -
ESR: Eritrosit Sedimentasyon Hizi, CRP: C-Reaktif Protein,
10 | RA |53 E * * * * NAG: N-asetil §-D glukozaminidaz
11 |RA |48 K + + + + - * p<0,001 tedavi 6ncesi ile tedavinin 4.haftas1 karsilagtirldiginda**
12 | AS | 36 K + + + R p<0,001 tedavi dncesi ile tedavinin 16.haftas1 karsilastirildiginda
13 | AS |38 E + + .
14 | AS |43 E + + + -
15 Asl18l E | + |+ + N } Tartisma ve Sonug
16 | AS |42 E + + + - . .. . .
17 [ as 31l E " N TNF-a blokerleri, DMARD tedavisine direngli RA ve
AS hastalarinda inflamasyonu baskilamak ve hastalik
18 | AS |42 K + + + - - .
progresyonunu yavaslatmak amaciyla yaygin olarak
19 [AS|28] E M * B - kullanilmaktadir. Ancak, TNF- a inhibitorlerinin uzun
Toplam 16 ]10] 16 | 3 |12 5 vadede organ fonksiyonlari iizerindeki etkileri tam

K: Kadin, E: Erkek, NSAID: Non Steroid Antiinflamatuar ilag,
Mtx: Metotreksat HQ: Hidroksiklorokin, Slz: Salazopirin

Glomeriiler patolojileri degerlendirmek amaciyla
Olciilen mikroalbuminiiri diizeyi, tedavi Oncesine
kiyasla tedavinin 4. ve 16. haftalarinda daha yiiksek
izlendi (16,87+14,81 mg/24 saat vs. 30,99+69,81
mg/24 saat, 27,36+53,24 mg/24 saat). Ancak bu artis
istatistiksel olarak anlamli degildi (p<0,001).

Tubiiler hasar1 degerlendirmek amaciyla Olgiilen 24
saatlik idrarda NAG diizeyi, tedavi Oncesi ve sonrasi
benzer olup, istatistiksel olarak anlamli bir fark
gostermedi.

Tedavi oncesine kiyasla CRP diizeyi, tedavinin 4. ve
16. haftalarinda istatistiksel olarak anlamli bir diisiis
gosterdi (p<0,001). Benzer sekilde, ESR degeri de
tedavi siirecinde anlamli bir azalma gdsterdi p<0,001,
Tablo III.

olarak aydinlatilamamis olup, 0Ozellikle bobrek
fonksiyonlar1 {izerindeki potansiyel riskler hala
tartigmalidir. Bu nedenle, TNF-o blokerlerinin renal

fonksiyonlar {izerindeki etkilerini degerlendirmek
onemli bir arastirma alam1 olarak karsimiza
¢tkmaktadir.

TNF -o blokerlerinin, 6zellikle DMARD tedavisine
direngli RA ve AS’li hastalarda, hastalik kontroliinde
giivenli ve etkili bir secenek oldugu genis oOlcekli
randomize caligsmalarla g6sterilmistir2'4’9’24’25. Ayrica,
RA tedavisinde diger TNF -a blokerlerine kiyasla
daha disiik tiiberkiiloz reaktivasyonu riski nedeniyle
etanercept tercih edilmekte, bu durum da klinik
uygulamalarda desteklenmektedir®®. John C. Davis ve
arkadaglarinin randomize kontrollii ¢aligmasinda AS
hastalarinda  etanerceptin  yliksek  etkinlik ve
giivenilirlik gosterdigi, benzer sekilde J. Brandt ve
arkadaglarmin c¢aligmasinda da haftada iki kez
uygulanan etanerceptin AS’li hastalarda olumlu klinik

yanutlar sagladig bildirilmistir*"2*.

Bununla birlikte, TNF-a blokerlerinin giivenlik profili
tam olarak belirlenmis olmasina ragmen, nadir de olsa
renal yan etkilerle iliskilendirilebilecegi bildirilmistir.
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Ozellikle RA hastalarinda, TNF- o blokerleri
sonrasinda nefrotik sendrom, lupus nefriti, pANCA
iliskili kresentrik glomeriilonefrit ve membrandz
glomeriilonefrit gibi renal patolojiler vaka bazinda
rapor edilmistir'"'*?**. Bu olgular, TNF-o’nin
immiin yanit iizerindeki ¢ok yonlii etkileri nedeniyle,
bazi hastalarda otoimmiin mekanizmalar araciligiyla
bobrek fonksiyonlarinin etkilenebilecegini
distindiirmektedir. Ancak, bu yan etkilerin oldukca
seyrek oldugu ve genel popiilasyonda klinik agidan
belirgin  bir renal risk olusturmadigt da
vurgulanmaktadir.

Bunlarin yaninda, RA ve Ailevi Akdeniz Atesi tanilari
olan, AA amiloidoz gelisen hastalarda, anti-TNF
tedavisinin amiloid birikimini azalttig1 ve proteiniiriyi
belirgin sekilde gerilettigi gdsterilmistir’™>*. Bu
veriler, TNF -a blokerlerinin yalnizca giivenli degil,
aynt zamanda belirli hasta gruplarinda bdbrek
fonksiyonlar1 {izerinde koruyucu etkilere sahip
olabilecegini diistindiirmektedir.

Calismamizda, etanercept tedavisi sonrasi bobrek
fonksiyonlar1 iizerinde belirgin bir olumsuz etki
goriilmemesi, bu tedavinin renal giivenilirligi
agisindan onemli bir veri sunmaktadir.

Ancak, calismamizin bazi kisitliliklar1 bulunmaktadir.
Tek bir biyolojik ajan kullanilarak yapilan
degerlendirme ve sinirli hasta sayisi, elde edilen
sonuglarin genellenebilirligi agisindan dikkatle ele
alimmalidir. Daha genis 6rneklem gruplariyla ve uzun
siireli takip verileriyle desteklenecek ileri galigmalar,
TNF-a blokerlerinin renal fonksiyonlar {izerindeki
uzun vadeli etkilerini daha ayrmtili olarak ortaya
koyacaktir.

Sonug olarak, DMARD tedavisine direngli RA ve AS
hastalarinda etanercept tedavisinin hastalik aktivitesini
kontrol etmede etkili oldugu ve bdbrek fonksiyonlari
iizerinde anlamli bir olumsuz etkiye yol agmadigi
gorilmiistiir. Bununla birlikte, nadir de olsa renal yan
etkiler bildirilmis oldugundan, tedavi siirecinde
hastalarin dikkatle izlenmesi gerektigi
unutulmamalidir. TNF -a blokerlerini, uzun vadeli
giivenlik profilini daha iyi anlamak adma, daha
kapsamli ve uzun siireli takip gerektiren c¢aligmalara
ihtiya¢ duyulmaktadir.
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Meme Cerrahisi Gegiren Hastalarda Uygulanan PECS i
(pektor*al sinir) Blogunun Intraoperatif ve Postoperatif
Etkileri
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OZET

Meme cerrahisinde uygulanan PECS 1II (Pektoral Sinir) blogun preoperatif ve postoperatif uygulanmasinin, intraoperatif anestezik tiiketimi
ve postoperatif analjezik ihtiyact ve komplikasyonlarn sikhigmin degerlendirilmesini amagladik. Meme cerrahisi gec¢irmis 75 hastanin
anestezi dokiimlerinin retrospektif olarak incelenmesiyle ve verilerin analiziyle diizenlenmistir. Verileri elde edilen hastalar ii¢ gruba
kategorize edilmistir. Grup I (n25:genel anestezi uygulanan kontrol grubu), Grup II (n25:preoperatif PECS II blok ve genel anestezi) ve Grup
I (n25: postoperatif PECS II blok ve genel anestezi). Verilerin analizi sonrasi preoperatif PECS II blok uygulanan hastalarda intraoperatif
desfluran MAC (minimum alveolar konsantrasyon) degerlerinin diger gruplara gore belirgin olarak diistiigii bulunmustur. Intraoperatif ve
postoperatif PECS II blok uygulanan ¢alisma gruplarinda, kontrol grubuna goére postoperatif analjezik tiiketiminde ve agr1 skorlarinda (erken
donem, postoperatif 0, 2, 4 ve 8. saat) anlaml diisiisler goriilmistiir. Preoperatif PECS II blok uygulanan grupta postoperatif ilk analjezik
uygulama zamani, sadece genel anestezi uygulanan ve Postoperatif PECS II blok uygulanan gruplardan anlamli olarak daha geg
bulunmustur. Sadece genel anestezi uygulanan ve Postoperatif PECS II blok uygulanan gruplarda postoperatif ilk analjezik uygulama zamani
benzer bulunmustur. Meme cerrahisi gecirecek hastalarda PECS II blogun preoperatif veya postoperatif dénemde genel anesteziye eklenmesi
hastalarda daha az agn ile seyreden postoperatif analjezi elde edilmesini saglamaktadir. PECS II blogun preoperatif uygulanmasmin en
Onemli avantaj1 ise intraoperatif anestezik tiiketimini azaltmasidir.

Anahtar Kelimeler: Pektoral sinir blogu. Postoperatif analjezi. Meme cerrahisi. Rejyonal blok.

Effects of PECS II (Pectoral Nerve) Block on Intraoperative Inhaled Anesthetic and Postoperative Analgesic Consumption in
Patients Undergoing Breast Surgery

ABSTRACT

We aimed to evaluate the preoperative and postoperative application of PECS II (Pectoral Nerve) block in breast surgery, intraoperative
anesthetic consumption, postoperative analgesic requirement and frequency of complications. A retrospective review of the anesthesia
records of 75 patients who underwent breast surgery and analysis of the data was performed. The patients whose data were obtained were
categorized into three groups. Group I (n25: control group with general anesthesia), Group II (n25: preoperative PECS II block and general
anesthesia) and Group III (n25: postoperative PECS II block and general anesthesia). After analysis of the data, it was found that
intraoperative desflurane MAC (minimum alveolar concentration) values were significantly lower in patients who underwent preoperative
PECS 1II block compared to the other groups. Significant decreases in postoperative analgesic consumption and pain scores (early period,
postoperative 0, 2, 4 and 8 hours) were observed in the study groups who underwent intraoperative and postoperative PECS II block
compared to the control group. The first postoperative analgesic administration time was significantly later in the preoperative PECS II block
group than in the general anesthesia only and postoperative PECS II block groups. The time to first postoperative analgesic administration
was similar in the general anesthesia only and postoperative PECS II block groups. Adding PECS II block to general anesthesia
preoperatively or postoperatively in patients undergoing breast surgery provides postoperative analgesia with less pain. The most important
advantage of preoperative application of PECS II block is to reduce intraoperative anesthetic consumption.

Keywords: Pectoral nerve block. Postoperative analgesia. Breast surgery. Regional block.
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Akut postoperatif agri, kronik postmastektomi
agrismin  gelisgimi icin temel bir risk faktoriidiir;
kadmlarin %40°1 meme kanseri cerrahisinden sonra
ciddi akut postoperatif agr1 yasarken %50’si bozulmus
yasam Kkalitesiyle beraber kronik postmastektomi
agrist  cekerler'”. Meme cerrahisinde analjezi
saglamak i¢in torakal epidural ve paravertebral bloklar
altin standart teknikler haline gelmisgtir, ancak
anestezistler ~bu  prosediirleri  teknik  olarak
uygulamakta rahat degildir. Bu teknikler i¢in bir
alternatif olarak pektoral sinir bloklar1 (PECS 1 ve
PECS 1II) gelistirilmistir.

PECS blok tip I, pektoralis major (PMm) ve minor
(Pmm) kaslar1 arasinda interfasyal diizlemde lateral ve
mediyal pektoral sinirleri bloke eden kolay, giivenilir
ve ylizeyel bir bloktur. PECS I blok analjezi saglamak
amaciyla farkli meme operasyonlari i¢in kullanilabilir,
ancak temel olarak meme genisleticilerin ve
subpektoral protezlerin yerlestirilmesi icin
kullanilmaktadir. Diger potansiyel endikasyonlar;
travmatik gogiis yaralanmalari, iyatrojenik pektoral
kas disseksiyonlari, pacemaker’lar, port kateterler ve
gogiis drenlerinin takilmasidir™,

Blanco ve ark. ilk kez 2011°’de pektoralis minor
(PECS 1) blogunu uygulamistir. Yazarlar Meme
rekonstriiksiyon cerrahisinin bir pargast olarak meme
implant1 yerlestirilen 50 hasta {izerinde calismuslardir’.
Daha sonra ayni calismacilar 2012 yilinda PECS 1I
blok olarak adlandirilan modifiye pektoralis sinir
blogu teknigini kullanmigtir. Bu yeni teknik ile
interkostobrakiyal sinir ve es zamanli olarak 3-6.
interkostal sinirler, torasikus longus ve pektoral
sinirlerin de bloke edilebildigi bildirilmistir’.

Meme cerrahisinde agri yonetiminde lokal anestezik
infiltrasyonu, interkostal sinir blogu, epidural blok ve
paravertebral blok (PVB) gibi ¢esitli rejyonel teknikler
basariyla kullanilmistir™. PECS blogun avantajlarint
vurgulamak 6nemlidir. PECS blokta, paravertebral ve
epidural bloklarla iliskili sempatik blok yoktur,
opioidler genellikle gerekmez, daha az timor
rekiirrensi olur, basit ve hizli etkili bir bloktur’.
Rejyonal bloklarin kullanimi ile daha az riskle etkin
analjezi saglanmis olup, bu sayede hem yiiksek riskli
girisimsel islemlerin yerini almistir hem de sagladigi
etkin analjezi ile tiiketilen anestezik ve opioid
analjeziklerin azalmasina neden olmustur.

Bu caligmada Modifiye Radikal Mastektomi (MRM:
meme dokusunun almmasi + aksiller lenf nodu
diseksiyonu) uygulanan PECS II (Pektoral Sinir)
blogun preoperatif ve postoperatif uygulanmasinin,
intraoperatif anestezik kullanim miktarina etkisi ve
postoperatif dénemde kullanilan analjezik ilaglarin
tiirii, miktar1 ve kullanima baglama siireleri ile opioid
ihtiyacna  bagl  gelisebilecek  komplikasyonlari
karsilastirmay1 ve hastane yatig siirelerini belirlemeyi
amagladik.
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Gereg ve Yontem

Calismamiz, 24 Kasim 2015 tarih ve 2015-20/28
numarali Uludag Universitesi Tip Fakiiltesi Klinik
Aragtirmalar Etik Kurulu karar ile onay alindiktan
sonra basglamistir. Haziran 2015-Kasim 2015 tarihleri
arasinda 18-85 yas arasi, meme kanseri nedeniyle
MRM yapilan, ASA I-II olan 75 kadin hasta
calismaya dahil edildi ve retrospektif olarak incelendi.
Hastalarin tamamina ayni cerrahi prosediir uygulandi.
Hastalara uygulanan MRM cerrahi prosediiriinde
meme dokusu alindiktan sonra aksiller lenf nodu
diseksiyonu yapildi ve biitiin hastalara uygulandi.
Ayni cerrahi ekip tarafindan yapilan operasyonlar
sonrasinda hastane yatis takiplerini ve taburculuk
kriterlerini cerrahi ekip belirlemistir. Hastalar Ug grup
seklinde kategorize edildi: Grup I (n:25) sadece genel
anestezi uygulanan kontrol grubu, grup II (n:25) genel
anestezi + preoperatif PECS II blok ve grup III (n:25)
genel anestezi + postoperatif PECS II blok uygulanan
hastalar.

Intraoperatif ve Postoperatif Anestezi Yonetimi:

Hastalara, ameliyat odasmna alindiktan sonra EKG,
pulse oksimetre ve noninvaziv tansiyon arteriyel
monitorizasyonu uygulandi. Tim hastalara ameliyat
odasina alindiktan sonra premedikasyon amagli 1 mg
midazolam intravenoz (IV) verildi. Hastalarin anestezi
indiiksiyonunda; 1-2 mg/kg propofol ve 2-3 mcg/kg
fentanil IV verildi. Hava yolu laringeal maske ile
saglandi. Anestezi idamesinde inhalasyon anestezigi
olarak %50 hava ile karisik %4-6 volimde desfluran
kullamldi. Intraoperatif kan basinci ve kalp atim
hizinda %20 artis olmasi halinde 50 mcg fentanil IV
uygulandi. Anestezi idamesinde néromuskiiler bloker
ajan kullanilmadi. Hastalara ekstiilbasyondan 06nce
intraoperatif 1 gr parasetamol IV infiizyon uygulandi.

Hastalarin yas, boy, viicut agirhgi, VKI (Viicut Kitle
Indeksi), cerrahi siire ve ASA (American Society of
Anestesiology, fiziksel risk klasifikasyonu) degerleri
kaydedildi. Intraoperatif anestezi kayit formlarindan
olgularin 15, 30, 45 ve 60. dakikalardaki desfluran
MAC (minimum alveolar konsantrasyon) degerleri ile
birlikte kan basmci ve kalp atim hizi degerleri
kaydedildi. Postoperatif olarak ilk aneljezik uygulama
zamanlari, hangi ajan kullamldigi ve dozlar
kaydedildi. Klinikte yapilan Viziiel Analog Skala
(VAS; 0: agr1 yok, 10: en siddetli agr1) takiplerindeki
2,4, 8, 12. ve 24. saat degerleri kaydedildi. Hastalarin
postoperatif donemde ayilma iinitesinde ve servis
takiplerinde daha sik 6lgiimii yapilmasina ragmen biz
calismamizda hemsire gozlem formlarindaki 2, 4, 8,
12 ve 24. saat VAS degerlerini kayit altina aldik.
Hastalarin ~ yatig  siireleri  boyunca  gelisen
komplikasyonlar ve taburculuk siireleri kaydedildi.
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PECS II blok uygulamasi:

Preoperatif olarak yapilan PECS II blok, anestezi
indiiksiyonu ve hava yolu giivenligi saglandiktan
sonra ultrasound (US) yardimiyla uygulandi. PECS 11
blok hasta supin pozisyonda cerrahi uygulanacak ayni
tarafli omuzunu abduksiyon pozisyonunda tutarken, 8-
12 MHz lineer prob kullanilarak US uyumlu 50 mm
igneyle (Stimuplex Ultra, 22 G Braun) gerceklestirildi.
Cilt dezenfekte edildikten sonra US probu ilk olarak
infraklavikuler bolgeye saggital diizlemde yerlestirildi.
Daha sonra aksiller arter ve ven US ile belirlendi. US
probu kaudale dogru kaydirildi ve torakoakromiyal
arter goriildiikten sonra prob rotasyon ile horizontal
pozisyona getirildi. Fasyal planda pektoral kaslar
arasina US egsliginde probun lateral kenarindan in
plane teknikle girilerek 10 ml %0,25’1lik bupivakain
enjekte edildi. Daha sonra, US probu aksillaya dogru
serratus anterior kasinin goriintiilendigi 2, 3 ve 4.
kostalar iizerine ilerletildi. Son olarak pektoralis minor
ve serratus anterior kaslarimin arasimna 20 ml %0,25°
lik bupivakain enjekte edildi. Postoperatif olarak
uyguladigimiz PECS II blok ise cerrahi iglem bittikten
sonra hasta ekstiibe olmadan 6nce uygulandi. Ayni
teknik kullanilarak blok saglandi.

Istatistiksel yontem:

Verilerin tanimlayici istatistiklerinde, ortalama =+
standart sapma, median (minimum-maksimum),
frekans ve/veya % oran degerleri kullanilmustir.
Degiskenlerin dagilimi Kolmogorov Simirnov test ile
Ol¢iildii. Nicel verilerin analizinde ANOVA, Kruskal-
Wallis ve Mann-Whitney U test kullanildi. Nitel
verilerin analizinde ki-kare test, ki-kare test kosullar
saglanmadiginda Fischer test kullanildi. Analizlerde
SPSS 22.0 programui kullanilmistir.

Tablo I. Olgularin demografik verileri

Grup | Grup Il Grup lll
(Kontrolpn=25) (Preoperatif (Postoperatif P
' PECS, n=25) PECS, n=25)
y Orttss 56,6 + 13,8 51,5+ 14,3 50,0 + 14,1
as
: 0,227
i Median : : : )
(v MinVoks (58 37-84) (49 25-80) (50 27-77)
5 Orttss 157,5+7,3 158,453 158,9 + 4,3
oy
Median 0,687
cm - - -
(cm) MinVaks (157 138- 176) (159 148-168) (160 150-167)
Orttss 7224125 7424157 702+ 134
AGirlik Medi 0.600
k edian i i i ,
(kg) MinMaks  (7145-93  (72.52-113) (69 50-100)
 Ortiss 29151 206+58 279+54
X:;l/m‘) Median — ng 19.41) (28 21-43) (27 19-40) 0528
Min-Maks
Cerrahi OrtEss 752+ 246 80,6 +22,7 778177
Siire Median 0,684
@) Minaks (75 30-120) (70 50-120) (80 50-100)
ASAT (%) 11 (44%) 9 (%36) 8 (%32) 0,372
n (7 (] of of ,
ASAIl (%) 14 (%56) 16 (%64) 17 (%68) 0,797

*p<0,05 anlamli fark var, p>0,05 anlamli fark yok; ANOVA,
KruskallWallis test — ASA:Kikare testi

Ort: Ortalama, SS: Standart Sapma, Min: Minimum, Maks:
maksimum, VKI: Viicut Kitle Indeksi, ASA: American Society of
Anestesiology (Amerikan Anestezi Dernegi)

Tablo II. Desfluran MAC degerlerinin gruplara goére

Bulgular

Grup I, Grup II ve Grup III de olgularin demografik
verileri (yas, boy, agirlik, VKI, cerrahi siire ve ASA
degerleri) Tablo I’de  sunulmustur.  Gruplar
demografik veriler agisindan benzer bulunmustur (p >
0,05) (Tablo I).

Intraoperatif tiim ol¢lim zamanlarinda desfluran igin
MAC degerleri Tablo II’de sunulmustur. Grup II’de
intraoperatif desfluran MAC degerleri, Grup I ve Grup
[II’den anlamli olarak daha diisiik bulunmustur (p <
0,05) (Tablo II). Grup I ve Grup III’de intraoperatif
desfluran igin MAC degerleri benzer bulunmustur (p >
0,05) (Tablo 1I).

degisimi
Grup | Grup Il Grup lll
(Kontrol, (Preoperatif ~ (Postoperatif

n=25) PECS, n=25)  PECS, n=25)
intraoperatif Ortss 1,0+0,1 08+0,1 0,9+0,1
15. dakika Median 0,000
MAC Min-Maks (1,0 06-1,00 (08 05-1,0) (1,0 0,5-1,0)
intraoperatif Ortss 09+02 0,7+0,1 09+0,1
30. dakika Median 0,000
MAC Min-Maks (1,0 04-1,00 (0,7 06-0,9) (1,0 0,4-1,0)
intraoperatif Ortss 09+02 07+£0.2 09+02
45. dakika  ppegian 0,001
MAC Min-Maks (1,0 04-1,00 (0,7 05-0,9) (1,0 0,3-1,0)
intraoperatif Ortss 09+02 0,7+0,1 09+02
60. dakika  pegian 0,000
MAC Min-Maks (1,0 05-1,0) (0,65 0,5-0,8) (1,0 0,3-1,0)
i if Orttss 09+0,1 0,7+0,1 0,9+0,1
Intraoperatif 0,000
Ortalama Median
MAC Min-Maks (1,0 05-1,0) (0,725 0,5-0,9) (1,0 0,4-1,0)

*p<0,05 anlamli fark var, p>0,05 anlamli fark yok; ANOVA,
Kruskall Wallis test

MAC: Minimum Alveolar Concentration (Minimum Alveolar
Konsantrasyon), Ort: Ortalama, SS: Standart Sapma, Min:
Minimum, Maks: Maksimum

Hastalarin intraoperatif ortalama arter basinglari
(OAB) Tablo III’de sunulmustur. Gruplar arasinda
intraoperatif OAB agisindan istatiksel anlamli bir fark
gdzlenmemistir (p > 0,05) (Tablo III).
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Tablo III. Intraoperatif ortalama arter basinglarmnin
gruplara gore degisimi

M.N. Balica ve ark.

Tablo V. Postoperatif ilk analjezik uygulama
zamaninin gruplar arasinda degisimi

Ort: Ortalama, SS:
Maksimum

Standart Sapma, Min: Minimum, Maks:

Intraoperatif kalp atim hizlar1 (KAH) Tablo IV’de
sunulmustur. Gruplar arasinda intraoperatif KAH
acisindan 30. dakika degerleri grup II’de anlamli
diisiik ¢ikmigtir (p < 0,05) (Tablo IV).

Tablo IV. intraoperatif kalp atim hizimin gruplara
gore degisimi

Grup | Grup Il Grup il
(Kontrol, (Preoperatif ~ (Postoperatif P
n=25) PECS, n=25)  PECS, n=25)

Preoperatif Orttss 79,7+ 10,8 83,2+ 157 80,3+ 14,9
Nabiz Median 0,640
(vuru/dk) Min-Maks (78 65-105) (85 56-122) (79 52-108)
intraoperatif Orttss 77,0+ 11,6 73,2+ 10,1 80,0+ 13,38
15. Dakika  Median 0,138
(vuru/dk) Min-Maks (75 50-110) (75 60 - 95) (75 55-120)
intraoperatif Orttss 784+ 14,7 69,4 £8,2 758+ 13,0

: , 0,034
30. Dakika  Median "
(vuru/dk) Min-Maks (75 50-105) (70 60 - 85) (75 50 - 105)
intraoperatif Orttss 73,0+ 14,2 688+78 724 +£12,2
45. Dakika  Median 0,395
(vuruldk) Min-Maks (70 50-100) (70 60 - 90) (70 50-95)
intraoperatif Orttss 73,0+ 12,3 68,1176 69,5+ 10,9
60. Dakika  Median 0,294
(vuru/dk) Min-Maks (75 50-95) (70 60 - 85) (70 50-90)
intraoperatif Orttss 76,3+ 12,7 700174 747+£113
Ortalama Median 0,104
(vuru/dk) Min-Maks (75 50-98) (71 60-89) (74 55-98)

*p<0,05 anlamli fark var, p>0,05 anlamli fark yok; ANOVA,
KruskallWallis test

Ort: Ortalama, SS: Standart Sapma, Min: Minimum, Maks:
Maksimum

Grup II’de postoperatif ilk analjezik uygulama
zamant, grup I ve grup III’den anlamli olarak daha geg
bulunmustur (p < 0,05) (Tablo V). Grup I ve Grup
III’de postoperatif ilk analjezik uygulama zamani
benzer bulunmustur (p > 0,05) (Tablo V).
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Grup | Grup Il Grup lll Grun | Grup Il Grup lll
(Kontrolpn=25) (Preoperatif ~(Postoperatif P (Kontrolpn=25) (Preoperatif ~ (Postoperatif P
' PECS,n=25) PECS, n=25) ' PECS,n=25)  PECS, n=25)
Preoperatif ~ Orttss 87,4+121 912+12,0 90,2+ 13,5 Postoperatif Orttss 1,3+0,9 23+,8 1,507
Ortalama Medi 0,543 llk Analjezik i 0,000*
Arter Basinci \1° ',a”k (91 67-108) (92 68-124) (90 68-121) Uygulama M.e ',;‘I"k (1,0 1,0-40) (20 1,0-30) (10 1,0-30)
(mmHg) in-Maks amani (Saat) VIN-ViaKs
i1"5trz°i?l:a“f Orttss 67,3131 850115 674136 0755 *p<0,05 anlamli fark var, p>0,05 anlamli fark yok; ANOVA,
. dakika i ) .
(mmHg) mlend',azks (65 48-100) (60 50-100) (60 40 -95) KruskallWallis test
Ort: Ortalama, SS: Standart Sapma, Min: Minimum, Maks:

intraoperatif Orttss 65,0 + 14,6 60,679 67,0+ 11,3 Maksimum
30. dakika i 0,144
(mmHg) md',a’;ks (60 45-110) (60 50-80) (70 40-80)

. - b
intraoperatif Orttss 6382112  610£61 6562102 Postoperatif agr1 skorlar1 (VAS 0-10) Tablo VI’da
45.dakika  Median 60 50-100) (60 55-80) (65 45-80) 0228] sunulmustur. Grup I’de postoperatif 2, 4. ve 8.saatte
(mmHg)  Min-Maks dlgiilen VAS degerleri Grup II ve Grup II’den
gg’i’fﬁ?l:a“f Ortss 646106  623£63 636298 os0] @nlamh olarak daha yiiksek bulunmustur (p<0,05)

-dakika  Median )
(mmHg)  MinMaks (©1 50-90) (60 50-80) (60 45-80) (Tablo VI). Grup II ve Grup III’de 2, 4 ve 8. saatte
intraoperatif Orttss 654+ 11,2 623+69 66,0104 Olciilen VAS degerleri benzer bulunmustur (Tablo
Ortalama i 0,355 > . - ..
ki mm’ar;ks 63 51-100) (60 53-81) (66 43-83) VI) Grup I1II’de pos.top.erat'lf YAS degerleri Izlspeten
disiik olsada analjezik ihtiyact erken ddnemde

olmustur. Grup I, Grup II ve Grup III’de olgularin 12
ve 24.sa’da Olglilen VAS skorlar1 ise hasta sayisi
yetersiz oldugu icin istatistiksel olarak ol¢iilememistir.
(Tablo VI).

Tablo VI. Postoperatif VAS degerleri

Grup | Grup Il Grup lll
(Kontrol, (Preoperatif (Postoperatif P

n=25) PECS, n=25) PECS, n=25)
VAS (0-  Ortss 28+17 06+,0 1417
10)-2.  Median 0,000
Saat MinVaks (3 00-50  (000-30) (0 0,0-4,0)
VAS (0-  Ortss 1714 0,0+£0,2 02+0,7
10)-4.  Median 0,000
Sant MinVaks 2 00-40)  (000-10) (0 0,0-30)
VAS (0-  Ortss 0,8+1,1 0,0£0,0 00+,0
10)-8.  Median 0,000
Saat MinVaks (© 0040 (00,0-00) (00,0-00)
VAS (0-  Orttss 00+02 0,0+0,0 0,0+0,0
10)-12.  Median X
Saat MinVaks (© 00-10)  (00,0-00) (0 0,0-0,0)
VAS (0- Ortiss 0,0+0,0 0,0£0,0 0,0+0,0
10)-24.  Median X
Saat MinVaks (© 00-00)  (000-00) (0 0,0-0,0)
VAS (0- Orttss 1,36 £ 0,88 0,12+ 0,24 0,32+ 0,48
10) Median 0,000
Ortalama Minpaks (© 00-3)  (000-1) (0 0,0-2)

*p<0,05 anlamli fark var, p>0,05 anlamli fark yok; ANOVA,
KruskallWallis test

VAS: Viziiel Analog Skala, Ort: Ortalama, SS: Standart Sapma,
Min: Minimum, Maks: Maksimum

Postoperatif analjezik kullanim1 ve ilag ¢esitleri Tablo
VI’de sunulmustur. Grup I’de analjezik ajan
gereksinimi olan hasta sayist Grup II ve Grup III’den
anlaml olarak daha fazlaydi (p < 0,05) (Tablo VII).
Grup I’de hastalara postoperatif donemde birden fazla
analjezik ila¢ kullandi. Grup II ve Grup III’de
postoperatif analjezik ajan gereksinimi benzer
bulunmustur (Tablo VII). Postoperatif donemde
analjezik olarak kullanilan meperidin, PECS blok
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uygulanan hastalarda ihtiyag duyulmadigi igin

kullanilmamistir (Tablo VII).

Tablo VII. Postoperatif analjezik kullanimi ve
analjezik ajan dagilimi
Grup | Grup Il Grup lll
(Kontrol, (Preoperatif (Postoperatif P
n=25) PECS,n=25)  PECS, n=25)
Almadi n:0 (0,0%) n:18(72,0%)  n:14(56,0%)
Analjezik alan *
Aldi  n:25(100,0%)  n:7(28,0%) n:11 (44,0%)
Parasetamol n:25(100,0%)  n:4(16,0%) n:11 (44,0%)
Tenoksikam n:11(44,0%) n:3(12,0%) n:0 (0,0%) 0.000°
Deksketoprofen n:6 (24,0%) n:0 (0,0%) n:0 (0,0%) ’
Meperidin n:11(44,0%) n:0 (0,0%) n:0 (0,0%)

*p<0,05 anlamli fark var, p>0,05 anlaml fark yok; Kikare testi

Grup I’de opioide bagli olarak bulanti ve kusma
sikligt Grup II ve Grup III’den anlamli olarak daha
yiiksek bulunmustur (p < 0,05) (Tablo VIII). Grup II
ve Grup III’de bulanti, kusma ve oksijen
desaturasyonu gibi postoperatif opioid kullanimina
bagli yan etkiler, opioid gereksinimi olmadifi i¢in
hicbir hastada gelismemistir (Tablo VIII). Grup I’de
ise bir hastada oksijen desaturasyonu gelismistir.

Tablo VIII. Postoperatif opioidlere bagli yan etkiler

Grup| Grup Il . Grup lll .
Komplikasyonlar (K:-nzt;;)l, (Prgggg’atlf (PO;tEOggI"atlf p
n=25) n=25)
Bulanti n:9 (36,0%) n:0(0,0%)  n:0(0,0%) 0,006*
Kusma n:9 (36,0%) n:0(0,0%)  n:0(0,0%) 0,006*
|02 desaturasyonu n:1(4,0%) n:0 (0,0%) n:1(4,0%) 0,807

*p<0,05 anlaml fark var, p>0,05 anlamli fark yok; Kikare testi

2 giin ve Ustii slirede hastaneden taburcu olan hasta
sayilari; Grup I i¢in 10 hasta (% 40), Grup II i¢in 0
hasta (% 0) ve Grup III icin ise 3 hastaydi (% 12).
Grup I’de, Grup II ve Grup III’e gore 2 giin ve iistii
hastaneden taburculuk siireleri olan hasta sayisi
anlamli olarak daha fazla bulunmustur (p < 0,05)
(Sekil 1). Grup II ve Grup IlI’de 2 giin ve istii
hastaneden taburculuk siireleri benzer olarak
bulunmustur (p > 0,05) (Sekil 1).

Hastaneden taburculuk Siiresi (giin)

o _

0,0% |

I. Gln I.Gin NL.GUn

Hastaneden taburculuk Stiresi (gun) ‘

BWGrup i{Kontrol) W Grup li(Preoperatif PECS) D Grup Ili{Postoperatif PECS)

Sekil 1:
Olgularin hastane taburculuk siireleri

Tartisma ve Sonug¢

Bu calismada preoperatif uygulanan PECS II blok
intraoperatif desfluran MAC degerlerini disiirdigi
icin diger gruplara gore daha avantajli bulundu.
Ayrica PECS 1II blok uygulanan meme cerrahisi
hastalarinda, kontrol grubuna goére erken donem
postoperatif agri skorlarmin diigiik oldugu goriildii.
Postoperatif donemdeki analjezik gereksinimi olan
hasta sayist Grup I’de daha fazla bulundu. PECS II
Blok uygulanan hastalara opioid analjezik kullanma
gereksinimi olmadi. 2 giin ve iistii hastanede yatis
yapan hasta sayis1 Grup I’de daha fazla bulundu.

Ameliyat sonrast meme kanseri niiksiine ¢
perioperatif faktor neden olmaktadir. Birincisi; cerrahi
operasyon, hiicre aracili bagigikligi inhibe eder,
proanjiyojenik faktor konsantrasyonunu yiikseltir,
anti-anjiyojenik faktor konsantrasyonunu azaltir ve
malign dokuya bagli biiylime faktorlerinin salinimini
tesvik eder’. Ikinci olarak; inhaler anesteziklerin
kullanim1 bagisiklik hiicrelerinin iglevini etkiler ve
dogrudan kanser hiicresinin ¢ogalmasmi artirir',
Ugiincii olarak; opioid analjezikler hem humoral hem
de hiicresel bagisiklik fonksiyonunu baskilayacak,
anjiyogenezi tesvik edecek ve meme kanserinin
biiyiimesini artiracaktir''. Bu calismada preoperatif
dénemde PECS blok uygulan grupta intraoperatif
donemde kullanilan desfluran MAC degeri diger
gruplara gore daha diisik bulundu. Inhaler
anesteziklerin kanser rekiirrensine neden oldugunu
disiiniirsek uygulanan bu blogun inhaler anestezik
titketimini azaltmasi nedeniyle rekiirrensin
onlenmesinde faydali olacagi diistiniilmektedir. Yine
aynt sekilde yapilan PECS bloklar, postoperatif
donemde opioid kullaniminda azalmaya neden oldugu
icin kanser rekiirrensinin azalmasinda olumlu katki
saglayacag digiiniilmektedir.

48 hasta ile yapilan bir ¢alismada 24 hastaya opioid
agirlikli genel anestezi, diger 24 hastaya PECS blogun
yapildig1 opioid analjezik ilacin kullanilmadig: genel
anestezi uygulanmustir. Intraoperatif hemodinami her
iki grupta da benzer olarak bulunmustur'.
Caligmamizda hastalarin  intraoperatif donemdeki
ortalama arter basincit Olglimleri arasinda fark
bulunmadi. Grup I ve Grup III de inhaler anestezik
miktarinin fazla olmasi nedeniyle ortalama arter
basinglari1 Grup II ile benzer olarak bulundugu
diigiiniilmektedir. Yine ayni sekilde intraoperatif
donemdeki ortalama nabiz degerleri gruplar arasinda
benzer olarak bulundu. Grup I’de 30. dakika nabiz
degerleri diisiik olarak bulunmasimi erken dénemde
inhaler anestezik miktarinin fazla olmasi ve takiplerde
inhaler anestezik miktarinin azaltilmasiyla gruplar
arasinda benzer degerler bulundugu goriildii. Anestezi
idamesinde Grup II’de inhaler anestezik miktarinin az
olmasina ragmen gruplar arasinda ortalama arter
basinglar1 ve nabiz degerlerinde anlamli farklilik
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bulunmadi. Preoperatif donemde uygulanan PECS
blogun anestezi idamesinde ve hastalarin vital
bulgularinin  stabilizasyonunda olumlu etkilerinin
oldugu goriildii.

PECS II bloguna kars1 analjezik yapilan ve 290
hastay1 kapsayan dort calismada ilk analjezik talebine
kadar gecen siire Ol¢iilmiistiir. Bu siire PECS II blogu
uygulanan hastalarda 6nemli 6l¢iide uzamugtir”'>".
Bu c¢alismada Grup II’de postoperatif donemde ilk
analjezik uygulanma zamani anlamli olarak daha gec
bulundu. Preoperatif donemde yapilan PECS II blok
etkinliginin yeterli diizeye wulagsmasi nedeniyle
postoperatif erken donemde analjezik gereksinimi
daha az olarak bulundu. Hastalarin servis takiplerinde
Grup III’de uygulanan blogun etkinligi tam olusana
kadar gegen silire iginde intravendz analjezik
uygulandig: diisiiniilmektedir.

Postoperatif ilk 24 saat boyunca VAS o0lcegi
kullanilarak ~ agr1  indeksi,  opioid tiiketimi
degerlendirilen bir c¢aligmada ameliyat sonrasi 24
saatlik donemde toplanan agr1 verileri PECS blok ve
PECS blok olmayan gruplar arasinda
kargilagtirtlmistir.  PECS ~ grubunda  hastalarin
%50'sinde ameliyattan 24 saat sonra agri olmazken,
kontrol grubunda bu oran %42,86'dir. Ameliyat
sonrasi agrisi olanlarin ¢ogu hafif agr1 grubunda (VAS
I'den 3'e kadar) siniflandirilmis olup, bu oran PECS
grubunda %42,50 ve kontrol grubunda %40,48 olarak
bulunmus (p=0,280)'®. Bir meta-analizde, PECS blogu
kullanimi1 VAS agr1 skorlarmi postoperatif ayilma
iinitesinde 1,90 puan ve postoperatif 1. saatte 2,17
puan azaltmistir. Ameliyat sonrasi 24. saatte VAS agr1
skorlarindaki azalma 1,01 puana diisse de fark anlaml
kalmustir'”. Bizim ¢aligmamizda sadece genel anestezi
uygulanan kontrol grubunda postoperatif 2, 4 ve 8.
saat VAS degerleri anlamli olarak daha yiiksek
bulundu. Gruplar arasinda VAS degerleri acisindan
12. saat ve sonrasinda farklilik goriilmedi. Postoperatif
hastalarin servis takiplerinde VAS degeri 3 iisti
olmast durumunda VAS degerlerinin daha fazla
artisina izin verilmeden rutin olarak analjezikler
uygulanmistir. Postoperatif VAS degerleri Grup III'de
Grup I'den diisikk olmasma ragmen Grup I ve Grup
[IT’iin ilk analjezik uygulama zamanlar1 benzer olarak
bulundu. Bunun nedeninin Grup I'e ilk uygulanan
analjezigin opioid tiirevi, Grup III'e non-opioid tiirevi
ila¢ uygulanmasi oldugu diistiniilmiistiir.

Birgok ¢alismada PECS blok uygulanan grupta opioid
kullaniminda azalma goriilmiistiir. Bu caligmalarda
PECS 1II blogu wuygulanan veya uygulanmayan
hastalarda ameliyattan sonraki ilk 24 saatte opioid
tikketimi karsilastirilmistir. PECS 1I blogu uygulanan
hastalarda ameliyattan sonraki ilk 24 saat iginde
kontrol gruplarmma kiyasla 6nemli oOl¢iide daha az
opioid tiiketilmistir™'*'*"*2° Wahba ve ark.
postoperatif ilk 24 saatteki morfin ihtiyacinin PECS
grubunda, paravertebral blok (PVB) grubuna kiyasla
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daha disik dozda oldugunu bulmustur. Morfin
ihtiyacina kadar gegen siire PECS grupta PVB gruba
kiyasla daha uzun olarak saptanmugtir. Istirahat
esnasindaki agr1 sayisal degerlendirme skoru (NRS)
PECS grupta PVB gruba kiyasla 1, 6 ve 12. saatte
daha diisiik iken, 18. ve 24. saatte PVB grubunda
PECS gruba kiyasla daha diisik bulunmustur’'.
Opioid tiiketiminde ve hasta tarafindan bildirilen agr1
skorlarinda istatistiksel olarak anlamli diisiislerin
oldugu cahsmalar daha ¢ok bulunmaktadir”*"***>",
Postoperatif donemde opioid tiiketiminde fark
gt’)riilmeyen32 caligmalar bulundugu gibi, opioid
tiiketiminde artis goriilen” ¢alismada bulunmaktadir.
Calismamizda Grup I’de biitiin hastalarda postoperatif
donemde analjezik gereksinimi olurken Grup II’de
%28 oraninda, Grup III’de %44 oraninda analjezik
gereksinimi oldu. Postoperatif dénemde uygulanan
analjezigin tiirlinii  serviste takip eden hekim
belirledigi i¢in Grup I’de analjezik olarak meperidin
(%44), parasetamol (%100), tenoksikam (%44) ve
deksketoprofen (%24) uygulanmistir. Grup II’de
parasetamol  (%16) ve  tenoksikam = (%12)
uygulanirken, Grup III’de sadece parasetamol (%44)
uygulanmis. PECS blok wuygulamasi postoperatif
donemde analjezik gereksinimi azaltirken opioid gibi
giiclii analjeziklerin gereksinimini ise ortadan kaldirdi.

Genel anestezi altinda gergeklestirilen meme
cerrahilerinden sonra bulanti-kusma sikligi dikkate
almmasi gereken bir komplikasyondur®. Nitréz oksit
kullanimindan kaginilmasi ve propofol kullaniimasi
bulant1 ve kusmayi azaltacagi gibi PECS blok yapilan
olgularda diisiik opioid tiiketimi bulanti ve kusmay1
azaltan diger bir etkendir . Bashandy ve ark.
caligmasinda postanestezi bakim fiinitesinde bulanti,
kusma ve sedasyon skorlarmi degerlendirmis, bulanti
kusma ve sedasyon skorlart PECS blok ve genel
anestezi uyguladigi grupta tek basina genel anestezi
uygulanan gruba gore daha diisiik bulmustur’. Yapilan
caligmalarda pektoral sinir blogu uygulanan hastalarda
ameliyat sonrasi bulantt ve kusma insidansinda
istatistiksel olarak anlamli bir diisiis bildirilmigtir™*
230 Bazi caligmalarda ameliyat sonrast bulant1 ve
kusma insidansinda artis  bildirilmisken®, fark
goriilmeyen ¢alismada bulunmaktadir™. Bu galigmada
PECS blok uygulanan olgularda postoperatif dénemde
opioid  gereksinimi olmadi. Opioid analjezik
kullanimina bagl bulanti kusma sik rastlanilan bir yan
etkidir. Hastalarimizda opioid gereksinimi olmadig1
icin buna bagli yan etkilerde goriilmedi.

Karaca ve ark. yapmis oldugu bir ¢aligmada pektoral
blok uygulanan grupta hastane kalis siireleri daha kisa
olarak bulunmustur’’. Baska bir calismada da PECS
blok ve genel anestezi uygulanan grupta tek basina
genel anestezi uygulanan gruba kiyasla postanestezi
bakim {initesinde ve hastanede kalis siireleri daha kisa
bulunmustur’. Bizim ¢alismamizda kontrol grubunda
hastane kalig siireleri diger gruplara gore daha uzun
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bulunurken, preoperatif ve postoperatif uygulanan
PECS blok sonrasinda hastane kalis siireleri arasinda
farklilik bulunmamustir. Postoperatif donemde etkin
analjezi saglanan hastalarda, taburculuk siirelerinin
daha kisa oldugu kanisindayiz.

PECS blogun erken dénem postoperatif agr1 skorlarini
diistirdiigii gorilmiistir. PECS blok ayn1 zamanda
postoperatif opioid ve analjezik gereksinimini azaltip,
opioidlere bagli bulanti, kusma gibi komplikasyonlar1
azaltmustir. Preoperatif uygulanan PECS blok,
intraoperatif — anestezik  gereksinimini  azaltmasi
nedeniyle postoperatif PECS bloga gore avantajli
bulunmustur.

Calismamizin limitasyonlar1 ise, hasta yas araliginin
genis olmasi nedeniyle agri skorlarina etkili olmasi,
postoperatif donemde yapilan analjezik tiirlerinin
standardize edilmemesi, postoperatif analjezik ajan
gereksinimlerini belirlemede hasta kontrollii analjezi
(HKA) kullanilmamasi olarak degerlendirilebilir.
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ABSTRACT

This study aimed to evaluate the efficacy and safety of eltrombopag in the outpatient clinic of the Department of Hematology, Uludag
University Faculty of Medicine. Treatment responses and demographic characteristics of 25 patients diagnosed with refractory chronic
immune thrombocytopenia (ITP) and receiving eltrombopag between January 2011 and March 2014 were analyzed retrospectively. Both
platelet >30,000/mm? and >50,000/mm? values were considered as responses. Prolonged response was defined as the maintenance of platelet
50,000/mm? values for 12 weeks or longer without the need for any additional treatment, and sustained response was defined as the
maintenance of platelet 50,000/mm? and at least 2 times the baseline values without the need for additional treatment. Twenty-five patients
were evaluated. Ten patients (40%) had an initial platelet value of <15,000/mm?, and 15 (60%) had >15,000/mm?*. The baseline median
platelet value increased from 15,700/mm?* to 30,000/mm?* at week 2 and to 51,000/mm?* at week 6, and this level was maintained throughout
the 85-week observation period. Thirteen (52%) patients had a sustained response, with a median follow-up of 18 months. In the study,
participants were grouped according to splenectomy status, platelet <15,000/mm?, and gender, and there was no statistically significant
difference in response. Eltrombopag is an effective and well-tolerated therapeutic agent in patients with chronic ITP refractory to other
therapies and at increased bleeding risk. Responsiveness is independent of splenectomy, concomitant therapy, or baseline platelet values.

