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Nonalkolik Yagh Karaciger Hastahiginda
Subklinik Kardiyovaskiiler Risk:
Lipoprotein (A) Gizemi Devam Ediyor
mu?

Cagdas Kaynak' & Bilal Geyik?

Giris
Nonalkolik yagl karaciger hastaligi (NAYKH), giiniimiizde hem hepatik hem
de hepatik olmayan komplikasyonlarla iliskilendirilerek sistemik bir hastalik
olarak kabul edilmektedir (Targher et al., 2021; Qin et al., 2023). Ozellikle
kardiyovaskiiler hastaliklar, NAYKH'nin en yaygin ve oliimciil ekstrahepatik
sonucu olup, subklinik diizeyde baslayan vaskiiler degisiklikler bu hastalarda
artan fibrozis derecesi ile birlikte 6liimciil ve 6liimciil olmayan kardiyovaskiiler
olaylarda artisa sebep olmaktadir (Bonapace et al., 2012; Mantovani et al., 2021).

Bu nedenle NAYKH’na eslik eden kardiyovaskiiler risk faktorlerinin erken
donemde tanimlanmasi, klinik agidan giderek daha biiyiik 6nem kazanmaktadir.

Klasik risk faktorlerinin yam sira son yillarda genetik olarak belirlenen ve
konvansiyonel lipid profillerinden bagimsiz bir biyobelirte¢ olan Lipoprotein(a)
[Lp(a)], prematiir ateroskleroz agisindan potansiyel bir risk gdstergesi olarak
aragtirllmaktadir (Berglund & Ramakrishnan, 2004; Tsimikas, 2017). Geng
eriskinlerde Lp(a)’y1 NAYKH i¢in prediktor olarak gdsteren yayinlar olsa da
(Chulkov et al., 2024) bu konuda tutarsiz sonuclar ortaya koyan yayinlar
sebebiyle bu parametrenin klinik degeri halen tartigmali olmaya devam
etmektedir (Kouvari & Mantzoros, 2023; Andrikou et al., 2024).

Bu ¢ercevede 2017 yilinda yaymladigimiz calismada, NAYKH tanis1 almis
bireylerde Lp(a) diizeyleri ile prematiir aterosklerozun gostergesi olan karotis
intima-media kalinhg (IMK) arasinda anlamli bir iliski saptanmanmst (Kaynak
& Geyik, 2017). Bu sonug, o donemde Lp(a)’'nin bu hasta grubunda
kardiyovaskiiler riski yansitan bir biyobelirte¢ olmayabilece§i yoOniinde
yorumlanmisti. S6z konusu yayin, yazarin lisansiistii tez ¢alismasma dayali
olarak hazirlanmis ve erken donem veriler 1518inda Lp(a) konusuna bolgesel bir
katki sunmustur.

' Dr.Ogr.Uyesi, Siirt Egitim Arastirma Hastanesi Kardiyoloji Boliimi,
ORCID: 0000-0002-7629-9796
2 Prof. Dr., Corlu Ozel Vatan Hastanesi Kardiyoloji Boliimii,
ORCID: 0000-0001-8911-9793
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Ancak son yillarda NAYKH ve Lp(a) lizerine yapilan arastirmalarin sayisinda
dikkate deger bir artis yaganmus; farkli cografyalarda, farkli hasta profilleriyle
yapilan calismalarda cesitli sonuglar bildirilmistir (O'Donoghue et al., 2019;
Andrikou et al., 2024).

Bu kitap boliimii, yazarlarin lisansiistii tez ¢alismasina ve 2017 yilinda tezden
iretilen yaymnin bulgularina dayanarak Lipoprotein(a)’nin NAYKH’deki
subklinik ateroskleroz tizerindeki roliinii giincel literatiir dogrultusunda
degerlendirmeyi amaglamistir (Kaynak & Geyik, 2017). Amag yalnizca 6nceki
bulgularin gegerliligini tartismak degil, ayn1 zamanda son yillarda bu alanda
ortaya c¢ikan bilimsel gelismeleri sentezleyerek, Lp(a)’nin subklinik
kardiyovaskiiler risk belirleyicisi olarak NAYKH’daki potansiyelini sorgulayict
bir bakis agisiyla irdelemektir.

Bu kapsamda, Lp(a)’nin yapisal ve patofizyolojik ozellikleri, NAYKH ile
iliskili olabilecek mekanizmalari, literatiirdeki celiskili bulgular sistematik
bicimde ele alinacaktir. Boliimiin sonunda ise, elde edilen bilgilerin klinik
yansimalar1 ve gelecekte bu alanda yapilmasi gereken arastirmalar iizerinde
durulacaktir.

Lp(a)’min Yapisi, Genetik Ozellikleri ve Aterojenik Potansiyeli

Lp(a) yapisal olarak disiik yogunluklu lipoprotein (LDL) partikiiliine
benzemekte olup, 6zgiin olarak apolipoprotein B-100 (apoB-100) molekiiliine
distilfit baglari ile bagli, yiiksek oranda glikozillenmis apolipoprotein(a) [apo(a)]
igermektedir (Tsimikas, 2017). Bu yapis1 sayesinde Lp(a), hem lipid tasiyicisi
hem de protrombotik ve antifibrinolitik etkileri olan bir molekiil olarak
tanimlanir. Apo(a)’nin yapisinda, plazminojene homolog olan kringle yapi
bolgeleri yer almakta ve bu yapi, fibrin baglanmasi, plazmin olusumu ve
fibrinoliz mekanizmalarini etkileyerek trombojenik potansiyel
olusturabilmektedir (Koschinsky & Marcovina, 2004).

