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OzET

Turk Hipertansiyon Uzlasi Raporu (THUR), diinyada gok 6nemli bir saglik
sorunu olan hipertansiyonun tani ve tedavisindeki gelismeleri Glkemiz
gercekleri perspektifinden degerlendirerek, Tirkiye'de hipertansiyon
hastalan ile ilgilenen hekimlere temel bir basvuru kaynagi olabilecek
pratik bir metin olusturmak amaciyla ilk kez 2015 yilinda yayimlanmig
ve 2019'da glncellenmistir. Son yillarda hipertansiyon tanimi
ve evrelemesinde 6nemli degisiklikler olmus ve cesitli kuruluslar
kilavuzlarinda farkli sinirlar ile kardiyovaskuler risk belirleme igin farkl
skorlama sistemleri 6nermislerdir. Bu veriler 1siginda Turk Hipertansiyon
Uzlasi Raporu'nun glincellenmesi zorunlu héle gelmistir. THUR'da daha
once yer alan bes dernege ek olarak, birinci basamagin hipertansiyon
tani ve tedavisindeki kritik roltl nedeniyle Tirkiye Aile Hekimleri Uzmanlik
Dernegi; toplumun giderek yaslanmasi ve yaslilarda hipertansiyon
tani ve tedavisinin daha 6zellikli hale gelmesi nedeniyle ise Akademik
Geriatri Dernegi raporun 2025 giincellemesine katilmistir. Glncellenen
2025 raporunda "normal kan basinci”, poliklinik sartlarinda élgllen
sistolik kan basincinin (SKB) 120 mmHg'nin altinda ve diyastolik kan
basincinin (DKB) 80 mmHg'nin altinda olmasi seklinde tanimlandi. Kan
basinglarinin sistolik 120-139 mmHg arasinda ya da diyastolik 80-89
mmHg arasinda olmasi “artmis kan basinci” olarak degerlendirilirken;
kan basinglarinin sistolik 140 mmHg ve Uzerinde ya da diyastolik
90 mmHg ve Uzerinde olmasi "hipertansiyon” olarak tanimlandi.
Hipertansiyon, Evre 1 (SKB: 140-159 mmHg veya DKB: 90-99 mmHg)
ve Evre 2 (SKB =160 mmHg veya DKB =100 mmHg) olarak kategorize
edildi. Hipertansiyon tanisinda klinik kan basinci dlctimlerinin yani sira
ev kan basinci 6lclimleri ve ambulatuvar kan basinci degerlerinin de
kullanilmasivurguland:. Laboratuvartetkikleribaslangigtaisteneceklerve
hipertansif hastalarda hedef organ hasarini saptamak igin istenebilecek
ek tetkikler olarak detaylandirilarak sekonder hipertansiyon arastirma
kriterleri glincellendi. Yas ve kinlganlk durumuna gore ilag tedavisi igin
esik ve hedef kan basinci dizeyleri, komorbiditeden bagimsiz olarak
g alt grup icin belirlendi: 18-79 yas (esik 2140/90 mmHg, hedef
120-130/70-80 mmHg), =80 yas (esik =140 mmHg, hedef 130-140
mmHg) ve kirlgan hastalar (esik 2160 mmHg, hedef 140-150 mmHg).
llag tedavisine SKB/DKB >140/90 mmHg olan hastalarda (Evre 1 ve
Evre 2) hemen ve tim hastalarda kombinasyon tedavisi ile baglanmasi
énerildi. Artmig kan basinci tedavi alt grubunda (SKB: 130-139 mmHg,

DKB: 80-89 mmHg), (¢ ay yasam tarzi degisikligine ragmen degerlerin
dlzelmedigi durumlarda diabetes mellitus (40 yas (zeri, 10 yildan
uzun suredir diyabeti olan, komplikasyonu bulunan ve obezite, sigara
kullanimi gibi diger risk faktorlerine sahip hastalarda), kronik bdbrek
hastaligi (albumindri >30 mg/gln veya spot idrarda alblimin/kreatinin
orani >30 mg/g varliginda), kardiyovaskiler hastalk (koroner arter
hastaligi, periferik arter hastaligi, kalp yetersizligi), inme ve SCORE2
kardiyovaskuler risk >%15 ile SCORE2 OP kardiyovaskdler risk >%20
varliginda antihipertansif tedavinin baslanmasi &énerildi. Bu raporda
ACEl (anjiyotensin dénUstlrlcl enzim inhibitdrll), ARB (anjiyotensin
reseptor blokeri), KKB (kalsiyum kanal blokeri), tiyazid veya tiyazid
benzeri ditretik ve MRA (mineralokortikoid reseptér antagonisti)
tedavileri temel alinarak kombinasyon tedavi algoritmasi; ilk adimda
distk veya tam doz baslanan ikili tedavi ("ACEl veya ARB + KKB" veya
“ACEi veya ARB + ditretik”), ikinci adimda ikili tedavinin tam dozuna
(diistik doz baslananlarda) veya duguk ya da tam doz Ugli tedaviye
(ACEI/ARB + KKB + ditiretik) gegis, Uclincti adimda Ugll tedavinin tam
dozuna (dustik doz baslananlarda) gecis ve dérdincli adimda ACEi
veya ARB + KKB + ditiretik + MRA dortld tedavisinin kullanimi seklinde
basamaklandirildi. Monoterapinin Oncelikle tercih edilebilecedi 6zel
durumlarise 80 yas UstU, kirlgan hasta, artmis kan basinci ve ortostatik
hipotansiyon olarak belirlendi. 2025 raporuna, Onceki raporda yer
almayan yedi yeni b6lim (Hipertansiyonda kinlganlik degerlendirmesi,
direngli hipertansiyon, izole sistolik hipertansiyon, izole diyastolik
hipertansiyon, ortostatik hipotansiyon, hipertansif acil durumlar ve
antihipertansif ilag kullanan hastalarda ek kardiyovaskiler ve renal
koruma tedavileri) eklendi. Ayrica manuel aneroid ve ambulatuvar kan
basinci 6lgimi sirasinda hasta ve hekimin dikkat etmesi gerekenler,
kan basincini artirabilecek ilaglar ve diger maddeler, kirilgan-ding tanimi
ile antihipertansif tedavi 6zelinde kirilganlk ve antihipertansif tedavi
altinda kan basincini ideal dzeylerin altina dusUrebilen kardiyovaskuler
olmayan ilaglar baslklan altinda dort ek dosya sunuldu. Bu raporda
sunulan kanita dayali dneriler poliklinik sartlarinda tedavi edilen gogu
hipertansif hasta icin gecerli olmakla birlikte, tedaviden sorumlu
hekimin klinik degerlendirmesine gore verecegi karar, hastaya 6zgU
bireysellestirilmis tedavinin sunulabilmesinde kritik 6Gneme sahiptir.

RAnahtar Kelimeler: Hipertansiyon, kilavuz, tani, tedavi
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ABSTRACT

The Turkish Hypertension Consensus Report (THCR) was first published in
2015 and subsequently updated in 2019 to provide practical guidance for
clinicians involved in the diagnosis and management of hypertension in
outpatient clinical settings. The report was prepared as a joint initiative of
the Turkish Society of Cardiology, the Turkish Society of Internal Medicine,
the Turkish Society of Endocrinology and Metabolism, the Turkish Society
of Nephrology, and the Turkish Society of Hypertension and Renal Diseases.
In recent years, substantial changes have occurred in the definition and
staging of hypertension, and various professional organizations have
proposed different blood pressure thresholds and cardiovascular risk scoring
systems in their guidelines. These developments necessitated a further
update of the consensus report. In addition to the original five societies, the
Turkish Academic Geriatrics Society and the Turkish Association of Family
Physicians contributed to the preparation of the 2025 update of the THCR.
In the updated 2025 report, “normal blood pressure” was defined as systolic
blood pressure (SBP) <120 mmHg and diastolic blood pressure (DBP) <80
mmHg, based on measurements obtained in outpatient clinical settings.
SBP values of 120-139 mmHg or DBP values of 80-89 mmHg were
classified as “elevated blood pressure,” whereas SBP =140 mmHg or DBP
>90 mmHg was defined as “hypertension.” Hypertension was categorized
as Stage 1 (SBP 140-159 mmHg or DBP 90-99 mmHg) and Stage 2 (SBP
2160 mmHg or DBP 2100 mmHg). In addition to office blood pressure
measurements, the use of home and ambulatory blood pressure monitoring
in the diagnosis of hypertension was emphasized. Laboratory investigations
were updated and categorized into baseline tests and additional tests
aimed at detecting target organ damage in hypertensive patients, and
the diagnostic criteria for secondary hypertension were revised. Age- and
frailty-based treatment thresholds and blood pressure targets were defined
independently of comorbidities for three subgroups: patients aged 18-79
years (treatment threshold >140/90 mmHg; target 120-130/70-80
mmHg), patients aged >80 years (threshold >140 mmHg; target 130-140
mmHg), and frail patients (threshold =160 mmHg; target 140-150
mmHg). Immediate initiation of combination antihypertensive therapy was
recommended for all patients with SBP/DBP >140/90 mmHg (Stage 1 and
Stage 2 hypertension). In the elevated blood pressure treatment subgroup

KISALTMALAR

ACC Amerikan Kardiyoloji Koleji

ACEI Anjiyotensin D3nistiiriicti Enzim inhibitdrleri
AHA Amerikan Kalp Dernegi

AKBM Ambulatuar Kan Basinci Monitorizasyonu
AKBO Ambulatuar Kan Basinci Olgtim

ALT Alanin Aminotransferaz

ARB Anjiyotensin Reseptdr Blokerleri

ARNi Anjiyotensin Reseptdr Neprisilin inhibitdri
AST Aspartat Aminotransferaz

AST Aspartat Aminotransferaz

BRAF B-raf geni

BT Bilgisayarli Tomografi

CFS Klinik Kirilganlik Skalasi

DEF-KY Dustik Ejeksiyon Fraksiyonlu Kalp Yetersizligi
DH Direncli Hipertansiyon

DKB Diyastolik Kan Basinci

DM Diabetes Mellitus

eGFR Tahmini GlomerUler Filtrasyon Hizi

EKBO Ev Kan Basinci Olctimleri

ESC Avrupa Kalp Dernegi

ESH Avrupa Hipertansiyon Dernegi

GFR Glomerdler Filtrasyon Hizi

GHB Gebeligin Hipertansif Bozukluklar

GIP Glikoz bagiml insulinotropik polipeptit
GLP-1RA Glukagon Benzeri Peptid-1 Reseptdr Agonisti
HT Hipertansiyon

iDH izole Diyastolik Hipertansiyon

iSH izole Sistolik Hipertansiyon

KAH Koroner Arter Hastaligi
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(SBP 130-139 mmHg, DBP 80-89 mmHg), antihypertensive therapy was
recommended if blood pressure remained uncontrolled despite three
months of lifestyle modification in the presence of diabetes mellitus (age
>40 years, diabetes duration >10 years, diabetes-related complications, or
additional risk factors such as obesity or active smoking), chronic kidney
disease (albuminuria >30 mg/day or spot urine albumin-to-creatinine ratio
>30 mg/g), established cardiovascular disease (coronary artery disease,
peripheral artery disease, heart failure), stroke, or increased cardiovascular
risk as assessed by SCORE2 (>15%) or SCORE2-0P (>20%). A stepwise
combination treatment algorithm was provided based on angiotensin-
converting enzyme inhibitors (ACEls), angiotensin receptor blockers
(ARBs), calcium channel blockers (CCBs), thiazide or thiazide-like diuretics,
and mineralocorticoid receptor antagonists (MRAs). The algorithm includes
initiation with low- or full-dose dual therapy ("ACEI or ARB + CCB" or "ACEI
or ARB + diuretic") as the first step; escalation to full-dose dual therapy
(for those started on low doses) or to low- or full-dose triple therapy (ACEI
or ARB + CCB + diuretic) as the second step; escalation to full-dose triple
therapy as the third step; and use of quadruple therapy (ACEl or ARB +
CCB + diuretic + MRA) as the fourth step. Monotherapy was recommended
primarily in selected clinical situations, including patients aged >80 years,
frail patients, those with elevated blood pressure, and patients with
orthostatic hypotension. Overall, seven new sections were added to the
2025 report: frailty assessment in hypertension, resistant hypertension,
isolated systolic hypertension, isolated diastolic hypertension, orthostatic
hypotension, hypertensive emergencies, and recommendations addition,
four supplementary files were provided, addressing key considerations
for patients and physicians during manual aneroid and ambulatory blood
pressure measurements, medications and substances that may increase
blood pressure, definitions of frailty and fitness and their implications for
antihypertensive therapy, and non-cardiovascular drugs that may lower
blood pressure below target levels during antihypertensive treatment.
Although the evidence-based recommendations presented in this report
are applicable to most hypertensive outpatients, clinical decision-making
by the treating physician remains essential for the delivery of individualized,
patient-centered care.

Keywords: Hypertension, guideline, diagnosis, treatment

KB Kan Basinci

KBH Kronik Bobrek Hastaligi

KEF-KY Korunmus Ejeksiyon Fraksiyonlu Kalp Yetersizligi

KKB Kalsiyum Kanal Blokeri

KV Kardiyovaskuler

KVH Kardiyovaskuler hastalik

LDH Laktat Dehidrogenaz

MEK Mitojenle etkinlesen hiicre-disi sinyal dizenlemeli kinaz
MR Manyetik Rezonans

MRA Mineralokortikoid Resept6r Antagonisti

mTOR Memeli Rapamisin Hedefi
NT - proBNP N-terminal pro-B tipi natritretik peptit
OAB Ortalama Arter Basinci

ODPKBH Otozomal Dominant Polikistik Bobrek Hastaligi
PARP Poli ADP Riboz Polimeraz
PRA Plazma Renin Aktivitesi
PTH Parathormon
RAAS Renin Anjiyotensin Aldosteron Sistemi
RET Transfeksiyon sirasinda yeniden dlizenlenen
SALTURK Turk Toplumunda Tuz TUketimi ve Kan Basinci Calismasi
SCORE2 Sistematik Koroner Risk Degerlendirmesi (40-69 yas grubu)
SCORE2-0P Sistematik Koroner Risk Dederlendirmesi
(ileri yas grubu 70-89 yas)
SGLT,i Sodyum-Glukoz Kotransporter-2 inhibitdri
SKB Sistolik Kan Basinci
SNRI Serotonin-Norepinefrin Geri Auim inhibitérleri
TSH Tiroid Stimtlan Hormon
usG Ultrasonografi
VEGF Vaskuler Endotelyal Buylme Faktori
VKi Viicut Kitle indeksi
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ipertansiyon, en sik gorllen kronik hastalklardan biridir ve

kdresel bir halk sagugr sorunudur. Dinyada kardiyovaskuler
hastaliklarin en 6nemli nedeni hipertansiyondur ve prevalansi
giderek artmaktadir. 2019 yilinda, didnya genelinde 30-79 yas
arasi bireylerde yasa gbre standardize edilmis hipertansiyon
prevalansi kadinlarda %32, erkeklerde ise %34 olarak rapor
edilmistir.’ Prevalans, yas arttikca artmaktadir ve 80 yas ve Uzeri
bireylerin neredeyse %80'ini etkilemektedir. Hipertansiyon;
kalp hastaliklar, inme, bobrek hastaligi, erken Olim ve yeti
yitimi gibi durumlarla iliskili olup saglik ve ekonomi alaninda
onemli bir yUk olusturmaktadir. Bununla birlikte, hipertansiyon
Onlenebilir ve tedavi edilebilir bir hastaliktir. Hipertansiyon tani
ve tedavisi konusunda Ulkemizdeki uygulamalar icin bir rehber
olmasi amaglanan “Turk Hipertansiyon Uzlasi Raporu”, Turk
Kardiyoloji Dernegi, Turk i¢ Hastaliklart Uzmanlik Dernegi, Tlrkiye
Endokrinoloji ve Metabolizma Dernegi, Turk Nefroloji Dernegi ve
Tlrk Hipertansiyon ve BObrek Hastaliklar Dernegi tarafindan ilk
kez 2015 yilinda yayinlanmis ve 2019'da glincellenmistir.?3

Son yillarda, hipertansiyon tanim ve evrelemesinde ¢ok onemli
degisiklikler olmus ve cesitli dernekler bu konuda farkli sinirlar
onermislerdir. 2017 yiinda ACC/AHA tarafindan ortaklasa
hazirlanan hipertansiyon kilavuzunda esik degerleri, sistolik kan
basinci igin 130 mmHg, diyastolik kan basinci icin 80 mmHg
olarak belirlenmistir.# 2018 yiinda ESC ve ESH'nin ortaklasa
yayinladigi hipertansiyon kilavuzunda esik degerleri, eskiden
oldugu gibi sistolik kan basinci igin 140 mmHg, diyastolik kan
basinci igin 90 mmHg olarak sabit birakilmistir.® Bu iki dernek
arasinda, bu kilavuzdan sonra gorls aynligi ortaya cikmistir.
ESH, 2023 yiinda yayinlanan kilavuzunda hipertansiyon esik
sinirlart icin herhangi bir degisiklik yapmazken; ESC, 2024 yilinda
yayinladigi kilavuzda sistolik 120-139 mmHg ve/veya diyastolik
70-89 mmHg arasindaki degerler icin artmis kan basinci terimini
kullanmistir.®” 2025 yiinda genis bir katiimla guncellenen
AHA/ACC kilavuzunda da sistolik kan basinci 130-139 mmHg
veya diyastolik kan basinct 80-89 mmHg araliginin Evre 1
hipertansiyon oldugu yeniden vurgulanmistir® Bu kilavuzlarin
tlmulnde, kardiyovaskdler risklerin hesaplanmasi ve tedavinin bu
riskler temelinde belirlenmesi ortak nokta olarak vurgulanmis;
ancak kardiyovaskuler risk belirleme icin farkli skorlama sistemleri
kullanitmistir. Bu veriler 1siginda, en son 2019 yilinda kaleme
alinan Turk Hipertansiyon Uzlasi Raporu'nun glincellenmesi
gerekmektedir. Bu kilavuzun glincellenmesine daha 6nce katkida
bulunan dernekler yaninda, birinci basamagin hipertansiyon tani
ve tedavisindeki énemi nedeniyle Turkiye Aile Hekimleri Uzmanlik
Dernegi ve toplumumuzun giderek yaslanmasi ve yaslilarda
hipertansiyon tani ve tedavisinin cok daha &zellikli hale gelmesi
nedeniyle Akademik Geriatri Dernegi de katilmuslardir. Kilavuzun
yaziminda birinci basamakta hipertansiyon tanim ve tedavisindeki
sorulara net yanitlar verilmeye calisilmustir. ila(; tedavisi icin
"esik" ve "hedef" kan basinc dlzeyleri, komorbiditeden
bagimsiz olarak yas ve kirilganlik durumuna gore belirlenmis ve
hipertansiyon siniflamasina (evre 1, evre 2, artmis kan basinci)
gore tedavi algoritmasi, tedavi baslama kriterleri ve ilag segimi
bazinda degerlendirilmistir. Toplumumuzun giderek yaslanmasi
nedeniyle, yasli popUllasyonda hipertansiyon yénetimi ¢ok énem
kazanmistir. Bu kilavuzda, ileri yaslarda hipertansiyonlu hastalarin
degerlendirilmesi ve tedavisi, Onceki rapordan ¢ok daha detayli bir
sekilde incelenerek glinimuiz ihtiyaclarina cevap verilmistir (Ek A).
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Uzlasi raporunun 2025 glncellemesinde; hipertansiyonda
kinlganlk degerlendirmesi, direncli hipertansiyon, izole sistolik
hipertansiyon, ortostatik hipotansiyon, hipertansif acil durumlar
ve antihipertansif ilag kullanan hastalarda ek kardiyovaskiler
ve renal koruma tedavileri gibi yeni bélimlerin yani sira, diger
kilavuzlarda da yeni olan izole diyastolik hipertansiyon konusu da
yerini almistir (Ek A).

Bu uzlasi raporu, tUm yazarlar tarafindan ortak olarak kaleme
alindi. Bu amacgla 5 kez ylz ylze, 7 kez cevrim ici toplanti
yapildi. Taslak olarak 2019 Hipertansiyon Uzlasi Raporu kullanildi.
Rapor hazirlanirken, agirlikl olarak Avrupa Kardiyoloji Dernegi,
Avrupa Hipertansiyon Dernegi ve Amerikan Kalp Dernegi ile
Amerikan Kardiyoloji Koleji tarafindan hazirlanan kilavuzlar géz
6ntnde bulunduruldu.t® Bu kilavuzlann ilgili bélimleri; Tark
ic Hastaliklan Uzmanlk Dernegi, Tiirk Hipertansiyon ve Bobrek
Hastaliklari Dernegi, Turkiye Endokrinoloji ve Metabolizma
Dernegi, Turkiye Aile Hekimleri Uzmanlk Dernedi, Tirk Nefroloji
Dernegi, Turk Kardiyoloji Dernegi ile Akademik Geriatri Dernegi
temsilcileri arasinda paylastiriip derlendi. Daha sonra bu bélimler,
toplantilarda tim yazarlar tarafindan degerlendirilerek metne
son sekli verildi.

TANIM VE SINIFLANDIRMA

Bu uzlasi raporunda,
18 yas Uzerindeki
eriskinlerde  hekim
tarafindan  yapilan,
standardize edilmis,
tekrarlanan poliklinik
olctimleriile sistolik kan basincinin 2140 mmHg ve/veya diyastolik
kan basincinin 290 mmHg olmasi, hipertansiyon olarak tanimlanur.

Genel popllasyonda, poliklinik kan basinci dlzeylerine goére
siniflandirma Tablo 1'de gosterilmistir.

TANI

Eriskinlerde her muayenede kan basinci mutlaka ol¢tilmeli ve 30
saniyeden daha kisa stre olmamak kosuluyla nabiz sayilmalidir.
Bunun yani sira, hastanin risk faktorlerini belirlemek ve sekonder
hipertansiyon nedenlerini sorgulamak amaciyla ayrintili tibbi
Oykl alinmali, sistemik fizik muayene ve gerekli laboratuvar
incelemeleri yapilmalidir.

1. Tibbi Oyki
Hipertansiyonu olan hastalarda; onceki kan basinci 6lgumleri,
gecirilmis ve/veya eslik eden hastaliklar, kardiyovaskuler hastalik

Tablo 1. Standart poliklinik kan basinci diizeylerine gore kan
basinci siniflandirmasi

Kategori Sistolik Diyastolik
kan basinci kan basinci
(mmHg) (mmHg)
Normal kan basinci <120 ve <80
Artmis kan basinci 120-139 veya 80-89
Hipertansiyon 2140 veya =290
Evre 1 hipertansiyon 140-159 veya 90-99
Evre 2 hipertansiyon =160 veya 2100
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Sekil 1. Hipertansiyon tanisi icin akis semasi. 'Kan basinci 6lcimi ilk muayenede iki koldan ayri ayn yapilmali ve takiplerde
yiiksek 6l¢lilen kol kullanilmalidir. En az iki 6lciim yaparak hastanin kan basinci (KB) ortalamasina gére tani akisi kullanilmaldir.
iki 6lcim arasinda 10 mmHg dan daha fazla fark varsa iiclincii 6lcim de yapilmalidir. Ortostatik hipotansiyon dislanmalidir. 2Bu
olcimler sirasinda dykd, fizik muayene ve temel laboratuvar incelemelerinin yapilmasi dnerilir. Ev kan basinci veya ambulatuar KB
olclimi imkani olmayan hastalarda, laboratuvar sonugclarini getirdikleri zaman yeniden 6l¢lim yapilarak tani konulmasi dnerilir.
3Hastanin kan basinci bu degerlerde ise bir iki kez daha ol¢iilmelidir. Bu degerler devam ediyorsa, hastaya hipertansiyon tanisi

hemen konulmalidir.

DKB, Diyastolik kan basinci; SKB, Sistolik kan basinci.

risk faktorleri, ailede kalp ve damar hastaligi 6ykUsU, hipertansiyon
tedavisi igin kullanilmis veya kullanilmakta olan ilaglar, dizenli
kullanilmakta olan diger ilaglar/ilag disi Grlnler ile sekonder

h

ipertansiyon nedenlerine ve organ hasarina yonelik belirtiler

sorgulanmalidir.

2

. Poliklinik Kan Basinci Olgiimlerine Gére Hipertansiyon Tanisi

Poliklinik kan basinci 6lctimlerine gore hipertansiyon tanisi Sekil

1

2

'de Ozetlenmistir.

itk degerlendirmede, tekrarlanan Slciimler sonucu sistolik kan
basinci 180 mmHg veya diyastolik kan basinci 110 mmHg
Uzerinde olan hastalarda hipertansiyon tanisi hemen konulur.

Ancak, kan basinci 140/90 mmHg ile 180/110 mmHg
arasinda olan hastalar, hipertansiyon tanisinin dogrulanmasi
icin mUmkinse evde kan basinci élglimleri (EKBO) veya
ambulatuar kan basinci 8lctmleri (AKBO) ile mutlaka ikinci
kez muayeneye cagrilmalidir.

Taninin kesinlestirilmesi icin sistolik kan basinci 140-159
mmHg veya diyastolik kan basinci 90-99 mmHg olan
hastalarda en geg 4 hafta iginde; sistolik kan basinci 160-
179 mmHg veya diyastolik kan basinci 100-109 mmHg
olan hastalarda en gec 2 hafta icinde, en az 5 glin sabah ve
aksam otomatik 6lctim cihazi ile EKBO yapilmasi énerilir.
Ortalama sistolik kan basincinin 135 mmHg veya diyastolik
kan basincinin 85 mmHg tzerinde olmasi durumunda tani
konulur.

10

Evde kan basinc takibi olanagi yoksa, bir saglk calisani
tarafindan tercihen otomatik osilometrik 6lgim cihazlar ile
kan basinci 6l¢tim( yaptirmalari énerilmelidir.

Taniyi dogrulamak icin imkan olan durumlarda AKBO
yapilmalidir. Ambulatuar kan basincinin 24 saatlik ortalamasi
>130/80 mmHg, gliindiiz ortalamasi 2135/85 mmHg veya
gece ortalamasi 2120/70 mmHg ise hipertansiyon tanisi
konulur.

Evde kan basinci takibi veya AKBO imkani yoksa, kontrol
muayenesi sirasinda tekrarlanan élgimlerle tani konulur.

Olglim ydntemlerine gére hipertansiyon tanisi icin esik degerler
Tablo 2'de gosterilmistir.

Tablo 2. Kan basinci dlciim yontemlerine gére hipertansiyon
tanisi icin esik degerler

Olciim yontemi Sistolik Diyastolik
kan basinci kan basinci
(mmHg) (mmHg)
Poliklinik 2140 ve/veya >90
Ev >135 ve/veya >85
Ambulatuar kan basinci
24 saatlik ortalama >130 ve/veya >80
GUnduz ortalamasi =135 ve/veya =85
Gece ortalamasi =120 ve/veya =70
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Sekil 2. ilk degerlendirmede kan basinci <140/90 mmHg olan hastalarda kan basinci takibi énerileri.

DKB, Diyastolik kan basinci; KB, Kan basinci; SKB, Sistolik kan basinci.

Sekil 3. Kan basinci dl¢lim yontemleri.

ilk degerlendirmede hipertansiyon tanisi almamis olgularda izlem
onerileri Sekil 2'de 6zetlenmistir.

ilk degerlendirmede hipertansiyonu olmayan olgularda:

e Kan basinci normal aralikta olanlarda (<120/80 mmHg)
yilda bir,

e Sistolik kan basinci 120-139 mmHg veya diyastolik kan
basinci 80-89 mmHg olanlarda 3-6 ayda bir tekrar kan basinci
olcima onerilir.

3. Kan Basinci Olciim Teknikleri
e Standart kan basinci 6lciimii

Hekim tarafindan, Ust koldan ve gecerliligi onaylanmis otomatik
osilometrik kan basinci 6lgim cihaziyla (https://www.stridebp.
org/office-hospital-pdf/), béyle bir cihaz yoksa manuel aneroid
tansiyon 6lctim aletleri kullanilarak élctim yapilmalidir (Sekil 3A, B).

ilk muayenede hastanin iki kolundan da 6lctim yapitmalidir. iki
koldan yapilan kan basinci dl¢Uimleri arasinda >10 mmHg fark
varsa, olcimler tekrarlanmali; tekrarlanan olciimlerde sistolik kan
basinci farki >20 mmHg ise nedeni arastirlmali; her durumda,
sonraki 6lgimler kan basincinin ytksek oldugu koldan yapilmalidir.

Olcim oncesi hastanin oturur durumda en az 5 dakika
dinlenmesine izin verilmeli, uygun kosullarda, avug agik, kol kalp
seviyesinde desteklenerek dlcim yapilmalidir. Bir seferde en az
iki 6lgtim (1-2 dakika ara ile), iki 6lciim arasinda 10 mmHg'den
daha fazla fark varsa ardisik dlcimler yapilarak son iki dl¢imUn
ortalamasi kaydedilmelidir.

Hastada aritmi varsa, otomatik cihazlarla kan basinci 6lgimu
hatali sonug verebilir. Bu nedenle, mutlaka her élgimden énce
palpasyonla nabiz en az 30 sn degerlendirilmeli ve diizensizlik varsa
stetoskop kullanilarak kan basinci klasik yontemle dlctlmelidir.

e Evde kan basinci 6lciimii (EKBO)

Evde kan basinci élgimiinde, kol icin uygun mansonlu ve onayli
otomatik osilometrik tansiyon 6lgtim aleti kullaniltmalidir (https://
www.stridebp.org/home-pdf/;  http://www.turkhipertansiyon.
org/pdf/Onayli_Aletler 2017.pdf).

Evde olgimler en az 5 gun yapilmalidir. Kan basinci, sabah ve
aksam saatlerinde ve her seferinde en az ikiser kez 6lcilmelidir.
Evde kan basinci olctimU, en az 5 dakika dinlendikten sonra
yapilmali ve dlcimden dnceki 30 dakika icinde sigara veya kahve
icilmemeli, egzersiz yapilmamaldir.
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Tablo 3. Ev kan basinci 6l¢imi ve ambulatuar kan basinci 6l¢imi:

Ozin ve ark. Turk Hipertansiyon Uzlasi Raporu 2025

Klinik kullanim, endikasyon, esik degerler ve dlciim sikligi

EKBO

Onayli cihaz, standart teknik

AKBO
Onayli cihaz, standart teknik

Klinik kullanim

HT tanisini dogrulama ++
Maskeli ve beyaz onlik HT tanisi +++
Nokturnal KB yUksekligi -
Sabah KB ytksekligi ++
Gergek direncli HT tanisi ++
Gebelikte HT +
Postural hipotansiyon +
24 saatlik KB kontrold +
Kan basinci degiskenligi ++
Uzun dénem takip 4+

+++

+++

+++

+++

+++

+++

+++

+++

+++

Ana endikasyon

Tedavi altindaki hastalarda uzun dénem takip

HT tanisi

HT tanisi icin esik degerler e >135/85 mmHg

e >135/85 mmHg (guindiz)
e >130/80 mmHg (24 saatlik ortalama)
® >120/70 mmHg (gece)

Olctim sikligs
e Uzun dénem takipte ayda 1 hafta

® 5 glin sabah aksam 1-2 dk ara ile en az 2'ser 6l¢lim

e GUndlz 15-30 dk'da bir, gece 30-60 dk da bir
olctim

® GUndlz 20, gece 7 gecerli 6lgim veya 24 saatte
%70 gegerli 6lctim

AKBO, Ambulatuar kan basinci élciimU; EKBO, Ev Kan Basinci OlctimU; HT, Hipertansiyon; KB, Kan basincl.

Tablo 4. Hipertansif hastada onerilen baslangi¢ incelemeleri

Tablo 5. Degerlendirmede istenilebilecek ek tetkikler

Baslangic tetkikleri

Hedef organ hasarini saptamaya yonelik ek tetkikler

Tam kan sayimi

Tam idrar tetkiki

Aglik plazma glukozu ve/veya HbA1c
Kreatinin ve eGFR

Sodyum, potasyum ve Urik asit
Lipid profili

Elektrokardiyografi

AST/ALT

Kalsiyum

TSH

Spot idrar albUmin kreatinin orani

Aldosteron/Plazma Renin Aktivitesi*

*Evre 2 hipertansiyonda (imkan varsa). ALT, Alanin aminotransferaz; AST,
Aspartat aminotransferaz; eGFR, Tahmini glomeriler filtrasyon hizi; TSH,
Tiroid stimdlan hormon.

Bir dakika arayla iki 6lgim alinarak, bu iki 6lgimin ortalamasi
kaydedilmelidir. Kan basinci élgiminde kullanilacak otomatik
tansiyon Olgim cihazinin koldan élcim yapan cihaz olmasi
Oonemlidir. Bilekten Olcim yapan cihazlar genellikle tercih
edilmemekle birlikte, kol 6l¢imiind cesitli nedenlerle yapamayan
kisilerde gecerliligi bildirilmis bilekten 6lgim yapan cihazlar
evde kan basinci takibinde kullanilabilir. Hastalara, evde kan
basinci 6lcimUnin nasil yapilacagina dair egitim verilmelidir.
Beyaz onllk etkisi veya maskeli hipertansiyon stiphesi varsa, ev
olctimleri ozellikle istenmelidir.

212

Ekokardiyografi

Karotis Ultrasonografisi (USG)
Fundoskopi

Abdominal USG

Ayak bilegi kol indeksi

o Ambulatuar kan basinci élciimi (AKBO)

Ozel bir cihazin hasta Uzerinde 24 saat sireyle tasinarak
glnlik aktivite ve uyku sirasinda kan basinci kayitlarinin
alinmasi ile yapilan AKBO, hipertansiyonun tanisinda ve
takibinde ideal bir yontemdir ve imkan olan her durumda
kullanitmalidir (Sekil 3C).

Manuel aneroid sfigmomanometre ile dlctim ilkeleri ve AKBO
cihazinin hastaya takilmasi, dlgim araliklarinin ayarlanmasi ve
raporun degerlendirilmesiyle ilgili detayl bilgi Ek B'de verilmistir.

Ev kan basinci 6l¢tim( ve ambulatuar 6lctm igin klinik kullanim,
ana endikasyon, esik dederler ve olgim siklg Tablo 3'te
karsilastirmali olarak belirtilmistir.

4. Baslangicta Yapilmasi Gereken incelemeler

Kardiyovaskuler riski, hedef organ hasarini ve sekonder
hipertansiyonu arastirmak ve degerlendirmek amaciyla, her
hastada baz laboratuvar tetkiklerinin yapilmasi gereklidir.
Baslangicta istenilmesi gereken tetkikler Tablo 4'te gosterilmistir.
Hipertansif hastalarda, hedef organ hasarini saptamak igin
istenilebilecek ek tetkikler Tablo 5'te gdsterilmistir.
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Tablo 6. Sekonder hipertansiyon disiinlilen hastalarda oncelikli tetkikler”*:1°

Klinik veya laboratuvar belirti/bulgular

Oncelikli tetkikler

Renovaskdler hastalik

® RAAS blokeri baslandiktan sonra kreatinin diizeyinin akut olarak %30'dan fazla yUkselmesi ve sebat etmesi
e Diffliz aterosklerozu olan hastada hipertansiyon, tek tarafli kligik bobrek veya her iki bobrek boyutu

arasinda nedeni agiklanamayan 1.5 cm'den fazla fark
o Tekrarlayan akut pulmoner 6dem ataklari
® Renal arter trasesinde UfUrdm

® Renal arter Doppler USG
® BT/MR anjiyografi

Renal parankim hastalidi

® Serum kreatinin yUksekligi
e Anormal idrar sedimenti
® ProteinUri

e Serum kreatinin duzeyi, eGFR

® Renal USG

® Tam idrar tetkiki

® Spot idrar albimin kreatinin orani

Primer aldosteronizm

e Aciklanamayan hipokalemi (olgularin yanisinda gérilmeyebilir)
e Metabolik alkaloz

® Adrenal insidentaloma

® Evre 2 hipertansiyon

e Direncli hipertansiyon

e Aldosteron /PRA orani

Cushing sendromu

e Santral obezite, cushingoid yUz, proksimal kas glicstizligu ve ekimozlar
® Glukokortikoid kullanim dykUsuU olabilir

® DUslk doz deksametazon
sUpresyon testi
® 24 saatlik idrar kortizold

Hipotiroidi/hipertiroidi

e Kilo alma/Kilo verme

o Bradikardi/Tasikardi

® Soguk/sicak intoleransi

o Diyare/konstipasyon

e Adet duzensizligi, menoraji, amenore

® TSH, Serbest T4

Feokromasitoma

e Kan basincinda paroksismal ylkselme
e Zonklayici bas agrisi, garpinti, terleme
® Al basmasi (flushing) ve ani solukluk

® Plazma veya 24 saatlik idrar
metanefrin ve normetanefrin
duzeyleri

Obstruktif uyku apne sendromu

e Direncli hipertansiyonu olan, fazla kilolu veya obeziteli bireyler
e Horlama ve apne epizodlari
e GUn icinde uykululuk, yorgunluk

o Polisomnografi

Aort koarktasyonu

® Kol ve bacak SKB farki (>20 mmHg)
e Femoral nabizlarin gecikmesi veya alinamamasi

o Ekokardiyografi
e MR/BT anjiyografi

Primer hiperparatiroidi

® Bobrek tasi Oykusu
o Hiperkalsemi
® Peptik Ulser dykust

® PTH, Kalsiyum, Fosfor

BT, Bilgisayarli tomografi; eGFR, Tahmini glomerUler filtrasyon hizi; MR, Manyetik rezonans; PRA, Plazma renin aktivitesi; PTH, Paratiroid hormonu; RAAS,
Renin anjiyotensin aldosteron sistemi; SKB, Sistolik kan basinci; TSH, Tiroid stimUlan hormon; USG, Ultrasonografi.

SEKONDER HiPERTANSIYON

Hipertansiyon, bilinen bir etiyolojik nedene bagli ise sekonder
hipertansiyon olarak kabul edilmektedir. Sekonder hipertansiyon,
tlm hipertansiyon olgularinin yaklasik %10'unu olusturur.

Hipertansiyon hastalarinin  hepsinin sekonder hipertansiyon
acgisindan degerlendirilmesi hem zaman hem de maliyet agisindan
uygun olmayacagindan, poliklinikte elde edilen ipuglanyla
kimlerin arastinlacagina karar verilmesi daha uygundur. Bununla

birlikte, kanrita dayali calismalar, hipertansiyonu olan ve primer
hipertansiyon tanisi almis hastalarda primer hiperaldosteronizm
prevalansinin oldukga fazla oldugunu gostermektedir. Bu nedenle,
evre 2 hipertansiyonu olan bireylerde imkan varsa aldosteron ve
plazma renin aktivitesi 6lcimu ile primer hiperaldosteronizm igin
tarama yapilmasi uygundur.