Keywords: Chronic immune thrombocytopenia. Refractory disease. Treatment. Eltrombopag.
Kronik idiyopatik Trombositopenik Purpura Tamh Hastalarda Eltrombopag Kullamm: Tek Merkez Deneyimi

OZET

Bu calismada, Bursa Uludag Universitesi Tip Fakiiltesi Hematoloji Bilim Dali poliklinigine bagvuran hastalarda eltrombopag tedavisinin
etkinligi ve giivenilirligini degerlendirmeyi amagladik. Ocak 2011 ile Mart 2014 tarihleri arasinda refrakter kronik immiin trombositopeni
(ITP) tanis1 konan ve eltrombopag alan toplam 25 hastanin tedavi yanitlar1 ve demografik 6zellikleri retrospektif olarak analiz edildi. Hem
trombosit >30.000/mm’® hem de >50.000/mm* degerleri yanit olarak kabul edilmistir. Uzamis yanit, trombosit 50.000/mm”® degerlerinin
herhangi bir ek tedaviye ihtiyag duyulmadan 12 hafta veya daha uzun siire korunmasi ve siirekli yanit, trombosit 50.000/mm® ve baslangig
degerlerinin en az 2 katinin ek tedaviye ihtiya¢ duyulmadan korunmasi olarak tanimlandi. Yirmi bes hasta degerlendirildi. Baslangic median
trombosit degerinin 15,700 /mm**den 2. haftada 30,000/mm’’e, 6. haftada 51,000/mm®’e yiikseldigi ve 85 haftalik g6zlem periyodu siiresince
bu diizeyin korundugu goriildii. Hastalarin 13’iiniin (%52) devam eden yanita sahip oldugu; median izlem siirelerinin 18 ay, eltrombopag
kullanim siirelerinin ise 11 ay oldugu goriildii. Caligmada katilimeilar splenektomi durumuna, trombosit <15,000/mm?® olup olmamasina ve
cinsiyete gore gruplandirldi ve yamit acisindan istatistiksel olarak anlamli fark olmadigi goriildii. ilag genel olarak iyi tolere edildi.
Eltrombopag, diger tedavilere direngli ve artmis kanama riski olan kronik ITP hastalarinda etkili ve iyi tolere edilen bir terapétik ajandir.
Calismamizin sonuglari, yanit durumunun splenektomi, eszamanl tedavi alma veya baslangi¢ trombosit degerlerinden bagimsiz oldugunu
ortaya koymustur.

Anahtar Kelimeler: Kronik immun trombositopeni. Refrakter hastalik. Tedavi. Eltrombopag.
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Chronic  immune thrombocytopenia (ITP) is
characterized by increased platelet destruction and
impaired production caused by autoantibodies directed
against platelets and megakaryocytes.' The objective
of treatment in chronic ITP is to elevate platelet levels
and sustain them within a safe range to prevent
bleeding; Moreover, improving health-related quality
of life (HRQOL) is an important goal for most
patients. The American Society of Hematology (ASH)
recommends a platelet count of 30,000 to 50,000/mm?
for people who don't have any other risk factors so
that they don't have intracerebral hemorrhage or major
gastrointestinal bleeding, which are the worst
complications associated with ITP.>*

In adults with newly diagnosed ITP, platelet counts
<30,000, and asymptomatic or minor mucocutaneous
hemorrhage, the ASH guideline panel recommends
corticosteroid therapy over follow-up. Additionally, it
strongly advocates for follow-up in adults with newly
diagnosed ITP, platelet counts of 30,000 or higher,
and asymptomatic or minor mucocutaneous
hemorrhage. The panel suggests that prednisone (0.5-
2.0 mg/kg per day) or dexamethasone (40 mg per day
for four days) be used as the initial corticosteroid.*

The ASH guideline panel recommends splenectomy,
rituximab, or a thrombopoietin (TPO) receptor agonist
(RA) for adults with ITP lasting >3 months who are
corticosteroid-dependent ~ or  unresponsive  to
corticosteroids. Nevertheless, it suggests a TPO-RA
(eltrombopag or romiplostim) rather than rituximab.
The panel observed that there was no singular optimal
second-line treatment for adult patients with ITP. The
selection of treatment should be individualized based
on the following factors: the duration of ITP, the
frequency of Dbleeding episodes necessitating
hospitalization, comorbidities, patient age, drug
compliance, patient values and preferences, cost, and
availability. Each of these therapies is an effective
option. The choice of treatment should be decided
together with the patient in line with patient
expectations. Splenectomy should be postponed for a
minimum of one year following diagnosis to account
for the possibility of spontaneous remission within the
first year, if feasible. Nevertheless, in cases where
patients are not amenable to long-term drug therapy,
splenectomy or rituximab may be considered a
preferable alternative.>’

Although the ASH clinical guidelines are the most
prominent, other guidelines also inform the treatment
of ITP. The following treatment options are included
in these guidelines and are used in subsequent steps:

fostamatinib, avatrombopag, intravenous immune-
globulin (IVIg), azathioprine, cyclophosphamide,
cyclosporine, danazol, dapsone, mycophenolate

mofetil, and vinca alkaloids.*”

Eltrombopag is a non-peptide TPO-R agonist that has
been approved for use in patients who have
demonstrated an inadequate response to at least one
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other form of treatment. The substance is ingested
orally, and it has been demonstrated to increase
platelet production by binding to the transmembrane
domain of TPO-R. In vitro studies have shown that it
does not compete with endogenous TPO, and it has
been observed to induce proliferation and
differentiation of  progenitor cells in the
megakaryocytic series. Following a period of up to six
months of eltrombopag treatment, eighty percent of
patients have shown that their platelet levels are
250,000/mm3. Still, more research on the safety and
effectiveness of ITP treatments is required since
patients could be subjected to these treatments for
years or perhaps longer.*"!

This study aimed to contribute to existing literature by
evaluating the demographic features, therapeutic
response, and side effect profile in refractory cases of
chronic immune thrombocytopenia undergoing
eltrombopag treatment.

Material and Method

A total of 25 patients diagnosed with chronic immune
thrombocytopenia and using eltrombopag at the
outpatient clinic of the Division of Hematology,
Department of Internal Medicine, Bursa Uludag
University Faculty of Medicine from January 2011 to
March 2014 were included in the study.

The inclusion criteria were being older than 18 years,
a  diagnosis of ITP, previous use of
methylprednisolone, a history of splenectomy, or the
absence of splenectomy due to contraindications, and
refractory disease. We excluded pregnant and
breastfeeding patients, and patients with severe liver
disease.

Treatment responses and demographic characteristics
(e.g., age, gender, date of diagnosis, other treatments

received, baseline platelet value, eltrombopag
initiation date, treatment response status) were
analyzed.

Both platelet >30,000/mm?® and platelet >50,000/mm?
values were considered as responses. Statistical
analyses were performed according to both values. A
prolonged response was defined as the continuous
maintenance of platelet levels of 50,000/mm?* or more
for 12 weeks or more without the need for additional
treatment. A continuous (sustained) response was
defined as the maintenance of platelet levels of
50,000/mm? or more and at least twice the baseline
levels without the need for further treatment.

The therapeutic objective of eltrombopag treatment
was not to raise platelet levels to normal levels, but
rather to maintain them at a level that prevents
bleeding. The treatment was initiated with a daily dose
of 50 mg of eltrombopag. Concomitant use of
methylprednisolone with eltrombopag was not
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permitted. Patients were evaluated at two-week
intervals for the purpose of dose adjustment. After
four weeks of treatment with 75 mg of eltrombopag,
the drug was stopped if platelet levels did not rise to a
level high enough to stop bleeding, to a clinically
significant level.

The statistical analysis of the data was conducted
utilizing the SPSS 22.0 statistical package program.
The data from our study was subjected to descriptive
statistics (mean, median, standard deviation) and
frequency distributions. We examined the normality
assumptions of continuous variables by implementing
the Shapiro-Wilk test. For the purpose of comparison
between two groups with non-normal data, the Mann-
Whitney U test was employed. We analyzed
categorical data using both Pearson's chi-square test
and Fisher's exact chi-square test.

Results

The study included nine male patients (36%) and 16
female patients (64%), with a mean age of 41 years
(range 20-61). The baseline platelet value was found
to be less than 15,000/mm? in 10 patients (40%) and
greater than or equal to 15,000/mm?® in 15 patients
(60%). The median platelet value at the time of
diagnosis was calculated to be 15,700/mm?®. The
demographic characteristics of the patients are shown
in Table I.

Table I. Demographic characteristics of the 25

patients
Median (range) or n (%)

Median Age 41 (20-61)
Gender

Female 16 (64)

Male 9 (36)
Initial Platelet Value

<15,000/mm3 10 (40)

2 15,000/mm? 15 (60)
Previous Treatments

1 1(4)

2 7(28)

3 8 (32)

24 9 (36)
Splenectomy

Yes 19 (76)
Previous Treatments

Steroid 25 (100)

IVig 21(84)

Colchicine 15 (60)

Danazol 8 (32)

Azathioprine 3(12)

Vincristine 1(4)

Rituximab 5(20)

The median duration of eltrombopag treatment was
six months (min: 1.5, max: 22), and the median
follow-up period was nine months (min: 1.5, max:
22). The baseline median platelet value increased from
15,700/mm3® to 30,000/mm> at week 2 and to
51,000/mm? at week 6, and this level was maintained
during the 85-week observation period (see Figure I).
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Figure 1.
Median, minimum, and maximum platelet values
during eltrombopag treatment

In the course of the study, 21 (84%) patients with
platelets >30,000/mm?® and 18 (72%) patients with
platelets >50,000/mm* were identified. The response
status according to platelet >30,000/mm® and
>50,000/mm*® values during follow-up is shown in
Figure II. The investigation revealed no statistically
significant differences in response rates between the
male and female demographics (see Table II).

40
35 15
20 AN
25 -_m,_lg/ \‘J—\ 12
20 \
2 e P | 3t |ets 2 50,000
15 7
= Platelets > 30,000
10 3
N‘\ﬁ 4
5 I
o
n=25 | n=25 | n=25 | n=23 | n=20 | =16 | n=12 | n=10 | n=8 | n=6 | n=4
Week|Week| Week |\Week|Week|Month| 9th |[Month| 15th |Month|Month
g 12 6 |month) 12 |month| 18 21
Figure 2.
‘ 3
Response status according to platelet >30,000/mm
3
and >50,000/mm” values

Table II. Response status by gender

Woman Male P
Ongoing response 10 3 0.226
Platelets = 30,000/mm3 13 8 1.0
Platelets = 50,000/mm?3 12 6 0.673
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Thirteen patients (52%) demonstrated a continuous
(sustained) response, with a median follow-up period
of 18 months and a duration of eltrombopag use of 11
months. The number of patients exhibiting a
prolonged response was five, who maintained reliable
platelet values without the need for treatment during a
median follow-up period of 10 months (3-19). This
constituted 20% of all patients and 38.5% of those
demonstrating prolonged responsiveness.

Tables III and IV show that platelet counts of
30,000/mm?* and above are thought to mean that there
has been a response. The response status is shown
based on the splenectomy status.

Table III. Response according to splenectomy status-

1
Platelets = 30,000/mm3 at any time
No There is P
Splenecto |No 2 4
0.234
my Yes 2 17

Table IV. Response according to splenectomy status-

2
Platelets = 50,000/mm? at any time
No There is P
Splenecto |No 2 4 10
my Yes 5 14 '

If platelet counts of 30,000/mm? and 50,000/mm? are
taken as signs of a response, Tables V and VI show
the response status based on the initial platelet level.

Table V. Response according to baseline platelet

value-1
Platelets = 30,000/ mm? at any time
No There is P
Baseline platelets 1 14
>15,000/mm3 0.267
<15,000/mm3 3 7

Table VI. Response according to baseline platelet

value-2
Platelets = 50,000/ mm? at any time
No There is P
Baseline platelets 2 13
215,000/mm3 0.075
<15,000/mm3 5 5

In the present study, subjects were categorized
according to splenectomy status, platelet count
(platelet count of <15,000/mm?®), and gender. The
study revealed no statistically significant differences
in response.
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The prevalence of adverse effects was as follows:
headaches (60%), weakness (40%), diarrhea and
nausea (16%), upper respiratory tract infection (12%),
motor weakness (4%), pain (8%), epistaxis (8%), and
dizziness (4%). Bleeding of grade 1 occurred in 28%
of patients during treatment. The bleeding manifested
as gingival bleeding. Thromboembolic events
occurred in two patients (8%), presenting as deep vein
thrombosis. In one of these patients, the platelet count
exceeded 1,000,000 and was successfully managed
with Hydrea. Severe bleeding (grade 3-4) during
treatment and post-treatment bleeding were not
observed. The occurrence of hepatobiliary events,
cataracts, and malignancies was not observed in the
study. The study found no significant differences in
the side effect profile between the sexes.

Discussion and Conclusion

Eltrombopag is an oral, non-peptide, thrombopoietin
receptor agonist that increases platelet production by
stimulating  megakaryocyte  differentiation  and
proliferation. It was approved by the United States
Food and Drug Administration (FDA) in 2008 for the
treatment of chronic ITP and by the European
Medicines Agency (EMA) in 2010 for the treatment of
chronic ITP after splenectomy. In view of the fact that
it does not have as long a history as other drugs used
in the treatment of ITP, a significant number of
international studies are currently underway to
elucidate the clinical implications of the drug.

In our study conducted with twenty-five patients, the
mean age of the patients was 41 years, and the mean
age of starting eltrombopag was 39+15.4 years. The
mean age of the patients was 47 years in the RAISE
study'®, 50 years in the EXTEND study'', and 50.5
years in the REPEAT study'’. The female sex ratio
was found to be 57%, 66%, and 69% in the same
studies, respectively.'”'> In our study, this rate was
found to be 64%, compatible with the literature.

The ‘Delphi-based Consensus Recommendations’
panel reported from Turkey recommends the use of
thrombopoietin receptor antagonists (TPO-RAs) or
rituximab in patients with persistent or chronic pITP
who are refractory or dependent on corticosteroids or
who relapse after corticosteroids. There is a
recommendation that TPO-RAs (eltrombopag or
romiplostim) should be used as second-line treatment
before splenectomy in these patients. Splenectomy
should be performed for patients with chronic pITP
(>12 months) who are refractory to current treatments
and who relapse.4 Nevertheless, the present study
revealed that 76% of patients underwent splenectomy
prior to TPO-RA. This is attributable to the fact that
the guidelines at the time of the study differed from
those in effect at present.
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In this study, 40% of patients had a baseline platelet
value of <15,000/mm3. We observed an increase in the
initial median platelet value from 15,700/mm?® to
30,000/mm? at week 2, to 51,000/mm? at week 6. This
level was maintained during the 85-week observation
period. A review of the literature indicates that platelet
levels of >50,000/mm? are typically attained by week
2.10-12 However, in our study, this level was achieved
by week 6. This discrepancy can be attributed to the
heterogeneous distribution of patients in the studies
and the exclusion of platelet levels >30,000/mm? from
our study.

In the present study, it was observed that 21 (84%)
patients responded when platelet levels >30,000/mm’
were taken at any time, and 18 (72%) patients
responded when platelet levels >50,000/mm’® were
taken. Tomiyama Y et al. conducted a study in Japan
with 23 participants, 15 of whom received
eltrombopag and eight of whom received a placebo for
six weeks. At the end of the sixth week, the response
rate in the eltrombopag arm was found to be 60%
according to platelet >50,000/mm>." In a subsequent
study by Yoshida M et al. in Japan, which involved 22
participants, it was determined that platelet levels
should be maintained between 50,000 and
400,000/mm3 for over 75% of the follow-up period.
This study also reported a response rate of 65%.'
Similar results were obtained in a subsequent study by
Katsutani S et al. in Japan."” Tripathi AK et al.
conducted a study with newly diagnosed ITP and
inclusion criteria that had not responded to two-week
steroid treatment.'® The study found a response rate of
80% and a median platelet value of 150,000/mm’ with
a platelet >50,000/mm’ value at the first month. 76%
and a median platelet value of 126,000/mm® at the end
of the third month; treatment was not discontinued at
the end of the third month against the risk of rebound
thrombocytopenia. In a separate study, 94% (17 out of
18) of patients treated with eltrombopag as second-
line treatment attained a target platelet count of over
50,000, and their responses remained stable during the
entire follow-up period.'” In another study, a complete
response was achieved in 72.1% of patients using
eltrombopag as second-line treatment.'®

If we take a look at the studies done in Turkey, in a
study conducted by Eser A. et al., the response rate
was found to be 93.5% according to a platelet value
>50.000/mm? at any time."” Ozdemirkiran F. et al.
conducted a study with 32 patients in 7 different
centers in the Aegean region and found that 75% of
the patients had platelet values of >100,000/mm’ and
6.25% had platelet values of 30,000/mm’ -
IOO,OOO/mm3 at the end of the first month.”° Another
study conducted by Cekdemir D. et al. in 11 different
centers with 35 patients found the response rate to be
74% according to the platelet >30,000/mm?® value at
week 2.2' In another study, a response rate of 87%

was reported.”” In a study reported from Mugla
province with the same response definition, the
response rate was found to be above 65%.% As a
result, the response rate in our study was found to be
consistent with the literature.

In the present study, 13 (52%) of the patients
demonstrated a sustained response with a median
follow-up period of 18 months. The number of
patients with a prolonged response was 5 (20%).
Gonzalez Lopez TJ. et al. shared the sustained,
prolonged response status they obtained in patients
using eltrombopag in their follow-up in a report.**
During a median follow-up period of 7 months (range
6-20 months), 12 patients maintained reliable platelet
levels without the need for additional treatment. The
median age of the patients was 24 years, the median
number of prior treatments was 5, and the median
duration of eltrombopag use was 5 months (range 1-
13).>* Mahevas M. et al. similarly reported a
sustained, prolonged response. During a median
follow-up of 13.5 months (range, 5-27 months), eight
patients maintained reliable platelet values without the
need for any treatment”> It was determined that
predicting prolonged response was not feasible.
However, it was hypothesized that a significant
proportion of patients could maintain response status
after discontinuing TPO-R agonists. > In a study, the
incidence of prolonged response was documented to
be 11.3%.%° In the Phase II TAPER study, the
proportion of patients achieving sustained response
off-treatment (SRoT) by 12 months following
treatment discontinuation was 30.5%, and the median
SRoT duration was 8 months.”” In a further study, 16
patients (17%) were reported to have prolonged
response when response was considered as platelet
value >30,000/mm’ and 8 patients (8%) were reported
to have prolonged response when response was
considered as platelet value >100,000/mm®.*® The
higher rates of patients with prolonged response and
ongoing responsiveness in our study compared to the
literature may be due to individual differences in ITP,
the pathogenesis of which has not been clearly
elucidated, or to other reasons such as genetic
structure, ethnicity, environmental effects, or the
relatively small number of patients we evaluated. In
our study, participants were divided into groups based
on splenectomy status, platelet count (<15,000/mm?)
and gender. Our analysis revealed no statistically
significant differences in response compared to the
findings reported in the literature.

When the side effect profile was analyzed, generally
compatible results with the literature were observed,
and it was thought that the existing percentage
differences may be due to the retrospective nature of
the study, inadequacies in our data records, and the
lack of an objective method in the evaluation of some
side effects.

63



In conclusion, the objective of treatment with
eltrombopag should not be to normalize platelet
counts but rather to maintain them above the threshold
for hemorrhagic risk. Eltrombopag is an effective
treatment for patients with chronic ITP who are
refractory to other therapies and have an increased risk
of bleeding. It is generally well tolerated in the short
and long term, and responsiveness is independent of
splenectomy, concomitant treatment, or baseline
platelet values. Long-term efficacy and safety studies
on eltrombopag with five years of experience and data
are needed.
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ABSTRACT

Schizophrenia is a psychiatric disorder with a wide clinical spectrum that significantly impairs the functionality of the individual. It is less
common under 18 years of age and clinical symptoms, diagnosis, treatment and follow-up processes differ from adult schizophrenia in
certain aspects. This study aims to evaluate the sociodemographic and clinical characteristics of patients diagnosed with early-onset
schizophrenia (EOS) and childhood-onset schizophrenia (COS). In this retrospective study, 83 children and adolescents diagnosed with
schizophrenia according to DSM-5 criteria were analyzed. Sociodemographic characteristics, age at first symptom, duration of diagnosis,
comorbidities and treatment processes of the patients were analyzed. The mean age at diagnosis of schizophrenia was 14.42 + 2.46 years.
The mean time between the first psychiatric symptom and the diagnosis of schizophrenia was 11.1 £+ 1.56 months. The mean age of starting
the first psychiatric treatment was 13.26 + 3.10 years and the mean age of starting the most commonly used drug group, antipsychotic drugs,
was 13.93 + 2.82 years. Comorbid psychiatric disorders were common, with ADHD and intellectual disability being the most frequently
observed. In addition, 19% of the patients had a history of psychiatric disorders in their mothers and 20% in their fathers. Our study
highlights the delays in the diagnostic process and the prevalence of comorbid disorders by determining the sociodemographic and clinical
characteristics of patients diagnosed with EOS and COS. It is emphasized that early diagnosis and intervention processes should be
strengthened, individualized treatment approaches should be adopted, and long-term functionality of patients should be increased with
multidisciplinary approaches.

Keywords: Childhood-onset schizophrenia. Early-onset schizophrenia. Sociodemographic characteristics. Comorbid psychiatric
disorders.

Cocuk ve Ergenlerde Sizofreninin Klinik Profili: Tani, Belirtiler ve Prognoz

OZET

Sizofreni genis bir klinik yelpazesi olan bireyin islevselligini belirgin olarak bozan psikiyatrik bir bozukluktur. 18 yasin altinda daha nadir
goriilmekte ve klinik belirtiler, tani, tedavi ve takip siiregleri eriskin donem sizofrenisinden bazi yonleri ile ayrilmaktadir. Bu ¢alisma, erken
baslangigli sizofreni (EOS) ve cocukluk baslangich sizofreni (COS) tamisi almis hastalarin sosyodemografik ve klinik ozelliklerini
degerlendirmeyi amaglamaktadir. Retrospektif olarak tasarlanan bu ¢alismada DSM-5 kriterlerine gore sizofreni tamist almis 83 ¢ocuk ve
ergen hasta incelenmistir. Hastalarin sosyodemografik ozellikleri, ilk semptom yasi, tan1 alma siiresi, komorbiditeleri ve tedavi siiregleri
analiz edilmistir. Hastalarin ortalama sizofreni tanist alma yas1 14,42 + 2,46 yil olarak belirlenmistir. flk psikiyatrik semptomun ortaya gikist
ile sizofreni tanist alma arasinda gecen siire ortalama 11,1 + 1,56 ay olarak saptanmustir. ilk psikiyatrik tedaviye baglama yas1 ortalama 13,26
+ 3,10 y1l ve en sik kullanilan ila¢ grubu olan antipsikotik ilaglara baslama yas1 ortalama 13,93 + 2,82 yil olarak saptanmistir. Komorbid
psikiyatrik bozukluklar yaygindi ve en sik DEHB ve entelektiiel yetiyitimi gozlendi. Ayrica, hastalarin %19’ unun annesinde ve %20’sinin
babasinda psikiyatrik bozukluk 6ykiisii saptanmigtir. Calismamiz, EOS ve COS tanisi alan hastalarin sosyodemografik ve klinik 6zelliklerini
belirleyerek, tani siirecinde yasanan gecikmelere ve komorbid bozukluklarin yayginlhigina dikkat ¢ekmektedir. Erken tani ve miidahale
stireglerinin gii¢lendirilmesi, bireysellestirilmis tedavi yaklasimlarmm benimsenmesi ve multidisipliner yaklagimlar ile hastalarin uzun vadeli
islevselliginin artirilmasi gerektigi vurgulanmaktadir.

Anahtar Kelimeler: Cocukluk c¢ag baslangich sizofreni. Erken baslangich sizofreni. Sosyodemografik ozellikler. Komorbid
psikiyatrik bozukluklar.
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Schizophrenia is a complex psychiatric disorder
characterized by a broad clinical spectrum of positive
and negative symptoms that significantly impair an
individual’s functionality. While the age of onset
varies across studies, the disorder is generally reported
to emerge during late adolescence and early
adulthood'. Research indicates that the peak onset
period of schizophrenia is approximately 20.5 yearsz.
Schizophrenia is usually diagnosed in the twenties, but
the neurodevelopmental processes that cause the
disorder are thought to occur during childhood and
adolescence’. The American Academy of Child and
Adolescent Psychiatry classifies cases with onset
before the age of 13 as childhood-onset schizophrenia
(COS) and cases with onset before the age of 18 as
early-onset schizophrenia (EOS)*. The prevalence of
EOS in the general population is estimated at
approximately 0.25%, whereas COS is rarer, with an
estimated prevalence of around 0.05%. While COS
and EOS fundamentally represent similar disorders
and share diagnostic criteria with adult-onset
schizophrenia (AOS), they differ in terms of
neurobiology, clinical presentation, prognosis, and
treatment processes™”.

Although EOS and COS are less common than AOS,
studies indicate that initial symptoms of schizophrenia
appear before the age of 18 in approximately 18% of
individuals later diagnosed with schizophrenia in
adulthood®. Assessments of premorbid symptoms
reveal significant deficits in social, motor, and
language skills among individuals with EOS and COS.
Additionally, these patients frequently present with
comorbid neurodevelopmental disorders, such as
attention-deficit/hyperactivity =~ disorder =~ (ADHD),
autism spectrum disorder (ASD), and obsessive-
compulsive disorder (OCD)*". EOS and COS exhibit
a broad range of initial symptoms and are associated
with an insidious onset of psychotic symptoms®.

In the long term, they are reported to differ from adult
cases by demonstrating more severe negative
symptoms, pronounced cognitive impairments, and a
more treatment-resistant course’. The subtle
progression of psychotic symptoms in younger
patients, along with the predominance of negative
symptoms, can contribute to delays in diagnosis and
subsequent treatment. A follow-up study found that
only 32% of patients initially presenting with
symptoms received a schizophrenia diagnosis at the
first evaluation, but this figure increased to 40% upon
further assessments’. Additionally, the duration of
untreated psychosis in COS and EOS is reported to be
longer than in AOS’. Studies suggest that delays in
schizophrenia diagnosis and untreated psychosis are
associated with increased symptom severity and
poorer  long-term  cognitive and  functional

outcomesm’“.
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Early diagnosis and intervention are crucial for
mitigating symptom severity and improving long-term
prognosis'2. Identifying and monitoring clinical high-
risk groups among children and adolescents, as well as
recognizing early warning signs of psychotic
disorders, provide significant opportunities for timely
diagnosis and intervention.

Since schizophrenia is a rare disorder, studies
examining the diagnostic process and the progress of
schizophrenia in children and adolescents are very
limited in Tirkiye. This study aims to evaluate the
sociodemographic and clinical characteristics of
individuals diagnosed with EOS and COS who were
admitted to our clinic. By analyzing the management
and treatment processes of this patient group, we seek
to contribute to a more comprehensive understanding
of schizophrenia in children and adolescents and to
emphasize the importance of early intervention
programs in clinical practice.

Material and Method

This retrospective study was designed using data from
the Child and Adolescent Psychiatry outpatient clinic
database at Necmettin Erbakan University, Faculty of
Medicine. The study sample comprised patients
diagnosed with schizophrenia over the past 10 years.
Psychiatric ~ diagnoses were made by child
psychiatrists based on the DSM-5 diagnostic criteria.
In addition to psychiatric diagnoses,
sociodemographic  characteristics (age, gender,
parental age and education level, socioeconomic
status), the onset of symptoms, the timing of
schizophrenia diagnosis, family history, treatment, and
follow-up processes were recorded. The study was
approved by the Non-Interventional Clinical Research
Ethics Committee of Necmettin Erbakan University
(06.09.2024-2024/5165) and conducted in accordance
with the principles of the Helsinki Declaration.

Statistical Analysis

The data were analyzed using SPSS (Statistical
Package for the Social Sciences) version 25.0.
Descriptive statistics (mean, standard deviation,
frequency, and percentage) were used to summarize
the data. Relationships between categorical variables
were assessed using the chi-square test. A significance
level of p<0.05 was considered statistically
significant.

Results

97 patients diagnosed with schizophrenia were
identified in our database. However, 14 individuals
were excluded due to missing data, resulting in a final
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study group consisting of 83 participants (46 males,
37 females). The participants’ ages ranged from 6 to
18 years, with a mean age of 13.86 + 3.13 years.
Among the participants, 37 were continuing their high
school education, while 10 had discontinued formal
schooling. Approximately 20% of participants
belonged to single-parent households, 33% had three
siblings, and 45% were the firstborn child in their
family. The sociodemographic data of the participants
are summarized in Table L.

Table I. Sociodemographic and clinical characteristics
of the participants

43 patients initially presented with internalizing
problems (depression, anxiety disorders etc.), while 40
patients sought consultation due to externalizing
issues (ADHD, conduct disorder, etc.). No statistically
significant gender differences were found regarding
internalizing and externalizing problems (¥*>=0.91,
p=0.338). Negative symptoms were the first psychotic
symptoms in 43% of patients, while delusions were
the most frequently observed positive psychotic
symptom, present in 25% of cases. Additionally, 65%
of participants had comorbid psychiatric disorders,

including  attention-deficit/hyperactivity — disorder
(ADHD) and intellectual disability. Eighteen
participants had a history of organic medical

conditions, primarily epilepsy.

The mean age at the onset of initial psychiatric
symptoms was 13.53 + 2.89 years, whereas the onset
age of the first psychotic symptom was 14.43 + 2.78
years. The mean duration between the first psychiatric
symptom and the first psychotic symptom was 10.8 +
1.43 months, while the mean interval between the first
psychiatric symptom and the diagnosis of
schizophrenia was 11.1 + 1.56 months. The mean age
at schizophrenia diagnosis was 14.42 + 2.46 years,
with initial psychiatric treatment being initiated at
13.26 + 3.10 years and antipsychotic treatment
commencing at 13.93 + 2.82 years. Antipsychotic
medications were the most commonly prescribed first-
line treatment (65%), followed by selective serotonin
reuptake inhibitors (SSRIs) (14%). 22 patients
required hospitalization for treatment and follow-up.
Furthermore, five participants had a history of suicide
attempts, while nine had a history of substance use.
The clinical characteristics of the patients are
presented in Table II and Figure 1.

Table II. Clinical characteristics of patients and
diagnosis/treatment processes

Mean SD
Age 13.86 3.13
Mother’s age 41.42 4.29
Father's age 43.72 3.61

n %

Gender, Male/Female 46/37 55.4/44.6
Education level
Illiterate 10 12.0
Primary school 36 434
Secondary school 37 446
Comorbidity
Organic comorbidity, Yes/No 18/65 2171783
Psychiatric comorbidity 54129 65.1/34.9
ADHD 16 19.3
ID 15 18.1
ocb 8 9.6
MDD 3 3.6
AD 3 3.6
ASD 2 24
CD 2 24
BPD 2 24
Diger 3 3.6
Mother’s education level n %
Illiterate 20 241
Primary school 54 65.1
Secondary school 7 84
University 2 24
Father’s education level
Illiterate 17 20.5
Primary school 50 60.2
Secondary school 14 16.9
University 2 24
Economic Level
Low 49 59.0
Middle 24 29.0
High 10 12.0
Family Structure
Nuclear 57 68.7
Extended 10 12.0
Fragmanted 16 19.3
SD = standard deviation, n= number of cases
ADHD: attention deficit/hyperactivity disorder, ID: intellectual
disability, OCD: obsessive compulsive disorder, MDD: major|
depressive disorder, AD: anxiety disorder, ASD: autism spectrum
disorder, CD: conduct disorder, BPD: bipolar disorder

First Psychiatric Symptom n %

Symptoms of Externalisation 43 51.8
Symptoms of Internalisation 40 48.2
First Psychotic Symptom n %

Negative Symptoms 36 434
Hallucination 21 253
Delusion 14 16.9
Dysorganised Behaviour 7 84
Dysorganised Speech 5 6.0
Variables Mean SD
First Psychiatric Symptom (Year) 13.53 2.80
First Psychiatry Admission (Year) 13.86 3.13
First Psychotic Symptom (Year) 14.43 2.75
Diagnosis (Year) 14.46 2.34

First Psychiatric Symptom - First Psychotic ~ 10.8 1.43
Symptom Interval (Month)

First Psychiatric Symptom - Diagnosis  11.1 1.56
Interval (Month)

Psychiatric Treatment Initiation (Year)
Antipsychotic Treatment Initiation (Year)

13.26 3.20
13.93 2.82

SD = standard deviation, n= number of cases
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Figure 1. Diagnosis and Treatment Processes of Patients
o 2 4 6 8 10 12 14 16

First Psychiatric Symptom (Year) 13.53
First Psychiatry Admission (Vear) 13.86
First Psychotic Symptom (Year) 14.43
Diagnosis (Year) 14.46
First Psychiatric Symptom - First Psychatic Symptom Interval (Month) 10.8
Interval between First Psychiatric Symptom and Diagnosis (Month) 11.1
Psychiatric Treatment Initiation (Year) 13.26

Antipsychotic Treatment Initiation (Year) 13.93

Figure I:
Diagnosis and Treatment Processes of Patients

Examination of family history revealed that the
participants' mothers (mean age: 41.42 + 4.29 years)
and fathers (mean age: 43.72 + 3.61 years) had an
educational level of primary school in approximately
50% of cases, and 59% of families had a low
socioeconomic  status.  Additionally, psychiatric
disorders were identified in 19% of mothers and 20%
of fathers.

Discussion and Conclusion

In this study, we conducted a detailed evaluation of
the sociodemographic and clinical characteristics of
children  and  adolescents  diagnosed  with
schizophrenia. The mean age of the participants was
13.86 + 3.13 years. The majority of the patients had
negative first psychotic symptoms. The mean age of
the first psychotic symptoms was 13.53 + 2.89 years,
and the mean age of the first psychotic symptoms was
14.43 + 2.78 years. The mean time between the first
psychiatric symptom and the diagnosis of
schizophrenia was 11.1 £ 1.56 months, and the mean
age of the diagnosis was 14.42 + 2.46 years.

In line with previous studies, one of the key findings
of our research is that schizophrenia was found to be
more prevalent among males’. Additionally, more
than 10% of participants had discontinued their
education. Individuals diagnosed with EOS and COS
are reported to experience significant impairments in
academic functioning, with frequent disruptions in
their  educational trajectories’.  Schizophrenia
adversely affects cognitive capacity and social skills,
while also leading to motivational deficits, which can
contribute to increased dropout rates from school®.
Therefore, in addition to symptom management
through  pharmacological treatment, providing
educational support and implementing individualized
educational  programs  for  individuals  with
schizophrenia may help mitigate academic functional
impairments.
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In our study, about 20 per cent of the participants
came from broken families. This finding suggests a
bidirectional relationship. Family structure has been
identified as a significant factor in the development of
psychiatric disorders in children and adolescents, and
studies indicate that children from single-parent
families have a higher risk of developing EOS".
Family conflicts, limited social support, and economic
difficulties observed in fragmented families may
increase the risk of psychopathology'®. Furthermore,
children raised in unstable family environments are
more likely to be exposed to stressors, which could
exacerbate  neurodevelopmental  vulnerabilities'.
Additionally, the burden of having a family member
with a chronic psychiatric disorder, along with the
challenges of diagnosis, treatment, and follow-up,
may further contribute to family stress and disrupt
family integrity. This finding suggests a bidirectional
relationship. Therefore, strengthening family support
systems and providing mental health support to
caregivers could play a crucial role in improving the
prognosis of children and adolescents diagnosed with
schizophrenia.

Participants in our study presented with externalizing
symptoms (e.g., hostility, aggression, impulsivity) and
internalizing symptoms (e.g., depression, anxiety,
social withdrawal) at similar rates. Our findings
support the notion that schizophrenia in children and
adolescents presents with a heterogeneous clinical
profile'®. Some studies suggest that internalizing
symptoms are more common in the prodromal phase,
particularly anxiety and depressive symptoms in EOS
cases’. However, externalizing symptoms are also
noteworthy clinical indicators, particularly in the
presence of comorbid ADHD and conduct disorder,
where they tend to be more pronounced'®. Thus, a
comprehensive clinical assessment that evaluates both
internalizing and externalizing symptoms
simultaneously is essential for developing effective
early intervention strategies. Another key finding of
our study was that there were no significant gender
differences in the prevalence of internalizing or
externalizing  symptoms. This  suggests that
schizophrenia in childhood and adolescence manifests
across a broad spectrum of psychopathology,
independent of gender. Although previous research
has reported that males exhibit more externalizing
symptoms while females present with more
internalizing symptoms, our study did not observe this
distinction'’. The fact that externalization and
internalization problems did not differ between
genders in our study can be explained by several
factors. Firstly, although it is traditionally accepted
that men are more externalized (aggression, anger
outbursts) and women are more internalized
(depression, anxiety), modern social dynamics may
have reduced these differences. In addition, the fact
that women participate more in business life and
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social life and men receive more psychosocial support
may eliminate the difference between the sexes in
terms of the expression of symptoms.

Regarding psychotic symptoms, 43% of participants
initially exhibited negative symptoms, while delusions
were the most commonly reported positive symptom
(25%). Our findings align with previous literature
indicating that negative symptoms predominate in
EOS'®. The early predominance of negative symptoms
may prevent families and social circles from
recognizing the disorder, contributing to diagnostic
delays'.  Therefore, early identification and
appropriate management of negative symptoms in
children and adolescents is of paramount importance.
The presence of comorbid psychiatric disorders,
including ADHD and intellectual disability in 65% of

participants, underscores the strong association
between  EOS/COS  and  neurodevelopmental
disorders. Neurodevelopmental impairments are

considered significant risk factors for schizophrenia
and further complicate patients’ academic and social
functioning [20]. Moreover, the presence of organic
medical conditions, particularly epilepsy, in 18
participants  highlights the neurobiological and
neurological underpinnings of schizophrenia. The
relationship between epilepsy and schizophrenia has
been extensively studied, with research suggesting
shared neurobiological mechanisms underlying both
conditions”".

In our study, the mean age at onset of initial
psychiatric symptoms was 13.53 years, while the
mean age at onset of psychotic symptoms was 14.43
years. Literature suggests that EOS typically has an
insidious onset, which can delay diagnosis’. The
average interval between the first psychiatric symptom
(whether internalizing or externalizing) and the onset
of psychotic symptoms was 10.8 months, while the
mean duration from the first psychiatric symptom to
schizophrenia diagnosis was 11.1 months. In other
words, non-psychotic psychiatric symptoms often
precede psychotic symptoms, and schizophrenia is
diagnosed approximately one year after the initial
symptoms emerge. This finding highlights that
diagnostic delays in EOS and COS remain a
significant concern. Various factors may contribute to
these delays. Firstly, psychotic symptoms in childhood
and adolescence may be misattributed to
neurodevelopmental disorders (e.g., ADHD or ASD)
or mood disorders’. Additionally, the early
predominance of negative symptoms may obscure the
clinical detection of psychotic processes™. Conducting
detailed family history assessments and carefully
evaluating symptom progression may help reduce
diagnostic delays. Our study also found that the mean
age at initiation of psychiatric treatment was 13.26
years, while the mean age at initiation of antipsychotic
treatment was 13.93 years. Many children and

adolescents exhibiting early psychiatric symptoms
initially receive treatment for anxiety, depression, or
behavioral problems, with antipsychotic treatment
introduced only when psychotic symptoms become
more apparent23 . This could explain the gap between
clinical diagnosis and the commencement of
antipsychotic treatment. Our findings emphasize the
need for improved early intervention strategies in EOS
and COS. These findings underscore the importance
of early recognition and careful monitoring of
psychiatric symptoms in children and adolescents at
risk for schizophrenia. Implementing structured
screening protocols and increasing awareness among
clinicians could help minimize diagnostic delays and
ensure timely initiation of appropriate treatment
strategies.

Our study also found that 22 patients required
hospitalization. Hospitalization rates in EOS and COS
are generally high, likely due to the severity of
symptoms and greater treatment resistance in this
patient group®*. Additionally, five participants had a
history of suicide attempts, while nine had a history of
substance use. Previous research has corroborated the
high prevalence of suicide risk and substance use
among children and adolescents with schizophrenia®.
Suicide attempts and social withdrawal are
particularly common in patients with predominant
negative symptoms™. Therefore, early identification
of suicide risk and a multidisciplinary approach to
managing EOS and COS patients are essential.

An examination of family history revealed that 50% of
participants’ parents had only a primary school
education, and 59% were classified as having low
socioeconomic status. Low socioeconomic status and
lower parental education levels have been identified as
major risk factors for the development of psychiatric
disorders in children’. Additionally, psychiatric
disorders were identified in 19% of mothers and 20%
of fathers, with schizophrenia specifically diagnosed
in 10% of both mothers and fathers. Genetic
predisposition is a well-established risk factor for
schizophrenia and other psychotic disorders, with
individuals having a parent diagnosed with
schizophrenia being at significantly greater risk than
the general population'®. These findings underscore
the interplay between biological and environmental
factors in  schizophrenia development. Early
identification and intervention strategies for high-risk
groups may help improve disease outcomes.

Our study has several limitations. First, as a
retrospective study, we were unable to track long-term
functional outcomes or treatment responses, limiting
our ability to draw definitive conclusions about
disease progression and treatment efficacy. Second,
our sample size was relatively small and drawn from a
single center, which may restrict the generalizability
of our findings. Future studies should replicate our
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findings across diverse geographical and cultural
settings. Lastly, our study did not use a scale to assess
positive and negative symptoms in more detail, which
may have limited the comprehensive assessment of
negative symptoms and cognitive impairments. Future
research should incorporate long-term follow-up data
and evaluate the effectiveness of early intervention
programs for managing EOS and COS.

This study provides valuable insights into the
sociodemographic and clinical characteristics of
individuals diagnosed with EOS and COS,
highlighting critical findings regarding diagnosis and
management. Enhancing early screening programs,
adopting  multidisciplinary =~ approaches, and
implementing individualized treatment strategies are
essential for optimizing the care and long-term
functionality —of affected individuals. Future
prospective and large-scale studies may further refine
our understanding of EOS and COS and contribute to
the development of more effective intervention
strategies.
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OZET

Bu calisma, metastatik renal hiicreli karsinom (mRHK) tedavisinde tirozin kinaz inhibitorlerinin (TKI) etkinlik ve yan etkilerini retrospektif
olarak degerlendirmeyi amaglamaktadir. mRHK, ileri evrede tan1 konulan ve yasam siiresi beklentilerini sinirlayan bir kanser tiiriidiir.
Tiirkiye'de interferon alfa tedavisi geleneksel olarak birinci basamak tedavi olarak uygulanmasina ragmen, progresyon gosteren hastalarda
TK{'ler gibi hedefe yonelik tedaviler oncelikli hale gelmistir. Calismada, 2010-2018 yillar1 arasinda mRHK tanis1 almig ve TKI tedavisi
gormiis 65 hasta incelenmistir. Bu retrospektif analizde, hastalarin demografik ve klinik verileri ile tedaviye verilen yanitlar
degerlendirilmistir. Ana bulgular arasinda sunitinib ve pazopanib tedavilerinin sagkalim sonuglarinin literatiirle uyumlu oldugu ve yan etkiler
arasinda halsizlik, hipertansiyon, dermatit gibi etkilerin 6ne ¢iktig1 belirlenmistir. Ortalama sagkalim siiresi 26 ay olarak hesaplanmustir.
Caligmanin sonuglar;, TKi’lerin mRHK tedavisindeki etkisini destekler nitelikte olup, gelecekte yapilacak daha genis hasta gruplarimi iceren
prospektif ¢aligmalarla bu etkinligin daha iyi anlagilabilecegi 6ne siiriilmiistiir.

Anahtar Kelimeler: Metastatik renal hiicreli kanser (mRHK). Tirozin kinaz inhibitorleri. VEGF inhibitorleri. Retrospektif analiz.

Evaluation of the Effect and Side Effect of Tyrosine Kinase Inhibitors on the Treatment of Metastatic
Renal Cell Carcinomas

ABSTRACT

This study aims to retrospectively evaluate the efficacy and side effects of tyrosine kinase inhibitors (TKIs) in the treatment of metastatic
renal cell carcinoma (mRCC). mRCC is a type of cancer diagnosed at advanced stages and significantly limits life expectancy. In Turkey,
interferon-alpha has traditionally been used as a first-line treatment; however, targeted therapies such as TKIs have become a priority for
patients showing progression. In the study, 65 patients who were diagnosed with mRCC and treated with TKI between 2010 and 2018 were
examined. This retrospective analysis evaluated the demographic and clinical data of patients and their response to treatment. Key findings
indicated that the survival outcomes of sunitinib and pazopanib treatments were consistent with the literature, with fatigue, hypertension, and
dermatitis being prominent side effects. The average survival duration was calculated as 26 months. The results of the study support the
effectiveness of TKIs in the treatment of mRCC and suggest that their impact could be better understood through prospective studies
involving larger patient cohorts in the future.

Keywords: Metastatic renal cell carcinoma. Tyrosine kinase inhibitors. VEGF inhibitors. Prognostic factors. Retrospective analysis.
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interferon-alfa (IFN-a) gibi geleneksel tedavilerin
yerini almaya baglamistir.  TKI’lerin, timor
biliylimesini baskilayan vaskiiler endotelyal biiyiime
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faktori (VEGF) yolu gibi spesifik molekiiler hedeflere
yonelmesi, bu ilaglarin 6nemini daha da artirmustir’”.

Bu calismanin amaci, mRHK tedavisinde TKI’lerin
etkinligini ve yan etki profillerini retrospektif olarak
degerlendirmektir. Calismada, klinik uygulamada TKI
kullantmimin gercek yasam verileri ile literatiirdeki
caligmalar arasindaki benzerlik veya farkliliklarin
ortaya konmasi amaglanmustir.

Gereg ve Yontem

Bu calisma, Tip Fakiiltesi Etik Kurulu tarafindan 15
Mayis 2018 tarihli ve 2018-9/16 numarali karar ile
onaylanmigtir. Calisma, 2010-2018 yillar1 arasinda
xxxx Universitesi Tip Fakiiltesi Hastanesi Tibbi
Onkoloji Poliklinigi’nde metastatik renal hiicreli
karsinom (mRHK) tanist almig 18 yas lizeri hastalarin
retrospektif incelemesini kapsamaktadir.

Calismaya dahil edilme kriterleri: (1) Renal hiicreli
kanser (RHK) tamisi almis olmak, (2) TKI kullanimu,
(3) Hasta tam ve takibinin Uludag Universitesi'nde
gerceklestirilmis olmasidir. Calisma disi birakilma
kriterleri ise (1) Bobrek disinda bir primer tiimoriin
varhg ve (2) TKI kullamim siiresinin 2 aydan az
olmasi olarak belirlenmistir.

Yerlesmis yontemler kaynaklarla desteklenmistir
(Kaplan-Meier sagkalim analizi, log-rank testi) ve
SPSS 23.0 yazilimi kullanilarak istatistiksel analiz
yaptlmigtir. Yeni bir yontem kullanilmadigi i¢in ek
aciklama gerekmemektedir. Tiim hastalarin klinik ve
demografik  bilgileri  ile  sagkalim  oranlar
degerlendirilmis; tedaviye bagli yan etkiler yan etki
yonetim kilavuzlarina gore siniflandirilmistir.

Hastalarin 6liim tarihleri, Tiirkiye Cumhuriyeti Saglik
Bakanhig Halk Saghg Kurumu Oliim Bildirim
Sistemi veritabanindan elde edilmistir. Bulgularin
gecerliligi icin veri analizi dikkatli sekilde kontrol
edilmistir.

Biyoistatistiksel Analiz: Sagkalim ve progresyon
verileri Kaplan-Meier yontemi ile analiz edilmis ve
gruplar arasindaki farkliliklar log-rank testi ile
degerlendirilmistir. Kategorik degiskenlerin analizi
icin ki-kare testi kullanilmigtir. Siirekli degiskenlerin
kargilagtirilmasinda t-testi veya Mann-Whitney U testi
uygulanmigtir. Tim analizler SPSS 23.0 yazilimi
kullanilarak gerceklestirilmis olup, p<0,05 degeri
istatistiksel olarak anlamli kabul edilmistir.

A. Sahin ve E. Cubuk¢u

hasta <65 yas, 14 hasta ise >65 yas olarak bulundu.
ECOG 0-1 olan hasta sayis1 51°di.