Lp(a) diizeyleri biiyiik oranda genetik olarak belirlenmektedir. Ozellikle LPA
geni tarafindan kodlanan apo(a) proteininin kringle IV tip 2 tekrar sayisindaki
varyasyon, plazmadaki Lp(a) diizeylerini dogrudan etkilemektedir (Thanassoulis
etal., 2013). Lp(a) diizeyleri yasam boyunca biiyiik 6l¢iide sabit kalmakta, diyet,
egzersiz veya statin gibi lipid diisiiriici tedavilerden ise genellikle
etkilenmemektedir (Berglund & Ramakrishnan, 2004).

Aterosklerotik siirecte Lp(a)’nin rolii, hem yapisal hem de fonksiyonel
Ozellikleri ile agiklanabilir. LDL yapist nedeniyle damar duvarinda birikme
potansiyeli tasirken, apo(a)’nin inflamasyon ve trombozla iliskili etkileri de
vaskiiler hasar1 artirabilmektedir (Tsimikas et al., 2020). Bu nedenle Lp(a),
yalnizca kolesterol tasiyan bir lipoprotein degil, ayni zamanda vaskiiler
inflamasyonu, endotel disfonksiyonunu ve tromboz riskini artiran ¢ok yonlii bir
aterojenik partikiil olarak degerlendirilmektedir.
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Son yillarda yapilan ¢aligmalar, Lp(a)’nin sadece major kardiyovaskiiler
olaylarla degil, ayn1 zamanda subklinik ateroskleroz belirtegleri olan arteriyel
sertlik, karotis IMK ve koroner arter kalsifikasyonu (KAK) skoru ile de iligkili
oldugunu ortaya koymustur (Koschinsky & Marcovina, 2004; O'Donoghue et al.,
2019; Mehta et al., 2022).

NAYKH ve Subklinik Kardiyovaskiiler Risk

NAYKH giintimiizde yalnizca karacigeri etkileyen lokal bir hastalik degil,
ayn1 zamanda sistemik kardiyometabolik riskin onemli bir gostergesi olarak
kabul edilmektedir. Artan sayida arastirma, NAYKH’nin subklinik
kardiyovaskiiler degisikliklerle yakindan iligkili oldugunu gostermektedir. Bu
degisiklikler arasinda arteriyel sertlik, endotel disfonksiyonu ve karotis IMK gibi
parametrelerdeki bozulmalar 6n plana ¢ikmaktadir (Zheng et al., 2018; Tan &
Zhou, 2023).

Kirk yas iizeri bireylerde yapilan ¢alismalarda, NAYKH varlig1 ile karotis
IMK ve brakiyal-ankle nabiz dalga hizi gibi noninvaziv vaskiiler belirtegler
arasinda anlamli iligkiler gosterilmistir (Zheng et al., 2018). Erken evre
NAYKH’da dahi sistemik inflamasyon, insiilin direnci ve oksidatif stresin
etkisiyle endotel fonksiyonlari bozulabilmekte ve bu durum, sessiz ilerleyen
aterosklerotik siireci baglatabilmektedir (Tan & Zhou, 2023). Giincel olarak 2024
yilinda yapilan bir calismada da NAYKH’da fibrozis derecesi ilerledikge
kantitatif olarak &lgiilen arteriyel sertlikte ve karotis IMK degerlerinde belirgin
artiglar goriildiigii bildirilmistir (Shi et al., 2024).

Bu iliski, farkli cografyalarda yapilan calismalarla da desteklenmektedir.
Misir’da yapilan ve NAYKH olan bireylerle saglikli kontrollerin karsilastirildigi
calismada, NAYKH grubunda karotis IMK’nin anlaml diizeyde yiiksek oldugu
bildirilmigtir (Riad et al., 2017). Bu bulgu, NAYKH’ nin etnik farkliliklardan
bagimsiz sekilde vaskiiler yapiy1 etkiledigini gostermektedir.

Tim bu verileri bir araya getiren giincel bir meta-analizde, NAYKH'nin
subklinik ateroskleroz ile giiclii bir iligki icinde oldugu gosterilmistir. Hem Asya
hem de Bati toplumlarindan elde edilen verilerin dahil edildigi bu g¢aligma,
NAYKH tanisi ile artmis karotis IMK ve KAK skoru arasinda istatistiksel olarak
anlamli bir bag bulundugunu ortaya koymustur (Wong et al., 2021). Bu bulgu,
NAYKH’nin klinik olarak belirti vermeyen ancak ilerleyici dogaya sahip
aterosklerotik siireclerde merkezi bir rol oynayabilecegini diisiindiirmektedir.

Sonug olarak, NAYKH tanis1 alan bireylerde yalnizca karaciger fonksiyonlari
degil, ayn1 zamanda subklinik kardiyovaskiiler risk gostergelerinin de izlenmesi
gereklidir. Bu erken donemdeki degerlendirme, ileride gelisebilecek ciddi
kardiyovaskiiler olaylarin 6nlenmesi agisindan biiyiik 6nem tagimaktadir.



NAYKH’da Lp(a)'min Rolii ve Celiskili Literatiir Bulgular:

Lp(a) aterosklerotik kardiyovaskiiler hastaliklarin 6nde gelen genetik risk
faktorlerinden biri olarak kabul edilmesine ragmen, NAYKH ile iligkisi iizerine
yapilan aragtirmalar tutarsiz sonuglar ortaya koymustur. Lp(a), karaciger kaynakli
bir lipoprotein olup hem LDL benzeri aterojenik bir ¢ekirdek hem de plazminojen
benzeri apo(a) komponenti igerdiginden, hepatik fonksiyon bozukluklarryla
etkilesim kurma potansiyeline sahiptir. Ancak NAYKH nin farkli evrelerinde
(6rnegin basit steatoz, nonalkolik steatohepatit [NASH], fibrozis) Lp(a)
diizeylerinin nasil degistigine dair ¢alismalar olmamakla birlikte son yayinlanan
caligmalarda diisiik Lp(a) diizeyleri ile NAYKH siddeti arasinda anlamli iligki
gosterilmesi bu durumla ¢eliskili durmaktadir (Jung et al., 2020; Li et al., 2025).