Sekonder hipertansiyonun arastinlmasi gereken durumlar
asagida dzetlenmis; sekonder hipertansiyon dustinllen hastada
istenilecek tetkikler ise Tablo 6'da gosterilmistir.”1°
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Kimlerde sekonder hipertansiyon arastirilmalidir?
1. Anamnezde sekonder hipertansiyonu diistindirecek
durumlar:

a. Ailede bobrek hastaligi 6ykUsU

b. ilac kullanimi: Nonsteroid antiinflamatuarlar, dekonjestanlar,
glukokortikoidler, oral kontraseptifler, serotonin-norepinefrin
geri alim inhibitérleri (SNRI) grubu antidepresanlar (6zellikle
venlafaksin), meyan kokU surubu, kokain, amfetamin, mirabegron,
modafinil, eritropoietin, siklosporin, anti-kanser ilaglar (vaskuler
endotelyal blylime faktért [VEGF] inhibit6rleri, platin bazli ilaglar,
alkilleyici ajanlar, kalsindrin inhibitorleri, proteazom inhibitorleri,
B-raf geni/mitojenle etkinlesen hucre disi sinyal dizenlemeli
kinaz [BRAF/MEK] inhibitbrleri, transfeksiyon sirasinda yeniden
dlizenlenen [RET] geni kinaz inhibitorleri, poli ADP riboz
polimeraz [PARP] inhibitérleri, memeli rapamisin hedefi [mTOR]
inhibitorleri, androjen sentez inhibitorleri), alkol ve bitkisel
Urlinler (san kantaron, ginseng vb.) sekonder hipertansiyon ve/
veya direncli hipertansiyon sebebi olabilirler (Ek C).

c. Kas gligstizltgu

d. Horlama, uyku apnesi

e. Terleme ataklari, bas agrisi, anksiyete, garpinti
2. Direncli hipertansiyonu olan hastalar:

Farkl sinif (biri ditiretikler olmak (izere) (¢ adet, yeterli dozda
antihipertansif kullanimina ragmen kan basinc  kontrolde
olmayan hastalar

3. Antihipertansif tedavi altindayken kan basinci kontrolt aniden
bozulan hastalar

4. 30 yasindan Once baslayan veya 60 yas Uzerinde ani baslayan
evre 2 hipertansiyon

5. Kan basinci dizeyine gore beklenenden daha agir hedef
organ hasari gelismis hastalar

6. ACEI (Anjiyotensin donUstiriicti enzim inhibitdrleri) veya ARB
(Anjiyotensin reseptdr blokerleri) kullanimi sonrasi kreatinin
degerlerinde ciddi yiikselme (kisa strede %30 Uzerinde) olan
hastalar

7. Rutin laboratuvar incelemelerinde hipokalemi tespit edilen
hastalar

8. Endokrin hipertansiyonu disidnduren klinik veya biyokimyasal
bulgular (Tablo 6)

9. Aterosklerotik renovaskiler hastallk veya fibromuskUler
displazi lehine klinik bulgular (Tablo 6)

HIPERTANSIYONDA KIRILGANLIK DEGERLENDIRMESi

Kinlganlik, stres faktorlerine karsi adaptasyon yeteneginde
azalma ve dolayisiyla saglikla iliskili olumsuz sonuclara (6rnegin
yeti kaybi/engellilik ve mortalite) karsi artmis duyarliik halidir.
Kirilganlik, “biyolojik yaslilik"i ifade eder. Takvim yasi (kronolojik
yas), biyolojik yas icin kaba bir 6ngérli saglasa da tedavi
planlamasinda tek basina yeterli degildir (Ek D).

Kirilgan bireyler, genellikle yavas ylrlyen, fiziksel aktivite dlzeyi
azalmig, son aylarda kilo kaybi ve/veya istahsizlik yasayan,
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gucstizlik, yorgunluk ve bitkinlik yakinmalarn olan kisilerdir. Bu
belirtiler, klinik gozlemle ya da hasta/hasta yakiniyla gértserek
kolayca fark edilebilir. Klinisyen, bu alanlardaki gozlemleri ve
sorgulamalar ile kirlganltgin varligi ve dizeyi hakkinda fikir sahibi
olmalidir. Bu surecte, Klinik Kirilganlik Skalasi gibi gorsel araglar
da degerlendirmeye yardimci olabilir."*-"4

Grup 5 ve Uzeri igin kirlganlik s6z konusudur. Grup 1-3 (¢ok ding-
ding-iyi idare eden), Grup 4-5 (gok hafif kinlgan/hafif kirilgan),
Grup 6-9 (orta, ileri, cok ileri kirilgan ve terminal dénem) olarak
nitelendirilir (Sekil 4).

Yasli bireylerde, antihipertansif tedaviye baslamadan 6nce, ayrica
yilda en az bir kez ya da genel saglk durumunda belirgin bir
dedgisiklik oldugunda kirilganuk durumu tekrar degerlendirilmelidir.
Bu degerlendirme, tedavi hedeflerinin ve ilag segimlerinin
yeniden goézden gegirilmesi agisindan énemlidir.

Demans, kirilganlk icin ¢nemli bir belirleyicidir ve siniflamayi
da etkiler. Kirilganlk derecesi, genellikle demans derecesiyle
paralellik gosterir. Bu nedenle, tim yasl hipertansif hastalar
- Ozellikle 80 yas ve Uzerindekiler - bilissel bozukluk agisindan
taranmali ya da uygun bir uzmana yonlendirilmelidir.

TEDAVi

1. Yasam Tarzi Degisiklikleri

Toplum sagligr agisindan, eriskin bireyin kan basinci hangi diizeyde
olursa olsun uygun yasam tarzi degisiklikleri onerilmelidir. Bu
dedgisikliklerin hayata gegirilmesi icin tim saglk profesyonellerinin
katkisi saglanmali ve hastanin her vizitinde &nerilere uyum
durumu sorgulanmalidir. Yasam tarzi degisiklik onerileri sunlardir:

e ideal viicut agirligi: Turkiye Saglik Arastirmasi 2022 verilerine
gore, 15 yas ve Uzeri popUlasyonda obezite prevalansi %20,2'dir
(kadinlarda %23,6, erkeklerde %16,8)." Fazla kilolu ve obeziteli
bireylerde en az %5-10 duzeyinde agirlik kaybi saglanmasi ve
kilo kontrolintn strddrdlmesi Onerilmektedir. Ancak, yasl
bireylerde durum farklidir; bu grupta 6lUm riski ve/veya islevsel
bagimulk, genellikle fazla kilolu kategorisinde en dlsuk
seviyede gorllmektedir. Bu nedenle, fazla kilolu yaslilarda kilo
kaybi genellikle Onerilmez. Obeziteli yasli bireylerde ise, eger
genel sagluk durumu iyi ve fiziksel olarak "ding"lerse, dikkatli ve
yavas bir kilo kaybi saglanmasi risk-yarar dengesi g6z oninde
bulundurularak degerlendirilebilir.51617

e Tuz kisitlamasi: Gunlik sodyum alimi 2-2,4 g (5-6 g tuz)
ile simirlandinlmalidir.’®®  SALTURK  calismalar,  TUrkiye'de
ortalama tuz tUketiminin &nerilenin yaklasik 3 kat Uzerinde
oldugunu géstermistir (14-15 g/gtin).2°2! Bu nedenle, tilkemizde
sodyum aliminin mutlaka azaltilmasi Onerilmelidir. Sodyumu
kisitlamada gUclik yasayan hastalarda, sodyumu azaltilmis
tuzlann kullanilmasi onerilebilir. Ancak, ciddi bobrek fonksiyon
bozuklugu veya potasyum tutucu dilretik kullanan olgularda
dikkat edilmelidir. MalnUtrisyon riski ytksek olan ve/veya kirilgan
hastalarda siki tuz kisitlamasindan kacinilmalidir.61722:23

e Saglukl beslenme: Hipertansiyon hastalarinin beslenmesinde
agirlkli olarak sebze ve meyve, az yagli besinler, tam tahil, sebze
kaynakli protein ve haftada en az iki kez balik yer almaldir.
Cabuk tlketilen, islenmis ve asiri yag, rafine seker ve tuz iceren
yiyecekler ile enerji igeceklerinden kaginilmaldir. Yasli bireylerin
yeterli protein almasi saglanmalidir. Bu, hem genel saglgin
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Sekil 4. Klinik Kirilganuk Skalasi. Demansi olan hastalarda kirilganlik derecesi ve demans dereceleri benzerdir. Hafif demans: Yakin
zamanli olayin kendisini hatirlasa da detaylan unutma, ayni sorulan/hikayeyi tekrarlama, sosyal geri cekilme. Orta evre demans:
Eski olaylar hatirlansa da yakin donem hafiza ciddi olarak bozulmustur. Destekleme ile kisisel bakim yapabilirler. Ileri evre demans:

Kisisel bakim desteksiz yapilamaz.

Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and frailty in elderly people. CMAJ. 2005;173(5):489-495. [CrossRef]
Rockwood K, Theou 0. Using the Clinical Frailty Scale in Allocating Scarce Health Care Resources. Can GeriatrJ. 2020;23(3):210-215. [CrossRef]
Ozsiirekei C, Balci C, Kizilarslanoglu MC, et al. An important problem in an aging country: identifying the frailty via 9 Point Clinical Frailty Scale. Acta Clin

Belg. 2020;75(3):200-204. [CrossRef]

Asik Z, Kiing S, Kursun O, 6zen M. Validation of the Clinical Frailty Scale version 2.0 in Turkish older patients. Geriatr Gerontol Int. 2022;22(9):730-735. [CrossRef]

korunmasi hem de kilo kontrolli hedeflenen durumlarda kas
kaybini dnlemek icin 6zellikle dnemlidir.

e Sigaranin birakilmasi: Hipertansif hastalarin sigara veya
elektronik sigara kullanmamasi, kullaniyor ise mutlaka birakmasi
tavsiye ve tesvik edilmelidir. Sigara birakma, kardiyovaskiler
riski azaltmada en etkili faktorlerden biridir. Her bir sigara, 30 dk
streyle kan basincini yukseltebilir.

o Alkoliin birakilmasi: Hipertansif hastalarin alkol kullanmasi
onerilmez. Eskiden, belli bir diizeydeki alkolaliminin zararsiz oldugu
dUslGncesi hakimken, son zamanlarda alkolin higbir dozunun
kardiyovaskuler acidan koruyucu 6zellik icermedigi belirlenmistir.

o Fiziksel aktivite: Hastalara, yasina ve fiziksel durumuna
uygun sekilde dlzenli fiziksel aktivite/egzersiz yapmasi tavsiye
edilmelidir. Genel olarak, haftada en az 5 kez 30 dakikadan az
olmayan aerobik aktivite; ilave olarak kas guclendirici egzersizler,
denge ve germe egzersizleri de onerilmelidir. Buna ek olarak,
glin boyunca hareketli bir yasam tavsiye edilmelidir. Yasl
bireylerde hem genel saglik icin hem de 6zellikle itml kilo kaybi
hedeflendiginde, kas kaybini dnlemek amaciyla kas guclendirme
(direnc) egzersizlerine ayrica 6nem verilmelidir.

e Stres ydnetimi: Stresi azaltmaya yonelik nefes ve gevseme
egzersizleri, meditasyon, yoga ve tai chi gibi zihin-beden

uygulamalari; stres ve duygu durumu Gzerine olumlu etkilerinin
yani sira, sistolik ve diyastolik kan basincini da distirmekte ve bu
acidan hipertansiyon hastalarinda Onerilebilecek stres azaltici
teknikler arasinda kabul edilmektedir.

e Uyku hijyeni: Hipertansiyon hastalarinin uyku kalitesinin
ylkseltilmesi gereklidir. Her aksam ayni saatte uyunmasi,
yatak odasinda televizyon, bilgisayar vb. ekranlarin olmamasi,
gunlik uyku suresinin ortalama 7-9 saat olmasi, yatak odasinin
havalandirlmasinin yeterli olmasi ve ses ile grdltd kirliliginden
arindinlmasi gerekir.

e Hava ve gurilti kirliligi: Kardiyovaskller sagug olumsuz
etkileyen bu durumlardan, agik hava aktivitelerinin zaman, yer
ve tipi uygun sekilde ayarlanarak ve ev ici ortamda maruziyet
muUmkin oldugunca azaltilarak kaginilmasi onerilir.

2. ilag Tedavisi

Antihipertansif ilag

tedavisine baslamak

icin, kan basinci

degeri ile birlikte

risk faktorleri, eslik

eden hastaliklar ve

kinlganlk durumu dikkate alinmaldir.
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Sekil 5. Hipertansiyonda tedavi yaklasimi.
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DKB, Diyastolik kan basinci; DM, Diabetes mellitus; HT, Hipertansiyon; KB, Kan basinci; KBH, Kronik bobrek hastaligi; KV, Kardiyovaskaiiler; KVH, Kardiyovaskler
hastalik (Koroner arter hastaligi, periferik arter hastaligi, kalp yetersizligi); SKB, Sistolik kan basinci.

a) Yas ve kirilganlik durumuna gore esik ve hedef kan basinci
dizeyleri:

® 18-79 yas arasindaki ding hastalarda, tedaviye baslamak
icin esik poliklinik sistolik kan basinci degeri 2140 mmHg veya
diyastolik kan basinci degeri 290 mmHg iken, =80 yas veya
kirlgan hastalarda esik poliklinik sistolik kan basinci degeri 2160
mmHg'dir. Ding =80 yas bireylerde, sistolik kan basinci =140
mmHg degderinde tedavi baglanmasi dstintlebilir (Tablo 7).

e 18-79 yas arasindaki ding hastalarda, hedef kan basinci dizeyi
120-130/70-80 mmHg iken, yasi 280 olan hastalarda hedef
sistolik kan basinci dizeyi 140-150 mmHg'dir. Ding >80 yas
bireylerde, 130-140 mmHg hedeflenmesi distinllebilir (Tablo 7).

b) Evre 1- Evre 2

hipertansiyon ilac

tedavisi yaklagimi:

Evre 1 ve Evre 2

hipertansiyonda

(SKB/DKB =140/90

mmHg), ilag tedavisine hemen baslanir (Sekil 5, Sekil 6).

c) Artmis kan basincina ilac tedavisi yaklasimi: En az 3
ay yasam tarzi degisikligi uygulamasina ragmen artmis kan
basinci olan hastalarda, asagidaki durumlardan herhangi birinin
varliginda antihipertansif tedavi (tercihen monoterapi) énerilir
(Sekil 5, Sekil 6):

e Diyabetes mellitus (DM: 40 yas Uzeri, 10 yildan uzun stredir
diyabetli, komplikasyonu ve obezite, sigara kullanimi gibi
diger risk faktorleri olan hastalarda)

e Kronik bébrek hastaligr (KBH: AlbiminGri >30 mg/gun veya
spot idrarda albUmin/kreatinin orani >30 mg/g varliginda)
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Tablo 7. Hipertansiyonu olan hastalarda yas ve kirilganlik
durumuna gore ilac tedavisi icin esik ve hedef kan basinci
dizeyleri

Yas grubu/kirilgantk  Esik kan basinci  Hedef kan basinci

(mmHg) (mmHg)
18-79 yas' 2140/90 120-130/70-80
>80 yas (ding)? 2140 130-140
Kirlgan hastalar? =160 140-150

'Komorbiditeden bagimsiz (Diyabetes mellitus, koroner arter hastaligi,
kronik bébrek hastaligi, kalp yetersizligi). 280 yas 6ncesi baglanmis tedaviyi
tolere ediyorsa, sadece yas nedeniyle antihipertansif tedavi azaltilmamali;
fakat yakin takip edilmelidir. *Coklu komorbiditesi, fonksiyonel kisitlamasi
olan kirlgan bireylerde yastan bagimsiz bu hedefler gecerlidir. Organ
hipoperfiizyonu acisindan dikkatli takip gereklidir ve buna goére tedavi
bireysellestirilmelidir.

e KardiyovaskUller hastalik (KVH: Koroner
periferik arter hastaligi, kalp yetersizligi)

arter hastaligi,

e Inme

e SCORE2 kardiyovaskiler (KV) risk >%15 (40-79 yas arasi);
SCORE2-0P KV risk >%20 (yasli hastalar)

Farkli kilavuzlarda, risk belirlemek igin
ve esik degerleri kullanilmaktadir. Artmis kan basincina
yonelik antihipertansif tedavinin, kardiyovaskuller koruma
acisindan sadece ylksek ve cok ylksek kardiyovaskuler
riski olan hastalarda etkili oldugu; distk veya orta dereceli
kardiyovaskuler riski olan hastalarin bu anlamda tedaviden
fayda gOrmedigini gOsteren meta-analiz verilerinden de
hareketle,?* Ulkemiz icin bu sekilde bir risk esigi belirlemenin
uygun oldugu ddsunildu.

degisik skorlar
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Sekil 6. Ozel hasta gruplarinda antihipertansif tedavi baslama kriterleri - DM, KBH, KAH, KY.

DKB, Diyastolik kan basinci; DM, Diabetes mellitus; HT, Hipertansiyon; KAH, Koroner arter hastaligi; KB, Kan basinci; KBH, Kronik bébrek hastalig; KY, Kalp

yetersizligi; SKB, Sistolik kan basinci.

Tablo 8. Antihipertansif ilaclarin kontrendikasyonlan

ilag Mutlak kontrendikasyon

Ditiretikler (tiyazid veya tiyazid benzerleri)

Tiyazide bagli hiponatremi dykUst

Goreceli kontrendikasyon

Glukoz intoleransi, gebelik, hiperkalsemi,
hipokalemi, gut

Kalsiyum kanal blokerleri (dihidropiridinler) Yok

Kalp yetersizligi, ayak bilegi 6demi 0ykUsl

Kalsiyum kanal blokerleri (verapamil, diltiazem)

AV blok (2. veya 3. derece ile trifasikller blok), Yok

ciddi sol ventrik{l sistolik disfonksiyonu

ACEi Gebelik, gebelik plani olan kadinlar, anjiondrotik Yok
o6dem, hiperkalemi, bilateral renal arter stenozu
ARB Gebelik, gebelik plani olan kadinlar, hiperkalemi, Yok

bilateral renal arter stenozu

Beta blokerler

Aktif astim, AV blok (2. veya 3. derece)

Glukoz intoleransi, sporcu veya aktif kisiler,
astim oykdst

ACEI, Anjiyotensin dénUstlirlicti enzim inhibitorleri; ARB, Anjiyotensin reseptor blokerleri; AV, Atriyoventrikdiler.

3. ilag Secimi

Ek bir hastaligi olmayan tUm hipertansif bireylerde, birinci
basamakilag tedavisinde tercih edilecekilag gruplari; anjiyotensin
donlstlriicti enzim inhibitdrleri (ACEI), anjiyotensin reseptdr
blokerleri (ARB), tiyazid ve tiyazid-benzeri diliretikler ve kalsiyum
kanal blokerleri (KKB) olarak sayilmaktadir. Beta blokerler; atriyal
fibrilasyon, kalp yetersizligi, koroner arter hastaligi ve gebelikteki
hipertansif durumlar gibi baslica endikasyonlari disinda, ézellikli
endikasyonlarinda da hipertansiyon tedavisi icin ilk segenek
olarak kullanilabilir ya da tedavinin herhangi bir basamagina
eklenebilir.

Bu dort ana grup ilacin, Evre 1-Evre 2 hipertansiyonda asagida
Onerilen algoritma ile kombinasyon tedavisi seklinde baslanmasi
onerilir. Ancak, 6zel durumlarda (80 yas UstU, kirilgan, artmis kan
basinci, ortostatik hipotansiyon) monoterapi tercih edilebilir.

Kombinasyon tedavisi — Algoritma: Evre 1 hipertansiyon ve
SKB'nin <180 mmHg oldugu Evre 2 hipertansiyonda, tedaviye
ilk basamakta "ACEi veya ARB + KKB" veya “ACEi veya ARB +
ditretik" dUstk veya tam doz ikili kombinasyonu ile baslanilmasi
tercih edilir.

ikili kombinasyon tedavisi baslandigi takdirde, hedef kan basincina
ulasilamadiginda mevcut disik doz kombinasyonun maksimum
dozuna cikilabilecegi gibi, diistik veya tam doz "ACEi veya ARB +
KKB + dilretik" G¢li kombinasyonuna da gegilebilir.

Maksimal tolere edilebilen dozda kullanilan G¢li kombinasyonla
(biri ditiretik olmak kaydiyla) kan basinci kontrol altinda degilse,
bu durum direngli hipertansiyon olarak kabul edilip tedaviye
mineralokortikoid reseptor antagonistinin  (MRA) eklenmesi
dUstntlmelidir.
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Sekil 7. Hipertansiyon tedavisinde ila¢ secimi akis semasi.
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ACEi, Anjiyotensin déniistiiriicii enzim inhibitérleri; ARB, Anjiyotensin reseptér blokerleri; BB, Beta blokerler; DKB, Diyastolik kan basinci; HT, Hipertansiyon;
KB, Kan basinci; KKB, Kalsiyum kanal blokerleri; MRA, Mineralokortikoid reseptor antagonisti; SKB, Sistolik kan basinci.

SKB'nin 2180 mmHg oldugu Evre 2 hipertansiyon olgularinda ise
tedaviye dogrudan 2. basamaktan (tam doz ikili kombinasyon veya
dlistik ya da tam doz ¢l kombinasyon) baslanabilir (Sekil 7).

Hasta uyumu acisindan, tek tablette kombinasyon tedavisi tercih
edilmelidir. Tedavide birden fazla tablet kullaniliyorsa, en az
birinin aksam saatlerinden sonra verilmesi onerilir.

lag seciminde, ilag kontrendikasyonlari, hasta cevabi ve tolere
edilebilirlik dikkate alnmalidir. Ilaglann mutlak ve gdreceli
kontrendikasyonlari Tablo 8'de gosterilmistir.®

DIRENCLI HiPERTANSIYON

Uygun yasam tarzi dnlemleri ve optimal veya maksimum dozlarda
en az Ui¢ veya daha fazla ilag (tiyazid/tiyazid benzeri ditiretik, RAAS
blokeri ve KKB) kullanilmasina ragmen, poliklinik KB degerinin
<140/90 mmHg'ye distrilememesi direngli hipertansiyon olarak
tanimlanmaktadir. Poliklinik kan basinci dlgimlerini dogrulamak
ve beyaz 6nlik etkisini dislamak icin; 24 saatlik AKBO (SKB =130
mmHg veya DKB =80 mmHg) yapilmalidir.

Direngli hipertansiyon tanisi koymak igin, yalanci direncli
hipertansiyon mutlaka dislanmalidir. Bu amagla, yalanci direncli
hipertansiyonun en sik sebebi olan yasam tarzi degisiklikleri de
dahil olmak Uzere, hastanin tedaviye uyumu dogrulanmalidir.
Hastanin kan basinci ylksekligine sebep olan ilag almi ve
gida tiketimi ile diger yalanci direngli hipertansiyon sebepleri
arastnlmalidir  (Ek C). Hastanin, sekonder hipertansiyon
sebeplerinin arastirilmasi ve daha ileri tetkik igin Gglinc basamak
ya da bir hipertansiyon merkezine sevk edilmesi, bu asamada
uygun bir yaklasim olabilir (Sekil 8).

Direncli hipertansiyonun en sik rastlanan sekonder sebeplerinden
birisi primer aldosteronizmdir. Bu nedenle, bu hastalarda serum
potasyum degerinden bagimsiz olarak mutlaka serum/plazma
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aldosteron konsantrasyonu ve plazma renin (konsantrasyon veya
aktivitesi) ile primer aldosteronizm taramasi yapilmalidir.?> Ayrica,
semptomlarla uyumsuz olarak kan basinci israrli bicimde yUksek
bulunanlarda psddohipertansiyon arastirilmalidir.

Gergek direngli  hipertansiyona  yaklasim; yasam tarzi
degisikliklerinin (6zellikle sodyumun ve alkol aliminin azaltilmast,
dizenli fiziksel aktivite uygulanmasi, obeziteli hastalarda
kilo kaybi) siki sekilde uygulanmasi ve mevcut Ucli tedaviye
antihipertansif ilaclarin eklenmesini icermektedir.

ilaclar, tolere edilebilen maksimum dozlarda kullanilmali; tablet
yUk{nd azaltmak ve tedaviye uyumu artirmak igin tek tablet
kombinasyonlar tercih edilmelidir.

Tahmini glomerUler filtrasyon hizi (eGFR) =30 ml/dk/1,73 m2 ise
tiyazid dilretigin dozu artirilarak veya daha glcli ve daha uzun
etkili indapamid ya da klortalidon gibi tiyazid benzeri ditretiklerle
degistirilerek KB kontroll saglanabilir.

eGFR <30 ml/dk/1,73 m?2 ise tiyazid/tiyazid benzeri diliretiklerin
yerine kivnim (loop) dilretikleri (furosemid, bumetanid ve
torsemid) tercih edilmelidir (Sekil 8).

Bu tedaviler sonrasinda kan basinci halda kontrol altina
alinamiyorsa, dordiincl basamak tedavide dncelikle MRA olan
spironolakton eklenir; tolere edemeyen hastalarda eplerenon
50-100 mg dozlarinda kullanilabilir.

eGFR <30 ml/dk/1,73 m? olan hastalarda hiperkalemi riski
nedeniyle klortalidon da tercih edilebilir.

Bunlarin yani sira; beta blokerler, alfa blokerler ve santral etkili
antihipertansifler (rilmenidin, metildopa vb.), potasyum tutucu
ditretikler (amilorid) ve vazodilatorler (Ulkemizde mevcut olmayan
hidralazin) gibi diger ajanlar, alternatif olarak tedaviye eklenebilir.
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Sekil 8. Direncli hipertansiyonda tani ve tedavi yaklasimi.
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AKBO, Ambulatuar kan basinci olcimi; eGFR, Tahmini glomeriiler filtrasyon hizi; EKBO, Ev kan basinci 6lcimii; KB, Kan basinci; T/TB, Tiyazid/Tiyazid benzeri.

'Turkiye'de izole preparat olarak bulunmamaktadir.

Direncli hipertansiyon tedavisinde tim farmakolojik tedaviler
yetersiz kaldiginda, secilmis hastalarda renal denervasyon akla
getirilebilir. Bu son asamada, sekonder hipertansiyonu ve renal
fonksiyonlari korunmus hastalarda renal denervasyon segeneginin
degerlendirilmesi agisindan hastanin daha ileri merkezlere
yonlendirilmesi dUstintlebilir (Sekil 8).

Direngli hipertansiyon tedavisi igin yeni ilag gruplar (aldosteron
sentaz inhibitorleri gibi) gelistirilmektedir ve yakin gelecekte
kullanima girmeleri beklenmektedir.

iZOLE SiSTOLIK HiPERTANSIYON

izole sistolik hipertansiyon (iSH), tipik olarak sistolik kan
basincinin 2140 mmHg ve diyastolik kan basincinin <90 mmHg
olmasi olarak tanimlanir.

ISH, genc hastalarda nadir gorilirken yasli hastalarda en sik
gorllen hipertansiyon tlrldiir. Yasllarda iSH'min yonetimi, geng
yetiskinlerde gorulen kombine sistolik-diyastolik hipertansiyonla
genel olarak benzerdir.

Diyastolik kan basinci halihazirda <70 mmHg olan olgularda
tedavi verilir; ancak dikkatli olunmalidir. Antihipertansif tedavi
altinda diyastolik kan basincinin <60 mmHg olmasindan
kaginilmasi uygundur.

Terapotik hedeflerde, yasli bireyin kirilganlk 6zelliklerine dikkat
edilerek dihidropiridin kalsiyum kanal blokerleri, tiyazid ve tiyazid
benzeri dilretikler, ACEI/ARB oncelikle tercih edilecek ilac
gruplandir.

Beta bloker kullanimindan, iSH tanisi olan veya daha genel olarak
arteriyel sertligi olan yaslilarda diyastolik basing ve strok volimu
daha da azaltacagindan, tercihen kaginilmaldir.

iZOLE DiYASTOLIK HIiPERTANSIYON

Sistolik kan basincinin <140 mmHg, diyastolik kan basincinin >90
mmHg olmasi, izole diyastolik hipertansiyon (IDH) olarak tanimlanir.

Prevalansi %2,8-7.5 arasinda degismektedir. Genclerde ve
erkeklerde daha sik gérilen IDH'nin prevalansi, 60°l yaslardan
sonra azalrr.

Farkindaligi ve tedavi oranlarn distktdr. Yuksek vicut kitle indeksi
(VKI), sigara kullanimi, alkol kullanimi, hipotiroidi ve DM, IDH icin
risk faktort olarak bildirilmistir.

Ote yandan, bu fenotipin yillar icinde sistolik kan basinci yiiksekligi
gelistirme riski ylksek bulunmustur.

Tedavide, risk faktorleri g6z OnlUne alinarak yasam tarzi
degisiklikleri tim hastalarda 6ncelenmelidir.

IDH tanisi olan hastalarda ilag tedavisi ile ilgili kanitlar yok
denecek kadar azdur.

iIDH'nIn, 6zellikle 50 yasin altindaki bireylerde KV riski belirgin
olarak artirdigi g6z o6nlne alinarak, bu yas grubunda KV risk
degerlendirmesi yapilmaksizin ilag tedavisi baslanmalidir.

50 yasin Uzerinde ise ylksek KV riski olan hastalarda ilag tedavisi
baslanabilir.

Diyastolik kan basinci igin ilag tedavisine baslama degeri >90
mmHg, tedavi hedefi ise 70-79 mmHg olmalidir.

ilag tercihlerinde genel prensipler izlenir.
ORTOSTATIK HIPOTANSIYON

Ortostatik hipotansiyon, tipik olarak ayakta dururken veya dik
bir durus alindiginda kan basincinda gdzlenen 6nemli bir azalma
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Tablo 9. Hipertansif acil durumlarda yapilmasi gereken tetkikler

ik basamakta
EKG
Tam kan sayimi, periferik yayma
Kreatinin, sodyum, potasyum, eGFR, LDH
idrar tetkiki ve idrar mikroskopisi
Gebelik testi
Fundoskopi
Klinik duruma gére
Troponin, NT-proBNP
Akciger grafisi
Ekokardiyografi
Toraks ve abdomen bilgisayarli tomografi
Kranial BT ya da MR
Uriner sistem ultrasonografisi

Haptoglobin

BT, Bilgisayarli tomografi; eGFR, Tahmini glomertler filtrasyon hizi; LDH,
Laktat dehidrogenaz; MR, Manyetik rezonans; NT-proBNP, N-terminal
pro-B tipi natrilretik peptit.

ile tanimlanan bir durumdur. Asemptomatik veya semptomatik
olabilir ve bozulmus otonomik reflekslere veya intravaskuller
volim azalmasina bagu olabilir.

Bobrek ve kalp yetmezligi, hipofiz ve adrenal hipofonksiyonu,
dehidratasyon, uzun sureli uzanma, kondisyon kaybi, anti-
hipertansif ve dilretik kullanimi gibi durumlar ortostatik
hipotansiyona yatkinligi artirir. Ortostatik hipotansiyon, otonomik
disfonksiyona egilim yaratan DM ve Parkinson hastaligi ile iliskili
durumlar olanlarda daha sik gorulur.

Semptomlar; bas donmesi, senkop, boyun ve omuzlarda kas
agnisi ve hatta anjinay! icerebilir.

Ortostatik hipotansiyon tanisi, ayaga kalktiktan sonraki 3 dakika
icinde sistolik kan basincinda 20 mmHg ve/veya diyastolik
kan basincinda 10 mmHg dusts olmasi ve/veya serebral
hipoperfizyon semptomlari ile konulur.'”:26

Ortostatik hipotansiyon sikugr ve iliskili kotd klinik sonuglar goz
o6nlne alindiginda, o&zellikle riskli bireylerde kurallara uygun
sekilde yatarak 6lgim yapildiktan sonra, kontrolll bir sekilde ayaga
kalktiktan sonraki 1. ve/veya 3. dakikada élgimler yapilmalidir.

Ortostatik hipotansiyon tespit edildiginde, Ozellikle yUksek
kinlganlk ve/veya fonksiyonel otonomik bozuklugu olan
hastalarda iliskili olan durumlarin tespit ve tetkikleri yapilirken;
semptomlardan bagimsiz olarak antihipertansif tedavinin
kademeli olarak azaltilmasi disdntlmelidir.

Beyaz onlik etkisi veya hipotansif ataklardan stpheleniliyorsa
AKBO yapilmaldir.

Ortostatik hipotansiyon ydnetiminde, hipotansiyon riskini
artirabilen dilretik, alfa bloker ve dogrudan etkili vazodilator grubu
ilaglardan kaginilmali; kisa etkili ve distk doz antihipertansifler
tercih edilmelidir.
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Yavasga ayaga kalkmak, alt ekstremite direng egzersizleri, varisler
icin gorap giymek, yeterli sivi alimi, alkolden kaginmak, daha
az ve sik yemek yemek, yeterli tuz alimi, sicak havalarda yogun
egzersizden kaginmak, yatagin basini 30 ila 45 derece ylksekte
tutmak gibi onlemler uygulanmalidir.

Ortostatik hipotansiyon igin hastalar sersemlik hissi, dengesizlik ve
disme acisindan sorgulanmali; bobrek fonksiyonlari, elektrolitler,
dehidratasyon ve anemi agisindan diizenli takip edilmelidir.

HIPERTANSIF ACiL DURUMLAR

Kan basincinin 180/110 mmHg ya da daha Uzerinde oldugu
ve eslik eden akut veya ilerleyici hedef organ hasan varligi,
hipertansif acil durum olarak tanimlanir.

Organ hasarinin gelisim hizi g6z 6nlne alinarak, kan basinc
degeri dikkate alinmaksizin tim hipertansif acil durumlarda
tedavi uygulanmalidir.

Bu hastalarda, neredeyse her zaman etkilenen organa gore bas
agnisi, gérme bozukluklar, gogus agrisi, nefes darligr, sersemlik
hissi veya bazi nérolojik bulgular eslik eder.

Hipertansif acil durumlar yasami tehdit eder ve bu hastalar
mutlaka hastaneye yatirilarak izlenmelidir.”

Hipertansif acil durumlar siklkla akut inme (iskemik ya da
hemorajik), aort anevrizmasi, aort diseksiyonu, akut dekompanze
kalp yetersizligi, akut koroner sendrom ya da akut bobrek
yetmezligi ile karsimiza gikar.

Feokromositoma ya da sempatomimetik ajanlarin kullanimi (kokain
ya da metamfetamin) da hipertansif acil durumlara yol agabilir.

Preeklampsi ve eklampsi de hipertansif acil durum
nedenlerindendir. Gebelikte kan basincinin 160/110 mmHg ya da
daha Uzerinde oldugu durumlarda hasta yatirilarak izlenmelidir.”

Hipertansif acil durumlarda, hasta yatinldiktan sonra hedef organ
hasarini belirlemek amaciyla inceleme yapilmalidir. Bu hastalarda
istenmesi gereken tetkikler Tablo 9'da belirtilmistir.>?”

Tedavide; hedef organ tutulumuna goére kan basincini distrme
disinda yapilacak girisimler, kan basincindaki ani ylkselmeyi
etkileyen faktdrlerin tedavisi ve hastanin klinigine gére kan
basincini dUstrmenin hangi hizda ve ne dlzeyde yapilmasi
gerektigi degerlendirilmelidir.

Hipertansif acillerde, intravendz tedavi ile kan basincinin kontrolld
dUstridlmesi hedeflenmelidir. Kan basincinin hizli ve kontrolstiz
ddsurilmesinden kaginilmalidir.?®

Hedef organ tutulumuna gére kan basinci hedefleri ve bu
hedefleri gerceklestirmek icin 6ngoérilen stre farklidir.

Bu hastalar igin tedavi hedefleri, kullanilacak ilaglar ve dozlan
asagida verilmistir (Tablo 10).

Kan basincinin 180/110 mmHg ya da daha Uzerinde oldugu
ve eslik eden hedef organ hasar olmayan hastalarda,
siddetli hipertansiyondan bahsedilir. Bu hastalarin hastaneye
yatinlmalarina gerek yoktur. Genellikle, kan basincinin (kisa stirede
etkili olan dilalti formlari ile degil) orta etkili oral tedavi ile 24-48
saat icinde dUsUrllmesi hedeflenmelidir. Burada tedavi, hastanin
kullanmakta oldugdu ilaclarin yeniden dizenlenmesi ya da yeni bir
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Tablo 10. intravenoz ilag tedavisi ile hemen kan basincinin diisiirilmesi gereken hipertansif acil durumlarda tedavi

Klinik prezantasyon Zamanlama ve KB hedefi ilk sira tedavi Alternatif tedavi
Akut bdbrek yetmezliginin eslik Birkag saat Nikardipin Nitroprussid
ettigi malign HT OAB %20-25 dusurdlir Labetalol* Urapidil
Hipertansif ensefalopati Hemen Labetalol* Nitroprussid

OAB %20-25 dusurlir Nikardipin
Akut koroner olay KB hemen SKB<140 mmHg olacak sekilde Nitrogliserin Urapidil

dasaralar Labetalol*

Akut kardiyojenik pulmoner 6dem

KB hemen SKB<140 mmHg olacak sekilde

Nitroprussid ya da nitrogliserin Urapidil (Kivnim ditretigi

dsdralar (Kivnim ditiretigi ile birlikte) ile birlikte)
Akut aort diseksiyonu KB hemen SKB<120 mmHg ve nabiz <60/dk Esmolol ve nitroprussid ya da Labetalol* ya da
olacak sekilde dusurlir Nitrogliserin ve nikardipin metoprolol

Eklampsi ve agir preeklampsi

(HELLP sendromu) Hg olacak sekilde dustrilir

KB hemen SKB<160 mmHg ve DKB <105 mm

Labetalol* ya da nikardipin ve
magnezyum sulfat

Dogumu degerlendir

Akut hemorajik
inme dasaralar
-6 saati gegmisse:

SKB=220 mmHg ise SKB<180 mmHg,

-ilk 6 saatte: KB <140/90 mmHg olacak sekilde

Nikardipin ya da Labetolol Nitroprussid

SKB<220 mmHg ise SKB 140/90 mmHg olacak

sekilde dusaralar.* *

Akut iskemik inme -Reperflizyon tedavisi uygulanacaksa

Nikardipin ya da Labetolol Nitroprussid

(trombolitik veya endovaskuler* **) islem
esnasinda ve sonrasi 24 saat boyunca KB
<180/105 mmHg olacak sekilde dtstrdlar.
-Reperflizyon tedavisi uygulanamayan ve KB
>220/120 mmHg olan hastalarda ilk 24 saatte
KB'yi %15 oraninda distirmek uygun olabilir.

DKB, Diyastolik kan basinci; HT, Hipertansiyon; KB, Kan basinci; OAB, Ortalama arter basinci; SKB, Sistolik kan basinci. *Ulkemizde bulunmamaktadir.
**SKB 130 mmHg altina distrilmemelidir. ***Endovaskdler girisimle blylk bir damar perfiize edilmisse ilk 24-72 saat boyunca SKB140 mmHg altina

dasurilmemelidir.

ilacin eklenmesi seklinde yapilabilir. Yeni ilag eklenmesi gerektigi
durumlarda, dihidropiridin tlrevi kalsiyum kanal blokerleri - yan
etkilerinin az olmasi ve sekonder hipertansiyon tanisal testlerinin
sonuglarini etkilememeleri nedeniyle - siklikla tercih edilir.
Dilaltr kisa etkili nifedipin kullanimindan kaginilmalidir?”-2 Yasam
tarzi degisikliginin énemi vurgulanmali ve hastalar ilgili brans
doktorlarina yonlendirilmelidir.

Acil servislerde Olcllen asemptomatik kan basinci ylkseklikleri
icin bu uzlasi raporunda yer alan tedavi hedef ve Onerileri gegerli
degildir. Hastanin acil sorununun giderilmesi ya da stresinin
ortadan kaldirilmasi, siklikla kan basinglarinin dismesi icin yeterli
olacaktir.

O0ZEL HASTA GRUPLARINDA HiPERTANSIYON TEDAVISi

1. Yaslular ve Kirilganlk: Yasllarda 6zgln endikasyonlar yok
ise beta-blokerler ilk basamakta tercih edilmemelidir (izole
sistolik hipertansiyonda sinirli etkinlik, yorgunluk, depresyon,
uyku problemleri, ileti bloklari, metoprolol ile deliryum, demans
tedavisiyle (kolinesteraz inhibitérleri) kullanimda ileti bozuklugu
riskleri vb. yan etkileri nedeniyle). KKB'ler arasinda dihidropiridinler,
bilissel dustse karsi  koruyucu etkileri, ileti bozuklugu/
konstipasyon yan etkilerinin olmamasi ve demansli olgulardaki
kolinesteraz inhibitori tedavisiyle olumsuz etkilesimlerinin
bulunmamasi nedeniyle tercih edilebilir. Yasllar alfa blokerler ve
santral etkili antihipertansiflerin dismeler, yorgunluk, depresyon
ve ortostatik hipotansiyon yan etkilerine 6zellikle duyarlidir ve
zorunlu olmadikca bu ilaclar kullanitmamalidir (Sekil 9).