34 hastada berrak hiicreli (% 52,3), 8 hastada papiller
tip (%12,3), 2 hastada eozinofilik tip (%3,1) ve 5
hastada kombine (%7,7) goriliirken, 16 hastanin
histolojik tipi bilinmiyordu (%24,6). Hastalarin
metastaz yerleri incelendiginde 31 hastada akcigere
(%47,6), 4 hastada karacigere (%06,1), 23 hastada
kemige (%35,1) ve 5 hastada beyine (%7,6) metastaz
saptand1. 51 hastada tek odaga metastaz saptanirken
(%78,4) diger 14 hastada iki ve daha fazla odaga
metastaz (%21,5) saptandi. (Tablo I)

Tablo I. Hastalarin demografik, klinik ve patolojik

ozellikleri
Cinsiyet (Sayi/%) Kadin 21/32,3
Erkek 43/67,7
Yas (median) Kadin 57,7619
Erkek 57,0227
Yas (yil) =65 14/21,53
<65 51/78,46
ECOG (Say1/%) 0-1 51/78,46
22 14/21,53
Histoloji (Say1/%) Berrak hiicreli 34/52,3
Papiller 8/12,3
Eozinofilik 2/3,1
Kombine 51,7
Bilinmeyen 16/24.,6
Metastaz (Say1/%) Akciger 31/47,69
yeri Karaciger 416,15
Kemik 23/35,18
Beyin 517,69
Metastaz (Say1/%) <2 51/78,46
sayIsl 22 14/21,54
ECOG: Eastern cooperative oncology group

Caligmamizdaki hastalarin tamami interferon tedavisi
aldi. Interferon tedavisini tolere edemeyen ya da
sonrasinda progrese olmus hastalar TKi’den sunitinib
veya pazopanip tedavisi tercih edilmisti. TKI tedavisi
sonrasinda hastalar axitinib (n=14), everolimus
(n=22), nivolumab (n=2) aldilar. Caligsmadaki
hastalarin tedavi secim oranlar1 tablo II’de yer
almaktadir.

Tablo II. Tedavi segimleri

Bulgular

Calismaya mRHK tanis1 almis, IFN tedavisini tolere
edemeyen ya da sonrasinda progresyon gelisen 65
hasta dahil edildi. Hastalarin 44’ (%67,7) erkek, 21°1
(%32,3) kadindi. Tan1 an1 median yas kadin ve erkek
hastalarda ayni bulundu (erkek=57, kadin= 57,7). 51
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Tedavi ajani

IFN 65/100

IFN sonrasi segim Sunitinib 45/69,23
Pazopanib 20/30,77

TKi sonrasi segim Everolimus 22/55
Axitinib 14/35
Nivolumab 2/5
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Calismamizda verileri ele alinan mRHK hastalarinin
tan1 anindan itibaren hesaplanan tiim sagkalim oranlari
26 + 4,029 ay olarak hesaplandi.(Sekil 1)
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Sekil 1:
Tiim hastalarin genel sagkalimi (GS)

Tamami TKi kullanan hastalarin genel ozelliklerine
gore sagkalimlar degerlendirildi.

PS kadinlarda 9 ayken erkek hastalarda 15 ay olarak
saptand1 fakat bu fark istatiksel anlamli degildi
(p=0,149). Hastalar GS {iizerinden degerlendirildiginde
kadin hastalarin GS 15 ayken erkek hastalarin GS 37
ay olarak bulundu ve bu fark istatiksel olarak anlamli
bulundu (p=0,015). (Sekil 2)
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Sekil 2:
Cinsiyete gore GS

Tant yas1 >65 ve <65 olarak degerlendirildiginde
progresyonsuz sagkalim(PS) >65 yas grubunda 14 ay
<65 yas grubunda 15 ay olarak bulundu. GS her iki
grupta da 26 ay olarak bulundu.

Hastalar histopatolojik olarak berrak hiicreli RHK
(bhRHK) ve berrak hiicreli dist RHK (bhdRHK)
olarak gruplara ayrildiginda PS bhRHK’de 15 ayken
bhdRHK’de 5 ay olarak bulundu. GS’lerine
bakildiginda bhRHK’de 32 ay bhdRHK 17 ay olarak

bulundu. Her iki sagkalimdaki fark istatiksel olarak
anlamliydi (p=0,033).(Sekil 3)
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Sekil 3:
Histopatolojik tipe gére GS

Caligmamizda sunitinib ve pazopanib alan hastalar PS
iizerinde karsilastirildiginda her iki hasta grubunda da
PS 15 ay olarak bulundu. GS ise sunitinib grubunda
29 ayken pazopanib grubunda 24 ay olarak bulundu

fakat bu fark istatiksel olarak anlamli degildi
(p=0,647). (sekil 4)
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Sekil 4:
Sunitinib ve pazopanib'in GS karsilastirmasi

Calismamizda TKI kullanimma bagli yan etkiler
incelendiginde;

19 hastada hipotiroidi (%29,2), 7 hastada halsizlik
(%15), 17 hastada hipertansiyon (%26,2), 14 hastada
cilt bulgular1 (%21,5), 5 hastada mukozit (%7,7), 9
hastada bulant1 (%13,8), 3 hastada diyare (%4,6), 30
hastada 16kopeni (%46,2), 20 hastada ndtropeni
(%30,8), 20 hastada lenfopeni (%30,8), 18 hastada
anemi (%27,7), 18 hastada trombositopeni (%27,7),
14 hastada transaminaz artigi (%21,5), 3 hastada da
(%4,6) biluribin artis1 saptandi. Hastalardan sadece bir
tanesinde farkl bir tedavi secenegine gecildi.
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Saptanan yan etkiler {izerinden sunitinib ve pazopanib

karsilastirildi.  Saptanan sonuglar tablo III’de yer

almaktadir.

Tablo III. Sunitinib ve pazopanib’in yan etki
oranlarmin karsilagtiritlmasi.

Yan etki Sunitinib(%) Pazopanib(%)

Halsizlik 8,9 15

Hipertansiyon 22,2 35

Dermatit 28,9 5

Mukozit 11,1 .

Bulanti 15,6 10

Diyare 44 5

Hipotiroidi 289 30

Anemi 28,9 25

L6kopeni 53,3 30

Nétropeni 35,6 20

Lenfopeni 31,1 30

Trombositopeni 14 20

Hiperbilirubinemi 2,2 10

Transaminaz artis 22,2 20

Tartisma ve Sonug

Eriskin kanserlerin %2-3’iinii RHK olugturmaktadir.
Kadinlarda dokuzuncu, erkeklerde ise yedinci en sik
goriilen kanserdir'. Renal hiicreli karsinom, sitotoksik
tedaviye, radyoterapi ve hormon tedavisi ile yanit
oranlar1 diisiiktiir'*'%. Anjiyogenez inhibitdrlerinin
yakin zaman oOnce, interferon-o. (IFN-a) ve / veya
interlokin-2 (IL-2) dahil olmak iizere sitokin bazl
tedavi, sinirli klinik aktiviteye ve anlamli olmasina
ragmen, ilerleyen RHK i¢in tedavinin temel
dayanagiydi'""2. VEGF rolii ve rapamisin yollarmim
memeli hedefini iceren RHK tiimér biyolojisinin
anlagilmasindaki ilerlemeler, sorafenib, sunitinib,
bevacizumab dahil olmak {izere bir¢ok ajanin basarilt
klinik gelisimine yol agmustir.

Calismamizda mRHK  goriilme siklign  erkek
hastalarda kadin hastalardan 2 kat daha fazlaydi.
Hastalarin median tam1 yasi ise 57 olarak bulundu.
Siegel ve ark.’in yapmis olduklar1 g¢alismada ise
hastaligin goriilme siklig1 erkek hastalarda kadin
hastalardan 1,6 kat daha fazla olarak belirtilmistir ve
median tani yagt 65 saptanmis olup daha yasli hastalar
mevcuttur. Goriilme siklig1 benzerdir’.

Calismamizdaki hastalarda histopatolojik olarak
berrak hiicreli, papiller tip, eozinofilik tip ve kombine
tip gorildi, Patard ve ark.’in yapmis olduklarn
calismada berrak hiicreli (%60-70), papiller (%5-15),
kromofobik (%5-10), onkositik (%5-10) ve toplayict
kanal (<%1) olarak belirtilmis olup bizim ¢aligmamiz
ile benzer 6zellik tasimaktadir™>.
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Calismamizda hastalarin metastaz yerleri
incelendiginde akcigere, karacigere, kemige ve beyine
metastaz saptandi. 51 hastada tek organda metastaz
varken diger 14 tanesinde iki ve daha fazla organda
metastaz saptandi. M.Bianchi ve ark.'ln yapmis oldugu
caligma ile karsilagtirildiginda ¢alismamizda akciger,
kemik ve beyin metastazi daha fazla oranda
saptanirken, karaciger metastazi daha az oranda
saptanmustir. Yine ayni ¢aligmayla karsilastirildiginda
caligmamizda tek organda metastazi daha fazla
goriiliirken, iki ve daha fazla organa metastaz daha az
saptanmugtir'®,

Eski calismalarda mRHK’lu hastalarda GS diisiik
oranda saptanirken Heng DY. ve ark.’in ¢aligmasinda
GS hedefe yonelik tedavilerle artmis ve 28,4 ay
saptanmistir. Bizim c¢alismamizda da GS benzer
bulunmustur.

Calismamizda kadin hastalarin PS erkek hastalarla
karsilastirildiginda 9 aya 15 ay olarak bulundu fakat
istatiksel olarak anlamli degildi (p=0,149). Ancak
hastalar GS {izerinden degerlendirildiginde kadin
hastalarin  genel sagkalimlar1 15 ayken erkek
hastalarin genel sagkalimlar1 37 ay olarak bulundu ve
bu fark istatiksel olarak anlamli bulundu (p=0,015).
Literatiir incelendiginde Monish ve ark.’in yapmis
oldugu SEER veri tabani analizinde kadmlarda GS
daha istiin olmakla birlikte, evre ve dereceye gore
ayarlandiginda kansere 0zgli sagkalim, erkeklerle
benzer bulunmustur. Genel sagkalimin erkek
hastalarda daha kisa olmasi erkeklerde bhRHK daha
az gorlilmesi, biiyiik timdr boyutu, yiiksek grade ve
ileri evre ile iliskilendirilmistir. Bizim ¢aligmamizdaki
erkek hastalar incelendiginde ise bhRHK oraninin
daha fazla oldugu goriildii ve bu anlamlr istatiksel fark
bu durumla iliskilendirildi"’.

Hastalar histopatolojik olarak bhRHK ve bhdRHK
olarak gruplara ayrildiginda PS bhRHK’de 15 ayken
bhdRHK grupta 5 ay olarak bulundu. Genel
sagkalimlarina bakildiginda bhRHK’de 32 ay
bhdRHK 17 ay olarak bulundu. Her iki sagkalimdaki
fark istatiksel olarak anlamliydi (p=0,033)".

mRHK hastalarinda yapilan faz I, faz II ¢alismalar
sunitinibin  etkili  tedavi  secenegi  oldugunu
gostermigtir. Tiimor boyutunda etkin kiiclilme olmasa
da sunitinibin hastalikta stabilizasyon sagladigi
gérﬁlmﬁstﬁr”. Motzer ve ark.’mn tedavi almamis 750
bhRHK hastasinin oldugu bir faz III c¢alismasi
sunitinib ile IFN kullanimi karsilagtirmis ve PS sirasi
ile 11 ay, 5 ay bulunmustur (p<0,0001). Objektif yanit
orani ise %31’e %6 (p<0,001) olarak bulunmustur.
Ortanca sagkalimlar sirasi ile 26,4 ay, 21,8 ay olarak
gerceklesmis ve istatistiksel anlamli fark (p=0,051)
gbrﬁlememistirlg. Bu durum IFN sonrasi progresyon
gelisen hastalarm  da TKI kullanmasina bagh
olabilecegi 6ne siiriilmiistiir.

Caligmanin 2009°da giincel verileri agiklandiginda
IFN grubundaki hastalarin diger tedavileri (sunitinib
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%33, diger anti-VEGF %32) aldig1 saptanmustir.
Baska tedavi almamis sadece sunitinib almis 193 hasta
ve sadece IFN almis 162 hasta tespit edilmis ve
kargilagtirma yapilmistir. Sadece sunitinib almig
grubun genel sagkalimi 28,1 ay iken IFN almis grupta
14,1 ay bulunmustur (p=0,003) ®. Bizim ¢aligmamizda
mRHK olup sunitinib alan hastalarin sag kalimlari
incelendiginde PS 15 ay olarak bulundu. Hastalarin
genel sagkalimlar ise Motzer ve ark.’in ¢alismasiyla
benzer olarak bulundu.

Sternberg ve ark.’1 tedavi almayan 233 hasta ya da
sitokin almis 435 metastatik bhRHK hastasin1 dahil
ettikleri c¢alismalarinda pazopanib ile plasebo
kargilagtirtlmistir.  Calismadaki  hastalarin =~ hepsi
degerlendirildiginde pazopanib alan grupta PS 9,2 ay

iken plasebo grubunda 4,2 ay bulunmustur
(p<0,0001). Calismadaki daha Onceden tedavi
almamis 233 hasta ayrica degerlendirildiginde

pazopanib grubunun PS 11,1 ay, plasebo grubunun ise
2,8 ay olarak bulunmustur (p<0,0001) (137). Ayrica
sitokin almis olan pazopanib grubunda PS 7,4 ayken
plasebo grubunda PS 4,2 ay (p<0,001) saptanmustir .
Sunitinib ile karsilastirildigi (COMPARZ) calismada
benzer sagkalim oranlar1 (pazopanib: 8,4 ay, sunitinib:
9,5 ay) saptanirken pazopanibde daha iyi hayat kalitesi
elde edilmistir’. Diger ¢alismada (PISCES) ise
hastalarin yan etkiler nedeniyle pazopanibi sunitinibe
tercih  etttikleri gérﬁlmﬁstﬁrZI. Bizim  yapmis
oldugumuz ¢aligsmada ise pazopanib alan hastalarin PS
15 ay olarak bulundu. Genel sagkalimlari
degerlendirildiginde 24 ay olarak bulundu.

Sonu¢ olarak ¢aligmamizda 01.12.2010-30.04.2018
arasinda mRHK tanisi almis ve TKI kullanmus olan 65
hastanin demografik, histopatolojik o6zellikleri ve
tedavilerinin  retrospektif olarak degerlendirmesi
yapildi. Hastalar birinci basamakta IFN-o tedavisi aldi
ve sonraki basamakta TKI tercihleri degerlendirildi.
Tedavi  cevaplarinda, IFN-a  sonrasi tedavi
seceneklerinden sunitinib ve pazopanip kullanan
hastalar karsilastirildi. Literatirde TKI kullanimi
plasebo ve IFN-o ile karsilagtirilmis GS ve PS
iizerinde daha etkin oldugu goriilmistir. Bizim
calismamizda da literatiire benzer sagkalim
sonuglaria ve genel yan etki profilleri de rastlandi.
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Prediction of Proximal Humerus Morphometric
Characteristics for Patient-Specific Humerus Prosthesis
Design

Alper VATANSEVER, Serdar BABACAN, Kemal GULSEN, Gizem CETIN,
Mahinur Rabia KARAKILIC
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ABSTRACT

The human arm and shoulder joint depend on the humerus, which is the bone that bears the most weight in the upper limb. An individual's
quality of life could be affected by a humeral fracture; the rigid geometry of current prosthetic systems complicates the process of obtaining
anatomical restoration after arthroplasty. This study aimed to generate hypotheses about the morphometric properties of the proximal end of
the humerus, derived from the morphometric characteristics of the distal end of the individual's humerus, to enable the construction of a
personalized humeral prosthesis. There were 33 dry humerus bones used in the study; IBM SPSS Statistics was used for statistical analysis.
This paper developed predictive linear regression models using 33 dry humeral bones in order to determine proximal humerus morphometric
features. The approach showed developments in patient-specific humeral prosthetic design and offers a solution to problems related with
current standardized prosthetic systems. The thorough approach, clinically relevant approach, and clear presentation of results of the study
make it a major source for building patient-specific humeral prosthesis. The developed equations might improve surgical results and patient
quality of life. Validating these equations in vivo using CT imaging and clinical data should be given priority in future studies.

Keywords: Anatomy. Morphometry. Prosthesis. Humerus. Fracture.

Kisiye Ozgii Humerus Protezi Dizaym icin Humerus’un Proksimal Béliimiiniin Morfometrik Ozelliklerinin Tahmin Edilmesi

OZET

Insan kolu ve omuz eklemi, iist ekstremitedeki en fazla agirhk tastyan kemik olan humerus'a baghdir. Bir bireyin yasam kalitesi, bir humerus
king: tarafindan etkilenebilir; mevcut protez sistemlerinin kalip geometrisi, artroplasti sonrasi anatomik restorasyon elde etme siirecini
karmagiklastirir. Bu ¢alismada, bireyin humerus'unun distal ucunun morfometrik 6zelliklerinden tiiretilen, humerus'un proksimal ucunun
morfometrik Ozellikleri hakkinda hipotezler olusturmak amacglandi ve boylece kisisellestirilmis bir humeral protez dizayni gelistirme
yoniinde yeni formiiller ortaya kondu. Calismada 33 kuru humerus kemigi kullanildi; istatistiksel analiz i¢in IBM SPSS Statistics v28.0
kullanildi. Bu makale, proksimal humerus morfometrik ozelliklerini belirlemek amaciyla 33 kuru humerus kemigi kullanarak ongoriicii
dogrusal regresyon modelleri gelistirmistir. Yaklasim, hasta spesifik humeral protez tasariminda gelismeler gosterdi ve mevcut
standartlastirilmis protez sistemleriyle ilgili sorunlara bir ¢oziim sundu. Kapsaml yaklasim, klinik olarak ilgili yaklagim ve ¢aligmanin
sonuglarmin net sunumu, hasta spesifik humeral protezlerin olusturulmasinda 6nemli bir kaynak haline getiriyor. Gelistirilen denklemler,
cerrahi sonuglart ve hasta yasam kalitesini artirabilir. Bu denklemlerin in vivo olarak CT goriintiileme ve klinik veriler kullanilarak
dogrulanmast, sonraki ¢aligmalarda 6n planda olmalidir.

Anahtar Kelimeler: Anatomi. Morfometri. Protez. Humerus. Kirik.
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and defines the human brachium. The humeral and
cubital joints are two important joints that are used in
daily lives. Proximally, the shoulder joint is formed by
the humeral head articulating with the glenoid cavity,
and distally, it articulates with the radius and ulna
through the cubital joint. The most proximal part of
the humerus is the caput humeri, and it forms a ball-
and-socket joint with the shallow cavity called the
glenoid cavity on the scapula. Because it combines the
structure of two important joints, any pathology in this
bone affects the individual's life quality'™*. About 5%
of the fractures showing up to the emergency room are
proximal humerus fractures. Patients with poor bone
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quality, those unsuitable for osteosynthesis, those in
poor health, and those with low rehabilitation
potential, as well as those with poor fracture
dislocation and multiple anatomical neck fractures are
advised hemiarthroplasty, a shoulder replacement
whereby the humerus is replaced with a metal implant
and the other part of the shoulder joint belonging to
the scapula is left intact™. However, it was shown that
restoring normal anatomy during arthroplasty could be
challenging due to the relatively fixed geometry of
current  prosthetic  systems’.  Therefore,  the
dimensional data of the proximal end of the humerus
are important for the optimal design of prosthetic
components’. Recent designs for the replacement of
the proximal end of the humerus with a prosthesis
have emphasized the importance of accurately
reconstructing the normal three-dimensional anatomy.
For replacing the proximal part of the humerus with a
prosthesis is to recreate normal anatomy, it is
important to understand the normal humeral
morphology in three dimensions®. The gold standard
for determining the premorbid anatomy of a fractured
bone is to mirror the contralateral side and use it as a
template for reconstruction. However, this approach
has its limitations; it requires a computed tomography
(CT) scan of both arms, the contralateral humerus
must be healthy, and there may be differences in the
morphology of the dominant and non-dominant
humerus’.

This could also cause the approach to be suboptimal’.
The aim of the study is to develop formulas that
predict the morphometric characteristics of the
proximal end of the humerus based on the
morphometric features of the distal end of the
individual's humerus to design a personalized humerus
prosthesis.

Material and Method

This study commenced after receiving ethical
approval from Institutional Ethical Board (Degree No.
2025/4-11).

The study was performed on 33 dry humeri of
unknown age and sex and without distinction between
right and left sides, in the Anatomy Laboratory of the
authors’ institution. Bones with anatomical variations,
pathology, erosion and fractures that would affect the
measurement and statistical results were not included
in the study. As a result of the power analysis test
performed to determine the number of humeri to be
used in the study, using a two-sided test, 5%
significance level test (0=0.05) and 80% power
(B=0.2) for an effect size of 0.75, the required sample
size was approximately 33 (n=33) humerus.

Morphometric measurements were performed by the
same researcher using a manual caliper with
sensitivity of 0.1 millimeter (mm) in the standard
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position in the morphometry laboratory. Three
researchers observed the measurements to ensure
standardization. Standardization. The researchers
observed the researcher who made the main
measurement and checked whether the measurement
was between the correct landmarks, whether the
measurement on the caliper was read correctly, and
whether the measurement added to the data set was
added correctly. Maximum length of the humerus
(MLH), humeral shaft diameter (HSD) (Figure 1),
eleven perimeters of the proximal part (Figure 2) and
sixteen perimeters (Figure 3) of the distal part of the
humerus were measured.

Figure 1.
Maximum length of the humerus (MLH), Humeral
shaft diameter (HSD)

Figure 2.

Variables measured on the proximal part of the
humerus. P1- Humeral head transverse diameter; P2-
Humeral head vertical diameter; P3- Anatomical neck

diameter,; P4- Surgical neck diameter; P5-
Intertubercular sulcus length; P6- Intertubercular
sulcus width, P7- Intertubercular sulcus depth; PS-
Humeral head height; P9- Angle between humeral
head and humeral shaft; P-10 Vertical distance
between the top of the greater tubercle and the top of
the humeral head; P11- Distance between the lower
border of the humeral head and the upper point of the
greater tubercle
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Figure 3.

Variables measured on the distal part of the humerus.
D1- Capitulum humeri width, D2- Capitulum humeri
height; D3- Trochlea humeri width; D4- Lateral
height of humeral trochlea; D5- Medial height of
humeral trochlea; D6- Median height of humeral
trochlea; D7- Width of coronoid fossa; DS- Height of
coronoid fossa; D9- Radial fossa width; D10- Radial
fossa height; D11- Olecranon fossa width; D12-
Olecranon fossa height; D13- Epicondylar width;
D14- Distance between the upper and lower borders
of the olecranon fossa; D15- Distance between the
lower border of the olecranon fossa and the lower
border of the trochlea humeri; D16- Distance between
the distal end of the humerus and the upper border
line of the olecranon fossa

Statistical data analyses were performed in IBM SPSS
29.0.2.0 (IBM Corp. Released 2023. IBM SPSS
Statistics for Windows, Version 29.0.2.0 Armonk,
NY: IBM Corp.). The descriptive statistical analysis
was performed for Median (Med) ((Minimum (Min) —
Maximum (Max)) and Mean + Standard Deviation
(SD) values of the data. We performed the stepwise
multiple linear regression analysis to develop
equations to estimate the dimensions of the proximal
part of the humerus using the morphometric
characteristics of the distal part of the humerus, which
were correlated. Statistically, the significance level
was accepted as 0=0.05.

Results

In the study, 33 dry humeri of unknown gender and
age were used without any distinction between right
and left. Statistical findings of the measurements taken
from the bones are given in Median (Minimum-
Maximum) and Mean + Standard Deviation in Table 1.

Table I. Descriptive statistics of measured variables
on the humerus (mm)

|Variables Med (Min-Max) Mean * SD

IMLH- Maximum length of the 323.00 (280.00 -

humerus 354.00) 324.00£17.02

P1- Humeral head transverse 4400 (37.00 -

diameter 49.00) 4363+2.56

P2- Humeral head vertical 47.00 (39.00 -

diameter 52.00) 46.72£313

P3- Anatomical neck diameter 47'05?3(%%)00 T 4684+328

P4- Surgical neck diameter 31.00 (24.00-36.00)  30.63 + 3.43

P5- Intertubercular sulcus length 4 2? é5(())0())0 B 7145+11.84

P6- Intertubercular sulcus width ~ 9.00 (7.00 - 10.00) 8.63+1.08

P7- Intertubercular sulcus depth ~ 5.00 (3.00 -7.00) 4.83+0.69

P8- Humeral head height 38.00 (32.00-45.00) 38.24 +3.24

P9- Angle between humeral 125.00 (112.00 -

head and humeral shaft 136.00) 124.69£5.36

P-10 Vertical distance between

the top of the greater tubercle 6.00 (3.00 -7.00) 548+1.17

and the top of the humeral head

P11- Distance between the lower

border of the.humeral head and 32.00 (24.00-39.00) 3196 +3.54

the upper point of the greater

tubercle

HSD- Humeral shaft diameter ~ 21.00 (17.00-26.00) 2127 +1.95

D1- Capitulum humeri width 17.00(11.00-21.00) 1727 +1.79
. e 21.00 (17.00 -

D2- Capitulum humeri height 25.00) 20.84 £1.84

D3- Trochlea humeri width 27'033%‘(‘)')00 T 2727206

D4- Lateral height of humeral 19.00 (15.00 -

trochlea 22.00) 1912£1.89

D5- Medial height of humeral 25.00 (20.00 -

trochlea 30.00) 24.93£2.30

D6- Median height of humeral 17.00 (14.00-21.00)  16.96 + 189

trochlea

D7- Width of coronoid fossa 14'0?8%')00 T 14155197

D8- Height of coronoid fossa 11.00 (7.00-16.00)  10.87 +1.69

D9- Radial fossa width 11.00 (8.00-13.00) 1045+1.17

D10- Radial fossa height 9.00 (6.00 - 11.00) 8.60 + 1.14

D11- Olecranon fossa width 25'039%%)00 T 4964243

D12- Olecranon fossa height 17.00 (14.00-21.00) 17.78 £1.74
) . 63.00 (53.00 -

D13- Epicondylar width 72.00) 62.60 +£4.32

D14- Distance between the

upper and lower borders of the ~ 19.00 (16.00 -22.00)  19.57 +1.87

olecranon fossa

D15- Distance between the

lower border of the olecranon

fossa and the lower border of the 18.00(13.00-21.00)  17.39 +2.01

trochlea humeri

D16- Distance between the distal

end of the humerus and the 37.00 (31.00 -

upper border line of the 40.00) 36.30 £2.55)

olecranon fossa

The stepwise multiple linear regression equations
were developed to estimate the dimensions of the
proximal part of the humerus from the morphometric
measurements taken from the distal part of the
humerus using the values correlated between the
proximal part and the distal part of the humerus, the
adjusted R squared and the standard error of the
estimate values was given in Table II.
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Table II. The Stepwise multiple linear regression
equations estimating the dimensions of
the proximal part of the humerus from
morphometric characteristics of the distal
part (mm)

Model Significance

Test
statistics

MLH- Maximum length of the
humerus (mm)=70.128 + (1.987 x
HSD) + (2.021 x D1) - (2.004 x D2)
+ (1.576 x D3) + (2.964 x D5) +
(2.540 x D7) +(1.810 x D16)

P1-  Humeral head transverse
diameter (mm)= 8.405 + (0.256 x
HSD) + (0.309 x D1) + (0.347 x D3)
+ (0.313 x D5) - (0.310 x D10) +
(0.503 x D14)

P2-  Humeral head vertical
diameter=1.507 + (0.354 x HSD) +

(0.508 x D1) + (0.581 x D3) + (0.368F(8;24)=8.6
x D5) - (0.308 x D6) + (0.693 x D7) 55

+ (0.294 x D16) - 0.344 x D2) -

(0.402 x D9)

P3- Anatomical neck diameter= -
9.119 + (0.617 x HSD) + (0.489 x
D1) + (0.510 x D3) - (0.522 x D9) -
(0.456 x D12) + (0.212 x D13) +
(0.562 x D14) + (0.269 x D16)

P4-  Surgical neck diameter=-
16.0908 + (0.829 x HSD) — (0.433 x
D2) + (0.317 x D3) — (0.422 x D4) +
(0.752 x D12) + (178 x D13) +
(0.796 x D15)

P5- Intertubercular sulcus
length=43.336 + (1.575 x HSD) +
(1.858 x D6) + (2.292 x D7) - (5.027
x D9) + (5.374 x D10) — (1.528 x
D11) - (1.271 x D14)

P6- Intertubercular sulcus width= -

1.422 + (0.105 x HSD) + (0.143 xF(5;27)=7.5
D3) — (0.252 x D7) + (216 x D11) + 20
(0.118 x D12)

P7- Intertubercular sulcus depth=

4.960 — (0.092 x HSD) + (0.075 xF(5;27)=2.5
D2) - (0.094 x D8) — (0.156 x D10) + 56
(0.148 x D12)

P8- Humeral head height=17.852 +
(0.436 x HSD) + (0.580 x D3) -
(0.658 x D4) - (1.026 x D5) + (1.051
x D6) - (0.442 x D7) + (0.450 x D14)
+(0.754 x D15)

P9- Angle between humeral head

land humeral shaft= 137.892 +

(0.881 x D1) + (1.136 x D3) - (0.937F(8;24)=1.7
x D6) - (1.170 x D8) - (2.124 x D10) 87

- (0.287 x D13) — (1.327 x D15) +

(0.786 x D16)

P10- Vertical distance between the
top of the greater tubercle and the
top of the humeral head= 1.237 +
(0.192 x HSD) 0.176 x D1) — (0.205
x D3) + (0.217 x D5) - (0.235 x D6)
+ (0.311 x D7) - (0.224 x D10) +
(0.151 x D14) - (0.236 x D15)

P11- Distance between the lower

border of the humeral head and the

upper point of the greater tubercle=

3.212 + (0.651 x HSD) + (0.631 xF(10;22)=4.
D2) + (0.653 x D3) — (1472 x D4) - 204
(1.037 x D5) + (1.461 x D6) - (0.538

x D8) + (0.545 x D11) — (0.497 x

D12) +(0.818 x D15)

Standard
Error of the
Estimation

Adjust

Equati
quations Pvalue edR?

F(7;25)=7.7

<0.001 0.596  10.817

F(6:26)=8.4
3

<0.001 0.582 1.655

<0.001 0.667 1.810

F(8:24)=7.7

57 <0.001

0.628 2.006

F(7;25)=8.7

<0.001 0.628 2.095

F(7,25)=3.0

<0.001 0.312 9.824

<0.001 0.505 0.763

0.051 0.196 0.621

F(8:24)=2.4

" 0.043 0.266 2.735

0.129 0.181 4.856

F(9:23)=1.8

85 0.129 0.199 1.052

0.002 0.500 2.502
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The equation with an adjusted R? value of 0.667 has
the highest prediction percentage among the
developed equations and the standard error of the
estimation of the equation was 1.810.

Discussion and Conclusion

From distal humerus measurements, this study
efficiently built predictive linear regression equations
to determine proximal humerus morphometric
characteristics. This approach offers a reasonable
solution to the problems connected with current
standardized prosthetic systems and shows a clear
development in the field of patient-specific humerus
prosthetic design.

The main strength of this study was its practically
appropriate and clinically relevant method. Using
easily measured morphometric variables of distal
humeri, the study provides a basis for estimating
proximal anatomy. When contralateral imaging is
unavailable or inaccurate, such as in bilateral fractures
or when the other humerus exhibits disease, this
method could be very helpful®. The established
equations provide surgeons and prosthetic designers
with a useful tool to personalize implants, hence
potentially improving functional results and reducing
issues.

The rigorous approach adopted in this study increases
its validity. One researcher applying a specific
measuring technique under validation by three
observers decreases inter-observer variability and
ensures data consistency’. Based on a clinically
appropriate effect size, the estimation of sample size
by means of power analysis shows a commitment to
statistical accuracy. Moreover, a clear and
understandable model for estimating proximal
humerus dimensions is provided by linear regression
analysis, appropriate for discriminating linear
correlations among variables™'".

This study could help to create prediction equations.
The equations shown in Table II offer a
straightforward, quantitative method for evaluating
proximal humerus form. Reflecting the variance in the
dependent variable explained by the independent
variables, the modified R-squared values show a
strong predictive power of the produced models. The
standard error of the estimate would help physicians to
understand the likely range of wvariability by
quantifying the accuracy of projections'".

Especially relevant to prosthetic design was the focus
on morphometric characteristics. Restoring suitable
joint kinematics and stability depends on exact repair
of the humeral head and other proximal features. This
work presented equations that satisfy this demand by
providing a means to estimate these fundamental
dimensions using distal observations. This approach
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could increase the precision of implant choice and
placement, therefore producing better patient results'”.

Using dry bone specimens offers a controlled
environment for data collection, even though it limits
the research to anatomical measurements. This
approach would help to assess bone shape assess bone
shape more precisely by eliminating the confusing
factors linked to soft tissue and image artefacts. This
controlled environment ensures the highest data
accuracy acquired.

The clear and concise presentation of data, including
descriptive statistics and regression analysis, would
help physicians to understand and apply the results.
Tables I and II provided a complete overview of the
data, therefore allowing readers to quickly acquire and
use the knowledge. The credibility of the study was
enhanced and its application in clinical practice would
be facilitated by the clarity in data presentation.

By means of measurements of the distal humerus, this
work efficiently generated prediction equations for
ascertaining the morphometric features of the
proximal humerus. The virtues of this study were
highlighted by the strict methodology, therapeutically
relevant approach, and clear presentation of results.
The developed equations offer a great tool for the
design of patient-specific humeral prosthesis, thereby
improving patient quality of life and maybe leading to
improved surgical results. Future studies should focus
on verifying these equations in vivo using CT imaging
and clinical data and investigate the likely impact of
these forecasts on prosthesis design and patient
outcomes.

Orthopedic studies conducted on dry bones can indeed
be beneficial for in vivo clinical trials, as they provide
foundational insights into bone morphology and
material properties that are crucial for developing and
testing new orthopedic materials and treatments.
These studies allow researchers to understand the
structural and functional aspects of bones without the
ethical and practical challenges associated with in vivo
studies. This foundational knowledge can then be
applied to in vivo settings to enhance the development
and evaluation of orthopedic interventions. Dry bone
studies, such as those using CT scans, provide detailed
information on trabecular bone morphology, which is
essential for understanding bone strength and
adaptation. This information can be used to infer
functional adaptations and compare them with in vivo
data, as demonstrated by the Bone Ratio Predictor
method, which links dry and fresh bone data”. Dry
bones serve as a platform for testing new biomaterials,
such as the 3D bioactive scaffolds designed for bone
regeneration. These scaffolds are evaluated for their
mechanical properties and biocompatibility before
being tested in vivo, ensuring that only promising
materials proceed to clinical trials'®.
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ABSTRACT

Familial Mediterranean fever (FMF) is an autoinflammatory disorder caused by mutations in the Mediterranean fever gene (MEFV), leading
to excessive interleukin-1 beta (IL-1B) production. While colchicine is the primary treatment for FMF, a subset of patients exhibits resistance
or intolerance, necessitating alternative therapeutic strategies. Canakinumab, a selective IL-1p inhibitor, has emerged as a potential treatment
option. This study aims to evaluate canakinumab's real-world efficacy and safety in colchicine-resistant or colchicine-intolerant FMF
patients. A retrospective, single-center study was conducted on FMF patients aged over 18 who initiated canakinumab treatment between
January 2013 and October 2023. A total of 34 patients experiencing colchicine resistance or intolerance criteria were analyzed. Clinical and
laboratory parameters, including Pras scores, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and serum amyloid A (SAA),
were assessed before and after canakinumab treatment. Statistical analyses were performed using the Wilcoxon test and paired sample t-test.
Canakinumab treatment significantly reduced Pras scores (p<0.001), ESR (p<0.001), CRP (p<0.001), and SAA levels (p<0.001). A decrease
was observed post-treatment among patients with proteinuria, though not statistically significant (p=0.140). Treatment was discontinued in
three patients due to active disease or adverse effects. No serious infections were reported. In conclusion, canakinumab could be a promising
treatment option in colchicine-resistant or colchicine-intolerant FMF patients.

Keywords: Canakinumab. Colchicine. Familial Mediterranean fever.
Ailevi Akdeniz Atesinde Kanakinumab ile Ger¢ek Yasam Deneyimi: Tek Merkezli Bir Calisma

OZET

Ailesel Akdeniz atesi (AAA), Mediterranean Fever (MEFV) geninde mutasyonlarin neden oldugu ve asir1 interlokin-1 beta (IL-1p) iiretimine
yol agan otoinflamatuar bir hastaliktir. Kolgisin AAA i¢in ana tedavi olsa da, hastalarin bir alt grubu diren¢ veya intolerans gostererek
alternatif tedavi stratejilerine ihtiya¢ duymaktadir. Selektif bir IL-1f inhibitorii olan kanakinumab, potansiyel bir tedavi secenegi olarak
ortaya ¢ikmustir. Bu calisma, kolsisine direngli veya kolsisine intoleransi olan AAA hastalarinda kanakinumabin gercek yasamdaki
etkinligini ve giivenligini degerlendirmeyi amaglamaktadir. Ocak 2013 ve Ekim 2023 tarihleri arasinda kanakinumab tedavisine baglayan 18
yas iistii AAA hastalarinda retrospektif, tek merkezli bir ¢alismadir. Kolsisin direnci veya intoleransi kriterlerini karsilayan toplam 34 hasta
analiz edildi. Pras skorlari, eritrosit sedimantasyon hizt (ESR), C-reaktif protein (CRP) ve serum amiloid A (SAA) dahil olmak iizere klinik
ve laboratuvar parametreleri kanakinumab tedavisinden 6nce ve sonra degerlendirilmistir. Istatistiksel analizler Wilcoxon testi ve
eslestirilmis Orneklem t-testi kullanilarak gergeklestirilmistir. Kanakinumab tedavisi Pras skorlarini (p<0,001), ESR (p<0,001), CRP
(p<0,001) ve SAA diizeylerini (p<0,001) anlaml dlgiide azaltmistir. Proteiniirisi olan hastalarda tedavi sonrasinda istatistiksel olarak anlaml
olmasa da bir diisiis gozlenmistir (p=0,140). Aktif hastalik veya yan etkiler nedeniyle ii¢ hastada tedavi kesilmistir. Hi¢bir ciddi enfeksiyon
bildirilmemistir. Sonug olarak, kanakinumab kolsisine direncli veya kolsisine intoleransli AAA hastalarinda umut verici bir tedavi secenegi
olabilir.
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Familial Mediterranean fever (FMF) is an
autoinflammatory disease with autosomal recessive
inheritance." It is characterized by fever and recurrent
episodes of serositis, usually lasting 12-72 hours.”
FMF treatment aims to reduce the frequency of
clinical  attacks and  suppress  subclinical
inflammation.” Inadequate treatment can lead to
secondary amyloidosis, which is associated with high
morbidity and mortality.*” The Mediterranean fever
gene (MEFV) responsible for the disease is localized
in the 16p13.3 region. The MEFV gene, which
consists of ten exons and 781 amino acids, encodes
the pyrin protein. Mutations in the MEFV gene disrupt
pyrin function and, thus, lead to uncontrolled
production of interleukin-1 beta (IL—IB).6 IL-1 is the
triggering cytokine for the onset of an FMF attack.

Colchicine, the primary treatment for FMF, is highly
effective in controlling attacks and preventing the
development of amyloidosis.” However, 5-10% of
patients do not respond to or resist colchicine.® In
addition, colchicine cannot be used at adequate doses
in some patients due to side effects or intolerance.” IL-
1 inhibition is a safe and effective treatment for FMF
patients who do not respond to or are intolerant to
colchicine.'™"" The IL-1 inhibitors used in Tiirkiye are
anakinra and canakinumab. Canakinumab is a human
monoclonal antibody that selectively targets IL-1p."
The first case report of a colchicine-resistant FMF
patient who responded to treatment with canakinumab
was published in 2011." Later, case series with short
follow-ups and small sample sizes were reported on
the use of canakinumab in FMF patients.'*'” There is
limited real-life data on canakinumab's long-term
efficacy and safety in FMF patients.'"®>' Our study
aimed to present our experience using canakinumab in
FMF patients who are colchicine-resistant or
colchicine-intolerant at a single center.

Material and Method

Study Population

In our center, patients over 18 years of age who
initiated canakinumab treatment between January
2013 and October 2023 with a diagnosis of FMF
according to the Tel-Hashomer” and New
Eurofever/PRINTO  classification criteria”  were
evaluated using the hospital's electronic system. There
were 46 patients for whom canakinumab treatment
was initiated with a diagnosis of FMF. Of these
patients, 12 patients who had a follow-up time of
fewer than 3 months, were not regularly followed up
at our center, and had missing clinical data in the
hospital's electronic system were excluded from the
study. The number of patients enrolled in the study
was 34; all enrolled patients were either colchicine-
resistant or colchicine-intolerant. Colchicine resistance
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was defined as having at least one attack per month
despite taking the maximum tolerated dose of
colchicine.” Colchicine intolerance was defined as the
inability to increase the effective colchicine dose due
to gastrointestinal side effects, especially diarrhea,
nausea, and abdominal pain.**

Study Design and Data Collection

Patient demographics, attack characteristics at
diagnosis, presence of the MEFV gene, presence of
amyloidosis, family history of FMF, colchicine doses
before canakinumab treatment, anakinra status prior to
canakinumab treatment, the duration of disease at the
start of canakinumab treatment, the follow-up period
under canakinumab treatment, the duration of
canakinumab treatment interval extending and the
reasons for treatment discontinuation were recorded
retrospectively using the hospital's electronic system.
The diagnosis of patients with amyloidosis was
verified by tissue biopsy. The Pras score, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP),
and serum amyloid A (SAA) levels at the last visit
before treatment with canakinumab and at the last visit
with canakinumab were used to assess the response to
treatment with canakinumab. The proteinuria values of
patients with proteinuria were evaluated before and
after treatment. The Pras score includes age at disease
onset, frequency of attacks, dose of colchicine
administered to control attacks, joint involvement,
erysipelas-like  erythema, and  presence  of
amyloidosis.”” Remission was accepted as the absence
of attacks in the last 6 months and normal acute phase
reactant levels during the attack-free period.

Statistical Analysis

Statistical analysis was conducted using SPSS
(Statistical Package for Social Sciences) version 26.0.
Descriptive  statistics measured the patient's
sociodemographic, clinical, and laboratory parameters.
The normality of variables was assessed using the
Shapiro—-Wilk and Kolmogorov—Smirnov  tests.
Quantitative data are expressed as mean = standard
deviation for normal distribution and median
(minimum-maximum) for non-normal distribution.
The Wilcoxon test was used to evaluate treatment
response and determine whether there was a
relationship between the data Pras score, ESR, CRP,
and SAA levels before and after canakinumab. A
paired sample T-test was used to compare the
proteinuria levels of patients with proteinuria before
and after canakinumab.

Results

The demographic and clinical characteristics of 34
patients with FMF treated with canakinumab are
shown in Table I. The mean FMF diagnosis age of the
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patients was 19.7+11.1 years, and 19 (55.8%) were
male. The median time between diagnosis and
initiation of treatment with canakinumab was 15 (1.8-
50.6) years. The most common symptom at diagnosis
was abdominal pain (n=30, 80.2%). MEFV mutation
was analyzed in 29 patients. Of these patients, 10 were
M694V  homozygous, 6 M680I heterozygous, 3
M694V heterozygous, 3 M694V/V726A positive, 2
M6801 homozygous and 1 E148Q heterozygous. The
MEFV mutation was negative in 4 patients.
Amyloidosis was present in 4 patients. A kidney
biopsy was performed in two patients, a rectal biopsy
in one patient, and a colon biopsy in one patient to
determine the presence of amyloidosis. The most
common comorbidity was hypertension (n=6, 17.6%).
All patients had been treated with colchicine before

treatment with canakinumab, and the median
colchicine dose was 1.5 (1-2) mg. Twenty-one
(61.8%) patients had received anakinra before
treatment with canakinumab. Among patients

receiving anakinra treatment, 14 had active disease
with anakinra, and 7 had side effects with anakinra.

The mean follow-up time under canakinumab
treatment was 49.1435.1 months. Treatment with
canakinumab was started at 150 mg once a month in
all patients. A complete remission was achieved in 23
patients (67.6 %) and a partial response in 8 patients
(23.5 %). The dosing interval for canakinumab was
extended in 5 patients in remission during treatment.
The median duration of the extending of the
canakinumab dosing interval was 14.1 (7.9-104.2)
months. The canakinumab doses of the patients in
whom the dosing interval was extended were initially
adjusted to 150 mg every 6 weeks. No activation was
observed in the patients with extended dosing
intervals during a follow-up period of 51.4£26.5
months. In two patients with extended dose intervals,
the canakinumab dose was adjusted to 150 mg every 8
weeks.

Efficacy and Side Effects

Pras score, ESR, CRP, and SAA values were analyzed
before and after treatment with canakinumab to
evaluate the efficacy of canakinumab treatment.
Statistically significant differences in Pras score, ESR,
CRP, and SAA values were found after treatment with
canakinumab compared to before treatment (p<<0.001,
p<0.001, p<0.001, p<0.001, respectively). The
creatinine value before canakinumab was 0.78 (0.55-
5.85), the creatinine value after canakinumab was 0.76
(0.52-5.92) and there was no statistically significant
difference (p=0.092). In 7 patients with proteinuria,
proteinuria was 4698+4691 mg/day before treatment
with canakinumab and decreased to 2084+1390
mg/day after treatment with canakinumab. However,
no statistically significant difference was found
between the proteinuria values before and after

treatment with canakinumab (p=0.140). Treatment
was discontinued in 3 patients. In 2 patients, treatment
with canakinumab was discontinued after 4.3 and 8.4
months due to active disease during canakinumab
treatment. In one patient, treatment with canakinumab
was discontinued after 4.2 months due to dizziness.

Table 1. Demographic and clinical features of FMF
patients treated with canakinumab (n=34)

Age, years, median (min.-max.) 37.6 (25.4-74.9)
Gender (F/M) 15119
EME dllagn05|s age, years, mean * std 19.7+11.1
eviation
Age at onsgt of cgnaklnumab therapy, 334 (218-724)
years, median (min.-max.)
Time between diagnosis and
canakinumab therapy, years, median 15 (1.8-50.6)
(min.-max.)
Family history FMF n (%) 14 (41.2)
Fever n (%) 24 (70.6)
Abdominal pain n (%) 30(80.2)
Chest pain n (%) 7 (20.6)
Arthralgia/Arthritis n (%) 15 (44.1)
Myalgia n (%) 9 (26.5)
Erysipelas-like erythema n (%) 2(5.9)
Hepatomegaly n (%) 3(8.8)
Splenomegaly n (%) 6 (17.6)
Amyloidosis n (%) 4(11.8)
Comorbidities n (%) 16 (47.1)
Hypertension n (%) 6 (17.6)
Chronic renal failure n (%) 5(14.7)
Spondyloarthropathies n (%) 4(11.8)
Coronary artery disease n (%) 3(8.8)
Hyperlipidemia n (%) 2(5.9)
Pulmonary disease n (%) 2(5.9)
Diabetes mellitus n (%) 1(2.9)
Anoakinra treatment before canakinumab 21(61.8)
n (%)
Colchicine dose before canakinumab,
. ) 1.5(1-2)
|mg, median (min.-max.)
Colchicine dose after canakinumab, mg,
] . 1.5(1-2)
|median (min.-max.)
Duratlon_of_canaklnumab, months, mean 4914351
+ std deviation

Min: Minimum, Max: Maximum, F: Female, M: Male. Std:
Standard, FMF: Familial Mediterranean Fever
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Table II. Comparison of treatment responses before
and after canakinumab

Before After
canakinumab  canakinumab P
PRAS, median 6(3-12) 2(05)  <0.001
(min.-max.)
ESR, mmih, 105(2-80)  45(2-32)  <0.001
median (min.-max.)
CRP,mglL, median 400 589 2(282)  <0.001
(min.-max.)
SAAmGIL, median 4555 1370)  9.5(2-60)  <0.001
(min.-max.)

PRAS: Disease Severity Score, Min: Minimum, Max: Maximum,
ESR: Erythrocyte Sedimentation Rate, CRP: C-reactive protein,
SAA: Serum Amyloid A.

Discussion and Conclusion

In this study, we evaluated the real-life efficacy and
safety of canakinumab in FMF patients who were
colchicine-resistant or colchicine-intolerant.
Treatment with canakinumab resulted in a statistically
significant reduction in Pras score, ESR, CRP, and
SAA levels.