Bu ¢aligmalarda NAYKH tanisi almis bireylerde Lp(a) diizeylerinin saglikli
bireylere gore diisiik olmasi karacigerdeki yaglanmanin Lp(a) sentezini
baskilayabilecegi veya metabolizmay1 degistirebilecegi yOniinde
yorumlanmaktadir. Bunu destekler nitelikte Lp(a) iizerine yazilan derleme bir
makalede karaciger hasar1 artikca Lp(a) diizeylerinin normal saglikli popiilasyona
gore azaldigi vurgulanmistir. Ayrica ileride yapilacak caligmalarda standart
Olglim yontemleri ile birlikte yas, cinsiyet, metabolik kosullar ve genetik
farkliliklarin mutlaka degerlendirilmesi gerektigi belirtilmistir (Enkhmaa &
Berglund, 2022).

Ancak daha giincel yayinlar, bu genel tabloya alternatif bulgular sunmaktadir.
Koreli bireyler lizerinde yapilan retrospektif boylamsal bir ¢alismada, yiiksek
Lp(a) diizeylerinin NAYKH gelisimiyle anlamli sekilde iliskili oldugu
gosterilmis ve Lp(a)’nin hepatik yaglanmanin patogenezinde rol oynayabilecek
potansiyel bir biyobelirteg olabilecegi ileri siiriilmiistiir (Nam et al., 2024). Uyku
apne sendromu olan hastalarda yapilan kesitsel bir ¢calismada NAYKH evresi
artikga hastalarin karotis IMK artt1§1, Lp(a) seviyelerinin ve uyku apne siddettinin
arttig bildirilmistir (Sukahri et al., 2021).

Yine boliim yazarlari tarafindan yayinlanan tez calismasinda, Grade 2-3
hepatosteatoz grubunda Lp(a) diizeylerinin kontrol grubuna kiyasla anlaml
olarak yiiksek oldugu saptanmistir (Kaynak & Geyik, 2017). Bu bulgu, Lp(a)’nin
Ozellikle hastaligin ileri evrelerinde klinik anlaminin artabilecegini
diisiindiirmektedir.

Tiim bu veriler 15181nda, Lp(a)’nin yalnizca diizeyinin degil, fonksiyonel
etkilerinin de incelenmesi gerektigi anlasilmaktadir. Okside fosfolipit tagima
kapasitesi, inflamatuvar yanitlar diizenleme yetenegi ve endotelyal disfonksiyon
tizerindeki etkileri gibi faktorler, Lp(a)’nin NAYKH ile iligskisini anlamada
anahtar olabilir (Lampsas et al., 2023; Masson et al., 2024).

Sonug olarak, Lp(a) ile NAYKH arasindaki iliski dinamik, evreye 6zgii ve cok
boyutlu bir etkilesim gdosterebilir. Bu baglamda, Lp(a)'nin hem hepatik hem
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kardiyovaskdiler risk tahmininde kullanimi1 konusunda uzun vadeli, cok merkezli
prospektif ¢alismalara ihtiyag vardir. Klinik uygulamalarda ise Lp(a) diizeyinin
ozellikle ileri evre NAYKH olgularinda bireysellestirilmis risk siniflamasina
katki sunabilecegi géz 6niinde bulundurulmalidir.

NAYKH’da Prematiir Aterosklerozun Gaostergesi Olarak Lp(a):
Potansiyel Bir Biyobelirte¢ mi?

NAYKH sadece hepatik yag birikimiyle sinirli kalmayip, metabolik ve
inflamatuvar yollar araciligiyla erken kardiyovaskiiler hasara yol acabilen
sistemik bir durumdur. Prematiir aterosklerozun bu hastalardaki sinsi seyri,
subklinik diizeyde kalp-damar hastaligi riski tasiyan bireylerin erken
belirlenmesini 6nemli kilmaktadir (Wong et al., 2021).

Bu ¢ergevede Lp(a), aterojenik, proinflamatuvar ve trombojenik 6zellikleriyle
prematiir aterosklerozun biyokimyasal belirteglerinden biri olarak arastirmalara
konu olmustur (Lampsas et al., 2023). Ancak NAYKH popiilasyonunda
Lp(a)’nin prediktif degeriyle ilgili literatiir farklt ve bazen ¢eligkili sonuglar
ortaya koymustur.

Boliim yazarlan tarafindan yapilan lisansiistii tez ¢alismasinda, Grade 23
hepatosteatoz saptanan NAYKH’da, saglikli bireylerle karsilastirildiginda Lp(a)
diizeylerinin anlamli diizeyde yiiksek oldugu ancak bu yiiksekligin karotis IMK
gibi prematiir ateroskleroz gostergeleriyle anlamli iliskili olmadig1 gosterilmistir
(Kaynak & Geyik, 2017). Bu durum, Lp(a)’nin NAYKH’da biyolojik olarak
artmasina ragmen, kardiyovaskiiler risk degerlendirmesi agisindan sinirli yorum
giiciine sahip olabilecegini gostermektedir.