80 yas ve Uzeri hipertansiyon tedavisinde genel ilke, tedaviye
distk dozla baslanmasi ve doz artislarinin yavas yapilmasidir
(distik basla, yavas artir). Semptom olmasa bile ortostatik
hipotansiyon arastirmasi standart olarak yapilmalidir. Higbir
olguda terapotik olarak sistolik kan basinci <120 mmHg, diastolik
kan basinci <70 mmHg hedeflenmez. Sistolik kan basincinin
<120 mmHg olmasi veya diastolik kan basincinin <60 mmHg
olmas! ya da ortostatik hipotansiyon varligi veya ileri kirnlganlik
durumunda antihipertansif tedavinin azaltilmasi dstntlmelidir.
Ozellikle grup 6-9 (orta-gok ileri kinlgan, terminal hastalik)
hastalarda antihipertansif verilenler, ortostatik hipotansiyon,
diismeler, fonksiyonellikte gerileme (yorgunluk, bitkinlik,
uyuklama), ilag yan etkileri ve ilag doz azaltimi/kesilme ihtiyaci
agisindan cok yakin takip edilmelidir (Sekil 9).

ileri kinlgan olgularda tedavi verildiginde kan basinci sistolik
140-150 mmHg dlzeylerinde hedeflenerek, kan basincini
dlstren ilaglar (Ek C), anemi ve dehidratasyon gézden gegirilerek
hipotansiyondan kaginilacak sekilde dizenleme yapilmalidir."
Hipotansiyon nedeniyle antihipertansif azaltilmasi gereken
olgularda azaltim ani degil, kademeli yapilmali, kan basinci ve
klinik yakin takip edilmelidir (Sekil 9). Yasli bireylerde tedavide ilk
basamakta tercih edilebilecek ilag gruplar; KKB, ACEi veya ARB
ve tiyazid ile tiyazid benzeri ditretiklerdir.

2. Diyabet: Kan basinci 2140/90 mmHg ise ilag tedavisine hemen
ve kombinasyonla baslanmalidir. Artmis KB (SKB 130-139 mmHg,
DKB 80-89 mmHg) olan hastalarda 3 aylk nonfarmakolojik
tedaviye ragmen artmis kan basinci devam ediyorsa; 40 yas
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Sekil 9. Ozel hasta gruplarinda HT tedavisi - Yaslilar ve Kirilganlk.
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ACEi, Anjiyotensin dénistiiriicii enzim inhibitdrleri; ARB, Anjiyotensin reseptér blokerleri; DKB, Diyastolik kan basinci; KB, Kan basinci; SKB, Sistolik kan basinci.

Uzeri, 10 yildan uzun stredir diyabeti olan, komplikasyonu ve
diger risk faktorleri (sigara kullanimi, obezite) bulunan hastalarda
antihipertansif tedavi baslanabilir (Sekil 6). Yas gruplarina 6zgl
esik ve hedef KB degerleri Tablo 7'de verilmistir. Diyabetlilerde
tedaviye tek ilagla baslanacaksa ACE inhibitérl veya ARB grubu
ilaclardan birinin secilmesi onerilir.

3. Koroner Arter Hastalari: Koroner arter hastaligi olan
bireylerde kan basinci 140/90 mmHg Uzerinde ise ilag tedavisine
hemen ve kombinasyonla baslanmalidir. Artmis KB (SKB 130-
139 mmHg, DKB 80-89 mmHg) olan ve 3 aylik nonfarmakolojik
tedaviye ragmen dlzelmeyen hastalarda antihipertansif tedavi
baslanmalidir (Sekil 6). Yas gruplarnina 6zgli esik ve hedef KB
degerleri Tablo 7'de verilmistir. Koroner arter hastaligi olan
bireylerde tedavide tercih edilecek ilag gruplarn beta-bloker, ACE
inhibitorl, ARB veya KKB'dir.

4. Kronik Bobrek Hastalari: Kronik bobrek hastalarinda artmis
KB (SKB 130-139 mmHg, DKB 80-89 mmHg) olan ve 3 aylk
nonfarmakolojik tedaviye ragmen dizelmeyen albimintrik KBH
hastalaninin (albdmintri >30 mg/glin veya spot idrarda albimin/
kreatinin orani >30 mg/g varliginda) timune antihipertansif
tedavi (monoterapi: ACEi veya ARB) baslanmalidir. Kan basinci
140/90mmHg tzerindeiseilag tedavisine hemen ve kombinasyonla
baslanmalidir (Sekil 6, Sekil 10). Tedavi hedefi SKB/DKB 120-
130/70-80 mmHg olup, >1g proteinuri ve otozomal dominant
polikistik bébrek hastaligi (ODPKBH) gibi 6zellikli KBH gruplarinda
hedef kan basinci ilgili kilavuz 6nerilerine gore belirlenir.?

e eGFR =30 mL/dk/1.73m? olan hastalarda kombinasyon
tedavisi: (1) ACEi veya ARB + KKB veya tiyazid/tiyazid benzeri
ditiretik, (2) ACEi veya ARB + KKB + tiyazid/tiyazid benzeri
ditiretik ve (3) ACEi veya ARB + KKB + tiyazid/tiyazid benzeri
didretik + spironolakton algoritmasi ile uygulanir.

e eGFR <30 mL/dk/1.73m?2 olan hastalarda kombinasyon tedavisi:
(1) ACEi veya ARB + KKB veya loop ditiretik, (2) ACEi veya ARB +
KKB + loop diliretik ve (3) ACEi veya ARB + KKB + loop diliretik
+ klortalidon (veya indapamid) algoritmasi ile uygulanrr.
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Herhangi  bir  basamakta  endikasyon/kontrendikasyonlar
gozetilerek KV  koruyucu etkileri icin  sodyum-glukoz
kotransporter-2 inhibitéri (SGLT2i) ve nonsteroidal MRA

eklenmesi ve KB kontroline ek katkilarindan faydalanilmasi
énerilir (Sekil 10).

Hastanin yasi, eslik eden DM ve/veya kardiyovaskuler hastalik
varlgl ve diyaliz durumu gbéz 6nlnde bulundurularak tedavi
bireysellestirilmelidir.2> Yas gruplarina 6zgl esik ve hedef KB
degerleri Tablo 7'de verilmistir. ProteinUrisi olanlarda hastanin
tolere edebildigi en dlsUk sistolik kan basinci hedeflenmelidir.

5. Kalp Yetersizligi: DUstk ejeksiyon fraksiyonlu kalp yetersizliginde
(DEF-KY) ACE inhibitorleri, ARB, beta-bloker, ARNI (anjiyotensin
reseptor-neprilisin inhibitér(), MRA ve SGLT2 inhibitorleri gibi
ilaclann mortalite ve morbiditeyi azalttigi gosterilmistir. ACEi (eger
tolere edilemiyorsa ARB'ler) veya ARNI, beta-blokerler, MRAar
ve SGLT2i kullanmasina ragmen halen KB ylksekse sivi dengesini
yonetmek icin ek dilretik tedavisi ve dihidropiridin grubu KKB
kullanilabilir. Korunmus ejeksiyon fraksiyonlu kalp yetersizliginde
(KEF-KY) eslik eden hastaliklara ve hasta ozelliklerine gbre
antihipertansif tedavi verilir. Ayrica bu hastalarda KV koruma igin
kullanilan SGLT2 inhibitorlerinin KB dustisine de etkisi vardir.
Kalp yetersizliginde (DEF-KY veya KEF-KY) KB >140/90 mmHg
ise nonfarmakolojik tedavi ve ilagc tedavisine birlikte baslanir.
Artmis KB (SKB 130-139 mmHg, DKB 80-89 mmHg) olan ve 3
aylk nonfarmakolojik tedaviye ragmen dizelmeyen hastalarda
antihipertansif tedavi baslanmalidir (Sekil 6). Yas gruplarina 6zgl
esik ve hedef KB degerleri Tablo 7'de verilmistir.

6. Gebelik: Gebeligin hipertansif bozukluklarinin (GHB) tani ve
tedavi esik degerleri ile gebelik ve laktasyonda antihipertansif
tercihi uzun yillardir tartisma konusudur. Tartismanin nedeni,
KB'yi dlstrirken saglanacak maternal kazanim ile olusturacagi
plasental perfizyon bozulmasina bagli fetal etkilenimler arasinda
ince bir denge bulunmasidir. Ancak son yillarda gebelikte siki KB
kontrolinin dederlendirildigi randomize kontrolll calismalara
dayanarak GHB'da 140/90 mmHg Uzerinde tedavi baslanabilecegi
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Sekil 10. KBH tanili hipertansif hastalarda hipertansiyon tedavisi.
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ACEi, Anjiyotensin donistiriici enzim inhibitorleri; ARB, Anjiyotensin reseptér blokerleri; DKB, Diyastolik kan basinci; eGFR, Tahmini glomeriiler filtrasyon hizi;
KB, Kan basinci; KKB, Kalsiyum kanal blokerleri; ODPKBH, Otozomal dominant polikistik bobrek hastaligi; SGLT2i, Sodyum-glukoz kotransporter-2 inhibitord;

SKB, Sistolik kan basinci; T/TB, Tiyazid/Tiyazid-benzeri.

ve hedef sistolik kan basincinin <140 mmHg, hedef diastolik kan
basincinin 80-90 mmHg arasi olabilecedi disinilmektedir.63031

HT tanisi koyulurken ozellikle 24 saatlik AKBO kullamimi
onerilmekte, ancak gerek ev gerekse AKBQ ile HT tanisi koymada
gebelige 6zgu bir esik KB degeri olmadigi icin normal populasyon
degerlerinin kullanilmasi tavsiye edilmektedir.

Gebelikte HT'de uzun yillardir ilk tercih olarak baslanan
antihipertansifler alfa metildopa, beta-blokerler ve dihidropiridin
KKB'lerdir. Beta-blokerlerden labetalol ve metoprolol glivenle
kullanilabilirken atenolol, fetal blyUme-gelisme geriligi yaptig
icin gebelikte onerilmemektedir. Nifedipin ilk tercih olmak
Uzere diger dihidropiridin KKB'leri glivenle kullanilabilmektedir.
Su ana kadar olan metaanalizler 1siginda bir antihipertansifin
digerine tercih edilmesi yonltnde bir kanit bulunmamaktadir.
Gebelikte kullanimi fetlse olan yan etkileri ve teratojenik
etkileri nedeniyle sakincali olan antihipertansifler ise ACEi, ARB,
renin inhibitorleri, MRA ve sodyum nitroprussit olarak sayilabilir.
Ayrica dilretiklerin amniyotik sivi volimind azaltmasi ve beta-
blokerlerin fetal bradikardi yapici etkisi endisesiyle dikkatli
kullanimi énerilir (Sekil 11),6:303233

7. Laktasyon: Beta-blokerler ve kalsiyum kanal blokerleri stte
gegmesine ragmen fetlste yan etkiye yol agmamakta, bu
nedenle laktasyonda tercih edilen antihipertansif gruplar arasinda
yer almaktadir. Beta-blokerlerden propranolol, metoprolol ve
labetalolin slte gegisi daha az oldugu icin tercih edilebilirken
atenolol ve asetabutolol yodun slte gegisleri ve bu nedenle
fetal yan etkiler olusturabilmeleri nedeniyle tercih edilmemelidir.
Kalsiyum kanal blokerlerinden verapamil, diltiazem, nifedipin ve
nikardipin laktasyonda glvenle kullanilabilmektedir. ARB'lerin
laktasyonda kullanimiile ilgili yeterli kanit yokken enalapril disinda

ACEi'lerin fetal hemodinamik yan etki endisesi nedeniyle kullanimi
onerilmemektedir. Diuretiklerin st voliumUnl azaltabilecegi
endisesiyle kullanimi  Gnerilmemekle birlikte <50 mg/gln
hidroklorotiyazid laktasyonda glvenle kullanilabilmektedir.
Ayrica hidralazin laktasyonda guvenle kullanilabilmektedir;
ancak metildopa'nin postpartum psikoz yapici etkisi nedeniyle
laktasyonda kullanimi tavsiye edilmemektedir (Sekil 11).34

ANTIHIPERTANSIF iLAG KULLANAN HASTALARDA EK
KARDIYOVASKULER VE RENAL KORUMA TEDAVILERI

Antihipertansif ~ ilag  tedavisinin  temelinde,  hastalarin
kardiyovaskuler ve renal olay gecirme olasiliklarini azaltma prensibi
bulunmaktadir. Bu nedenle antihipertansif ilag tedavisi kullanan
hastalarin ek kardiyovaskuler ve renal koruma tedavilerine olan
ihtiyaci mutlaka géz 6ntinde bulundurulmali ve uygun hastalarda
bu ilaglar antihipertansif tedavi plani icinde yer almaldir.

1. Asetilsalisilik Asit: Hipertansiyonda asetilsalisilik asit (aspirin)
tedavisini dnerme karari, normotansif hastalarda oldugu gibi
bireyin kardiyovaskuler riskine ve kanama riskine gore verilmelidir.
ikincil 6nleme amaciyla, kalp damar hastaligi yerlesik olan
hastalarda dustk doz asetilsalisilik asit kullanimi, gastrointestinal
sistemden kaynaklanan kanama riskini artirmasina ragmen
major kardiyovaskuller olaylarin klinik olarak anlaml dizeyde
azalmasiyla iligkilidir. Bu nedenle ikincil koruma gereksinimi olan
tlm hipertansif hastalara dUstk doz asetilsalisilik asit kullanimi
onerilmelidir. Hipertansif hastalarda kardiyovaskuler hastaliklarda
birincil korunmada asetilsalisilik asit tedavisinin yeri igin yeterli
kanit bulunmamaktadir.

2. Statin: Hipertansiyon ile dislipidemi birlikteligi oldukga siktir.
Bu birliktelik, hipertansif hastalarin kardiyovaskuler riskini daha da
artirmaktadir. Bu nedenle hipertansif hastalarda kardiyovaskuler
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Sekil 11. Gebelik ve laktasyonda hipertansiyon tedavisi.
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ACEi, Anjiyotensin donistiriici enzim inhibitérleri; ARB, Anjiyotensin reseptor blokerleri; DKB, Diyastolik kan basinci; KKB, Kalsiyum kanal blokerleri; MRA,

Mineralokortikoid reseptor antagonisti; SKB, Sistolik kan basinci.

riski degerlendiren risk skorlar kullanilarak, lipid kilavuzlarinin
onerileri de dikkate alinarak statin tedavisi planlanmalidir. Cok sayida
randomize ¢alisma ve meta-analiz, statin tedavisinin LDL kolesterol
azalmasina orantili olarak kardiyovaskiler sonuglarn iyilestirdigini
kanitlamistir. DUsUk kardiyovaskiler riskli hipertansif hastalarda
yasam tarzi Onerilerine ek olarak statin tedavisine genellikle
gereksinim yoktur. Primer korunmada, bilinen kardiyovaskiler
hastaligi, diyabetes mellitusu ya da kronik bébrek hastaligi olmayan
ve kardiyovaskdler riski disik-orta olan bireylerde LDL kolesterol
dlzeyi <100 mg/dL, yUksek riskli hastalarda <70 mg/dL ve ok
yUksek riskli hastalarda <55 mg/dL olarak hedeflenmelidir.

3. SGLT2 inhibitorleri: Kronik bobrek hastaligi, diyabetes mellitus
ve kalp yetersizligi, hipertansiyonla birlikte sik gordlen durumlardir.
SGLTZinhibitorleriile son 10yilda yapilan galismalar, builag grubunun
tip 2 DM hastalarinda, diyabetli veya diyabeti olmayan kronik bébrek
hastalarinda ve kalp yetersizligi hastalarinda kardiyovaskiler ve
renal olay riskini anlaml dizeyde azalttigini gostermistir. Bunun
yaninda SGLT2 inhibitorlerinin hafif dlizeyde kan basinci dustricl
etkileri de bulunmaktadir. Bu nedenle hipertansiyonla birlikte tip 2
DM, kronik bobrek hastaligi ve kalp yetersizligi bulunan hastalarda
antihipertansif tedaviye ek olarak SGLT2 inhibitérl kullamimi, ilgili
kilavuzlar da dikkate alinarak planlanmalidir.

4. Glukagon benzeri peptid-1 reseptér agonistleri (GLP-1 RA) ve
glikoz bagimli insiilinotropik polipeptit (GIP) kombinasyonlari:
GLP-1 RA ve GLP-1 RA/GIP kombinasyonlari, tip 2 DM ve obezite
tedavisinde kullanilan ilaglardir. Hipertansiyon hastalarinda obezite
sik gordlmektedir. Bu hastalarda %5 ve Uzerindeki kilo kaybi ile kan
basinci kontroliinde anlamli iyilesme saglanabilmektedir. GLP-1 RA
ve GLP-1 RA/GIP kombinasyonlarinin, tip 2 DM, fazla kilolu veya
obezitesi olan hipertansiyon hastalarinda kullanilmasi énerilmelidir.
Bu ilaglarin aterosklerotik kardiyovaskuler hastalik, kronik b&brek
hastaligi veya kalp yetersizligi bulunan hastalarda mortalite ve
morbiditeyi azaltug gosterilmisti. Bu nedenle aterosklerotik
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kardiyovaskuler hastaligi, kronik bobrek hastaligi veya kalp yetersizligi
olan bireylerde ve aterosklerotik kardiyovaskuler hastalk agisindan
yUksek riskli hipertansiyon hastalarinda tercih edilmeleri dnerilebilir.

ANTIHIPERTANSIF iLAC KULLANAN HASTALARIN TAKIBI

Bir antihipertansif ilagtan beklenen etkinin énemli bir kismi 3-4
hafta icinde ortaya gikar. Bu nedenle antihipertansif ilag tedavisi
baslanan veya tedavi rejiminde degisiklik yapilan hastalarda kan
basinci kontrolintn saglanip saglanmadigi 3-4 hafta sonraki
kontrolde degerlendirilmelidir. Hastalar, olanak varsa ev kan
basinci élcUmlerini yaparak kontrole ¢agrilmalidir. Kontrolde, kan
basincinin yeterli kontrolinin yani sira hedeflenenin &tesinde
kan basinci dustst olup olmadigi da oOzellikle yasti ve/veya
kirlgan olgularda degerlendirilmelidir. Bu baglamda kontrollerde
hastanin kullandigr t&im ilaglar; yan etkileri, ilac-ilag etkilesimleri
ve hipertansiyon yonetimine olasi etkileri (kan basincinda artis
veya azalma) agisindan mutlaka degerlendirilmelidir (Ek E).

iLAC UYUMU VE KAN BASINCI KONTROLUNUN iYIiLESTIRILMESi

Hipertansiyon tedavisinde basarili olabilmenin temel kosullari;
hastalarin zamaninda ve dogru tani almasini saglamak, yasam
tarzi degisikliklerini etkin bicimde uygulamak, ila¢ tedavisine
zamaninda baslamak ve ila¢ uyumunu mutlaka saglamaktir.
Bunun igin dikkat edilmesi gereken hususlar:

e Hastanin hastaigini anlamasina yardimcr olunmal  ve
bilgilendirme igin gerekirse yazili kaynaklar saglanmaudir.

e Yasam tarzi Onerilerinin ilag tedavisi kadar énemli oldugu
anlatilmalidir.

e Hastalgin kronik oldugu, ilaclarin strekli ainmasi ve dizenli
kontrollere gelinmesi gerektigi vurgulanmaldir.

e Kan basinci kontroliindin en ge¢ 3 ay icinde saglanmasina
calisilmalidir. Kan basinci kontroliintn strdtrilmesi icin hem
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hekimin hem de hastanin caba gdstermesi gerekmektedir.

e Kanbasincikontrolaltinda olan hastalarda tibbi baska birgerekge
olmadikca antihipertansif ilag degisikligi yapilmamaldir.
Gereksiz ilag degisiklikleri tedavi uyumunu bozmaktadir.

e Kan basinci kontrol altinda olmayan hastalarin tedavisine,
gerektiginde ilag eklemekten kaginilmamaldir.

e Ozellikle kinlgan bireylerde diismeler veya ortostatik
hipotansiyon gelismesi, antihipertansif tedavi altinda bilissel
ve fonksiyonel gerileme (érnedin gin iginde uyuklama,
yorgunluk, bitkinlik) ortaya cikmasi ve planlanan kan basinci
degerlerinin altina inilmesi durumlarinda ilag azaltimi
gerekebilecegi ve antihipertansif ilaglarin dikkatle izlenmesi
gerektigi g6z oOnlnde bulundurulmalidir. Hedeflenenin
Otesinde kan basinci distst olan kirilgan olgularda kullanilan
tlm ilaglar, dehidratasyon ve anemi dahil olmak Uzere
hipotansiyona katkida bulunabilecek tim faktorler acisindan
gbzden gegirilmeli ve tedavi buna gore dizenlenmelidir.

e ilac azaltimi planlaniyorsa ani degil, yakin takip altinda ve
kademeli olarak yapilmaldir.

o Hastaya yeterli zaman ayrnilmal, hastanin kendini ifade
etmesineizin verilmeli ve hasta ile etkili biriletisim kurulmalidir.

o Gelisen teknolojiyle birlikte “teletip” uygulamalarnnin kan
basinci kontrold ve ila¢ uyumunun artinlmasi amaciyla
kullanilmaya baslanmasi nerilir.
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Clinical Outcomes of Using Drug-Coated
Balloons During Primary Percutaneous Coronary

Intervention for ST-Elevation Myocardial Infarction

Patients - Insights from High-Risk Groups:
A Single-Center Experience

ST YUkselmeli Miyokard Enfarkttsu Hastalarinda Primer

Perkiitan Koroner Girisim Sirasinda ilag Kapli Balonlarin

Kullaniminin Klinik Sonuglan - YUksek Risk Gruplarindan

Elde Edilen Bulgular: Tek Merkez Deneyimi

ABSTRACT

Objective: ST-elevation myocardial infarction (STEMI) is one of the leading causes of mortality
worldwide. Current guidelines recommend primary percutaneous coronary intervention
(PPCI) using drug-eluting stents as the standard management for these patients. Stent-
free percutaneous coronary intervention (PCl) using drug-coated balloons (DCB) has been
suggested as a novel approach to avoid stent-related complications. This study aimed to assess
the efficacy and safety of using DCB in STEMI patients.

Method: We compared STEMI patients who presented during the period between 2019 and
2023 and underwent primary PCl using DCB to those treated with drug-eluting stents (DES) in
terms of in-hospital and six-month major adverse cardiac events (MACE).

Results: A total of 128 STEMI patients who underwent primary PCl using DCB were compared
to 128 matched patients managed using DES. Small-vessel culprit lesions (< 3 mm) and distal
lesions were significantly more frequent in the DCB group compared to the DES group. DCBs
were used in major epicardial vessels in around 55% of patients and in side branches in almost
45% of cases. Regarding MACE, either in-hospital or within six months, there was no significant
difference between the two groups. Moreover, at six-month follow-up, MACE, reinfarction,
and repeat revascularization were numerically lower but statistically non-significant in the DCB
group. Subgroup analysis showed that in-hospital MACE and reinfarction rates were statistically
significantly higher when DCBs were applied to large vessels (> 3 mm) and in cases of in-stent
thrombosis (P = 0.014 and 0.001, respectively).

Conclusion: Drug-coated balloons appear non-inferior to DES during primary PCl in terms
of MACE, including mortality and reinfarction, even in major epicardial coronaries. However,
it should be used cautiously in certain lesion subsets, especially large vessels (> 3 mm) and
in-stent thrombosis.

Keywords: Drug-coated balloons, drug-eluting stents, primary percutaneous coronary
intervention, ST-elevation myocardial infarction

OzET

Amag: ST ylkselmeli miyokard enfarktlsli (STEMI), dinya capinda 6nde gelen &lUm
nedenlerinden biridir. Mevcut kilavuzlar, bu hastalar icin standart tedavi olarak ilag saliml
stentler kullanilarak yapilan primer perkitan koroner girisim (PPCI) 6nermektedir. Ilag kapl
balonlar (DCB) kullanilarak yapilan stent icermeyen PCl, stentle iliskili komplikasyonlar 6nlemek
icin yeni bir yaklasim olarak énerilmektedir. Bu galisma, STEMI hastalarinda DCB kullaniminin
etkinligini ve glivenligini degerlendirmek amaciyla yapilmistir.

Yontem: 2019-2023 yillari arasinda basvuran ve DCB kullanilarak primer PCl uygulanan STEMI
hastalanini, DES ile tedavi edilen hastalarla hastane ici ve 6 aylik Major Kardiyak Olaylar (MACE)
acisindan karsilastirdik.

Bulgular: Toplam 128 STEMI hastasi, DCB kullanilarak primer PCI uygulandi ve DES kullanilarak
tedavi edilen 128 eslestirilmis hastayla karsilastinldi. 3 mm'den kigUk damarlar ve distal
lezyonlar, DES'e kiyasla DCB'de 6nemli 6lgiide daha ylksekti. DCB, hastalarin yaklasik %55'inde
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major epikardiyal damarlarda ve vakalarin neredeyse %45'inde yan dallarda kullanildi. Hastane
icinde veya 6 ay icinde MACE acisindan iki grup arasinda anlaml bir fark yoktu. Ayrica, 6 aylk
takipte, MACE, reinfarktls ve tekrar revaskllarizasyon DCB grubunda sayisal olarak daha
dustktl, ancak istatistiksel olarak anlaml degildi. Alt grup analizi, DCB'nin 3 mm'den blyuk
damarlara uygulandigi durumlarda ve stent i¢i trombozda hastane i¢ci MACE ve reinfarktUs
oranlarinin istatistiksel olarak anlaml sekilde daha yUksek oldugunu gésterdi (P degeri sirasiyla
0.014 ve 0,001).

Sonug: DCB, mortalite ve reinfarktls dahil MACE agisindan, major epikardiyal koroner arterlerde
bile primer PCl sirasinda DES'e gore daha dustk performans gostermiyor gibi gérinmektedir.
Ancak, belirli lezyon alt gruplarinda, ozellkle 3 mm'den bulylk damarlarda ve stent igi
trombozda dikkatli kullanitmaldir.

Anahtar Kelimeler: ilag kapli balonlar, ilac salinimli stentler, primer perkiitan koroner girisim,
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ST ylkselmeli miyokard enfarktist

T-elevation myocardial infarction (STEMI) is one of the

leading causes of mortality worldwide.! Currently, guidelines
recommend primary percutaneous coronary intervention (PCI)
using drug-eluting stents (DES) as the standard management
for these patients.?2 DES have been shown to perform better
compared to bare-metal stents (BMS) and percutaneous
transluminal coronary angioplasty (PTCA) over the last decade.
DES are made of a scaffold coated with an antiproliferative drug
that reduces cell proliferation inside the stent and prevents early
in-stent restenosis.>

On the other hand, several complications of DES, such as stent
thrombosis, in-stent restenosis, stent fracture, and the need for
long-term dual antiplatelet therapy, still exist.* Moreover, the
no-reflow phenomenon, which is a nightmare for interventional
cardiologists inside the catheterization laboratory, commonly
occurs after stent deployment, unfortunately leading to a greater
area of myocardial scarring and reduced myocardial salvage.®

Accordingly, the stent-free PCl era started to emerge with
bioresorbable vascular scaffolds (BVS), which were first proposed
by Tamai in 1999.6 Initially, BVS showed favorable outcomes in
early clinical trials for selected coronary lesions, comparable to
second-generation DES.” Later on, randomized trials involving
larger numbers of patients revealed inferior long-term outcomes
for BVS compared to DES, with higher rates of thrombotic events
and myocardial infarction.®® As a consequence, Abbott withdrew
the Absorb BVS from the market in 2017.'° Hence, drug-coated
balloons (DCB) have been suggested as a novel approach to
avoid stent-related complications and currently stand alone as
the concept of metal-free PCl. Drug-coated balloons are semi-
compliant angioplasty balloons covered with antiproliferative
drugs, which are released immediately at the site of balloon
inflation and diffuse into the subintimal space."

Drug-coated balloons stand for the concept of “leaving nothing
behind.," in which no permanent stent struts or vascular implants
are left in the vessel wall. Hence, DCBs are expected to minimize
stent-related complications such as in-stent restenosis and
stent thrombosis. In addition, native vessels preserve normal
vasomotion due to the lack of chronic inflammation caused by
metallic struts and polymers.?

Currently, DCBs have been studied in clinical trials for various
indications, but they have only been validated in the guidelines
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ABBREVIATIONS

ACS Acute coronary syndrome

BMS Bare-metal stents

BVS Bioresorbable vascular scaffolds
CABG Coronary artery bypass grafting

CAD Coronary artery disease
CVA Cerebrovascular accident
DAPT Dual antiplatelet therapy
DCB Drug-coated balloons
DES Drug-eluting stents

DM Diabetes mellitus

ECG Electrocardiography
ECHO Echocardiography

GP Glycoprotein

HTN Hypertension

IHD Ischemic heart disease
ISR In-stent restenosis

\Y, Intravenous

IVUS Intravascular ultrasound
LAD Left anterior descending artery

LCX Left circumflex artery

LVEF Left ventricular ejection fraction
MACE Major adverse cardiac events
NC Non-complaint

PPCI Primary percutaneous coronary intervention
PVD Peripheral vascular disease

RCA Right coronary artery

STEMI ST-elevation myocardial infarction

TIMI Thrombolysis in myocardial infarction

TLF Target lesion failure

TLR Target lesion revascularization

VIF Variance inflation factor

for the treatment of in-stent restenosis (ISR)."> However, there is
a paucity of data in the literature discussing the effects of DCBs
on the entire acute coronary syndrome (ACS) population. This
study aimed to assess the clinical outcomes of using DCBs in
STEMI patients undergoing primary PCI.

Materials and Methods

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by Ethics Committee
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of King Abdullah Medical City (Approval Number: 24-1237,
Date: 19.05.2024).

Study Design, Setting, and Duration

This was a single-center, retrospective cohort observational
study conducted in the catheterization laboratory of the
Cardiology Department during the period from February 2019 to
December 2023. Written informed consent was obtained from
every patient to review their medical records after an explanation
of the medical research and publication process.

Study Population

The study included STEMI patients with diffuse long culprit
segments (> 20 mm) who underwent primary PCl to the culprit
lesion using either drug-eluting stents or a paclitaxel drug-
coated balloon-only strategy, without the need to use a drug-
eluting stent.

We excluded patients who developed significant flow-limiting
dissection (type C-F) after using DCBs that necessitated crossover
to DES, those who were non-compliant with or stopped dual
antiplatelet therapy (DAPT) due to any medical issues, and
patients with insufficient follow-up data.

Study Variables and Clinical Assessment

Baseline demographic and clinical data were obtained from
all patients. Risk factors for coronary artery disease, including
diabetes mellitus (DM), hypertension (HTN), smoking,
dyslipidemia, previous cerebrovascularaccident (CVA), peripheral
vasculardisease (PVD), ischemic heart disease (IHD), and previous
PCl or coronary artery bypass grafting (CABG) due to coronary
artery disease (CAD), were reviewed. Electrocardiography (ECG)
was evaluated to confirm the diagnosis of STEMI and identify
the expected culprit lesion. All patients were loaded before
transfer to the catheterization laboratory with aspirin 300 mg,
ticagrelor 180 mg or clopidogrel 600 mg, atorvastatin 80 mg,
and unfractionated heparin (70-100 IU/kg intravenous (IV)
bolus when glycoprotein lIb/llla inhibitors were not planned
to be used, and 50-70 IU/kg when glycoprotein (GP) IIb/llla
inhibitors were planned).

A total of 256 STEMI cases underwent primary PCl to the
culprit lesion and were stratified into a DCB-only strategy group
consisting of 128 patients and a matched DES group consisting
of 128 patients.

All cases were subjected to a conventional PPCl procedure,
where a workhorse wire was used to cross the distal lesion, with
or without aspiration thrombectomy according to the operator's
decision. For the DCB group, balloon dilatation of the culprit lesion
was performed using semi-compliant, non-compliant, cutting, or
scoring balloons according to operator choice. If residual stenosis
was less than 30% and dissection was less than type C, the
DCB was inflated at nominal pressure (6-8 atm) at the lesion
site for one minute. SeQuent Please Neo (B. Braun) and Prevail
(Medtronic) were the only two DCB brands used in this study.

On the other hand, the DES group was managed by deploying a
DES at the culprit lesion, with or without pre-stenting balloon
dilatation according to the operator's choice.

Coronary angiographic findings were recorded, including access
site, culprit vessel, native or in-stent culprit lesion, use of regular
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balloons, non-complaint balloons (NC), cutting or scoring
balloons, use of aspiration catheters, and tirofiban. Size, length,
presence of calcification, bifurcation lesions, and the site of the
treated culprit lesion (proximal, mid, or distal) were also recorded.
Small-caliber vessels were defined as vessels less than 3 mm
in diameter. Thrombolysis in myocardial infarction (TIMI) flow
before and after the intervention was evaluated by two blinded
interventional cardiologists.

During index hospitalization, bedside echocardiography (ECHO)
was performed, with left ventricular ejection fraction (LVEF)
measured using the Simpson method immediately after the
procedure. All patients were followed in-hospital for major
adverse cardiac events, including acute heart failure, stroke,
reinfarction, repeat revascularization, and cardiac arrest.

Follow-up was performed by reviewing patients’ medical records.
Routinely in our center, patients are scheduled for a follow-up
visit one month after discharge and then every three to six
months as outpatient visits, according to clinical evaluation.
Echocardiographic assessment is routinely performed three to six
months after primary PCl and in the case of any new events.

At six-month follow-up, all patients were assessed for left
ventricular systolic function and MACE, including hospitalization
for heart failure, reinfarction, repeat revascularization, stroke,
and cardiac arrest. During follow-up, compliance with DAPT for
one year was reviewed for all patients, as non-compliance was
one of the exclusion criteria.

Statistical Analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS version 23.0) software produced by IBM
(Chicago, Illinois, USA). Patients were classified into two groups:
DCB and DES. Qualitative data were presented as numbers
and percentages and compared using the chi-square test.
Quantitative data were presented as mean * standard deviation
and compared using the independent t-test. A p value < 0.05
was considered statistically significant. Regarding regression
analysis, multicollinearity was assessed using variance inflation
factors (VIFs). All variables included in the multivariable model
had VIF values below the commonly accepted threshold (VIF
< 5), indicating no significant multicollinearity. Furthermore,
variables were first screened in univariable analyses, and those
with P < 0.05 were considered candidates for inclusion in the
multivariate analysis.

Results

Characteristics of the Study Population

This retrospective observational study included STEMI patients
who underwent primary PCl using a drug-coated balloon at our
institution between February 2019 and December 2023. A total
of 128 patients met the inclusion criteria and were included in
the DCB group. The sample size was determined by the total
number of eligible cases available during the study period. A
control group of 128 matched patients who underwent primary
PCl with drug-eluting stents was selected based on key clinical
and angiographic variables (e.g., age, gender, diabetes status,
and lesion characteristics) to minimize selection bias. The
matched design allowed for a balanced comparison of major
adverse cardiac events between the two groups.

229



Turk Kardiyol Dern Ars 2026;54(3):227-235

Table 1. Clinical profile of both study groups

Variables DCB DES P
(n =128) (n =128)
(%) (%)

Diabetes 82 (64) 100 (78.1) 0.08
Hypertension 78 (61) 94 (73.4) 0.13
Smoking 52 (41) 48 (37.5) 0.71
Obesity 40 (31) 54 (42.2) 0.22
Dyslipidemia 38(29.7) 46 (35.9) 0.48
Previous revascularization 30 (23) 44 (34.4) 0.17
Previous CVA 12(9.4) 16 (12.5) 0.57
Killip class | 84 (65.6) 78 (61) 0.72
Killip class Il 36 (28) 31 (24.2) 0.84
Killip class Il 8 (6) 18 (14) 0.09
Killip class IV 0(0) 1(0.8) 0.96

DCB, Drug-coated balloons; DES, Drug-eluting stents; CVA, Cerebrovascular
accident.

Culprit vessel treated with DCB
30

25
20
15
10

LAD LCX RCA Diagonal OM PDA PLB

Culprit

Figure 1. Culprit vessels treated with drug-coated balloons
(DCB).

Included patients were followed for major adverse cardiac events
both in-hospital and for six months after the procedure.

Regarding demographic and clinical characteristics, there was no
significant difference between the two groups in terms of age,
diabetes, hypertension, smoking, previous revascularization, and
Killip class at presentation (Table 1).

Several nationalities were identified in the study population,
including patients from 13 countries. Around 62% were Saudi,
7% were Egyptian, 6% were from Bangladesh, and the remaining
25% represented ten other countries.

Regarding angiographic analysis, small-vessel culprit lesions (<
3 mm) and distal lesions were statistically significantly higher in
the DCB group compared to the DES group. On the other hand,
there was no significant difference between the two groups in
terms of culprit vessel, native or in-stent culprit, lesion size and
length, presence of calcification, bifurcation lesions, and TIMI
flow before and after intervention. Furthermore, a high thrombus
burden (= grade 4) was observed in 42.2% of the DCB groups
versus 32.8% of the DES group, without a statistically significant
difference (P = 0.27) (Table 2).
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Table 2. Angiographic analysis of lesions treated with DCB
versus DES

Variables DCB DES P
(n=128) (n=128)
(%) (%)

LAD 34 (26.6) 48 (37.5) 0.19
LCX 16 (12.5) 30 (23.4) 0.11
RCA 22 (17.2) 28 (21.9) 0.5
Diagonal 18 (14.1) 12(9.4) 0.41
Obtuse marginal (OM) 16 (12.5) 14(10.9) 078
Posterior descending artery (PDA) 16 (12.5) 8(6.3) 0.23
Posterolateral branch (PLB) 10(7.8) 1(1.6) 0.09
Native culprit lesion 104 (81.2) 108 (84.4) 0.63
In-stent culprit lesion 24 (18.8) 20 (15.6) 0.64
Proximal lesion 72 (56.3) 78 (60.9)  0.59
Mid lesion 18 (14.1) 34 (26.6) 0.08
Distal lesion 38(29.7) 16 (12.5)  0.02
Small-caliber vessel (< 3 mm) 94 (73.4) 70 (54.7)  0.03
Large-caliber vessel (> 3 mm) 34 (26.6) 62 (48.4)  0.01
Regular balloon predilatation 86 (67.2) 94 (73.4) 0.44
NC balloon predilatation 36 (28.1) 46 (35.9) 0.33
Cutting balloon predilatation 6(4.7) 8(6.3) 0.69
Calcification 42 (33.3) 38(29.7)  0.66
Bifurcation lesion 22 (17.2) 14 (10.9) 0.31
High thrombus burden 54 (42.2) 42 (32.8) 0.27
Aspiration catheter use 36 (28.1) 26 (20.3) 0.3
Tirofiban use 30(23.4) 14(10.9) 0.06
TIMI flow before intervention

TIMI O 102 (79.7) 95 (74.2) 0.29

TIMI | 16 (12.9) 21(16.4) 0.43

TIMI I 7 (5.5) 8(6.3) 0.79

TIMLI 3(1.9) 4(3.1) 0.53
TIMI flow after intervention

TIMI | 4(3.1) 9(7) 0.15

TIMLII 13(10.2) 17 (13.3) 0.44

TIMI I 111 (86.7) 102 (79.7) 0.13

DCB, Drug-coated balloons; DES, Drug-eluting stents; LAD, Left anterior
descending artery; LCX, Left circumflex artery; RCA, Right coronary artery;
NC, Non-complaint; TIMI, Thrombolysis in myocardial infarction.

Drug-coated balloons were used in both major epicardial vessels
and side branches. They were used in 55% of cases in major
epicardial coronaries, including the left anterior descending
artery (26%), right coronary artery (17%), and left circumflex
artery (12%). The remaining 45% were side branches, such as
diagonal branches (14%), obtuse marginal branches (12%),
posterior descending artery (12%), and posterolateral branches
(7%) (Figure 1).

Drug-coated balloons were used to treat in-stent culprit lesions
in 19% of patients and native coronary lesions in 81% of the
study group. They were applied to proximal lesions in 56% of
cases and to distal lesions in 30%. Regarding the treated culprit
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Table 3. Comparison of MACE between STEMI patients treated
with DCB and DES

Variables DCB DES P
(%) (%)

In-hospital MACE 12(9.4) 6(4.7) 0.30
Reinfarction 10 (7.8) 4(3.1) 0.24
Repeat revascularization 10 (7.8) 4(3.1) 0.24
Acute heart failure 4(3.1) 2(1.6) 0.56
Cardiac arrest 6 (4.7) 2(1.6) 0.32
Stroke 0 (0) 2(1.6) 0.83
Six-Month MACE 16 (12.5) 18 (14.1) 0.79
Reinfarction 4(3.4) 6 (4.8) 0.7
Repeat revascularization 6 (5.1) 8(6.3) 0.76
Hospitalization for heart failure 6 (5.1) 12 (9.5) 0.3
Cardiac arrest 4(3.1) 2(1.6) 0.56
Stroke 5(3.9) 2(1.6) 0.77

MACE, Major adverse cardiac events; STEMI, ST-elevation myocardial
infarction; DCB, Drug-coated balloons; DES, Drug-eluting stents.

vessels where DCBs were used, 73% were small-caliber vessels
(< 3 mm) (Figure 2). Most lesions were modified using regular
balloons in around 67% of cases, while non-compliant balloons
were used in 28%. Cutting and scoring balloons were used in a
minority of cases, accounting for only 5% (Table 2).