In FMF patients, colchicine is a treatment that
prevents attacks and  suppresses  subclinical
inflammation.”**” However, a group of patients do not
respond to colchicine or develop intolerance to
colchicine.” Several studies have shown the efficacy
of canakinumab in colchicine-resistant FMF
patients.””** In a systematic review of eight studies,
including 40 colchicine-resistant FMF patients, the
complete and partial response rates to canakinumab
were 68% and 32%, respectively.31 In the study
conducted by Atas et al. with 27 FMF patients
receiving canakinumab, disease activity = was
improved.” Similar to other studies, our study
observed a significant decrease in disease activity
scores and inflammatory markers with canakinumab
treatment.

The aim of treatment in FMF patients is to prevent
attacks and suppress inflammation. The most serious

complication in FMF patients is amyloidosis.
Controlling  inflammation  can  prevent  the
development and progression of amyloidosis.

Colchicine, the primary treatment for FMF, can reduce
proteinuria. Sevillano et al. showed that IL-1
inhibitors reduce proteinuria.** In the study conducted
by Atas et al., 8 patients treated with canakinumab had
proteinuria.” No decrease in proteinuria was observed
in 6 of the patients. A decrease in proteinuria was
observed in 2 patients previously treated with anakinra
and in whom anakinra was discontinued due to side
effects.® In our study, a decrease in proteinuria was
observed after treatment with canakinumab in patients
who had proteinuria at the start of treatment with
canakinumab. However, this decrease was not
statistically significant. This may be due to the small
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number of patients. Canakinumab could have a
positive effect on renal involvement in FMF.
However, more extensive studies with extended
follow-up periods are needed to reduce proteinuria and
prevent complications associated with amyloidosis.
Data on the use of IL-1 inhibitors as monotherapy in
amyloidosis are limited.”>’ The standard approach is
to use IL-1 inhibitors in combination with colchicine.
In our study, treatment with colchicine was continued
in all patients, along with treatment with
canakinumab.

Canakinumab is administered at 150 mg every 4
weeks. There is no clear consensus on the optimal
dose, the extension of the dosing interval, and the
duration of treatment with canakinumab; in the study
conducted by Akarcan et al., a standard tapering
protocol was used in 9 pediatric FMF patients.*® Four
of the patients experienced a seizure 9.0+2.9 (6-12)
months after discontinuation of treatment.*® However,
in practice, factors such as concomitant diseases and
varying numbers and types of attacks during treatment
may complicate the application of standard protocols
for dose reduction or discontinuation of therapy. In
our study, treatment with canakinumab was started
every 4 weeks in all patients. In 5 patients in
remission during treatment, the dose interval was
extended. In the patients with prolonged dose
intervals, no activation was observed during the
51.44+26.5-month follow-up period after prolongation
of the dose interval. It may be appropriate to extend
the canakinumab dosing intervals and duration of
tapering depending on patient characteristics.

In terms of safety, canakinumab was generally well
tolerated. However, two patients experienced active
disecase during treatment with canakinumab, and
therapy was discontinued. No severe infection was
observed during the follow-up. In a review of 40
colchicine-resistant FMF patients, no side effects
related to canakinumab were observed in any patient.
Two patients reported serious infections in a
randomized controlled trial of 63 colchicine-resistant
FMF patients.” In our study, no severe infection was
observed during follow-up. Treatment with
canakinumab was discontinued after 4.23 months in
only one patient because he felt dizzy after the
injection and did not want to continue treatment. In a
3-year interim analysis postmarketing of canakinumab
in cryopyrin-associated periodic syndromes, dizziness
was also reported among the side effects.”” The rare
occurrence of dizziness during treatment with
canakinumab should be considered in patients' follow-
ups.

The main limitations of our study are that it is a
retrospective study involving a limited number of
patients and evaluating the clinical characteristics of
patients using data stored in the hospital's electronic
system.
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In conclusion, our study provides real-world data
demonstrating the efficacy and safety of canakinumab
in FMF patients. Canakinumab has been shown to
reduce disease activity and inflammatory markers.
Canakinumab could be a good treatment option for
this patient group.
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ABSTRACT

Although various methods are used to treat patients with asymptomatic carotid artery stenosis (ACAS), approaches are controversial, and
combining imaging of carotid plaque features with biomarkers to identify plaques prone to rupture may be crucial in identifying high-risk
ACAS patients. This study aimed to investigate a blood-based biomarker for discriminating ulceration in ACAS patients by analyzing plaque
surface morphology through RNA sequencing of blood samples. Peripheral blood samples were collected from ACAS patients with plaque
morphology determined by Doppler ultrasonography. Then, total RNA was isolated, and RNA-Seq was performed to analyze differentially
expressed genes (DEGs). The KEGG, Reactome, and Gene Ontology (GO) terms pathway enrichment analyses were performed to
investigate the molecular functions and biological processes involved in plaque formation. The pilot study included 7 ACAS patients, 57.1 %
exhibiting ulcerated plaques. RNA-Seq results revealed significant upregulation of genes related to immune response, cell cycle regulation,
and oxidative stress in ulcerated plaques. Especially, 7P73, CCL3L3, and PXDNL genes showed the highest fold changes, indicating their
role in endothelial damage, immune activation, and oxidative stress. KEGG and Reactome analyses identified TNF and chemokine signaling
pathways as key regulators in ulcerated plaque formation. Our findings indicate that 7P73, CCL3L3, and PXDNL may be potential
biomarkers for identifying high-risk ACAS patients with ulcerated plaques due to their involvement in immune system regulation and
oxidative stress-related processes. Thus, these genes and the pathways may be candidate biomarkers for early diagnosis and risk
stratification, improving treatment approaches for ACAS.

Keywords: Carotid stenosis. Carotid artery plaque. Biomarker. RNA-Seq. Ulcerated plaque.

Ulsere Plakh Yiiksek Riskli Asemptomatik Karotis Arter Stenozu Hastalarn Ayrimi i¢in
Biyobelirte¢ Profillemesi: Pilot Calisma

OZET

Asemptomatik karotis arter stenozu (ACAS) olan hastalarin tedavisinde gesitli yontemler kullanilsa da yaklagimlar tartismalidir ve plak
riiptiirii egilimli olan hastalar1 belirlemek igin karotis plak goriintiilerinin biyobelirteglerle birlestirilmesinin, yiiksek riskli ACAS hastalarinin
belirlenmesinde énemli oldugu diisiiniilmektedir. Mevcut ¢alismada, plak yiizey morfolojisini analiz ederek ACAS hastalarinda tilserasyonu
ayirt etmek icin RNA sekanslama yoluyla kan bazli biyobelirteg arastirilmasi amaglanmistir. Bu dogrultuda, Doppler ultrasonografi ile plak
morfolojisi belirlenen ACAS hastalarindan periferik kan 6rnekleri toplandi. Daha sonra, total RNA izole edildi ve farkli sekilde ifade edilen
genleri (DEG'ler) analiz etmek i¢cin RNA-Seq gergeklestirildi. Plak olusumunda yer alan molekiiler iglevleri ve biyolojik siiregleri aragtirmak
icin KEGG, Reactome ve Gen Ontolojisi (GO) ile yolak zenginlestirme analizleri gerceklestirildi. Pilot ¢alismaya 7 ACAS hastast dahil
edildi ve %57,1'inde iilsere plaklar oldugu gériildii. RNA-Seq sonuglar {ilsere plaklarda bagisiklik tepkisi, hiicre dongiisii diizenlemesi ve
oksidatif stresle ilgili genlerde énemli bir artis oldugunu ortaya koydu. Ozellikle TP73, CCL3L3 ve PXDNL genlerinin bu siirelerde rol
aldig1 ve bu genlerin endotel hasari, bagisiklik aktivasyonu ve oksidatif streste rolleri oldugu gosterildi. KEGG ve Reactome analizleri,
iilserli plak olusumunda anahtar diizenleyiciler olarak TNF ve kemokin sinyal yollarini tanimladi. Bulgularimiz, 7P73, CCL3L3 ve
PXDNL'nin bagisiklik sistemi diizenlemesi ve oksidatif stresle iligkili siireclerdeki katilimlari nedeniyle iilserli plaklari olan yiiksek riskli
ACAS hastalarin1 tanimlamak igin potansiyel biyobelirtecler olabilecegini gostermektedir. Bu nedenle, iliskili genlerin ve yolaklarin erken
tan1 ve risk siiflandirmast i¢in aday biyobelirtegler olabilecegi ve ACAS i¢in tedavi yaklasimlarini iyilestirebilecegini diisiindiirmektedir.

Anahtar Kelimeler: Karotis stenozu. Karotis arter plagi. Biyobelirtec. RNA-Seq. Ulsere plak.
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Atherosclerosis is a chronic and progressive vascular
disorder that constitutes the primary
pathophysiological basis of a significant proportion of
cardiovascular diseases, which remain the leading
cause of mortality and morbidity globally'. The
disease is characterized by the accumulation of lipids
within the arterial wall, chronic inflammation, fibrotic
remodeling, and the progressive narrowing of the
vascular lumen®. When this narrowing, or stenosis,
occurs in the carotid arteries, it is referred to as carotid
artery stenosis (CAS), a condition that significantly
elevates the risk of ischemic stroke”.

CAS patients are clinically categorized into two
groups: (i) symptomatic (SCAS) and (ii)
asymptomatic (ACAS). The distinction between these
groups is pivotal for tailoring appropriate treatment
strategies and minimizing the risk of cerebrovascular
events’. ACAS is defined as 50% or greater stenosis in
the proximal internal carotid artery at the bifurcation
in individuals without a history of ischemic stroke in
the ipsilateral carotid region within the last six
months. Various treatment modalities are available for
ACAS, including carotid endarterectomy (CEA),
carotid artery stenting (CAS), and medical treatment.
However, the optimal approach remains controversial.
Moreover, ACAS patients often remain clinically
stable for extended periods. Thus, the unpredictable
progression from an asymptomatic to a symptomatic
state represents a substantial clinical challenge™®.
Consequently, accurate clinical differentiation of high-
risk ACAS patients is essential to optimize treatment
approaches, balance the risks and benefits of invasive
procedures, and avoid unnecessary interventions in
low-risk individuals.

The surface morphology of atherosclerotic plaques
plays a crucial role in the clinical outcomes of CAS.
Plaque rupture is closely associated with various
cerebrovascular events and is categorized into two
groups based on their biological characteristics: (i)
stable and (ii) vulnerable plaques’. Unlike stable
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plaques, vulnerable plaques, considered high-risk, are
characterized by a thin, inflammatory fibrous cap that
is particularly prone to rupture®. These plaques are
further classified according to their surface
morphology into (i) smooth, (ii) irregular, and (iii)
ulcerated types. Ulceration, commonly observed in
vulnerable plaques, is considered a predictive feature
of plaque instabilityg. Surface  characteristics,
including ulceration, rupture, and erosion, are critical
determinants of plaque stability and significantly
influence the risk of thromboembolic events. Even
when the degree of luminal stenosis is similar,
variations in plaque morphology can substantially
affect the patient's risk profile'’. Therefore, the
accurate assessment of plaque surface morphology is
essential for effective risk stratification, treatment
decisions, and optimizing clinical outcomes in patients
with CAS.

The current study identified RNA-based biomarkers
by performing transcriptome sequencing on blood
samples obtained from ACAS patients, whose plaque
surface morphologies -ulcerated or smooth- were
determined through Doppler imaging. While previous
research has focused on evaluating plaque biology
using various biomarkers'' ¢, this is the first study to
utilize blood-based biomarkers to differentiate
between ulcerated and smooth plaques in ACAS
patients.

Material and Method

Study cohort

In the current study, peripheral blood samples were
collected before CEA from ACAS patients, whose
plaque surface morphologies -ulcerated or smooth-
were determined using Doppler ultrasonography, and
total RNA was isolated from blood materials. For the
pilot group, 7 ACAS patients, of whom 57.1% had
ulcerated plaques, were selected for RNA-Seq
analysis.

All participants provided written informed consent for
using their RNA samples in the RNA-Seq analysis
conducted at the Department of Medical Biology,
Bursa Uludag University. The study received ethical
approval from the Bursa Uludag University Medical
Ethics Committee (2021-6/38) and adhered to the
Helsinki Declaration's ethical standards.

The inclusion criteria for this study were as follows:
patients aged over 60 years with stenosis greater than
70%, as determined by the North American Carotid
Endarterectomy Trial (NASCET) criteria, who were
diagnosed with ACAS based on Doppler
ultrasonography findings. Carotid plaque ulceration
was assessed using Color Doppler ultrasonography
(US), one of the most commonly used methods, and
was defined by an expert (B.E.G.) of the carotid
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arteries. The plaque surface was defined as smooth,
slightly irregular, or ulcerated if there was more than a
2 mm height difference on the plaque surface. The
reverse filling in the plaque was also determined.
Plaques were classified as either ulcerated or smooth
according to imaging results, and patients had no
history of ischemic stroke in the ipsilateral carotid
region within the last six months. Exclusion criteria
included patients under 60, those with less than 70%
stenosis according to NASCET criteria, and
individuals with additional peripheral vascular
diseases. Patients with a history of ischemic stroke
within the last six months, systemic inflammatory or
autoimmune diseases, malignancies, or other chronic
illnesses that could influence gene expression profiles
were also excluded.

RNA-Seq analysis

Total RNA was extracted from blood samples of
ACAS patients, classified by plaque morphology
(ulcerated or smooth), using the RNeasy Lipid Tissue
Mini Kit (Hilden, Germany). RNA quality and
concentration were evaluated using the Agilent
Technologies 2100 (Santa Clara, CA, USA), and
samples with DV200 scores greater than 70% were
selected for RNA-Seq analysis. mRNA libraries were
generated with the Ion AmpliSeq™ Chef-Ready Kit
(Thermo Fisher Scientific, MA, USA) and the Ion
AmpliSeq Transcriptome Human Gene Expression
Panel. cDNA conversion (10 ng RNA per sample) and
library preparation were performed using the Ion Chef
Instrument, and sequencing was conducted on the Ion
GeneStudio™ S5 System using Ion 540™ Chips at
Bursa Uludag University, Medical Biology
Department NGS Lab.

Determination of differentially expressed genes
(DEGs)

The Kyoto Encyclopedia of Genes and Genomes
(KEGG), Reactome, and Gene Ontology (GO) terms
pathway enrichment analyses were used for the
functional analysis of mRNA sets after correction of
the enrichment results by the Benjamini-Hochberg
FDR method, biological processes, and molecular
pathways were considered significant with adjusted p-
values of less than 0.05 for the genes. RPKM-
normalized count data from RNA-Seq were used to
identify DEGs. Significant genes were analyzed using
the Web Gestalt toolkit to explore biological processes
and molecular pathways. GO terms were used for
biological processes, while KEGG and Reactome
databases were utilized for pathway analysis.

Statistical Analysis

A p-value correction was performed using the false
discovery rate (FDR) correction method to eliminate
false positive genes, and adjusted p-values were

determined for each gene. The cut-off value for the
adjusted p-value for statistically significant genes was
set at 0.05, and genes below this value were
considered statistically significant. Down-regulated
and up-regulated genes were determined by the fold
changes calculated.

Results

The clinical characteristics of ACAS patients

For the pilot group, 7 patients with ACAS were
included in this study. Of these, 57.2% (n=4) were
male and 42.8% (n=3) were female. According to the
anamnesis, 57.1% (n=4) of the patients had ulcerated
plaque. The mean age was 724 + 6.9 years.
Additionally, 85.7% (n=6) of the patients had
hypertension, 57.1% (n=4) had diabetes, and 14.3%
(n=1) had hyperlipidemia. Moreover, 28.5% (n=2) of
the patients had peripheral artery, and 14.3% (n=1)
had coronary artery disease (p>0.05). The clinical
characteristics of the patients are shown in Table I.

Table 1. Clinical characteristics of ACAS patients.

Ulcerated Smooth p value

Pilot Group (n=7) (n=4) (n=3)
Gender (n, %)

Female (n=3) 33.3% (n=1)  66.7% (n=2) 0.486

Male (n=4) 75% (n=3) 25% (n=1)

Age (Mean + SD) 712547  740£10.0 0.721
Diabetes Mellitus 75% (n=3)  33.3% (n=1) 0.486
Hyperlipidemia - 33.3% (n=1) 0.429
Hypertension 100% (n=4)  66.6% (n=2) 0.429
Coronary Artery Disease 25% (n=1) - 1
Peripheral artery Disease 50% (n=2) 0.429

Evaluation of DEGs and pathway analysis for
ulcerated and smooth plaques in ACAS patients

RNA-Seq analysis was performed to identify genes
with significantly different expression levels among
the groups and to identify blood-based biomarkers that
could be used to discriminate high-risk ACAS
patients. Then, the pilot group's pathway analysis was
performed using KEGG, GO terms, and Reactome
pathway enrichment analyses in ACAS patients with
ulcerated and smooth plaques.

The DEG results indicated that genes involved in the
cell cycle, such as p73, as well as genes related to
chemokine signaling, immune response, and ROS
signaling, such as CCL3L3 and PXDNL2, were
upregulated in ulcerated plaques (»p<0.001) (Figure 1).
The upregulation of genes associated with the immune
system, ROS signaling, and cell proliferation in
ulcerated plaques is consistent with endothelial
damage and the enhanced immune response observed
during ulceration.
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Gene Fold Change T’ P -Value
TP73 23,811 3.70E-03
CCL3L3 21961 1,40E-03
PXDNL 16,746 3.97E-02
HOXB2 14,024 4,90E-02
BICDL2 9.805 4.30E-02
SHROOM1 9,614 3,29E-03
ABCAI13 8,559 4.34E-03
ZNF215 8,540 1.25E-02
JCHAIN 7,814 2.04E-06
ADGRB2 7.470 2,31E-02
FOLR3 6,897 1,.99E-07
CITED4 6,646 3.68E-02
CRABP2 5,808 2.87E-02
cne4s 3,805 4.92E-02
SLC22A1 5,092 9.00E-05
GOs2 4,968 9.63E-04
CFAP53 4,092 3,05E-02
FOSB 4,032 8.00E-03
MOB3B 3,891 1.82E-02
PTGS2 3.863 4,75B-03
DEFA3 3,718 7.75E-04
KLHL14 3,39 8,09E-03
EFCABI2 3,302 3,04E-02
H3Ce 3,096 3,75E-02
PGAM4 3,055 2.58E-02
OPLAH 3,037 2,75E-02
CSRNPI 3.028 3.99E-07
LGALSSC 3,012 2,71E-02
TSHZ1 2,966 3.02F-02
TAT'A2 2943 2,340-02
PANX2 2,907 3.99E-02
CLEC12B 2,830 4,37C-02
TIMGRB1 2,785 2.50E-02
CHRNE 2,775 5,10E-03
CYP4F12 2,743 1.00E-02
SPATA6 2,666 3,29E-02
PIPSK1A 2,631 2,36E-02
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Figure 1.
DEGs and Volcano Plot in ACAS patients with ulcerated and smooth plaques. The left panel shows the table of
DEGs s between ulcerated and smooth plaques in ACAS patients. Fold change (log2) and corresponding p-values
are presented, highlighting significant genes such as TP73, CCL3L3, and PXDNL. The right panel displays the
volcano plot, with red points indicating upregulated genes in ulcerated plaques. Gray points represent non-
significant genes. The plot emphasizes genes with statistical and biological significance, providing insights into
the molecular differences between ulcerated and smooth plaques.

Moreover, GO terms results revealed that genes
implicated in forming ulcerated plaques are primarily
associated with biological regulation, metabolic
processes, and responses to external stimuli.
Significantly regulated genes were predominantly
localized to the cell membrane, nucleus, and
membrane-enclosed lumen. Moreover, these genes
exhibit key molecular functions, including protein
binding, ion binding, and nucleic acid binding (Figure
2A). In addition to these findings, it was observed
explicitly that key immune system-related pathways,
such as the cellular response to lipopolysaccharides
and the activation pathways of lymphocytes,
leukocytes, and T cells, were also significantly
regulated.

The analysis of KEGG results also revealed that genes
implicated in forming ulcerated plaques are primarily
associated with biological regulation, metabolic
processes, and responses to external stimuli.
Significantly regulated genes were predominantly
localized to the cell membrane, nucleus, and
membrane-enclosed lumen. Moreover, these genes
exhibit key molecular functions, including protein
binding, ion binding, and nucleic acid binding. In
addition to GO findings, it was observed explicitly
that TNF and chemokine signaling were significantly
regulated (Figure 2B).

96

Finally, Reactome analysis revealed that the genes'
biological processes, cellular components, and
molecular functions were consistent with the results of
other studies. Immune system regulation emerged as a
common finding across these analyses, with the Toll-
like receptor cascade identified as playing a pivotal
role in these pathways (Figure 2C).

Discussion and Conclusion

In the current study, RNA-Seq analysis was performed
to identify DEGs and potential blood-based
biomarkers to distinguish high-risk asymptomatic
carotid artery stenosis (ACAS with ulcerated plaques)
patients. By comparing ulcerated and smooth plaques,
we aimed to uncover the molecular mechanisms
underlying plaque destabilization and identify
biomarkers that could guide clinical risk assessment.
Our findings showed a distinct transcriptional
regulation in ulcerated plaques, characterized by
upregulation of genes involved in cell cycle, immune
response, chemokine signaling, and reactive oxygen
species (ROS) pathways. Notable the DEGs, such as
TP73, CCL3L3, and PXDNL, were significantly
upregulated in ulcerated plaques, highlighting the
roles of these genes in endothelial damage, immune
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Figure 2.

Functional enrichment analyses of the DEGs in ulcerated and smooth plaques. (A) GO Pathway Analysis:
Enrichment analysis of DEGs using Gene Ontology (GO) terms includes three categories: (i) Biological
Processes, (ii) Cellular Components, and (iii) Molecular Functions. Bar charts on the left display the top

enriched terms in each category, while the table on the bottom right lists significant GO terms, such as cellular
response to lipopolysaccharide and lymphocyte activation, along with corresponding p-values and false
discovery rates (FDR). (B) KEGG Pathway Analysis: Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis highlights enriched pathways among the DEGs. Bar charts display top pathways, such as the
TNF and Chemokine signaling pathways, with detailed statistics in the accompanying table, including pathway
sizes, p-values, and FDR. (C) Reactome Pathway Analysis: Reactome pathway enrichment analysis reveals
significantly enriched pathways such as Immune System, Neutrophil Degranulation, and Cytokine Signaling in
the immune system. Bar charts summarize enriched categories, while the table on the right provides details,
including pathway sizes, p-values, and FDR. These analyses offer insights into the biological processes,
pathways, and molecular mechanisms differentiating ulcerated and smooth plaques.
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activation, and oxidative stress. These results suggest
that endothelial damage and an enhanced immune
response contribute to plaque vulnerability and
ulceration.

Our results revealed significant upregulation of genes
involved in cell cycle regulation, immune response,
chemokine signaling, and ROS pathways in ulcerated
plaques compared to smooth plaques. Notably, TP73,
a critical regulator of apoptosis and genomic stability,
exhibited the highest fold change (23.8-fold, p<0.001).
TP73 is known to play a role in cellular proliferation
and response to DNA damage, and studies conducted
in recent years have highlighted that it is significantly
increased in plaque tissue in atherosclerotic human
carotid arteries'™'®. In a different study, p73 was
shown to initiate apoptosis in vascular smooth muscle
cells (VSMCs) and was found to be highly expressed
in human atherosclerotic plaques'’. Similarly,
chemokine-related genes such as CCL3L3 were highly
expressed, emphasizing the role of chemokine
signaling in recruiting immune cells to sites of
vascular injury. Elevated CCL3L3 expression has been
implicated in monocyte and macrophage activation,
which are critical mediators of inflammation in
atherosclerosis. It has also been shown that under
conditions of acute inflammation, leukocyte-derived
CCL3 can induce neutrophil chemotaxis toward
atherosclerotic plaque and contribute to progression'®.
These findings suggest that these genes may
contribute to pathological processes consistent with
their upregulation in the unstable endothelial
environment observed in ulcerated plaques by
regulating VSMC apoptosis or chemotaxis of immune
system cells.

Genes related to ROS signaling, such as PXDNL, were
also significantly upregulated in ulcerated plaques.
ROS production is a hallmark of endothelial
dysfunction and contributes to oxidative stress,
exacerbating plaque instability'”. The observed
upregulation of ROS-associated genes is consistent
with the increased oxidative damage and inflammation
reported in studies of vulnerable plaques®. PXDN is a
peroxidase that modifies the extracellular matrix.
PXDN expression also influences physiological
processes involving redox control*'. Furthermore, this
gene has also been shown to have a pro-angiogenic
role that may affect the outcome of atherosclerotic
lesions™. These findings suggest that PXDN-mediated
oxidative stress may play a pivotal role in the
pathogenesis of ulcerative plaques, potentially through
ROS-induced angiogenic processes.

Functional enrichment analyses provided further
insights into the biological processes and pathways
driving these transcriptional changes. GO analysis
revealed that genes implicated in ulcerated plaques
were predominantly associated with biological
regulation, metabolic processes, and responses to
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external stimuli, significantly enriching immune
response and cellular signaling pathways. Notably,
cellular response to lipopolysaccharides and
lymphocyte activation were highlighted, suggesting a
robust innate and adaptive immune response in
ulcerated plaques. From a pathway perspective,
KEGG analysis emphasized the roles of TNF
signaling and chemokine signaling pathways, known
mediators of inflammation and vascular remodeling.
The TNF signaling pathway has been implicated in
promoting endothelial cell apoptosis and matrix
degradation, contributing to plaque rupture”>*.
Furthermore, given the critical role of TNF pathways
in sustaining the inflammatory microenvironment, it is
hypothesized that the recruitment and activation of
immune cells, such as monocytes and lymphocytes,
may contribute to the inflammatory milieu within
ulcerative plaques. This immune cell participation is
likely to exacerbate the inflammatory response, further
promoting the instability and progression of the
plaques.

The Reactome analysis provided complementary
findings, reinforcing the role of immune system
regulation in plaque ulceration. TLR cascade emerged
as a pivotal pathway in ulcerated plaques. TLRs, a
type of pattern recognition receptor, are associated
with inflammation and the innate immune response.
The dysregulation of TLRs has been implicated in
developing CAS and various other cardiovascular and
metabolic diseases™. The activation of these receptors
has been identified as triggering an intracellular
signaling cascade mediated through MyD88 or TRIF,
leading to the production of pro- and anti-
inflammatory cytokines®. The upregulation of TLR
signaling genes in ulcerated plaques suggests their
contribution to the heightened inflammatory state
observed in these lesions.

Notably, the localization of DEGs to the cell
membrane, nucleus, and membrane-enclosed lumen,
as identified by GO analysis, highlights their
functional relevance in signal transduction and
transcriptional regulation. These findings suggest that
plaque ulceration is associated with extracellular
signaling changes and intracellular transcriptional
reprogramming. Molecular functions such as protein
binding, ion binding, and nucleic acid binding were
also significantly enriched, underscoring the diverse
roles of DEGs in modulating cellular responses to
stress and injury.

Consequently, although further validation in larger
cohorts is required, our preliminary findings suggest
that TP73, CCL3L3, and PXDNL may serve as
promising biomarkers for ACAS patients with
ulcerative plaques. Furthermore, the results suggest
that pathways such as TLR and TNF may be key
pathways in these processes. Thus, noninvasive,
blood-based assays targeting these biomarkers may
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provide valuable tools for early detection and risk
stratification in ACAS patients with ulcerated plaque.
They may offer a more practical approach to
personalized ACAS patient care and management.
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Epilepsy in Children with Down Syndrome: Case Series

Muhittin BODUR, Rabia TUTUNCU TOKER
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ABSTRACT

Epilepsy is more common in children with Down Syndrome than in the normal population. This study examined the clinical and treatment
outcomes of children with epilepsy in Down syndrome. This study was conducted retrospectively in children with Down syndrome and
epilepsy at the Child Neurology Clinic between January 2020 and August 2024. Medical records were examined in terms of gender, age, age
at seizure onset, age at diagnosis, comorbidities, level of intellectual disability, seizure types, previously used antiepileptic drugs,
antiepileptic drugs at the last follow-up, interictal electroencephalogram findings, and brain magnetic resonance imaging results. A total of
twelve children (five boys and seven girls) with Down syndrome and epilepsy were identified. The median age of the patients was 105.5
months; the median age of seizure onset was twelve months. The seizure types of the patients were as follows: eight patients had focal
seizures (focal clonic in six cases, focal tonic/clonic in two cases), three patients had epileptic spasms, and one patient had generalized
seizures. When all antiepileptic drugs used by the patients were examined, it was seen that six patients used valproic acid, three patients used
ACTH, three patients used phenobarbital, three patients used phenytoin, two patients used topiramate, and one patient used carbamazepine,
lamotrigine, and levetiracetam. In this study, the frequency of epilepsy in individuals with Down Syndrome was determined to be 8.76%.
Epilepsy in children with Down Syndrome can impede cognitive and motor development and significantly affect their quality of life,
especially if diagnosis is delayed or therapeutic management is inadequate. Therefore, early diagnosis and correct treatment are essential for
these patients.

Keywords: Down syndrome. Epilepsy. Child.
Down Sendromlu Cocuklarda Epilepsi: Olgu Serisi

OZET

Down Sendromlu ¢ocuklarda epilepsi normal popiilasyona gore daha yaygindir. Bu ¢aligmada Down sendromlu ve epilepsili ¢ocuklarin
klinik ve tedavi sonuglari incelendi. Bu ¢alisma Ocak 2020-Agustos 2024 tarihleri arasinda Cocuk Noroloji Klinigi’'nde Down sendromlu ve
epilepsi tanisiyla izlenen ¢ocuklarda retrospektif olarak yapildi. Tibbi kayitlar cinsiyet, yas, nobet baslangic yasi, tani yasi, eslik eden
hastaliklar, zihinsel engellilik diizeyi, nobet tipleri, daha 6nce kullanilan antiepileptik ilaglar, son takipte kullanilan antiepileptik ilaglar,
ndbetler arasi elektroensefalogram bulgular1 ve beyin manyetik rezonans goriintiileme sonuglari agisindan incelendi. Down sendromlu ve
epilepsili toplam oniki ¢ocuk (bes erkek ve yedi kiz) tespit edildi. Hastalarin ortanca yas1 105,5 ay, ortanca nobet baslangi¢ yasi oniki ay
olarak bulundu. Hastalarin nobet tipleri su sekildeydi; sekiz hastada fokal nbetler (alt1 olguda fokal klonik, iki olguda fokal tonik/klonik), li¢
hastada epileptik spazmlar ve bir hastada jeneralize nobetler mevcuttu. Hastalarin kullandiklar: tiim antiepileptik ilaglar incelendiginde alti
hastanin valproik asit, {i¢ hastanin ACTH, {i¢ hastanin fenobarbital, ii¢ hastanin fenitoin, iki hastanin topiramat, bir hastanin karbamazepin,
lamotrijin ve levetirasetam kullandigi goriildii. Bu ¢alismada Down Sendromlu bireylerde epilepsi sikliginin %8,76 oldugu saptanmustir.
Down Sendromlu ¢ocuklarda epilepsi, biligsel ve motor gelisimi engelleyebilir ve dzellikle tan1 gecikirse veya terapotik yonetim yetersizse
yasam kalitelerini 6nemli 6l¢iide etkileyebilir. Bu nedenle erken tani ve dogru tedavi bu hastalar i¢in ¢ok dnemlidir.

Anahtar Kelimeler: Down sendromu. Epilepsi. Cocuk.

Date Received: February 26, 2025
Date Accepted: April 29, 2025

Dr. Muhittin BODUR

Bursa Uludag University, Faculty of Medicine,
Department of Pediatrics, Division of
Pediatric Neurology, Bursa, Turkiye

Phone: +90 530 212 71 44

E-mail: mbodur@uludag.edu.tr

Authors’ ORCID Information:
Muhittin BODUR: 0000-0002-2588-8195
Rabia TUTUNCU TOKER: 0000-0002-3129-334X

Down syndrome (DS) occurs in 1 in 700 to 1000 live
births worldwide and is the most common cause of
genetic intellectual disability.' It is caused by trisomy
of all or part of chromosome 21 (47+21). Standard
trisomy 21 is seen in approximately 95% of cases.
Mosaic trisomy is seen in approximately 3—5% of DS
cases. Robertsonian translocations are seen in
approximately 4% of cases.” The mongoloid facial
features, multiple congenital disabilities, intellectual
disability, immune and endocrine dysfunction
associated with DS result from this extra genetic
material.® The seizure rates reported in DS range from
1 to 13%.* These rates are significantly higher than
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those reported in the general population (0.35-1%).
This highlights the importance of early evaluation and
recognition of epilepsy in children with DS.> The
higher seizure susceptibility in DS has been attributed
to associated medical complications such as structural
brain abnormalities, cardiovascular abnormalities, or
recurrent infections.* A three-phase distribution of
epilepsy has been described in Down syndrome,
including infancy, early adulthood, and patients over
50 years of age. Epileptic spasms, which are late-onset
and relatively benign in infancy, are the most common
form. In the early adult group, focal seizures are the
most common seizure type, while generalized seizures
(including tonic-clonic seizures) are evenly distributed
throughout life.® In this study, we examined the
clinical and treatment outcomes of children with
Down syndrome and epilepsy.

M. Bodur and R. Tiitiincii Toker

percentage, median, maximum, and minimum values
were used in descriptive statistics.

Material and Method

In this study, we reviewed retrospectively the medical
records of patients diagnosed with Down syndrome
and epilepsy at the Child Neurology Clinic between
January 2020 and August 2024. During this period, a
total of 25.612 examinations were performed, and 137
cases of Down syndrome were identified. Among
these cases, 12 patients had comorbid epilepsy. In this
study, we present data collected from 12 patients.
Medical records were reviewed in terms of gender,
age, age at seizure onset, age at diagnosis,
comorbidities, level of intellectual disability, seizure
types, previously used antiepileptic  drugs,
antiepileptic drugs at the last follow-up, follow-up
period, interictal electroencephalogram (EEG)
findings and brain magnetic resonance imaging (MRI)
results. Seizure classification was based on clinical
reports and EEG results. We divided epileptic seizures
into the following 4 groups: (1) focal onset, (2)
generalized onset, (3) epileptic spasms, and (4)
seizures of unknown onset. EEG findings were
classified into four groups: normal, hypsarrhythmia,
epileptiform activity (spike/sharp waves), and
background rhythm irregularity. The Stanford-Binet
Intelligence Scales, Fifth Edition (SB-5), or the
Wechsler Intelligence Scale for Children, Fifth
Edition (WISC-V) were utilized to assess the level of
intellectual disability in the patients. According to the
Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), a diagnosis of
intellectual disability necessitates the presence of
deficits in both intellectual functioning and adaptive
functioning, with symptoms manifesting before the
age of 22.” The study was conducted according to the
Declaration of Helsinki. Since the study was designed
retrospectively, written informed consent forms were
not obtained from the patients. Data were analyzed
using IBM SPSS statistics (version 28), and
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Results

In this study, epilepsy was found in 12 of 137 cases of
Down Syndrome. The frequency of epilepsy among
individuals with Down Syndrome was determined to
be 8.76%. The clinical and treatment results of twelve
patients with DS and epilepsy are shown in of twelve
children (five boys and seven girls) with DS and
epilepsy were identified. Karyotype analysis revealed
standard trisomy 21 in all individuals except one with
chromosomal 9/21 translocation. The median age of
the patients was 105.5 months (27-209), median age at
seizure onset was 12 months (0.33-191), median age
at diagnosis was 18 months (0.33-191), and median
follow-up was 63 months (18-133). When the patients
were examined in terms of comorbidities, nine
patients (75%) had hypothyroidism, eight patients
(66.7%) had congenital heart disease (six had severe
congenital heart disease, two had secundum ASD),
three patients (25%) had a history of stroke (one due
to Moyamoya disease), and less commonly, one
patient each had adrenal insufficiency, hearing loss,
CD-19 deficiency, behavioral problems, Hirsprung
disease, penoscrotal hypospadias, and Graves disease.
Out of the nine patients diagnosed with
hypothyroidism, seven were identified during the
neonatal period. One patient was diagnosed at 13
months of age. Additionally, one patient developed
drug-induced hypothyroidism at 3 years and 4 months.
Six of the patients (50%) had moderate intellectual
disability, three (25%) had mild intellectual disability,
and three (25%) had severe intellectual disability. The
seizure types of the patients were as follows: eight
patients (66.7%) had focal seizures (six patients had
focal clonic, two patients had focal tonic/clonic), three
patients (25%) had epileptic spasms, and one patient
(8.3%) had generalized seizures. When all
antiepileptic drugs wused by the patients were
examined, six patients (50%) used valproic acid, three
patients (25%) used ACTH, three patients (25%) used
phenobarbital, three patients (25%) used phenytoin,
two patients (16.7%) used topiramate, one patient
(8.3%) wused carbamazepine, lamotrigine, and
levetiracetam. At the time of diagnosis, EEG findings
were normal in four patients (33.3%), hypsarrhythmia
in three patients (25%), epileptiform activity (two
focal, one generalized) in three patients (25%), and
background rhythm irregularity in two patients
(16.7%). Brain MRI findings of the patients were
normal in four patients (33.3%), chronic ischemic
findings in three patients (25%), and, less frequently,
hypoxic-ischemic encephalopathy findings, cerebral
atrophy, mega cisterna magna, corpus callosum
hypoplasia and colpocephaly and increased corpus
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callosum thickness in one patient each (8.3%). At the
last follow-up, all patients were seizure-free, and four
patients had stopped their antiepileptic drugs. The
drugs used by the patients at their previous follow-up
are listed in Table I.

Discussion and Conclusion

This study presents the clinical and treatment results
of 12 children with DS and epilepsy. The frequency of
epilepsy among individuals with Down Syndrome was
determined to be 8.76%. Most of our patients had
standard trisomy 21 cases, and only one had a
Robertsonian translocation. 58.3% of our patients
were female and 41.7% were male. DS is the most
common genetic cause of intellectual disability. It is
seen in almost all patients. However, the degree of
intellectual disability varies along a spectrum of
severity.® In a study on intelligence scores in DS, 19%
had an IQ of 50-69, 30% had an 1Q of 35-49, 33% had
an 1Q of 20-34, and 18% had an IQ of less than 20.’
Similarly, a study from Norway reported that the
degree of intellectual disability in DS was 25% mild,
56% moderate, and 21% severe.'” Consistent with the
literature, 50% of our patients had moderate, 25%
mild, and 25% severe intellectual disability.

Although DS has a variable phenotype, there are many
common physical findings. These include hypotonia,
epicanthic folds, flat nasal bridge, single palmar
crease, and sandal toe gap. Children with DS have an
increased risk of congenital anomalies, including
congenital heart defects and abdominal wall

with both acquired and congenital thyroid disease. The
incidence of congenital thyroid disease is significantly
increased in infants with DS. One study estimated the
incidence to be 26 times higher than the general
population."’ Infants born with DS are frequently
diagnosed with congenital heart disease (54-66%) and
have significant morbidity and mortality implications.’
In this study, the most common comorbidities in our
patients were hypothyroidism (congenital, acquired, or
drug-induced) in 75%, severe congenital heart disease
in 50%, and secundum ASD in 16.7%.

The prevalence of epilepsy, especially epileptic
spasms, is increased in children with DS compared to
the general population, ranging from 1% to 13%." It
has been hypothesized that genetic changes in ion
channels and neurotransmitter function are secondary
to increased susceptibility to seizures.’ The most
common seizure types in patients with DS include
focal seizures (47%), epileptic spasms (32%), and
generalized tonic-clonic seizures (21%).* In our study,
seizure onset was before the age of 1 in half of our
patients, and the most common seizure type was focal
seizures (66.7%), and 25% of the patients had
epileptic spasms.

The etiology of epilepsy in DS may be related to
structural brain abnormalities, structural/metabolic
disorders such as moyamoya disease, stroke, or
complications of  congenital cardiovascular
abnormalities, such as hypoxic-ischemic
encephalopathy. However, the underlying cause is
unknown in many cases.' Normal MRI findings were
detected in 33.3% of our cases. Brain MRI findings of
the patients showed chronic ischemic findings in three

abnormalities.” Individuals with DS are associated patients and, more rarely, hypoxic-ischemic
Table 1. Clinical Data on 12 Patients With Down Syndrome and Epilepsy.
Age at Age at Level of Previousl Outcomes and
Case Sex |Age(M)| Karyotype Comorbidity seizures diagnosis intellectual Seizure types Y EEG MRI
- used AEDs last AEDs
onset (M) (™M) disability
Congenital hypothyroidism, i .
) . ACTH, VPA, . Increased corpus Seizure free,
1 M 86 47 XY+21 Adrenocortical insufficiency, 4 25 Moderate Epileptic spasm VGB Hypsarythmia callosum thickness VPA, VGB
Behavioral problems
Acquired hypothyroidism, Congenital Generalized VPA, LMT, Epileptiform Seizure free,
2 F 47| ATXRXS2 ot disease, CD-19 deficiency " 1 Moderate myoclonic TPM activity (G) Norml VPA, TPM
Congenital hypothyroidism, Corpus callosum
3 M 27 47 XY+21 Congenital heart disease, Hearing 0.33 0.33 Mild Focal clonic FB Normal hypoplasia, Seizure free, FB
loss colpocephaly
. . . Epileptiform Seizure free,
4 F 108 47 XX+21 Drug-induced hypothyroidism 25 25 Mild Focal clonic CBz activty (F) Normal AED-free
. Congenital hypothyroidism, . .
5 M 69 46XY.rob(21:2 Congenital heart disease, 4 4 Severe Focal tonic/clonic DFH Focal low Mega cistema Seizure free,
1)(q10,q10)+21 - frequency magna AED-free
Hirschsprung's disease
6 Fo| 103 | 47 Congenital hypothyroidism, 9 10 Moderate | Epiepticspasm | ACTH,VPA | Hypsarythmia | Cerebralatiophy | So2ure fee,
! Secundum ASD ! ypsary Y AED-free
Congenital hypothyroidism, . ACTH, VPA, . Seizure free,
7 F 121 47 XX+21 Congenital heart disease 13 14 Severe Epileptic spasm TPM Hypsarythmia Normal VPATEM
8 M 50 | 47xyspr | SecundumASD, history ofcerebral | 2 Moderate Focal dlonic FB Normal Chronic iSchemic | (e ree FB
infarction findings
9 Fo| 200 | a7xoer | History of cerebralinfarclion, Moya | g 191 Moderate Focal dlonic DFH Normal Chronic ischemic | 5o, e free DFH
moya disease, Graves disease findings
Penoscrotal hypospadias, I . . .
10 M 33 | 47XY+21 | Congenital heart disease, Hypoxic 6 6 Severe Focal tonic/clonic | F8, DFH, LEy | EPieptiform | Hypoxic ischemic | Seizure free, DFH,
M . activity (F) encephalopathy
ischemic encephalopathy
Congenital hypothyroidism, History
11 Fo| 169 | 47xvs21 of cerebral nfarction 124 124 Moderate Focal dlonic VPA Normal Chronic ischemic | s e free, VPA
Tracheoesophageal fistula and findings
esophageal atresia
12 F 183 | 47XY+21 Congenital hypothyroidism, 70 70 Mild Focal tonic VPA Diffuse low Normal Seizure free,
Congenital heart disease frequency AED-free
Abbreviations: M, male; F, female; M, month; AED, antiepileptic drug; ACTH, adrenocorticotropic hormone; VPA, valproic acid; VGB, vigabatrin; TPM, topiramate; FB, phenobarbital; CBZ, cart

DFH, diphenylhydantoin; LEV, levetriacetam; G, generalized; F, focal.
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encephalopathy findings, cerebral atrophy, mega
cisterna magna, corpus callosum hypoplasia,
colpocephaly, and increased corpus callosum
thickness in one patient each.

There are no pathognomonic EEG changes for DS.
Most DS patients have normal EEG findings,
especially in childhood and early adulthood, in the
absence of seizures or severe neurodegeneration. Early
pathological EEG changes are usually subtle and may
present as a change in background EEG activity. As in
individuals without DS, pathological EEG findings
depend on the epilepsy and its syndromic
classification.” EEG of our patients at the time of
diagnosis was 33.3% normal, 25% hypsarrhythmia,
and 25% epileptiform activity.

The principles of antiepileptic pharmacotherapy in DS
patients do not differ significantly from those in
diploid patients. There are no scientific studies on the
possible superiority of individual antiepileptic drugs in
epilepsy in patients with DS.* In general, epileptic
spasms, when primarily symptomatic, are associated
with a poor long-term prognosis. Consistent with a
previous report', our patients had a better-than-
expected response to treatment (mainly ACTH or
VPA) and long-term seizure control. In the focal-onset
group, seizures were also relatively well controlled
(with different antiepileptic drugs). All our patients
were seizure-free at the last follow-up, and
antiepileptic treatments were discontinued in 33.3%.

The limitations of this study are that it was conducted
on a small number of patients and was retrospective.

Epilepsy is a more common comorbidity in children
with DS than in the normal population. In this study,
the frequency of epilepsy in individuals with Down
Syndrome was determined to be 8.76%. There are no
pathognomonic EEG changes in DS. Pathological
EEG findings depend on the epilepsy and its
syndromic classification, as in individuals without DS.
In general, epilepsy patients with Down syndrome
respond well to traditional antiepileptic drugs.
Epilepsy in children with DS can impede cognitive
and motor development and significantly affect their
quality of life, especially if the diagnosis is delayed or
therapeutic management is inadequate. Therefore,
early diagnosis and correct treatment are essential for
these patients.
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Effects of Uridine and Uridine Nucleotides on Proliferation
and Migration of L929 Murine Fibroblast Cell Line
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ABSTRACT

The present study aimed to investigate the effects of uridine and the uridine nucleotides uridine-5’-monophosphate (UMP), uridine-5’-
diphosphate (UDP) and uridine-5’-triphosphate (UTP) at different concentrations (1, 10 and 100 pM) on cell viability and migration capacity
using the L929 murine fibroblast cell line. To assess cytotoxicity and cellular proliferation, the MTT [(3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyl tetrazolium bromide)] assay was performed at 24, 48 and 72 hours of incubation, providing a quantitative evaluation of metabolic
activity and cell survival. Additionally, the scratch assay was employed and followed up to 96 hours to analyze fibroblast migration, offering
insights into the role of these pyrimidines in wound healing and tissue repair. The MTT assay revealed that the highest concentration (100
uM) of UMP or UDP significantly enhanced proliferation of cells at 72 hours while uridine at 10 and 100 pM and UTP at all concentrations
tested provided the same effect. In scratch assay UMP or UDP did not cause any significant cell migration while uridine and UTP, at all
concentrations, significantly enhanced migration of fibroblast cells at 96 hours. The results demonstrated distinct effects of uridine and its
nucleotides on cell viability and migration, with significant benefit in terms of wound healing provided by uridine and UTP, highlighting
their potential biological significance and therapeutic implications in regenerative medicine and tissue engineering.

Keywords: Uridine. L929 murine fibroblast cells. MTT. Proliferation. Migration. Wound healing.
Uridin ve Uridin Niikleotidlerinin 1929 Fare Fibroblastik Hiicrelerinin Proliferasyonu ve Gogii Uzerindeki Etkileri

OZET

Bu ¢aligmanin amaci, iiridin ve tiridin niikleotidleri iridin-5’-monofosfat (UMP), iiridin-5’-difosfat (UDP) ve iiridin-5’-trifosfat (UTP)’1n
farkli konsantrasyonlarda (1, 10 ve 100 uM) uygulanmasinin 1929 kemirgen fibroblast hiicre kiiltiiriinde hiicre canliligi ve go¢ etme
kapasitesine etkilerini incelemektir. Sitotoksisite ve hiicresel proliferasyonu degerlendirmek igin 24, 48 ve 72 saatlik inkiibasyonlarin
sonunda metabolik aktivite ve hiicre canliligi konusunda kantitatif degerlendirme yapilmasini saglayan MTT [3-(4,5-dimetiltiazol-2-i1)-2,5-
difeniltetrazolyum bromiir] testi uygulandi. Ayrica bu pirimidin bilesiklerinin yara iyilesmesi ve doku tamiri konusundaki etkilerini
incelemek tizere ¢izik testi yapilarak fibroblast gogii 96 saate kadar takip edildi. MTT testi ile 72 saat inkiibasyon sonunda UMP veya
UDP’nin en yiiksek (100 pM) konsantrasyonda hiicre proliferasyonunu artirirken tiridin’in 10 ve 100 uM konsantrasyonlarda ve UTP’nin
denenen tiim konsantrasyonlarinda ayni etkiyi gosterdigi tespit edildi. Cizik testinde UMP veya UDP anlamli hiicre go¢iine neden olmazken
96 saat inkiibasyon sonrasi liridin ve UTP denenen tiim konsantrasyonlarinda hiicre gogiinii anlamli olarak artirdi. Bu sonuglar iridin ve
tiridin niikleotidlerinin hiicre proliferasyonu ve gogii tizerine farkli etkileri oldugunu ve yara iyilesmesi bakimindan iridin ve UTP’nin
anlamli faydalar1 olabilecegini gostermekle birlikte rejeneratif tip ve doku miihendisligi alanlarindaki potansiyel biyolojik onemlerine ve
terapotik kullanimlarina isaret etmektedir.