Benzer sekilde giincel bir calismada da (Mehta et al.,, 2023) Lp(a)
diizeylerinin biyopsi ile tespit edilen NAYKH ciddiyeti ile ters iligkili oldugu,
ayrica NASH hastalarinda NAYKH gore %50 daha az Lp(a) diizeylerinin
goriildiigii belirtilmistir. ilging olarak bu calismada NAYKH ciddiyeti ile yiiksek
dansiteli lipoprotein (HDL), trigliseridler, apolipoprotein-B (ApoB) ve LDL
partikiil konsantrasyonu dahil olmak iizere aterojenik dislipideminin diger
belirtegleri arasinda direk iliski oldugu, bu bulgunun NAYKH’daki
kardiyovaskiiler risk artisindaki prognoz {izerinde etkileri olabilecegi
vurgulanmagtir.

Ote yandan konuyla ilgili yapilan bir baska ¢alismada (Konishi et al., 2020)
ileri evre NASH hastalarinda Lp(a) diizeylerinin anlamli bigimde diisiik oldugu
ve bu nedenle kardiyovaskiiler risk degerlendirmesinde kullanilabilirliginin
sorgulanabilecegi belirtilmistir. Bu bulgu, karaciger fibrozisinin ilerlemesiyle
birlikte Lp(a) metabolizmasinin farklilasabilecegini ve sistemik dolasimdaki
diizeylerinin yaniltici olabilecegini diisiindiirmektedir.

Bu baglamda, konu ile ilgili gerceklestirilen son giincel sistematik derleme ve
meta-analizde, NAYKH’da dolasimdaki Lp(a) diizeylerinin genel popiilasyondan
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anlamh sekilde farkli olmadigi saptanmistir (Nikoli et al., 2024). Yazarlar, bu
nedenle Lp(a)’nin NAYKH’na 6zgii bir kardiyometabolik risk belirteci olarak
kullaniminin smirli olabilecegini belirtmiglerdir. Bu bulgular, literatiirdeki
negatif sonug¢larin nedenleri arasinda heterojen hasta popiilasyonlari, karaciger
hastaliginin evre farkliliklari, Lp(a) metabolizmasinda genetik c¢esitlilik ve
inflamatuvar yiikiin bireyler arasinda degisimi gibi faktorlerin yer aldigimi
gostermektedir.

Klinik uygulamalarda Lp(a) diizeyleri, NAYKH’da kardiyovaskiiler risk
degerlendirmesinde tek basina belirleyici bir parametre olarak degil, genisletilmis
metabolik ve inflamatuvar degerlendirme panelleri ile birlikte ele alinmalidir. Bu
alanda yapilacak evreye 0zgii, prospektif ve uzun donemli ¢alismalar, Lp(a)’nin
NAYKH’daki yerini daha net ortaya koyacaktir.

NAYKH’da Lp(a) ve Sessiz Kardiyovaskiiler Risk Uzerine Gelecekteki
Bilimsel Yaklasimlar

NAYKH ve subklinik kardiyovaskiiler hastaliklar arasindaki iligki,
giiniimiizde hizla artan epidemiyolojik yiik nedeniyle daha fazla dikkat
gerektirmektedir. Bu alanda yapilan g¢aligmalarin 6nemli bir kismi kesitsel
tasarima sahip olup, nedensellik iliskisini ortaya koymada yetersiz kalmaktadir
(Wong et al., 2021; Masson et al., 2024). Dolayisiyla, ileriye doniik oneriler su
basliklar altinda toplanabilir:

1. Evre Bazli ve Uzun Sireli Takip Calismalar::

NAYKH’nin evrelerine gore ayrildigi, karaciger histolojisinin net olarak
tamimlandig1 ve Lp(a) gibi biyobelirteclerin uzun donemli kardiyovaskiiler
sonuglarla iliskilendirildigi prospektif kohort ¢alismalara ihtiya¢ vardir (Konishi
et al., 2020). Ozellikle ileri fibrozis veya NASH varliginda Lp(a)
metabolizmasinin farklilagtigt g6z Oniinde bulundurularak, bu gruplarda
yapilacak alt analizler aydinlatici olacaktir.

2.  Cok Merkezli ve Genetik Temelli Calismalar:

3. Lp(a) diizeylerinin bireyler arasi biiyiik farklilik gostermesi, genetik
varyantlarin etkisini aragtirmay1 gerekli kilmaktadir. Bu nedenle, ¢gok merkezli,
farkli etnik gruplan kapsayan ve genetik polimorfizm analizi i¢eren ¢aligmalar,
Lp(a)’nin gercek etkisini daha dogru yansitabilir (Nikoli et al., 2024).

4. Kombine Biyobelirtec Panelleri:

5. Tek basma Lp(a) yerine, trigliserid-glukoz indeksi (TyG indeksi), KAK
skoru, AIP, CRP gibi metabolik ve inflamatuvar parametrelerle kombine edilmis
biyobelirte¢ panelleri gelistirilerek NAYKH’da subklinik kardiyovaskiiler risk
degerlendirmesi daha hassas hale getirilebilir (Mehta et al., 2022; Tan & Zhou,
2023; Mehta et al., 2023; Kaynak & Geyik, 2025).
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6. Yapay Zeka ve Goruntiilleme Tabanlh Yaklasimlar:

KAK skoru, karotis IMK, ekokardiyografi gibi goriintiileme yéntemleri ile Lp(a) ve diger
biyobelirteclerin birlikte degerlendirilecegi, yapay zeka algoritmalart ile risk tahmin
modellerinin gelistirilecegi ¢aligmalara ihtiyag vardir.

7. Tedaviye Yonelik Calismalar:

Son yillarda Lp(a)’y1 hedefleyen tedavilerin gelistirilmesiyle birlikte, NAYKH olan
bireylerde bu ajanlarin etkisini degerlendiren randomize kontrollii ¢aligmalara gereksinim
duyulmaktadir (Lampsas et al., 2023).