All patients were followed during their hospital stay and for
six months after discharge for major adverse cardiac events,
including reinfarction, repeat revascularization, stroke, heart
failure, and cardiac arrest. There was no significant difference in
MACE either in-hospital or within six months between patients
treated with DCB and those treated with DES during primary
PCI. Moreover, at six-month follow-up, MACE, reinfarction, and
repeat revascularization were numerically lower but statistically
non-significant in the DCB group. Kaplan-Meier curves showed
no significant difference between DCB and DES regarding
cumulative MACE hazard and MACE-free survival during the six
months following primary PCI (P = 0.77) (Figure 3).

Among patients treated with a DCB-only strategy, MACE was
observed in 9.4% during index hospitalization and in 12.4% during
the six-month follow-up after discharge. Regarding in-hospital
MACE, reinfarction and repeat revascularization occurred in 7.8%
of patients, and 4.7% developed cardiac arrest. During the six
months after discharge, the reinfarction rate was approximately
3.4%., repeat revascularization occurred in 5.1%, and cardiac
arrest occurred in 3.1% of patients (Table 3, Figure 4).

Subgroup analysis of clinical outcomes was performed among
different interventional strategies in which DCBs were used and
showed that in-hospital MACE and reinfarction were statistically
significantly higher when DCBs were used to treat large vessels (>
3 mm) (P=0.014 and 0.005, respectively) and in cases of in-stent
thrombosis (P = 0.001 and <0.001, respectively). Regarding lesion
preparation, in-hospital MACE and reinfarction were numerically
higher but statistically non-significant when regular balloon
dilatation was used compared to specialized balloons (NC and
cutting balloons) before DCB application (Table 4).
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(R) Site of DCB (B) Site of DCB

30%

Mid U0
14% In-stent
Distal

81%
56% Native
Proximal

Figure 2. Coronary lesion sites where drug-coated balloons
(DCB) were used. (A) Site where DCBs were used, either
proximal, mid, or distal. (B) Site where DCBs were used, either
in native lesions or in-stent.

(R)

(B)

Figure 3. Kaplan-Meier curves comparing drug-coated balloons
(DCB) versus drug-eluting stents (DES). (A) Cumulative
major adverse cardiac event (MACE) hazard within six months
after primary percutaneous coronary intervention (PCl). (B)
MACE-free survival over six months after primary PCI.
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Table 4. Subgroup analysis of clinical outcomes among different angiographic interventional strategies in patients treated with DCB

Variables Small Large P Native In-stent P Regular  Specialized P
vessel vessel culprit culprit balloons balloons
(n=94) (n=34) (n=104) (n=24) (n =100) (n=28)
In-hospital outcomes, %
MACE 6 (6.4) 10(29.4) 0.014* 6 (5.8) 10 (41.7)  0.001* 12 (12) 4(4.3) 0.82
Reinfarction 2(2.1) 8(23.5) 0.005* 2(1.9) 8(33.3) <0.001* 8(8) 2(7.1) 0.92
Repeat revascularization 2(2.1) 8(23.5) 0.005* 2(1.9) 8(33.3) <0.001* 8 (8) 2(7.1) 0.92
Cardiogenic shock 2(2.1) 2(5.9) 0.45 2(1.9) 2(8.3) 0.25 4(4) 0(0) 0.447
Cardiac arrest 4(43) 2(5.9) 0.79 4(3.8) 2(8.3) 0.51 4(4) 2(7.1) 0.62
Six-month outcomes, %
MACE 12(35.3) 10(10.6) 0.12 12(11.5)  10(41.7) 0.16 16 (16) 6 (21.4) 0.964
Reinfarction 4(4.7) 0(0) 0.38 4(4.2) 0 (0) 0.49 4(4.4) 0(0) 0.42
Repeat revascularization 4(4.7) 2(3.6) 0.8 4(4.2) 2(9.1) 0.5 4(4.4) 2(7.1) 0.69
Hospitalization for heart failure 0 (0) 6(18.8) <0.05* 0(0) 6(27.3) <0.001* 5(5) 2(7.1) 0.83
Cardiac arrest 4(4.8) 2(6.3) 0.82 4(3.8) 2(8.3) 0.51 4(4.4) 2(7.1) 0.69
*Statistically significant. DCB, Drug-coated balloons; MACE, Major adverse cardiac events.
Multivariate binary logistic regression analysis showed that (R In-hospital clinical outcome
treating in-stent culprit lesion was an independent predictor of DES
in-hospital MACE in PPCI cases managed using DCBs (odds ratio DCB
Strok P=0.83
[OR] = 1.22, P = 0.041) (Table 5). roxe
) ) o ) Acute heart failure P =0.56
Regarding left ventricular ejection fraction at follow-up, there ) P =032
was no statistically significant difference between the two Mortality =
groups six months after the procedure (21.4% * 23.2 vs. 28.3% Re-infarction P=0.24
+24.4; P =0.48). MACE P=03
Discussion 0 2 4 6 8 10
Inthe present observationalstudy: we eyaluated theuseofa dru.g— (B) 6 months clinical outcome
coated balloon-only strategy during primary PCl for ST-elevation
myocardial infarction in a diverse and clinically complex patient Stroke P=0.77 B(E%
population. Our results demonstrate that this approach is Heart failure P=0.3
technically feasiple andlassociated with acceptablg shortl—term Mortality P =056
outcomes. The in-hospital MACE rate was 9.4%, increasing to o
12.4% at six months, while reinfarction occurred in 7.8% of  Repeat revascularization P=0.76
patients during the index hospitalization and in 3.4% during Re-infarction P=0.7
follow-up. DCBs were used not only in small coronary vessels MACE P=0.79
but also in large epicardial arteries and proximal segments—55% 0 2 4 6 8 10 12 14 16

and 56% of cases, respectively. In addition, vessel diameter > 3
mm and in-stent restenosis as the culprit lesion emerged as key
angiographic predictors of adverse in-hospital outcomes. To our
knowledge, our study represents one of the largest real-world
assessments of a DCB-only PPCl strategy in a multinational
cohort, offering new insights into clinical and procedural factors
that may influence outcomes.

Moreover, this study aimed to identify high-risk groups and
angiographic criteria that are more susceptible to complications
and adverse events following the use of DCBs during PPCI.

In 2001, the basic concept of a drug-coated balloon providing a
short-lasting application was proposed, and the first experimental
studies were performed.''® Scheller et al.’ suggested delivering
anti-cell proliferation drugs to the target diseased blood vessel
through balloon expansion, thereby inhibiting intimal proliferative
inflammation.™®
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Figure 4. Comparison of clinical outcomes between drug-coated
balloons (DCB) and drug-eluting stent (DES) groups. (AR)
In-hospital clinical outcomes. (B) Six-month clinical outcomes.

Several advantages and disadvantages have been proposed for
using a DCB-only strategy during PPCI. On the one hand, it may
overcome stent undersizing that occurs due to spastic condition
during acute myocardial infarction. In addition, it may simplify
complex lesions, especially in critically ill patients, and avoid the
strict need for long-term antiplatelet therapy.'*'” On the other
hand, in cases with a high thrombus burden, large thrombi may
hinder adequate drug delivery to the vessel wall.’>'® Moreover,
to achieve maximum benefit, DCBs require adequate and
aggressive lesion preparation, which may result in significant
coronary dissection.
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Table 5. Independent predictors of in-hospital MACE in the DCB group

Variables Univariate Multivariate

OR 95% CI P OR 95% CI P
Diabetes 0.29 0.7-1.16 0.08
Killip class 1.62 1.11-2.37 0.013* 1.14 0.9-1.43 0.27
In-stent culprit 1.85 1.07-2.45 0.02* 1.22 1.01-1.48 0.041*
Regular balloon use 1.21 1.03-1.51 0.96
Large vessel 1.42 1.16-1.81 0.003* 1.03 0.92-1.15 0.62
Proximal lesion 1.34 0.86-1.67 0.74
Distal lesion 0.31 0.18-1.19 0.28

*Statistically significant. MACE, Major adverse cardiac events; DCB, Drug-coated balloon; OR, Odd ratios; Cl, Confidence interval.

To our knowledge, this is the first study to evaluate the use of DCBs
during PPCl in a heterogeneous patient population, including up to
13 nationalities. This was facilitated by the unique location and role
of our institute in treating Hajj and Umrah patients while they are
performing their religious activities in Makkah.

Despite the general concept that DCBs are mainly designed for
treating small vessels and side branches, they were used in major
epicardial coronaries, including the left anterior descending artery
(LAD), left circumflex artery (LCX), and right coronary artery
(RCA), in up to 55% of cases in the present study. In addition,
DCBs were applied to proximal lesions in 56% of cases during PPCI.

The present study showed that in-hospital MACE was 9.4%,
increasing to 12.4% at six-month follow-up. These results are
concordant with Hao et al.,'® who reported that in PPCl cases
treated with DCBs, MACE at one year was observed in 11% of
cases, with no significant difference compared to the DES group.™

In addition, the REVELATION trial (Randomized Evaluation of
paclitaxEL-coated balloon Versus drug-eluting stent In Acute
ST-elevation myocardial infarction), published in 2017, evaluated
the use of DCB versus DES during primary PCl in STEMI patients.
At two-year follow-up, MACE was observed in only four out of 60
patients in the DCB arm, with no significant difference compared
to the DES arm.2° The higher MACE rate observed in our study may
be explained by differences in the demographic data of the study
groups and by different definitions of MACE between the two
studies. In the present study, 64% of patients in the DCB arm were
diabetic and 30% had dyslipidemia, compared to 13% and 17%,
respectively, in the REVELATION trial. In addition, hospitalization
due to heart failure was included as a component of MACE in the
present study, which may have influenced the results.

More recently, Merinopoulos et al?' published a large study
conducted on 1,139 patients over four years, of whom 452 cases
were managed using DCBs during PPCI. According to their results,
all-cause mortality was observed in 10.8% of the DCB arm versus
9% in the DES group, without a statistically significant difference.

On the other hand, the present study showed that reinfarction in
PPCI cases treated with DCB was observed in ten cases, with rates
of 7.8% in-hospital and 3.4% at six-month follow-up. In this
regard, the study by Gobi¢ et al.?2 reported a reinfarction rate in the
DCB arm during PPCI of 5.3% at one-month follow-up and 0%
during the subsequent six months. This relatively different result
could be attributed to the smaller sample size of their study, as

they included 38 patients in the DCB group, whereas the present
study analyzed 128 patients treated with DCB.

Discordant with the present study, the REVELATION trial showed
a zero reinfarction rate and a 3% target lesion revascularization
(TLR) rate at nine-month follow-up, and rates of 1.8%
and 5.4%, respectively, at two-year follow-up.®> The higher
reinfarction rate observed in our study may be explained by
differences in lesion modification methods used prior to DCB
application. In the present study, 67% of lesions were predilated
using semi-compliant balloons, 28% using NC balloons, and
5% using cutting or scoring balloons. Previous studies have
shown that modified balloons (specifically cutting and scoring
balloons) were associated with significantly lower rates of major
dissection and a reduced need for crossover to DES compared to
conventional balloons in small-vessel lesions.?*2>

Afew months ago, Sanz-Sanchez et al.?¢ published an observational
study evaluating the use of DCB-only therapy during PPCI and
demonstrated low rates of target lesion failure (TLF) (3.4%). A
target lesion revascularization rate of 1.8% was observed, with
no reported cases of target vessel myocardial infarction. This
discrepancy between their results and ours may be related to
differences in patient population, as diabetic patients constituted
67% of our study group compared to only 32% in their study. In
addition, stent thrombosis accounted for approximately 28% of
patients treated with DCB in their study versus 19% in our cohort.
Furthermore, only two DCB brands were used in the present study,
whereas six different DCBs were used in the study by Sanz-Sanchez
et al.,”” which may have influenced the results. These promising
findings by Sanz-Sanchez et al.#’ prompted the initiation of the
COPERNICAN trial (Comparison Of Paclitaxel-Eluting Balloon
versus Drug-Eluting Stent in ST-Elevation Myocardial Infarction), a
randomized study comparing clinical outcomes of DCB versus DES
in STEMI patients, with results anticipated soon.

Finally, subgroup analysis of the present study showed that
in-hospital MACE and reinfarction rates were significantly higher
in large vessels (> 3 mm) and in patients with in-stent culprit.
Moreover, treatment of an in-stent culprit was identified as an
independent predictor of in-hospital MACE following DCB use
during PPCI. This finding may be explained by the higher thrombus
burden in primary PCI cases, which could hinder adequate drug
delivery to the vessel wall. In addition, semi-compliant balloons
were used in more than 60% of our patients, which may have
resulted in inadequate vessel preparation. Emerging published
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evidence has shown that TLR rates are significantly higher in the
semi-compliant balloon group compared to scoring and non-
compliant balloons used prior to DCB therapy.?®

Theoretically, the routine use of scoring or cutting balloons before
DCB deployment has been proposed to create cracks and dissections
in the vessel wall, thereby facilitating drug transfer and penetration
into the vessel wall and potentially enhancing the anti-restenosis
efficacy of DCBs.? In this regard, the randomized NATURE trial
(Non-compliant or cUtting balloon for lesion pReparaTion bEfore
drug-coated balloon angioplasty) is currently ongoing to evaluate
the safety and efficacy of cutting balloons compared to standard
balloons (semi-compliant or non-compliant balloons) for lesion
preparation prior to DCB treatment in normal-sized vessels.*

Overall, our study provides one of the most detailed assessments
to date of angiographic subgroups and procedural characteristics
associated with outcomes following DCB-only PPCl in STEMI
patients. The results underscore the importance of careful lesion
assessment, meticulous vessel preparation, and individualized
procedural planning.

In summary, DCB-only PPCl represents a viable alternative to DES
in selected STEMI cases—particularly when long-term DAPT is
undesirable, vessel dimensions are uncertain, or a metal-free PCl
is preferred.3' However, heightened caution is warranted in lesions
with a high thrombus burden, inadequate preparation, large-
caliber vessels, or in-stent restenosis, where the risk of adverse
events is increased. Optimal balloon preparation—preferably
using scoring or cutting devices—and thoughtful angiographic
evaluation remain central to the successful implementation
of this strategy. As evidence from ongoing randomized trials
becomes available, the role of DCBs in acute STEMI management
is expected to become more clearly defined.

Limitation

The present study is a retrospective observational study and,
consequently, is subject to multiple confounding factors.
Therefore, large randomized, double-blinded clinical trials are
recommended to compare DCB and DES during primary PCl.
Although the relatively large sample size improves sensitivity
compared to smaller cohorts, this study was powered only to
detect relatively large absolute differences. Smaller but potentially
clinically meaningful differences—particularly subgroup effects—
may not have been detected. Accordingly, subgroup analyses
should be considered exploratory and interpreted with caution.
We also recommend greater use of intravascular ultrasound
(IVUS) during the index procedure to adequately evaluate for
and exclude major dissection after lesion preparation. Moreover,
IVUS-guided angiographic follow-up is recommended to measure
minimal lumen area and assess late lumen enlargement.

Conclusion

Drug-coated balloons appear to be non-inferior to DES during
primary PCl in terms of MACE, including mortality, reinfarction,
and repeat revascularization, even in major epicardial coronary
arteries. However, DCB use should be approached cautiously in
certain lesion subsets, particularly large vessels (> 3 mm) and
cases of in-stent thrombosis. These findings are still exploratory
and should be interpreted with caution until confirmed by large,
IVUS-guided, randomized double-blinded clinical trials.
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Assessing the Predictive Value of Kolmogorov-
Arnold Networks for the No-Reflow Phenomenon
in ST-Segment Elevation Myocardial Infarction:

A Comparative Machine Learning Study

ST Segment Yukselmeli Miyokard Enfarktlstnde No-
Reflow Fenomeni i¢cin Kolmogorov-Arnold Aglarinin
Ongor Degerinin Degerlendirilmesi: Karsilastirmall
Makine C')g”]renimi Calismasi

ABSTRACT

Objective: The no-reflow phenomenon in ST-segment elevation myocardial infarction (STEMI) is a
significant clinical issue associated with poor cardiovascular outcomes. This study aimed to develop
and compare multiple supervised machine learning algorithms, including the recently introduced
Kolmogorov-Arnold Network (KAN), to predict the occurrence of the no-reflow phenomenon in
patients with STEMI undergoing primary percutaneous coronary intervention (PCI).

Method: This prospective, single-center study included 890 consecutive STEMI patients
undergoing primary PCl. The Synthetic Minority Over-sampling Technique (SMOTE) was
utilized to address class imbalance during training. Feature selection using analysis of variance
(ANOVA) F-statistics and validation of feature independence (Variance Inflation Factor [VIF]
< 5) identified ejection fraction (EF), baseline troponin level, stent length, B-type natriuretic
peptide (BNP) level, and total ischemic time as the most influential predictors.

Results: The KAN and Extreme Gradient Boosting (XGBoost) models achieved the highest
predictive accuracy (area under the curve > 0.98, F1 > 0.95), outperforming traditional models
such as logistic regression and decision tree classifiers (DeLong test, P < 0.001). Feature selection
improved efficiency and reduced runtime by 20-40%, while Shapley Additive exPlanations-
based (SHAP-based) explainability confirmed that the predictions were physiologically
consistent: higher EF and lower BNP reduced the probability of no-reflow, whereas longer
stent length and ischemic time increased it. The superior performance of KAN and XGBoost
underscores the importance of modeling nonlinear relationships and multidimensional
interactions among clinical, laboratory, and procedural variables.

Conclusion: These findings suggest that KAN may serve as a reliable analytical framework
for exploring complex cardiovascular outcomes. However, further multicenter and externally
validated studies are needed to confirm its generalizability and potential role in clinical risk
assessment.

Keywords: Extreme Gradient Boosting, Kolmogorov-Arnold network, machine learning,
no-reflow phenomenon, Shapley Additive exPlanations explainability, ST-segment elevation
myocardial infarction

OzET

Amag: ST-segment yUkselmeli miyokard enfarktUstinde (STEMI) goérilen no-reflow fenomeni,
kot kardiyovaskUler sonuglarla iliskilendirilen dnemli bir klinik sorundur. Bu calisma, primer
perkitan koroner girisim (PKG) uygulanan STEMI hastalarinda no-reflow fenomeninin
g6rtilmesini 6ngdrmek amaciyla, yakin zamanda tanitilan Kolmogorov-Arnold Agi (KAN)
da dahil olmak Uzere birden fazla denetimli makine 6grenimi algoritmasini gelistirmeyi ve
karsilastirmayi amaglamistir.

Yontem: Bu ileriye donuk, tek merkezli calisma, primer PKG uygulanan ardisik 890 STEMI
hastasini kapsamistir. Egitim sirasinda sinif dengesizligini gidermek amaciyla Sentetik Azinlik
Asin Ornekleme Teknigi (SMOTE) kullanilmusti. ANOVA F-istatistikleri kullanilarak yapilan
6zellik secimi ve dzellik bagimsizuginin dogrulanmasi (VIF < 5); ejeksiyon fraksiyonu (EF), bazal
troponin seviyesi, stent uzunlugu, BNP seviyesi ve toplam iskemik streyi en etkili éngoricller
olarak belirlemistir.
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Bulgular: KAN ve XGBoost modelleri, en ylksek tahmin dogruluguna ulasarak (AUC > 0,98, F1
> 0,95), lojistik regresyon ve karar agaci siniflandinicilan gibi geleneksel modelleri istatistiksel
olarak anlamli dlizeyde geride birakmistir (P < 0,001). Ozellik secimi, verimliligi artirmis ve
calisma suresini %20-40 oraninda azaltmistir; SHAP tabanli agiklanabilirlik ise tahminlerin
fizyolojik olarak tutarli oldugunu dogrulamistir. Daha yliksek EF ve daha dlisik BNP, no-reflow
olasiligini azaltirken; daha uzun stent uzunlugu ve iskemik stre bu olasilgr artirmistir. KAN ve
XGBoost'un Ustin performansi, klinik, laboratuvar ve prosedurel degiskenler arasindaki dogrusal
olmayan iliskilerin ve cok boyutlu etkilesimlerin modellenmesinin dnemini vurgulamaktadir.

Sonug: Bu bulgular, KAN'In karmasik kardiyovaskuller sonuglarin incelenmesinde glvenilir bir
analitik gerceve olarak hizmet edebilecegini géstermektedir. Ancak, genellenebilirliginin ve
klinik risk degerlendirmesindeki potansiyel roliiniin dogrulanmasi igin ok merkezli ve harici
olarak dogrulanmis ek calismalara ihtiyag vardir.

Anahtar Kelimeler: Asin Gradyan Glglendirme, Kolmogorov-Arnold agi, makine égrenimi,
no-reflow fenomeni, Shapley Additive exPlanations agiklanabilirlik, ST-segment yUkselmeli
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miyokard enfarktsu

he no-reflow phenomenon in ST-segment elevation

myocardial infarction (STEMI) is a significant clinical
issue that can hinder recovery, even after successful primary
percutaneous coronary intervention (PCl). It is characterized by
inadequate myocardial tissue perfusion despite reopening of the
infarct-related coronary artery. Various studies have explored the
mechanisms, predictors, and consequences of this phenomenon,
as well as how machine learning (ML) can aid in its prediction and
management. The no-reflow phenomenon is associated with
poor cardiovascular outcomes in patients with STEMI and may
present as an in-hospital complication, including arrhythmias
and cardiogenic shock.? The pathophysiology involves multiple
factors, including endothelial dysfunction, microvascular spasm,
distal embolization, and reperfusion injury.’

The pathophysiology of the no-reflow phenomenon is complex
and multifactorial, primarily involving ischemic injury followed
by reperfusion injury. This process leads to oxidative stress,
intracellular calcium overload, and an intense inflammatory
response.’? Key mechanisms contributing to microvascular
obstruction include distal embolization of atherosclerotic debris or
thrombus, endothelial swelling, and accumulation of neutrophils
and platelets that physically obstruct the microcirculation. These
pathological changes prevent effective myocardial perfusion
at the tissue level, even when the epicardial coronary artery is
successfully recanalized.?

In recent years, several biochemical and hematological indices
have been proposed to improve risk stratification for the no-reflow
phenomenon in patients with STEMI. These indices integrate
inflammatory, lipid-related, and metabolic parameters, offering
a more comprehensive assessment compared to conventional
clinical predictors.3®

In the context of predicting the no-reflow phenomenon, ML
models have been increasingly applied across various fields owing
to their predictive accuracy and ability to analyze large datasets.
Although the specific application of ML models to the no-reflow
phenomenon, commonly associated with coronary interventions,
has not been directly addressed in the retrieved literature, several
related ML approaches are commonly used in medical predictive
tasks and can be extrapolated to no-reflow prediction.

ABBREVIATIONS

ANN Artificial Neural Networks

ANOVA Analysis of variance

BNP B-type natriuretic peptide

CABG Coronary artery bypass grafting
CK-MB Creatine kinase-myocardial band

EF Ejection fraction

KAN Kolmogorov-Arnold Network

MBG Myocardial Blush Grade

ML Machine learning

PCI Percutaneous coronary intervention

RF Random Forest

SMOTE Synthetic Minority Over-sampling Technique

STEMI ST-segment elevation myocardial infarction

SVM Support Vector Machines

SYNTAX  Synergy Between Percutaneous Coronary Intervention
with TAXUS and Cardiac Surgery

TIMI Thrombolysis in Myocardial Infarction

VIF Variance Inflation Factor

In cardiovascular and medical applications, ML models such
as Support Vector Machines (SVM), Artificial Neural Networks
(ANN), and ensemble methods, including Random Forest (RF)
and Gradient Boosting, have been frequently employed owing
to their proficiency in classification and prediction tasks.”® These
models are known for their ability to handle complex interactions
within data, making them suitable for predicting clinical outcomes
such as no-reflow, which involves multifactorial influences.

This study aimed to develop and compare multiple supervised
machine learning algorithms, including the recently introduced
Kolmogorov-Arnold Network (KAN), to predict the occurrence of
the no-reflow phenomenon in patients with STEMI undergoing
primary PCl. By integrating comprehensive clinical, laboratory,
and angiographic parameters, this study sought to evaluate
the predictive performance, interpretability, and computational
efficiency of KAN in comparison with conventional models such
as Extreme Gradient Boosting (XGBoost), Multilayer Perceptron
(MLP), and logistic regression, and to determine whether feature
selection and model explainability could enhance risk stratification
and clinical interpretability in real-world STEMI cohorts.
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Materials and Methods

Patient Selection and Data Source

This prospective, single-center investigation included 890
consecutive patients who presented to our institution's
emergency department between 2022 and 2024 with a
confirmed diagnosis of STEMI. Each patient underwent primary
PCl within 15 hours of the onset of chest pain. The criteria for
diagnosing STEMI included chest pain or an angina equivalent
lasting more than 30 minutes, ST-segment elevation of at least 1
mm in two or more contiguous leads, and a subsequent increase
in creatine kinase (CK), creatine kinase-myocardial band (CK-
MB), or troponin levels following PCI. The study was approved by
the in6nl University Scientific Research and Publication Ethics
Committee (Approval Number: 2022/3133, Date: 08.03.2022),
and adhered to the Declaration of Helsinki and Good Clinical
Practice guidelines. Written informed consent was obtained
from all participants before inclusion in the study.

The detailed clinical, echocardiographic, and angiographic
definitions—including criteria for Thrombolysis in Myocardial
Infarction (TIMI) flow grading, thrombus burden, Killip class, and
SYNTAX (Synergy Between Percutaneous Coronary Intervention
With TAXUS and Cardiac Surgery) score assessment—were
previously described in our earlier publication.® Specifically, the
no-reflow phenomenon was defined angiographically as a TIMI
flow grade < 3, or a TIMI flow grade of 3 with a Myocardial Blush
Grade (MBG) < 2 in the absence of mechanical obstruction,
dissection, or distal macroembolism immediately following the
procedure. In the current study, the same inclusion and exclusion
criteria were applied, and all definitions of demographic and
procedural variables were kept consistent with the prior
methodology to ensure data comparability.

Data Collection and Variable Description

A total of 37 demographic, clinical, laboratory, and angiographic
features were initially included in the dataset. These variables
included left ventricular ejection fraction (EF), stent length and
diameter, total ischemic time, TIMI thrombus score, SYNTAX
score, cardiac biomarkers (troponin, brain natriuretic peptide
(BNP), and C-reactive protein [CRP]), and baseline hemodynamic
and metabolic parameters such as blood pressure, hemoglobin,
lipid profile, and inflammatory indices.

To identify the most informative predictors, feature importance
ranking was conducted using one-way analysis of variance (ANOVA)
F-statistics. These parameters were prioritized for subsequent
modeling analyses. To ensure the absence of multicollinearity,
a Variance Inflation Factor (VIF) analysis was performed. All VIF
values were < 5, indicating acceptable feature independence.

Prior to model training, a comprehensive data quality check was
performed. The distributions of the 37 baseline demographic,
clinical, and angiographic variables are presented in Table 1.
Missing data were handled using K-Nearest Neighbors (KNN)
imputation, which estimates missing values based on the similarity
of multidimensional feature vectors, thereby preserving dataset
integrity without sample loss. Subsequently, to address class
imbalance within this cohort (lower incidence of no-reflow), the
Synthetic Minority Over-sampling Technique (SMOTE) was applied
exclusively to the training folds during the cross-validation process.
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Table 1. Baseline demographic, clinical, and angiographic
characteristics

Variables n = 890

Demographic data

Age 58.1+£12.2
737 (82.8%
502 (56.4%

Male sex )
)
201 (22.6%)
)
)
)

Smoking
Diabetes mellitus

Hypertension 403 (45.3%

Dyslipidemia 371 (41.7%
Family history 193 (21.7%
Clinical data

History of MI 84 (9.4%)
History of PCl 89 (10.0%)
History of CABG 22 (2.5%)
Hemodialysis 0 (0.0%)
ASA 101 (11.3%)

Beta-blocker use 118 (13.3%)

Statin use 182 (20.4%)
Killip class

I 818 (91.9%)

I 60 (6.7%)

M 4(0.4%)

v 8 (0.9%)

Pre-angina score 210 (23.6%)
Angiographic and procedural data
Tirofiban (bolus) 430 (48.3%)
SYNTAX score 15270
CT0 28 (3.1%)

Lesion localization

Proximal 470 (52.8%)
Mid 376 (42.2%)
Distal 44 (4.9%)
Infarct-related artery
LAD 469 (52.7%)
CX 134 (15.1%)
RCA 269 (30.2%)
Saphenous graft 4(0.4%)
Other 14 (1.6%)

Number of diseased vessels

569 (63.9%)
209 (23.5%)
112 (12.6%)

One-vessel disease
Two-vessel disease
Three-vessel disease

TIMI thrombus score 44+09
Stent length 21.3+8.8
Stent diameter 3.1+£03
Direct stenting 258 (29.0%)
Total ischemic time 200.6 + 108.4
Door-to-balloon time 29.7+58
Corrected TFC 241 £14.1

ASA, Acetylsalicylic acid; CABG, Coronary artery bypass grafting; CTO,
Chronic total occlusion; MI, Myocardial infarction; PCl, Percutaneous coronary
intervention; TFC, TIMI frame count; TIMI, Thrombolysis in myocardial
infarction.
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Feature Selection Strategy

The feature selection process was designed to enhance
model efficiency and generalizability by identifying the most
informative predictors among all candidate variables. The
workflow consisted of two sequential stages. Initially, a full-
feature modeling approach was employed, incorporating all 37
demographic, laboratory, and angiographic variables to establish
a baseline reference model. In the subsequent stage, a reduced-
feature modeling approach was implemented, retaining only the
top-ranked variables as determined by ANOVA F-statistics and
verified for low multicollinearity through VIF analysis. This two-
step strategy facilitates assessment of whether dimensionality
reduction enhances model stability, mitigates the risk of
overfitting, and improves the generalizability of machine learning
algorithms without compromising predictive accuracy.

Machine Learning Framework

To predict the occurrence of the no-reflow phenomenon,
six supervised machine-learning algorithms with distinct
architectures were developed and evaluated. The Decision
Tree (C4.5) algorithm was used as a rule-based classifier to
segment data into homogeneous groups through recursive
partitioning.’ The K-Nearest Neighbors algorithm classified
patients based on feature similarity using distance metrics
in multidimensional space. Logistic Regression (LR) provided
a benchmark linear model for estimating event probability
from weighted predictors.' The XGBoost algorithm, a
tree-based ensemble learning method, was employed to
capture nonlinear feature interactions using gradient-based
optimization and regularization.’? The MLP, a feedforward
neural network trained by backpropagation, was applied to
model complex nonlinear relationships between clinical and
angiographic data.”™ Finally, the KAN, a recent spline-based
deep learning framework, was implemented according to its
original formulation.™

These algorithms were selected to reflect the complex
and multifaceted clinical structure of the no-reflow
phenomenon. This diversity aimed to identify the most
suitable strategy for predicting no-reflow by enabling a
comprehensive comparison of both model architectures and
learning paradigms. In this study, machine learning models
were evaluated using Python. For model implementation, the
scikit-learn library (Decision Tree, KNN, Logistic Regression),
XGBoost library (XGBoost), PyTorch frameworks, MLP, and
pykan library (KAN) were used.

Performance Evaluation

Model performance was assessed using a set of standard
classification metrics to ensure a comprehensive evaluation of
predictive ability. The following measures were calculated for
each model: accuracy, precision, recall, F1-score, and area under
the receiver operating characteristic curve (AUC). These metrics
collectively quantify the discrimination capacity of the models,
the balance between sensitivity and specificity, and overall
classification consistency.

In addition, runtime (s) was recorded for each algorithm
to evaluate computational efficiency. Receiver operating
characteristic (ROC) curves were generated to visualize model
discrimination before and after feature selection.
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The dataset was split into 70% training and 30% test sets using
a stratified hold-out method to objectively evaluate model
generalization performance. Five-fold cross-validation was
applied to the training data for hyperparameter optimization (Grid
Search) and for internal performance assessment of the models.
During this process, cross-validation was performed exclusively
on the training set. For model selection and evaluation, external
validity and the risk of overfitting were minimized using an
independent 30% test dataset that the model had never seen
before. The reported performance metrics were obtained from
the test set to reflect predictive ability of the model under real-
world conditions. Performance evaluation and cross-validation
procedures were performed using libraries such as Python scikit-
learn and imbalanced-learn.

Explainability Analysis

To enhance model transparency and interpretability, SHapley
Additive exPlanations (SHAP) analysis was applied to the final
trained models. This approach decomposes individual predictions
into additive feature contributions, enabling both global and
local interpretation of model outputs. SHAP summary plots were
generated to illustrate the overall importance and directionality
of each variable's influence on prediction outcomes, while SHAP
waterfall plots were used to visualize case-specific feature
impacts and cumulative contribution patterns.”™'® Global and
local explainability analyses were conducted to enhance model
interpretability using the Python SHAP library. The matplotlib
and seaborn libraries were used for visualization.

Statistical Analysis and Software

Continuous variables were expressed as mean + standard deviation
(SD) and compared using Student's t-test or the Mann-Whitney
U test, depending on data distribution. Categorical variables were
presented as percentages and analyzed using the chi-square test
or Fisher's exact test, where appropriate. A p-value < 0.05 was
considered statistically significant.

Al machine learning models were developed and executed in
Python (v3.12). Hyperparameter optimization was performed
using grid search with algorithm-specific tuning of learning rate,
network depth, and regularization parameters. Model training was
designed to maximize the F1-score and AUC while minimizing
computational runtime to achieve optimal performance. Model
interpretability was assessed using the SHAP library integrated
into Python, ensuring consistent post hoc explainability across
all algorithms. Descriptive and inferential statistical analyses
were conducted using SPSS version 26.0 (IBM Corp., Armonk,
NY, USA), whereas visualization and performance metrics were
generated using the matplotlib and SHAP packages in Python.

Results

Baseline Demographic, Clinical, and Angiographic
Characteristics

This study included 890 patients diagnosed with STEMI. The
average age of these individuals was 58.1 £ 12.2 years. There
was a significant prevalence of traditional cardiovascular risk
factors among participants, with smoking (56.4%), hypertension
(45.3%), dyslipidemia (41.7%), and diabetes mellitus (22.6%)
being the most common. Additionally, 21.7% of patients had
a family history of coronary artery disease. In terms of pre-
admission medical therapy, 11.3% of patients were administered
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Figure 1. Variance Inflation Factor (VIF) analysis of selected
features. This radar chart visualizes the VIF values for the
candidate predictor variables. The radial axes represent
individual clinical and angiographic features, while the
concentric circles indicate VIF thresholds. The purple shaded
area demonstrates that all variables have VIF values well
below the critical threshold of 5, confirming the absence of
significant multicollinearity and ensuring the independence
of the features used in the modeling process.

acetylsalicylic acid, 13.3% were prescribed beta-blockers, and
20.4% received statin therapy. Prior cardiovascular interventions
were relatively infrequent, with 9.4% of patients having a history
of myocardial infarction, 10.0% having undergone PCl, and
2.5% having undergone coronary artery bypass grafting (CABG).
None of the patients underwent chronic hemodialysis.

Angiographic and procedural parameters showed a mean
SYNTAX score of 15.2 £ 7.0 and a mean TIMI thrombus score
of 4.4 + 0.9. Chronic total occlusion was observed in 3.1% of
cases, whereas direct stenting was performed in 29.0% of cases.
The mean stent length was 21.3 + 8.8 mm, with an average
stent diameter of 3.1 £ 0.3 mm. The mean total ischemic time
was 200.6 £ 108.4 minutes, and the mean door-to-balloon time
was 29.7 + 5.8 minutes, indicating prompt revascularization. The
corrected TIMI frame count (TFC) was 24.1 * 14.1, consistent
with the angiographic findings presented in Table 1.

Feature Selection and Model Performance

Feature importance analysis using ANOVA F-statistics identified
variables associated with ventricular function, ischemic duration,
and angiographic complexity as the most discriminative predictors
of the no-reflow phenomenon (Table 2). The highest-ranking
features included EF, baseline troponin level, stent length, BNP
level, and total ischemic time, reflecting the combined influence
of myocardial function and procedural parameters.

To evaluate potential interdependence among the selected
predictors, a VIF analysis was performed. As shown in Figure 1,
all variables demonstrated VIF values below 5, confirming the
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Table 2. Feature importance scores based on ANOVA F-statistics

Ejection fraction 39.6127
Baseline troponin 33.3236
Stent length 32.9244
BNP 28.9555
Total ischemic time 22.2068
CTO 20.575
SYNTAX score 15.0598
CRP 13.9356
Age 11.7462
Direct stenting 10.3063
Stent diameter 9.1559
Statin use 8.2875
Killip class 7.6746
Lesion localization 7.3628
TIMI thrombus score 6.7071
Hgb 5.466
WBC 5.1448
Smoking 4.0696
Number of diseased vessels 3.6549
Diabetes mellitus 3.3704
Tirofiban (bolus) 2.2916
Sex 1.7781
Beta-blocker use 1.7555
History of Ml 1.5564
Dyslipidemia 1.4562
Triglycerides 1.2415
History of PCI 1.1027
HDL cholesterol 1.0034
Pre-angina score 0.7585
History of CABG 0.6592
ASA use 0.5223
Infarct-related artery 0.3551
Hypertension 0.1003
Door-to-balloon time 0.0785
LDL cholesterol 0.0575
Heart rate 0.0491
Systolic blood pressure 0.0069
Hemodialysis 0

ASA, Acetylsalicylic acid; BNP, B-type natriuretic peptide; CABG, Coronary
artery bypass grafting; CRP, C-reactive protein; CTO, Chronic total occlusion;
HDL, High-density lipoprotein; Hgb, Hemoglobin; LDL, Low-density
lipoprotein; MI, Mpyocardial infarction; PCl, Percutaneous coronary
intervention; SYNTAX, Synergy between percutaneous coronary intervention
with TAXUS and cardiac surgery; TFC, TIMI frame count; TIMI, Thrombolysis
in myocardial infarction; WBC, White blood cell count.

absence of multicollinearity. This finding indicates that each
feature contributes unique information to the model without
redundancy, thereby supporting the stability and interpretability
of the final predictive framework.
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Table 3. Performance comparison of models before and after feature selection

Model Accuracy Precision Recall F1-Score ROC AUC Runtime (s)
Decision tree 90.82/91.22 91.02/90.12 90.65/92.68 90.84/91.38 90.82/91.22 0.041/0.026
KNN 89.39/80 84.64/72.56 96.34/96.75 90.11/82.93 97.53/94.72 0.052/0.050
Logistic regression 83.47/84.9 84.23/85.83 82.52/83.74 83.37/84.77 91.67/92.57 0.021/0.022
XGBoost 94.49/95.1 95.06/95.49 93.9/94.72 94.48/95.1 98.28/98.37 0.052/0.043
MLP 85.31/81.84 85.08/79.62 85.77/85.77 85.43/82.58 90.9/89.02 0.170/0.174
KAN 92.04/94.49 94.87/96.27 90.24/94.31 92.5/95.28 98.46/98.19 22.22/20.81

KAN, Kolmogorov-Arnold Network; KNN, K-Nearest Neighbors; MLP, Multilayer Perceptron; ROC AUC, Receiver Operating Characteristic - Area Under the

Curve; XGBoost, Extreme Gradient Boosting.

Figure 2. Receiver Operating Characteristic (ROC) curve comparison before and after feature selection. The panels display the
ROC curves for the six machine learning algorithms evaluated. The left panel illustrates model performance using the full set of
variables, whereas the right panel shows performance after applying feature selection. The x-axis represents the False Positive
Rate (1 - specificity) and the y-axis represents the True Positive Rate (sensitivity). The Kolmogorov-Arnold Network (KAN) model
(dashed brown line) and Extreme Gradient Boosting (XGBoost) model (red line) exhibit the largest Area Under the Curve (AUC),
indicating superior discriminative ability in predicting the no-reflow phenomenon compared to traditional models such as logistic

regression and decision trees.

After applying feature selection, the performance of all
machine learning models was re-evaluated. As shown in Table
3, dimensionality reduction improved overall model stability
and computational efficiency. Among the algorithms, XGBoost
and KAN demonstrated the highest predictive performance,
achieving AUC values above 0.98 and F1-scores exceeding
0.95. These models effectively captured nonlinear and
hierarchical relationships within the dataset, outperforming
traditional classifiers such as logistic regression and decision
tree models.