Anahtar Kelimeler: Uridin. L929 kemirgen fibroblast hiicreleri. MTT. Proliferasyon. Migrasyon. Yara iyilesmesi.
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tissues freely or in phosphorylated forms
(nucleotides) such as uridine-5’-monophosphate
(UMP), uridine-5’-diphosphate (UDP), and uridine-
5°-triphosphate  (UTP)>. Uridine and uridine
nucleotides play a crucial role in RNA synthesis,
protein and lipid glycosylation, and membrane
biosynthesis by serving as vital components of
intracellular metabolic pathways and various
biosynthetic ~ processes,  highlighting their
significance in maintaining overall cellular balance
and physiological stability’. In addition to their
physiological roles, several studies reported anti-
apoptotic®, anti-inflammatory’ and anti-oxidative®
effects of uridine as well as extracellular matrix
(ECM) modulation’ on exogenous administration.
Moreover, uridine has been recently identified as a
conserved pro-regenerative factor by cross-species
metabolomic analyses®.

Fibroblasts, the predominant cells of the connective
tissue, are essential for maintaining structural
integrity and facilitating key physiological
processes such as wound healing, tissue
regeneration and regulation of inflammatory
responses’. Fibroblasts actively synthesize and
secrete collagen, along with other ECM
components, providing structural support and
promoting cellular communication within tissues'’.
Additionally, fibroblasts play a dynamic role in
modulating immune responses by interacting with
immune cells and releasing cytokines''. The 1929
murine fibroblast cell line serves as a well-
established model for in vitro research, offering
valuable insights into cytotoxicity assays, wound
healing mechanisms and cellular stress response'.

Previous studies have shown that pyrimidine
nucleotides can influence cell cycle progression to
induce cellular proliferation and differentiation. For
example, UTP was shown to enhance proliferation
of adult multipotent neural stem cells derived from
adult rodent subventricular zone" and stimulate
dopaminergic differentiation in human
mesencephalic neural stem/precursor cell line'.
UTP was also associated with increased migration
of rat cardiac fibroblasts as a profibrotic action'’.
fibroblast viability and wound healing, a recent
study showed that uridine-loaded polycaprolactone
(PCL) nanofiber mats enhanced the viability of
L929 fibroblast cells in vitro in MTT assay and
accelerated wound healing in vivo on rats'®. Despite
this limited information, little is known about the
effects of other pyrimidine compounds such as
UMP and UDP on cell proliferation and wound
healing.

Therefore, the present study aimed to
comprehensively investigate, as well as compare,
the effects of uridine and uridine nucleotides on
viability and migration of cultured L929 murine
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fibroblast cells. The effects of pyrimidines on
viability and proliferation were analyzed by MTT
assay and on migration and wound closure were
assessed by scratch assay.

Material and Method

Chemicals

The chemicals that were used in this study and the
suppliers that they were purchased are as follows:
uridine (Cat. No: U3750), UMP (Cat. No: U6375),
UDP (Cat. No: 94330), UTP (Cat. No: U6875),
sodium dodecyl sulfate (SDS; Cat. No:
11667289001) and N,N-dimethylformamide (DMF;
Cat. No: 227056) were purchased from Sigma-
Aldrich (St. Louis, MO, USA); Dulbecco's
Modified Eagle's Medium (DMEM; Cat. No: 30-
2002), fetal bovine serum (FBS; Cat. No: 30-2021),
L-Glutamine solution (Cat. No: 30-2214) and
penicillin-streptomycin solution (Cat. No: 30-2300)
were purchased from the American Type Culture
Collection (ATCC; Bethesda, MD, USA); and MTT
[(3-[4,5-dimethylthiazol-2-yl1]-2,5 diphenyl
tetrazolium bromide)] assay kit (Cat. No: M6494)
was purchased from Thermo Fisher Scientific
(Waltham, MA, USA).

Cell Culture

L929 murine fibroblast cell line (American Type
Culture Collection, LGC Promochem, Rockville,
MD, USA) was used throughout the study. They
were cultured in a high-glucose DMEM medium
(containing 4 mM L-glutamine, 1% penicillin-
streptomycin and 10% FBS) at 37°C in a
humidified incubator with 5% CQO,. The cells were
passaged every two days and experiments were
conducted when they reached 80-90% confluency.

MTT Cell Viability Assay

The MTT assay was performed to investigate the
effect of uridine and uridine nucleotides on cell
viability. L929 murine fibroblast cells were seeded
into 96-well plates at a density of 30x10° cells/100
pL and incubated for 24 hours. Uridine, UMP, UDP
and UTP were dissolved with the culture medium at
different amounts and then administered at 1, 10
and 100 uM concentrations onto cells in the culture.
Control group only received the culture medium.
Cells were incubated with the culture medium
either not containing (control) or containing the
pyrimidines for 24, 48 and 72 hours.

On completion of incubation, cells were incubated
for an additional 4 hours with the addition of 25 puL

of MTT solution (5 mg/ml) to each well to allow
for the formation of formazan crystals within the
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cell. Formazan was then solubilized by adding 80
pL of a solubilizing solution containing 23% SDS
and 45% DMF followed by overnight incubation.
Next day, optical density (OD) in each well was
detected using a microplate reader (uQuant, Biotek,
Winooski, VT, USA) at 570 nm. Cell viability was
expressed as percentage change in OD compared to
control values.

Scratch Assay

Scratch assay was performed to evaluate the effect
of pyrimidines on the migratory ability of 1929
cells. The cells were seeded into 6-well plates and
cultivated until they reached 100% confluence. A
vertical scratch was made on the monolayer cell
surface using a P1000 pipette tip. Then 2 ml of the
culture medium without (as control) or with 1, 10
and 100 uM uridine, UMP, UDP or UTP was added
onto cells and the cells were incubated for 24 hours.
Scratch areas were visualized by an inverted light
microscope and images were taken at 0, 24, 48, 72
and 96 hours. Images were analyzed using Image J
software and percentage of wound closure was
calculated. The image taken from the light
microscope was uploaded to the Image] program
and processed. After threshold resetting, the FFT
and bandpass filter were selected. FFT Analysis
(Fast Fourier Transform) transforms signals from
the time domain to the frequency domain. This step
can lead to investigating numerous signal
characteristics, much more than when inspecting
the time domain data. Adjusting the threshold, the
most apparent contrast was obtained for the cell and
the space (distance). The distance value was
obtained in pixels by selecting the wand (tracing)
tool. Different time points data normalized to day 0
data (initial day distance).

Wound closure % formula=

100 —

(end time points pixel x 100)
initial day pixel

Statistical Analysis

Statistical analyses were performed using GraphPad
Prism software. Data were expressed as mean +
standard error of means (SEM). All experiments
were repeated at least three times at separate times
(biological replication). In addition, cells were
seeded in at least two wells from each condition,
and technical replication was performed. Shapiro-
Wilk test was used to evaluate whether the data are
normally distributed or not. One-Way ANOVA
followed by post-hoc Tukey test was used to
compare the groups if the data were normally
distributed. If not, Kruskal-Wallis followed by post-
hoc Dunn’s test was applied with Bonferroni’s
correction. Level of significance was set at p<0.05.

Results

Cell Viability

Cell viability was assessed by MTT assay at 24, 48
and 72 hours of incubation and expressed as
percentage of proliferation in comparison to control
group at each time point (Figure 1). At 24 hours,
significantly increased cell viability was observed
with uridine at 10 and 100 uM concentrations
(p<0.01), UMP at 10 uM (p<0.05) and 100 uM
(p<0.001) concentrations, UDP at 10 uM (p<0.01)
and 100 uM (p<0.001) concentrations and with
UTP at all concentrations tested (p<0.01 for 1 and
10 uM and p<0.001 for 100 uM). At 48 hours,
significantly increased cell viability was observed
with uridine at 10 pM (p<0.01) and 100 uM
(p<0.001) concentrations and UTP at 10 and 100
UM concentrations (p<0.001). UMP or UDP had no
significant effect on cell viability at 48 hours
incubation. At 72 hours, significantly increased cell
viability was observed with uridine at 10 uM
(p<0.01) and 100 uM (p<0.001) concentrations,
UMP at 100 uM concentration (p<0.01), UDP at
100 uM concentration (p<0.001) and with UTP at
all concentrations tested (p<0.001 for 1 and 100 uM
and p<0.01 for 10 uM).
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Figure 1:
Results of MTT assay performed to assess the effect
of uridine, UMP, UDP and UTP administered at 1,
10 and 100 uM concentrations on cell viability at
24, 48 and 72 hours of incubation. Data were
expressed as mean £ SEM of three independent
experiments and presented as % proliferation.
*0<0.05, **p<0.01 and p<0.001 compared to
control group within each time point.

Cellular Migration

Cellular migration was assessed by scratch assay at
24,48, 72 and 96 hours of incubation and expressed
as percentage of wound closure compared to
control group at each time point (Figure 2).
Percentage of wound closure was similar and did
not differ significantly in all groups at around 25%,
50% and 70% at 24-, 48- and 72-hours incubation,
respectively. At 96 hours however, percentage of
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wound closure was significantly greater at all
uridine concentrations (p<0.05 for 1 and 10 uM and
p<0.01 for 100 uM) as well as in UTP groups at all
concentrations (p<0.01) compared to the control
group. UMP or UDP had no significant effect on
wound closure at any period of incubation. Figure 3
shows a representative image of scratch assay for
each group at each time point.
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Figure 2:

Results of scratch assay performed to assess the
effect of uridine, UMP, UDP and UTP
administered at 1, 10 and 100 uM concentrations at
24, 48, 72 and 96 hours of incubation on cellular
migration. Data were expressed as mean £ SEM of
three independent experiments and presented as %
wound closure. *p<0.05, **p<0.01 and p<0.001
compared to control group within 96 hours.

Figure 3:

Representative images of scratch assay containing
wound closure effects of uridine, UMP, UDP and
UTP administered at 1, 10 and 100 uM
concentrations from day 0 to day 4 (96 hours).

Discussion and Conclusion

These data show that exogenous administration of
the pyrimidine nucleoside wuridine and its
nucleotides UMP, UDP and UTP all enhances cell
viability in cultured L929 murine fibroblast cells
while only uridine or UTP significantly increases
cellular migration, suggesting their beneficial effect
on wound closure. To the best of our knowledge,
our study is the first to investigate these pyrimidine
compounds on viability and migration of fibroblast
cells.

Uridine is the major circulating pyrimidine
nucleoside in humans which is also found in breast
milk and tissues freely or as a constituent of
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pyrimidine nucleotides’. Uridine and uridine
nucleotides play a crucial role in RNA synthesis,
protein and lipid glycosylation and membrane
biosynthesis by serving as vital components of
intracellular metabolic pathways and various
biosynthetic processes’. Exogenous administration
of uridine has been shown to confer benefit in
experimental models of hypoxic-ischemic* or
hyperoxic® brain damage and peripheral nerve
injury'” through mechanisms involving inhibition or
alleviation ~ of  apoptosis™'®,  inflammation’,
oxidative stress®'® and modulation of epigenetic
mechanisms™*'® or the ECM composition’.

Cell proliferation and migration are essential
components of wound healing which also involves
hemostasis and  maturation®.  Along  with
thrombocytes, macrophages are critical to the
hemostasis stage which are involved in fibroblast
proliferation and migration. Fibroblasts are key to
this proliferative stage since they actively
participate in collagen production®'. Additionally,
fibroblasts provide structural support and promote
cellular communication within tissues'® by also
playing a dynamic role in modulating immune
responses by interacting with immune cells and
releasing cytokines''. Hence, fibroblasts represent a
valuable tool for studies of wound healing’. The
L929 murine fibroblast cell line has been widely
recognized as a good candidate for such studies due
to its reproducibility and responsiveness to various
stimuli which offers valuable insights into
cytotoxicity (proliferation) assays and wound
closure (cellular migration) studies'?.

Not much is known about the effect of pyrimidines
on cell proliferation or wound healing. Available
data showed that uridine-loaded polycaprolactone
(PCL) nanofiber mats enhanced the viability of
L929 fibroblast cells in vitro in MTT assay and
accelerated wound healing in vivo on rats'®. UTP
was shown to enhance proliferation of adult
multipotent neural stem cells and stimulate
dopaminergic differentiation in human
mesencephalic neural stem/precursor cell'®. UTP
was also reported to increase migration of rat
cardiac fibroblasts as a profibrotic response’’.
Besides, the involvement or effects of UMP or
UDP in these processes have not yet been
evaluated. Therefore, the present study investigated
the effects of uridine and uridine nucleotides on
proliferation and migration of cultured L929 murine
fibroblast cells to gain further insight into the
potential contribution of pyrimidines in wound
healing.

The results of the present study showed that uridine
and wuridine nucleotides all enhanced cell
proliferation especially at high doses after 72 hours
of incubation. The effect of uridine or UTP was
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stronger compared to UMP or UDP in terms of
fibroblast proliferation. The data also showed that
uridine or UTP, but not UMP or UDP, significantly
enhanced cellular migration, ensuring a greater
recovery and wound closure in the scratch assay.

The reason why uridine or UTP was effective in
stimulating wound closure, but UMP or UDP was
not, must be further studied. One possible
explanation might involve receptor activation by
the pyrimidines. While no receptor has been
described for uridine or UMP to date, the uridine
nucleotides UDP and UTP have been shown to
exhibit their effects by stimulating a number of G-
protein coupled P2Y receptors. UDP activates
P2Y6 and P2Y14 receptors and UTP activates
P2Y2 and P2Y4 receptors™. Stimulation of P2Y2,
P2Y4 and P2Y6 receptors causes phospholipase C
activation which is followed by intracellular
calcium accumulation while stimulation of P2Y14
receptors inhibits adenylate cyclase to reduce
cAMP levels®. The expression of any of these
receptors on 1.929 murine fibroblast cells has not
been documented, therefore it would only be
speculative to discuss the receptor mediation of the
effects. Moreover, no receptor has yet been
described for uridine while it is involved in several
physiological functions and is beneficial in different
disease models in vivo. Therefore, investigation of
the mechanism of action of pyrimidines in
proliferation and migration of fibroblasts remains as
a limitation of this study.

In conclusion, the present study investigated the
effects of uridine and uridine nucleotides on
proliferation and migration of L1929 murine
fibroblast cells and showed, for the first time, that
all tested pyrimidines enhanced fibroblast
proliferation, but migration was only enhanced by
uridine or UTP. These data enhance our knowledge
of the effects of pyrimidines on fibroblast behavior
and provide new insights into wound healing and
tissue regeneration.
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ABSTRACT

This study aimed to evaluate and compare the reliability and agreement of four commonly used methods for patellar height measurement:
Insall-Salvati (IS), Modified Insall-Salvati (mIS), Caton-Deschamps (CD), and Blackburne-Peel (BP) indices, using standardized lateral knee
radiographs. This prospective study included seventy adult patients with standardized lateral knee radiographs. Radiographs met strict
criteria for true-lateral views and appropriate knee flexion angles. Three observers independently measured patellar height using the four
methods, each performing two rounds of measurements at a 15-day interval. Intraclass Correlation Coefficients (ICC) were calculated for
intra-observer and interobserver reliability. Pairwise agreements between methods were analyzed using Cohen’s kappa with 95% confidence
intervals (CI). Correlation coefficients (Pearson’s r) were computed to assess the relationships between the methods. The BP method
exhibited the highest inter-observer reliability (ICC = 0.848, 95% CI: 0.754-0.910) and intra-observer reliability (average ICC = 0.908, 95%
CI: 0.829-0.986). This was followed closely by the CD method, while the IS and mIS methods demonstrated moderate reliability.
Correlation analysis revealed strong relationships between the BP and CD methods (r = 0.871, p < 0.01) but weaker correlations between IS
and the other methods. Despite high correlation coefficients, agreement in classification was poor, particularly between IS and BP (k = -
0.131) and IS and mIS (x = -0.047).The Blackburne-Peel method is the most reliable and reproducible for patellar height measurement under
standardized conditions, making it a robust tool for clinical and research applications. However, the methods were not interchangeable,
emphasizing the need for consistent imaging protocols and method selection tailored to clinical objectives.

Keywords: Patellar height. Reliability. Blackburne-Peel index. Caton-Deschamps index. Insall-Salvati ratio. Modified Insall-Salvati
ratio.

Diz Radyografilerinde Dort Farkli Patella Yiiksekligi Olgiim Yonteminin Giivenilirligi ve Uyum Analizi

OZET

Bu ¢alismanin amaci standardize lateral diz radyografileri kullanilarak patellar yiikseklik 6l¢iimii i¢in yaygin olarak kullanilan dort yontemin
glivenilirligini ve uyumunu degerlendirmek ve karsilastirmaktir: Insall-Salvati (IS), Modifiye Insall-Salvati (mIS), Caton-Deschamps (CD)
ve Blackburne-Peel (BP) indeksleri.Bu prospektif ¢alismaya standardize lateral diz radyografileri olan yetmis eriskin hasta dahil edildi.
Radyografiler gergek lateral goriiniimler ve uygun diz fleksiyon agilari icin kati kriterleri karsiladi. U¢ gozlemci bagimsiz olarak dort
yontemi kullanarak patellar yiiksekligi 6l¢tii ve her biri 15 giin arayla iki tur 6l¢iim yapti. Gozlemci i¢i ve gozlemciler arasi giivenilirlik i¢in
Sinif I¢i Korelasyon Katsayilar1 (ICC) hesaplanmistir. Yontemler arasindaki ikili anlasmalar, %95 giiven araliklar1 (CI) ile Cohen'in kappa'si
kullanilarak analiz edilmistir. Yontemler arasindaki iliskileri degerlendirmek i¢in korelasyon katsayilari (Pearson's r) hesaplanmistir. BP
yontemi en yiiksek gozlemciler arasi giivenilirligi (ICC = 0.848, %95 CI: 0.754-0.910) ve gbzlemci i¢i giivenilirligi (ortalama ICC = 0.908,
%95 CI: 0.829-0.986) sergilemistir. CD yontemi bunu yakindan takip ederken, IS ve mIS yontemleri orta diizeyde giivenilirlik géstermistir.
Korelasyon analizi, BP ve CD yontemleri arasinda giiglii iliskiler (r = 0.871, p < 0.01) ancak IS ile diger yontemler arasinda daha zayif
korelasyonlar ortaya koymustur. Yiiksek korelasyon katsayilarina ragmen, ozellikle IS ile BP (k = -0.131) ve IS ile mIS (k = -0.047) arasinda
siniflandirma uyumu zayifti.Blackburne-Peel yontemi, standart kosullar altinda patellar yiikseklik ol¢iimii igin en gilivenilir ve tekrarlanabilir
yontemdir, bu da onu klinik ve arastirma uygulamalari i¢in saglam bir arag haline getirmektedir. Bununla birlikte, yontemler birbirinin yerine
kullanilamaz, bu da tutarh gériintiileme protokollerine ve klinik hedeflere gére uyarlanmis yéntem se¢imine olan ihtiyaci vurgulamaktadir.

Anahtar Kelimeler: Patellar yiikseklik. Giivenilirlik. Blackburne-Peel indeksi. Caton-Deschamps indeksi. Insall-Salvati orani.
Modifiye Insall-Salvati orani.
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Patellar height measurement is critical in evaluating
disorders affecting the patellofemoral joint, including
instability and anterior knee pain. Abnormalities such
as patella alta and patella baja have been identified as
risk factors for patellofemoral (PF) disorders,
including instability, maltracking, and degenerative
PF osteoarthritis"*. Such conditions have the potential
to alter knee biomechanics, thereby increasing the risk
of cartilage damage and accelerating joint
degeneration. Consequently, an accurate assessment of
patellar height is crucial for both the diagnosis and the
guidance of surgical treatment in PF disorders, as it

provides surgeons with essential insights into
biomechanical abnormalities that may require
correction.

While advanced imaging modalities like computerized
tomography (CT) and magnetic resonance imaging
(MRI) offer detailed assessments of patellar height,
they are often expensive, less accessible, and involve
higher radiation doses or time requirements. Lateral
knee radiographs, in contrast, remain the first-line
imaging modality due to their affordability,
availability, and relatively low radiation exposure.
However, the accuracy of radiographic measurements
depends heavily on the method used and the
standardization of radiographic techniques, such as
achieving a true-lateral view and consistent knee
flexion angles.

Over the years, several methods for assessing patellar
height have been developed, with the Insall-Salvati
(IS) ratio, the modified Insall-Salvati (mIS) ratio, the
Caton-Deschamps (CD) index, and the Blackburne-
Peel (BP) method being the most widely used. Despite
their widespread application, each method has
limitations, particularly in their sensitivity to
radiographic angles, anatomical variations, and
observer reliability. For example, the IS and mlIS
ratios are highly influenced by variations in the length
and attachment of the patellar tendon, whereas the CD
and BP methods may offer greater anatomical
precision. Although the reliability of these methods
has been evaluated in previous studies, significant
gaps remain in understanding their relative
performance  under standardized  radiographic
conditions. Most studies have focused on single
methods or have not rigorously compared
intraobserver and interobserver reliability across
multiple methods®. Furthermore, there is limited data
on the correlation between these methods and their
practical applicability in clinical decision-making.
This study addresses these gaps by comprehensively
comparing the reliability and consistency of these four
patellar height measurement methods.

Given the critical role of patellar height assessment in
managing PF disorders, this study aims to identify the
most reliable and consistent method under
standardized conditions. The findings are expected to
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guide clinicians in selecting the most robust method
for routine practice, thereby improving diagnostic
accuracy and treatment planning. This study
hypothesized that the Blackburne-Peel (BP) and
Caton-Deschamps (CD) methods would demonstrate
superior reliability compared to the Insall-Salvati (IS)
and modified Insall-Salvati (mIS) ratios, particularly
in terms of interobserver and intra-observer
consistency. This study aimed to evaluate and
compare the reliability and agreement of four
commonly used methods for patellar height
measurement.

Material and Method

Patients and study design

The institutional review board approved the study
protocol (date/protocol: 24.10.2024, 338-16/11). The
study was conducted following the principles of the
Declaration of Helsinki. The ethics committee waived
the need for patient consent because the study only
involved radiographic data. The study was designed as
a prospective observational study. Radiographs were
obtained by searching the digital image database using
the Picture Archiving and Communication System
(PACS). Patients were eligible if they were 18 or older
and had reached skeletal maturity. Exclusion criteria
included any history of acute or healed fractures,
previous knee surgery, the presence of implants, a
diagnosis of severe knee osteoarthritis (Kellgren-
Lawrence Classification, Grade III & IV), and
radiographs that did not conform to the specific
radiographic acquisition techniques described below.

Standards of the Radiographs

Two primary criteria were applied when selecting
radiographs for inclusion in this study. First, the
radiographs had to present true-lateral views, ensuring
a complete overlap of the posterior condyles (Figure.
la and 1b). Second, the knee flexion angle had to be
between 20° and 30°, measured as the angle between
the anatomical axes of the femur and tibia (Figure.
Ic). To account for variability and obtain sufficient
suitable images, radiographs with knee flexion angles
within a 3° tolerance (i.e., 17° to 33°) were also
included. A radiologist with over ten years of
experience in musculoskeletal radiology evaluated the
images for true-lateral view suitability and measured
the knee flexion angles. The radiologist carefully
selected appropriate patients based on the radiographic
standards and the inclusion and exclusion criteria. The
radiologist measured the knee flexion angles twice,
with a minimum interval of 15 days between the
measurements. The intra-observer reliability, assessed
using the intraclass correlation coefficient (ICC), was
calculated to be excellent, with a value of 0.885 (95%
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CI: 0.821-0.927). Following two measurements, the
mean knee flexion angle was 28.8 + 3.8° (18.9-32.9°).

& unstandarfl Lateral
Ragdiograj

Figure 1.

(a) Example of an unstandardized lateral knee
radiograph with visible condylar rotation,
demonstrating the lack of complete overlap between
the posterior condyles (highlighted with yellow and
red arcs). (b) An example of a true lateral knee
radiograph showing perfect condylar overlap
(highlighted with a single red arc) meets the first
inclusion criterion for radiograph selection. (c) The
knee flexion angle is measured as the angle between
the anatomical axes of the femur and tibia, indicating
the acceptable range of 20°-30° for inclusion. The
yellow arrow highlights the angle, and the red lines
illustrate the anatomical axes of the femur and tibia.

Sample Size Calculation

The sample size was calculated based on the expected
inter-rater  reliability  (Intraclass Correlation
Coefficient, ICC) for measuring distances on
radiographs by three raters’ . The expected ICC was
set at 0.900, with an acceptable minimum ICC of
0.700, considering a two-way random-effects model
for consistency. To achieve 80% power at a
significance level of 0.05, a minimum of 68 subjects
were required. The calculation was performed using
Bonett's method for estimating sample size in
reliability studies, considering the number of raters
and the difference between the expected and
acceptable ICC values. To ensure adequate power, we
included 70 randomly selected participants in the
study. The study group consisted of 20 females and 50
males with a mean age of 34.6+£14.4 years (range 18—
76). The mean Body Mass Index (BMI) was 25.5+3.4
(range 19.2-34.5). 27 right knees and 43 left knees
were evaluated. Demographic characteristics of
patients are presented in Table I.

Measurement methods and normal values

This study used four most frequently used methods to
assess patellar height: the Insall-Salvati ratio, the
modified Insall-Salvati ratio, the Caton-Deschamps
index, and the Blackburne-Peel method (Figure 2).
Insall-Salvati Ratio: This method involves measuring
the length of the patellar tendon and the greatest
diagonal length of the patella. The ratio is calculated
by dividing the tendon length by the patellar length”.

Modified Insall-Salvati Ratio: Similar to the Insall-
Salvati ratio, but this method accounts for the patellar
tendon attachment by measuring from the lower pole
of the patella to the tibial tubercle®. Caton-Deschamps
Index: This method measures the distance from the
inferior edge of the patella to the tibial plateau,
divided by the length of the patellar articular surface’.
Blackburne-Peel Method: The Blackburne-Peel
method uses the ratio of the perpendicular height from
the tibial plateau to the lower edge of the patellar
articular surface divided by the length of the patella's
articular surface®. Table IT summarizes the threshold
values for the discrimination of patellar height. Using
these thresholds, we have categorized each patient as
patella alta, patella norma and patella baja.

Table I. Demographic characteristics of the study

population.
Variables Data
Age (yearsSD) 34.6+14.4 (range, 18-76)
Sex (n, %)
Male 20 (28.6%)
Female 50 (71.4%)
Side (n, %)
Right 27 (38.6%)
Left 43 (61.4%)
Height (cm£SD) 171.1+7.3 (range, 150-183)
Weight (kg+SD) 74.7+11.0 (range, 55-112)
BMI (kg/m2£SD) 25.5+3.3 (range, 19.2-34.5)

Abbreviations, BMI: Body mass index, SD: Standard deviation

Figure 2.
Hllustration of the four methods used to evaluate
patellar height. All measurements were calculated as
A/B ratios and documented as proportional values. (a)
Insall-Salvati ratio, (b) Modified Insall-Salvati ratio.
(c) Caton-Deschamps index. (d) Blackburne-Peel

method.
Table II. Normal range for patellar height
measurements

Method Patella Alta Patella Pate:IIa

Norma Baja
|Insall-Salvati Index >1.2 0.8-1.2 <0.8
Modified Insall-Salvati 52 < NA
Index
Caton-Deshamphs Index >1.3 0.6-1.3 <0.6
Blackburne-Peel Index >1.0 0.5-1.0 <0.5

NA: Not applicable
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Reliability Study

Three orthopedic  specialists  performed  the
measurements, each conducting two rounds of
measurements on the radiographs with at least a 15-
day interval between them. All observers were blinded
to both their initial measurements and those of the
other observers. Any identifying information on the
radiographs, such as patient names, ages, and dates,
was removed to ensure blinding. Before commencing
the study, a meeting was held with all observers to
review the measurement methods in detail. A visual
aid demonstrating the measurement technique was
provided, and the observers were allowed to refer to
this image during the measurement process. All
measurements were conducted on digital radiographs
stored in DICOM format using the RadiAnt DICOM
Viewer software (Medixant, Poland).

Statistical Analysis

Descriptive statistics were calculated for demographic
and clinical variables, with results presented as means
+ standard deviations (SD) or medians with ranges, as
appropriate. Intraobserver and interobserver reliability
were evaluated wusing Intraclass  Correlation
Coefficients (ICC) with 95% confidence intervals
(CIs). A two-way random-effects model was used for
interobserver reliability, which assessed both absolute
agreement and consistency. ICC values were
interpreted as poor (< 0.50), moderate (0.50-0.75),
good (0.75-0.90), or excellent (> 0.90)°. Pairwise
agreements between the four methods (IS, mIS, CD,
BP) were analyzed using Cohen’s Kappa statistic with
95% Cis. Kappa values were interpreted as poor (<
0.00), slight (0.00-0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), or almost perfect
(0.81-1.00)'°. Pearson correlation analysis was
conducted to evaluate the relationships between the
patellar height measurement methods, with correlation
coefficients (r) interpreted as very weak (< 0.20),
weak (0.20-0.39), moderate (0.40-0.59), strong
(0.60-0.79), or very strong (> 0.80). The significance
level of p<0.05 was considered statistically
significant'" .

Results

The study included 70 patients (20 females and 50
males) with a mean age of 34.6 + 14.4 years (range,
18-76) and a mean BMI of 25.5 £ 3.4 kg/mz) (range,
19.2-34.5). Of the 70 knees, 27 (38.6%) were right,
and 43 (61.4%) were left.

The interobserver reliability analysis demonstrated
good levels of agreement (ICC between 0.750-0.900)
among the four patellar height measurement methods,

with the results summarized in Table III. The
Blackburne-Peel (BP) method exhibited the highest
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interobserver reliability. The intra-observer reliability
analysis revealed the highest agreement for the BP
method, with an average ICC of 0.908 (95% CI:
0.829-0.986). The other three methods showed good
levels of agreement (Table IV) (Figure 3).

Table II1. Results of interobserver reliability analysis.

Method Time 1,ICC  Time 2,1CC 95% Average, ICC 95%
95% CI Cl Cl

IS 0.739 (0.612-  0.835 (0.755- 0.786 (0.612-
0.830) 0.892) 0.892)

[mis 0.738 (0.610-  0.736 (0.608- 0.737 (0.608-
0.829) 0.828) 0.829)

cD 0.825 (0.740-  0.845 (0.769- 0.835 (0.740-
0.886) 0.898) 0.898)

Bp 0.835(0.754-  0.862 (0.795- 0.848 (0.754-
0.892) 0.910) 0.910)

Abbreviations, ICC: Interclass correlation coefficient, CI:

Confidence interval, IS: Insall-Salvati, mIS: Modified Insall-Salvati,
CD: Caton-Deschamps, BP: Blackburne-Peel.

Comparison of ICC Values Across Methods

1.0
0.8
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02
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Methods

Figure 3.

Comparison of ICC values for interobserver (blue
bars) and intraobserver (red bars) reliability across
four patellar height measurement methods: Insall-

Salvati (IS), modified Insall-Salvati (m1S), Caton-
Deschamps (CD), and Blackburne-Peel (BP). Error

bars indicate standard deviations. Asterisks (*) denote
the methods with significantly higher ICC values
compared to others (p < 0.05).

Table IV. Results of intra-observer reliability
analysis.
|Metho ds Observer A Observer B Observer C Average
ICC95%Cl 1CC 9% Cl ICC 95% ClI ICC 95% ClI
IS 0.913 (0.863- 0.638 (0.475- 0.907 (0.854- 0.819 (0.641-
0.945) 0.758) 0.941) 0.997)
miS 0.817 (0.721- 0.795 (0.689- 0.969 (0.950- 0.860 (0.753-
0.882) 0.867) 0.980) 0.967)
cD 0.904 (0.849- 0.852 (0.771- 0.924 (0.880- 0.893 (0.851-
0.939) 0.905) 0.952) 0.935)
BP 0.939 (0.904- 0.829 (0.738- 0.957 (0.932-  0.908 (0.829-
| 0.962) 0.890) 0.973) 0.986)
Abbreviations, ICC: Interclass correlation coefficient, CI:

Confidence interval, IS: Insall-Salvati, mIS: Modified Insall-Salvati,
CD: Caton-Deschamps, BP: Blackburne-Peel.
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Correlation analysis revealed a strong relationship
between the CD and BP methods (r = 0.871, p < 0.01)
and moderate-to-strong correlations between other
methods, such as mIS and BP (r=0.716, p <0.01) and
IS and CD (r = 0.488, p < 0.01). The IS method
showed weaker correlations with mIS (r = 0.348, p <
0.01) and BP (r=0.344, p < 0.01) (Figure 4).

Correlation Heatmap Between Methods

1.0
p < 0.01 for all cells I
0.9

-0.8

Insall-Salvati
(IS)

Modified
Insall-Salvati

(MIS) .

Caton-Deschamps

=0 8 0.488

0.776

Pearson Correlation Coefficient

Blackburne-Peel

i

' .
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Figure 4.
Correlation heatmap between the patellar height
measurement methods. The heatmap displays the
Pearson correlation coefficients (r) between the
Insall-Salvati (1IS), Modified Insall-Salvati (MI1S),
Caton-Deschamps (CD), and Blackburne-Peel (BP)
methods. All correlation coefficients are significant at
p<0.01. The strength of the correlations is indicated
by the color intensity, ranging from low (blue) to high
(red). The highest correlation (r=0.871) is observed
between the Caton-Deschamps (CD) and Blackburne-
Peel (BP) methods, denoted with an asterisk (*).
Diagonal values represent self-correlation (r=1.000).

Despite the high correlation observed between the
measured ratios, a notable lack of consistency was
evident in the classification results (Table V). The
agreement between the Insall-Salvati (IS) and
Modified Insall-Salvati (mIS) methods was poor, with
a kappa value of -0.047 (95% CI: -0.104 to 0.010).
The agreement between IS and Blackburne-Peel (BP)
was also poor, with a kappa value of -0.131 (95% CI:
-0.200 to -0.062). A moderate agreement was
observed between mIS and BP, with a kappa value of
0.419 (95% CI: 0.019 to 0.819). The agreement
involving the Caton-Deschamps (CD) method could
not be calculated because all classifications under this
method were constant, precluding meaningful
comparisons. The agreement between the patellar
height measurement methods is summarized in Table
V. Patient-wise classifications of patellar height based
on four methods are presented in Figure 5.

Table V. Pairwise agreement between the methods.

Cohen’s Kappa and 95% Confidence
Interval.
IS miS CD BP
IS 1
Imis  -0.047 (-0.104-0.010) 1
cD NA NA 1
BP  -0.131(-0.200-0.062) 0.419(0.019-0.819 NA 1

Abbreviations, ICC: Interclass correlation coefficient, CI:
Confidence interval, IS: Insall-Salvati, mIS: Modified Insall-Salvati,
CD: Caton-Deschamps, BP: Blackburne-Peel.NA: Not Applicable.
Since all classifications in CD were normal, agreement between

methods cannot be calculated.
Insall-Salvati I II|I

Modified |

Insall-Salvati

1 Patients -0

Patient-Wise Classifications

Patella Baja

Patella Norma

Caton-Deschamps

Patella Alta

Blackburne-Peel |

Figure 5.
Patient-wise classifications of patellar height based
on four methods: Insall-Salvati, Modified Insall-
Salvati, Caton-Deschamps, and Blackburne-Peel.
Each row represents one method, and each column
corresponds to an individual patient. Colors indicate
patellar height categories: red (patella alta), gray
(normal), and blue (patella baja). The figure
demonstrates variability in classifications across
methods, highlighting discrepancies in categorization
for some patients.

Discussion and Conclusion

This study sought to evaluate the reliability and
agreement of four commonly used patellar height
measurement  methods, namely Insall-Salvati,
Modified Insall-Salvati, Caton-Deschamps, and
Blackburne-Peel, using standardized lateral knee
radiographs. The findings revealed that the
Blackburne-Peel and Caton-Deschamps methods
demonstrated superior intra- and inter-observer
reliability compared to the Insall-Salvati and Modified
Insall-Salvati methods. The BP method demonstrated
the highest reliability, with an average ICC exceeding
0.90 for both intra- and inter-observer evaluations,
closely followed by the CD method. The results of the
correlation analysis demonstrated a strong relationship
between the BP and CD methods, while the IS and
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mlIS methods exhibited weaker correlations with the
other methods. Despite the high correlation between
the measured ratios, there was poor agreement in the
classifications, particularly between the IS and mIS (x
=—0.047, « = —0.047) and the IS and BP (x = —0.131,
k = —0.131). These findings underscore the superior
reliability and consistency of the BP and CD methods,
suggesting their potential as robust tools for clinical
and research applications in patellar height
assessment. Based on these findings, we recommend
choosing the BP method for patellar height
measurements. Furthermore, these methods cannot be
used interchangeably.

There is currently no consensus in the literature
regarding the most appropriate method for measuring
patellar height. Different authors have advocated for
the superiority of various methods while highlighting
the disadvantages of others. This lack of agreement
may stem from several factors. One key reason is the
variability in imaging modalities used for
measurement. For instance, the anatomical landmarks
differ between children and adults due to incomplete
ossification in pediatric populations. Additionally, the
presence of osteoarthritis can alter these landmarks
due to osteophyte formation. Beyond modality
differences, the standardization of imaging techniques
is another critical factor influencing measurement
accuracy. Obtaining a true lateral knee radiograph
with 30 degrees of knee flexion is essential for
standardization and reliable measurements, as studies
have shown that rotational misalignment significantly
affects results. Similarly, changes in knee flexion
angle alter patellar height measurements; reduced
flexion leads to patellar tendon relaxation and lower
patellar tendon length, while increased flexion results
in elongation of the patellar tendon and increase the
tendon length. This underscores the importance of
maintaining consistent flexion angles during imaging.
In MRI, where the knee is often positioned near full
extension, the normal and pathological thresholds for

patellar height classification differ from those
established for radiographs, necessitating the
development of adjusted classification ranges.

Furthermore, the Insall-Salvati (IS) ratio was modified
by Grelsamer to create the Modified Insall-Salvati
(mIS) ratio, which focuses on the patella-trochlear
engagement, emphasizing the importance of the
articulating surface of the patella. However, the
Blackburne-Peel (BP) method has been reported to
vary with changes in tibial slope, highlighting the
influence of anatomical and imaging factors on
measurement reliability.

Huddleston et al. and Becher et al. both highlighted
critical factors influencing the accuracy of patellar
height measurements, emphasizing the need for
precise imaging conditions'*"®. Huddleston et al.
demonstrated that aberrant radiographic rotation,
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particularly in the axial and counterclockwise
directions, significantly alters Caton-Deschamps
Index (CDI) measurements, with all degrees of
rotational error in axial and coronal planes potentially
causing clinically significant differences (>0.1)'?. This
underscores the importance of obtaining true-lateral
radiographs to ensure accurate patellar height
assessment. Similarly, Becher et al. showed that
increasing knee flexion angles significantly affected
patellar height indices, including CDI and
Patellotrochlear Index (PTI), which decreased
progressively with increased flexion, with the most
notable reductions observed at 45° flexion'’. These
findings highlight the dynamic nature of patellar
positioning with knee flexion and rotation, reinforcing
the necessity of controlling both knee angle and
radiographic alignment during clinical and imaging
evaluations.

The present study builds on the findings of the Berg
and Seil studies by reaffirming the reliability of the

Blackburne-Peel (BP) method as the most
reproducible for patellar height measurement,
demonstrating superior inter- and intraobserver

reliability across methods'*". Similar to Berg et al.,
we emphasize the importance of strict radiographic
standards and consistent knee flexion angles, with our
findings further showing strong correlations between
BP and the Caton-Deschamps (CD) index (r = 0.871,
p < 0.01)". Both our study and Seil et al. noted
variability = among methods, including poor
concordance between IS and BP (k values below zero
in our study; 57% in Seil et al.)"’. While Seil et al.
assessed additional methods, such as Labelle-Laurin,
both studies strongly advocate for methods that rely
on patellar articular surface relationships, like BP and
CD". By providing comprehensive correlation data
and highlighting poor agreement between IS,
Modified Insall-Salvati (MIS), and BP, our study
extends these earlier findings and underscores the
necessity of standardized imaging conditions to
improve reliability.

The present study stands in contrast to the findings of
Moon Seok Park et al, Duijvenbode et al., and
Verhulst et al., as it advocates for the Blackburne-Peel
(BP) method as the most reliable and clinically
applicable measure of patellar height, particularly in
adults™'®"”. While Moon et al. highlighted the
limitations of BP in pediatric populations due to
indistinct bony landmarks, our results demonstrate its
superior reproducibility in adults, where ossification is
complete'®. In contrast to Duijvenbode et al., who
recommended the Insall-Salvati (IS) and Modified
Insall-Salvati (MIS) methods for their reliability and
validity, our findings emphasize BP's resilience in
identifying patella alta and baja, especially under
standardized radiographic conditions®.  Similarly,
Verhulst et al. favored IS for its inter-method



Patellar Height Measurement: Reliability and Agreement

reliability across imaging modalities. However, we
observed that BP outperforms IS in consistency and
clinical utility when clear imaging protocols are
applied'’. Our study also addresses some of the
criticisms of BP noted in these works, including
variability related to landmark identification. We
minimised these issues by employing strict
radiographic acquisition protocols, further reinforcing
BP’s practicality and reliability. These differences
underscore the importance of considering patient
population and imaging conditions, as we argue that
BP provides the most accurate and reproducible
results in clinical practice, particularly in adults with
standardized imaging.

The present study aligns with previous works,
including those by Picken et al., Hunter et al., and
Kwak et al., in emphasizing the challenges and
variability =~ of  patellar  height = measurement
methods™'®!". The study also advocates for the
Blackburne-Peel (BP) method as the most reliable
under standardized conditions. Like Picken et al., we
acknowledge the superior reliability of the Insall-
Salvati (IS) ratio across observers and modalities but
observed higher reliability for BP in our dataset due to
stringent radiographic standardization. While Picken
et al. highlighted the need for modality-specific
normative values, particularly for MRI, our focus on
consistent imaging conditions reinforces  the
importance of clear anatomical landmarks for accurate
measurement'®. Similarly, our findings parallel Hunter
et al's observations on the variability and poor
interchangeability of common indices, but we differ
by identifying BP as the most reproducible method
when standardization is ensured, contrasting with their
findings favoring IS for inter-rater reliability®. Kwak
et al. further highlighted the importance of age- and
modality-specific approaches, demonstrating the
Koshino—Sugimoto method’s superiority in pediatric
populations'. In contrast, our study, limited to adult
patients, identified BP as the most consistent and
clinically applicable method. Collectively, these
findings emphasize the critical role of imaging
standardization and tailored approaches to improve the
accuracy and reliability of patellar height
measurements across diverse patient populations.

One important consideration in patellar height
measurement is the potential influence of racial and
regional differences. While most commonly used
methods, such as Insall-Salvati, Modified Insall-
Salvati, Caton-Deschamps, and Blackburne-Peel, were
originally developed and validated in Western
populations, recent studies have shown that these
methods may yield different results in non-Western
populations. For example, a study conducted in
Indonesia reported lower normal values for the Insall-
Salvati method (0.78-1.26) compared to the standard
Western values (0.8-1.2), suggesting that ethnic
differences  may  influence  patellar  height

measurements®’. In contrast, a study conducted in
Turkey found that patellar height values measured
with the same methods were consistent with Western
norms, indicating that these standardized methods can
be reliably applied to the Turkish population®'. These
findings emphasize the importance of validating
measurement techniques across different populations
to ensure accurate and reliable clinical assessments.

This study has several limitations. First, the sample
consisted solely of adult patients, limiting the
generalizability of the findings to pediatric
populations or those with incomplete ossification.
Additionally, the use of standardized lateral knee
radiographs excludes variability seen in routine
clinical imaging, which may affect real-world
applicability. The study also did not evaluate imaging
modalities other than radiographs, such as MRI or CT,
which are increasingly utilized in patellar height
assessment. Furthermore, the exclusion of patients
with severe osteoarthritis or prior surgeries may
underestimate ~ the  challenges of landmark
identification in more complex clinical cases. Despite
these limitations, the study has several notable
strengths. Its prospective design and rigorous
radiographic standardization ensured the collection of
high-quality data. Including multiple observers and
repeated measurements allowed for a robust
assessment of inter- and intra-observer reliability.
Additionally, the comparative analysis of four
commonly used measurement methods under
consistent conditions provided valuable insights into
their reliability and applicability, particularly
emphasizing the Blackburne-Peel method as a reliable
option for both clinical and research settings.

This study highlights the Blackburne-Peel (BP)
method as the most reliable and consistent technique
for patellar height measurement under standardized
conditions, outperforming the Insall-Salvati (IS),
Modified Insall-Salvati (mIS), and Caton-Deschamps
(CD) methods in terms of both inter- and intra-
observer reliability. While the BP method
demonstrated superior reproducibility, the variability
in classifications across methods underscores the
importance of selecting appropriate measurement
techniques tailored to specific clinical or research
needs. These findings emphasize the necessity of
achieving true-lateral radiographs with consistent knee
flexion angles to enhance measurement accuracy.
Future studies should explore the applicability of the
BP method across different imaging modalities,
pediatric populations, and in the presence of
osteoarthritis to establish a more comprehensive
understanding and foster a consensus on patellar
height assessment.
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Acil Servise Basvuran 65 Yas ve Uzeri intrakranial
Kanamasi Olan Hast*alarln Demografik ve Epidemiyolojik
Ozelliklerinin Analizi
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OZET

Bu calismanin amact acil servise basvuran >65 yas intrakranial kanamasi olan hastalarin demografik ve epidemiyolojik 6zelliklerinin
incelenmesi ve klinik sonlanimlar ile iliskili faktorlerin belirlenmesidir. Kesitsel tipte olan bu ¢alisma, 1 Ocak 2018 — 31 Aralik 2022
tarihleri arasinda acil serviste intrakranial kanama tanisi alan >65 yas olgularin dosyalarinin retrospektif olarak degerlendirilmesi ile
gergeklestirilmistir. Olgularin %57,6’s1 erkekti ve yas ortalamasi 75,49 + 7,43 yildi. Olgularin %79,9’unda en az bir ek hastalik, %46,0’inda
travma Oykdisii vardi. Bilgisayarlh Tomografi sonucunda en sik saptanan kanama tiirleri %39,1 subdural, %38,6 intraparankimal ve %26,1
subaraknoid kanama idi. Klinik sonlanim agisindan bakildiginda; olgularin %7,6’smin acil servisten taburcu edildigi %21,2’sinin yogun
bakim iinitesine yatirildigi, %29,9’unin dis merkez yogun bakim iinitesine sevk edildigi ve %1,6’sinn ise exitus olarak sonlandig1 goriildii.
Diger olgularla karsilastirildiginda, klinik sonlanimi olarak yogun bakim iinitesi yatis/ sevk/ 6liim olan olgular arasinda kadin cinsiyet siklig
ve subdural kanama siklig istatistiksel olarak anlamli diizeyde daha yiiksek iken; Glasgow Koma Skoru ve intraparankimal kanama siklig1
ise anlamli diizeyde daha dusiiktii. Sonug olarak klinik pratikte 6zellikle kranial BT de subdural hematom saptanan ve GKS skoru diisiik
yash intrakranial kanamali olgularda kotii sonlanim riskinin daha fazla oldugunu g6z Oniinde bulundurularak, erken doénemde dogru
tedavinin uygulanmasinin sag kalimi artiracak ¢abalar arasinda yer alacagi diisiiniilmektedir.

Anahtar Kelimeler: Acil servis. Glasgow Koma Skoru. intrakranial kanama.