Tiim bu bagliklar altinda {iretilecek kaliteli bilimsel veriler, NAYKH nin

kardiyovaskiiler risk acisindan daha etkin siniflandirilmasini ve Onleyici
stratejilerin gelistirilmesini miimkiin kilacaktir.

Sonug¢

NAYKH sadece hepatik bir patoloji olmanin 6tesinde, sistemik inflamasyon
ve metabolik bozukluklar araciligiyla subklinik kardiyovaskiiler riski artiran
kompleks bir sendrom olarak degerlendirilmektedir. Son yillarda yapilan
caligmalar, bu hastalik grubunda kalp-damar hastaliklarinin erken belirteclerine
olan ilgiyi artirmis, Ozellikle Lp(a) gibi biyobelirteclerin rolii yeniden
sorgulanmaya baglanmistir. Bu kitap boliimiinde sunulan giincel literatiir
bulgulan 15181nda, Lp(a)’min NAYKH’da kardiyovaskiiler risk ongoriistindeki
yerinin hala tartismali oldugu goriilmiistiir. Farkli hasta poptilasyonlari, karaciger
hastaliginin evresi ve genetik degiskenlikler, mevcut bulgular arasindaki
tutarsizliklarin temel nedenlerini olusturabilir. Ozellikle ileri evre fibrozisi olan
hastalarda Lp(a) diizeylerinin degiskenlik gostermesi, bu biyobelirtecin tek
bagina kullanimi yerine, diger metabolik ve inflamatuvar parametrelerle birlikte
degerlendirilmesini gerekli kilmaktadir. Gelecekte yapilacak ¢ok merkezli, uzun
donemli ve evre-temelli calismalar, bu konudaki belirsizlikleri azaltacak ve
NAYKH’da kardiyovaskiiler risk siniflamasinda daha hassas yaklagimlarin
gelistirilmesine katki saglayacaktir.

Tesekkiir: Bu boliimiin hazirlanmasinda, yazarin Trakya Universitesi Tip
Fakiiltesi’'nde gergeklestirdigi “Nonalkolik Yagli Karaciger Hastaliginda
Prematiir Ateroskleroz ile Lipoprotein(a) iliskisi” baslikli tez ¢alismasi temel
alimmis ve konu giincel literatiir dogrultusunda tartigilmistir.
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Effects of Dobutamine and
Levosimendan on Systolic Time

Intervals in Patients with
Decompensated Heart Failure

Aydin Nadir' & Kadir Ugur Mertf® & Bektas Morrad®
& Fezan Mutlu? & Yuksel Cavusoglu’

INTRODUCTION

Heart failure is a syndrome associated with recurrent hospitalizations and poor
prognosis ' . It has a prevalence rate of 0.4 to 2% and > 10% in subjects under
65 years of age and in those > 65 years of age, respectively °.

Most hospitalizations in patients with chronic heart failure are result of acute
decompensation. Acute exacerbations of chronic heart failure due to left
ventricular dysfunction are frequently treated with diuretics, intravenous
vasodilators, and positive inotropic agents. The latter class of medications is
administered in the presence of hypoperfusion and congestion signs and in
patients with low systolic blood pressure (SBP) or measured cardiac index *

In recent years, a novel class of drugs termed “calcium sensitizers” with
favorable hemodynamic characteristics has been introduced for use. Among
these, levosimendan has been the most widely utilized agent clinically °. It is a
novel inotropic drug with myocardial calcium sensitizing and vasodilator effects
developed for the short-term treatment of these patients. It has been proposed to
mitigate the untoward effects of other positive inotropic agents, as it is not
associated with increased intracellular calcium concentrations °. Furthermore, it
has been suggested to provide a viable alternative to other positive inotropic
agents based on its different mechanisms of action and favorable
electrophysiological properties °. Dobutamine is a positive inotropic agent that is
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widely utilized for the treatment of decompensated heart failure to provide
symptomatic benefits, although it is known to be associated with induction of
arrhythmias and elevated mortality risk. Randomized clinical studies of have
confirmed that levosimendan improves symptoms as well as systolic and diastolic
functions, and lowers mortality as compared to placebo and dobutamine .
However, until now no large-scale, randomized, double-blind studies have been
undertaken to compare levosimendan and dobutamine with regard to their effects
on systolic interval.

This study was carried out to comparatively assess the effects of levosimendan
and dobutamine on echocardiographic parameters including systolic interval in
decompensated heart failure patients hospitalized with clinical signs and
symptoms necessitating the use of positive inotropic support.

METHODS
Patients

Patients with acute decompensated heart failure with NYHA III-IV functional
capacity and LVEF < %35 who received inotropic support with either
levosimendan or dobutamine due to unsatisfactory response to optimal oxygen,
diuretic (intravenous furosemide) and vasodilator (intravenous nitrate) treatment
were included. Exclusion criteria were as follows: acute coronary syndrome,
advanced valvular disease, hypertrophic obstructive or restrictive
cardiomyopathy, severe hepatic or renal failure, atrial fibrillation or flatter and
patients with pacemaker. The study protocol was approved by the local ethics
committee and all patients gave informed consent prior to study entry.

Study medications

Patients were randomized to receive either levosimendan (Simdax®, Orion
Pharma, Finland) (n=25) or dobutamine (Dobutamin®, Abott, IL, USA) (n=25)
infusion for inotropic support with 1:1 ratio. A 12 mcg/kg loading dose of
levosimendan was administered in 10 minutes, which was followed by 0.1
mcg/kg/min infusion for one hour. If tolerated, the dose was increased to 0.2
mcg/kg/min and administered for an additional 23 hours. If not tolerated, the dose
was decreased to 0.05 mcg/kg/min and then titrated according to systolic blood
pressure aiming to reach 0.2 mcg/kg/min dose. Dobutamine was administered at
a dose of 10 mcg/kg/min for 24 hours, without any preceding loading dose.