The results also indicated that feature selection enhanced
accuracy and reduced runtime by approximately 20-40%
across all algorithms, suggesting that eliminating redundant or
low-impact variables improved both computational feasibility
and generalizability. Although the KAN model required longer
processing time owing to its spline-based nonlinear structure,
it provided superior interpretability and a balanced trade-off
between precision and efficiency.

Overall, the combination of feature selection and advanced
learning architectures such as KAN and XGBoost yielded the most
reliable and clinically meaningful predictions of the no-reflow
phenomenon in patients with STEMI.

Receiver Operating Characteristic Analysis

Figure 2 illustrates the ROC curves of all machine learning
models before and after feature selection. The overall shape
of the post-selection ROC curves shifted toward the upper-
left corner of the plot, indicating a clear improvement in
discriminative performance. The AUC increased across all
algorithms, demonstrating that the elimination of redundant
variables enhanced the ability of the models to distinguish
between patients with and without no-reflow.

The ROC profiles also became smoother after dimensionality
reduction, suggesting greater model stability and reduced
variability across cross-validation folds. Among the algorithms,
ensemble and neural models, particularly XGBoost and KAN,
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Figure 3. Shapley Additive exPlanations (SHAP) summary
plot for selected features. This plot illustrates the global
importance and impact of clinical features on the prediction
of the no-reflow phenomenon using the model. Features are
ranked on the y-axis in descending order of importance, with
stent length and ejection fraction being the most influential.
Each dot represents an individual patient. Color indicates the
feature value (red = high value, blue = low value). The position
on the x-axis (SHAP value) reflects the direction of impact:
points to the right (positive values) increase the probability
of no-reflow, whereas points to the left (negative values)
decrease it. For example, higher stent length (red dots) is
associated with positive SHAP values, indicating increased risk.

displayed the steepest initial ascent and largest enclosed area,
confirming their superior classification performance compared to
conventional methods.

To verify the statistical significance of these performance
differences, DelLong's test was applied to the ROC curves. The
analysis revealed that while the performance difference between
KAN and XGBoost was not statistically significant (P > 0.05),
both KAN and XGBoost demonstrated statistically significant
improvements in discriminative ability compared to logistic
regression and decision tree classifiers (P < 0.001), confirming
the superiority of nonlinear modeling approaches.

Explainability and Feature Contribution Analysis

To enhance the clinical interpretability of the predictive models,
SHAP analysis was used to identify how each variable influenced the
model's decisions. Rather than focusing on mathematical details,
SHAP outputs were interpreted in a clinically meaningful manner.
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Figure 4. Shapley Additive exPlanations (SHAP) waterfall plot
for a representative case. This plot illustrates the contribution
of individual features to the prediction score (f(x)) for a
specific patient. The base value (E[f(X)]) represents the
average model output across the dataset. Red bars indicate
features that push the prediction toward the no-reflow
outcome (increasing risk), such as stent length, while blue
bars indicate features that push the prediction toward normal
flow (decreasing risk), such as higher ejection fraction. In this
example, the strong protective effect of functional parameters
(blue bars) outweighs procedural risk factors, resulting in a
negative final score (f(x) = -1.514), corresponding to a low
probability of no-reflow.

The SHAP summary plot demonstrates that variables reflecting
myocardial function (ejection fraction and BNP), ischemic
burden (total ischemic time and baseline troponin), and
procedural complexity (stent length) were the dominant
contributors to prediction of the no-reflow phenomenon. Higher
ejection fraction and lower BNP levels consistently decreased
the predicted risk of no-reflow, whereas longer stent length and
prolonged ischemic time increased the predicted risk (Figure 3).

The SHAP waterfall plot enabled patient-level interpretation by
illustrating how individual clinical factors shifted the prediction
toward higher or lower risk. In the representative case, preserved
ejection fraction and low BNP exerted a strong protective effect,
whereas longer stent length increased risk. These findings
demonstrate that the model's predictions rely on clinically
established pathophysiological mechanisms rather than spurious
correlations (Figure 4).

Accordingly, SHAP analysis was used as a transparent clinical
explanation tool rather than a purely technical mathematical
framework.

Discussion

In this study, multiple machine learning algorithms were
compared to predict the no-reflow phenomenon in patients
with STEMI undergoing primary PCl. After feature selection using
ANOVA F-statistics and validation of feature independence (VIF
< 5), the most influential predictors were EF, baseline troponin
level, stent length, BNP level, and total ischemic time. Model
comparison revealed that KAN and XGBoost achieved the highest
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predictive accuracy (AUC > 0.98, F1 > 0.95), outperforming
traditional models such as logistic regression and decision tree
classifiers. Feature selection improved efficiency and reduced
runtime by 20-40%, while SHAP-based explainability confirmed
that the predictions were physiologically consistent: higher EF
and lower BNP reduced the probability of no-reflow, whereas
longer stent length and ischemic time increased it.

Coronary no-reflow is characterized by inadequate myocardial
reperfusion after reopening the infarct-related artery during
primary percutaneous coronary intervention and accounts for
up to 40% of cases with incomplete myocardial reperfusion
despite restored artery patency. The pathophysiology involves
microvascular obstruction and is associated with increased
mortality, arrhythmias, and heart failure. Diagnostic approaches
include angiographic scoring and advanced imaging techniques
such as myocardial contrast echocardiography and cardiac
magneticresonanceimaging. Prevention and treatment strategies
incorporate both pharmacological therapies and device-based
interventions.” ML has been applied in cardiology, including
coronary artery disease and cardiac imaging, with promising
results. ML algorithms can analyze large datasets to enable
earlier diagnosis, improved risk stratification, and individualized
therapy. In coronary artery disease, ML supports cardiac imaging
through score computation, phenotypic differentiation, heart
function quantification, and segmentation, thereby enhancing
anomaly detection and cardiovascular risk prediction.” While
direct studies on coronary no-reflow prediction using ML
algorithms are limited, clinical predictors—such as admission
hyperglycemia, reperfusion delay, thrombus burden, and blood
biomarkers—serve as crucial input features for ML models aimed
at risk stratification in acute coronary syndromes (ACS), where
no-reflow commonly manifests.8-2°

Supervised machine learning algorithms have shown promise in
predicting coronary events, including the no-reflow phenomenon.
For cardiovascular prediction tasks, LR, SVM, Naive Bayes, KNN,
RF, and XGBoost are among the most widely evaluated models14.
Logistic regression and gradient boosting techniques, particularly
XGBoost, have demonstrated superior performance in clinical
outcome prediction, achieving acceptable to high AUC values
in cardiac surgery mortality and cardiovascular endpoints.?'??
Khalaji et al.2" evaluated multiple ML algorithms for mortality
prediction after coronary artery bypass grafting and demonstrated
the superiority of ensemble learning models over conventional
approaches. Our study showed that XGBoost and KAN significantly
outperformed logistic regression and decision tree models.
Kendale et al.? reported that gradient-based learning models
provide high predictive accuracy for post-induction hypotension
in cardiovascular patients, supporting the use of boosting-based
methods in acute care settings. The high performance of XGBoost
in our study directly parallels these observations.

Dengetal.Zreported moderate success using arandom forest model
to predict no-reflow and mortality in STEMI patients undergoing
primary PCl. In contrast, our KAN and XGBoost models performed
better, demonstrating the superiority of advanced learning
methods in understanding microvascular reperfusion failure. While
Celik et al.>* found the red cell distribution width-to-platelet ratio
to be a predictor of no-reflow, our model identified heart function
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and procedural complexity as more significant predictors. Similarly,
Wang et al.?° identified inflammatory and biochemical parameters
as predictors of the no-reflow phenomenon. Our model confirmed
baseline troponin and BNP as strong predictors of the no-reflow
condition. Dong-Bao et al.” linked prolonged ischemic time
and thrombus burden to slow/no-reflow, and in our study, total
ischemic time and stent length emerged as top predictors. While
Celik et al.®> emphasized blood count parameters, our cohort
demonstrated functional and procedural factors such as ejection
fraction, BNP, and stent length were dominant, suggesting that
mechanical factors outweigh inflammation. Although Kurtul et
al.® and Toprak et al.®* highlighted inflammatory markers, our
findings indicate that physical and blood flow-related factors play
a more significant role.

The study also identified that higher ejection fraction and
lower levels of B-type natriuretic peptide were associated with
a reduced risk of the no-reflow phenomenon, indicating that
optimal cardiac function facilitates effective blood circulation.
Conversely, the use of longer stents may increase the risk of
no-reflow due to potential damage to smaller blood vessels.
Additionally, prolonged ischemic duration was associated with
increased risk, underscoring the detrimental effects of interrupted
blood flow. These findings are consistent with established
etiologies of the no-reflow phenomenon. Stent length and the
time without blood flow highlight the need to address blockage
in small blood vessels. Low EF and elevated BNP levels illustrate
how impaired blood flow affects small vessels. This helps identify
high-risk patients early, especially those needing long stents or
experiencing long periods without blood flow, suggesting that
additional treatments might be needed. Our model uses different
factors to predict no-reflow in patients with STEMI. Unlike past
studies that focused on single markers or simple models, our
research includes heart function, blood markers, stent length,
and time without blood flow in a detailed deep learning model.
This improves the prediction of no-reflow and shows how
artificial intelligence can help manage STEMI cases.

There are concerns that the high AUC and F1-scores might
indicate that the model is overfitting. To address this, a careful
method was used. The model was trained on 70% of the data,
and its settings were fine-tuned using five-fold cross-validation
only on this portion. This prevented any data from leaking into
the test phase. The final results came from the remaining 30%
of the data, which the model had not seen before. The high
accuracy likely reflects a strong link between the key features—EF,
BNP, and total ischemic time—and the no-reflow phenomenon
rather than overfitting. However, we acknowledge that the lack
of external validation and a full calibration analysis is a limitation,
meaning that the high scores should be interpreted with caution.

This study was conducted using a single-center prospective
design, which inherently limits the generalizability of our
findings to a broader patient population. The absence of external
validation restricts the confidence with which these results can
be extrapolated to other institutions with different demographic
profiles or procedural protocols. Consequently, while the KAN
model demonstrates high internal validity, rigorous testing in
diverse multicenter cohorts is essential to confirm its robustness
and ensure that the reported predictive accuracy is reproducible
in real-world clinical settings.
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Conclusion

This study demonstrates that Kolmogorov-Arnold Networks
provide highly accurate prediction of the no-reflow phenomenon
in patients with STEMI. However, the model requires external
multicenter validation before any clinical implementation. At
present, KAN should be considered a promising research tool
rather than a ready-to-use clinical decision support system.
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The Atherogenic Index of Plasma as a Novel
Marker of Critical Multivessel Disease in Non-ST-
Elevation Myocardial Infarction

Non-ST Yukselmeli Miyokard Enfarktlsunde Kritik Cok
Damar Hastaliginin Yeni Bir Belirteci Olarak Plazma
Aterojenik Indeksi

ABSTRACT

Objective: This study aimed to determine whether the atherogenic index of plasma (AIP) can
predict critical multivessel coronary artery disease (MVD) in patients presenting with non-
ST-segment elevation myocardial infarction (NSTEMI).

Method: In this retrospective analysis, patients diagnosed with NSTEMI who underwent coronary
angiography between January and December 2024 were evaluated. Based on angiographic findings,
patients were classified according to the number of major epicardial vessels with significant
stenosis, and MVD was defined as critical involvement of all three major vessels. The AIP was
calculated as log (triglyceride/high-density lipoprotein [HDL]-cholesterol). Multivariable logistic
regression analysis was used to identify independent predictors of MVD, and receiver operating
characteristic (ROC) curve analysis was performed to assess diagnostic accuracy.

Results: Of the 1,216 patients included in the study, 302 (24.8%) had MVD. Those with critical
MVD had significantly higher AIP values than those without MVD (0.74 £ 0.28 vs. 0.59 £ 0.26, P
< 0.001). In multivariable analysis, AIP remained an independent determinant of MVD (odds ratio:
3.132,95% confidence interval: 1.626-6.030, P =0.001). Diabetes mellitus, higher hemoglobin Alc
(HbA1c), and elevated low-density lipoprotein (LDL)-cholesterol levels were also independently
associated with MVD. AIP demonstrated moderate discriminative ability for predicting MVD, with
an area under the curve (AUC) of 0.689 and sensitivity and specificity of 65.6%.

Conclusion: AIP was independently associated with the presence of critical MVD in patients with
NSTEMI. Given its simplicity, affordability, and accessibility, AIP may serve as a practical indicator
of atherogenic burden and help identify patients who are more likely to have multivessel coronary
involvement.

Keywords: Acute coronary syndrome, atherogenic index of plasma, multivessel coronary artery
disease, non-ST-segment elevation myocardial infarction, predictors

OzZET

Amac: Bu calisma, plazma aterojenik indeksi (AIP)'nin, non-ST-segment ylikselmeli miyokard
enfarktlist (NSTEMI) tanisi alan hastalarda kritik gok damarli koroner arter hastaligi (CDH) varlgini
ongormede bir belirteg olarak kullanilip kullanilamayacagini degerlendirmeyi amaclad.

Yontem: Bu retrospektif analizde, Ocak 2024 ile Aralik 2024 tarihleri arasinda NSTEMI tanisi konulan
ve koroner anjiyografi yapilan hastalar incelendi. Anjiyografik bulgulara gore hastalar, anlaml
darlik saptanan major epikardiyal damar sayisina gore siniflandirildi ve CDH, U¢ ana epikardiyal
damarin tamaminda kritik darlik bulunmasi olarak tanimland. AIP, log (trigliserid/HDL-kolesterol)
formultyle hesaplandi. Cok degiskenli lojistik regresyon analizi, CDH'nin bagimsiz belirleyicilerini
saptamak icin uygulandi. Ayrica ROC egrisi analizi, tanisal dogrulugu degerlendirmek amaciyla
gergeklestirildi.

Bulgular: Calismaya dahil edilen 1.216 hastanin 302'sinde (%24,8) CDH saptandi. Kritik CDH'si
bulunan hastalarin AIP degerleri, CDH bulunmayanlara kiyasla anlamU olarak daha yuksekti (0.74
0.28'e karsl 0.59 + 0.26, P < 0.001). Cok degiskenli analizde AIP, CDH'nin bagimsiz bir belirleyicisi
olarak kaldi (olasilik orani: 3.132; %95 gliven araligi: 1.626-6.030; P = 0.001). Diyabetes mellitus,
yuksek HbA1c ve artmis LDL kolesterol dizeyleri de CDH ile bagimsiz olarak iliskili bulundu. AIP,
CDH'yi éngérmede orta dlizeyde ayirt edici bir yetenek géstermis olup, AUC degeri 0.689 ve
duyarlilik ile 6zguillik oranlarn %65.6 olarak bulundu.

Sonug: AIP, NSTEMI hastalarinda kritik CDH varligiyla bagimsiz olarak iliskili bulunmustur. Basit,
ekonomik ve kolay erisilebilir bir parametre olmasi nedeniyle AlP, aterojenik yiikd yansitan ve CDH
olasiligi ylksek hastalarin belirlenmesine yardimci olabilecek pratik bir gosterge niteligi tastyabilir.

Anahtar Kelimeler: Akut koroner sendrom, plazma aterojenik indeksi, cok damar koroner arter
hastaligl, ST elevasyonsuz miyokard enfarktlst, 6ngordiricller
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Acute coronary syndromes (ACS) remain a major global cause
of mortality." Recent epidemiological observations indicate a
shift in ACS presentation patterns, with an increasing proportion
of patients now being diagnosed with non-ST-segment elevation
myocardial infarction (NSTEMI) rather than ST-segment
elevation myocardial infarction (STEMI).>* Individuals with
NSTEMI are typically older, have multiple comorbidities, and
more frequently present with severe multivessel coronary artery
disease (MVD)—a condition linked to poorer prognoses and
a greater likelihood of recurrent ischemic events.® Therefore,
early identification of NSTEMI patients who are more likely
to have MVD is clinically relevant, as the presence of MVD
reflects a higher anatomical disease burden.® Despite advances
in diagnostic modalities, accurately estimating coronary artery
disease (CAD) severity in NSTEMI remains challenging in routine
practice. Consequently, identifying simple, economical, and
easily measurable biomarkers that can assist in estimating
atherosclerotic burden and the likelihood of MVD has become
an area of increasing clinical interest.

The atherogenic index of plasma (AIP), calculated as the
logarithm of the ratio of triglycerides (TG) to high-density
lipoprotein (HDL) cholesterol, is a key indicator of lipid
metabolism.” Beyond conventional lipid parameters, AIP
is increasingly regarded as a biomarker reflecting plasma
atherogenicity, owing to its association with cholesterol
esterification, lipoprotein particle size, and the presence of
remnant lipoproteins.® Recent evidence suggests that AIP
may outperform traditional single-lipid measures in predicting
CAD risk.? Prior studies have also demonstrated a relationship
between AIP and several cardiovascular risk factors, including
obesity, metabolic syndrome, and diabetes mellitus (DM)."%"2
Moreover, elevated AIP levels have been correlated with greater
CAD burden among patients with stable disease.’”> However,
although the association between AIP, cardiovascular risk
factors, and CAD extent has been widely explored in stable CAD
populations, limited evidence exists regarding its relationship
with critical MVD specifically in NSTEMI patients. Therefore, this
study aimed to determine whether AIP could predict MVD in
individuals with NSTEMI.

Materials and Methods

Study Population

This single-center retrospective study included patients
hospitalized with a diagnosis of NSTEMI who underwent coronary
angiography (CAG) between January 2024 and December 2024.
The diagnosis of NSTEMI was established in accordance with the
latest European Society of Cardiology recommendations and the
Fourth Universal Definition of Myocardial Infarction.’*1>

Patients were excluded if they met any of the following
criteria:  medically managed ACS, previous percutaneous
coronary intervention (PCl), ongoing lipid-lowering therapy at
admission, left ventricular ejection fraction (LVEF) < 50%, prior
coronary artery bypass grafting, thyroid dysfunction (hypo-
or hyperthyroidism) confirmed clinically or biochemically,
estimated glomerular filtration rate (eGFR) < 30 mL/min/1.73
m?2, antibiotic administration during the hospitalization in which
CAG was performed, a history of malignancy, evidence of severe
hepatic dysfunction, or absence of complete lipid profile data.
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ABBREVIATIONS

AIP Atherogenic index of plasma
NSTEMI Non-ST-segment elevation myocardial infarction
MVD Multivessel

HDL High-density lipoprotein

LDL Low-density lipoprotein

HbA1c Hemoglobin Alc

ACS Acute coronary syndromes

CAD Coronary artery disease

TG Tiglycerides

DM Diabetes mellitus

CAG Coronary angiography

PCI Percutaneous coronary intervention
LVEF Left ventricular ejection fraction
eGFR Estimated glomerular filtration rate
LMCA Left main coronary artery

LAD Left anterior descending

RCS Restricted cubic spline

ROC Receiver operating characteristic
GRACE Global Registry of Acute Coronary Events
TIMI Thrombolysis in Myocardial Infarction

Ccs Chronic coronary syndrome
SYNTAX scores  Synergy Between Percutaneous Coronary
Intervention With Taxus and Cardiac Surgery

The study protocolreceived institutional Ankara Etlik City Hospital
Scientific Research Evaluation and Ethics Committee (Approval
Number: AESH-BADEK-2025-0319, Date: 09.04.2025) and
was conducted in accordance with the Declaration of Helsinki.
Owing to its retrospective design, the committee waived the
requirement for informed consent.

Demographic, clinical, and laboratory information were extracted
from the hospital's electronic medical record system. Hypertension
was defined as a systolic blood pressure 2140 mmHg, a diastolic
blood pressure = 90 mmHg, or current use of antihypertensive
agents. DM was defined as fasting plasma glucose = 126 mg/
dL, hemoglobin A1c = 6.5%, or treatment with glucose-lowering
medications. Current smoking status was defined as regular daily
cigarette use.

Laboratory Measurements

Blood samples were collected from the antecubital vein in the
early morning after a minimum fasting period of 12 hours, prior
to the initiation of any lipid-lowering therapy. Total cholesterol
and TG concentrations were determined using enzymatic assays,
while HDL and low-density lipoprotein (LDL) cholesterol levels
were measured using direct homogeneous methods. Complete
blood counts, standard biochemical markers, and cardiac enzyme
levels were analyzed using validated automated systems in the
hospital's central laboratory.

The atherogenic index of plasma was calculated as the logarithm
of the ratio of TG to HDL cholesterol: AIP = log (TG / HDL -
cholesterol).

Coronary Angiography

Conventional CAG was performed using the standard Judkins
technique via either the radial or femoral approach, with at least
four projections of the left coronary artery and two of the right
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coronary artery. Nitroglycerin was administered when coronary
spasm was suspected. Quantitative angiographic assessment
was conducted according to a standardized protocol, evaluating
maximal luminal narrowing from two orthogonal views.

All angiograms were independently reviewed by two experienced
interventional cardiologists who were blinded to the patients’
laboratory data. Critical CAD was defined as = 70% luminal
diameter stenosis in at least one major epicardial vessel, or >
50% stenosis in the left main coronary artery (LMCA) or the
proximal segment of the left anterior descending artery (LAD).
The number of diseased vessels was determined by counting
significant (= 70%) stenoses in major arteries (LAD, left
circumflex [LCx], and right coronary artery [RCA]) and their
large branches (e.g., diagonal branch) with a reference diameter
> 2.0 mm. In the present study, we intentionally focused on a
stricter angiographic definition of MVD, requiring critical stenosis
in all three major epicardial coronary arteries. This approach
is conceptually consistent with previous reports that have
specifically examined LMCA and/or three-vessel disease, or
triple-vessel CAD, as representing the most advanced spectrum
of MVD in ACS/NSTEMI populations.'®'” When LMCA stenosis
was present, it was classified as two-vessel disease regardless of
concurrent LAD or LCx lesions.

Any discrepancies between the two cardiologists were resolved
by consensus with a senior investigator. Based on angiographic
findings, patients were categorized into single-vessel, two-
vessel, or three-vessel disease groups.

Statistical Analysis

All statistical analyses were performed using SPSS version
23.0 software (SPSS Inc., Chicago, IL, USA). The normality
of continuous variables was assessed using the Kolmogorov-
Smirnov test. Variables with a normal distribution were
expressed as mean t standard deviation and compared using
the Student t-test, whereas those not following a normal
distribution were reported as median (interquartile range) and
evaluated with the Mann-Whitney U test. Categorical variables
were described as frequencies and percentages, and intergroup
differences were analyzed using the chi-square or Fisher's exact
test, as appropriate. To determine the independent association
of MVD, univariable analyses were first conducted, followed by
multivariable logistic regression. Parameters with p-values below
0.05 in the multivariable model were considered independent
predictors. The diagnostic and discriminative performance
of AIP and other relevant variables for identifying MVD was
further examined using receiver operating characteristic (ROC)
curve analysis. To explore potential non-linear associations
between AIP and the probability of MVD, AIP was modeled as
a restricted cubic spline (RCS) with four knots placed at the
5%, 35%, 65%, and 95™ percentiles of its distribution. Spline
terms were incorporated into a multivariable logistic regression
model, and non-linearity was assessed using a likelihood ratio
test comparing the spline model to a model including a single
linear AIP term. Statistical significance was defined as a two-
tailed p-value of less than 0.05 for all tests. A post hoc power
analysis was performed for the primary comparison of AIP values
between patients with and without MVD. Using the observed
group means, sample sizes, and a two-sided alpha level of
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0.05, the standardized effect size (Cohen's d) was calculated as
0.57, corresponding to an estimated statistical power > 0.99 for
detecting this difference.

Results

Atotalof 1,216 patients diagnosed with NSTEMI were included in
the study, of whom 302 (24.8%) were found to have critical MVD.
Among the remaining 914 patients without MVD, 610 (66.7%)
had single-vessel disease, while 304 (33.3%) had two-vessel
disease. The baseline demographic and clinical characteristics of
patients with and without MVD are summarized in Table 1.

Patients in the MVD group had a significantly higher prevalence
of hypertension and DM compared to those without MVD (P <
0.05 for both). No significant differences were observed between
groups for age, sex, or smoking status (P > 0.05 for all). Regarding
laboratory parameters, patients with MVD exhibited higher
fasting plasma glucose, HbA1c, LDL cholesterol, triglycerides,
and AIP values, along with lower HDL cholesterol levels (P < 0.05
for all). Serum creatinine levels were higher, and eGFR values
were lower in the MVD group (P < 0.05 for both). LVEF did not
differ significantly between the groups (P =0.191).

The results of the univariable and multivariable logistic regression
analyses for MVD predictors are presented in Table 2. In the
univariable analysis, AIP, HbA1c, LDL cholesterol, reduced eGFR,
hypertension, and DM were all significantly associated with MVD
(P < 0.05 for all). In the multivariable analysis, AIP remained an
independent predictor of MVD (odds ratio [OR]: 3.132, 95%
confidence interval [CI]: 1.626-6.030, P = 0.001), together with
DM (OR: 3.201, 95% Cl: 2.432-3.822, P = 0.001), HbA1c (OR:
1.153, 95% Cl: 1.038-1.280, P = 0.008), and LDL cholesterol
(OR: 1.007, 95% Cl: 1.003-1.012, P = 0.002). Reduced eGFR
and the presence of hypertension did not retain statistical
significance after adjustment (P > 0.05 for both).

The diagnostic performance of AIP, LDL cholesterol, and HbA1c
in predicting MVD is summarized in Table 3 and illustrated in
Figure 1. Among the three markers, AIP demonstrated the
highest discriminatory ability, with an area under the curve
(AUC) of 0.689 (95% ClI: 0.658-0.720, P < 0.001) for identifying
patients with MVD. The optimal cut-off value for AIP was 0.648,
yielding 65.6% sensitivity and 65.6% specificity. In comparison,
LDL cholesterol and HbA1c showed lower predictive capacities,
with AUCs of 0.550 and 0.575, respectively.

In RCS analysis, the probability of MVD increased progressively
across the AIP spectrum, with a steeper rise at higher values
(Figure 2). A likelihood ratio test comparing the spline model
with a simple linear term demonstrated a statistically significant
deviation from linearity (P = 0.018), indicating that the
association between AIP and MVD was not strictly linear.

Discussion

To the best of our knowledge, this study is the first to identify AIP
as an independent predictor of critical MVD specifically among
patients with NSTEMI. In our analysis, NSTEMI patients with
MVD demonstrated significantly higher AIP values than those
with single- or two-vessel disease. ROC curve analysis revealed
that AIP showed better discriminatory performance than LDL
cholesterol and HbA1c for detecting MVD. However, the AUC
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Table 1. Baseline demographic, clinical, angiographic, and laboratory characteristics of NSTEMI patients with and without
multivessel coronary artery disease

Variables Patients without multivessel Patients with multivessel P
disease disease
(n=914) (n =302)
Demographic data
Age, (years) 63.6 +13.5 63.9+11.8 0.745
Male, n (%) 644 (70.5) 198 (65.6) 0.110
Active smoking, n (%) 569 (62.3) 181 (59.9) 0.433
Past medical history, n (%)
Hypertension 551 (60.3) 205 (67.9) 0.018
Diabetes mellitus 217 (23.7) 124 (41.1) < 0.001
COPD 77 (8.4) 28(9.3) 0.671
Vital signs
SBP, mmHg 150.9 £ 28.5 147.8 £ 28.7 0.180
DBP, mmHg 829 +16.2 82.7 £16.6 0.841
Heart rate, beats/min 86.0 £ 23.3 86.2 £ 23.3 0.928
CAG characteristics, n (%) < 0.001
One-vessel disease 610 (66.7) 0 (0)
Two-vessel disease 304 (33.3) 0 (0)
Three-vessel disease 0 (0) 302 (100)
Preadmission medications, n (%)
Aspirin 307 (33.6) 108 (35.8) 0.516
ACEi/ARB 356 (38.9) 120 (39.7) 0.739
Beta-blocker 274 (30) 99 (32.8) 0.360
Laboratory parameters
Hemoglobin, (g/dL) 13.4+2.1 13.4+2.0 0.856
White blood cells, (x10°/L) 9.8+34 99+34 0.794
Platelets, (x10°/L) 230.0+£67.2 233.9+76.0 0.436
Serum creatinine, (mg/dL) 1.1+06 1.2+0.7 < 0.001
Estimated GFR, (mL/min/1.73 m?) 80.0+25.3 72.7 £27.0 < 0.001
ALT, (U/L) 20 (6-71) 21 (6-79) 0.283
AST, (U/L) 23 (5-76) 23 (6-65) 0.249
TSH, (mlU/L) 1.20 (0.63-4.40) 1.23(0.72-4.70) 0.573
Blood glucose, (mg/dL) 145.1 £ 69.2 158.7 +78.9 0.002
HbA1c, (%) 6.7%+1.6 70+1.8 0.004
Peak troponin T, (ng/mL) 1.145 (0.10-189.6) 1.285 (0.10-179) 0.154
Lipid profiles
Total cholesterol, (mg/dl) 186.2 + 48.4 194.1 £ 53.0 0.008
LDL cholesterol, (mg/dl) 119.8 £ 36.1 130.8£41.9 < 0.001
HDL cholesterol, (mg/dl) 36.7+9.3 34194 < 0.001
Triglycerides, (mg/dl) 131 (42-860) 179 (60-960) < 0.001
Atherogenic index of plasma 0.59£0.26 0.74+0.28 < 0.001
Echocardiography
LVEF, (%) 548 +£4.4 53.8+43 0.191

ACEi, Angiotensin-Converting Enzyme Inhibitor; ALT, Alanine Aminotransferase; ARB, Angiotensin Il Receptor Blocker; AST, Aspartate Aminotransferase; CAG, Coronary
Angiography; COPD, Chronic Obstructive Pulmonary Disease; DBP, Diastolic Blood Pressure; GFR, Glomerular Filtration Rate; HbA1c, Hemoglobin A1c; HDL, High-Density
Lipoprotein; LDL, Low-Density Lipoprotein Cholesterol; LVEF, Left Ventricular Ejection Fraction; SBP, Systolic Blood Pressure; TSH, Thyroid-Stimulating Hormone.
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Table 2. Univariable and multivariable logistic regression analyses for predictors of multivessel coronary artery disease in patients

with NSTEMI

Variables Univariable analysis

Multivariable analysis

OR (95% CI)

P OR (95% CI) P

Hypertension 1.747 (1.595-1.939)
Diabetes mellitus 3.872 (2.876-4.653)
GFR 0.995 (0.990-0.999)
HbA1c 1.149 (1.073-1.230)
LDL cholesterol 1.004 (1.001-1.006)
AIP 5.430 (3.972-8.381)

0.013 1.727 (0.994-2.071) 0.107
< 0.001 3.201 (2.432-3.822) 0.001
0.030 1.002 (0.994-1.009) 0.663
< 0.001 1.153 (1.038-1.280) 0.008
0.010 1.007 (1.003-1.012) 0.002
< 0.001 3.132 (1.626-6.030) 0.001

AIP, Atherogenic Index of Plasma; Cl, Confidence Interval; DM, Diabetes Mellitus; GFR, Glomerular Filtration Rate; HbA1c, Hemoglobin A1c; LDL, Low-Density Lipoprotein;

LVEF, Left Ventricular Ejection Fraction; OR, Odds Ratio.

Table 3. Receiver operating characteristic curve analysis of atherogenic index of plasma, LDL-C, and HbA1c for predicting multivessel

coronary artery disease in patients with NSTEMI

Variables AUC P 95% Confidence Interval Sensitivity (%) Specificity (%) Cut-off point
Lower Bound Upper Bound

AIP 0.689 < 0.001 0.658 0.720 65.6 65.6 0.648

LDL-C 0.550 0.004 0.516 0.583 54 53 114.50

HbA1c 0.575 < 0.001 0.542 0.609 58 54 6.05

AIP, Atherogenic Index of Plasma; AUC, Area Under the Curve; HbA1c, Hemoglobin A1c; LDL-C,

Figure 1. Comparison of receiver operating characteristic (ROC)
curves for AIP, LDL-C, and HbA c in predicting multivessel
coronary artery disease in patients with non-ST-segment
elevation myocardial infarction.

AIP, Atherogenic Index of Plasma; AUC, Area under the curve; HbA1c,
Hemoglobin A1c; LDL-C, Low-density lipoprotein cholesterol.

value of 0.689 indicates only moderate discriminative ability.
Therefore, the clinical relevance of AIP should be interpreted in
the context of stronger prognostic indicators, such as troponin,
Global Registry of Acute Coronary Events (GRACE) score, or the
Thrombolysis in Myocardial Infarction (TIMI) score,' which were
not directly compared in our study because their primary roles
are risk stratification and prognosis rather than assessment of

Low-Density Lipoprotein Cholesterol.

Figure 2. Restricted cubic spline curve illustrating the
association between atherogenic index of plasma (AIP) and
the predicted probability of multivessel disease. The red line
represents the spline-derived predicted probability, and the
gray bars depict the distribution of patients across AIP values.

anatomical disease burden. In this regard, AIP may still provide
complementary value as a simple and accessible metabolic
marker reflecting atherogenic burden.

The proportion of NSTEMI cases relative to STEMI has been
steadily increasing, even though the overall incidence of ACS has
declined in many developed countries over recent decades.’®?
Within the NSTEMI population, the presence of MVD is a marker
of adverse prognosis,?®2! which is particularly relevant given that
NSTEMI patients often experience higher long-term mortality
after hospital discharge compared with those presenting with
STEMI.2223 In our cohort, MVD was detected in 24.8% of patients
with NSTEMI. Although this rate is somewhat lower than in
previous reports, it falls within the wide range observed across the
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literature, likely reflecting differences in patient selection criteria,
definitions of MVD, and population characteristics. For instance,
Baumann et al.> reported a prevalence of 42% among NSTEMI
patients undergoing CAG in a contemporary registry. Conversely,
a Portuguese study observed a lower prevalence of 18%, while
other investigations have reported rates ranging from 40% to
60% among NSTEMI patients treated with PCI.17:2425 Despite this
variability, most studies consistently indicate that the presence
of MVD is associated with poorer outcomes.?® These findings
highlight the clinical relevance of identifying MVD in NSTEMI.

AIP is a logarithmic index that reflects the relationship
between fasting triglycerides and HDL cholesterol. It was first
introduced as a marker of plasma atherogenicity, based on its
inverse relationship with LDL particle size.” Small dense LDL
(sdLDL), an LDL subclass, is more atherogenic due to its smaller
particle size, which facilitates penetration and retention within
the arterial intima.?” Furthermore, sdLDL particles are more
susceptible to oxidative modification; oxidized LDL is then
engulfed by macrophages, forming foam cells that contribute
to atheroma development. The mechanisms underlying the
enhanced atherogenicity of sdLDL include lipid peroxidation,
increased expression of endothelial adhesion molecules, and
activation of reactive oxygen species—all of which play integral
roles in the progression of CAD.28 Previous studies have identified
sdLDL as a valuable biomarker for predicting atherosclerosis,
and its clinical application has been encouraged.?® However,
sdLDL measurement remains limited in routine practice due
to methodological complexity and high cost. AIP serves as a
convenient and cost-effective surrogate for sdLDL, as elevated
AIP values indicate smaller LDL particle size and a higher
proportion of sdLDL.” These associations reinforce the value
of AIP as an accessible marker of atherogenic risk. The current
study adds to this body of evidence by demonstrating that AIP
correlates with the extent of CAD, thereby supporting its utility
as a reliable indicator of atherosclerotic burden.

Several studies have explored the relationship between AIP and
CAD severity in patients with chronic coronary syndrome (CCS).
Wang et al.”® reported that AIP was not only an independent risk
factor for CAD but also correlated with higher SYNTAX scores
(Synergy Between Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery), indicating a strong association with
both disease occurrence and anatomical complexity. Similarly,
Wu et al.3® demonstrated that AIP independently predicted the
severity of newly diagnosed CAD, particularly in individuals with
normal glucose metabolism. Zhou et al.? also confirmed that AIP
is a powerful and independent predictor of CAD in patients with
DM, with progressively increasing odds ratios across AIP quartiles.
Furthermore, Cai et al.3" identified AIP as the lipid parameter most
strongly associated with CAD among a broad panel of lipid indices
in a large Chinese cohort. In addition, Mangalesh et al.> found that
AIP not only correlated with CAD severity but also predicted major
adverse cardiovascular events during a three-year follow-up period,
underscoring its prognostic value beyond the initial diagnosis.

The role of AIP has also been examined in patients with ACS. Two
recent studies found that elevated AIP levels were significantly
associated with both the presence and severity of ACS. Cai et
al.3 reported that AIP was independently associated with ACS
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occurrence and lesion severity in very young adults (< 35 years),
demonstrating stronger predictive power than traditional lipid
parameters, particularly among men. Jin et al.3* similarly found
that AIP was independently associated with MVD in patients
with acute myocardial infarction, especially among those with
prediabetes. However, Jin et al.'s* cohort included both STEMI
and NSTEMI patients, and the analysis did not differentiate
between these subtypes. Their investigation mainly focused
on the interaction between AIP and glucose metabolism rather
than assessing AIP as an independent stratification tool within
a specific ACS population. In contrast, our study concentrated
exclusively on NSTEMI patients—a group characterized by distinct
pathophysiological mechanisms and prognostic outcomes®>—
and evaluated AIP specifically as a predictor of MVD. Moreover,
the definition of MVD used in our study required critical stenosis
in all three major epicardial coronary arteries. In contrast, Jin et
al.3* defined MVD as the involvement of two or more vessels.
This distinction in MVD definitions across studies should be taken
into account when comparing our results with previous literature.
This stricter criterion may enhance the specificity of our findings
and better represent advanced coronary atherosclerosis.

Although several previous studies have demonstrated the
predictive value of AIP for assessing CAD severity in CCS or
suspected CAD, its relevance in ACS—particularly in NSTEMI—
remains insufficiently characterized. Several studies have linked
higher AIP values with elevated SYNTAX scores, increased
anatomical complexity, and higher odds of CAD in various
metabolic contexts.®'33% Furthermore, investigations across
diabetic, normoglycemic, and young adult populations have
confirmed the consistency of AIP as a risk marker across diverse
cardiovascular risk categories.>®33 However, most of these
studies were conducted in patients undergoing elective CAG orin
broader ACS cohorts without differentiating NSTEMI from other
ACS types. This distinction is crucial because NSTEMI represents
a unique subset of ACS, characterized by heterogeneous
mechanisms, a higher prevalence of comorbidities, and often
more extensive coronary involvement.3® In addition, MVD
in NSTEMI has been linked to poorer short- and long-term
outcomes, yet reliable tools for early identification are still lacking
in clinical practice.®” Our study directly addresses this knowledge
gap by focusing solely on NSTEMI patients and examining AIP's
predictive ability for detecting MVD. We found that elevated
AIP values were significantly associated with MVD, even after
adjustment for HbA1c, LDL cholesterol, renal function, and LVEF.
Among the analyzed parameters, AIP showed modest but better
discriminative performance in ROC analysis than conventional
metabolic indicators. These findings suggest that AIP may reflect
atherogenic burden in NSTEMI and could offer additional clinical
value when interpreted alongside established risk markers.

Study Limitations

This study is not without limitations, which should be carefully
considered. First, because of its single-center, retrospective, and
observational nature, a definitive causal relationship between
elevated AIP levels and MVD in patients with NSTEMI cannot
be established. In addition, the retrospective, single-center
design of our study may further limit the external validity and
generalizability of the results. Because patient characteristics and
clinical practices may differ across centers and regions, caution
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is required when extrapolating these findings to broader NSTEMI
populations. Second, although the sample size was relatively large,
all participants were drawn from a single tertiary hospital, which
may have introduced selection bias and reduced generalizability
of the findings. Third, the potential effects of unmeasured
confounding factors, including lifestyle-related variables such as
diet and physical activity, could not be fully excluded. Fourth,
AIP values were calculated based on laboratory measurements
obtained during a single hospitalization; therefore, longitudinal
exposure or temporal changes in AIP levels were not evaluated,
and the cumulative impact of sustained AIP elevation on the
development of MVD in NSTEMI patients remains uncertain.
Fifth, CAD severity in this study was determined by the number
of major epicardial vessels with significant stenosis rather than
by the SYNTAX score. Although the SYNTAX score provides
valuable information regarding anatomical complexity, it does
not necessarily reflect the overall extent of vessel involvement,
which was the focus of our investigation. Finally, as the study
cohort consisted primarily of patients of Turkish descent, the
generalizability of our findings to other ethnic and geographic
populations may be limited.