Analysis of Demographic and Epidemiologic Characteristics of Patients 65 Years and Older with Intracranial Hemorrhage
Presenting to the Emergency Department

ABSTRACT

The aim of this study is to examine the demographic and epidemiological characteristics of patients with intracranial hemorrhage aged >65
years who applied to the emergency department and to determine the factors associated with their clinical outcomes. This cross-sectional
study was conducted by retrospectively evaluating the files of patients aged >65 years who were diagnosed with intracranial hemorrhage in
the emergency department between January 1, 2018 and December 31, 2022. 57.6% of the cases were male, and the mean age was 75.49 +
7.43 years. In 79.9% of the cases, there was at least one comorbidity, and 46.0% had a history of trauma. The most frequently identified
types of hemorrhage on Computed Tomography were 39.1% subdural, 38.6% intraparenchymal, and 26.1% subarachnoid hemorrhage. In
terms of clinical outcomes, 7.6% of the cases were discharged from the emergency department, 21.2% were admitted to the intensive care
unit, 29.9% were transferred to an external center’s intensive care unit, and 1.6% resulted in death. Compared to other cases, among those
with intensive care unit admission/transfer/death, female gender and subdural hemorrhage were statistically significantly higher, while
Glasgow Coma Score and intraparenchymal hemorrhage frequency were significantly lower. In conclusion, considering that in clinical
practice, the risk of poor outcome is higher in elderly patients with intracranial hemorrhage, especially those with subdural hematoma
detected on cranial CT and with low GCS scores, it is thought that the implementation of treatment modalities in the early period will be
among the efforts to increase survival rate.

Keywords: Emergency department. Intracranial hemorrhage. Glasgow Coma Scale.
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Intrakraniyal kanama (IKK) kraniyum iginde yer alan
beyin parankimi ve onu g¢evreleyen meningeal
bosluklar dahil tiim yapilardaki herhangi bir kanamay1
tanimlamaktadir'. IKK'larin diinya ¢apindaki insidansi
son 20 yilda yaklasik %47 oraninda artmustir’.
IKK'larin bes temel alt tipi olup; Intraparankimal
(iPH), intraventrikiiler (IVH), subdural (SDH),
epidural (EDH) ve subaraknoid kanama (SAK)
seklindedir. Bunlardan IPH ve IVH intra-aksiyel
olarak, SDH, EDH ve SAK ise ekstra-aksiyel olarak

smiflandirilabilir’. Hipertansiyon, enfeksiyon,
antitrombositer ve antikoagiilan ila¢ kullanimu,
anevrizma, madde kullanimi, cinsiyet, yas, aile
Oykiisi, tiimoral yapilar, arteriovendz

malformasyonlar ve travma risk faktorleri olarak
sayilabilecek baslica IKK nedenleri olarak sayilabilir®.
Sun ve ark. 2019 yilinda 204 ilke ve bolgedeki
yaptiklar1 calismada tahmini 3,4 milyon IKK vakasi
tanimlamig olup, bu vakalarmn 2,8 milyonu o&liimle
sonuglandigim  bildirilmistir’. Yashi bireyler, geng
hastalara kiyasla IKK icin bes kat daha fazla risk
tasimaktadir®. Erkeklerin, kadinlara gore daha geng
yasta IKK gecirdigi belirlenirken, 80 yas sonrasi
kadinlarda kanama egiliminin arttig1 belirlenmistir.
Kadmlar ve erkekler arasinda 30 giinliik 6liim oranlar1
arasinda fark bulunmamustir’. Yas faktoriiniin yaninda
hipertansiyon, diyabet, atriyal fibrilasyon gibi kronik
saglik problemleri ve sistemik kosullar yaslilarda bu
risk oranini arttirirken; genglerde en sik tiitiin
kullanimi, hipertrigliseridemi, hipertansiyon, travma,
alkol kullanimi, vaskiiler malformasyon 6nde gelen
risk faktorleri olarak kendini gostermektedir®’.
Ulkemizde 133 hastanin incelendigi bir caligmada
otuz gilinlik mortalite ve bir yillik mortalite oranlar1
sirasiyla %38,3 ve %49,6 olarak rapor edilmistir. 30
giinliik 6liim orani ve bir yillik 6liim orani ise, cinsiyet
agisindan farklilk gostermemistir'®. Travmaya bagh
IKK’lar ise, travmatik bir olaydan sonra hastalarin
%13-35'inde goriilmekte olup; kitle etkisi, refrakter
intrakraniyal hipertansiyon ve herniasyona yol
acabilmektedir'™'?. Travma siddeti, ileri yas, ¢oklu
lezyonlar, orta hatta sift veya sisternal kompresyon
gibi faktorlerle iliskilidir''.

IKK tedavi ve yonetiminde intrakraniyal basing takibi,
mannitol, hipertonik salin, antipiretik, cerrahi
dekompresyon, antikoagiilan  tedavinin  tersine
cevrilmesi gerektigi durumlarda taze dondurulmus
plazma (TDP), protrombin kompleks konsantreleri
(PCC), antikonviilsan ilaglar, kan  friinleri
transfiizyonu kullanilan baslica tedavi yontemleridir®.
IKK insidans1 ile yas arasinda anlamli bir iliski olup
bu insidans yasla birlikte artmaktadir'®.

Yaglanan bir toplumda, yasli insanlarin orani arttik¢a
IKK insidansinin arttigia dair kamitlar var olup bu
durum yaslanma sonuglu sosyal ve sosyoekonomik
zorluklarla, hem hastane ici tedavi ve hem hastane dis1
kaynak tahsisindeki zorluklarla basa ¢ikma yolunda
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IKK tedavisinde karar verme siirecini kolaylastirmayi
amaglayan durumlari ortaya ¢ikarmaktadir'®.

Bu calismanin amac1 acil servis (AS)’e bagvuran >65
yas intrakranial kanamasi olan hastalarin demografik
ve epidemiyolojik 6zelliklerinin incelenmesi ve klinik
sonlanimlari ile iligkili faktorlerin belirlenmesidir.

Gereg ve Yontem

Universitemizin Klinik Aragtirmalar Etik Kurulu (7
Mart 2023, karar n0:2023-5/4) izni ile 1 Ocak 2018 —
31 Aralik 2022 tarihleri arasinda Tip Fakiiltesi
Hastanesi Acil Servisi’nde gergeklestirilen kesitsel
tipte caliyma, IKK nedeniyle basvuran >65 yas
olgulara ait 448 hasta dosyasinin retrospektif olarak
degerlendirilmesi ile gergeklestirilmistir.

Calismaya; >65 yas olan, intrakraniyal kanama
saptanan, verileri ve goriintiilleme sonuglari eksiksiz
olan hastalar dahil edilmis olup bu kriterlere uymayan
olgular ise ¢aligma dist birakilmistir.

Hastalarin; cinsiyet, yas, ek hastaliklari, vital bulgular1
(kan basinci, viicut sicakligi, nabiz), Glasgow Koma
Skoru (GKS) degeri, trombosit ve International
Normalized Ratio (INR) degerleri, travma Oykiisi,
antikoagiilan ilag kullanimi, yatirilan klinik ve klinik
sonlanimlar1 kaydedilmistir.

Istatistiksel analiz

Calismanin analizleri SPSS 27.0 paket programi ile
gerceklestirilmigtir. Kategorik degiskenler say1 ve
ylizde, siirekli sayisal degigkenler ortalama, standart
sapma, median (min—maks) degerleri ile 6zetlenmistir.
Siirekli sayisal verilerin normal dagilim durumu
Kolmogorov Smirnov testi ile degerlendirilmis ve
normal dagimadigi goriilmiistiir. Iki grup arasinda
yapilan sayisal veri karsilastirmasinda Mann Whitney
U testi, kategorik veri karsilagtirmasinda ki-kare testi
ve Fisher’in kesin testi kullanilmistir. Yogun Bakim
Unitesi (YBU)’ne yatis/ YBU ne sevk/ liim agisindan
bagimsiz risk faktorlerinin belirlenmesi amaciyla, tek
degiskenli analizlerde anlamli oldugu belirlenen
parametrelerin dahil edildigi ¢ok degiskenli lojistik
regresyon analizi gerceklestirilmistir. Istatistiksel
olarak anlamlilik simir1 olarak p degerinin 0,05
degerinden kii¢iik olmasi kabul edilmistir. Verilerin
gorsellestirilmesinde yi1gilmis siitun grafigi ve kutu-
¢izgi grafigi kullanilmistir.

Bulgular

Acil Servise basvuran 448 IKK olgusunun dahil
edildigi bu caligmada, 258 olgu (%57,6) erkek olup
190 olgu (%42,4) ise kadin olarak saptanmis olup yas
ortalamasi ise 75,49 + 7,43 yil olarak saptandi. En sik
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gorilen ek hastaliklarin  ise  %51,6 oraninda  Table II. Olgularin klinik sonlanimina goére travma
hipertansiyon, %32,6 oraninda kardiyovaskiiler varli§l, tomografide saptanan kanama
hastaliklar ve %21,4 oraninda diyabetes mellitus bolgesi ve uygulanan  antikoagiilan
oldugu goriildii. tedavilerin karsilastirilmasi.
Calismaya dahil edilen olgularin %46,0’inda travma YBU yatig/ sevk/ éliim
Oykiisii vardi. BT sonucunda en sik saptanan Yok (n =346) | Var (n=102)
kanamalar 9%39,1 subdural, %38,6 intraparankimal ve  |Degiskenler n % | n % p
%26,1 subaraknoid kanama seklinde idi. Hastalara Travma
uygulanan antikoagiilan ilaglarmn kullanim siklig1
degerlendirildiginde en sik %32.6 ile asetilsalisilik | e n v
asit, %11,6 klopidogrel ve %6,9 yeni nesil oral - . .
antikoagiilanlar oldugu goriildii (Tablo I). T?_mograf'de kanama
|Bélgesi
[Epidural
Tablo 1. Travma Oykiisii varligi, bilgisayarli  |yok 203 | 958|230 | 975 | 0317
tomografide saptanan kanama [y, 9 |42 s 25
lokalizasyonu ve uygulanan antikoagiilan  [g pqural
tedavilerin dagilimi. Yok 168 | 792 | 105 | 445 | <0,001
Sayl | Yiizde Var 44 1208 | 131 | 555
Degigkenler (n) (%) Subaraknoid kanama
Travma oykiisii Yok 156 | 736 | 175 | 742 | 0,891
Yok 242 | 540 Var 5 | 264 | 61 | 258
Var 206 46,0 lintraparankimal
Bilgisayarli tomografide saptanan kanama Yok 100 | 47,2 | 175 | 742 |<0,001
lokalizasyonu Var 112 | 528 | 61 | 258
Subdural 175 39,1 lintraventrikiiler
| ntraparankimal 173 38,6 Yok 204 |962] 232 | 983 | 0174
Subaraknoid kanama 117 26,1 \Var 8 38 | 4 17
Epidural 15 33 Antikoagiilan tedavisi
| ntraventrikiler 12 2,7 Yok 104 | 491|125 | 530 | 0409
Antikoagiilan ilag kullanimi \Var 108 | 509 | 111 | 47,0
Yok 229 | 511 Asetil salisilk asit 75 |354| 71 | 301 | 0233
Var 219 | 489 Klopidogrel 19 |90 | 33 | 140 | 0,008
Asetil salisilik asit 146 32,6 \Varfarin 7 33 | 8 34 | 0959
Klopidogrel 52 | 116 DMAH 7 33| 8 | 34 | 0959
Yeni nesil oral antikoagilan 31 6,9 Yeni nesil oral
Varfarin 15 3,3 Antikoagiilan 17 80 | 14 59 0,385
Diigiik molekiil agirlikli heparin 15 3,3 Tikagrelor 1 05| 0 0,0
Tikagrelor 1 0,2 Silostazol 1 05| 0 0,0
Silostazol 1 0,2 DMAH: Diisiik molekiil agirlikli heparin, YBU: Yogun bakim

Klinik sonlanimi YBU yatig/ sevk/6liim olan olgular
arasinda kadin cinsiyet siklig1 istatistiksel olarak
anlamli diizeyde daha yiiksek olarak saptandi (p =
0,002).

Diger olgularla karsilastirildiginda YBU’ne yatirilan,
sevk edilen ya da 6len olgular ile bu olgularin disinda
kalan gruplar karsilagtirildiginda; subdural kanama
sikhigmin YBU’ne yatirilan, sevk edilen ya da 6len
olgularda istatistiksel olarak anlamli diizeyde daha
fazla oldugu (%20,8’¢ karst %:55,5, p<0,001),
intraparankimal kanama sikhgmin ise YBU’ne
yatirtlan, sevk edilen ya da O6len olgularda anlamli
diizeyde daha diisiik oldugu goriildi (%52,8’¢ karsi
%25,9, p<0,001) (Tablo II).

initesi

Klinik sonlanim1 YBU vyatis/ sevk/ 6liim olan olgular
diger olgularla karsilagtirildiginda, sistolik kan basinci
(SKB) (p<0,001) ve diyastolik kan basinci (DKB) (p =
0,002) degerleri istatistiksel olarak anlamli diizeyde
daha yiiksek, GKS degeri ise daha diisiiktii (p<0,001)
(Tablo III).

Klinik sonlanim agisindan bakildiginda; olgularin
%7,6’smin acil servisten taburcu edildigi %21,2’sinin
YBU’ne yatirildigi, %29,9’umin dis merkez YBU’ne
sevk edildigi ve %]1,6’sinin ise exitus olarak
sonlandigr goriildi. En sik yatis yapilan klinik
boliimler ise; %29,9 oraninda beyin cerrahisi ve %6,5
ndroloji boliimleri idi.
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Tablo III. Olgularin klinik sonlanima gore yas, vital
bulgulari, GKS skoru, trombosit sayist ve
INR degerlerinin karsilastiriimast.

YBU yatig/ sevk/ 6liim
Degiskenler Yok (n = 346) Var (n=102) p
Ort £ SS (median) Ort £ SS (median)
Yas (yil) 7476 £ 6,92 (74) 76,14 7,81 (75) | 0,098
SKB (mmHg) 1412622 (130) | 153,81+ 39,55 (150) | <0,001
DKB (mmHg) 7919+ 11,93(75) | 86,56+ 2227 (80) | 0,002
Nabiz (atim/dk) | 76,3 + 10,49 (75) 76,92+ 14,8 (70) | 0,272
GKS 14,51 £1,1(15) 9,89+4,13(11) |<0,001
I,g"g??:i‘) 214,68 66,14 (214,5) | 207,67 + 60,44 (201)| 0,251

DKB: Diastolik kan basinci, GKS: Glasgow koma skalasi, INR:
International normalised ratio, Ort. Ortalama, SKB: Sistolik Kan
basinci, SS: Standart sapma, YBU: Yogun bakim iinitesi

Tartisma ve Sonug

Bir iiniversite hastanesi AS’inde IKK tanisi alan 65
yag ve lizeri olgularin klinik  6zelliklerinin
degerlendirilmesi amaciyla yapilan bu caligmaya
alinan olgularin %57,6’s1 erkek ve yas ortalamasi
75,49 + 7.43 idi. Hsieh ve ark. IKK nedeniyle kabul
edilen 1.192 hastanin verileri dort yillik bir siire
boyunca toplandig: ¢alismada da erkeklerin orani %58
ve yag ortalamasi 66,3 + 15,3 yil olarak belirlenirken,
Xing ve ark. 1325 hasta ile gergeklestirdikleri
calismada bu oran %67,7 ve yas ortalamas: 59,14
olarak belirlenmistir. Her iki ¢aligmada ¢alismamizin

literatiir uyumlulugunu ortaya koymaktadir”"”.

Calismamizda olgularin %79,9’unun en az bir ek
hastalig1 vardi ve en sik eslik eden hastalik %51,6 ile
hipertansiyon (HT) olarak saptandi. Yine 1003 hasta
ile yapilan bir ¢alismada HT %70,8 ile en yiiksek
oranda bulunurken, 364 hastanin prospektif olarak
incelendigi ¢alismada bu oran %88,7 olarak
belirlenmistir16’17. Calismamiz sonug olarak
literatiirdeki diger ¢aligmalarla benzerlik gosterirken
oransal olarak farkliliklar mevcuttur. Bunun durum
calismalarin tek veya c¢ok merkezli olusuna bagl
olarak oOrneklem biiyliklikklerinin farkli olusuna
baglanabilir.

Sonlanim agisindan bakildiginda; olgularin %7,6’s1
taburcu olurken, %21,2’si YBU’ne yatirildi, %29,9’u
YBU gerekliligi igin sevk edildi ve %1,6’s1 ise exitus
kabul edildi. Faghih ve ark. 100 hastay1 inceledigi
calismada ise %43’iline klinik yatig yapilirken, %62
hasta taburcu olmus, 90 giinliik mortalite orani ise
%38 olarak raporlanmustir'. Sonuglar arasindaki bu
farkliliklarin ¢alismamizin yapildigi donemin daha
yakin bir dénemi kapsamasi, IKK olgularina bakim
olanaklarinin 6nceki ¢alisma donemlerine kiyasla daha
geligmis olmasi ve c¢alismamizin bdlgesel Dbir
hastanede  yapilmig  olmasindan  kaynaklanmis
olabilecegini diistindiirmiistiir.
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Calismamizda kranial BT sonucunda en sik kanama
saptanan alanlar %39,1 ile subdural ve %3.,3 ile
epidural alan, %38,6 ile intraparankimal ve %?26,1
oraniyla SAK olarak saptandi. Literatiirde bu duruma
travmatik ve travmatik olmayan durumlar olarak
yaklagilmigtir.  Yashlarda  travmatik  olmayan
kanamalarda etyolojide hipertansiyonun neden
oldugunu gosteren calismalar meveuttur'’. Travmatik
yaralanma yoniinden Podolsky ve ark. >65 yas ve
iizeri 133 vakayr inceledikleri ¢alismada en sik
goriilen bulgular kronik subdural hematom (%48,1)
iken, bunu akut subdural hematom (%37,6)
izlemistir®.

Calismamzda GKS skorunda diismenin YBU yatis/
sevk ve Olim riskini anlamli diizeyde arttirdig:
goriildi (OR: 0,448 [%95 GA: 0,362- 0,553],
p<0,001). Rau ve ark. travmatik beyin yaralanmasi
(TBY) olup 2081 yetiskin hastay1 igeren ve 847’1 >65
yas 1istii hastadan olusan caligmasinda da TBY olan
yaslt hastalarin yonetiminde daha diisiik bir GKS
kesme esigi benimsenmesinin uygun oldugunu
belirtmislerdir*'. Layrisse ve ark. travma Sykiisii olan
>65 yas 2905 hastayla gergeklestirdigi baska bir
caligmada ise travma siddetinin daha diigik GKS ile
iliskili oldugu raporlanmistir™®. Her iki galismada
calismamizin  literatiir =~ uyumlulugunu  ortaya
koymaktadir. Calismamizda kullanmakta oldugu
antikoagiilan tedaviler olarak %32,6 asetilsalisilik asit,
%11,6 Kklopidogrel ve %6,9 yeni nesil oral
antikoagiilan kullanimi &ykiisii oldugu; olgularin
%48,9’unun ise en az bir antikoagiilan tedavi aldig1
belirlendi. Cloud ve ark. 19.114 yasl yetigkinin dahil
oldugu randomize caligmalarinda asetilsalisilik asit
alan 9525 hastada IKK riskinde artis belirlenirken
Shiozawa ve ark. 32.275 hastay1 prospektif ve ¢ok
merkezli olarak analiz ettikleri bagka bir ¢alismada
antikoagiilan kullanimmin IKK riskinde artis yaptig1
ifade edilmistir™>*.

Intrakraniyal kanama nedeniyle acil servise bagvuran
65 yas ve izeri olgulardan subdural kanama
saptananlarda ve GKS skoru daha diisiik olanlarda
klinik olarak kotii sonlanim riski anlamli diizeyde
daha fazla saptanmistir. Klinik pratikte oOzellikle
kranial BT de subdural hematom saptanan ve GKS
skoru diisiik yasli IKK olgularinda kotii sonlanim
riskinin daha fazla oldugunu g6z Oniinde
bulundurularak, erken donemde dogru tedavinin
uygulanmast sag kalimi artiracak ¢abalar arasinda yer
alabilir. Gelecek ¢aligmalarda prospektif olarak birden
fazla merkezde ve daha fazla sayida olgunun dahil
edilmesiyle  intrakraniyal = kanamalarin  klinik
ozellikleri daha detayl olarak ortaya konabilir.



intrakranial Kanama

Kisithliklar

Calismamizin retrospektif olmasi sonuglari
etkileyebilecek farkli verilerin geriye doniik olarak
tekrar sorgulanmasini engellemistir. Ayrica tek
merkezde gerceklestirildigi icin sonuglarin
genellenebilirligi  sinirlidir.  Calismamizda kanama

saptanan bolgeler olgu dagilimi nedeniyle bdlge
6zelinde degerlendirilmis olup, birden fazla bolgede es
zamanli kanama saptanan olgularin sonuglara olan
etkisi ¢ok degiskenli regresyon analizi ile
diizeltilmistir. Daha fazla sayida olgunun dahil
edildigi caligmalarda, her kanama kombinasyonu ayr1
ayrt tek degiskenli analizlerde degerlendirerek,
analizlerde ortaya ¢ikmayan olasi etkileri daha detayl
olarak ortaya konabilir. Ayrica literatiirde yapilan
calismalarin  ¢ogunlugu travmatik ya da non-
travmatik intrakraniyal kanama olgularimin sonuglarini
degerlendirmektedir. Caligmamizda her iki olgu grubu
tek bir havuzda toplanmistir. Bu nedenle tartisma
boliimiinde yapilan literatiir karsilagtirmalart  ve
yorumlamalar1 bazi noktalarda sinirli  diizeyde
tutulmustur. Son olarak ¢alismamizin sonuglar1 sadece
65 yas ve flizeri bireyleri kapsamaktadir, daha geng
IKK olgularinin sonuglar1 farklilik gosterebilir.
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The Side Effects of Levetiracetam Monotherapy in
Pediatric Epilepsy Patients
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ABSTRACT

Levetiracetam is a broad-spectrum second-generation anti-seizure drug. Several side effects can be observed during treatment. In this study,
we retrospectively evaluated the side effects of levetiracetam monotherapy in the pediatric epilepsy population and investigated potential
indicators that could predict these side effects in the pediatric epilepsy population. The study included pediatric epilepsy patients aged 1-17
who were treated with levetiracetam monotherapy. Data collected included age, gender, body weight, blood pressure, duration of
levetiracetam use, dosage, seizure semiology, epilepsy type, EEG and MRI findings, hematological and biochemical laboratory results, and
observed side effects. Eighty-five patients were included in the study, with 25 (29%) experiencing side effects. Treatment was discontinued
in 11 patients due to these effects. The most common side effects were agitation (9%), headache (6%), and fatigue (5%). No significant
relationship was found between side effects and gender, body weight, seizure type, levetiracetam dose, treatment duration, EEG results, or
MRI findings. However, vitamin B12 levels were lower in patients with side effects compared to those without. Additionally, side effects
were more frequently observed in older age groups. Levetiracetam treatment has been linked to both physical and behavioral side effects,
which were more commonly observed in older age groups. The most frequently reported side effects were agitation, headache, and fatigue.
Additionally, lower B12 levels may contribute to the onset of certain side effects.

Keywords: Levetiracetam. Anti-seizure medication. Vitamin B12. Side effects. Agitation.

Pediatrik Epilepsi Hastalarinda Levetirasetam Monoterapisinin Yan Etkileri

OZET

Levetiracetam genis spektrumlu ikinci nesil anti-nobet ilacidir. Tedavi sirasinda gesitli yan etkiler goriilebilir. Bu ¢aligmada, pediatrik
epilepsi popiilasyonunda levetiracetam monoterapisinin yan etkilerini retrospektif olarak degerlendirdik. Calismaya levetiracetam
monoterapisi ile tedavi edilen 1-17 yas arasi epilepsili hastalar dahil edildi. Yas, cinsiyet, viicut agirligi, kan basinci, levetiracetam kullanim
stiresi, doz, semiyoloji, epilepsi tipi, EEG ve MRI bulgulari, hemogram ve biyokimyasal laboratuvar bulgular1 ve gozlenen yan etkiler
kaydedildi. Caligmaya 85 hasta dahil edildi. Yirmi bes (%29) hastada yan etki goriildii. Yan etkiler nedeniyle 11 hastada tedavi kesildi. En
sik goriilen {i¢ yan etki ajitasyon (8 hasta, %9), bas agris1 (5 hasta, %5) ve yorgunluktu (3 hasta, %4). Yan etkiler ile cinsiyet, viicut agirligi,
nobet tipi, levetirasetam dozu, siiresi, EEG ve MRI bulgulari arasinda iliski bulunmamustir. Yan etki goriilen grupta B12 vitamini diizeyleri
daha diisik bulunmustur. Yan etkiler daha yash yas gruplarinda daha sik goriilmiistiir. Levetirasetam tedavisinde fiziksel-davranigsal yan
etkiler gozlenmistir. Yan etki goriilen yas grubu daha yiiksekti. En sik goriilen ii¢ yan etki ajitasyon, bas agris1 ve yorgunluk olmustur. Diisiik
B12 diizeyleri baz1 yan etkilerin baglamasinda rol oynayabilir.

Anahtar Kelimeler: Levetirasetam. Nobet onleyici ila¢. B12 vitamini. Yan etkiler. Ajitasyon.
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Bursa Yiiksek ihtisas Egitim ve Aragtirma Hastanesi, pharmacodynamically with other drugs and it doesn’t
Bursa, Trkiye induce p450 cytochrome enzymes thus having fewer

Phone: 0533 497 73 90

E-mail: sarabsmustafa@hotmail.com side effects compared to the other anti-seizure

medication (ASM). Lev has a unique mechanism of
éUthO';LgECég(;gfgggl;ﬁggs 3363 action compared to other antiepileptic drugs, as it
erap : - - - . . . . .
Nevzat BASKAYA: 0000-0002-5587-0041 specifically b.mds to .synaptlc Vesu‘jle protein ZA

(SV2A). This protein, located in presynaptic

terminals, is thought to mediate its antiepileptic effects
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by influencing presynaptic processes that control
synaptic vesicle release. However, its precise
mechanism of action is not completely understood™’.
Lev is rapidly and almost completely absorbed
following oral administration, with a bioavailability of
nearly 100%, unaffected by food intake. Peak plasma
concentrations are reached within 1 hour, and steady-
state levels are achieved within 2 days when taken
twice daily. Its pharmacokinetics are linear, dose-
proportional, and time-independent. The drug
undergoes limited metabolism, with 27% excreted as
inactive metabolites within 24 hours. Lev is primarily
eliminated via the renal route, with 66% excreted
unchangedz. Dose adjustments are advised only for
patients with moderate to severe renal or severe
hepatic  impairment accompanied by  renal
insufficiency. In children, the body clearance of Lev is
30-40% higher than in adults™*. One of its noteworthy
is that it is an effective drug with a good safety
profile and is prescribed as a first-line drug or
combination therapyl. However, as with all medicines,
Lev can cause side effects in some patients™®. Side
effects may vary from mild symptoms like drowsiness
and dizziness to more serious ones, such as mood
changes, irritability, suicidal thoughts, and, in rare
cases, allergic reactions. Understanding these potential
side effects is vital for both patients and healthcare
providers, enabling early recognition and prompt
intervention to ensure safe and effective treatment
outcomes. Few studies have assessed the tolerability
and safety of Lev monotherapy in pediatric epilepsy
patients"”. In this study, we retrospectively evaluated
the side effects of Lev monotherapy and investigated
potential indicators that could predict these side
effects in the pediatric epilepsy population.

Material and Method

The medical records of patients aged 1 to 17 years
approached Diyarbakir Children's Hospital from
December 2021 to March 2023 were retrospectively
reviewed to detect the following ICD-10 codes: G40.0
Epilepsy - G40.1 epilepsy G41.2 Complex partial
epilepsy - G41.8 Other epilepsy - G41.9 Epilepsy
unspecified. The patients with the above ICD codes
who adhered to Lev as ASM with reliable seizure
records were included in the study. Demographic and
clinical variables comprised of age, gender, weight,
blood pressure, duration of ASM use, type of seizure,
etiology, diet(normal/vegetarian), MRI (normal/with
lesion), EEG (normal/epileptic), and hemogram
biochemical test results were recorded, either at the
end of one year / at the day of cessation Lev due to
intolerable side effects. The patients were divided into
two groups, a group with no side effects (group 1) and
a group with side effects (group 2). The exclusion
criteria were changes in the ASM schedule before one
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year, using other drugs in addition to ASM, history of
other systemic or psychiatric diseases. Clinical and
demographic data were collected through a
questionnaire during follow-up visits and from
medical record files. The dose of lev was evaluated as
an initial dose (20 mg/kg/day), medium dose (30-50
mg/kg/day), and high dose (> 60mg/kg/day).
Epilepsy type and etiology were considered according
to the International League Against Epilepsy (ILAE)
classification. Our study was approved by the ethics
committee of Health Sciences University Gazi
Yasargil Training and Research Hospital, on 17-05-
2023 with the approval number 417.

Statistical Analysis

Categorical variables were expressed as numbers and
percentages, whereas continuous variables were
summarized as mean and standard deviation and as
median and min-max where appropriate. To compare
categorical variables between the groups, the Pearson
Chi-Square Test or Fisher's Exact Test was used
depending on whether the expected value problem
arises or not. The normality of distribution for
continuous variables was confirmed with the Shapiro-
Wilk test. For comparison of continuous variables
between the side effect groups, the Student's t-test or
Mann-Whitney U test was used depending on whether
the statistical hypotheses were fulfilled or not.
Logistic regression analysis was performed to
determine significant predictors of Side effects. In
univariate analysis, variables significant at the P <0.25
level were entered in logistic regression analysis. All
analyses were performed using the IBM SPSS
Statistics Version 20.0 statistical software package.
The statistical level of significance for all tests was
considered to be 0.05.

Results

Among the 85 patients included in this study, 42%
were male, and 29% of patients experienced side
effects. The mean age was 7.5 + 4.6 years in group 1
(no side effects) and 9.9 + 5.2 years in group 2 (with
side effects) (p = 0.046). The duration of levetiracetam
use was 18.1 £ 5.5 months in group 1 and 12.7 + 94
months in group 2 (whether the drug was stopped or
not). No significant difference was observed in the
blood profile between the two groups. Treatment was
discontinued in 11 patients due to serious side effects.
The three most common side effects were agitation
(9%), headache (6%), and fatigue (5%). The average
age of patients with side effects was older than those
without. There was no correlation between side effects
and gender, body weight, seizure type, levetiracetam
dose, duration of use, EEG results, or MRI findings.
Birth history, family history, and diet type did not
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influence the results. Vitamin B12 levels were lower
in group 2 (with side effects), although B12 levels

Table II. The blood profiles of the patients in both

groups

were within the normal range for both groups. Side Effect
ide Effec
Table I presents the clinical and demographic profile
of the patients. Table II displays the blood profile of NO -Group 1|Yes-Group 2| ~ P
the patients in both groups. Table III illustrates the n=60 n=25
observed side effects along with their respective ;
percentages. Table IV presents the effect of various Wbe (<10°uL), Mean+SD 85432 81425 10574
variables on levetiracetam side effects. Table V shows  |Neutrophile (%), MeantSD | 47.9+13.9 | 52.8+16.4 | 0.164
the .results of .the IOgIS‘tIC regression analysis for Lymphocyte (%), MeanSD | 39.6¢12.7 | 35.7%16.2 | 0.239
predicting levetiracetam side effects.
Monocyte (%), Mean+SD 7.5£2.9 78422 | 0.671
Table I. The clinical and demographic profile of the  |Eosinophils (%), MeantSD | 3.4%3.3 3.6+3.1
patients. Median (min-max) 23(0.1-14.6) 2'f1(%)6' 0.783
Side effect B hyle (%), MeantSD 0.43+0.28 | 0.5£0.35 | 0.393
No-Group 1|Yes-Group 2 p asophyle (%), Meant E— i i
160 =25 ANC (<10%uL), Mean+SD | 4.2#25 | 42+19 |0.987
Age(years), Mean+SD| 7.5+4.6 9.945.2 0.046 ALC (x10%uL), Mean+SD 3.3¢16 29+16 | 0.209
Gender, n (%) RBC (x 108/L), MeantSD | 4.7+0.5 46+1 | 0531
Male 31(52%) | 11 (44%) 0.519
Female 29 (48%) | 14 (56%) RDW-CV (%), Mean+SD 13.942.1 14.242.3 | 0.560
VMVZ;%’TSZ?), 331+15.3 | 385+136 0131 PLT (x103/uL), Mean+SD | 325.8+120.6 |304.8+121.6] 0.466
— MPV (fL), Mean+SD 97#1.7 | 97+11 | 0.8%0
Lev use duration, 181455
MeanSD TED 197494 Hg (g/dI), Mean+SD 124216 | 12.6+16 | 0.754
Median (min-max) | 16502 | 14 (1-34) 0.031
Month 36) HCT (%), Mean+SD 39.247.1 38.9+4 0.873
Dose, 1 (%) B12 (pmoll), Mean+SD | 365.7+147.7| 4112126 | 0.192
Moderate 42(70%) | 15(60%) 0.624 Ferritin (ng/ml), Mean+SD | 42.6£14.0 | 42+12.9 | 0.851
Low(initial) 14.(23%) | 8(32%) ' -
High 47%) | 2(8%) Systolic Blood Pressure 1 440 1414 4. [ 107.2420.1 | 0.082
- (mmHg), Mean+SD
Semiology, n (%)
Focal 18 (30%) 6 (24%) Diastolic Blood Pressure 6414116 | 615¢123 | 0381
Generalized 36 (60%) | 16 (64%) 0845 (mmHg), Mean+SD T T '
Unknown 6 (10%) 3 (12%) Vitamin D (nmol/L)
EEG, n (%) Mean+SD 26.548.3 25.1+£7.3 | 0.469
0, 0,
E°Ir|re“at'lc lg ggof’; ;1((18%)) 0.230 CK (IUIL), Mean+SDMedian [ 168428738 | 145.2:807 | o
pilep 0 0 (min-max) 165 (54-453) [ 145 (45-324)|
MRI, n (%)
Normal 49 (82%) | 22 (88%) 0.749 Glucose (mg/dL), Mean+SD | 80.1+10.9 7101 6 933
Lesion 11(18%) | 3 (12%) 77 (64-92)
Type of Epilepsy, n ALT (IUL), Mean+SD 18.7£7.6 20.2+8.6 0.399
(%) Median (min-max) 17 (9-44) | 23 (12-45) |
Symptomatic- 28 (479 16 (649
ympomatic (47%) | 16 (64%) 0312 AST (IUIL), Mean+SD 314:273 | 3182
Cryptogenic 24.(40%) | 6 (24%) Ry 1 1 0.248
Idiopathic 8 (13%) 3 (12%) Median (min-max) 27.5(14-228)| 33 (13-45)
Structural Albumin (g/L), Mean+SD 40.6+15 40144 | 0.491
EEG: Electroencephalogram, MRI: Magnetic Resonance Image Creatine (mg/dL), Mean+SD| 0.55+0.12 | 0.54+0.09 | 0.814

Age was determined as an effective measure in terms
of the occurrence of side effects. Accordingly, the
average age of children with side effects was higher
than those with no side effects.

Whbc: White blood cells, ANC: Absolute neutrophil count, ALC:
Absolute lymphocyte count, Rbc: Red blood cell, RDW-CV: Red
cell distribution width - coefficient of variation, PLT: platelet,
MPV: Mean platelet voliime, Hg: Hemoglobin, Hct: Hematocrit,
CK: Creatine kinase, ALT: Alanine transaminase, AST: Aspartate
transferase
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Table III. The observed side effects are according to

their percentages.
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Table V. Logistic regression analysis of predicting
Lev side effects.

Odds Ratio |,.,
P (OR) 95% CI for OR
B12 level 0.031 1.05 1.01-1.09

OR: odds ratio; CI: confidence interval

Measurements Number of patients (%)
Side effect

No 60 (71%)

Yes 25 (29%)
Agitation

No 77 (91%)

Yes 8 (9%)
Headache

No 80 (94%)

Yes 5 (6%)
Fatigue

No 81(95%)

Yes 4(5%)
Stomach ache

No 84(99%)

Yes 1(1%)
Allergy

No 83 (98%)

Yes(Maculopapiiler/angiodema) 2 (2%)
Weight loss

No 84 (99%)

Yes 1(1%)
Increased frequency of iliness

No 84 (99%)

Yes 1(1%)
Rhinitis

No 84 (99%)

Yes 1(1%)
Sleep habit

Normal 0

Disturbed (which happened ?g E?goﬁ: ;
secondary due to other side effects)
Others*

No 80 (94%)

Yes 5(6%)
Dru?\l glscontmuatlon 1 (56:%; )

Yes 11(44%)

*Somnolence:1 patient, Tremor:1, enuresis:1, insomnia:1, suicide

attempt:1

*Some patients experienced more than one side effect

Table IV. The effect of some variables on the side

effects of Lev.

Side effect
No-Group 1 | Yes-Group2 | P
n=60 n=25
Birth history, n (%)
Normal 57 (95%) 23(92%) 0.628
Eventful 3 (5%) 2 (8%)
Family history, n (%)
No 36 (60%) 20 (80%) 0.076
Yes 24 (40%) 5 (20%)
Diet type, n (%)
Normal 59 (98%) 25(100%) ]0.999
Vegetarian 1(2%) 0 (0%)
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Discussion and Conclusion

Lev is a broad-spectrum ASM that can be used in all
age groups. It can be considered a great choice with a
safe profile. But still, some side effects can be seen.
Tekgiil et al. (2016) conducted a study on 351
pediatric patients, reporting that 17% of them
experienced adverse effects, irritability 67%,
hyperactivity 8%, somnolence 6%, behavioral
disorders 5%, restlessness 5%, increased seizure
frequency 3%, enuresis 2%, headache 2% and
attempted suicide 2% were the most observed side
effects. The same study concluded that there was no
relation between the dose, age, and side effects,
meanwhile, the adverse effects were seen more
frequently in patients with partial focal seizures and
who have psychiatric disorders and abnormal EEG
patterns. In our study, the three most common side
effects were agitation 9%, headache 6% and fatigu
5%. Tremor 4%, somnolence 4%, enuresis 4%,
insomnia 4%, and suicide attempt 4% were other
observed side effects. In our study, the average age of
patients with side effects was higher than those with
no side effects, which could be because the younger
children could have better body clearance of Lev.

ASMs can cause psychiatric symptoms due to their
impact on neurotransmitter systems and neural
circuits. They alter the balance of key
neurotransmitters such as gamma-aminobutyric acid
(GABA), glutamate, and serotonin, which regulate
mood, cognition, and behavior, potentially leading to
anxiety, irritability, or depression. By modifying
electrical activity to prevent seizures, ASMs may also
affect brain regions involved in mood regulation and
cognition, causing emotional instability or cognitive
impairment. Individual susceptibility plays a
significant role in this process, as genetic factors and
pre-existing mental health conditions can increase
vulnerability to these side effects. Additionally, higher
doses or drug interactions can intensify psychiatric
symptoms by disrupting mood-related pathways.
Some ASMs also influence immune activity in the
brain, which may contribute to mood disturbances. As
a result, individuals taking ASMs, particularly during
dosage adjustments, may experience psychiatric
symptoms, highlighting the need for careful
monitoring and management®. In our study,
psychiatric side effects were observed in 9% of the
patients who experienced agitation. Mood changes
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can be observed in epilepsy patients and in those who
use ASM such as Lev, lamotrigine, phenobarbital, and
clonazepam and the cause behind this could be either
biological or psychosocial. Researchers have found
that people with epilepsy are 5 times at risk of suicide.
In addition, the risk is still higher even in surgically
treated patients. Other studies suggest that suicide
attempt is higher in patients with temporal lobe
epilepsy which can be due to abnormal function of the
limbic system'. A suicide attempt was observed in
one patient. She was a conventional school-attending
14-year-old girl. MRI was normal, and there were
spike-waves in the left temporal region on EEG. The
drug was stopped immediately, and the patient was
monitored in the intensive care unit for a few days and
switched to another ASM.

Dermatological and non-dermatological changes can
be experienced in patients who are treated with Lev.
The dermatological side effects mostly appeared on
the face, and extremities, characterized by dark-
colored skin, and morbilliform macular rash. The non-
dermatological side effects experienced were fever,
headache, abdominal pain, facial edema, pharyngitis,
and periorbital eye swelling''". Despite these side
effects being less likely with Lev compared to other
ASMs, still such adverse effects can be seen and
immediate withdrawal should be done. In our study,
maculopapular rash in one patient and angioedema in
another one were observed during Lev treatment. The
drug was discontinued.

Drug cessation should be approached for serious side
effects. Lev treatment had to be discontinued in 11
patients. The discontinuation of Lev was sometimes
immediate, while in other cases, it was delayed until it
was confirmed that the side effect was caused by Lev.
Lev was stopped in three of the five patients with
headaches. Lev was also stopped in patients with
allergy (2), stomachache (1), enuresis (1), fatigue (1)
suicide tendency (1), weight loss (1), and increased
frequency of infection (1) The dose of Lev was
adjusted in some patients with tolerable side effects.

Lev may reduce the degranulation of CDS8
lymphocytes, leading to an increased incidence of
upper respiratory tract infections'*'. Drug-induced
immunoglobulin decreases have been reported in
some patients'™'®. In our patient group, an increase in
the frequency of infection was observed in one patient.
Lymphocyte count was low, 1270/uL, but lymphocyte
subgroup and immunoglobulin levels could not be
analyzed. Lev was stopped in this patient.

Few studies have assessed the hematological effects of
Lev in the pediatric population. Dilber et al. conducted
a study on 114 children in 2021 and tested the effect
of this antiseizure drug on hemogram, liver function,
and B12, it was observed after three years of follow-
up that there was an increase in hemoglobin and
hematocrit, while there was a decrease in absolute

neutrophil count (ANC) and absolute lymphocytes
count( ALC) while the platelet count was not affected
and there was no correlation between gender and
hematological changes, and despite the changes there
were no clinical complaints by the patients '®'.
French et al evaluated adult patients who received Lev
monotherapy despite the hematological changes at
first, all the parameters returned to normal at the end
of three years . A decrease in lymphocyte and ALC
was observed in studies conducted by Dinopoulos et al
and Attilocks et al'”". There are also studies in which
antiepileptic  treatment decreased vitamin BI2
levels'?°. In our study, logistic regression analysis
showed that lower vitamin B12 levels were associated
with more side effects in spite that the B12 levels were
with in normal range in both groups. This raises the
discussion of whether a cut-off B12 level should be
established for patients on Lev monotherapy and
monitoring of vitamin B12 levels during treatment
with ASM is recommended *' But further studies are
needed.

Urinary and fecal incontinence was reported in
patients with Lev monotherapy and the exact
mechanism is still unknown®. Incecik et al reported
an 11-year-old boy patient who experienced fecal and
urinary incontinence at a dose of 20 mg/kg®.
Investigation as MRI, EEG, and infection parameters
were normal. The effect was reversible and the
patients could gain control after withdrawing the drug.
In our study, an 8-year-old boy experienced urinary
and fecal incontinence a few days after starting Lev.
All the investigations were normal, urine culture and
urine analysis showed no infection. The drug stopped
immediately and the control was regained.

Fatigue is reported by lots of studies as an adverse
effect of Lev monotherapy. Marco Mula et al reported
fatigue in 36% of patients with Lev which could be
due to an imbalance between excitatory and inhibitory
neurotransmission however the exact mechanism of
central fatigue is still unclear and this side effect was
seen more frequently in females rather than males®**.
Recent studies showed that central fatigue could be
due to dysfunction in the non-motor area of basal
ganglion and their interaction with the frontal cortex
and amygdala but the effect of Lev on these networks
is still unknown®*. In our study fatigue was seen in 5%
of the patients while the rest 95% of patients didn't
experience such symptoms. Fatigue could be due to
multifactorial etiologies.

Lev is associated with higher total sleep duration, and
sleep problems are not commonly reported as a side
effect”. The recent studies' results are very
controversial. Some studies showed that Lev increased
the N2 stage of sleep % In another study, it was
observed that Lev increased wakingness and in a study
conducted by yilmaz et al., it was seen that this drug
increased daytime napping episodes and total nap
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duration while there was a decrease in total activity
score at night in monotherapy in adult patients®’. In
our study, sleep disturbances were reported in 15% of
patients and occurred secondary to other side effects.

Physical and behavioral side effects were reported
during Lev treatment, with affected patients being
older on average. The three most common side effects
were agitation, headache, and fatigue. No significant
associations were found with body weight, gender,
epilepsy type, Lev dose, treatment duration, MR, or
EEG findings. Larger studies are necessary to identify
clinical and laboratory markers that may predict the
side effects of Lev monotherapy in pediatric patients.

Our study is retrospective with a small sample size.
Sleep disturbances were based on family and patient
reports rather than a validated and reliable scale.
Additionally, pre-treatment laboratory data was
unavailable, preventing a comparative analysis of
hematological and biochemical results before, during,
and after treatment or its discontinuation.
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ABSTRACT

Raynaud's phenomenon (RP) is a discoloration of the fingers due to abnormal vasoconstriction in the digital arteries and cutaneous arterioles
in response to cold or emotional stress. The study included patients who presented to a tertiary rheumatology clinic with RP between
September 2022 and April 2023 and underwent nailfold capillaroscopy (NFC). Of the included patients, 34 (57.6%) were diagnosed with
inflammatory rheumatic disease (IRD) and 25 (42.4%) with primary RP. When analysing antibodies, the most common antibody was
antinuclear antibody (ANA) (n=39, 66.1%), and most of them were positive with a low titer (n=22, 37.3%). When comparing patients with
and without IRD, the capillary density of >7 per 1 millimetre was sufficient in all patients in the group without IRD. There was a decrease in
capillary density (<7) in 13 (38.24%) patients in the IRD group. When the sizes of capillaries were evaluated, a significant difference was
found between the groups in terms of giant capillaries (>50 pm) (p=0.005). In the IRD group, 14 (41.18%) patients had a scleroderma (SCL)
pattern and 20 (58.82%) had a non-SCL pattern. In the non-IRD group, all but two patients had a non-SCL pattern. Age, ANA positivity,
high ANA titer, presence of giant capillaries and SCL pattern had a positive significant discriminatory effect (p<0.05) in distinguishing
between patients with and without IRD. NFC assessment is an important tool in the diagnosis of IRDs such as systemic sclerosis. Advanced
age, SCL pattern, giant capillaries and ANA positivity should be warning signs of secondary RP.

Keywords: inflammatory rheumatic disease. Capillaroscopy. Raynaud’s Phenomenon. Systemic sclerosis.

Raynaud Fenomeni (RF) ile Basvuran Hastalarin Kapilleroskopi Bulgularinin Degerlendirilmesi: Retrospektif Caliyma Raynaud
Fenomeni (RF) ve Kapilleroskopi

OZET

Raynaud fenomeni (RF), soguga veya duygusal strese kars: dijital arterlerde ve kutanoéz arteriyollerdeki anormal vazokonstriksiyona bagl
olarak gelisen parmaklardaki renk degisikligidir. Caligmaya Eylil 2022-Nisan 2023 tarihleri arasinda iiglincli basamak bir romatoloji
poliklinigine RF ile bagvurup tirnak kivrimi kapilleroskopisi (TKK) yapilan hastalar dahil edildi. Dahil edilen hastalarin 34 (%57,6)’tine
inflamatuvar romatizmal hastalik (IRH) tanisi konuldugu, 25 (%42,4)’inin ise primer RF olarak kabul edildigi belirlendi. Antikorlar
degerlendirildiginde, en sik saptanan anti-niikleer antikor (ANA) (n=39, %66,1) olup, cogunlugu diisiik titrede pozitifti (n=22, %37,3). IRH
saptanan ve saptanmayan hastalar karsilastirildiginda, IRH olmayan gruptaki hastalari tamaminda kapiller dansite her 1 milimetrelik alanda
>7 olup yeterliydi. IRH grubundaki hastalarin 13’iinde kapiller dansitede azalma (<7) mevcuttu. Kapillerlerin boyutlar1 degerlendirildiginde,
gruplar arasinda dev kapiller (>50 um) agisindan anlamli farklilik saptandi (p=0,005). IRH grubundaki hastalarin 14’iinde SCL paterni, 20
(%58,82)’sinde ise non-SCL paterni saptanmisti. IRH olmayan gruptaki hastalarn sadece ikisi hari¢ tamaminda non-SCL paterni
saptanmist1. Yas, ANA pozitifligi, yiiksek titre ANA pozitifligi, dev kapiller goriilmesi ve SCL paterninin IRH olan ve olmayan hastalari
ayirmada pozitif anlamh ayiric1 (p<0,05) etkisi gozlenmistir. TKK degerlendirmesi, sistemik skleroz gibi IRD'lerin tamisinda ¢nemli bir
aractir. Ileri yas, SCL paterni, dev kapiller ve ANA pozitifligi sekonder RF agisindan uyarici olmalidir.