Assessments

Demographical and clinical data were recorded at baseline. Biochemical and
hematological laboratory data, blood pressure and heart rate measurements were
recorded at baseline and after treatment. All patients had echocardiography
examinations before and 24 hours after infusions. In addition, functional capacity
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was assessed using 6-minute walk test before and after treatment by recording the
distance covered during 6 minutes of walking in meters.

Echocardiography examinations
Tissue Doppler examination

Pulse wave (PW) Doppler recordings were taken at the left ventricular basal-
septal and basal-lateral walls using tissue Doppler mode in four-chamber view
using two-dimensional transthoracic echocardiography. The following
parameters were analyzed during tissue Doppler examination: systolic wave
velocity (Sm), early diastolic (Em, E’) and late diastolic (Am, A’) wave velocity,
and S time (duration of time from the beginning to the end of the S wave). Again,
using two-dimensional transthoracic echocardiography in apical four-chamber
view, the early filling velocity (E wave) was inferred from the mitral inflow
pattern, and the septal and lateral E/E’ (Em) ratios of basal lateral and basal septal
early diastolic waves were determined with tissue Doppler.

Systolic time interval assessments

Patients were monitored using electrocardiogram (ECG). M-mode recordings
at the parasternal long axis were made with two-dimensional transthoracic
echocardiography at the level of aortic valve. Using the EKG q wave,
measurements for the pre-ejection period (PEP, period before aortic valve
opening), left ventricular ejection time (LVET, time between the opening and
closure of the aortic valve), and QS2 (QS2 = PEP + LVET, the time from the Q
wave of ECG to the closure of the aortic valve) were performed. Additionally,
PEP and QS2 values corrected for the heart rate were recorded as cPEP and cQS2,
respectively.

Diastolic parameters

Using pulse wave (PW) Doppler at five parasternal windows, the early filling
velocity (E wave) and atrial contraction velocity (A wave) were measured and
E/A ratios were estimated based on mitral inflow pattern; also measured were the
DT (mitral deceleration time) from mitral early filling peak velocity to the end of
early filling velocity, IVCT (isovolumetric contraction time) from the end of the
velocity of atrial contraction (A) to the beginning of aortic valve filling velocity,
ejection time (ET) from the beginning of the aortic valve flow to the end of the
aortic valve flow, and IVRT (isovolumetric relaxation time) from the end of
aortic valve flow velocity to the beginning of the early filling velocity based on
the mitral inflow pattern. Finally, the Tei index was estimated based on these
measurements as follows: Tei index = (ICT-IRT)/ET.
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Statistical analysis

Statistical Package for Social Sciences (SPSS) for Windows version 16.0 was
used for statistical analyses. Data were presented in mean + standard deviation or
number (percent), where appropriate. Categorical variables were compared using
chi-square test. Inter-group differences of continuous variables were compared
with student-t test or Mann-Whitney U test, depending on the normality of
distribution. Intra-group differences between before and after treatment were
tested using paired t test. A p value <0.05 was considered an indication of
statistical significance.

RESULTS

Table 1 shows demographical and clinical characteristics of the patients at
baseline. The two treatment groups did not differ regarding demographic
characteristics, co-morbidities, family history, smoking habit, ejection fraction,
body mass index, and type of cardiomyopathy (p>0.05 for all). In addition, groups
did not differ in terms of hematological and biochemical findings at baseline,
including Na, K, blood urinary nitrogen, creatinine, Hs-CRP, Prp-BNP,
Troponin, CK-MB, myoglobulin, hemoglobulin, hematocrit, and proteinuria
levels and leukocyte and platelet counts (p>0.05 for all).

Changes in clinical and laboratory parameters

Table 2 shows the changes in clinical parameters and comparison of the two
treatment groups. There was significant improvement in 6-minute walk test in
both groups when compared to baseline; however, groups did not differ regarding
improvement in walking test results. Levosimendan treatment was associated
with significant decreases in both systolic and diastolic pressures along with a
significant increase in ejection fraction. Dobutamine treatment on the other hand
resulted in significant increases in systolic blood pressure, heart rate and ejection
fraction. In the dobutamine group, proteinuria decreased significantly after
treatment (332,14+223 vs. 249,54+162 g/d, p=0.004). And also BUN (24,7+8,29
vs. 29,23+10,1 mg/dl, p=0,031) and creatinine (0,98+0,26 vs. 1.16+0,27 mg/dl,
p=0,016) levels increased significantly with treatment. No other significant
changes were observed in biochemical and hematological parameters (p>0.05 for
all).
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Table 1. Demographical and clinical characteristics of the patients

All patients Levosimendan Dobutamine p
(n=50) (n=25) (n=25)

Age, y (mean£SD) 61,7+£10,3 63+10,3 59,8+10,4 NS
Male gender 42 (%84) 21 (%84) 21 (%84) NS
Obesity 18 (%36) 7 (%28) 11 (%44) NS
Hypertension 41 (%82) 18 (%72) 23 (%92) NS
Hyperlipidemia 39 (%78) 19 (%76) 20 (%80) NS
Diabetes 23 (%46) 9 (%36) 14 (%56) NS
Smoking 22 (%44) 13 (%52) 9 (%36) NS
Family history 6 (%12) 4 (%16) 2 (%8) NS
Body mass index, NS
ke/m*(meanSD) 28,3£3,6 27,4343,65 29,1943,43
Ejection fraction, % (mean+SD) 26,9452 27.9+4.68 26+5,59 NS
Ischemic cardiomyopathy 43 (%86) 22 (%388) 21 (%84) NS
Dilated cardiomyopathy 7 (%14) 3 (%12) 4 (%16) NS