Conclusion

In conclusion, our study demonstrates that AIP is significantly
associated withthe presence of criticalMVD in patients with NSTEMI.
After adjustment for conventional cardiometabolic risk factors, AIP
remained an independent predictor of MVD and showed better
discriminative performance than the other evaluated parameters.
Owing to its simplicity, affordability, and wide availability, AIP
may serve as a practical and accessible indicator of atherogenic
burden, helping identify NSTEMI patients who are more likely to
have multivessel coronary involvement. Nevertheless, further
large-scale, prospective, multicenter randomized studies involving
diverse ethnic and demographic populations are warranted to
validate and expand upon these findings.
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Evaluation of Soluble ST2 and Galectin-3 Levels in

Patients with Heart Failure

Kalp Yetersizligi Olan Hastalarda Cozunur ST2 ve
Galektin-3 Duzeylerinin Degerlendirilmesi

ABSTRACT

Objective: Soluble stromelysin-2 (sST2) and galectin-3 have been found to be associated
with prognosis in patients with heart failure (HF). However, there is no study evaluating the
clinical importance of sST2 and galectin-3 in HF classification according to ejection fraction
(EF). In the present study, we aimed to assess the diagnostic value of sST2 and galectin-3 in
HF classification based on EF.

Method: Forty-one heart failure patients with reduced ejection fraction (HFrEF), 41 with
mildly-reduced EF (HFmrEF), 41 with preserved EF (HFpEF), and 41 healthy controls were
included in the study. EF < 40% was defined as HFrEF, 41-49% as HFmrEF, and = 50% as
HFpEF. Levels of sST2 and galectin-3 were measured, and comparisons were performed.

Results: There were significant differences among the groups in terms of sST2 (P < 0.001)
and galectin-3 (P = 0.007) levels. Post hoc analysis demonstrated that patients with HFmrEF
and HFrEF had significantly higher sST2 (P = 0.001 and P = 0.001, respectively) and galectin-3
(P = 0.043 and P = 0.007, respectively) levels compared to the control group, whereas the
HFpEF and control groups were similar in terms of sST2 and galectin-3 levels (P = 0.645 and
P = 0.436, respectively). In correlation analysis, sST2 and galectin-3 levels were positively
correlated with B-type natriuretic peptide (BNP) (r = 0.240, P = 0.002 and r = 0.172, P =
0.028, respectively) and negatively correlated with EF (r = -0.403, P < 0.001 and r = -0.295,
P < 0.001, respectively).

Conclusion: sST2 and galectin-3 levels were higher in patients with HFrEF and HFmrEF
compared to the control group, and these markers increased as EF decreased. However, these
markers did not differ between patients with HFpEF and the control group.

Keywords: Heart failure, stromelysin 2, galectin-3

OzET

Amag: Soluble Stromelysin-2 (sST2) ve galektin-3'Un kalp yetersizligi (KY) hastalarinin
prognozu ile iliskili oldugu gosterilmistir. Ancak, ejeksiyon fraksiyonu (EF) temelinde KY
siniflandirmasinda sST2 ve galektin-3'Gn klinik 6nemini degerlendiren hicbir calisma
bulunmamaktadir. Mevcut calismada, EF temelinde KY siniflandirmasinda sST2 ve galektin-
3'Un tanisal degerini incelemeyi amacladik.

Yontem: EF'si azalmis 41 KY hastasi (HFrEF), EF'si hafif azalmis 41 hasta (HFmrEF), EF'si
korunmus 41 hasta (HFpEF) ve 41 saglkl kontrol grubu calismaya dahil edildi. EF < 40% HFrEF,
%41 ile %49 arasi HFmrEF ve =5 0% HFpEF olarak tanimlandi. Hastalarin sST2 ve galektin-3
duzeyleri 6lclldu ve karsilastirmalar yapild.

Bulgular: Gruplar arasinda sST2 (P < 0.001) ve galektin-3 (P = 0.007) dizeyleri acisindan
6nemli farklar vardi. Post hoc analiz, HFmrEF ve HFrEF hastalarinda sST2 (sirasiyla P = 0.001
ve P = 0.001) ve galektin-3 (sirasiyla P = 0.043 ve P = 0.007) dlzeylerinin kontrol grubuna
gore anlaml derecede daha ylksek oldugunu, buna karsiik HFpEF ve kontrol gruplarinin sST2
ve galektin-3 dlzeyleri agisindan benzer oldugunu (sirasiyla P = 0.645 ve P = 0.436) gbsterdi.
Korelasyon analizinde, sST2 ve galektin-3 dlzeyleri BNP ile pozitif korelasyon gosterirken
(sirasiyla r = 0.240, P = 0.002 ve r = 0.172, P = 0.028), EF ile negatif korelasyon gosterdi
(sirasiyla r = -0.403, P < 0.001 ve r = -0.295, P < 0.001).

Sonug: sST2 ve galektin-3, kontrol grubuna kiyasla HFrEF ve HFmrEF hastalarinda daha yUksekti
ve bu belirtegler EF azaldikga daha da artti. Ancak, bu belirtegler HFpEF hastalar ile kontrol
grubu arasinda farklilik gstermedi.

Anahtar Kelimeler: Kalp yetersizligi, stromelysin-2 galektin-3
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H eart failure (HF) is a clinical syndrome defined as a functional
and/or structural abnormality of the heart, resulting in
elevated intracardiac pressures and/or inadequate cardiac
output.” It is still the most important cause of mortality and
morbidity worldwide. It places a substantial burden on both
patients and society and leads to high healthcare costs.?2 The
incidence and prevalence of HF increases with age, and this
increase is even more pronounced in individuals over 60 years
of age.® Because HF is associated with poor prognosis, the
underlying pathophysiological mechanisms should be well
understood, diagnosed early, and treated effectively.

Biomarkers can assist physicians in the diagnosis of heart failure,
risk stratification, and treatment guidance. To date, many
biomarkers have been investigated in patients with HF. Current
guidelines state that B-natriuretic peptide (BNP or pro-BNP) can
be used as an important biomarker for the diagnosis, follow-up,
and prognosis of HE.' On the other hand, studies investigating
additional biomarkers are still ongoing. Soluble suppression of
tumorigenicity (sST2) and galectin-3 are biomarkers that have
recently begun to be used in clinical practice.*5

Galectin-3 is encoded by the LGALS3 gene, which is located
on chromosome 14. This biomarker is a member of the beta-
galactosidase-binding protein family and is secreted by
macrophages. It is a multifunctional protein that plays a critical
role in many pathophysiological processes, including cell growth,
differentiation, programmed cell death, celladhesion, angiogenesis,
inflammation, fibrogenesis, and tumor progression.* On the other
hand, ST2 is a member of the interleukin (IL)-1 receptor family and
is synthesized on chromosome 2q12. ST2 exists in two different
forms: the transmembrane receptor ST2 ligand (ST2L) and the
soluble form (sST2).5 Interaction between ST2L and IL-33 has been
shown to have cardioprotective effects in experimental models,
improving myocardial function and reducing myocardial fibrosis,
myocyte hypertrophy, and apoptosis. The cardioprotective effect
of this interaction is mediated only through the ST2L receptor and
not through sST2. sST2 binds to ST2L by competing with IL-33 and
inhibits IL-33 binding to ST2L. Thus, the ST2L/IL-33 interaction
does not occur, and the cardioprotective effects described above
are abolished.® Studies have shown that sST2 and galectin-3 levels
are significantly elevated in patients with HF, and increased levels
of these markers are significantly correlated with the severity
of HF.7= In the American College of Cardiology/American Heart
Association (ACC/AHA) guidelines for chronic HF, measurement of
galectin-3 and sST2 is recommended to determine the risk level of
patients with chronic HF.™

Although increased levels of sST2 and galectin-3 have been
demonstrated in heart failure patients with reduced ejection
fraction (HFrEF),""'? the clinical significance of these two
biomarkers in HF patients with mildly reduced ejection fraction
(HFmrEF), and preserved ejection fraction (HFpEF) has not been
clarified. This study aimed to examine the clinical value of sST2
and galectin-3 levels in ejection fraction (EF)-based heart failure
classification.

Materials and Methods

The study was initiated after approval from Harran University
Clinical Research Ethics Committee (Approval Number:
HRU/22.16.12, Date: 22.08.2022).
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ABBREVIATIONS

BNP B-type natriuretic peptide

EF Ejection fraction

HF Heart failure

HFmrEF Heart failure patients with mildly-reduced EF
HFpEF Heart failure patients with preserved EF

HFrEF Heart failure patients with reduced ejection fraction

IL Interleukin

sST2 Soluble stromelysin-2
ST2L ST2 ligand
TTE Transthoracic echocardiography

The study population was selected from outpatients admitted
to the cardiology outpatient clinic of Harran University Medical
Faculty Hospital who were not in acute respiratory distress and who
underwent transthoracic echocardiography (TTE). A total of 123
HF patients (41 with HFrEF, 41 with HFmrEF, and 41 with HFpEF)
and 41 control subjects (164 participants in total) were included
in the study. All authors adhered to the Declaration of Helsinki
and conducted the study appropriately. Furthermore, no artificial
intelligence-supported applications were used in our study.

The diagnosis of HF and classification of subtypes were made
according to the 2021 European Society of Cardiology (ESC)
heart failure guideline. HF subtypes were determined based on
left ventricular EF. According to these guidelines, HF classification
based on EF is as follows: EF < 40% indicates heart failure with
reduced EF, EF between 41% and 49% indicates heart failure
with mildly reduced EF, and EF = 50% indicates heart failure with
preserved EF.1 Patients aged = 18 years who were diagnosed
with HF based on medical evaluations were included in the
study. Patients aged < 18 years; those with active infection,
severe liver or kidney disease; pregnant women; patients
diagnosed with acute coronary syndrome within the previous six
months; patients with inflammatory or autoimmune diseases,
malignancy. sepsis, or thyroid dysfunction; and patients who did
not undergo TTE were excluded from the study. Written informed
consent was obtained from all participants.

All patients included in the study underwent a detailed
echocardiographic ~ examination.  All  echocardiographic
examinations were performed using the Vivid S6 device (GE
Healthcare, Wauwatosa, USA). Echocardiographic measurements
were obtained in the supine or left decubitus position using
appropriate windows, in accordance with the American Society
of Echocardiography recommendations. The modified Simpson's
method was used for left ventricular EF measurements. End-
systolic and end-diastolic diameters of the left ventricle (LVESD
and LVEDD, respectively), left atrium (LA), interventricular
septum (IVS), and right ventricle (RV), were measured and
recorded.™

Statistical Analysis

The evaluations were performed using the SPSS (Statistical
Package for the Social Sciences) version 22.0 (Chicago, IL,
USA). The Kolmogorov-Smirnov test was used to assess the
distribution of variables. Continuous data with normal distribution
were presented as mean * standard deviation (SD), whereas
continuous data without normal distribution were presented as
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Table 1. Comparison of baseline characteristics among heart failure subtypes and control patients

Control HFpEF HFmrEF HFrEF P
(n=41) (n=41) (n=41) (n=41)
Age (years), (mean*SD) 56.6 + 8.9 56.6 +9.6 56.6 + 12.6 58.6 + 14.8 0.831
Gender, female (%) 20 (48.8) 26 (63.4) 10 (24.4) 15 (36.6) 0.003
BMI, kg/m? 294 +44 322+6.7 283 +3.7 279+t46 0.001
SBP (mmHg) 125.9 + 239 127.3 £ 20.1 123.4+25.0 117.2 £ 20.5 0.192
DBP (mmHg) 69.0+15.3 70.3£12.2 69.8£12.9 68.8+13.3 0.955
HT (%) 17 (41.5) 24 (58.5) 24 (58.5) 18 (43.9) 0.244
DM (%) 12 (29.3) 12 (29.3) 7(017.1) 8(19.5) 0.425
HL (%) 7017.1) 9 (22) 10 (24.4) 2(4.9) 0.088
Rhythm (%) 0.021
SR 41 (100) 41 (100) 37 (90.2) 36 (87.8)
AF 0 (0) 0 (0) 4(9.8) 5(12.2)
LBBB (%) 2(4.9) 1(2.4) 6(14.6) 27 (65.9) <0.001

AF, Atrial fibrillation; BMI, Body mass index; DBP, Diastolic blood pressure; DM, Diabetes mellitus; HFmrEF, Heart failure patients with mildly-reduced EF;
HFpEF, Heart failure patients with preserved EF; HFrEF, Heart failure patients with reduced ejection fraction; HL, Hyperlipidemia; HT, Hypertension; LBBB, Left

bundle branch block; SBP, Systolic blood pressure; SR, Sinus rhythm.

median (25*-75% percentiles). Categorical data were presented
as numbers (%). Continuous data with normal distribution were
compared using the t-test, while the Mann-Whitney U test was
used for data without normal distribution. Comparisons of more
than two independent groups were performed using analysis
of variance (ANOVA) for normally distributed variables. In the
presence of differences between groups, Bonferroni and/or Tukey
post hoc tests were applied to determine which groups accounted
for the differences. The Kruskal-Wallis test was used to compare
more than two independent groups that did not follow a normal
distribution. In the presence of a difference between groups, the
Mann-Whitney U test with Bonferroni correction was applied to
determine the source of the difference. Correlation analyses were
performed using Pearson and Spearman correlation coefficients.
Receiver operating characteristic (ROC) curve analyses were
conducted to determine the area under the curve and cut-off
values of soluble ST2 and galectin-3 levels for predicting heart
failure subtypes. The predictive validity of sST2 and galectin-3
was quantified using the area under the ROC curve (AUC),
and comparisons were performed using MedCalc version 16
statistical software (trial version) with the DelLong test. A post
hoc power analysis was performed and indicated that the power
of the study was 97% for sST2 and 75% for galectin-3. A p value
< 0.05 was considered statistically significant.

Results

A total of 123 HF patients and 41 control subjects were included
in the study, with 41 patients each in the HFrEF, HFmrEF, and
HFpEF groups. A comparison of baseline characteristics among
the groups is presented in Table 1. There were significant
differences among the four groups in terms of sex (P =0.003) and
body mass index (BMI) (P = 0.001). Subgroup analyses showed
that the frequency of female sex (P < 0.001 and P = 0.015,
respectively) and BMI (P = 0.003 and P = 0.001, respectively)
were significantly higher in patients with HFpEF compared to
those with HFmrEF and HFrEF.

Figure 1. Comparison of sST2 and galectin-3 levels among
heart failure subtypes and the control group.

HFmrEF, Heart failure patients with mildly-reduced EF; HFpEF, Heart failure
patients with preserved EF; HFrEF, Heart failure patients with reduced
ejection fraction.

The comparison of laboratory data between the patient and control
groups is shown in Table 2. There were significant differences
among the groups in urea (P = 0.014), creatinine (P < 0.001),
uric acid (P = 0.007), N-terminal pro-B-type natriuretic peptide
(NT-pro BNP) (P < 0.001), sST2 (P < 0.001), and galectin-3 (P =
0.007) (Table 2). Post hoc analyses revealed that sST2 (P = 0.001
and P = 0.001, respectively) and galectin-3 levels (P = 0.043 and
P = 0.007, respectively) were significantly higher in the HFmrEF
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Table 2. Laboratory characteristics of heart failure subtypes and the control group

Cetin et al. Etiology of Heart Failure

Control HFpEF HFmrEF HFrEF P

(n=41) (n=41) (n=41) (n=41)
Urea (mg/dL) (median [Q1-Q3]) 32.1(24.6-38.5) 29.9 (26.3-38.5) 29.9 (25.6-36.3) 38.5(29.9-52.4) 0.014
Creatinine (mg/dL) (mean+SD) 0.79 +0.14 0.8+0.19 0.89 +0.19 0.95 +0.20 < 0.001
Glucose (mg/dL) (median [Q1-Q3]) 112 (93.5-135.0) 103 (92.5-130.5) 100 (93.5-125.5) 103 (90.5-130.0) 0.667
Uric acid (mg/dL) (mean+SD) 49+1.2 5314 5314 6015 0.007
Sodium (mmol/L) (mean+SD) 1399+3.0 140 £ 2.1 1399+ 2.1 140.1 £ 2.0 0.976
Potassium (mmol/L) (mean+SD) 43+0.3 4.4+0.3 43+04 4304 0.942
Albumin (g/dL) (mean%SD) 44+02 44+02 43+03 43+02 0.584
LDL-C (mg/dL) (median [Q1-Q3]) 101.8 (83.0-132.2) 103 (81.3-131.3) 91 (72.4-103.8) 105.8 (73.1-123.6) 0.104
TSH (ulU/dL) (median [Q1-Q3]) 1.3(0.9-1.6) 1.3(0.9-2.2) 1.1(0.7-1.7) 1.0 (0.7-2.0) 0.255
CRP (mg/dL) (median [Q1-Q3]) 0.4 (0.1-0.6) 0.7 (0.2-1.1) 0.3 (0.1-0.8) 0.5(0.2-1.0) 0.105
Leukocytes (x103/uL) (median [Q1-Q31) 8.4 (6.7-10.8) 7.6 (6.6-9.2) 7.7 (6.4-9.7) 8.6 (7.4-9.9) 0.188
Hematocrit (%) (mean+SD) 419+55 42.6 £ 4.1 43.7+39 432+49 0.329
Hemoglobin (g/dL) (mean=SD) 134+18 141 +15 142+1.6 141 +1.6 0.148
Platelets (x103/uL) (median [Q1-Q3]) 288 (236.0-331.5)  275(217.0-344.0) 245(211.5-327.5) 255 (232.0-312.5) 0.254
NT pro-BNP (pg/mL) (median [Q1-Q3])  88.8 (53.2-167.0)  85.8 (50.4-162.5) 138 (105.0-510.0) 769 (321.0-1289.5) < 0.001
Soluble ST2, ng/L (median [Q1-Q3]) 15.0 (9.6-20.2) 16.1 (13.5-26.9) 20.3(17.1-26.6) 20.9 (16.1-28.4) < 0.001
Galectin-3, ng/ML (median [Q1-Q3]) 7.0 (5.4-9.7) 7.8 (6.4-12.4) 8.6 (6.9-13.2) 9.2 (7.5-18.6) 0.007

AF, Atrial fibrillation; BMI, Body mass index; CRP, C-reactive protein; DBP, Diastolic blood pressure; DM, Diabetes mellitus; HFmrEF, Heart failure patients with
preserved ejection fraction; HFpEF, Heart failure patients with reduced ejection fraction; HL, Hyperlipidemia; HT, Hypertension; HFrEF, Heart failure patients
with reduced ejection fraction; LDL-C, Low-density lipoprotein cholesterol; LBBB, Left bundle branch block; NT pro-BNP, N-terminal pro b-type natriuretic
peptide; SBP, Systolic blood pressure; SR, Sinus rhythm; TSH, Thyroid-stimulating hormone.

Table 3. Echocardiographic characteristics of heart failure subtypes and control patients

Control HFpEF HFmrEF HFrEF P

(n=41) (n=41) (n=41) (n=41)
LVEF (%) (meanzSD) 60.0 £ 2.2 57.7 2.7 443 +£1.5 29242 < 0.001
LVEDD (cm) (mean%SD) 48+04 50+£05 51+0.5 6.2+0.7 < 0.001
LVESD (cm) (mean=SD) 3.3+£0.2 3.5+04 39+04 51+0.6 < 0.001
IVS (cm) (mean+SD) 0.9 £0.1 1.0+£0.3 1.0+ 0.1 09+0.2 0.042
LA (cm) (mean+SD) 34+0.2 37+0.3 3.6+0.5 41+0.5 < 0.001
Ascending Aorta (cm) (mean%SD) 3.4+0.3 3.6+04 3.4+03 3.6+04 0.104
RV (cm) (mean=SD) 35+0.2 35+0.2 3.6+0.3 3.7+£0.5 0.026
E/e' (mean#*SD) 7.0+09 14.6 £ 0.9 12.0 £ 2.1 159+£1.0 < 0.001

HFmrEF, Heart failure patients with mildly-reduced EF; HFpEF, Heart failure patients with preserved EF; HFrEF, Heart failure patients with reduced ejection
fraction; IVS, Interventricular septum; LA, Left atrium; LVEDD, Left ventricular end-diastolic diameter; LVEF, Left ventricular ejection fraction; LVESD, Left

ventricular end-systolic diameter; RV, Right ventricle.

and HFrEF groups than in the control group. On the other hand,
sST2 and galectin-3 levels (P = 0.645 and P = 0.436, respectively)
were similar between the HFpEF and control groups (Figure 1).

A comparison of echocardiographic parameters among the study
groups is shown in Table 3. As expected, there was a significant
difference in EF among the groups. Additionally, LVEDD, LVESD,
and LA differed significantly among the groups. Post hoc analysis
indicated that these differences were mainly between the HFrEF
group and the other groups.

Correlation analysis was performed to evaluate the relationships
between galectin-3 and sST2 levels and laboratory and
echocardiographic variables. We observed that sST2 levels
were positively correlated with BNP (r = 0.240, P = 0.002) and
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negatively correlated with EF (r = -0.403, P < 0.001). Similarly,
galectin-3 levels showed a positive correlation with BNP (r =
0.172, P =0.028) and a negative correlation with EF (r=-0.295,
P < 0.001) (Figure 2).

In our study, ROC analysis was performed to determine the
AUC, optimal cut-off values, sensitivities, and specificities
of galectin-3 and sST2 levels in predicting HFrEF and HFmrEF
compared to the control group. ROC curve analyses of sST2 and
galectin-3 for predicting HFrEF are shown in Figure 3. An sST2
value = 18.62 predicted HFrEF with 73.2% sensitivity and 75.6%
specificity (AUC: 0.751, 95% confidence interval [CI]: 0.646-
0.856, P < 0.001). A galectin-3 value = 7.61 predicted HFrEF
with 75.6% sensitivity and 61% specificity (AUC: 0.708, 95%
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Figure 2. Correlation of sST2 and galectin-3 with BNP levels and left ventricular ejection fraction.

BNP, B-type natriuretic peptide; SOLUBLEST2,Soluble stromelysin-2.

Cl: 0.595-0.820, P =0.001). When we compared the AUC values
of sST2 and galectin-3 for predicting HFrEF, we found that the
AUCs of sST2 and galectin-3 were comparable (0.751 vs. 0.708,
P = 0.455). ROC curve analysis of soluble ST2 and galectin-3
levels for predicting HFmrEF is shown in Figure 4. Accordingly,
an ST2 value = 18.78 predicted HFmrEF with 68.3% sensitivity
and 75.6% specificity (AUC: 0.740, 95% Cl: 0.632-0.848, P <
0.001). A galectin-3 value = 7.17 predicted HFmrEF with 75.6%
sensitivity and 58.5% specificity (AUC: 0.672, 95% Cl: 0.555-
0.789, P = 0.007). When the AUC values of sST2 and galectin-3
were compared for predicting HFmrEF, the AUC of sST2 tended
to be higher than that of galectin-3 (0.740 vs. 0.672, P = 0.098).

Discussion

The results of the current study can be summarized as follows:
(1) galectin-3 and sST2 levels were significantly increased in
HF patients compared to the control group; (II) galectin-3

and sST2 levels were significantly higher in the HFrEF and
HFmrEF subgroups compared to the control group, whereas
no significant difference was observed between the HFpEF
and control groups in terms of these two biomarkers; and (lll)
galectin-3 and sST2 levels were positively correlated with BNP
and negatively correlated with left ventricular ejection fraction
(LVEF). EF-based heart failure classification was first defined
in the 2016 ESC HF guidelines as HFrEF, HFmrEF, and HFpEF.
Although sST2 and galectin-3 have been evaluated separately
in these HF subtypes in previous studies, to our knowledge, this
study is the first to examine ST2 and galectin-3 across all three
HF subtypes simultaneously.

Galectin-3 and sST2 are novel biomarkers of inflammation and
fibrosis that have been increasingly used in patients with HF
in recent years. Because inflammation and fibrosis play a very
important role in the natural history of HF, these biomarkers
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Figure 3. Receiver operating characteristic (ROC) curve analysis
of soluble ST2 and galectin-3 levels for predicting heart failure
with reduced ejection fraction (HFrEF).

provide valuable information in this patient population.’However,
both biomarkers are influenced by general pathological processes
such as fibrosis, programmed cell death, and inflammation in
other parts of the body; therefore, they are not specific to the
cardiovascular system.’™ While enrolling patients in our study,
we excluded individuals with conditions such as acute infection,
inflammatory or autoimmune diseases, malignancy, and renal or
hepatic insufficiency to eliminate the effects of potential non-
cardiac factors that may influence galectin-3 and sST2 levels.
Therefore, we suggest that our results were not affected by
these confounding factors.

In the 2016 ESC HF guidelines, HFmrEF was defined for the first
time, and three HF subtypes were classified according to left
ventricular EF: HFrEF, HFmrEF, and HFpEF.’® There are conflicting
results regarding this newly defined HFmrEF subtype. Some
studies have shown an overlap between HFmrEF and the other
two classes, whereas others have not demonstrated such a
relationship."” The etiologic factors for HFrEF and HFpEF are well
known. It has been reported that comorbid conditions, female
sex, and obesity are more frequent in patients with HFpEF." In
our study, we also found that female sex and BMI were higher in
patients with HFpEF compared to other HF subtypes. In addition,
hypertension (HT) and diabetes mellitus (DM) were more common
in these patients compared to those with HFrEF, although the
difference did not reach statistical significance. These findings
obtained in our study support the literature. Although the
pathophysiological pathways in the HFrEF and HFpEF subtypes
are relatively well understood, the pathophysiology of HFmrEF,
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Figure 4. Receiver operating characteristic (ROC) curve analysis
of soluble ST2 and galectin-3 levels for predicting heart failure
with mildly reduced ejection fraction (HFmrEF).

a newer classification, has not yet been fully elucidated. Current
evidence suggests that HFmrEF may result from progressive
deterioration of left ventricular function in patients with HFpEF
or, conversely, from improvement in left ventricular systolic
function in patients with HFrEF."” However, it is also thought
that HFmrEF may be a distinct condition from the other two HF
subtypes. For these reasons, further studies are needed to better
elucidate the pathogenesis of HFmrEF.

Numerous studies have investigated sST2 and galectin-3 levels
in patients with HF. Most have shown that sST2 and galectin-3
levels are elevated and associated with poor prognostic
outcomes in HF patients.’1°-23 In addition, increased galectin-3
levels have been independently associated with an increased risk
of developing HF in the general population.?* Moreover, it has
been reported that sST2, unlike NT-proBNP, is not affected by
age, BMI, renal function, or HF etiology in patients with HFrEF
and is superior to NT-proBNP in predicting one-year mortality in
patients with HFpEF and HFrEF.2>26

Although sST2 and galectin-3 levels have been frequently
examined in patients with HFrEF and HFpEF in previous studies,
data regarding these parameters in patients with HFmrEF are
very limited. Najjar et al.?’ examined sST2 levels in patients
with HFrEF, HFpEF, and a control group. They found that sST2
levels were significantly higher in the HFrEF group compared
with the HFpEF and control groups; however, they observed no
difference between the HFpEF and control groups. In studies
evaluating galectin-3, it was reported that galectin-3 levels
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were associated with the degree of diastolic dysfunction in
patients with HFpEF.?® In addition, a review by Rabkin et al.?®
examined the importance of growth differentiation factor-15
(GD-15), galectin-3, and sST2 in differentiating HFpEF from
HFrEF. They concluded that these three biomarkers alone may
not be sufficient for differentiation between HFpEF and HFrEF,
but their combined use with BNP may be useful. To date, studies
have primarily focused on patients with HFrEF and HFpEF, and
HFmrEF patients have not been included in these studies. In our
study, a control group was included in addition to all three HF
subtypes, allowing for detailed comparisons.

In our study, galectin-3 and sST2 levels were significantly higherin
the HFrEF and HFmrEF subgroups compared to the control group,
whereas they were similar between the HFpEF and control groups.
In a recent study, sST2 and galectin-3 levels were evaluated in
HFrEF, HfpEF, and control groups, and similar to our findings,
sST2 and galectin-3 levels were significantly higher in the HFrEF
group compared to the control group; however, no difference
was observed between the HFpEF and control groups in terms
of sST2 levels.3® Unlike our study, that study found a significant
difference between the control and HFpEF groups with respect to
galectin-3 levels. However, in that study, the number of patients
in the control (n = 30) and HFpEF (n = 172) groups were quite
different, which may have affected the results. In addition, unlike
our study, that study did not include patients with HFmrEF. In
another recent study, galectin-3 and sST2 levels were analyzed in
patients with atrial fibrillation (AF), HFmrEF, and HFpEF.% In the
subgroup analysis of that study, unlike our study, HFmrEF (n = 16)
and HFpEF (n = 71) patients were compared, and no significant
difference was found between the two groups in terms of either
biomarker. This may again be due to the insufficient number of
patients in the HFmrEF group. The fact that a sufficient number of
patients representing all three HF subtypes were examined in our
study makes our findings stronger compared to previous studies.
Considering that galectin-3 and sST2 reflect myocardial strain
and fibrosis, our findings suggest that fibrosis is more prevalent in
the HFmrEF and HFrEF groups than in the HFpEF group, and that
HFmrEF patients are more similar to those with HFrEF. In addition,
the fact that fibrosis was proven to be more common in HFrEF and
HFmrEF patients than in HFpEF patients in previous studies also
supports our findings.3'-33 Since sST2 and galectin-3 also indicate
the risk of future HF development, our results suggest that the HF
subgroup (HFmMrEF) may potentially be included within the HFrEF
group in the future. However, since we have not followed these
patients for a long time, studies with longer follow-up periods are
needed in this regard.

Another important finding of our study was that sST2 and
galectin-3 levels were positively correlated with BNP and
negatively correlated with LVEF. Similar to our findings, previous
studies have reported positive correlations between these
biomarkers and BNP, and negative correlations with LVEF.273°
Several mechanisms may explain the relationship between these
two biomarkers and BNP and LVEF. BNP is released in response
to myocardial tension and is elevated in patients with HF.3* Given
that sST2 and galectin-3 reflect fibrosis, myocardial tension,
and stress, our findings are consistent with the literature. In
addition, left ventricular EF was negatively correlated with these
parameters, indicating that they were more elevated in patients
with lower EF and more extensive fibrosis. These findings also
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partially explain why sST2 and galectin-3 levels may be higher
in patients with HFmrEF than in those with HFpEF.

In our study, we also evaluated the areas under the curve of
sST2 and galectin-3 levels using ROC analysis to predict HFmrEF.
Compared to the control group, sST2 levels tended to have a
higher AUC than galectin-3 levels for predicting HFmrEF (P =
0.098). Although this finding suggests that sST2 may be a better
biomarker, particularly for predicting HFmrEF, it should be noted
that the power of our study for galectin-3 was relatively lower
than that for sST2. Further prospective studies with larger patient
populations are needed to better elucidate the relationship
among HFmrEF, sST2, and galectin-3.

Limitations of the Study

The relatively small number of patients is one of the main
limitations of the present study. Second, the lack of long-term
follow-up and prognostic assessment is another limitation. Third,
performing cardiac magnetic resonance imaging (MRI) to provide
visual evidence of fibrosis would have been useful. However, we
could not perform cardiac MRI because it is not part of routine
clinical evaluation. Assessment with cardiac MRI and analysis of
the relationship between fibrosis level and sST2 and galectin-3
would have increased the clinical value of our study. Fourth, the
inclusion of echocardiographic strain parameters could have further
contributed to our findings. Fifth, we performed a post hoc power
analysis. Although the power of our study was quite high forsST2, it
was slightly lower for galectin-3. Finally, because only outpatients
were analyzed in our study, our results cannot be generalized to
patients presenting with acute decompensated heart failure.

Conclusion

sST2 and galectin-3 levels may help guide EF-based HF
classification in patients with HF. These biomarkers were
significantly higherin patients with HFrEF and HFmrEF, suggesting
potential diagnostic value in identifying these subgroups.
However, no significant differences were observed between
HFpEF patients and the control group. To better establish the
diagnostic significance of these biomarkers, validation in a larger
patient population is required.
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Association of QTc Dispersion with Mortality,
Intensive Care Unit Admission, Intubation, and
Hospital Stay Duration in Acute Methadone
Poisoning

Akut Metadon Zehirlenmesinde QTc Dispersiyonunun
Mortalite, Yogun Bakim Unitesi Kabull, Entlbasyon ve
Hastanede Kalis SUresi ile Iliskisi

ABSTRACT

Objective: The objective of this study is to investigate the prognostic significance of QTc
dispersion (QTcd) in patients with acute methadone poisoning and its association with critical
clinical outcomes, including mortality, Intensive Care Unit (ICU) admission, intubation, and
hospital stay duration.

Method: A retrospective cross-sectional analysis was performed using medical records from
311 individuals who presented with acute methadone toxicity to the Emergency Department of
Loghman-Hakim Hospital Poison Center, Tehran, Iran between March 20, 2023 and June 1, 2023.
Eligibility was based on a confirmed record of methadone ingestion supported by a positive urine
drug screen. To calculate QTcd, the longest and shortest corrected QT (QTc) intervals recorded
across the 12-lead electrocardiogram (ECG) were identified, and their difference was taken. The
final study population included 100 patients, categorized into prolonged QTcd (QTed > 60 ms,
n =50) and non-prolonged QTcd (QTcd < 60 ms, n = 50) groups.

Results: This retrospective study included 100 consecutive patients with acute methadone
poisoning. The mean QTcd was 64.26 + 24.55 ms, significantly higher than in the normal population
(P < 0.001). Comparison of the two groups revealed no meaningful variation in demographic
factors, methadone intake, or time elapsed before Emergency Department (ED) admission (all P >
0.05). Pulse rate was notably higher among individuals with prolonged QTcd (P = 0.03), but there
were no significant differences in other vital signs. Hospital stay duration, ICU admission (n = 8),
need for intubation (n = 6), and mortality (n = 4) were comparable across both groups.

Conclusion: This study indicates that QTcd did not predict major clinical outcomes such as
mortality, ICU admission, or intubation.

Keywords: Methadone, outcome, poisoning, prognosis, QT dispersion, QT interval, QTc
dispersion

OzET

Amag: Bu galismanin amaci, akut metadon zehirlenmesi olan hastalarda QTc dispersiyonunun
(QTcd) prognostik 6nemini ve mortalite, Yogun Bakim Unitesi (YBU) kabull, entlibasyon ve
hastanede kalis stresi gibi kritik klinik sonuclarla iliskisini arastirmaktir.

Yontem: 20 Mart 2023 ile 1 Haziran 2023 tarihleri arasinda Loghman-Hakim Hastanesi Poison
Center, (Tehran, Iran) Acil Servisi'ne akut metadon toksisitesi ile basvuran 311 kisinin tibbi
kayitlar kullanilarak retrospektif, kesitsel bir analiz gergeklestirildi. Dahil edilme kriteri, pozitif
idrar uyusturucu taramasi ile dogrulanan metadon aliminin kayitlarda bulunmasiydi. QTcd
hesaplamak icin 12 derivasyonlu elektrokardiyogramda (EKG) kaydedilen en uzun ve en kisa
dlzeltilmis QT (QTc) araliklan belirlenerek aralanindaki fark alindi. Nihai calisma populasyonu,
QTcd uzamus (QTed > 60 ms, n = 50) ve QTed uzamamis (QTed < 60 ms, n = 50) olarak
siniflandinlan toplam 100 hastadan olustu.

Bulgular: Bu retrospektif galisma, akut metadon zehirlenmesi olan ardisik 100 hastayi
icermektedir. Ortalama QTcd 64,26 *+ 24,55 ms olup normal popllasyona kiyasla anlaml
derecede yUksekti (P < 0.001). Iki grup karsilastinldiginda demografik faktérler, metadon alimi
veya acil servise basvuruya kadar gegen sure acisindan anlamu farkllik gérGlmedi (tim P >
0.05). Nabiz hizi, QTcd uzamis hastalarda belirgin sekilde daha yuksekti (P = 0.03), ancak diger
yasamsal bulgularda anlaml fark bulunmadi. Hastanede kalis stiresi, YBU'ye kabul (n = 8),
entlibasyon gereksinimi (n = 6) ve mortalite (n = 4) her iki grupta da benzerdi.
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Sonug: Bu galisma, QTcd'nin mortalite, YBCI'ye kabul veya entlibasyon gibi 6nemli klinik

sonuglarn 6ngérmedigini gostermektedir.

RAnahtar Kelimeler: Metadon, sonug, zehirlenme, prognoz, QT dispersiyonu, QT araligi, QTc

dispersiyonu

Methadone, a synthetic opioid with an extended duration
of action, is commonly prescribed for managing chronic
pain and assisting in the treatment of opioid addiction.’
Despite its therapeutic benefits, methadone may contribute
to considerable cardiac disturbances, particularly corrected QT
interval (QTc) prolongation, predisposing patients to torsades de
pointes (TdP), a fatal arrhythmia.?? Acute methadone overdose,
whether intentional or accidental, is a significant public health
concern in Iran due to the widespread availability of methadone
through methadone maintenance therapy (MMT) clinics.
The high prevalence of opioid addiction has led to increased
access to methadone, contributing to the risk of overdose.>*
While QTc prolongation has been extensively studied in opioid
maintenance therapy, the role of QTc dispersion (QTcd) as
a prognostic indicator in cases of acute methadone overdose
remains less explored.>®

QTcd quantifies how unevenly the ventricular muscle returns
to its resting state after activation.'” While the normal range of
QTcd remains controversial across studies, most reports suggest
a range between 30 and 60 milliseconds (ms)."#° Increased QTcd
has been linked to heightened arrhythmic risk and adverse cardiac
events in various clinical conditions, including cardiotoxic drug
poisoning.">#? Although numerous studies have demonstrated
QTcd prolongation in patients undergoing long-term methadone
therapy, data on the impact of acute methadone overdose on
QTcd remain limited.™61°

Excessive opioid ingestion can lead to severe cardiac and
systemic complications. Methadone toxicity often necessitates
admission to the intensive care unit (ICU), respiratory support
via mechanical ventilation, and extended hospitalization.>"
However, the relationship between QTcd and critical outcomes
such as mortality, ICU admission, intubation, and length of
hospital stay remains unclear. Understanding this association
could aid in identifying high-risk individuals and support
appropriate clinical actions.

In this retrospective cross-sectional study, we aim to investigate
the prognostic significance of QTcd in patients with acute
methadone poisoning. By examining its association with
mortality, ICU admission, intubation, and hospital stay duration,
this study aims to assess the potential of QTcd as an independent
prognostic marker for unfavorable clinical events in patients with
acute methadone toxicity.

Materials and Methods

Investigative Approach and Patient Enrollment

This study was conducted using a retrospective cross-sectional
design. We reviewed the medical records of patients presenting
with acute methadone overdose to the Emergency Department
of Loghman-Hakim Hospital Poison Center, Tehran, Iran, one of
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ABBREVIATIONS

ACVE Adverse cardiovascular events
AUC Area under the curve

ECG Electrocardiogram

ED Emergency Department

hERG Human ether-a-go-go-related gene
ICU Intensive Care Unit

IQR Interquartile range

MMT Methadone maintenance therapy
QTc Corrected QT

QTcd QTc dispersion

ROC Receiver operating characteristic
TdP Torsades de pointes

TPe Tpeak-Tend

the busiest poison control centers in the world, between March
20, 2023 and June 1, 2023. Patients were enrolled if they had
a history of methadone consumption, either self-reported in
conscious individuals or provided by relatives for unconscious
patients. Acute methadone overdose was defined as methadone
ingestion in non-users or consumption exceeding the usual dose
in regular users, leading to a clinical condition that prompted
them or their companions to seek medical assistance. Patients
who tested negative for methadone in urine analysis or lacked
a documented urine toxicology screen were excluded from
the study. Other exclusion criteria included age less than 15 or
greater than 65 years, incomplete medical records, co-ingestion
of medications or substances known to prolong the QTc interval
or alter clinical outcomes, electrolyte imbalances (hypokalemia,
hyperkalemia, hypocalcemia, hypercalcemia), and preexisting
comorbidities. This study was conducted in accordance with the
principles of the Declaration of Helsinki, and written informed
consent for the use of patient data was obtained from all
patients upon hospital admission. The study was approved by
the Ethics Committee of Shahid Beheshti University of Medical
Sciences (Approval Number: IR.SBMU.RETECH.REC.1404.092,
Date: 27.04.2025).