Anahtar Kelimeler: inflamatuvar romatizmal hastahk. Kapilleroskopi. Raynaud fenomeni. Sistemik skleroz.

Date Received: March 11, 2025 Raynaud's phenomenon (RP) is a discoloration of the
Date Accepted: May 12, 2025 fingers due to abnormal vasoconstriction of the digital
Presented as an oral presentation at the “Uludag arteries and cutaneous arterioles in response to cold or
Congress of Internal Medicine” (2-4 March 2015, Bursa). emotional stress. Initially a white discoloration
(vasoconstriction), followed by a blue discoloration
(cyanosis due to deposits of deoxygenated blood) and
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diagnosed if no underlying cause for the RP can be
found. If there is an underlying pathology, in
particular connective tissue diseases (CTDs), this is
referred to as secondary RP.? Primary RP usually
occurs at a young age and is 4-20 times more common
in women than in men.* It presents with symmetric
attacks, digital ulcers or trophic lesions are not seen.
Capillaroscopic examination shows normal findings.
In contrast, secondary RP occurs in middle age, with
asymmetric attacks, digital ulcers and gangrene,
positive autoantibody formation and abnormal
findings on capillaroscopic examination.*

In primary RP, there is a functional defect in the
arteriovenous anastomoses, which play a role in
thermoregulation, whereas in secondary RP, tissue
ischemia is observed, which is due to both a
disturbance in thermoregulation and structural defects
in the nutritional capillaries. Thus, while excessive
vasospasm develops after exposure to cold in primary
RP, structurally intact feeding capillaries prevent
tissue ischemia and thus ischemic damage in primary
RP.

Nailfold capillaroscopy (NFC) is a non-invasive,
inexpensive and easy-to-use imaging technique that
can be used to assess the microcirculation of the
nailfold. It is frequently used in rheumatology
practice to differentiate between primary and
secondary RP and is also included in the
ACR/EULAR classification criteria for systemic
sclerosis (SSc) published in 2013.7 It has been used
for many years as an auxiliary method in the detection
of rheumatic diseases that affect the microcirculation,
such as Sjogren's syndrome (SJS), rheumatoid
arthritis, systemic lupus erythematosus (SLE) and
idiopathic inflammatory myositis, especially SSc
among the CTDs.*

Structural microvascular abnormalities are one of the
main features of SSc related to the pathophysiologic
process. With NFC imaging, the column of red blood
cells in the capillaries is visualised.” In imaging,
capillaries consist of an arterial and a venous part and
an apical ring that connects the two parts. The arterial
part is narrower than the venous part, and the ratio of
venous to arterial diameters is about 1.2-1.5/1.*

The NFC technique with x200 magnification, which
captures at least two contiguous areas of | mm in the
nailfold in the middle of the finger, is the gold
standard for performing capillaroscopy. The images
can be evaluated qualitatively or semi-quantitatively
with the NFC. Quantitative assessment includes
capillary density (normal, >7/mm per capillary),
morphology (normal, capillaries in the shape of a
hairpin or once or twice cross-shaped or curved,
provided they are convex), width of the apical part
(normal, <20 micrometres (um)) and the presence of
haemorrhage areas (normal, absent). In the early phase
of the scleroderma (SCL) pattern, the number of
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capillaries is adequate (>7/mm per capillary), the
morphology is normal and there is little or no
haemorrhage. The most striking feature of the early
SCL pattern is giant capillaries (apical diameter >50
pum). The early SCL pattern is important for the early
diagnosis of SSc. In the active phase of the SCL
pattern, the number of capillaries is reduced (4-6 per
mm) and their morphology is impaired. Areas of
haemorrhage are more or absent, and giant capillaries
(apical diameter >50 upm) are other detectable
findings. In the late phase of the SCL pattern, the
capillary density is greatly reduced (< 4 per mm),
avascular areas are visible and the morphology is
clearly deteriorated. Hemorrhagic areas and giant
capillaries are not to be expected.’

In secondary RP due to CTDs such as SLE and SJS,
which are not part of the scleroderma spectrum,
findings in the form of normal patterns or non-specific
abnormalities may occur when assessing NFC. Non-
specific abnormalities are defined as isolated findings
such as enlarged capillaries (apical diameter 20-50
pum), few areas of hemorrhage, partial reduction in the
number of capillaries and partial deterioration of
morphology. If numerous abnormalities or several
different abnormalities occur in a patient, this may
indicate an underlying CTD. The fact that non-specific
abnormalities can also occur in primary RP can lead to
difficulties in the differential diagnosis of primary RP
and secondary RP.’

In our study, we aimed to evaluate the capillaroscopic
findings of patients admitted to our rheumatology
outpatient clinic with RP, whether these patients were
diagnosed with inflammatory rheumatic disease (IRD)
on the basis of clinical, laboratory and imaging
procedures and whether the capillaroscopic findings
had a significant differential effect with regard to the
diagnosis of IRD.

Material and Method

Patients who presented with RP and underwent
capillaroscopy at Bursa Uludag University Faculty of
Medicine between September 2022 and April 2023
were included in our study. Capillaroscopic findings,
clinical and  demographic  data, laboratory
characteristics, autoantibodies (rheumatoid factor,
anti-cyclic citrullinated peptide, anti-nuclear antibody
(ANA), ANA profile), diagnosis of IRD, diagnosis of
primary or secondary RP and presence of lung
involvement were recorded. ANA values of 1/320 and
below were classified as low positive titers, values
above 1/320 titers as high positive titers (Ethics
Committee approval date: December 4, 2024; protocol
code: 2024-19-18).

A total of 78 patients underwent capillaroscopy during
the six-month period; however, 19 of the patients were
excluded from the study because clear images could



not be obtained during the -capillaroscopic
examination for reasons such as the use of nail polish,
inappropriate ambient temperature and excessive
nailfold skin thickness on the examined fingers. Of the
59 patients included in the study, the third, fourth and
fifth toes of both hands were examined at 200x
magnification. Cedar oil was used in the examination
of all patients to make the capillaries more visible.
The examination was carried out after a waiting period
of 15-20 minutes in a room with a normal temperature
of approx. 20-22°C. The previously acquired images
were evaluated by a rheumatologist trained and
certified in capillaroscopy, who was blinded to the
diagnostic information provided by the patients.
Number (per mm), size (apical width) and
morphology of capillaries, presence or absence of
avascular areas and hemorrhagic areas were
determined and recorded as SCL or non-SCL pattern.
Patients who were found to have an SCL pattern were
categorized into early, active or late phase depending
on the findings. Patients classified as non- SCL
pattern were categorized as normal or non-specific
abnormalities according to the findings of the NFC.

Those who presented with RP and were diagnosed
with secondary RP and IRD and those who were
diagnosed with primary RP and no IRD were
compared as two separate groups with regard to
clinical, demographic, laboratory and capillaroscopic
findings.

Statistical Analysis

The compatibility of the continuous variables with the
normal distribution was tested using the Kolmogorov-
Smirnov and Shapiro-Wilk tests. Normally distributed
continuous variables were expressed as mean =+
standard deviation (SD) and categorical variables as n
(%). When comparing two groups, the Independent
Sample t-Test was used for continuous variables with
normal distribution. The Chi-square test was used for
the comparison of categorical variables. Univariate
logistic regression analysis was performed to
determine the factors that may be associated with the
distinction between patients with IRD and those
without IRD. Multivariate logistic regression analysis
was performed for the significant variables after the
univariate logistic regression analysis. The SPSS
(IBM SPSS for Windows, Ver.28) package program
was used for the statistical data calculations. p<0.05
was accepted as the statistical significance level.

Results

The mean age of the patients (n=59) was 51.17 years
(£SD:14.72) and almost all were female (n=56,
94.9%).

It was found that 34 (57.6%) of the patients were
diagnosed with IRD during follow-up, while 25

(42.4%) were not diagnosed with IRD and were
recognised as primary RP. In the evaluation of the 34
patients diagnosed with IRD, the most common
diagnoses were SSc (n=9, 26.5%) and SJS (n=9,
26.5%). Of the patients with a diagnosis other than
CTDs (other IRDs), one was diagnosed with
ankylosing spondylitis and the other with psoriatic
arthritis. When antibodies were evaluated, ANA was
the most commonly detected antibody (n=39, 66.1%),
and the majority were positive at low titers (n=22,
37.3%). In the ANA profile panel, anti-SSA (n=11,
18.6%) was the most frequently detected antibody
(Table I).

Table 1. Clinical, Demographic and Laboratory
Characteristics of Patients Presenting with
Raynaud's Phenomenon

Age (years) 51.17 (#SD:14.72)
Gender, n(%)

Female 56 (94.9)
|Male 3(5.1)
Diagnosis, n(%)

No IRD 25(42.4)
Yes IRD 34 (57.6)
|IRD 34 (100)
SSc 9 (26.5)
SJS 9 (26.5)
RA 5(14.7)
SLE 3(8.8)
UCTD 5(14.7)
IMCTD 1(2.9)
Other IRD 2(5.9
Lung involvement, n(%) 5(8.5)
IRF positivity, n(%) 7(11.9)
Anti-CCP positivity, n(%) 5(8.5)
ANA positivity, n(%) 39 (66.1)
ANA 1/100, n(%) 17 (28.8)
ANA 1/320, n(%) 5(8.5)
ANA 1/1000, n(%) 12 (20.3)
ANA 1/3200, n(%) 3(5.1)
ANA 1/10000, n(%) 2(34)
ANA positivity with low titer, n(%) 22 (37.3)
ANA positivity with high titer, n(%) 17 (28.8)
Anti-SSA, n(%) 11(18.6)
Anti-SSB, n(%) 5(8.5)
Anti-SCL, n(%) 7(11.9)
Anti-Centromere, n(%) 10 (16.9)
|IRNP, n(%) 3(5.1)
|PM-SCL, n(%) 2(3.4)

ANA, anti-nuclear antibody; Anti-CCP, anti cyclic citrullinated
peptide; IRD, inflammatory rheumatic disease; MCTD, mixed
connective tissue disease; PM-SCL, Poliomyositis/scleroderma
antibody; RA, rheumatoid arthritis; RF, theumatoid factor; RNP,
Ul-ribonucleoproteins; SJS, systemic sjogren's syndrome; SLE,
systemic lupus erythematosus; SSc, systemic sclerosis; UCTD,
undifferentiated connective tissue disease.

When comparing patients with and without IRD, it
was found that the patients in the group without IRD
were younger (p=0.002). Although ANA positivity
was found in almost all patients (n=31, 91.18%) in the
IRD group (p<0.001), there was no significant
difference between the groups in terms of low titer
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ANA positivity (p>0.05). High titer ANA positivity
was detected in approximately half of the patients in
the IRD group (n=16, 47.06%) (p<0.001). When
assessing capillary density, capillary density was >7
per 1 millimeter (mm) in all patients in the non-IRD
group. In 13 patients in the IRD group, capillary
density decreased (<7). When assessing the size of the
capillaries, there was no significant difference
between the two groups with regard to normal
capillaries (<20 um) and enlarged capillaries (20-50
pm) (p>0.05), while a significant difference was
found with regard to giant capillaries (>50 pm)
(p=0.005). There was no significant difference
between the groups in terms of abnormal morphology
and hemorrhage (p>0.05). The SCL pattern was
detected in 14 patients in the IRD group. In the non-
IRD group, all patients had a non-SCL pattern, with
the exception of two patients with an SCL pattern. In
the IRD group, 20 (58.82%) patients had a non-SCL
pattern, of which seven were normal and 13 had non-
specific abnormalities. In SSc, one of the most
common IRDs, the SCL pattern was found in eight
patients (88.88%), while it was found in three
(33.33%) of the SIS patients (Table II).

Table II. Comparison of Demographic, Laboratory
and Capillaroscopic Characteristics of
Patients with and without IRD Presenting
with Raynaud's Phenomenon

No IRD IRD
n (%) n (%) p
25 (42.4) 34 (57.6)

44 .36 56.18
Age (years) (+SD: 13.98) | (+sD: 13.33)| %092
Gender
Female 24 (96.00) 32 (94.11) | >0.05%
Male 1(4.00) 2(5.89)
Lung involvement 0 (0.00) 5(14.71) | 0.045x2
RF positivity, n(%) 0 (0,00 7(20.59) | 0.016x2
Anti-CCP positivity, n(%) 0(0.00) 5(14.70) | 0.045¢
ANA positivity, n(%) 8 (32.00) 31(91.18) | <0.001x2
2(% positivity with low titer, 7 (28.00) 15(44.12) | 0.206%
ANA positivity with high
titer, n(%) 1(4.00) 16 (47.06) | <0.001x2
Capillary density (/mm)
27 25(100.00) | 21(61.76) | <0.001x2
4-6 0(0.00) 12 (35.29) | <0.001x2
<3 0(0.00) 1(2.95) >0.05x
Dimension (um)
<20 11 (44.00) 10(29.41) | 0.247%
20-50 12 (48.00) 10 (29.41) | 0.145%
>50 2(8.00) 14 (41.18) | 0.005x
Abnormal morphology 11 (44.00) 22 (64.70) | 0.113%
Haemorrhage 7 (28.00) 16 (47.06) | 0.138x
Non-SCL pattern 23 (92.00) 20(58.82) | 0.014x
Normal 5(20.00) 7(20.59) | 0.956x
Non-specific abnormality 18 (72.00) 13(38.24) | 0.010x2
SCL pattern 2(8.00) 14 (41.18) | 0.005x2
Early 2(8.00) 0(0.00) 0.175x
Active 0(0.00) 12 (35.29) | <0.001x2
Late 0 (0.00) 2 (5.88) >0.05 X2

ANA, anti-nuclear antibody; CCP, anti-cyclic citrullinated peptide;
IRD, inflammatory rheumatic disease; RF, rheumatoid factor; SCL,
scleroderma ¢, Independent Samples t Test; x2, chi-square test; p
<0.05:statistical significance level.
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The univariate logistic regression analysis performed
to evaluate the factors that might be effective in
discriminating between patients with and without IRD
showed a positive significant differential effect
(p<0.05) for age, ANA positivity, ANA high titer
positivity, giant capillary and SCL pattern. On the
other hand, the non-SCL pattern had a negative
significant differential effect. In the multivariate
analysis, only ANA positivity had a positive
significant differential effect (p<0.05) (Table III).

Table III. Factors Associated with the Differentiation
of Patients with IRD from Patients without

IRD
Univariate Logistic Regression |Multivariate Logistic
Regression
OR 95% Cl p OR [95%Cl| p

Age 1.065 | 1.020-1.112 | 0.004
ANA positivity | 21.958 | 5.136-93.871 |<0.001/21.958 g;g% <0.001
ANA positivity
with high titer 21.333 | 2.585-176.084 | 0.004
Capillary
dimension >50 m 8.050 | 1.628-39.800 | 0.011
|Non-SCL pattern | 0.195 | 0.049-0.779 | 0.021
|SCL-pattern 8.050 | 1.628-39.800 | 0.011

ANA, anti-nuclear antibody; CI, confidence interval, OR, Odds
ratio; p <0.05, statistical significance level.

Discussion and Conclusion

When evaluating the capillaroscopic findings of
patients with RP in our study, SSc and SJS were the
most common IRD diagnoses, and SS-A and ANA
high titer positivity were important for the diagnosis
of IRD. Although the non-SCL pattern is an expected
finding, especially in patients with a primary RP
diagnosis, it can also be found in patients with IRD
(58.82% of our patients with IRD). ANA positivity is
an important marker for differentiating between
patients with an IRD diagnosis and those without an
IRD diagnosis.

Only three of our patients were male, the majority
were female. In addition, the patients in the primary
RP group without an IRD diagnosis were younger
than the patients in the secondary RP group with an
IRD diagnosis, and our results are consistent with the
literature.>*'°

RP is common in SSc and its prevalence can reach
95%. Therefore, the detection of microvasculopathy
by NFC is important for the early diagnosis of CTDs,
especially SSc, in patients with RP and is included in
the SSc classification criteria.”'® When assessing our
patients with regard to the diagnosis of CTD, SSc
(26.5%) and SIS (26.5%) were the most common
diagnoses. The preponderance of patients with SSc is
to be expected as the prevalence of RP in patients with



SSc is high. On the other hand, the rate of SJS patients
was similar to that of SSc. In the separate evaluation
of the capillaroscopic findings of patients with SJS, an
SCL pattern was found in 33.3% of these patients. In
the study conducted by Corominas et al.'' the SCL
pattern was found in 10.2% of patients with primary
SJS. In another study by Capobianco et al.'? this rate
was 11.5%. In the study conducted by Bernardino et
al.'’ it was determined that patients who were
previously evaluated with NFC were most frequently
followed up with the diagnoses of SSc, mixed
connective tissue disease (MCTD) and SLE. The
small number of patients could be one of the main
factors for the difference of our results from those in
the literature.

ANA positivity is an important diagnostic marker in
CTDs. One study reported that ANA positive patients
had significantly longer RP times compared to ANA
negative SSc patients. In this study, 90% of SSc
patients were also classified as ANA-positive."
Another study reported that ANA and SS-A positivity
are risk factors for differentiation to a CTD such as
SJS and SSc in patients investigated with RP and
followed up as undifferentiated connective tissue
disease (UCTD)"™. In our study, ANA positivity,
especially ANA high-titer positivity, was found more
frequently in the IRD group.

In our study, there was no significant difference
between the secondary RP group with IRD and the
primary RP group without IRD in terms of
haemorrhage, the presence of abnormal morphology
and enlarged capillaries. Again, although there was a
significant difference between the groups in terms of
non-SCL pattern, most patients in the secondary RP
group with IRD had a non-SCL pattern, and the
majority of these patients had non-specific
abnormalities. The SCL pattern, decrease in the
number of capillaries and giant capillaries were
conspicuous in the patients in the secondary RP group
diagnosed with IRD.

The NFC assessment has a high sensitivity and
specificity in SSc patients. In addition, similar
microvasculopathic changes may occur in other
CTDs, and assessment of NFC may become important
for early diagnosis.”” RP is a common finding in
patients with SSc, and as there may be a correlation
between NFC findings and systemic involvement,
monitoring of NFC findings may become important. '°

In a study conducted in patients with SJS, nonspecific
abnormalities were found in 27.2% of patients, while
the SCL pattern was found in 10.2%. In other cases,
normal capillaroscopic findings were reported.'’ The
study by Thomson et al.'® reported that during follow-
up of 86 patients with abnormal capillaroscopic
findings, SSc was found in 79 patients,
dermatomyositis (DM) in four patients, and
antisynthetase syndrome in three patients. Of 71

patients with normal NFC findings at baseline, only
four developed SSc during follow-up. For the
diagnosis of SSc, the NFC showed a sensitivity of
95% and a specificity of 91%. In our study, SCL
pattern and giant capillaries were conspicuous in
patients in the secondary RP group who were
diagnosed with IRD.

In a study involving 3029 patients with primary RP,
the association between NFC findings and the
presence of CTD was investigated. Patients were
followed up at 6-month intervals for an average of 4.8
years, and NFC findings in the 6 months prior to
diagnosis were evaluated. At the end of follow-up,
1123 (37.1%) patients were diagnosed with CTD. The
study found that SCL pattern was significantly
associated with the development of SSc, DM, SSc
overlap and MCTD."” In our study, an SCL pattern
was present in two of the patients accepted as primary
RP. As we had no follow-up data on these patients, it
was not possible to determine whether they developed
CTD in the future.

In the study by Shenavandeh et al.'* it was reported
that UCTD patients who were ANA positive patients
with SCL pattern, enlarged capillaries, giant
capillaries and more than five hemorrhage areas on
capillaroscopy differentiated into CTD during follow-
up. Another study by Szabo et al.'* found mild
avascularity and, in a few cases, enlarged capillaries in
patients with primary RP. Another study by Ziegler et
al.? also reported specific differences in microvascular
structure between patients with primary RP and
healthy controls. In summary, it was concluded that
primary RP may not be entirely benign and may be
associated with microcirculatory vasculopathy. In
patients with non-rheumatic diseases such as diabetes
mellitus, glaucoma, essential hypertension and
anorexia nervosa or chronic smokers, findings such as
reduced capillary density, haemorrhages, enlarged
capillaries and avascular areas may be observed, even
if there is no underlying CTD. It has also been
reported that COVID-19 infection can cause non-
specific changes and hemorrhages.”” In our study,
although no avascular area was found in the
capillaroscopic examinations of patients who were not
diagnosed with IRD and accepted as primary RP, the
rates of hemorrhage and dilated capillaries were
similar to those in the secondary RP group, and there
was no significant difference between the groups.
Since our study was not a prospective study, we could
not make a comparison regarding -capillaroscopic
findings and diagnosis at follow-up of patients in this
primary RP group.

The main limitations of our study are the small
number of patients and the lack of follow-up data due
to the cross-sectional design. We included patients
from the first period after the start of recording NFC
findings. In later evaluations, however, there were also
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patients whose diagnosis was not yet clear. We have
therefore chosen this time period to include patients
with definitive diagnoses. However, in our study, the
findings referred to as nonspecific abnormalities were
by no means rare in patients in the primary RP group.
In addition, two patients had giant capillaries. Other
important limitations were the lack of a healthy
control group and the fact that comorbidities such as
diabetes mellitus, which can cause capillaroscopic
changes, were not recorded.

NFC assessment, in combination with other clinical
and laboratory findings, is an important, non-invasive
and easily reproducible method for the diagnosis of
IRD, especially SSc. A considerable degree of non-
specific abnormalities can be detected in patients with
primary RP, and it is important to monitor these
patients with NFC for future IRD diagnosis. Advanced
age, SCL pattern, giant capillaries and ANA positivity
should be warning signs of secondary RP.
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ABSTRACT

Adult lipid metabolism consists of plasma lipids. Triglycerides are the most important sources of energy reserves, while phospholipids and
cholesterol are key components of organelles and cell membranes. Lipids, especially cholesterol, are involved in many cellular functions.
Various neurodegenerative cellular processes can develop in metabolism disorders. Neurons have significantly different lipid composition
compared to other biological membranes. These differences and the role of these lipids in neuronal pathologies are still poorly understood.
Studies on lipid molecules in MS date back four decades. Studies on apolipoprotein alterations, plasma lipoproteins and oxysterols have
attracted attention. It is thought that impaired cholesterol metabolism may play a role in both the inflammatory and neurodegenerative
pathogenesis of the disease and its correction may favorably affect the progression steps in the clinical course of MS, which is still the most
limited point for treatment. In this review, the immunopathogenesis and clinical manifestations of Multiple Sclerosis and alterations in
cholesterol metabolism are presented.

Keywords: Lipid Metabolism. Multiple Sclerosis. Inmunpathogenesis. Neurodegeneration.
Multipl Skleroz ve Kolesterol Metabolizmasi

OZET

Yetiskin lipid metabolizmasi plazma lipidlerinden olusur. Trigliseridler enerji rezervlerinin en dnemli kaynagi iken fosfolipidler ve kolesterol
organellerin ve hiicre zarlarinin bilesenleridir. Lipidler, 6zellikle de kolesterol, bir¢ok hiicresel fonksiyonda rol oynar. Metabolizma
bozukluklarinda cesitli ndrodejeneratif hiicresel siirecler gelisebilir. Néronlar, diger biyolojik membranlara kiyasla 6nemli dlgtide farkl: lipid
bilesimine sahiptir. Bu farkliliklar ve bu lipidlerin ndronal patolojilerdeki rolii hala tam olarak anlasilamamustir. Multipl Skleroz'da lipid
molekiilleri {izerine yapilan ¢alismalar kirk yil dncesine dayanmaktadir. Apolipoprotein degisiklikleri, plazma lipoproteinleri ve oksisteroller
iizerine yapilan ¢aligmalar dikkat ¢cekmistir. Bozulmus kolesterol metabolizmasiin hastaligin hem inflamatuar hem de noérodejeneratif
patogenezinde rol oynayabilecegi ve diizeltilmesinin tedavi igin hala en kisithh nokta olan Multipl Skleroz'un klinik seyrindeki ilerleme
basamaklarini olumlu yonde etkileyebilecegi diisiiniilmektedir. Bu derlemede, Multipl Skleroz'un immiinopatogenezi ve klinik belirtileri ile
kolesterol metabolizmasindaki degisiklikler sunulmustur.

Anahtar Kelimeler: Lipit Metabolizmas1. Multipl Skleroz. immunpatogenez. Norodejenerasyon.

Lipid Metabolism source of energy reserves, phospholipids and
cholesterol are organelle and cell membrane
components. Dietary plasma lipids with low water
solubility  are  transported in  lipoproteins.
Apolipoproteins with enzyme cofactors and receptor-
ligand functions ensure that lipid molecules are
transported to the correct sites. The composition of
dietary calorie intake varies between societies. In
Asian societies, 10-15% of dietary calories are from
fat, compared to up to 50% in Western societies. The
majority of dietary fat intake is from triglycerides. The

Adult lipid metabolism consists of plasma lipids
called neutral lipids (triglycerides, phospholipids, and
cholesterol). While triglycerides are the primary
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source of triglycerides may differ between societies; in
Western diets, butter with a relatively high oleate
content is the source of triglycerides, whereas in the
Mediterranean diet, olive oil rich in palmitate is the
source. Regardless of the source, excess calories from
the diet are converted to triglycerides and stored in
adipose tissue. Adipose tissue has functions other than
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energy storage. The imbalance in fatty acid flux
caused by the release of chemokines and cytokines
leads to the formation of adipocytes and the
accumulation of macrophages, which play an
additional role in inflammatory processes. Energy
restriction can effectively control inflammation by
reducing inflammatory factors and decreasing
lipolysis and energy expenditure.’

F. Saridas et al.

Lipid Metabolism of the Nervous System

Human cells contain thousands of lipids, such as
glycerolipids, glycerophospholipids, sterol lipids,
sphingolipids, and free fatty acids™® The function of
most lipids depends on their molecular structure. The
differences in lipid composition in neurons and the
role of these lipids in neuronal pathologies are still
poorly understood. To understand this, lipid diversity
should be considered specific to myelin and neurons
and recognized as wunits with anatomical and
functional properties. Lipids make up just over a third
of the dry weight of the neuronal soma. Phospholipids,
cholesterol, and galactolipids are the most abundant.

In contrast to the soma, about one-seventh of the
neurites are lipids. They contain a similar proportion
of phospholipids and a higher proportion of
cholesterol and galactolipids. In addition, the
sphingomyelin content is higher in neurites* Contrary
to the well-known assumption that axonal membrane
lipids are synthesized in the soma and then transported
anterograde to the axons, recent studies have shown
that axons can independently carry out some aspects
of lipid metabolism.’

Axons are surrounded by a lipid-rich myelin sheath.
The primary function of myelin is to insulate the axon
and cluster sodium channels in Ranvier junctions,
effectively ensuring the conduction of action
potentials.6 Myelin is produced by Schwann cells in
the peripheral nervous system (PNS) and
oligodendrocytes in the central nervous system (CNS).
Its lipid composition is well known. It is significantly
different in neurons compared to other biological
membranes. During active myelination, glial cells
rapidly produce excessive amounts of lipids for
utilization. The most abundant lipids in myelin are
cholesterol and galactosylceramide.” Cholesterol
regulates the fluidity and permeability of the
membrane. It gives stability to myelin. It is necessary
for the growth and compression of myelin. Among the
different lipid classes, sphingolipids are primarily
associated with peripheral neurological disorders. 1-
deoxy-SL, which is formed in an alternative reaction
during de novo synthesis, has a unique role. Pathology
in the formation of 1-deoxy-SL may play a role in
disorders such as hereditary sensory and autonomic
neuropathy type 1 (HSANI1) and diabetic or
chemotherapy-induced neuropathies.
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Lipid Metabolism of the Central Nervous
System

More than one hundred billion cells in the CNS are
rich in lipids and are closely associated with fatty
tissue. Approximately 50-60% of their weight is made
up of lipids. The highest lipid content of all biological
membranes is found in the myelin sheath structure.
Lipids play an active role in many cellular processes
in the CNS, such as synaptogenesis, neurogenesis,
signaling, and energy reserves. Disturbances in the
steps of lipid metabolism are involved in the
pathogenesis of neurodegenerative diseases by causing
changes in the lipid composition of intracellular
membrane compartments. In Alzheimer's disease, for
example, most of the cholesterol in the neuron is
catalyzed by the enzyme cytochrome P46Al
(CYP46A1) to 24-hydroxycholesterol (24-OHC), a
cholesterol breakdown product called oxysterol. 24-
OHC then crosses the blood-brain barrier (BBB) and
enters  the  plasma, while  plasma  27-
hydroxycholesterol (27-OHC) travels to the brain. 27-
OHC promotes the formation of amyloid beta (Ap),
whereas 24-OHC inhibits the production of AP
protein.® Ap forms a complex with apolipoprotein E
Christchurch  (ApoE-CH) particles, which are
eliminated by endocytosis, secreted into the peripheral
system, or degraded by proteases, leading to amyloid
deposition. [9, 10] The implications of this theoretical
knowledge can also be seen in the results of trials. It
has been reported that the disease is associated with
increased low-density lipoprotein (LDL) cholesterol
and decreased high-density lipoprotein (HDL)
cholesterol levels, independently of ApoE; the risk of
developing the disease increases up to twofold in
people with total cholesterol (TC) levels above 250
mg/dL, and this association is associated with lipid
disorders, especially in middle age (40-60).'"""

Lipid Metabolism and Neurodegeneration

The relationship between neurodegeneration and lipid
metabolism in Parkinson's disease, the second most
common neurodegenerative disease, is not clear.
Study results are conflicting, and prospective studies
with larger numbers of cases are needed.'®'” However,
the demonstration of a decrease in a-synuclein in
Lewy bodies after statin treatment suggests that
plasma cholesterol may promote o-synuclein
aggregation.'® In addition, in experimental Parkinson's
model studies, it was found that a high-fat diet was
associated with increased dopamine depletion in the
striatum and substantia nigra and oxidative stress in
the subthalamic nucleus in rats.'”*
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Cholesterol Metabolism and Central Nervous
System

Cholesterol in the CNS accounts for a quarter of the
total cholesterol in the body and is ten times higher
than in the periphery. 70% is found in myelin
structures and 30% in cell or organelle membranes
(glia 20%, neurons 10%).%" Clearance of cholesterol
metabolism in the CNS is 250-300 times slower.” In
addition, cholesterol is transported in plasma by
several lipoprotein particles because it cannot cross
the BBB.”** This suggests that compensation for
cholesterol metabolism is more limited in the CNS.
Cholesterol synthesis in the CNS is identical to the
lanosterol step and is produced de novo. Lanosterol is
used for cholesterol synthesis in neurons via the
Kandutch-Russel pathway and in astrocytes via the
Bloch pathway. The cholesterol produced is highly
channeled through ApoE for utilization in cells.
Cholesterol, used in glia or neurons, is converted by a
cytochromal enzyme, CYP46Al, to 24-OHC, one of
the oxysterols oxidized cholesterol forms that can
cross the BBB. Increased 24-OHC leads to liver X
receptor (LXR) activation, initiating  efflux
mechanisms from neurons. Thus, toxic accumulation
in the cell is prevented. While 1% of 24-OHC
circulates in the cerebrospinal fluid, 99% crosses the
BBB and enters the peripheral blood circulation. In
the liver, it is converted to 27-OHC (the final
breakdown product of cholesterol in the whole
organism) by a second cytochrome enzyme and
excreted in bile acids and feces. However, the
formation of 24-OHC as a degradation product far
exceeding this clearance rate (e.g., acute
demyelinating attack) or the increase in oxysterol
resulting  from  oxidation of LDL  with
proinflammatory properties after its passage from the
circulation to the CNS with impairment of the ENT
leads to the accumulation of 24-OHC in neurons. In
addition, defects in the synthesis of LXR [e.g., nuclear
receptor subfamily 1 group G member 3 (NR1H3)
gene mutation], which is involved in maintaining
cerebral lipid homeostasis, also accelerate this
process.

Consequently, this increased accumulation initiates
the process, leading to lipid peroxidation,
oligodendrocyte cell death, and neurodegeneration.””
¥ A pre-existing disorder of the lipid profile may
facilitate these mechanisms. For example, high LDL
levels increase the amount of oxidized LDL in the
CNS when the BBB is disrupted, and immune-active
cells are more likely to invade the CNS. On the other
hand, low HDL and high TC levels accelerate this
process by increasing BBB permeability. Studies
conducted in this context show a correlation between
increased HDL and reduced grey matter volume loss
and the number of contrast-enhancing lesions, better

BBB integrity, and a reduced risk of developing
secondary progressive multiple sclerosis (SPMS). It
was found that there was an increase in the number of
new or enlarging T2 hyperintense or contrast-
enhancing lesions on the Expanded Disability Status
Scale (EDSS) with increasing LDL but no change in
the frequency of relapse. Therefore, it is suggested
that relapse may be associated with disability
progression independent of relapse.'**>%>’

Multiple Sclerosis and Lipids

Cholesterol Metabolism and Multiple Sclerosis

Studies of lipid molecules date back forty years. In the
early days, studies of apolipoprotein changes in
patients with MS were at the forefront. In contrast,
studies of plasma lipoproteins and oxysterols have
attracted attention in the last two decades. Although
the results of many studies on this subject differ, it has
been shown that LDL and HDL cholesterol are
decreased, and very low-density lipoprotein (VLDL)
cholesterol and insulin resistance are increased in MS.
Regarding secondary endpoints, the development of
new hyperintense or contrasting T2 lesions and
cortical atrophy were shown to correlate with
decreased HDL or ApoAl and increased TC/HDL
ratio, LDL, 24-OHC, 27-OHC, and ApoB.****! In
addition, a recent study has shown that dyslipidaemia
has a mild negative effect on cognitive performance in
people with MS, independent of brain atrophy. [42] It
was highlighted that HDL, a mediator of the anti-
inflammatory response, has an inhibitory effect on
leukocyte migration, has antioxidant properties, and
contgbutes to the improvement of BBB function in
MS.

Effects of Anti-Lipids on Multiple Sclerosis

Studies investigating the effect of anti-lipid therapies
on MS have been conducted with statin therapies.
Initial studies suggested that statins may have a
beneficial effect on neurodegenerative processes due
to their regulatory effects on cell proliferation,
differentiation, migration, and cerebrovascular
hemodynamics. With increasing knowledge of the
immune pathogenesis of MS, statins have been shown
to inhibit major histocompatibility complex (MHC)
class II antigen presentation, downregulate T cell
activation and proliferation, and induce a switch from
a proinflammatory T helper (Th) 1 to a Th2 phenotype
in vitro. It was also found to block adhesion molecule
expression and inhibit leukocyte migration across the
BBB. It was thought to be effective against
neurodegeneration and inflammatory processes in
MS.**  Randomized controlled trials of statin
therapy date back fifteen years. In patients with
clinically isolated syndrome, atorvastatin treatment
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did not change the time to definite MS diagnosis or
EDSS. However, it had a beneficial effect on
radiological activation.”' Immediately following this
study, another multicenter, placebo-controlled,
double-blind, randomized, parallel-group, interferon
beta-la (IFNB-la, IM) add-on treatment with
simvastatin was planned. The patients selected were
inflammation-naive (> 1 relapse in the previous year).
However, the number of relapses, annual relapse rate,
relapse-free rate, EDSS scores, radiological activation,
no evidence of disease activity (NEDA-3), and no
beneficial results on atrophy were not found. In
addition, there were no significant results when the in
vitro effects of statins were evaluated with serum
levels of interleukin 10 (IL10), tumor necrosis factor
superfamily member 10 (TNFSF10), MXI1, and
interferon regulatory factor 7 (IRF7). Simvastatin
treatment was found to be ineffective in relapsing-
remitting multiple sclerosis (RRMS), with class 1
evidence. However, the inadequate power of this trial
(65% instead of 80%) due to the failure to reach the
predicted number of relapses, the ineffective results in
contrast to in vitro studies on immune markers, and
the failure to consider drug tolerance mechanisms
have led to criticism.”* Another small study conducted
at a similar time to this trial reported that the use of 80
mg of simvastatin for six months in patients with
acute optic neuritis was well tolerated and may have
had a beneficial effect on both wave latency and
amplitude in visually evoked potential
measurements.” To evaluate the immunomodulatory
and neuroprotective properties of statins, the double-
blind, randomized, controlled MS-STAT trial
comparing 80 mg of simvastatin with placebo in
patients with SPMS with higher disability scores
reported a significant 43% reduction in the adjusted
mean annual rate of atrophy. This study highlighted
that statins may have a neuroprotective effect, and the
MS-STAT2 phase 3 trial was initiated (ongoing).”*

Effects of diet on multiple sclerosis

The diet of people with multiple sclerosis (MS) is an
important factor that can influence the course of the
disease. In particular, foods rich in omega-3 fatty
acids, such as fish and flaxseed, can reduce
inflammation. In addition, avoiding processed foods,
trans fats, and excess sugar can help balance the
immune system by maintaining gut health. Drinking
enough water and eating a diet rich in fiber can help
regulate bowel function and prevent constipation,
which is common in people with MS.

There are studies on the amount and variety of dietary
fat intake and the development or progression of
multiple sclerosis. There is currently no scientifically
proven definitive diet for people with MS. However,
the Mediterranean diet for MS has been reported to
have a preventive effect on the development of the
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disease. The McDougall diet, a very low-fat, plant-
based diet, has been reported to reduce fatigue in
people with MS, and the Paleolithic diet, which avoids
processed animal foods, wheat products, legumes,
refined oils and refined sugars, also has a positive
effect on fatigue and improves motor and cognitive
function. Calorie restriction and intermittent fasting
have been reported to suppress inflammation in
experimental models, and a ketogenic diet leads to
possible improvements in quality of life and
depression. The Swank diet, a diet restricted in
saturated fat, has been shown to have a beneficial
effect on relapse and progression.”

Conclusion

Lipid metabolism is essential for neural function,
support structure, signaling, and energy balance. The
different lipid composition of the components of the
central nervous system results from their different
cellular needs. These differences are maintained in a
balance that we call lipid homeostasis. Disturbances in
homeostasis contribute to neurodegenerative diseases
through the formation of cholesterol degradation
products, particularly 24- and 27-hydroxycholesterol,
lipid peroxidation, oxidative stress, and inflammation.

In  multiple sclerosis, abnormalities in lipid
metabolism are associated with disease progression
and disability. Dysregulation of cholesterol transport
and lipid oxidation contributes to blood-brain barrier
permeability, neuroinflammation, and neuronal
degeneration. The correlation between high LDL
cholesterol, low HDL cholesterol, and increased lesion
burden highlights the potential of lipid modulation as
a therapeutic strategy in the management of MS.
Statin  therapy, initially investigated for its
immunomodulatory and neuroprotective effects, has
produced mixed results. While early studies suggested
potential benefits in reducing neuroinflammation and
brain atrophy, subsequent randomized controlled trials
have shown limited efficacy in altering disease
progression in relapsing-remitting MS.

Dietary interventions have emerged as a promising
avenue for influencing lipid metabolism and
modulating disease activity in MS. Although there is
no definitive MS-specific diet, research suggests that
the Mediterranean diet, which is rich in healthy fats
and antioxidants, may have a preventive effect on
disease progression.

Given the complex relationship between lipid
metabolism, neurodegeneration, and MS pathology,
future research should focus on personalized dietary
and pharmacological interventions to optimize lipid
homeostasis. Understanding how lipid modifications
influence neuroinflammation, myelin integrity, and
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BBB function may open new therapeutic avenues for
neurodegenerative and demyelinating diseases.
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ABSTRACT

Neurocutaneous syndromes are a group of genetically transmitted diseases with skin lesions, of which more than 60 types have been defined
and are of ectodermal origin. Except for ataxia-telangiectasia, all are autosomal dominant. These syndromes are significant in neuro-
oncology because they create a predisposition to cancer and cause the formation of a wide range of tumors, from hamartomas to malignant
tumors. There is no curative treatment in these syndromes; their treatments are symptomatic and surgical treatment is preferred only due to
severe neurological deficits and increased mass effect. This article aims to re-summarize the clinical features of common neurocutaneous
syndromes in light of current developments.

Keywords: Phakomatosis. Neurofibromatosis. Optic glioma. Von hippel-lindau. Tuberosklerosis.
Fakomatozlar

OZET

Norokiitandz sendromlar ektodermal kokenli 60’in iizerinde tipi tanimlanmus olan cilt bulgular ile bulunan genetik gecisli bir grup
hastaliktir. Ataksi-telenjiektazi hari¢ hepsi otozomal dominant ge¢islidir. Bu sendromlar kanser yatkinligi olusturduklar1 ve hamartomlardan
malign timdrlere uzanan genis bir yelpazede tiimorlerin olusumuna neden olduklari igin ndroonkolojide son derece onemlidirler. Bu
sendromlarda kiiratif tedavi bulunmamaktadir, tedavileri semptomatiktir ve cerrahi tedavi ancak ciddi nérolojik defisit ve artmus kitle etkisi
sebebi ile tercih edilmektedir. Bu yazinin amaci sik goriilen norokiitan6z sendromlarin klinik 6zelliklerini giincel gelismeler 15181nda yeniden
Ozetlemektir.

Anahtar Kelimeler: Fakomatozlar. Norofibromatozis. Optik gliom. Von hippel-lindau. Tuberoskleroz.

phakomatoses have been identified”. Phakomatoses
are considered highly significant in neuro-oncology
due to their predisposition to cancer and tumor
formation. In the latest classification by Ruggieri and
his team in 2020, phakomatoses were grouped into six
main categories: Neurofibromatosis types 1 and 2

First introduced by an ophthalmologist named Van
Der Hoeve in the early 20th century, phakomatoses
were initially divided into three categories:
Neurofibromatosis, Tuberous Sclerosis Complex, and
Von Hippel-Lindau Disease. The term
"phakomatoses," derived from the Greek word

meaning "birthmark," refers to hereditary conditions
that predominantly follow an autosomal dominant
genetic inheritance pattern, with some exceptions'.
These disorders affect ectodermal tissues such as the
skin, eyes, and nervous system. To date, 67 types of
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(NF), Tuberous Sclerosis (TS), Sturge-Weber Disease
(SW), Von Hippel-Lindau Disease (vHL), and Ataxia-
Telangiectasia (AT)®.

Material and Method

We conducted a review of published literature in
Turkidh Turkish and English. Ovid Medline, Ovid
Embase, CINAHL, and Web of Science were searched
for the terms “Neurofibromatosis 17,
“Neurofibromatosis 2”7, “Von Recklinghausen”,
“Tuberous Sclerosis”, “Sturge-Weber Disease”, “Von
Hippel-Lindau Disease”, “Ataxia-Telangiectasia”. We
included articles that were peer-reviewed in primary
studies, reviews, or meta-analyses. We excluded
studies with only participants without phacomatosis,
case reports, and case studies.
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Neurofibromatosis

The term neurofibromatosis first entered the medical
literature in 1882, when Friedrich von Recklinghausen

coined it from "neurofibroma"’.

Neurofibromatoses were initially considered a single
disorder. Initially considered a single disorder,
neurofibromatoses now have eight recognized types in
the literature, with NF Type 1 and NF Type 2 being
the most common. The term "neurofibromatosis"
comes from the Latin for "nerve fibroma." These
conditions lead to the formation of tumors along the
nerve pathways, including in the brain, spinal cord,
and peripheral nerves. Additionally, neurofibro-
matoses account for about 0.6% of pediatric cancers,
specifically related to NF1. They are observed in
about 1 in 3,000 people, regardless of gender or race”.

Neurofibromatoses manifest in two forms: mosaic and
segmental®. If the mutation occurs after fertilization,
the pathogenic variant is present in some cells,
meaning the signs of NF are not confined to specific
areas; this is known as mosaic neurofibromatosis®. In
segmental neurofibromatosis, however, the
characteristics of NF are usually limited to a specific
region.

Neurofibromatosis Type 1

Neurofibromatosis Type 1 (NF1), the most common
syndrome  accounting  for 90%  of all
neurofibromatoses, is a neurocutaneous syndrome
caused by a single gene. The NF1 gene is located on
chromosome 17 and contains over 60 exons and more
than 300 kilobases of DNA®. The prevalence of NF1
in the population is approximately 1-5 per 10,000,
with an occurrence rate of about 1 in 3,000-4,000
births®. Tumors develop due to a variant in the NF1
gene, which encodes the protein neurofibromin that
prevents tumor formation. This condition is observed
in approximately half of the patients due to familial
inheritance, while the other half arise from sporadic
gene variants. In a small but significant portion of
patients (about 5%), a microdeletion of the entire NF1
gene, which leads to more severe internal and external
manifestations, is observed’. Café-au-lait macules
(Figure 1), Lisch nodules, gliomas, neurofibromas,
and bone dysplasias are some characteristic findings
that occur due to NF1*. Given the 100% penetrance of
the NF1 gene, it is impossible for individuals with the
mutation not to display any clinical symptoms.
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Figure 1.

Multiple café au lait spots are present at birth and
increase in number and size over the years. These
spots have no malignant potential. They darken in the
sun and fade with age. Freckles are usually observed
bilaterally (90%) in areas not exposed to the sun, such
as the groin and armpitsg.

Neurofibromas can be observed in the peripheral
nervous system. These can be cutaneous (85%) in the
form of soft nodules on the skin or larger
pedunculated and sagging subcutaneous (20%)
(Figlire 2). Neurofibromas do not have malignant
potential. They affect patients cosmetically. Pinti et al.
reported that the probability of developing MPSKT is
higher in those with at least two subcutaneous NF'.

Plexiform NFs are more complex NFs that originate
from more than one nerve fascicle or nerve plexus,
involve the main nerves, extend along the main
nerves, can be internal or external, and can reach giant
sizes in large bundles (Figure 3).
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Figure 3.

The onset of pain, the increase in the size of the mass,
and the development of malignant change in new
neurological findings are signs of malignant
transformation. The frequency of malignant peripheral
nerve sheath tumor in the general population is
0.001%. 50% of all malignant peripheral nerve sheath
tumor cases are NF1

Learning disability (50%), attention deficit, social
interaction problems can be observed. Less than 10%
of NF1 patients have intellectual disabilities, and 4-
13% have epilepsy. Macrocephaly and short stature
are standard phenotypic features in these patients.

In 75-90% of patients, hyperintense white matter
lesions with well-defined borders called unknown
brain objects (UBO) are observed on T2 MRI. These
lesions are most commonly seen around the age of 7
and often disappear by puberty”.

Optic glioma accounts for 2-5% of childhood CNS
tumors, 70% of which are NF1. In routine MRI scans
of children with NF1, optic glioma is detected in 15%
to 20% (Figure 4). Care should also be taken in NF 1
patients in terms of diencephalic syndrome.

Figure 4.

The standard criteria for diagnosing NF1, established
by the National Institutes of Health (NIH) in 1987,
were updated in 2021, resulting in the current criteria
(Table I)*. An NF1 diagnosis is made if two or more
of the seven established criteria are present in the
patient. While NF1 is known to be a hereditary
disease, the criteria met, and the severity of symptoms
can vary within a family. challengingGenetic testing
may be conducted if diagnosing NF1 is difficult or
cannot be clearly distinguished from similar
syndromes. If NF1 is identified in a family for the first
time, there is a high likelihood that mosaic NF1 may
be present in the parents, and this possibility should be
investigated. However, if neither parent shows any
symptoms, the likelihood of NF1 recurring in the
second generation is low.

Table 1.

1 |Optic glioma

2 [Freckling in the ingunial or the axillary regions

3 |2 or more Lisch nodules(iris hamartomas)

2 or more neurofibromas of any type or one plexiform
neurofibroma

A distinctive osseous lesion (sphenoid dysplasia or thinning of
long bones)

Sixx café au lait spots >5 mm in diameter in prepubertal
children or >15 mm in postpubertal children

7 |Afirst-degree relative with neurofibromatosis type 1
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Neurofibromatosis Type 2

Neurofibromatosis Type 2 (NF2) is observed in
approximately 1 in 25,000 to 40,000 individuals and
has a prevalence of 1 in 56,000. It was first introduced
to the medical literature in 1822 when John H.
Wishort encountered it in a deaf patient”.