Unless otherwise stated, data presented in n (%), NS: non-significant

Table 2. Changes in clinical parameters after treatment
Dobutamine (n=25) Levosimendan (n=25) p**

Pre- Post p* Pre- Post p*

6-minute walk test, m

179,08+68,79222,4+79,640,000 191,16+83 232,724+88 0,000 0,835
SBP (mmHg)

106,1+13,01 114,4+13,750,001 122,6+14,22100,9+12,70,000 0,000
DBP (mmHg)

67,92+10,19 70,88+9,7 0,06 79,68+14,2769,8+9,42 0,002 0,000
Heart rate

(beat/min) 81,36+14,75 89,64+15,080,000 84,92+11,9182,28+10,40,192 0,000
Ejection fraction.
% 27,96+4,68 30,8+4,72 0,000 26,0+£5,59 30,64+5,490,000 0,032

*pre- versus post-treatment. **dobutamine versus levosimendan group
SBP. systolic blood pressure; DBP. diastolic blood pressure
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Changes in echocardiography parameters

Table 3 shows changes in echocardiography parameters after treatment and
compares the two groups. Among tissue Doppler measurements, Sm lat and Sm
sept significantly increased after treatment in both groups, however the groups
did not differ in terms of changes in these two parameters. E/E’ lat and E/E’ sept
significantly decreased only in the levosimendan group, but did not change in the
dobutamine group. None of the other tissue doppler parameters significantly
changed after treatment in either of the groups. Similarly, none of the diastolic
echocardiographic parameters significantly changed in either of the groups after
treatment. Among systolic time interval parameters, a significant change in PEP,
LVET, PEP/LVET and cPEP was revealed in both groups, however the groups
did not differ in terms of changes in these parameters. Besides, a significant
decrease in QS2i was observed only in the levosimendan group, and no other
changes in systolic time interval parameters could reach statistical significance.

Table 3. Changes in echocardiography parameters
Dobutamine (n=25) Levosimendan (n=25) P**

Pre- Post- p* Pre- Post- p*

Tissue Doppler measurements

Sm lat (cm/s) 6,96+1,32 8,13+1,31 0,0006,83+1,43 7,97+1,52 0,0000,916
Sm sept (cm/s) 6,27+1,62 7,22+1,67 0,0006,29+1,47 7,50+1,57 0,0000,313
S time lat (cm/s)  210,2+37,7 208,12+38,1 0,630200,1+35,1 202,9+28,90,3870,362
S time sept (cm/s) 199,5+38,6 198,9+38 0,889197,7+30,6 201+23,58 0,4560,507

Em lat (cm/s) 12,0+#3,57 11,5¢4,6  0,37011,82+3,2 12,39+4,040,1800,159
Em sept (cm/s) 8,06+2,63 7,96+2,43  0,7729,47+3,27 9,54+2,7 0,9050,796
E/E’ lat 8,27+3,64 8,40+3,81  0,7978,734,16 7,59+3,46 0,0380,088
E/E’ sept 12,34+4,69 12,08%5,54 0,69311,09+4,75 9,63+3,49 0,0130,155
Am lat (cm/s) 8,08+2,75 8,72+3,14 0,1839,14+3,49 9,90+3,19 0,1610,854
Am sept (cm/s)  7,57+4,46 7,81+3,73  0,5597,94+3,96 8,24+2,57 0,7330,943
Systolic time
intervals PEP (ms) 117,52+16 106,56+18 0,000120,36+22,9109+21,66 0,0010,916
LVET(ms) 242,76+38,9252,76+38,250,000230+28,9  240,72+25.4 0,893
0,039
PEP/LVET 0,49+0,12 0,43+0,12  0,0000,53+0,13 0,45+0,11 0,558
0,000
QS2 (ms) 369,53+50,23 0,946351,2+36,95345,68+33,8 0,310
368,47+63,63 0,356
QS2i (ms) 543,64+24,31 536,97+27 0,112523,94+38,9509,8+38,41 0,212
0,003
cPEP (ms) 150+16,42 0,003154,33+21,6141,9+21,6 0,196
142+19,5 0,000
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Diastolic measurements

Mitral ICT (ms) 63,44+16,3164,2+16,84 0,709 65,36+16,34 0,317 0,317
63,08+16,3
Mitral IRT (ms) 68,04+21,4 72,56+19,190,282 72+17,99 0,475 0,581
73,84+18,8
LV Tei index 0,55+0,14 0,55+0,14 0,998 0,58%0,13 0,756 0,822
0,57+0,14
DT (ms) 161+35,17 168+34,41 0,306 167,68+48 0,922 0,419
167,08+59
Mitral E velocity94,12+23,1 86,59+22,260,075 90,38+21,26 0,098 0,522
(m/s) 85,95+23,9
Mitral A  velocity55,04+25,3459,76+26,240,260 54,17+27,17 0,448 0,650
(m/s) 56,55+26,7
Mitral E/A 2,03+0,92 1,85+1,21 0,333 2,14+41,12 0,504 0,717
2,05+1,35
Mitral A/E 0,62+0,39 0,77+0,49 0,110 0,68+0,48 0,071 0,556
0,7740,52