Sample Size Calculation

A priori sample size estimation was performed using the following
standard formula for comparison of two independent means:
Npergroup:Z(Z‘l 7M2+Z17|3)262/A2
where Z1-0/2 represents the two-sided significance level (a),
Z1-B corresponds to the desired power (1-B), o is the standard
deviation of QTc dispersion (in ms), and A is the minimal clinically
important difference between groups (in ms). Substituting these
values into the formula yielded an estimated sample size of 63
patients per group (a total of 126 participants). However, due to
institutional limitations on data access, electrocardiographic data
were available only for 100 eligible patients.
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Patients with acute Excluded, n = 211
methadone overdose,
Between March 20,
2023, and June 1, 2023

n=311

\ 4

Age <15(n=12)

Age > 65 (n =39)

Incomplete medical
record (n = 52)

\ 4

Co-ingestion of
medications or
substances (n = 62)

Included patients
n =100
78 male

22 female Negative urine

drug screening for
methadone (n=9)

Electrolyte imbalances:
Hypokalemia (n = 7)
Hyperkalemia (n = 8)
Hypocalcemia (n = 5)
Hypercalcemia (n = 3)

Preexisting
comorbidities (n = 14)

Patients with Patients with
prolonged non-prolonged
QTd QTd
(n=50) (n=50)

Figure 1. Flowchart of patient selection and inclusion process.

Data Collection

Demographic variables such as age, sex, history of substance use,
ingested methadone dose, and the interval between methadone
intake and emergency department presentation were collected
from patient records by a primary researcher and independently
verified by a second researcher. Additionally, vital signs on
Emergency Department (ED) admission and primary outcomes
were documented, including tracheal intubation, ICU admission,
hospitalization duration, and in-hospital mortality.

Electrocardiogram (ECG) Analysis

A researcher, blinded to patient outcomes and clinical
characteristics, analyzed the initial ECGs performed in the ED.
An attending cardiologist subsequently rechecked each ECG. QT
intervals were assessed in all 12 leads from the start of the QRS
complex to the termination of the T wave. In the presence of
a U wave, the QT measurement was taken to the lowest point
between the T and U waves. To account for heart rate variability,
the QT interval was adjusted using Bazett's equation, where QTc
is obtained by dividing the observed QT duration by the square
root of the RR interval (QTc = QT / vRR). QTcd was assessed by
subtracting the minimum from the maximum QTc interval across
all 12 ECG leads, with prolongation defined as a QTcd exceeding
60 ms.""2 Patients were then categorized into prolonged and
non-prolonged QTcd groups, and all extracted data were
compared between the two groups.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) software,
version 27 (IBM Corp., Chicago, IL, USA) was used for statistical
analysis. Continuous variables with a normal distribution
(determined by Kolmogorov-Smirnov and Shapiro-Wilk tests) are
presented as mean * SD, and those with a non-normal distribution
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are presented as median and interquartile range (IQR). Comparisons
between groups were conducted using the independent t-test for
normally distributed variables, and the Mann-Whitney U test for
non-normally distributed variables. The Chi-square test or Fisher's
exact test was applied to analyze categorical data. Statistical
significance was defined as a P-value < 0.05. Receiver operating
characteristic (ROC) curves were constructed to evaluate the
ability of QTc dispersion to predict ICU admission, intubation, and
in-hospital mortality. The area under the curve (AUC), sensitivity,
specificity, and optimal cutoff values were determined. To assess
the predictive value of QTcd for major clinical outcomes, we
categorized patients based on the occurrence or non-occurrence
of each outcome, including death, intubation, and ICU admission.
For each outcome, QTcd and other covariates were included in the
univariate analysis. In cases where QTcd yielded a p-value under
0.2, QTcd and all other covariates meeting the same threshold
underwent multivariate logistic regression to identify those with
independent predictive significance. Given the small number of
outcome events, Firth's penalized logistic regression was used to
reduce small-sample bias.

Results

A total of 311 patients presented to Loghman-Hakim Hospital
Poisoning Center with acute methadone overdose between
March 20, 2023 and June 1, 2023. Of these, 211 were excluded
based on the defined exclusion criteria. The final study population
included 100 patients (Figure 1), categorized into two groups:
those with QTcd > 60 ms (prolonged QTcd group, n = 50) and
those with QTcd < 60 ms (non-prolonged QTed group, n = 50).
The cohort had a mean age of 34.83 + 14.16 years, and 78%
of participants were male. The baseline characteristics of the
patients are presented in Table 1.

The mean QTcd was 64.26 + 24.55 ms, which was significantly
higher than the mean in the normal population (33.4 = 20.3 ms,
P < 0.001). There was no significant difference in age (P = 0.09)
or gender distribution (P = 0.81) between the prolonged and
non-prolonged QTcd groups. No patients developed TdP during
hospitalization. The mean time from methadone consumption to
ED admission was 8.45 + 8.34 hours, and the mean methadone
dose was 240.21 + 296.19 mg, with no significant intergroup
differences (P = 0.72 and P = 0.11, respectively).

On admission to the ED, systolic and diastolic blood pressures,
respiratory rates, and oxygen saturation levels were similar
between the two groups, with no significant differences
detected (all P > 0.05). However, the prolonged QTcd group had
a significantly higher pulse rate than the non-prolonged QTcd
group (P = 0.03). Hospitalization duration ranged from 1 to 48
days, without significant differences between groups (P = 0.83).
There were four deaths, six patients who were intubated during
the hospitalization period, and eight patients who required ICU
admission. These outcomes did not differ significantly between
the two groups (Table 1).

In the univariate analysis, QTcd had a p-value < 0.2 for intubation
and ICU admission. Therefore, QTcd and all other covariates with
a p-value < 0.2 were included in the multivariate analysis to
identify independent predictors of these outcomes. However,
the multivariate analysis revealed no significant associations
between the covariates and intubation or ICU admission (all P >
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Table 1. Baseline characteristics, vital signs, electrocardiogram parameters, and clinical outcomes of the patients

Variables

Age, mean (SD) (years)
Gender, n (%)
Male
Female
Addiction history, n (%)
Yes
No
Unknown
Methadone dose, mean (SD) (mg)
Time from methadone consumption to ED, mean (SD) (hours)
Vital signs at admission
Systolic blood pressure, median (IQR) (mmHg)
Diastolic blood pressure, median (IQR) (mmHg)
Pulse rate, median (IQR) (beats/min)
Respiratory rate, median (IQR) (breaths/min)
0, saturation, median (IQR) (%)
ECG parameters
QTc interval minimum, mean (SD) (ms)
QTc interval maximum, mean (SD) (ms)
QTcd, mean (SD) (ms)
Clinical outcomes
Patients intubated, n (%)
Patients transferred to ICU, n (%)
Hospitalization period, median (IQR) (days)
Death, n (%)

Prolonged QTcd group Non-prolonged QTcd group P

(n =50) (n =50)
37.38 (14.78) 32.28 (13.18) 0.09
0.81

40 (80) 38 (76)

10 (20) 12 (24)
0.37

6 (52) 9(38)

2 (24) 6 (32)

2 (24) 5(30)
245.13 (204.89) 234.55 (378.56) 0.11
7.90 (6.82) 9.03(9.74) 0.72
115 (24) 110 (20) 0.79
5(10) 70 (19) 0.87
90 (17) 85 (18) 0.03
16 (4) 16 (4) 0.81
96 (4) 96 (7) 0.70
371.32(27.84) 376.21 (30.35) 0.50

454.08 (31.18) 421.99 (32.32) <0.001
82.75 (20.61) 45.78 (9.77) <0.001

3(6) 5(10) 0.71
1(2) 5(10) 0.20
1(1) 1(1) 0.83
3(6) 1(2) 0.61

ECG, Electrocardiogram; IQR, Interquartile range; mg, Milligram; min, Minutes; mmHg, Millimeter Hg; ms, Milliseconds; n, Number; ED, Emergency department; ICU,

Intensive care unit; SD, Standard deviation.

Table 2. Association between intubation and Intensive Care
Unit admission with clinical features

Dependent Independent OR (95% CI) P
variables variables

Intubation Methadone dose 1.00 (0.99-1.00) 0.97
0, saturation 0.97 (0.70-1.33)  0.85
Hospitalization period ~ 0.56 (0.18-1.73)  0.31
QTcd 0.95(0.89-1.01) 0.14
ICU admission 0, saturation 1.00 (0.99-1.00) 0.98
Hospitalization period ~ 1.00 (0.99-1.00) 0.98
QTcd 1.00 (0.99-1.00) 0.97

ICU, Intensive care unit; Cl, Confidence interval; OR, Odds ratio.

0.05). The odds ratios (OR) and 95% confidence intervals (Cl) for
each variable are presented in Table 2.

To minimize potential bias related to the small number of adverse
outcomes, Firth's penalized logistic regression was applied.
Separate models were constructed for in-hospital mortality,
need for intubation, and ICU admission, including methadone
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dose, oxygen saturation on admission, hospitalization period, and
QTcd as covariates. None of the variables showed a statistically
significant independent association with any of the three
outcomes after adjustment (Table 3).

ROC curve analysis demonstrated that QTc dispersion had good
discriminative ability for ICU admission (AUC = 0.809; optimal
cutoff = 43.6 ms; sensitivity = 85.1%:; specificity = 66.7%) but
lower performance for intubation (AUC = 0.651) and mortality
(AUC = 0.573). The derived cutoff values and diagnostic indices
are summarized in Table 4 and Figure 2.

Discussion

This study sought to assess the prognostic significance of QTcd
in acute methadone toxicity by investigating its association with
major clinical outcomes, including mortality, ICU admission,
intubation, and length of hospital stay. Our findings indicate
that although patients with acute methadone poisoning had
significantly increased QTcd compared to the normal population,
there was no significant correlation between QTcd and adverse
clinical outcomes. Although QTc dispersion was our primary
parameter, we acknowledge that additional electrocardiographic
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Table 3. Firth's penalized logistic regression results for predictors
of in-hospital mortality, intubation, and Intensive ICU admission

Turk Kardiyol Dern Ars 2026;54(3):261-267

Table 4. ROC analysis for corrected QTcd predicting clinical
outcomes

Dependent Independent OR (95% CI) P Outcomes AUC Cut-off  Sensitivity Specificity
variables variables (ms) (%) (%)
Intubation Methadone dose 0.99 (0.99-1.00) 0.35 Intubation 0.651 43.6 84.8 50.0
0, saturation 1.08 (0.87-1.35) 0.44 ICU admission ~ 0.809 43.6 85.1 66.7
Hospitalization period ~ 0.90 (0.33-2.49)  0.85 Mortality 0.573 62.6 75.0 54.2
QTed 0.98 (0.87-1.10) 0.75 ROC, Receiver operating characteristic; QTcd, QT interval dispersion; ICU, Intensive
ICUadmission  Methadone dose 0.9 (0.99-1.00)  0.35 care unit; AUC. Area under the curve.
s saturation 108(087°1.35) 044 and cardiac arrest. Farsi et al.® investigated the association between
Hospitalization period 0.0 (0.33-2.49)  0.85 prolonged QTc and adverse outcomes of methadone overdose,
QTed 0.98(0.87-1.10)  0.75 such as death, endotracheal intubation, and respiratory arrest,
Mortality Methadone dose 0.99 (0.99-1.00) 0.35 identifying QTc as a strong predictor of intubation and respiratory
0, saturation 1.08 (0.87-1.35) 0.44 arrest. In our study, we examined the association between QTcd
Hospitalization period  0.90 (0.33-2.49)  0.85 and adverse outcomes in cases of acute methadone overdose.
QTcd 0.98 (0.87-1.10)  0.75 Both increased QTcd and QTc intervals have been reported in

ICU, Intensive care unit; QTcd, QTc dispersion; OR, Odds ratios; Cl, Confidence
intervals.

indices such as Tpeak-Tend (TPe) could provide complementary
insights into ventricular repolarization heterogeneity.' This study
adds to current knowledge on methadone-induced cardiac
repolarization changes and their prognostic implications in
toxicological emergencies.

Previous studies have consistently shown an association between
QT interval prolongation and methadone use. While Krantz et
al.” found that methadone maintenance therapy is significantly
associated with QTc interval prolongation, a study in Japan'
reported that QTc increased insignificantly in cancer patients
receiving small to modest doses of methadone. However, their
study focused on chronic methadone users rather than acute
poisoning cases. In contrast, our study specifically examined
acute methadone overdose. Manini et al.”* demonstrated that
a prolonged QTc in poisoned patients is a predictor of adverse
cardiovascular events, including myocardial injury, dysrhythmias,

(R) i ROC Curve (B)

Sensitivity

04 08

1 - Specificity

association with methadone use.”* QTcd prolongation has been
observed in both acute and chronic methadone exposure.’®
Dorooshi et al.’ found that QTcd measured at admission did
not differ significantly between patients based on long-term
methadone use; however, it increased significantly in chronic
users 24 hours after hospitalization. QTcd is a non-invasive
indicator of myocardial repolarization heterogeneity and can
predict the risk of arrhythmia.® In our study, the mean QTc
dispersion among methadone-poisoned patients (64.26 + 24.55
ms) was significantly greater than that reported in the general
population (33.4 £ 20.3 ms),'*" supporting the notion that
methadone significantly affects ventricular repolarization.

Methadone-induced QT prolongation and abnormal ventricular
repolarization primarily result from its inhibitory effects on
the human ether-a-go-go-related gene (hERG) potassium
channels, which are crucial for the rapid phase of the delayed
rectifier potassium current (IKr). By blocking these channels,
methadone delays phase 3 of the cardiac action potential,
resulting in delayed repolarization and a heightened risk of
arrhythmias such as TdP.'81

({09} ROC Curve
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=
=
]
[
-
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Figure 2. Receiver operating characteristic (ROC) curve for corrected QT interval dispersion (QTcd) to predict intubation (A),

Intensive Care Unit (ICU) admission (B), and death (C).
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Methadone's effect on cardiac repolarization has been
well established in chronic opioid users, emphasizing the
arrhythmogenic risks associated with prolonged QT intervals.202!
However, in our study of acute methadone poisoning, no cases
of TdP were observed despite significant QTcd prolongation.
This finding aligns with Soroosh et al.,?2 who observed no cases
of TdP in acute methadone overdose, potentially due to the
transient nature of repolarization abnormalities in acute settings
compared to chronic exposure.

Risk assessment in poisoned patients is both challenging and
essential for reducing mortality while optimizing hospital
resource allocation.>™ The prognostic role of QTcd in methadone
poisoning has been investigated alongside other cardiotoxic
agents, such as tricyclic antidepressants, antipsychotics,
benzodiazepines, and various toxins.>' However, our study is
novel in its specific focus on methadone. In these toxicities,
increased QTcd has been associated with heightened arrhythmic
risk and poor clinical outcomes. Consistent with our findings,
Hassanian-Moghaddam et al.®* demonstrated that QTcd does
not appear to be a reliable predictor of death in cases of acute
cardiotoxic poisoning. However, they identified an association
between QTcd prolongation and the subsequent development
of complications, including refractory hypotension and right
bundle branch block. Manini et al.' showed that QTcd was
significantly higher in poisoned patients who experienced at
least one adverse cardiovascular event compared to the control
group. Nevertheless, QTcd was not identified as an independent
predictor of such events. Despite these associations, QTcd
remains an inconsistent predictor of adverse outcomes across
different toxicological settings. Our findings reinforce this
uncertainty, as QTcd in methadone-poisoned patients did not
correlate with mortality or ICU admission. Further research is
needed to establish standardized QTcd thresholds and validate
its utility as a prognostic marker in acute methadone poisoning.

Recent evidence has expanded the understanding of
electrocardiographic predictors in acute cardiotoxicities. Lashin et
al.%2 developed a six-predictor nomogram to estimate the risk of
adverse cardiovascular events (ACVE) among patients poisoned
with various cardiotoxic agents. Their model incorporated three
ECG parameters, including ST-segment changes, prolonged
QTc interval, and widened QRS complex, alongside clinical and
biochemical variables, achieving 89.2% predictive accuracy for
ACVE. Interestingly, despite evaluating several ECG indices, they
reported no significant association between ACVE and other ECG
abnormalities, such as QT dispersion. Similarly, El-Sarnagawy
et al.?® found that both QTd and QTdc failed to correlate with
in-hospital mortality, ICU admission, or ACVE components.
Their ROC analysis confirmed the superiority of QTc over QTd for
outcome prediction, although the discriminatory power remained
limited. Consistent with these findings, our results revealed no
independent association between QTc dispersion and major
clinical outcomes in acute methadone toxicity. Taken together,
these studies suggest that dispersion-based indices may have
limited prognostic reliability in acute poisoning, whereas QTc-
related measures, especially when combined with clinical and
biochemical parameters, may better reflect true cardiac risk.

In our study, a significantly elevated heart rate was observed in
the prolonged QTcd group relative to the non-prolonged group,

266

Taherkhani et al. QT Dispersion and Outcomes in Acute Methadone Poisoning

consistent with existing literature on the interplay between
heart rate and ventricular repolarization variability.’® However, as
numerous studies have indicated, the exact relationship between
heart rate and QTcd remains unresolved.?*?> While heart rate
correction formulas such as Bazett's attempt to standardize
QT interval measurements, they may introduce inconsistencies
when applied to QTc dispersion.??’ In our study, the observed
increase in heart rate among patients with prolonged QTcd may
reflect underlying autonomic dysregulation or compensatory
mechanisms related to methadone toxicity rather than a
direct causal relationship between heart rate and QTcd. Future
investigations should further explore the role of autonomic
function and its impact on QTcd to enhance the clinical utility of
this parameter in risk stratification.

In addition, we performed ROC analyses to evaluate the
discriminative ability of QTc dispersion for predicting major
in-hospital outcomes. The ROC curves demonstrated good
discriminative performance for ICU admission (AUC = 0.809),
but only modest accuracy for intubation (AUC = 0.651) and poor
accuracy for mortality (AUC = 0.573). These findings suggest
that, while QTc dispersion may reflect subclinical myocardial
repolarization abnormalities that could identify patients at higher
risk for intensive care needs, it lacks sufficient discriminatory
power to serve as a stand-alone prognostic tool for severe
outcomes such as death.

Limitations

Itisimportantto recognize the limitations of this study, particularly
the potential for selection bias due to its retrospective design.
Since the results are based on hospital-registered files, the
accuracy and reliability of the collected data may require careful
consideration and review. Additionally, while we used a strict
QTcd cutoff (> 60 ms) to define prolongation, other studies have
used varying thresholds, which could contribute to differences in
reported associations with clinical outcomes. Another limitation
was the absence of prior ECGs, which prevented the assessment
of QTcd changes from baseline. Furthermore, only baseline ECGs
obtained at admission were analyzed, as serial recordings were
not consistently available across cases. Another limitation of
our study was the unavailability of TPe interval measurements,
which have been proposed as additional markers of repolarization
heterogeneity. Unfortunately, TPe data were not consistently
available in our dataset and therefore could not be analyzed.
Some potential prognostic variables, including electrolyte
imbalances and concurrent QT-prolonging medications,
were unavailable for all patients and therefore not included in
regression models. Larger-scale prospective studies are required
to clarify the prognostic value of QTcd in methadone overdose.

Conclusion

Our study demonstrates that acute methadone overdose is
associated with significantly increased QTcd. However, QTcd
did not predict major clinical outcomes such as mortality, ICU
admission, or intubation. These findings suggest that although
methadone toxicity affects ventricular repolarization, the
prognostic utility of QTcd in acute methadone poisoning remains
uncertain. Further research is needed to elucidate the clinical
relevance of QTcd and its role in risk stratification for patients
with acute opioid toxicity.
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Artificial Intelligence and Guideline-Augmented
Prompting in Assessing the Need for Preoperative
Cardiology Consultation

Preoperatif Kardiyoloji Konsultasyonu Gerekliliginin
Dederlendirilmesinde Yapay Zeka ve Kilavuz Destekli
Komut Yonlendirmesi

ABSTRACT

Objective: With the growing elderly population worldwide, the number of annual surgical
procedures has risen substantially, leading to an increase in the demand for preoperative
cardiology consultations. In parallel, recent years have witnessed remarkable innovations in
cardiology driven by advances in artificial intelligence (Al) and machine learning (ML). In
this study, we aimed to evaluate the performance of three widely used Al models: ChatGPT-
5, Deepseek-V3, and Gemini 2.0 Pro, in assessing the necessity of cardiology consultation
in preoperative patients and to explore the potential contribution of guideline-augmented
prompting in this context.

Method: A council consisting of seven cardiologists and seven anesthesiologists was formed.
Each physician evaluated 20 preoperative patient scenarios and provided recommendations on
whether a separate cardiology consultation was necessary. For each case, the majority decision
of the council was accepted as the reference standard. The same scenarios were presented to
the three Al models, and their responses were recorded. Subsequently, the Al models with the
highest concordance were integrated into the decision framework using guideline-augmented
prompting, and the cases were re-evaluated.

Results: Although there was no statistically significant difference, ChatGPT-5 and Gemini 2.0
Pro showed higher concordance than Deepseek-V3 in preoperative consultation decisions (i =
0.706 and x = 0.681, respectively; 85% accuracy). Following the integration of guidelines into
ChatGPT-5 and Gemini 2.0 Pro, the models were re-evaluated and demonstrated improved
performance (x =0.898, 95% accuracy).

Conclusion: ChatGPT-5, Deepseek-V3, and Gemini 2.0 Pro demonstrated effectiveness
in assessing the necessity of cardiology consultation in preoperatively evaluated patients.
Moreover, the integration of guideline-augmented prompting was shown to improve the
accuracy and reliability of Al model performance.

Keywords: Artificial intelligence, ChatGPT, machine learning, preoperative consultation

OzET

Amag: Yasli nifusun artmasiyla birlikte, tim ddnyada yillik cerrahi islemlerin sayisi da dnemli
6lgtide artmustir. Bu durum preoperatif kardiyoloji konsultasyonlarinin artisina neden olmustur.
Buna paralel olarak, son yillarda yapay zeka (YZ) ve makine 6grenimi alanindaki gelismelerin
etkisiyle kardiyoloji alaninda 6nemli yenilikler yasanmistir. Bu galismada, yaygin olarak kullanilan
YZ modellerinden ChatGPT-5, Deepseek-V3 ve Gemini 2.0 Pro'nun preoperatif hastalarda
kardiyoloji konsultasyonunun gerekliligini degerlendirmedeki performansini degerlendirmeyi ve
bu baglamda kilavuz destekli komut yonlendirmesinin potansiyel katkisini arastirmayi amacladik.

Yontem: Yedi kardiyolog ve yedi anestezi uzmanindan olusan bir konsey olusturuldu. Her hekim,
20 preoperatif hasta senaryosunu degerlendirdi ve kardiyoloji konstltasyonunun gerekli olup
olmadigina dair énerilerde bulundu. Her vaka igin konseyin gogunluk karari referans standart
olarak kabul edildi. Ayni senaryolar t¢ YZ modeline sunuldu ve yanitlar kaydedildi. Ardindan, en
ylksek uyum gosteren YZ modellerine kilavuz destekli komut yonlendirmesi kullanilarak géincel
kilavuzlar entegre edildi ve vakalar yeniden degerlendirildi.

Bulgular: istatistiksel olarak anlamli bir fark olmamasina ragmen, ChatGPT-5 ve Gemini 2.0
Pro, ameliyat Oncesi konslltasyon kararinda Deepseek-V3'ten daha ylksek uyum gdsterdi
(k = 0,706, x = 0,681; %85 dogruluk). Kilavuzlann ChatGPT-5 ve Gemini 2.0 Pro'ya entegre
edilmesinin ardindan modeller yeniden degerlendirildi ve performanslarinda iyilesme izlendi (x
=0,898, %95 dogruluk).
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Sonucg: ChatGPT-5, Deepseek-V3 ve Gemini 2.0 Pro'nun preoperatif hastalarda kardiyoloji
konsultasyonu gerekliligini degerlendirmedeki etkinligi kanrtlanmustir. Kilavuz destekli komut
yonlendirmesi YZ modellerinin dogrulugunu arttirmaktadir.

Anahtar Kelimeler: Yapay zeka, ChatGPT, makine 6grenimi, preoperatif konstltasyon

dvances in modern medicine have significantly contributed

to an increase in average life expectancy. As a consequence,
the number of patients requiring major surgical procedures has
also risen steadily over the years. It is estimated that worldwide,
more than 300 million patients undergo surgical operations
annually.” The number of preoperative cardiology consultations
has also increased due to the higher prevalence of comorbidities
in elderly patients and the associated increased risk of ischemic
events.?2 The 2022 European Society of Cardiology (ESC) Non-
Cardiac Surgery Guidelines and the 2024 American College
of Cardiology (ACC) Non-Cardiac Surgery Guidelines, in
conjunction with a multidisciplinary approach, outline which
patients should be referred to cardiology for consultation during
the preoperative assessment.3

Artificial intelligence (Al), which has been gaining ground in
recent years, is a computer technology that attempts to solve
problems by means of human-like thinking abilities.# Al has
introduced key concepts such as machine learning (ML) and
deep learning (DL). Although these terms are closely related
and often used interchangeably, they represent different
approaches and levels of complexity within the broader field
of Al. ML is a technology that allows Al to generate insights
or predictions from existing data by developing algorithms
that best represent the underlying patterns within a dataset.®
DL can be defined as an advanced form of ML that enables
more comprehensive analysis by combining more data.® In
the field of cardiology, Al and ML have increasingly become
the focus of research, serving a variety of purposes such
as the interpretation of radiological and echocardiographic
images, automated analysis of electrocardiograms (ECG), and
the management and risk stratification of specific patient
populations.”® Several studies in the literature have investigated
the feasibility and potential clinical utility of Al in the risk
assessment of preoperative patients.® However, to date, no
clinical studies have specifically investigated the ability of Al
and guideline-augmented prompting to evaluate the necessity
of preoperative cardiology consultation.

In this study, we aimed to evaluate the performance of three
widely used Al models (ChatGPT-5, Deepseek-V3, and Gemini
2.0 Pro) in assessing the necessity of cardiology consultation in
preoperative patients and to explore the potential contribution
of guideline-augmented prompting in this context.

Materials and Methods

A cardiologist developed 20 standardized patient scenarios
that included detailed information on each patient's age, sex,
diagnosis, planned surgical procedure, physical examination
findings, medical history, and additional anamnesis questions
(Supplementary Material: Patient Scenarios). These scenarios

ABBREVIATIONS

ACC American College of Cardiology
Al Artificial intelligence

DL Deep learning

ECG Electrocardiograms

ESC European Society of Cardiology
ML Machine learning

were designed to simulate real-world clinical conditions and
served as the basis for evaluating the necessity of preoperative
cardiology consultation. A council was established consisting
of 14 physicians, including seven anesthesiologists from three
different centers and seven cardiologists from four different
centers. Each council member was individually presented with
the patient scenarios and asked to provide a recommendation
for each case in the format of “"cardiology consultation required”
or "not required." All members responded independently,
indicating the decision they would make when evaluating the
patient in each scenario, without following any predefined
algorithm. The responses were compiled by an independent
cardiologist, and for each scenario, the decision supported
by the majority vote was accepted as the reference standard
(Supplementary Material: Council Decision).

A standardized directive was provided to commonly used Al
systems (ChatGPT-5, Deepseek-V3, and Gemini 2.0 Pro):

"l need your help. You are an anesthesiologist.
I will give you 20 patient scenarios. In these
scenarios, | want you to indicate which patients
require preoperative consultation with cardiology."

Each model was tested separately using this standardized prompt
(Supplementary Material: ChatGPT-5, DeepSeek-V3, and Gemini
2.0 Pro Answers). Following the initial evaluations, the responses
obtained from the Al models were compared with the reference
standard established by the expert panel. As a result of this
analysis, the Al systems that demonstrated the closest agreement
with the council's decisions were selected. Subsequently, the
2022 European Society of Cardiology (ESC) and 2024 American
College of Cardiology/American Heart Association (ACC/AHA)
Non-Cardiac Surgery Guidelines were incorporated into the
models using guideline-augmented prompting.'* Integration
was achieved by manually uploading the guideline documents
into the system. The same 20 case scenarios were then presented
again, and the model's guideline-based responses were obtained
and compared with the initial responses. The models were also
asked to indicate the differences compared to their previous
assessments (Supplementary Material: ChatGPT-5 and Gemini
2.0 Pro with Integration of Clinical Guidelines).
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Statistical Analysis

Data analysis was conducted using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA). For each Al model, the accuracy rate was
calculated as the proportion of responses that were in complete
agreement with the reference standard established by the expert
council. Cohen's kappa coefficient was calculated to evaluate
the models' agreement with the council's decisions. Kappa
values were interpreted according to the classification of Landis
and Koch (1977) as < 0.20 poor, 0.21-0.40 low, 0.41-0.60
moderate, 0.61-0.80 good, and 0.81-1.00 excellent agreement.
The McNemar test was applied to compare the distribution of
decisions among the Al models. In all statistical analyses, a p
value < 0.05 was considered indicative of statistical significance.

Results

In the study, the expert council determined that cardiology
consultation was necessary in 8 of the 20 patient scenarios.
Among the artificial intelligence models, ChatGPT-5
recommended consultation in 11 cases, Deepseek-V3 in 10
cases, and Gemini 2.0 Pro in seven cases. The comparative
distribution of the Al models' recommendations versus the
council's reference decisions is summarized in Table 1.

The consistency of all three Al models with the council's reference
decisions was found to be statistically significant (P < 0.05). Among
the models, the highest consistency was observed with ChatGPT-5
(x=0.706, 85% accuracy). Although Gemini 2.0 Pro demonstrated
the same accuracy rate as ChatGPT, its Cohen's kappa value was
slightly lower (x = 0.681, 85% accuracy). After integrating the 2022
ESC and 2024 ACC non-cardiac surgery guidelines into ChatGPT-5
and Gemini 2.0 Pro, both models were re-evaluated and showed
improved performance (x = 0.898, 95% accuracy).

When comparing the decision distributions among the models,
no statistically significant differences were found between
ChatGPT-5 and the other models (P > 0.05) (Table 2).

Discussion

In this study, we investigated the feasibility of using Al models and
the impact of guideline-augmented prompting on assessing the
necessity of preoperative cardiology consultation. Our findings
demonstrated that all three widely used Al models: ChatGPT-5,
Deepseek-V3, and Gemini 2.0 Pro, showed statistically significant
consistency with the expert panel's decisions (P < 0.05),
indicating that these models are feasible tools for supporting
decision-making in this field. Although there was no statistically
significant difference in performance when the models were
compared directly (P > 0.05), ChatGPT-5 and Gemini 2.0 Pro
demonstrated higher accuracy compared with DeepSeek-V3.
The limited sample size remains a constraint and may affect the
generalizability of these results. Moreover, integrating guideline-
augmented prompting with current clinical guidelines further
enhanced performance, increasing accuracy from 85% to 95%.

Recent clinical investigations have highlighted that ChatGPT may
demonstrate superior performance compared to other general-
purpose Al models, particularly in the evaluation of clinical
case scenarios.”®" In a study conducted by Pierri et al.,” the
performance of ChatGPT-4o, Claude 3.5, and Gemini Flash 1.5
Al models were compared in the field of general cardiology using
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Table 1. Comparison and compatibility analysis between
artificial intelligence model decisions and council decisions

Model Kappa Agreement Accuracy P
level (%)

ChatGPT-5 0.706 Good 85% 0.001
Deepseek-V3 0.600 Moderate 80% 0.006
Gemini 2.0 Pro 0.681 Good 85% 0.002
ChatGPT-5 0.898 Excellent 95% <0.001
(integrated guidelines)

Gemini 2.0 Pro 0.898 Excellent 95% <0.001

(integrated guidelines)

Table 2. Comparison of decision distributions among artificial
intelligence models

Compared models P

ChatGPT-5 vs. Deepseek-V3 1.000
ChatGPT-5 vs. Gemini 2.0 Pro 0.125
Deepseek-V3 vs. Gemini 2.0 Pro 0.250

a set of 70 questions. The results demonstrated that ChatGPT-40
outperformed the other two models in terms of accuracy and
consistency. However, no model demonstrated professional-
level reliability. In another study conducted by Kozaily et al.,’? the
performances of ChatGPT-3.5 and Google Bard Al models were
compared using 30 questions related to the diagnosis, prognosis,
and treatment of heart failure. The findings indicated that
ChatGPT provided more accurate responses overall. However,
it was also observed that some recommendations generated
by both models were either inconsistent with current clinical
guidelines or contradicted real-world clinical practice. In our
study, no statistically significant differences were found when
comparing the decisions of the three models.

Machine learning and deep learning hold significant potential
in the field of medicine. These approaches not only allow for
comprehensive analysis of large-scale datasets but also facilitate
the integration of years of accumulated clinical knowledge
and experience. This enables the identification of previously
unrecognized relationships within clinical decision-support
processes and facilitates the development of predictive models.
Moreover, these Al-based approaches not only enhance the
processing and interpretation of existing data, but also support
the generation of new hypotheses and the creation of predictive
datasets applicable to a wide range of clinical scenarios.”™' In
a study conducted by Yoon et al.,’”® preoperative anesthesia
assessment notes for 717,389 patients were retrospectively
reviewed. Using these notes, the ChatGPT-4, BioClinicalBERT,
and ClinicalBigBird models were trained with ML methods, and
their performances were subsequently compared with those of
expert anesthesiologists and assistant anesthesiologists. The
study demonstrated that Al models performed significantly
better than assistant physicians and similarly well as specialist
physicians. In our study, the same Al models were re-evaluated
after the integration of guideline-augmented prompting.
This approach demonstrated the positive impact of guideline-
augmented prompting on model performance and outcome
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accuracy. Both ChatGPT-5 and Gemini 2.0 Pro, when used with
guideline-augmented prompting, produced identical responses.
The only discrepancy from the council's decision occurred in Case
1. involving acute appendicitis. While the council did not request
cardiology consultation due to the urgent nature of the surgery,
the guideline-integrated Al systems recommended consultation
based on the elevated perioperative cardiovascular risk. If Al
models are to be consulted on specific topics, integrating relevant
literature or data into the model beforehand increases the
consistency and clinical applicability of the responses obtained.

Although advances in Al models are highly promising, they have
also raised a number of ethical concerns and debates. In particular,
sharing patient data with these systems introduces the risk of
cyberattacks and data breaches, which may seriously compromise
patient privacy, data security, and confidentiality.’ Al models
such as ChatGPT, Deepseek, and Gemini are designed as general-
purpose systems and therefore cannot be held accountable for
incorrect or inappropriate decisions, a limitation that may pose
a potential risk of harm to patients in clinical practice. However,
although the ultimate responsibility for patient management
lies with the physician, Al models can serve as valuable tools by
facilitating information exchange on important cardiovascular
diseases, providing clinical insights, and supporting decision-
making processes.”” The results of our study also support the
notion that Al systems supported by guideline-augmented
prompting can assist physicians in preoperative assessment.

The primary limitation of this study is the limited sample size, which
diminishes statistical power and reduces the generalizability of the
findings. Larger-scale studies are needed to validate these results
and further evaluate the clinical applicability of artificial intelligence-
based decision support systems. Nevertheless, the novelty of being
the first study to evaluate the necessity of cardiology consultation
in preoperative patient assessment and to investigate the impact of
guideline-augmented prompting using the same model underscores
the significance and originality of our work.

Conclusion

Commonly used Al models such as ChatGPT-5, Deepseek-V3,
and Gemini 2.0 Pro demonstrated effectiveness in assessing the
necessity of cardiology consultation in preoperatively evaluated
patients. Moreover, guideline-augmented prompting further
improved the accuracy and reliability of Al model performance.
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Management of Bradycardia Before Transcatheter
Aortic Valve Implantation in a Patient with

Mechanical Tricuspid and Mitral Valve Replacement

Mekanik Trikaspit ve Mitral Kapak Replasmani Olan Bir
Hastada Transkateter Aort Kapak Implantasyonu Oncesi
Bradikardi Yonetimi

ABSTRACT

Transcatheter aortic valve implantation (TAVI) has proven to be a safe and effective treatment,
particularly in patients with aortic stenosis and moderate to high surgical risk scores. One
potential complication after TAVI is bradyarrhythmia due to high-grade atrioventricular block,
which may necessitate permanent pacemaker (PM) implantation. We present a case of a
patient with symptomatic intermittent pauses and severe aortic stenosis who underwent
permanent PM implantation via the coronary sinus prior to TAVI, due to a history of mechanical
tricuspid and mitral valve replacements. The subsequent TAVI procedure was successful, and
the patient remained stable without periprocedural complications.

Keywords: Aortic stenosis, pacemaker, valve disease

OzET

Transkateter aort kapak implantasyonu (TAVI), ézellikle cerrahi risk skoru orta ila yUksek olan
aort darligr hastalarinda glvenli ve etkili bir ydntem oldugunu kanitlamistir. TAVI sonrasi olasi
komplikasyonlardan biri, ylksek dereceli atriyoventrikller bloktan kaynaklanan bradiaritmidir.
Bu durumdaki bazi hastalar kalici kalp pili (PM) implantasyonu gerektirebilir. Bu durumda,
semptomatik aralikli duraklamalar ve siddetli aort darligi olan, mekanik trikUspit ve mitral kapak
replasmani dykUsu nedeniyle TAVI dncesinde koroner sinlis yoluyla kalict PM implantasyonu
uygulanan ve ardindan basarili bir TAVI gegiren bir vaka sunduk. Hasta, islem sirasinda herhangi
bir komplikasyon yasamadan stabil kald.

Anahtar Kelimeler: Aort darligi, kalp pili, kapak hastaligi

Transcatheter aortic valve implantation (TAVI) is a safe and effective procedure,
especially for patients with aortic stenosis (AS) who have intermediate to high
surgical risk scores.” A known complication following TAVI is bradyarrhythmia
resulting from high-grade atrioventricular (AV) block.?2 We present a case of a patient
with symptomatic intermittent pauses and severe AS who underwent permanent
pacemaker (PM) implantation via the coronary sinus (CS) prior to TAVI, due to a history
of mechanical tricuspid and mitral valve replacements (TVR and MVR), followed by an
uneventful and successful TAVI procedure.

Case Report

A 68-year-old female with a history of myelodysplastic syndrome, mechanical TVR
and MVR surgery, and atrial fibrillation was admitted to our center with complaints
of shortness of breath, classified as New York Heart Association Class Il. Physical
examination revealed a mechanical prosthetic valve sound and a severe systolic murmur
in the aortic focus on auscultation. Laboratory tests showed a hemoglobin level of 10.1
g/dL, a platelet count of 51 x 103 U/L, and a brain natriuretic peptide (BNP) level of 109
pg/mL. A 12-lead electrocardiogram (ECG) on admission demonstrated atrial fibrillation
with a ventricular rate of 50 bpm and a QRS duration of 90 ms (Figure 1). The patient's
24-hour Holter monitoring revealed a total of 37 pauses ranging from 2.5 to 3 seconds
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in duration (Figure 2). These pauses were strongly associated
with clinical symptoms including presyncope, dizziness, and
severe fatigue, which occurred concurrently with the patient's
complaints of shortness of breath and were temporally correlated
with the documented pauses. Transthoracic echocardiography
(TTE) showed a left ventricular ejection fraction of 60%, with
a significantly enlarged left atrial anteroposterior diameter
of 90 mm. The right ventricle was also dilated, with a mid-
cavity diameter of 30 mm and a basal diameter of 43 mm. The
mechanical tricuspid and mitral valves were functioning normally.
However, the aortic valve was heavily calcified, with mild aortic
valve insufficiency and severe aortic stenosis, (characterized by
an aortic valve area of 0.7 cm?, a peak gradient of 72 mmHg,
and a mean gradient of 39 mmHg). The European System for
Cardiac Operative Risk Evaluation II (EURO-SCORE II) and the
Society of Thoracic Surgeons (STS) score were calculated as
12.04% and 10.8%, respectively. Therefore, the patient was
deemed high surgical risk by the heart team, and a decision was
made to proceed with TAVI. Given the patient's documented
symptomatic bradyarrhythmia with significant pauses, and the
presence of a mechanical tricuspid valve prosthesis that precluded
conventional transvenous right ventricular lead placement, the
heart team decided to implant a single-chamber permanent
PM via the CS approach, two weeks prior to the scheduled TAVI
procedure. This pre-emptive strategy was deemed essential for
both periprocedural temporary rapid ventricular pacing during
valve deployment and potential post-procedural bradyarrhythmia
management. A left axillary vein puncture was performed, and a
9F delivery sheath (Attain Command™ + SureValve™ integrated
valve, Medtronic, Minneapolis, MN, USA) was introduced. Severe
dilation of the right heart chambers (right ventricular [RV] mid:

Symploms
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ABBREVIATIONS

AS Aortic stenosis

AV Atrioventricular

BNP Brain natriuretic peptide

CS Coronary sinus

ECG Electrocardiogram

EURO-SCORE I European System for Cardiac Operative Risk
Evaluation Il

LBBB Left bundle branch block

LVEF Left ventricular ejection fraction

MVR Mitral valve replacement

PM Pacemaker

RBBB Right bundle branch block

RV Right ventricular

SAVR Surgical aortic valve replacement

STS Society of Thoracic Surgeons

TAVI Transcatheter aortic valve implantation

TTE Transthoracic echocardiography

TVR Tricuspid valve replacements

30 mm, RV base: 43 mm) hindered CS cannulation using standard
CS catheters, necessitating the use of a steerable radiofrequency
ablation catheter for successful access. Despite these efforts,
optimal CS venography could not be achieved due to distorted
cardiac anatomy and the absence of an occlusion balloon. The
guidewire was advanced to the most distal accessible location,
identified as the anterior interventricular branch of the CS. Lead
placement in this branch was successfully accomplished with
acceptable electrical parameters (Medtronic, Minneapolis, MN,
USA; threshold: 2.3 V, impedance: 805 Q, sensing: 17.8 mV),

History:
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Figure 1. Twelve-lead electrocardiogram before the transcatheter aortic valve implantation (TAVI) procedure showing atrial
fibrillation, a ventricular rate of 50 bpm, and a QRS duration of 90 ms.
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Figure 2. Twenty-four-hour Holter monitoring demonstrating a 2.6-second ventricular pause during atrial fibrillation.