NF2 is caused by a variant of the NF2 gene located on
chromosome 22, which is responsible for suppressing
tumor formation’. Like NF1, NF2 is hereditary, but it
is rarer compared to NF1. NF2 has important features,
such as the production of the Merlin protein, and plays
an inhibitory role, particularly in mammalian cells”.
NF2 is typically characterized by schwannomas,
meningiomas, and ependymomas. These lesions
usually appear bright on T2-weighted images and may
sometimes present in a cystic form.

Hearing loss and tinnitus in the 20s are among the
most common symptoms of Neurofibromatosis Type
2. In pediatric cases, juvenile posterior subcapsular
cataract and skin tumors are key findings on the path
to diagnosis. Additionally, the absence of Lisch
nodules combined with the presence of bilateral
vestibular schwannomas is one of the most definitive
diagnostic features for NF2°. The phenotypes
observed in individuals with functional loss are
generally much more severe than those seen in
individuals with large mutations. lower. NF2 is
diagnosed when at least two diagnostic criteria from
institutions such as the National Institutes of Health
and Manchester are present in a patient (Table II)"".

Table II.

Afirst-degree relative with NF2 AND
either

+ Unilateral vestibular schwannoma OR
+ Any two of: meningioma, schwannoma,
glioma, neurofibroma, posterior
subcapsular lenticular opacities

Unilateral vestibular schwannoma AND
+ Any two of: meningioma, schwannoma,

2 | ) ,
glioma, neurofibroma, posterior
subcapsular lenticular opacities
Multiple meningiomas AND

3 + Unilateral vestibular schwannoma OR

+ Any two of schwannoma, glioma,
neurofibroma, cataract

S. Baykan and M.O. Taskapihoglu

CNS tumors other than VS that appear at an early age
and may appear years before VS, leading to multiple
tumors and death in the 40s 3. Gardner (adult) type
with a milder course together with meningiomas

In NF2, the Lisch nodule of NF1 is not seen, and a
special type of cataract known as juvenile posterior
sublenticular opacity (30-40%) develops. Cataracts
under the age of 50 can be considered specific to this
disease.

There is no specific lesion on the skin. 65% of patients
also have cutancous nerve sheath tumors'.
Meningiomas are the second most common tumors in
NF2 (20%). Intracranial meningiomas are often
multiple, located along the falx cerebri or cerebral
convexity (Figure 5). Ependymomas account for over
75% of intramedullary spinal cord tumors associated
with NF2'"%.

Figure 5.

NF3 Schwannomatosis

It is seen in 1/40,000 frequency. Vestibular
Schwannomas and other tumors are not seen, deafness
and learning difficulties do not develop. It is usually
sporadic, but 10% of cases are familial and often skip
generations.

4 |Bilateral vestibular schwannomas

There are three types: 1. Congenital (neonatal) type
with small bilateral VIIIth nerve schwannomas that
progress suddenly in infancy 2. Wishart (severe)
(childhood) type with multiple and rapidly progressing
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Von Hippel-Lindau Disease

Von Hippel-Lindau (VHL) disease is a rare type of
phakomatosis and a neurocutaneous syndrome. It was
first described in the medical literature in 1904 by
German ophthalmologist Eugen Von Hippel, who
observed angiomas in the eye, and in 1927 by Swedish
Arvid Lindau, who observed cerebellar hemangio-
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blastomas. VHL is observed in approximately 1 in
36,000 births and affects around 200,000 individuals
worldwide. The prevalence is 1/53,000, and it is
inherited in an autosomal dominant manner'’. The
VHL gene, located on the short arm of chromosome 3
and consisting of 3 exons, has a broad mutation
spectrum’. As a tumor suppressor gene, VHL is
responsible for various tumors in the central nervous
system, leading to Von Hippel-Lindau disease. Loss
of function of VHL results in the formation of
vascular tumors and the activation of hypoxia-
inducible genes. About 80% of individuals with VHL
have at least one parent with the disease, while in the
remaining 20%, the disease is due to a mutation in the
gene during fertilization'*. With modern technology,
prenatal detection of VHL can be performed through
molecular analysis of chorionic villus cells or
preimplantation genetic testing. Patients are observed
to have at least one tumoral lesion within the first 65
years of life, as the penetrance of VHL reaches 100%
by age 65°.

In cases of Von Hippel-Lindau (VHL) disease, 50% of
the cases involve retinal hemangioblastomas®. These
tumors can lead to vision loss if they bleed. About
40% of cases consist of central nervous system
hemangioblastomas. Although these tumors are
generally benign, they can cause problems by
compressing nearby nerves. This group is classified
into four main categories: simple cysts without
macroscopic nodules (5%), cysts with mural nodules
(60%), solid tumors (26%), and solid tumors with
small cysts (9%)’.

Melmon and Rosen established the diagnostic criteria
for Von Hippel-Lindau (VHL) syndrome and Rosen
established the diagnostic criteria for Von Hippel-
Lindau (VHL) syndrome in 1964*. According to these
criteria, if a patient's family history is available, the
presence of one hemangioblastoma or a visceral tumor
is sufficient to make a diagnosis. However, if the
patient's history is unknown, the diagnosis requires at
least two hemangioblastomas or one
hemangioblastoma along with one visceral tumor'*.
Due to the location of the tumors, surgical
intervention is often necessary for treatment.

They are usually located in the posterior fossa (75%
cerebellar) and craniocervical junction. 5-30% of
cerebellar HB is related to VHLH. The most common
(60%) is the mural nodule cystic type. If there is
cerebellar HB, the spinal cord should definitely be
scanned for lesions. 80% of spinal HB is related to
VHLH.

Tuberous sclerosis

Tuberous sclerosis, a neurocutaneous syndrome, was
first observed in 1862 by Friedrich Daniel Von

Recklinghausen. However, Désiré-Magloire
Bourneville identified it as a distinct syndrome,
leading to it also being known as Bourneville disease”.
Tuberous sclerosis (TS) is an autosomal dominant
phakomatosis, also referred to as Epiloia, because
patients experience epilepsy and developmental
delays’. Two-thirds of cases arise from spontaneous
mutations. It occurs in approximately 1 in 6,000
births, with a prevalence of 3-10 per 100,000, and
about 1 million cases worldwide. There is no gender
difference, although the phenotype tends to be milder
in females®.

The syndrome is caused by inactivating mutations in
the TSC1 and TSC2 genes located on chromosomes 9
and 16, respectively’. Inherited paternal TSC1
mutations result in milder phenotypes, whereas
sporadic TSC2 mutations lead to more severe
phenotypes. TS can affect all organ systems, including
the brain, skin, eyes, and kidneys’. Symptoms usually
present before the age of 5 but can sometimes remain
hidden until adolescence’.

The most significant symptom is seizures, which
affect more than 75% of patients and lead to cognitive
impairments, behavioral problems, and learning
difficulties. The disease often becomes symptomatic
before the age of 5. Skin lesions are observed in 95%
of patients. Ash-leaf macules (ALM) are
hypopigmented macules and are usually present at
birth. Adenoma sebaceum (Facial angiofibroma) is
observed in 47% of cases'.

Multiple retinal hamartomas in the eye, depigmented
spots on the iris and retina, cataracts, corneal
anomalies, vision loss after extensive retinal lesions,
and strabismus may be observed.

The most common cause of morbidity is neurological
findings. In 75-90% of patients, seizures that begin in
infancy are observed. Intellectual disability is seen in
less than 50% of patients. Increased cortical tuber size
increases the risk of intellectual disabilities. Learning
problems, behavioral disorders, autism (25%), autistic
spectrum disorder (25%), focal neurological deficits,
and ataxia can be seen.

More than 95% of cases have cortical tuberculosis,
white matter lesions, SEN or SEGA detected on MRI.

Cortical tuber hamartoma is a cortical dysplasia that
can be slightly pale, hard, flat or granular and is seen
as a gyrus expansion in the convexity in 95% of cases.
It is located mainly located supratentorial and rarely
grows. Epilepsy severity and infantile spasms are
related to the number, size and location of the KT'™.

Subependymal nodules are hamartomatous lesions
located along the ependymal surface of the lateral
ventricle, in the striotalamic groove between the
caudate nucleus and the thalamus, just posterior to the
foramen of Monro. Calcified SEN, especially seen in
the vicinity of the foramen of Monro, is typical.
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SEGA is often unilateral and develops in the
subependymal region of the foramen of Monro
(Figure 6). SEGA is at least 10 mm in diameter,
SEGAs typically occur in the caudothalamic groove,
while SENs occur along the ependyma in the lateral
ventricle. SENs may calcify

Figure 6.

Although managed with medication, surgical
intervention may be needed if lesions are detected.
Prenatal diagnosis is possible via MRI during the 20th
to 26th weeks of gestation”. The International
Tuberous Sclerosis Complex Consensus Group
updated the clinical criteria in 2021°.

Sturge-Weber Syndrome

Sturge-Weber syndrome is a rare phakomatosis that is
not inherited, unlike similar conditions®. Symptoms
usually start in childhood and include seizures and
skin abnormalities known as "nervus flammeus" or
port-wine stains, especially at the V1 dermatome
(Figure 7). This syndrome often leads to seizures in
80-90% of those affected, with intellectual disabilities
and hemiplegia present in 60% of cases and either of
these conditions occurring in 30% of cases”.
Treatment primarily aims to address the symptoms,
using antiepileptic drugs to control seizures. In cases
where medication fails to manage epilepsy effectively,
lobectomy might be required.
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Ataxia-Telangiectasia

Ataxia-telangiectasia, also known as Louis-Bar
syndrome, is a rare genetic disorder that often leads to
death due to recurrent infections and developing
tumors. It is located on the long arm of chromosome
11 and follows an autosomal recessive inheritance
pattern’. This condition causes ataxia, which affects
coordination, balance, and walking. It also leads to
telangiectasia, characterized by red spots on the skin
due to dilated blood vessels. Additionally, it causes
immune system problems and neurological issues. The
first symptom is a delay in walking due to cerebellar
ataxia. Death often occurs in the 3rd or 4th decade due
to recurrent infections and the development of
malignant tumors.

Conclusion

Phakomatosis is a group of hereditary syndromes that
show phenotypic overlap with each other and with
other genetic syndromes. The presence of
characteristic cutaneous features and certain tumor
types should raise the possibility of phakomatosis. The
clinical manifestations of phakomatosis are highly
variable, and treatment and follow-up vary for each
phakomatosis patient.
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ABSTRACT

The gut microbiota is a complex ecosystem that significantly impacts digestion, immunity, and overall health. Although antibiotics are
valuable in treating infections, they can cause long-term harmful effects on the host by altering the composition and functions of the
microbiota. These effects include reduced microbial diversity, changes in the functional attributes of the microbiota, and the formation of
antibiotic-resistant strains. This situation can lead to other complications such as digestive issues, weakened immune system, obesity,
diabetes, allergic and autoimmune diseases, neurodevelopmental disorders, and certain cancers. In recent years, the increase in antibiotic use
has heightened the likelihood of these problems becoming more acute or prevalent in the future. Antibiotic resistance is a global crisis, and
the rising use of antibiotics over time necessitates research into their effects on microbiota and health. This review highlights the adverse
effects of antibiotics on gut health and emphasizes various strategies to mitigate these effects, such as probiotics, prebiotics, fecal microbiota
transplantation, and phage therapy.

Keywords: Antibiotic. Gut Microbiota. Precision medicine. Fecal Microbiota Transplantation. Probiotics.
Antibiyotiklerin Barsak Mikrobiyotas: Uzerindeki Etkileri ve Potansiyel Tedavi Secenekleri

OZET

Barsak mikrobiyotasi; sindirim, immiinite ve genel saglk {izerinde 6nemli bir etkiye sahip karmagik bir ekosistemdir. Antibiyotikler,
enfeksiyonlari tedavi etmede onemli olmasina ragmen, mikrobiyota bilesimini ve islevlerini degistirerek konakg¢1 i¢in uzun vadeli zararh
etkilere neden olabilmektedir. Bu etkiler arasinda mikrobiyal ¢esitliligin azalmasi, mikrobiyotanin islevsel ozelliklerinde degisiklikler ve
antibiyotige direngli suslarin olusmasi yer almaktadir. Bu durum, sindirim sorunlari, immiin sistemin zayiflamasi, obezite, diyabet, alerjik ve
otoimmiin hastaliklar, norogelisimsel bozukluklar ve bazi kanserler gibi diger komplikasyonlara yol agabilir. Son yillarda antibiyotik
kullanimindaki artig, bu sorunlarin gelecekte daha akut veya yaygin hale gelme olasiligini artirmaktadir. Antibiyotik direnci kiiresel bir kriz
olup, zamanla artan antibiyotik kullaniminin mikrobiyota ve saglik {izerindeki etkilerinin arastirilmasini gerektirmektedir. Bu derleme,
antibiyotiklerin barsak sagligi lizerindeki olumsuz etkilerini ve bu etkileri azaltmak icin probiyotikler, prebiyotikler, fekal mikrobiyota
transplantasyonu ve faj tedavisi gibi gesitli stratejileri vurgulamaktadir.

Anahtar Kelimeler: Antibiyotik. Barsak Mikrobiyotasi. Bireysellestirilmis Tip. Fekal Mikrobiyota Transplantasyonu. Probiyotikler.

Antibiotics, the primary drugs used to treat bacterial to serious global health issues, including antibiotic
diseases, have transformed modern medicine by resistance. It has caused unintended consequences,
significantly reducing morbidity and mortality such as alterations in the composition of the gut
associated with bacterial infections'. However, the microbiome”. The gut microbiome is a complex
indiscriminate and excessive use of antibiotics has led  system containing 10"°~10"* microbial cells, including
bacteria, fungi, protozoa, and viruses'. Dysbiosis
refers to an imbalance or disruption in the body's
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inadvertently damage the growth and colonization of
diverse and beneficial bacterial communities in the

gut'.

The gut microbiome is a highly intricate and dynamic
community of nearly 39 trillion microbial cells,
including bacteria, viruses, and fungi. These
microorganisms inhabit the gut and play a critical role
in regulating cellular pathways such as glycolysis,
amino acid metabolism, fatty acid metabolism,
vitamin synthesis, and host immunity. These are
essential for maintaining the ecological balance of the

gut'.

Dysbiosis is characterized as a persistent disruption
within the gut microbiota, marked by alterations in its
composition and functionality. This imbalance is often
driven by host-related or environmental factors that
undermine a microbial ecosystem's capacity for
resistance and resilience’. Research has consistently
demonstrated connections between changes in the gut
microbiota composition and a range of diseases,
including recurrent diarrhea caused by Clostridium
difficile (C. difficile), certain bowel disorders such as
inflammatory bowel disease (IBD), colorectal cancer,
non-alcoholic steatohepatitis, type 2 diabetes, obesity,

and advanced chronic liver disease’?.

Antibiotic use can cause dysbiosis, leading to
digestive problems, weakened immune systems, and
an increased risk of certain chronic diseases™'’. The
primary impact of antibiotics on the gut microbiota is
the disruption of microbial balance, often leading to
the depletion of beneficial bacteria and the
proliferation of opportunistic pathogens3 . The
indiscriminate use of antibiotics throughout an
individual's lifetime can contribute to the emergence
of antibiotic-resistant microorganisms such as Vibrio,
Acinetobacter, Escherichia, Klebsiella, and Clostridia
within the gut microbiota'. Narrow-spectrum
antibiotics target specific bacterial groups, limiting
their impact on microbiota and minimizing unintended
alterations. On the other hand, broad-spectrum
antibiotics can act on a wide array of bacterial species,
posing a significant threat to microbiota stability''. By
reducing gut microbial diversity, broad-spectrum
antibiotics eliminate the intended pathogen and
eradicate beneficial microbes, potentially leading to
adverse effects on the host'>"”. Although these effects
may be temporary, there are concerns regarding their
potential long-term consequences’. Research suggests
that prolonged or repeated exposure to antibiotics can
induce changes in microbial diversity, contributing to
the development of chronic diseases, such as
metabolic and autoimmune disorders’.

This article explores the intricate interplay between
antibiotics and the gut microbiota, highlighting short-
term and potential long-term effects. Additionally, it
investigates novel strategies that could reshape future
therapeutic approaches in this field.
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The Role and Importance of Gut Microbiota in
Human Health

The human gut microbiota encompasses bacteria,
archaea, eukaryotes (including fungi and protists), and
viruses within the gastrointestinal tract, from the oral
cavity to the rectum. It represents the body's largest
microbial ecosystem, hosting an estimated 3.9 x 10
bacterial cells'*"”. Although the domain Bacteria
contains 55 recognized phyla, only seven to nine are
consistently found in the human gut. Bacteroidetes
and Firmicutes dominate, constituting approximately
90% of gut microbiota'®. Other commonly identified
phyla included Proteobacteria, Actinobacteria,
Fusobacteria, and Verrucomicrobia, whereas archaeal
species were relatively sparse'®.

This microbial community evolves in complexity over
time and is influenced by numerous factors, including
the birth method, age, nutritional habits, geographic
location, ethnicity, and migration patterns'’. Despite
significant intra-individual fluctuations, such as those
following an acute infectious diarrhea episode or
antibiotic treatment, the gut microbiota generally
returns to its original state over time, a phenomenon
known as persistence”.

Once thought to play a passive role, the gut
microbiome is now recognized as an active and
influential participant in human health, contributing to
metabolism, immune system regulation, and brain
function'.

Digestion and Nutrient Absorption: The gut
microbiota aids in breaking down complex
carbohydrates and fibers, producing enzymes that
facilitate  digestion and nutrient absorption.
Microorganisms also produce short-chain fatty acids,
contributing to energy production and metabolic
regulation'®.

Immune System Regulation: The gut microbiota
helps develop and modulate the immune system from

infancy. Microbiota-derived molecules influence
immune system development and support the
development of a balanced immune response,

reducing the risk of allergies and autoimmune

: 19
disorders™.

Metabolism and Energy Homeostasis: The Gut
microbiota influences metabolism by facilitating
energy extraction from food and regulating metabolic
processes. Metabolites produced by microbiota
influence host metabolism and energy expenditure.
Imbalances in the microbiota have been linked to
pathologies; such as obesity and type 2 diabetes™.

Gut-Brain Axis and Mental Health: The microbiota
influences neurotransmitter production, affecting
mood and behavior through the gut-brain axis.
Changes in the microbiota composition have been
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linked to conditions such as anxiety, depression, and
neurodegenerative disorders®'**.

Protection Against Pathogens: A Healthy gut
microbiota competes with harmful microorganisms
and prevents colonization. Antimicrobial compounds
produced by microbiota inhibit pathogen growth, and
dysbiosis increases susceptibility to infection®**.

Drug Metabolism and Detoxification: Some bacteria
in the gut metabolize drugs, affecting their efficacy
and side effects. The microbiota also contributes to
detoxification =~ by  breaking down  harmful
compounds®.

Synthesis of Essential Compounds: Certain gut
bacteria synthesize essential vitamins (e.g., B vitamins
and vitamin K) and bioactive compounds that
influence physiological functions®.

The complex interactions between the gut microbiota
and the body extend beyond digestion. A balanced and
diverse microbiota is critical for overall health;
disruptions caused by factors such as diet, antibiotics,
and stress can lead to health problems®’. Maintaining &
healthy gut microbiota through a balanced diet and
proactive measures can help prevent pathological
conditions®.

Antibiotics and the Gut Microbiome:
A Complex Interaction

In recent years, the impact of antibiotics on gut
microbiota has become a significant topic of interest
and concern owing to its potential effects on human
health”. Antibiotics are powerful antimicrobial agents
used to treat bacterial infections and to target and kill
specific bacteria. Although their primary goal is to
eliminate harmful pathogens, antibiotics can also
affect unintended bacteria in the gut microbiota. This
secondary effect can disrupt the delicate balance
between the different microbial species living in the
gut™.

Dysbiosis or dysfunction of the microbiota arises
when microbial populations' diversity, biomass, and
organization on or within the host are disrupted. These
disturbances interfere with the coexistence and
communication between bacteria and the host,
significantly impairing host physiology, such as
digestion and immune responses to pathogens .

The misuse of antibiotics, particularly their prolonged
or irregular use, significantly reduces beneficial
microbes. These adverse effects can be short- or long-
term, resulting in microbial imbalances that render the
intestinal  environment more  vulnerable to
colonization by opportunistic pathogens usually
checked by commensal bacteria®'.

The impact of antibiotics on the microbiome is further
influenced by factors such as the type of antibiotic,

dosage, and pharmacokinetic properties of the host.
For instance, hydrophilic drugs (e.g., P-lactams,
cephalosporins, penicillins, and rifampin) and
hydrophobic drugs (e.g., macrolides: erythromycin,
azithromycin, and clarithromycin) exhibit distinct

routes of absorption and excretion, including
epidermal, nasal, renal, and gastrointestinal
pathways™”.

Both bactericidal and bacteriostatic antibiotics disrupt
the balance between microbial populations and the
host intestinal metabolism™. In comparative studies on
mice, antibiotics commonly prescribed for C. difficile
infections, such as metronidazole and vancomycin,
eliminated the  infection  through  different
mechanisms. Metronidazole primarily reduces gram-
negative bacteria, whereas vancomycin targets gram-
positive bacteria, leading to imbalances in microbial
density  without significantly altering species
composition34.

Unlike vancomycin, antibiotics, such as ampicillin and
clindamycin, exhibit long-term effects on the
microbiota, increasing bacterial taxa such as C.
difficile and decreasing others, including Bacteroides,
Subdoligranulum, and Faecalibacterium®>*°. Studies
indicate that early and later in life, antibiotic usage
causes imbalances within microbial communities,
disrupting the symbiosis between bacterial species and
the host. This imbalance is especially pronounced
during the early life stages, from birth to early
childhood™*.

Reduced Diversity: Antibiotic use is strongly
associated with decreased microbial diversity. In
children, microbial diversity reportedly recovers
within approximately one month after antibiotic
treatment”. In adults, the wuse of antibiotic
combinations, including meropenem, gentamicin, and
vancomycin, is associated with an increase in
Enterobacteriaceae and other harmful pathogens,
coupled with a reduction in beneficial microbes, such
as Bifidobacterium and butyrate-producing species®’.
Although the overall composition of the microbiota
showed significant recovery within approximately six
weeks, some common bacterial species may remain
absent for a six-month observational period*.

Altered Metabolism: Low-dose antibiotic exposure in
young mice has been shown to increase adiposity and
elevate hormone levels associated with carbohydrate,
lipid, and cholesterol metabolism*'. Similarly,
administering vancomycin-imipenem increased the
arabinitol and sugars (e.g., sucrose) levels in fecal
samples™.

Antibiotic Resistance: Antibiotic resistance has
become a pressing global public health concern.
Between 2000 and 2015, the antibiotic consumption
increased by 65% worldwide®. Projections indicate
that by 2050, the annual fatalities linked to antibiotic
resistance could reach approximately 317,000 in
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North America, 390,000 in Europe, 392,000 in Latin
America, 4,150,000 in Africa, and 4,730,000 in
Asia**. The World Health Organization (WHO)
estimates that the worldwide death toll due to
antibiotic resistance may surpass 10 million annually
by mid-century™®.

In summary, the relationship between antibiotics and
the gut microbiota is a dynamic and multifaceted
interaction with both short- and long-term effects on
human health. As our knowledge of this interaction
increases, so does the need to balance the benefits of
antibiotic therapy with an wunderstanding of its
potential impact on the gut microbiota.

Antibiotics, a cornerstone of modern medicine in the
fight against bacterial infections, exert their
therapeutic effects through various mechanisms by
targeting specific components of bacterial cells®.
Additionally, antibiotics have a spectrum of activities
and can effectively combat bacterial species'
diversity*’.

The Spectrum of Activity of Antibiotics

Antibiotics are crucial in combating bacterial
infections, but their effects extend beyond the target
pathogens, influencing the host microbiota. Choosing

between narrow-spectrum and  broad-spectrum
antibiotics significantly affects microbiota
composition, resilience, and susceptibility to
dysbiosis*.

Narrow-Spectrum Antibiotics and Microbiota:
Narrow-spectrum antibiotics are designed to target
specific bacterial species or groups, thereby
minimizing collateral damage to the microbiota. These
antibiotics are preferred when the causative pathogen
is known, as they help to preserve microbial diversity
and reduce the risk of antibiotic resistance.

o Selective Action: Narrow-spectrum antibiotics
primarily affect a limited range of bacteria,
allowing the microbiota to maintain balance.

e Reduced Dysbiosis Risk: Since fewer bacterial
species are disrupted, the likelihood of dysbiosis, a
microbial imbalance associated with conditions
such as IBD and metabolic disorders, is lower®.

Broad-Spectrum Antibiotics and Microbiota:
Broad-spectrum antibiotics target many bacterial
species, including gram-positive and gram-negative
bacteria. Although effective in treating infections of
unknown origin, they pose a greater risk to microbiota
stability™.
o Widespread Disruption: Broad-spectrum
antibiotics can significantly reduce microbial
diversity, leading to loss of beneficial bacteria™.

e Increased Risk of Opportunistic Infections:
Depleting protective microbiota can allow
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opportunistic pathogens, such as C. difficile, to
proliferate, increasing the risk of infections’'.

o Potential Long-Term Effects: Prolonged use may
lead to persistent alterations in microbiota
composition, affecting immune function and
metabolic health’.

The selection of narrow-spectrum and broad-spectrum
antibiotics should be guided by infection specificity,
patient health status, and concerns regarding antibiotic
resistance. While narrow-spectrum antibiotics are
preferable for targeted therapy, broad-spectrum
antibiotics remain essential in situations that require
immediate intervention.

Understanding the differing effects of narrow-
spectrum and  broad-spectrum  antibiotics on
microbiota is crucial for optimizing antibiotic therapy
while mitigating unintended consequences. The
indiscriminate use of broad-spectrum antibiotics can
disrupt the balance of gut microbiota and contribute to
antibiotic resistance’. Therefore, narrow-spectrum
antibiotics should be prioritized whenever possible to
minimize these risks.

Although antibiotics play a vital role in infection
treatment, their rational use, considering mechanisms
of action and activity spectra, is essential for
preserving their long-term effectiveness and reducing
their impact on the microbiota.

Antibiotics: A Double-Edged Sword —
Therapeutic Benefits and Secondary Harms
Regarded as life-saving interventions, antibiotics
indeed possess a double-edged sword nature.
Although their therapeutic benefits in treating
bacterial infections are undeniable, the secondary
harms they can cause to targeted and non-targeted
microorganisms must be carefully considered. This
delicate balance between healing and unwanted
outcomes underscores the complex nature of antibiotic
therapy*’.

Therapeutic Benefits of Antibiotics

e Elimination of Infection: Antibiotics are
considered the cornerstone agents in the fight
against bacterial infections, eliminating pathogens
and saving countless lives™.

o Transforming Medical Practices: Antibiotics
have transformed medical practices, enabling safer
surgical procedures, organ transplants, and cancer
treatments by effectively preventing or managing
infections™.

e Reduced Mortality Rates: The advent of
antibiotics has significantly reduced the mortality
rates from infections that were once fatal, marking
a monumental achievement in modern medicine®.
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Secondary Harms Caused by Antibiotics

e Reduction of Beneficial Microorganisms:
Because antibiotics do not distinguish between
harmful and beneficial bacteria, their use can
reduce diversity within the gut microbiota,

affecting its functionality™"’.

e Antibiotic Resistance: Prolonged or inappropriate
use of antibiotics can trigger the development of
antibiotic-resistant bacteria, making these drugs
less effective over time and posing a threat to
global health™.

e Opportunistic Infections: Antibiotics can
increase the risk of opportunistic infections such as
C. difficile-associated colitis by eliminating
beneficial microorganisms that limit pathogen
growth®.

e Microbiota Dysbiosis: Changes in gut microbiota
due to antibiotics have been linked to various
pathologies, including metabolic disorders,
allergies, and immune disorders™.

o Long-term Effects: The effects of antibiotics on
the gut microbiota extend beyond the short term.
Research has shown that repeated or prolonged
antibiotic exposure can lead to deeper and more
lasting changes in microbial composition. This
raises concerns about potential long-term health
effects, including an increased risk of conditions
such as obesity, metabolic syndrome, and

autoimmune  diseases'”*’. The mechanisms
underlying these relationships are complex and
multifaceted, involving interactions between the
gut microbiota, host physiology, and immune
system™. There are potential links between early
life exposure to antibiotics and the development of
chronic diseases such as obesity and asthma’"*,

Antibiotics truly exhibit the characteristics of a
double-edged sword; although they provide vital
benefits in the treatment of infections, they can also
potentially cause unwanted outcomes”’.

Research has shown that chronic changes in gut
microbiota diversity due to antibiotic use are
associated with pathologies, such as obesity, IBD, and
allergies. Long-term diversity reductions can also
impair the microbiome by inhibiting the growth of
pathogenic  species, leading to an increased
susceptibility to infections™.

Antibiotics, microbiota changes, and
autoimmunity: Long-term or repeated exposure to
antibiotics can change the composition and diversity
of gut microbiota. Dysbiosis resulting from such
changes has been linked to the dysregulation of
immune responses that can promote the development
of autoimmune diseases. Impaired immune tolerance
and the potential for molecular mimicry between the
host and microbial antigens have been reported as
mechanisms that drive autoimmune responses®".

Metabolic syndrome and obesity: Gut microbiota
plays a role in developing metabolic syndrome and
obesity. Dysbiosis from antibiotic exposure can
contribute to low-grade inflammation, insulin
resistance, and altered energy metabolism, leading to
obesity and its associated metabolic complications™.

Immunity-metabolism cross-talk: Emerging
evidence suggests that gut microbiota-mediated
immunity-metabolism cross-talk plays a critical role in
maintaining metabolic health. Antibiotic-induced
changes in microbial communities can disrupt this
interplay, promoting a pro-inflammatory environment
and disrupting the metabolic balance. Such changes
can create an environment conducive to autoimmune
diseases and metabolic dysfunctions®.

Connections between Antibiotics, Microbiota,
and Autoimmune Diseases: Metabolic
Syndrome, Obesity, and Metabolic Effects

Antibiotics have attracted increasing attention recently
because of the complex interplay between them, the
gut microbiota, and autoimmune disorders®.

Potential Therapeutic Strategies

Recognition of the connection between antibiotics, gut
microbiota, and autoimmune-metabolic interactions
has opened new avenues for therapeutic exploration.
Probiotics, prebiotics, and dietary interventions to
restore gut microbial balance may help reduce the risk
of  autoimmune diseases and metabolic
complications®.  Precision medicine approaches
considering an individual's microbial profile can offer
personalized interventions®.

1. Antibiotic management and long-term health:
Balancing the need for antibiotic treatment with the
potential long-term consequences on gut microbiota
and health is critical. Antibiotic stewardship programs
should be designed to minimize gut microbiome

disruption while optimizing treatment efficacy® .

Healthcare providers must be equipped with
knowledge to balance the necessity of antibiotics with
their potential impact on the gut microbiota. Educating
patients is pivotal in promoting responsible antibiotic
use, emphasizing adherence to prescribed courses, and
increasing awareness of dysbiosis symptoms.
Antibiotic stewardship programs that address the
broader consequences of antimicrobial therapy can
guide appropriate prescription practices and mitigate
the risk of antimicrobial resistance™.

Furthermore, reforming or establishing
complementary  public  health measures can
significantly reduce the reliance on antibiotics. As
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highlighted by Laxminarayan, improving sanitation,
expanding vaccine usage, and enhancing hospital
infection control are proven strategies for reducing the
demand for antibiotic therapies®’. Additionally,
minimizing the unnecessary use of antibiotics in
agricultural practices should be prioritized®.

Given the pivotal role of microbiota in regulating host
physiology and the drawbacks of antibiotic use, it is
imperative to explore alternative or complementary
infection-fighting strategies. Promising avenues for
research include antimicrobial peptides, innate defense
regulatory peptides, bacteriocins, antisense
antimicrobial  therapeutics, predatory bacteria,
monoclonal antibodies, antimicrobial nanoparticles,
and CRISPR-Cas9>.

2. Future Directions in Treatment: Microbiota-
Medicine Interaction: Microbiome research advances
have revealed gut microbiota's central role in human
health and disease. The dynamic interaction between
gut microbiota and human health has expanded our
understanding of disease mechanisms and treatment
approaches'’. Microbiota-medicine interactions will
enable the emergence of new therapeutic applications
that leverage the potential of the gut microbiome to
improve the treatment outcomes™®.

3.  Microbiome applications in personalized
medicine: The era of personalized medicine includes
microbiome-based applications. A precise microbiome
profile allows for individualized interventions that
consider individual microbial composition and
function differences. Treatments, such as fecal
microbiota transplantation (FMT), are being explored
for various diseases to restore healthy microbial
balance.

4. Synthetic microbiota modulation: Advances in
synthetic biology offer exciting opportunities to
engineer microbial communities with health benefits.
Engineered probiotics and prebiotics can deliver
therapeutic molecules, modulate immune responses,
and correct dysbiosis”. These innovative approaches
hold promise for targeted applications in various
pathological conditions, ranging from inflammatory
disorders to metabolic diseases’”.

5. Microbiome as a therapeutic target: A changing
perspective views the microbiome as a therapeutic
target””. Small molecules produced by microbiota,
known as postbiotics, exhibit various bioactive
properties’™. Developing postbiotics as therapeutic
agents offers a new dimension to microbiota-targeted
therapies by overcoming the challenges associated
with live microbial interventions”.

6. Microbiota-drug interactions: Recognizing the
impact of the microbiota on drug metabolism and
efficacy is critical. Understanding microbiota-
mediated drug interactions can guide the optimization
of treatment regimens. Developing drugs that interact
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synergistically with the microbiota can also improve
therapeutic outcomes®.

Advances in Fundamental Treatments

Microbiota-based treatments have gained momentum
as innovative strategies to restore microbial balance
and improve human health. Various methods such as
prebiotics, probiotics, postbiotics, synbiotics, and
FMT, are currently used'.

1. Treatment of microbiome damage following
antibiotic use

Antibiotic use is known to alter microbial
composition, often with potentially harmful effects on
the host. Several strategies can be implemented during
or after antibiotic therapy to expedite the recovery of
microbial balance. Probiotics are frequently employed
for this purpose as they have been shown to boost the
population of beneficial microorganisms, stabilize the
microbial ecosystem, and mitigate the adverse effects
of antibiotics’. Additionally, engineered probiotics and
prebiotics offer targeted solutions that promote the
growth of beneficial bacteria and aid in restoring
microbial  diversity.  Furthermore,  probiotics,
prebiotics, and fecal microbiota transplantation are
being actively investigated to enhance microbial
resilience and diversity after antibiotic exposure’’.

2. Probiotics

Probiotics were first identified in the early 1900s and
have been shown to transform the gut microbiota,
replacing “rotting” bacteria with beneficial ones,
thereby improving various disease conditions’. Over
time, our understanding of probiotics has evolved,
recognizing their role beyond regulating the
microbiota to include enhancing immunity and
improving general physiological functions.

Probiotics exert their effects through several
mechanisms, including promoting antimicrobial
peptide  production,  synthesizing  bacteriocins,

suppressing the growth of non-commensal bacteria by
competing for nutrients and receptors on the intestinal
mucosa, improving gut barrier function, and
modulating immune responses. However, it should be
noted that probiotic use may not completely restore
the gut microbiota’.

The therapeutic application of probiotics has shown
significant  success in  balancing  microbial
configurations. For  instance, Lactobacillus
acidophilus has demonstrated immune modulation in
mice via TLR2-dependent IFN-B pathways, enhanced
intestinal barrier integrity (maintaining the mucosal
layer), and inhibited pathogen colonization®.

innovative
existing

Engineered probiotics represent an
advancement in genetically modifying
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probiotic strains through gene-editing techniques to
produce novel microorganisms with  desired
properties. These modifications allow researchers to
directly verify the changes in genetic material,
proteins, and functional roles”. The progression of
gene-editing technologies—from homologous
recombination to Zinc Finger Nucleases (ZFNs),
Transcription  Activator-Like Effector Nucleases
(TALENs), and the widely recognized CRISPR-
associated systems (CRISPR-Cas)— highlights the
rapid advancements in genetic engineering tools in
recent years"".

Emerging gene-editing techniques have shown
exceptional promise in developing synthetic
engineered probiotics for diagnosing and treating
various diseases. Engineered probiotics are being
investigated for their application in managing
conditions such as cancer, inflammation, and
infections. Researchers have aimed to enhance these
probiotics' efficacy, safety, and -cost-effectiveness
compared with conventional therapies or wild-type
strains, benefiting a wider range of patients and their
families®'.

The advantages of engineered probiotics, including
improved stability, specificity, selectivity,
affordability, and relative safety, make them
promising alternatives for treating various health
conditions. However, despite their benefits, several
challenges hinder their broader clinical adoption.
Addressing concerns related to safety, ethical
considerations, and regulatory frameworks is crucial
for their successful integration into healthcare
practices™.

3. Prebiotics as microbial growth promoters:
Mechanisms and applications

Prebiotics were first introduced in 1995, defining them
as non-digestible food components that promote host
health by selectively stimulating the growth and
activity of specific beneficial bacteria in the colon®™.
This definition has evolved, and according to the
International Scientific Association for Probiotics and
Prebiotics (ISAPP), prebiotics are now recognized as
dietary substances that are selectively utilized by
beneficial microorganisms within the host, ultimately
contributing to overall health®.

Prebiotics include various compounds, such as inulin,
fructooligosaccharides (FOS), galactooligosaccharides
(GOS), and lactulose. These beneficial substances are
naturally present in foods, such as whole grains,
onions, garlic, and bananas®. Their primary role is to
serve as a nutritional source for the beneficial gut
bacteria. Since prebiotics are resistant to digestion by
human enzymes, they pass through the digestive
system largely intact until they reach the colon, where
they undergo fermentation by the gut microbiota®,

Prebiotic fermentation produces short-chain fatty acids
(SCFAs), including acetate, propionate, and butyrate,
contributing to gut health®’. Prebiotics support
microbiota balance by selectively promoting the
proliferation and activity of beneficial bacterial
species such as Bifidobacteria and Lactobacilli while
suppressing the growth of pathogenic
microorganisms™. In addition to maintaining gut
microbial equilibrium, prebiotic-derived metabolites
play essential roles in cellular energy production,
immune modulation, reinforcement of gut barrier
integrity, and neurological processes through the gut—
brain axis’~.

Microencapsulation technology is used to enhance the
stability of prebiotics and ensure their delivery to
targeted intestinal regions. This method involves
encasing prebiotic components in a protective coating,
which increases their resistance to stomach acids and
enables more effective utilization in the intestines.
Advances in biotechnology have made it possible to
produce prebiotics more efficiently using genetic
engineering and fermentation techniques. Notably,
studies focusing on probiotic-prebiotic synergy have
aimed to increase the prebiotic content of fermented
foods®.

Synbiotics, which combine prebiotics and probiotics,
have shown promising results. For instance, in

middle-aged individuals receiving a synbiotic
containing  Bifidobacterium animalis lactis and
fructooligosaccharides, improved abdominal

discomfort, enhanced intestinal motility, and better
bowel movement regularity were observed”. Another
synbiotic, comprising probiotics (Lactobacillus
acidophilus, B. lactis, B. longum, and B. bifidum)
combined with a prebiotic (galactooligosaccharide
mix), demonstrated improvements in blood glucose
levels, initially linked to an increase in Lactobacillus,
and subsequent reductions in BMI and body fat mass,
which were associated with a decrease in
Bifidobacterium levels’.

5. Fecal Microbiota Transplantation as a
Restoration Strategy

FMT involves the transfer of fecal microbiota from a
healthy donor to a recipient to restore a diverse and
balanced microbial community. Its therapeutic
potential extends beyond gastrointestinal disorders,
offering promise for autoimmune, metabolic, and
neurological diseases—the primary mechanisms
underlying FMT microbial reconstitution, immune
modulation, and metabolite production’.

Research has demonstrated that FMT can reduce C.
difficile infection by inhibiting bacterial overgrowth
and regulating bile acid metabolism”. A systematic
review indicated that FMT has been used in clinical
settings worldwide to treat 85 specific diseases
between 2011 and 2021°*. FMT has shown remarkable
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efficacy in managing recurrent C. difficile infections,
with an approximate cure rate of 90%"".

Four randomized trials assessed fecal transplantation
as an induction therapy for achieving remission in
active ulcerative colitis, demonstrating statistically
significant improvements compared to control
treatments. By week 8, remission was achieved in
37% of the participants receiving FMT compared to
18% in the control group”.

A significant milestone in FMT’s advancement is
regulatory approval. The prepared fecal microbiota
was recognized as a live biotherapeutic product in
Australia and the United States in 2022 and 2023,
respectively’’. In addition, the United States Food and
Drug Administration (FDA) approved spores isolated
from donor feces in 2023

Despite its promise, several factors, such as efficacy,
cost, and suitability, make FMT an attractive
therapeutic option. However, further research is
necessary to optimize its application and explore its
potential therapeutic benefits beyond gut-related
disorders'®. Moreover, the success and safety of FMT
rely on meticulous donor selection, standardization,

and adherence to stringent safety protocols'".

6. Unveiling the potential of phage therapy for
microbiota modulation: Phage therapy, using
bacteriophages to target bacterial populations
selectively, has gained renewed interest as a promising
approach to microbiota modulation'”'. Bacteriophages
are viruses that infect and lyse specific bacterial
species. By selectively eliminating harmful bacteria,
phages can restore the microbial balance, enhance gut
health, and mitigate inflammatory responses. Recent
studies have highlighted their ability to shape the
microbiota composition, influence immune function,

and reduce antibiotic-resistant bacterial populations'®*.

Phage therapy has been investigated for its efficacy in
reducing biofilms and addressing lung infections,
particularly in mouse models, where its successful
application in treating respiratory diseases caused by
Pseudomonas aeruginosa has been
demonstrated'*'**. Personalized phage therapy has
also effectively cleared multidrug-resistant
Acinetobacter baumannii infections, with documented
treatment success in clinical cases'®. Additionally,
case studies have indicated pathogen eradication and
symptomatic improvement in patients with bacterial
prostatitis, septicemia, and acute kidney injury after
undergoing phage therapy'**'””. In another study,
phage therapy was associated with healing in wounds
and ulcers of 67 out of 96 patients, demonstrating a
significant reduction in pathogenic bacteria'™.
Engineered bacteriophages have shown promise in
combating drug-resistant Mycobacterium abscessus,
leading to clinical improvement in patients with cystic
fibrosis'”. Moreover, phage-derived lytic proteins
have emerged as potent antimicrobial agents,

160

A.D. Dokumaci

positioning phages as compelling alternative
antibiotics in the fight against resistant pathogens’.

Phage therapy offers advantages such as precise
targeting and reduced antibiotic use. Phage therapy
can particularly benefit patients with antibiotic-
resistant infections, dysbiosis-related disorders, and
immunocompromised patients. Despite its potential,
phage therapy faces challenges like phage stability,
immune response interactions, and regulatory hurdles.
Advances in genetically engineered phages and
personalized phage therapy are expected to enhance

their efficacy and broaden their clinical application'".

In summary, microbiota-based treatments, including
FMT, engineered probiotics, prebiotics, and phage
therapy, represent exciting avenues for innovations in
healthcare. Each approach offers distinct mechanisms
and applications for microbiota modulation, reflecting
a new era of personalized and precise medicine”.

Genetic Factors Influencing Antibiotic-
Microbiota Interactions: Personalized
Therapeutic Approaches

The gut microbiota of each individual comprises
numerous unique strains that are absent from others,
with  inter-individual variations in microbiota
composition being significantly greater than intra-
individual variations''’. Factors, such as sex, ethnicity,
and geographic location, influence the taxonomic
composition of the microbiome''". For instance, the
fecal microbiota of adults residing in the metropolitan
regions of Europe and North America is less diverse
than that of adults in rural populations in Africa and
South America''*'".

Individual genetic differences influence responses to
antibiotics and their subsequent effects on the gut
microbiota. Understanding these interactions is critical
for optimizing treatment outcomes while minimizing
disruption to microbial communities™.

1. Genetics Shapes Antibiotic Responses

Genetic polymorphisms, which refer to variations in
DNA sequences among individuals, play a significant
role in modulating the effects of antibiotics on human
microbiota. These genetic differences can influence
drug metabolism, efficacy, and extent of microbiota

disruption, leading to wvariability in therapeutic
outcomes and susceptibility to dysbiosis-related
conditions'*.

Genetic  polymorphisms in enzymes, such as
cytochrome P450 (CYP) and UDP-
glucuronosyltransferases ~ (UGTs),  affect  the

metabolism of antibiotics. For instance, variants in
CYP enzymes can alter the breakdown and
bioavailability of antibiotics, affecting their
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concentration in the gut and, consequently, their effect
on the microbiota. Slow metabolizers may experience
prolonged exposure to antibiotics, increasing the risk
of microbiota imbalance and the development of

resistance' .

Polymorphisms in transporter genes such as ABCBI1
(P-glycoprotein)  influence the distribution of
antibiotics within the body. These variations can affect
the concentration of antibiotics in the gut, altering
their impact on microbial communities''®. Genetic
differences in immune-related genes, such as those
encoding Toll-like receptors (TLRs), can affect the
host response to antibiotic-induced microbiota
changes. Variations in TLRs may influence
inflammation and microbial resilience, shaping the
recovery of the microbiota after antibiotic treatment.
Variations in genes associated with antibiotic
resistance mechanisms, such as efflux pumps and f-
lactamases, can contribute to the emergence of
resistant strains within the microbiota''.

Understanding the role of genetic polymorphisms in
the effects of antibiotics on microbiota is crucial for
personalized medicine. Tailoring antibiotic therapies
based on genetic profiles can minimize microbiota
disruption, reduce the risk of antibiotic resistance, and
enhance therapeutic efficacy. Pharmacogenomics and
microbiome research advances are paving the way for
personalized approaches to antibiotic therapy.
Integrating genetic testing into clinical practice can
help predict individual responses to antibiotics and
guide the development of microbiota-friendly
treatments.

2. Microbiome Profiling for Personalized Therapeutic
Strategies

High-throughput  sequencing and  multi-omics
approaches provide microbiome profiles, offering
insights into the microbial composition and functional
potential. Integrating genetic data with microbiome
profiles allows for identifying conditions related to
drug response and susceptibility to dysbiosis. Such
profiles can inform personalized therapeutic
applications, aidinrg in predicting patient-specific
outcomes and guiding antibiotic selection®*®.

3. Developing Algorithms for Personalized Antibiotic
Prescribing

Advances in computational biology and machine
learning have enabled the development of algorithms
to predict optimal antibiotic regimens based on
genetic and microbiome data. These algorithms can
assist clinicians in making evidence-based antibiotic
choices by considering an individual's genetic makeup
and microbial composition. This approach can help
minimize the risk of adverse effects and improve the
treatment efficacy''”''®.

Integrating genetic and microbiome data into clinical
practice  poses  significant data  integration,
interpretation, and privacy challenges. To facilitate
seamless adoption of personalized therapeutic
strategies, collaborative efforts among researchers,
clinicians, and bioinformaticians are required to
develop standardized protocols and tools. Genetic
factors influencing antibiotic-microbiome interactions
are critical determinants of individual responses to
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Ethical Considerations and Regulatory
Frameworks

As microbiome-based applications evolve, it is
imperative to address the ethical implications.
Establishing regulatory frameworks is crucial for
ensuring safety, efficacy, and equitable access to these
applications.  Collaboration among researchers,
clinicians, and ethicists is essential for appropriately
developing and utilizing microbiota-targeted therapies.
Microbiome-medicine  interaction  represents  a
transformative paradigm in healthcare. Future
directions include personalized applications, synthetic
microbiota modulation, and microbiome-centered
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therapies .

Conclusion

In conclusion, the dynamic relationship between
antibiotics and gut microbiota highlights the need for
precision in prescribing practices and the development
of innovative therapies. By considering this complex
interplay, healthcare professionals can help preserve
both the efficacy of antibiotics and the delicate
balance of gut microbiota. This can lead to better
health outcomes for individuals and the broader
population. Further research in this area will enable
the optimization of antibiotic use and the development
of new approaches to protect microbiota health.
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