*pre- versus post-treatment. **dobutamine versus levosimendan group

Sm lat, mitral peak systolic velocity lateral wall; Sm sept, mitral peak systolic
velocity septal wall; Em lat, mitral early diastolic velocity lateral wall; Em sept,
mitral early diastolic velocity septal wall, Am lat, mitral late diastolic velocity
lateral wall; Am sept, mitral late diastolic velocity septal wall; E/E’ lat, mitral
E/E’ ratio lateral wall; E/E’ sept, mitral E/E’ ratio septal wall; PEP, pre-ejection
period; LVET, left ventricular ejection time; PEP/VET, PEP/VET ratio; QS2,
electromechanical systole; QS2i, corrected electromechanical systole; cPEP,
corrected pre-ejection period; cLVET, corrected left ventricular ejection time;
ICT, isovolumetric contraction time; IRT, isovolumetric relaxation time; LV Tei
index, left ventricular Tei index; DT, deceleration time; Mitral E/A, mitral E/A’
ratio; Mitral A/E: mitral A/E’ ratio.

DISCUSSION

In this study examining the effects of levosimendan and dobutamine
treatments administered to patients with decompensated heart failure on a
variety of echocardiographic parameters, significant differences were
noted in only a limited number of measurements. In both groups, LVEF
and LVET significantly increased at the end of both levosimendan and
dobutamine infusions with a similar extent. However, the results revealed
that levosimendan significantly shortened QS21 while dobutamine had no
effect. Furthermore, we postulated that levosimendan have a fairly
stronger positive inotropic effect than dobutamine via shortening QS2i.

24



Until now, several studies have been performed to compare the clinical
benefits of levosimendan and dobutamine in the treatment of heart failure.
Among these, the LIDO study (Levosimendan Infusion versus Dobutamine in
severe low Output heart failure) enrolling a total of 203 NYHA Class II-III
patients reported a significantly higher number of patients with favorable
hemodynamic response after 24 hours of treatment as well as a reduced 30-day
mortality in the levosimendan group * . CASINO study (Calcium Sensitizer or
Inotrope or None in Low-Output Heart Failure) was the first to compare
levosimendan, dobutamine, and placebo, with levosimendan showing significant
superiority over dobutamine in terms of mortality reduction °. In SURVIVE
(Survival of Patients with Acute Heart Failure in Need of Intravenous Inotropic
Support), the mortality benefit in favor of levosimendan observed in initial days
disappeared at 180 days 10.

The effect of these two agents on echocardiographic parameters has also been
subject to some research. Duygu H et al. compared dobutamine and levosimendan
with respect to E/E’ ratio after 24-hour infusion and found a statistically
significant reduction in levosimendan group, with no significant differences
versus pre-treatment values in dobutamine patients ''. In our study, we failed to
detect significant differences both compared to baseline and between the study
groups with regard to this parameter. Duman D et al. compared these two agents
in terms of their effects on diastolic function, and found no significant differences
with pre-treatment measurements in dobutamine group, while a significant
increase in mitral A, DT, and IVRT and a significant decrease in E/A ratio were
reported for levosimendan '. On the other hand, no significant differences in
diastolic parameters were found between the two agents in the current study.

In a study involving 40 patients with decompensated HF, Duygu H et al.
observed significant increases in LVEF, Sm, Dt, and Em and significant decrease
in E/A ratio and systolic pulmonary artery pressure (SPAP) among subjects
receiving levosimendan as compared to those receiving dobutamine. In
dobutamine patients, no significant alterations were found in systolic and
diastolic LV parameters as well as in SPAP . In our study, lateral and septal Sm
velocity showed a significant increase following both inotropic agents, with no
significant between-group differences. The S time exhibited a non-significant
average decline of 3 msec in dobutamine group, while a significant shortening of
10-12 msec was found in levosimendan group; however, the difference between
the two groups was not statistically significant.

Poder P et al. found a significant reduction in QS2 among a group of patients
with decompensated heart failure who received intravenous and oral
levosimendan in the context of a Phase II study '*. Also, another report suggested
a shortening of QS2 by levosimendan 15. Consistent with these observations, we

25



also found evidence of shortened QS2 during levosimendan treatment as
compared to dobutamine.

Positive inotropic agents generally only have a subtle effect on biochemical
parameters, with many studies reporting no significant changes after treatment '¢.
On the other hand, one study found a higher occurrence of hypokalemia among
levosimendan recipients as compared to dobutamine '°. Similarly, a significant
decline in potassium levels was observed at the end of the treatment period in our
study. This was the only significant treatment-related electrolyte alteration in our
patients.

Duman D et al. compared the effects of dobutamine and levosimendan on
SBP, DBP, and HR and found no significant differences 12, while Duygu H et al.
observed a significant increase in these three parameters in dobutamine patients,
with no significant changes with levosimendan . In our study, dobutamine
treated patients had an average increase of 11 mmHg in SBP as compared to a
16.7 mmHg reduction in levosimendan treated patients, suggesting a predilection
toward hypertension and hypotension for these two treatments, respectively.
Similarly, DBP increased significantly in dobutamine treated patients, while it
decreased significantly in levosimendan treated patients, with a statistically
significant difference between the two agents. Furthermore, dobutamine was
associated with an increased heart rate.

According to our results, positive inotropic agents examined in our study had
no unfavorable effects on biochemical and hematological parameters in patients
with acute decompensated heart failure.

Conclusion

Our findings suggest that levosimendan and dopamine treatments are
associated with differences only in a limited number of echocardiographic
parameters. This study show that levosimendan and dobutamine effective
in increasing LVET and in shortening PEP. However, levosimendan
appears to have additional advantage over dobutamine in shortening QS2i,
indicating a fairly strong positive inotropic effect. Further studies with
larger sample size are warranted to better elucidate the effects of such
treatments.
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