Figure 3. Twelve-lead electrocardiogram immediately after the transcatheter aortic valve implantation (TAVI) procedure showing
atrial fibrillation, new-onset left bundle branch block, and a QRS duration of 150 ms.

providing adequate pacing support for both the TAVI procedure
and the management of symptomatic pauses (Supplementary
Video 1). After confirming acceptable sensing and pacing
parameters, the lead was connected to the pulse generator,
and the procedure was successfully completed using a standard
approach. One week later, the patient underwent a successful
TAVI procedure under anesthesia. A 29-mm self-expandable
aortic prosthetic valve (Medtronic, CoreValve Evolut, USA) was
successfully implanted (Supplementary Video 1). Ventricular
overdrive pacing was performed via the previously implanted
permanent PM during valve implantation. Postprocedural
aortography revealed minimal aortic valve insufficiency. A post-
procedural peak-to-peak transaortic gradient of 12 mmHg was
measured. There were no periprocedural complications. Post-

274

TAVI 12-lead ECG revealed a new-onset left bundle branch block
(LBBB) with a QRS duration of 150 ms (Figure 3). However, on
the second day, the 12-lead ECG showed intermittent ventricular
pacing rhythm due to pauses, along with improvement of the
LBBB (Figure 4). The patient was discharged uneventfully 48
hours later.

Discussion

The TAVI procedure was first performed and reported by
Cribier et al. in 2002.2 With increasing clinical experience and
advancements in technology, TAVI has become widely adopted
across the globe. During the TAVI procedure, various conduction
system abnormalities, including bundle branch blocks and
atrioventricular blocks, may occur due to the anatomical
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Figure 4. Twelve-lead electrocardiogram on the second day after transcatheter aortic valve implantation (TAVI) demonstrating an
intermittent pacemaker rhythm and improvement of the left bundle branch block.

proximity. While surgical aortic valve replacement (SAVR)
remains the preferred option for patients with low surgical scores
(STS, EURO-SCORE), TAVI is a safe and effective alternative for
appropriately selected elderly patients across all risk groups.
Potential complications following TAVI include vascular injury,
stroke, aortic valve insufficiency, bleeding, and valve malposition.*
According to a meta-analysis, the rate of permanent PM
implantation after TAVI is approximately 15%.° Predictive factors
forthe development of high-degree block after TAVI include right
bundle branch block (RBBB), LBBB, intraventricular conduction
delay, bifascicular block, atrial fibrillation with a low ventricular
rate, male gender, and use of self-expandable valve prostheses.®
Despite advancements in technology and procedural techniques,
high-degree AV block and the subsequent need for permanent
PM implantation remain relevant concerns following TAVI.
Although permanent PM implantation is not required in most
cases of newly developed LBBB after TAVR, studies and current
guidelines indicate that the risk of permanent PM implantation
is higher in patients with a QRS duration > 150 ms, PR duration
> 240 ms, atrial fibrillation (AF), and a left ventricular ejection
fraction (LVEF) < 40%.7 Furthermore, ventricular overdrive
pacing is routinely required during valve implantation, and
periprocedural temporary transvenous pacing may be necessary
in some patients. Therefore, a transvenous temporary PM
electrode is generally placed in the right ventricle. However, the
presence of @ mechanical TVR before TAVI poses an obstacle to
this approach for both overdrive ventricular pacing and temporary
or permanent pacing after the procedure. Overdrive ventricular
pacing during valve implantation can be achieved via a guidewire
placed inside the left ventricle; however, this method cannot be

used for temporary pacing after the procedure. Catheter ablation
targeting atrial arrhythmias has been described in the literature
as an effective treatment strategy for patients with refractory
ventricular pauses, particularly in cases of bradycardia mediated
by vagal reflexes.® Left atrial enlargement, especially with a
diameter exceeding 50 mm, is a significant predictor of poor
outcomes following catheter ablation for atrial fibrillation.® Our
patient presented with severe left atrial dilatation (> 90 mm),
which constituted a major limiting factor for ablation therapy.
Additionally, the patient would have required a permanent PM
in the event of developing high-grade atrioventricular block
due to mechanical compression of the AV node following TAVI.
Therefore, in our case, permanent PM implantation via the CS
was performed two weeks prior to the TAVI procedure. Studies
have shown that ventricular electrode implantation via the CS is
a safe and effective method in patients where right ventricular
pacing is not feasible due to tricuspid valve disease (e.g. atresia,
severe stenosis) and/or TVR.® Alternative pacing modalities
in patients with mechanical TVR present significant technical
challenges. Epicardial lead placement is another option that can
be prophylactically performed during tricuspid valve surgery;
however, it requires a more invasive procedure and is generally
associated with higher pacing thresholds." More recently, leadless
PM implantation through mechanical tricuspid valves has been
reported in isolated cases, though this approach has not gained
widespread acceptance due to limited data regarding potential
effects on valve function.” To ensure safety, a permanent PM
was implanted via the CS route prior to the TAVI procedure in
our patient. The TAVI procedure was then successfully performed
one week later, with no periprocedural complications observed.
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Video 1. (A) Difficult venography performed via the standard delivery
sheath showing the coronary sinus (CS) venous branches. (B) Due to
difficulty advancing the CS electrode into the lateral branches because
of small diameters, the CS electrode was implanted into the anterior
interventricular branch of the CS. (C) Successful transcatheter aortic
valve implantation (TAVI) with minimal aortic insufficiency observed
post-procedure.
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A Noonan Syndrome Mimicking Acute Coronary
Syndrome

Akut Koroner Sendromu Taklit Eden Bir Noonan
Sendromu

ABSTRACT

Noonan syndrome is a genetic disorder that can present with a wide range of clinical
manifestations, making diagnosis challenging. This article presents the case of a 29-year-
old male who presented with chest pain and ST-segment elevation, initially raising suspicion
for acute coronary syndrome. However, coronary angiography revealed only ectasia of the
coronary arteries, with no other pathological findings. A detailed physical examination and
echocardiography revealed a pulmonary murmur, pectus excavatum, and café-au-lait spots.
Additionally, both echocardiography and cardiac magnetic resonance imaging (MRI) showed
localized left ventricular hypertrophy. Genetic testing identified a heterozygous missense
variant in the PTPN11 gene, leading to the diagnosis of Noonan syndrome. This case highlights
the importance of thorough physical examination and multimodal imaging in the diagnosis of
Noonan syndrome.

Keywords: Electrocardiogram, Noonan syndrome, physical examination

OzET

Noonan Sendromu, genis bir klinik yelpazede farkli semptomlarla kendini gosterebilen ve bu
nedenle tanisi zorlayici olan genetik bir bozukluktur. Bu yazida, g8gls agnsi ve ST-segment
elevasyonu ile basvuran 29 yasindaki bir erkek hasta sunulmustur. Ilk asamada akut koroner
sendrom tanisi dlstnilmis ancak koroner anjiyografi sonuglarinda koroner arterlerde ektazi
disinda herhangi bir patolojik bulguya rastlanmamistir. Detayli fizik muayene ve ekokardiyografi
ile hastada pulmoner odakta Uftrdm, pektus ekskavatum ve cafe-au-lait lekeleri gozlemlenmis,
ayrica ekokardiyografide ve kardiyak MRI'da sol ventrikllde lokalize hipertrofi saptanmistir.
Yapilan genetik incelemede PTPN71 geninde heterozigot varyant tespit edilerek hastaya Noonan
sendromu tanisi konulmustur. Bu vaka, Noonan Sendromu tanisinda ayrintili fizik muayenenin
ve multimodalite goruntileme tekniklerinin kullaniminin énemini vurgulamaktadir.

Anahtar Kelimeler: Elektrokardiyogram, Noonan sendromu, fizik muayene

oonan syndrome (NS) is an autosomal dominant inherited condition characterized

by multisystem involvement. The phenotypic presentation can vary widely, and
diagnosis is typically based on a combination of clinical features such as characteristic
facial features, short stature, skeletal abnormalities, cardiac defects, and family history
(Table 1)." The broad spectrum of manifestations can make diagnosis challenging. In
this article, we present a case in which a patient initially presented with symptoms
mimicking acute coronary syndrome, but without typical features of NS such as
short stature, developmental delay, or a family history. The diagnosis was ultimately
established through a detailed physical examination and patient history.

Case Report

A 29-year-old male with no known history of chronic illness presented to the
emergency department with chest pain, described as pressure-like and constrictive.
An initial electrocardiogram (ECG) revealed findings suggestive of ischemia,
prompting measurement of high-sensitivity troponin levels, which were within
normal limits. Given these findings, coronary computed tomography angiography
(CTA) was performed and showed no evidence of coronary plaques or vascular
anomalies. A few days later, the patient presented to another hospital with similar
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chest pain. An ECG performed at the second hospital revealed
ST-segment elevation in the inferior leads and ST-segment
depression in the lateral leads (Figure 1A). Due to the severity
of the chest pain, conventional coronary angiography (CAG)
was promptly performed. CAG revealed ectatic coronary
arteries but no evidence of plaques or thrombus (Figure
1B). Additionally, laboratory tests, including D-dimer levels,
were within normal limits, effectively ruling out differential
diagnoses such as pulmonary embolism and aortic dissection.
Thoracic imaging also showed no pulmonary pathology. The
patient was started on calcium channel blocker therapy, but
his chest pain persisted. Upon a third presentation, physical
examination revealed a pulmonary murmur, prompting
further evaluation with transthoracic echocardiography (TTE).
TTE demonstrated increased wall thickness at the basal
anteroseptum, along with turbulent flow and an elevated
gradient across the pulmonary valve (Figure 1C). These
findings raised suspicion of a genetic cardiomyopathy, leading
to a more detailed physical examination. Notably, the patient
exhibited left palpebral ptosis, marked pectus excavatum, and
café-au-lait spots on the skin (Figure 1D-E-F). Despite these
findings, his height was 180 cm, and there was no family
history of genetic or chronic diseases. Given the constellation
of clinical signs, cardiac magnetic resonance imaging (MRI)
was performed, revealing localized thickening of the basal
anteroseptum up to 21 mm, with patchy enhancement in the
hypertrophic region (Figure 1G-H).

Due to the combination of structural cardiac abnormalities and
syndromic features, molecular genetic testing was conducted
using a clinical exome approach based on next-generation
sequencing (NGS) technology. A heterozygous missense variant
was identified in the PTPN77 (protein tyrosine phosphatase,
non-receptor type 11) gene (NM _002834.5): c.1403C>T,
resulting in a threonine-to-methionine substitution at codon
468 (p.Thr468Met). This pathogenic variant affects a highly
conserved residue within the protein tyrosine phosphatase
domain of SHP2 (Src Homology 2-containing Protein Tyrosine
Phosphatase 2), a critical component of the RAS/MAPK signaling
pathway. Based on these findings, along with clinicaland imaging
features, a diagnosis of Noonan syndrome was established.

Yilmaz et al. Noonan Syndrome

ABBREVIATIONS

CAG Conventional coronary angiography

CFCS Cardio-facio-cutaneous syndrome

CTA Computed tomography angiography

MRI Magnetic resonance imaging

NS Noonan syndrome

PVS Pulmonary valve stenosis

TTE Transthoracic echocardiography
Discussion

Noonan syndrome is classified among a group of hereditary
disorders known as RASopathies, which result from genetic
variants affecting the RAS/MAPK signaling pathway. This
group includes NS, Costello syndrome, cardio-facio-cutaneous
syndrome (CFCS), LEOPARD syndrome (also known as Noonan
syndrome with multiple lentigines or NSML), Legius syndrome,
and several other related conditions.? Although these syndromes
share overlapping phenotypic features, they differ in terms of
their underlying genetic variants. Among the RASopathies, NS
is the most common subtype and is clinically characterized by
cardiac anomalies, distinctive facial features, short stature, and
developmental delays. The estimated incidence at birth ranges
from 1in 1,000 to 1 in 2,500 live births.® NS is typically inherited
in an autosomal dominant manner and is often associated
with de novo variants; however, a recessive form has also been
described more recently.* The broad phenotypic variability and
the age-related attenuation of some features can complicate
clinical diagnosis. Cardiac involvement is one of the hallmark
features of Noonan syndrome. Pulmonary valve stenosis
(PVS) and hypertrophic cardiomyopathy (HCM) are the most
frequently observed cardiac abnormalities, although a range of
other structural cardiac defects has also been reported, further
expanding the phenotypic spectrum (Table 2).?

To date, more than 20 genes have been associated with NS.
Among them, PTPN11, SOS1, RAF1, RIT1, KRAS, NRAS, BRAF,
LZTR1, and SOS2 are the most prominent. Nevertheless,
in approximately 10%-20% of cases, the causative variant
remains unidentified. PTPNT7 was the first gene identified in

Table 1. Diagnostic criteria for Noonan syndrome (van der Burgt, 2007)"°

Feature Major criteria

Minor criteria

1. Facial dysmorphism
low-set ears, etc.

2. Cardiac defects
electrocardiogram (ECG) abnormalities

3. Height
4, Chest wall

Height < 3" percentile
Pectus carinatum or pectus excavatum

5. Family history

6. Other findings
lymphatic dysplasia

Typical facial features (age-dependent), including hypertelorism, ptosis,

Pulmonary valve stenosis, hypertrophic cardiomyopathy, or typical

First-degree relative with a confirmed diagnosis of Noonan syndrome

All three of the following: intellectual disability, cryptorchidism, and

Suggestive but not typical facial
features

Other congenital heart defects

Height < 10* percentile
Broad chest

First-degree relative with suggestive
features of Noonan syndrome

Any one of: intellectual disability,
cryptorchidism, or lymphatic dysplasia

A diagnosis of Noonan syndrome can be made if either of the following combinations is present: Typical facial features (1 major facial criterion) plus one
additional major criterion or two minor criteria OR Suggestive facial features plus two major criteria or three minor criteria.
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(R)

Figure 1. (A) Electrocardiogram (ECG) showing inferior ST-segment elevation. (B) Coronary angiography image demonstrating an
ectatic right coronary artery. (C) Doppler echocardiography showing an increased gradient across the pulmonary valve. (D) Ptosis.(E)
Pectus excavatum. (F) Café-au-lait spots. (G) Cardiac magnetic resonance imaging short-axis view showing increased wall thickness
at the basal anteroseptum (white arrow). (H) Cardiovascular magnetic resonance imaging short-axis view with patchy late gadolinium
enhancement in the hypertrophied segment (white arrow).

Table 2. Cardiac involvement in Noonan syndrome?'2.1¢

Cardiac finding Prevalence (%) Clinical significance

PVS ~50-60% Most common defect; often associated with a dysplastic pulmonary valve
HCM ~20-30% May result in arrhythmias or sudden cardiac death

ASD ~6-10% Frequently of the ostium secundum type

VSD ~5-10% Typically small and hemodynamically insignificant

PDA <5% May persist beyond infancy

Branch pulmonary artery stenosis  ~10% May coexist with pulmonary valve stenosis (PVS)

Coarctation of the aorta Rare (~1-2%) More commonly seen in other RASopathies

Mitral valve abnormalities Uncommon Includes mitral valve prolapse and insufficiency

ECG abnormalities Common (~¥40-60%) Includes left axis deviation, RSR" in V1, and prolonged QTc

Arrhythmias Rare but serious Typically associated with hypertrophic cardiomyopathy (HCM) or accessory pathways

ASD, Atrial septal defect; ECG, electrocardiogram; HCM, hypertrophic cardiomyopathy; PDA, patent ductus arteriosus; PVS, pulmonary valve stenosis; VSD,
ventricular septal defect.

association with NS and remains the most commonly mutated,  regulates multiple intracellular signaling pathways involved in cell
accounting for approximately 50% of all NS cases and 85% of  proliferation, differentiation, and survival. SHP2 plays a critical
cases of LEOPARD syndrome (NSML). PTPN71 encodes SHP2,  role in normal cardiac development and function, and variants
a cytoplasmic enzyme widely expressed across tissues, which  in PTPN77 are most commonly associated with PVS and HCM.>¢
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Noonan syndrome is a complex genetic disorder characterized
by cardiac anomalies, growth retardation, developmental delays,
and neuropsychosocial issues. Long-term follow-up studies
have shown that the mortality rate in individuals with NS is
approximately three times higher than in the general population.
While most deaths are related to severe cardiac conditions,
factors such as cognitive impairments, poor educational
outcomes, and social isolation also negatively impact quality of
life. Therefore, early diagnosis and preventive interventions are
crucial in managing NS. However, the phenotypic heterogeneity
of the syndrome often complicates the diagnostic process.”

In our case, the diagnosis was complicated by several factors.
One of the most significant challenges was the patient's chief
complaint of chest pain, accompanied by ST-segment elevation
in the inferior leads on ECG. While ST elevation on ECG is a critical
finding for the diagnosis of myocardial infarction, studies have
shown that a significant number of patients with hypertrophic
cardiomyopathy also exhibit ST-segment elevation.?? In a study
by Yang et al.,'® ST-segment elevations in patients with HCM
were compared to those in patients with myocardial infarction.
It was found that ST elevations in HCM patients persisted longer
and were more frequently associated with T-wave inversions in
multiple leads, distinguishing them from myocardial infarction
cases. In our patient, follow-up ECGs showed a persistent ST
elevation pattern and T-wave changes in leads V2-V3, findings
consistent with those reported by Yang et al.’”® Additionally,
electrocardiographic findings such as left axis deviation, small
R-waves in the left precordial leads, large S-waves in the right
precordial leads, abnormal Q-waves, and/or a wide QRS complex
have also been reported in patients with NS."

Another challenge in diagnosis was the patient's normal
height. Short stature is a common feature in individuals with
NS, particularly in those with PTPN17 variants. However, some
patients may present with normal height, indicating that
this feature alone is not sufficient to rule out the diagnosis.'
The absence of prominent facial features, such as palpebral
ptosis, further complicated the diagnostic process. Moreover,
the negative family history in this case added another layer of
complexity. Nevertheless, as mentioned earlier, de novo variants
occurina considerable number of cases, indicating that a negative
family history does not necessarily exclude the condition.

As previously discussed, the diagnostic challenges of NS can often
be addressed through detailed anamnesis and a comprehensive
physical examination. Despite several complicating factors
in our patient's case, key clinical findings played a significant
role in reaching the correct diagnosis. The patient exhibited
a prominent pectus excavatum, one of the characteristic
features of NS.” Additionally, the presence of a murmur in the
pulmonary area, skin lesions, and mild left palpebral ptosis were
crucial diagnostic clues. Although the chest deformity made
echocardiographic evaluation more challenging, the use of
multimodal imaging, including cardiac MRI, provided valuable
insights by revealing localized hypertrophy that might have
otherwise been overlooked. The application of advanced imaging
techniques, particularly cardiac MRI, was pivotal in identifying
subtle hypertrophic changes, underscoring the importance of a
multimodal approach in complex diagnostic cases. Furthermore,
the presence of coronary artery ectasia, a finding previously
reported in NS, offered additional support for the diagnosis.™
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Conclusion

This case highlights the diagnostic challenges associated with
NS, emphasizing the importance of a detailed medical history
and comprehensive physical examination in reaching an accurate
diagnosis. Given the heterogeneous clinical presentation, it is
essential to utilize available diagnostic tools, such as cardiac MRI
and other imaging techniques, to support clinical findings. The
combination of careful physical assessment and advanced imaging
can significantly aid in distinguishing NS from other conditions,
ultimately facilitating timely and appropriate management.
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Multimodality Imaging of Neuroendocrine Tumor
with Cardiac Metastasis

Kardiyak Metastazli Noroendokrin TUmorun Multimodal
GoruntUlemesi

42-year-old man with a biopsy-proven neuroendocrine tumor (NET) presented

with progressive dyspnea. Fluorodeoxyglucose (FDG) positron emission tomography
(PET) demonstrated widespread metastatic disease with multifocal myocardial uptake,
predominantly involving the left ventricle (Figure 1A). Transthoracic echocardiography
(TTE) revealed multiple intramyocardial hyperechoic masses (Figure 1B, Video 1). Cardiac
magnetic resonance imaging showed diffuse intramyocardial metastatic infiltration,
with the largest lesion located in the basal anterolateral wall (Figure 1C). Left ventricular
ejection fraction was preserved; however, global longitudinal strain (GLS) was reduced
(Figure 1D). Combination chemotherapy with etoposide and cisplatin was initiated.
Despite a marked reduction in myocardial FDG uptake on post-treatment FDG-PET
(Figure 2A), follow-up echocardiography, including strain imaging, demonstrated
persistence of intramyocardial hyperechoic masses and ongoing subclinical systolic
dysfunction (Figures 2B-C, Video 2).

Figure 1. Pre-treatment multimodality imaging of cardiac metastases from a
neuroendocrine tumor. (A) Baseline axial fused fluorodeoxyglucose positron emission
tomography (FDG-PET) image demonstrating multifocal intense myocardial FDG
uptake, predominantly involving the left ventricle. (B) Parasternal short-axis
transthoracic echocardiography showing multiple intramyocardial hyperechoic
masses. (C) Black-blood spin-echo cardiac magnetic resonance image revealing
diffuse intramyocardial metastatic infiltration, most prominent in the basal
anterolateral wall. (D) Baseline two-dimensional speckle-tracking analysis showing
reduced myocardial tissue deformation, particularly in the basal anteroseptal region
(global longitudinal strain: -11.2%).
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Figure 2. Post-treatment anatomic and metabolic response of cardiac metastases. (A) Follow-up axial fused fluorodeoxyglucose
positron emission tomography (FDG-PET) image demonstrating marked reduction in myocardial FDG uptake, consistent with
significant metabolic regression. (B) Follow-up parasternal long-axis transthoracic echocardiography showing persistence
of intramyocardial hyperechoic masses despite therapy. (C) Follow-up speckle-tracking echocardiography with bull's-eye
representation demonstrating persistently reduced global longitudinal strain (-7.0%), indicating ongoing mechanical dysfunction.

This case illustrates that myocardial metastases from NET
may persist morphologically despite metabolic remission.
Furthermore, echocardiography including strain imaging may
substantially underestimate treatment response, whereas FDG-
PET serves as a robust marker of therapeutic efficacy in cardiac
metastatic disease.

The detection of cardiac involvement in NET requires a high index
of clinical suspicion and recognition of specific imaging "red
flags." Based on multimodality imaging. the following features
should alert clinicians to potential myocardial metastasis:

e On TTE: The presence of multiple, round, well-defined
hyperechoic masses within the myocardium.

Diffuse
to TTE,

e On magnetic resonance imaging (MRI):
intramyocardial metastatic infiltration, similar
particularly involving the left ventricular walls.

e On positron emission tomography (PET) imaging: Multifocal
and intense myocardial FDG uptake, serving as a robust
metabolic indicator of metastatic disease in patients with
known NET.

Management of cardiac metastasis from NET is primarily
dictated by tumor grade and the extent of systemic involvement.
Because cardiac metastases frequently coexist with widespread
systemic disease, systemic therapy remains the cornerstone
of management. In poorly differentiated or aggressive NETs,
combination chemotherapy regimens such as etoposide and
cisplatin are commonly employed. Surgical resection may be

considered for solitary or symptomatic cardiac lesions but is
often limited by the multifocal nature of the infiltration.

Ethics Committee Approval: This is a single case image, and therefore
ethics committee approval was not required in accordance with
institutional policies.
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regarding the possible contribution of the case report to the literature.
The patient gave written and verbal consent for the publication of the
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Video 1. Parasternal short-axis transthoracic echocardiography showing
multiple intramyocardial hyperechoic masses.

Video 2. Follow-up parasternal long-axis transthoracic echocardiography
demonstrating persistence of intramyocardial hyperechoic masses
despite therapy.
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Clock-Time or Sleep-Wake Cycle in the Definition
of Dipper and Non-Dipper Classification:
A Methodological Perspective

Dipper ve Non-Dipper Siniflandirmasinin Taniminda
Saat-Zaman veya Uyku-Uyaniklik Dongusu:
Metodolojik Bir Bakis Agisi

To the Editor,

We read with interest the study by ilis et al." evaluating dipper and non-dipper blood
pressure patterns in hypertensive patients living at moderate altitude. Using ambulatory
blood pressure monitoring (ABPM), the authors reported a high prevalence of the non-
dipper pattern and demonstrated its association with impaired left ventricular global
longitudinal strain (LVGLS), thereby providing valuable insights into subclinical cardiac
involvement in this population.

Nevertheless, we would like to highlight a methodological aspect that may be relevant
to the interpretation of the reported findings.

In the study, dipper and non-dipper classification was based on fixed clock-time
intervals, defined as daytime (06:00-22:00) and nighttime (22:00-06:00). Although
the Methods section refers to "awake" and “sleep” periods, no details are provided
regarding how these periods were determined in relation to individual sleep-wake
cycles. The absence of sleep diaries, patient-reported sleep times, or objective tools
such as actigraphy suggests that the classification was effectively based on predefined
clock-time intervals.

The concepts of dipper and non-dipper hypertension were first introduced by O'Brien et
al.,2 and in this original description, nocturnal and daytime blood pressure values were
assessed using fixed time intervals, consistent with the methodological standards of that
period. This approach was subsequently widely adopted. However, reliance on clock-
time-based definitions has been discussed in the literature for its limited ability to capture
interindividual variability in sleep-wake behavior, particularly in individuals with delayed
sleep onset, shift work, or irregular sleep habits, where misclassification may occur.

In contrast, sleep-wake-based assessment relies on comparing blood pressure
measurements obtained during an individual's actual sleep and wake periods. Consensus
documents on ABPM methodology emphasize that sleep-time and awake-time blood
pressure values should be defined according to individualized sleep—wake cycles rather
than rigid clock-time intervals.? In addition, sleep-wake-based approaches have been
shown to reflect circadian blood pressure patterns more accurately and to enhance the
prognostic value of ABPM.# This perspective is also supported by the 2018 European
Society of Cardiology/European Society of Hypertension (ESC/ESH) guidelines, which
draw attention to the limitations of strict clock-time-based definitions and encourage
more individualized, physiologically grounded assessments when feasible.®

This methodological consideration becomes particularly relevant when the clinical
characteristics of the study population are taken into account. The higher prevalence
of advanced age, diabetes mellitus, and chronic obstructive pulmonary disease in the
non-dipper group suggests a clinical context in which sleep patterns may be more
heterogeneous. Accordingly, the use of clock-time-based classification should be
considered when interpreting the reported non-dipper prevalence and the clinical
implications derived from the findings.
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Astan et al. Clock-Time vs. Sleep-Wake in Dipper Classification

In conclusion, the study by ilis et al." offers important information
regarding hypertension and circadian blood pressure patterns at
moderate altitude. However, the use of fixed clock-time intervals
for dipper/non-dipper classification represents a methodological
limitation that should be acknowledged when interpreting the
results. Future studies incorporating sleep-wake-based definitions
may allow for more accurate risk stratification and clearer clinical
guidance.
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Cumulative LDL-C and Lipoprotein(a) in Elderly
Patients with Hyperlipidemia: Methodological
Considerations and Clinical Implications

Hiperlipidemili Yasli Hastalarda Kimulatif LDL-C ve
Lipoprotein(a): Metodolojik Hususlar ve Klinik Etkileri

To the Editor,

We read with great interest the article by Yurtseven et al.,” recently published in
the Archives of the Turkish Society of Cardiology, which investigated lipoprotein(a)
[Lp(a)] and cumulative low-density lipoprotein cholesterol (LDL-C) as predictors
of coronary artery disease (CAD) in statin-naive elderly individuals with
hyperlipidemia.

The authors found that male sex, cumulative LDL-C, and elevated Lp(a)
independently predict CAD in individuals aged =70 years with LDL-C =160 mg/
dL. The SAFEHEART risk score outperformed SCORE2-O0P in this population.’ Given
the ongoing debate regarding statin initiation in elderly patients, these findings
are clinically relevant. However, we would like to highlight several methodological
and interpretive considerations that warrant further evaluation.

First, the cumulative LDL-C exposure approach, which multiplies a single
measurement by age, should be interpreted with caution. The authors acknowledge
that this method may overestimate lifelong LDL-C burden, as LDL-C levels tend
to increase with age. A single cross-sectional measurement cannot accurately
reflect decades-long LDL-C exposure. Mendelian randomization studies by
Ference et al.? suggest that integrating serial LDL-C measurements over time
provides a more physiologically accurate estimate of cumulative exposure.

Second, the SAFEHEART risk equation was developed and validated in patients
with familial hypercholesterolemia (FH). However, its application in this cohort—
where only 5.4% met the Dutch Lipid Clinic Network criteria for probable FH—
raises concerns regarding external validity. The incorporation of Lp(a) into the
equation may explain its apparent superiority over SCORE2-0OP in this Lp(a)-
enriched cohort, rather than reflecting its performance in the broader elderly
hyperlipidemia population. Therefore, before recommending its widespread clinical
use, SAFEHEART should be prospectively validated in non-FH elderly populations.?

Third, the study population was predominantly female (68.3%), which may have
influenced the observed effect sizes and limited generalizability to elderly men.
Although interaction terms between sex and both Lp(a) and cumulative LDL-C
were not statistically significant, the study was likely underpowered to detect such
interactions given the sample size of 202 patients. In light of evidence suggesting
that sex-specific Lp(a) cut-off values may be warranted for cardiovascular risk
stratification, sex-stratified analyses or the inclusion of a larger cohort would
strengthen the conclusions.*

Fourth, Lp(a) levels were reported in mg/dL rather than nmol/L. Given the well-
recognized interindividual variability in Lp(a) particle size, reporting in nmol/L
is increasingly preferred in contemporary guidelines and improves cross-study
comparability. Additionally, the absence of genetic testing for FH mutations or LPA
kringle-1V type 2 (KIV-2) repeat number leaves the molecular basis of elevated
Lp(a) uncharacterized in this cohort, thereby limiting mechanistic interpretation.>
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Finally, the retrospective, single-center design involving a referred,
symptomatic population introduces Berkson-type bias and limits
the generalizability of the findings to community-dwelling elderly
individuals. Prospective studies with longitudinal follow-up,
incorporating incident cardiovascular events as endpoints rather
than prevalent CAD, will be essential to confirm the prognostic
utility of cumulative LDL-C and Lp(a) in this age group.

In conclusion, Yurtseven et al.' identify Lp(a) and cumulative
LDL-C as underappreciated risk indicators in elderly patients
with hyperlipidemia. In this vulnerable and growing population,
future prospective studies should address the methodological
considerations outlined above to strengthen the evidence base
for lipid-lowering therapy strategies.
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Reply to the Letter to the Editor: Cumulative
LDL-C and Lipoprotein(a) in Elderly Patients with
Hyperlipidemia: Methodological Considerations
and Clinical Implications

Editore Mektup Yaniti: Hiperlipidemili Yasli Hastalarda
KimUlatif LDL-C ve Lipoprotein(a): Metodolojik
Hususlar ve Klinik Etkileri

To the Editor,

We thank the authors' for their interest in our study? and for their thoughtful and
constructive comments regarding our work. We appreciate the opportunity to clarify several
methodological aspects and to further elaborate on the interpretation of our findings.

We agree that estimating cumulative LDL-C exposure using a single measurement
multiplied by age may not fully reflect lifelong lipid burden, and we fully acknowledge the
authors' concern. However, this limitation was already explicitly stated in our manuscript,
where we noted that this approach may lead to a modest overestimation due to age-
related increases in LDL-C levels. Our aim was to provide a practical and clinically
applicable surrogate marker in a real-world elderly population, where long-term serial
lipid measurements are rarely available. Similar approaches have also been reported in the
literature.®> While longitudinal lipid data or Mendelian randomization approaches would
provide a more precise estimation, such data are not always feasible in routine clinical
practice; therefore, our method should be interpreted as a pragmatic approximation.

Similarly, although the SAFEHEART risk equation was originally developed in a familial
hypercholesterolemia population, its use in our study was not intended as a direct
external validation but rather as a comparative tool to explore whether the inclusion
of lipid-related parameters, particularly Lp(a), improves risk discrimination in elderly
individuals with markedly elevated LDL-C levels.* Notably, a substantial proportion
of our cohort was classified as possible or probable FH, which further supports the
relevance of this approach. In addition, Lp(a) levels are known to increase in women
after the menopausal transition, which may partly explain the higher Lp(a) levels
observed in elderly populations independent of FH.> Therefore, it is reasonable that
Lp(a) levels in our cohort were higher than those reported in the general population.”
This also supports the clinical relevance of incorporating Lp(a) into risk assessment in
this age group. Importantly, we clearly stated in our manuscript that the applicability
of SAFEHEART in non-FH elderly populations requires prospective validation, and our
findings should be interpreted as hypothesis-generating rather than definitive.

We also acknowledge that the predominance of female participants may influence
generalizability, a point that was already clearly discussed in the limitations section
of our manuscript. Although interaction analyses between sex and both Lp(a) and
cumulative LDL-C were not statistically significant, we agree that the study may be
underpowered to detect subtle interactions and that larger, more balanced cohorts
would provide further insight into potential sex-specific effects.

Regarding Lp(a) measurement, values were reported in mg/dL in accordance with the
standardized assay used in our center’s routine clinical practice. We agree that reporting in
nmol/L would improve comparability across studies; however, this limitation was already
explicitly acknowledged in our manuscript. Current consensus documents also emphasize
the variability in Lp(a) particle size and the challenges in standardization across assays.®
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Similarly, the absence of genetic testing for FH mutations or LPA
variants was acknowledged, and we agree that such data would
provide additional mechanistic insight.

Finally, we fully agree that the retrospective, single-center
design and the inclusion of a referred, symptomatic population
may introduce selection bias, including Berkson-type bias. This
issue was already extensively addressed in the limitations section
of our manuscript. We clearly stated that our cohort represents a
higher-risk, physician-referred elderly population, and therefore
the findings may not be directly generalizable to community-
dwelling individuals. Importantly, our aim was not to provide
population-level risk estimates but rather to identify clinically
relevant markers associated with prevalent CAD in a real-world
elderly cohort, where decision-making regarding lipid-lowering
therapy remains challenging.

In conclusion, we appreciate the authors' valuable comments,
which highlight important methodological considerations. As
emphasized in our manuscript, our findings should be interpreted
within the context of the study design and its limitations, many
of which were already acknowledged. We believe that our study
contributes to the ongoing discussion on cardiovascular risk
stratification in elderly individuals by suggesting that cumulative
LDL-C exposure and Lp(a) may provide additional clinically
relevant information beyond traditional risk scores. Further
prospective studies are warranted to validate these findings.
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Pulmo: Patient Education in Pulmonary
Hypertension via Artificial Intelligence-Based
Digital Characters

Pulmo: Yapay Zeka Tabanli Dijital Karakterler Araciligiyla
Pulmoner Hipertansiyonda Hasta Egitimi

To the Editor,

Patients with pulmonary hypertension
(PH) and their caregivers often encounter
technical, complex, and emotionally
overwhelming terminology when seeking
information; thiscaninadvertentlyincrease
anxiety and hinder understanding.'?

The key innovation of the Pulmo
project lies in the strategic use of an
anthropomorphic lung character, designed
through artificial intelligence, to mediate
the patient's relationship with medical
information. The character's persona
was meticulously crafted to be warm,
explanatory, trustworthy, and mildly
humorous, with the aim of transforming
the learning experience from a formal,
didactic session into a comfortable
dialogue with a trusted peer.

The visual identity and personality of
Pulmo were established through an
iterative process involving large language
models (e.g., ChatGPT) for initial
conceptualization. Advanced generative
Al tools (e.g., Gemini) were subsequently
employed to create diverse stylistic variations, such as depicting Pulmo in different roles
(e.g., a chef for nutrition content, a yoga instructor for respiratory information) (Fig. 1).
This approach ensured that the character remained visually engaging and contextually
relevant across various topics, while strictly maintaining a consistent and recognizable
core identity to preserve the audience's trust.3

Figure 1. Pulmo's different characters:
(R) Pulmo; (B) Chef Pulmo; (C) Yogi
Pulmo; (D) Traveler Pulmo.

All content is prepared by pulmonary hypertension specialists to ensure clinical
accuracy and compliance with current guidelines and is subsequently reviewed by the
same specialists after Al processing. Only after this human-centered validation is the
information translated into simplified, accessible language.

The Grok Al tool was used to generate natural, fluent, and engaging animations,
utilizing facial expressions and gestures to reinforce messaging and increase relatability.
Additionally, subtitles were systematically added to all videos to ensure accessibility
for users who may be unable to listen to audio content due to their environment or
circumstances. Despite being active on Instagram (@mypulmo) for only one month and
currently providing content only in Turkish, Pulmo has already reached 425 followers. A
YouTube channel has also been created to reach a wider audience and offer content in
different languages (https://youtube.com/@mypulmo?si=6-DI1386gfB2NPr4P).
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Table 1. Sample questions asked by patients to Pulmo

Secondary pulmonary hypertension was diagnosed. What is
secondary pulmonary hypertension?

Why is it so difficult to access medication for pulmonary
hypertension?

What should patients with pulmonary hypertension eat?

Is it safe for a patient with pulmonary hypertension to keep a cat at
home?

Which vaccines should we receive?
What is NT-proBNP? What does a decrease indicate?

Can we use flu medication when we have the flu?

Which herbal teas are beneficial for patients with pulmonary
hypertension?

Would using a triflo device be beneficial?

How far should | walk during the 6-minute walk test?

What should | do to treat anemia?

How much water should | drink daily?

Can undergoing an ablation cause pulmonary hypertension?

| want to do Pilates; is it safe?

Although the project s stillin its early stages, the limited feedback
received indicates that patients frequently ask Pulmo questions
about symptom management and lifestyle changes (Table 1).

At this stage, the study does not include a quantitative or systematic
evaluation of its impact (i.e., improvements in knowledge level,
behavioral change, or clinical outcomes). A formal evaluation of

Turk Kardiyol Dern Ars 2026;54(3):290-291

clinical outcomes and patient knowledge retention is planned. The
current implementation of Pulmo is limited to a single language
(Turkish) and a restricted number of social media platforms, which
may limit the generalizability of the findings. Although the content
is designed to be broadly accessible, its effectiveness across
different age groups, biological sex, educational backgrounds, and
levels of digital health literacy has not yet been systematically
assessed. As an early-stage initiative, Pulmo has not yet evaluated
whether engagement and comprehension differ across patient
subgroups, such as age, biological sex, educational level, or digital
health literacy. While the use of short-form content enhances
engagement, it may also carry a risk of oversimplifying complex
medical concepts, and sex-specific educational needs in PH have
not yet been clearly addressed.
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