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2. Abkiirzungen

ACE-Hemmer

AHA
ARB
CMR
ESC

EF

GLS
GCS

HF
HFimpEF
HFrEF
HFmrEF
HFpEF
HI
INTERMACS
LAVI

LV
LVAD
LVEDP
LVEF
MRA
MRT
NYHA
RAAS
RV
SGLT2

SNS

Angiotensin-Converting-Enzyme-Hemmer
American Heart Association
Angiotensin-Rezeptor-Blocker
cardiovascular magnetic resonance imaging
European Society of Cardiology

ejection fraction

global longitudinal strain

global circumferential strain

heart failure

heart failure with improved ejection fraction
heart failure with reduced ejection fraction
heart failure with mildly reduced ejection fraction
heart failure with preserved ejection fraction
Herzinsuffizienz

Interagency Registry for Mechanically Assisted Circulatory Support
linksatrialer Volumenindex

linker Ventrikel

left ventricular assist device

left ventricular enddiastolic pressure

left ventricular ejection fraction
Mineralokortikoid-Rezeptor-Antagonist
Magnetresonanztomographie

New York Heart Association functional class
Renin-Angiotensin-Aldosteron-System
rechter Ventrike

Sodium glucose linked transporter 2

sympathisches Nervensystem



3. Einleitung

3.1. Definition und Klassifikation der Herzinsuffizienz

Die Herzinsuffizienz (HI) ist ein klinisches Syndrom, das durch diverse Atiologien und

charakteristische Symptome wie myokardiale Dysfunktion, Dyspnoe und Hypervolamie

verursacht wird.}2

Die 2021 publizierte universelle Definition der HI definiert sie als ein klinisches Syndrom

bestehend aus der (vormaligen) Prasenz (Fig. 1) von

e Zeichen (auffalliger Untersuchungsbefund) und/ oder Symptomen der Herzinsuffizienz
durch eine strukturelle und/ oder funktionelle kardiale Dysfunktion

und

a. erhohte natriuretische Peptide oder
b. eine objektivierbare pulmonale/ systemische Stauung (via Bildgebung oder invasiver

Messung) in Ruhe oder bei Belastung.

Symptome und/oder
Untersuchungsbefunde einer

HI durch eine strukturelle
und/oder funktionelle
Herzanomalie

begleitet von mindestens einem
der folgenden Befunde

Objektivierbarer Nachweis
einer pulmonalen oder

systemischen Stauung

Fig. 1 — Universale Definition der Herzinsuffizienz adaptiert aus: Bozkurt et al., Universal
Definition and Classification of Heart Failure, 2021.3



Im Einklang mit dieser Definition sind die HI-Definitionen der ESC und die der amerikanischen
kardiologischen Gesellschaft (American Heart Association, AHA), die eine klassischere
Kombination vorsehen: Hl ist definiert als Kombination aus Symptomen und einem auffalligen
Untersuchungsbefund hinsichtlich einer HI mit entweder einem inaddquaten
Herzzeitvolumen und/ oder erhohten intrakardialen Fillungsdriicken aufgrund struktureller/

funktioneller Herzanomalien in Ruhe oder bei Belastung.l4>

Die Klassifikation von HI hat therapeutische und prognostische Bedeutung und kann
phianomenologisch (NYHA-Klassifikation, INTERMACS-System) oder pathophysiologisch
(akute und chronische HI, Rechts- und Linksherzinsuffizienz, Einteilung anhand der
linksventrikularen Auswurffraktion, LVEF) erfolgen.

Der subjektive Schweregrad gliedert die Patient*innen anhand der New York Heart
Association (NYHA) von NYHA-Klasse | (momentaner Beschwerdefreiheit Uber HI-
Beschwerden bei Belastung) bis NYHA-Klasse IV (momentane Beschwerden in Ruhe).l3
Erkrankte Personen mit hoher Beschwerdelast (NYHA Il und IV) werden zusatzlich anhand des
Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) klassifiziert.
Das INTERMACS-System bindet weitere Therapiekontexte (wie kreislaufunterstiitzende
Medikation) in die Klassifikation ein und teilt Patient*innen in sieben Stufen (INTERMACS 7:
Patient*in mit abzusehender Verschlechterung bis INTERMACS 1: Patient*in im kardiogenen
Schock) ein.®

Die amerikanische Klassifikation schlieRt vier Stadien (Stadien A, B, C und D) ein. Den Stadien
A und B werden asymptomatische Betroffene mit Risikofaktoren und moglichen
morphologischen kardialen Veranderungen zugeordnet.’

Die Klassifikation der HI ist die traditionelle Einteilung anhand der linksventrikuldaren
Auswurffraktion (LVEF), die als Parameter der systolischen Funktion das Verhéltnis des vom
linken Ventrikel ausgestoflenen Blutvolumens zum enddiastolischen Volumen beschreibt
(Tab. 1).

Entsprechend wird anhand der LVEF unterschieden zwischen

e HI mit reduzierter Auswurffraktion (HF with reduced ejection fraction, HFrEF),

e HI mit maRig reduzierter Auswurffraktion (HF with mildly reduced EF, HFmrEF) und

e HI mit erhaltener Auswurffraktion (HF with preserved EF, HFpEF).:



Die universelle Definition der Herzinsuffizienz fihrte 2021 eine vierte Kategorie ein: HI-
Erkrankte mit vormals reduzierter und im Verlauf verbesserter LVEF (HF with improved EF,
HFimpEF).3 Aufgrund der noch fehlenden therapeutischen Konsequenz ist dieser Terminus
noch nicht in den klinischen Alltag eingezogen, er illustriert allerdings die Dynamik des

Parameters LVEF, der sich im Krankheitsverlauf verandern kann —auch positiv.

HI Entitat HFrEF HFmrEF HFpEF
Kriterien 1 | Symptome * | Symptome *+ | Symptome *
Krankheitszeichen* Krankheitszeichen* Krankheitszeichen*
2 | LVEF<40% LVEF 41-49 % LVEF >50 %
3 |- - Objektive Hinweise auf
strukturelle und/oder
funktionelle

Herzanomalien, die auf
eine diastolische LV-
Dysfunktion/ erhohte
LV-Flllungsdriicke
hindeuten,
einschlielRlich erhohter
natriuretischer
Peptide.

Tab. 1 - Definition der Herzinsuffizienz nach McDonagh et al. und der deutschen Version der
Leitlinie. 22

*Krankheitszeichen: HI zuzurechnende pathologische Untersuchungsbefunde. HFmrEF: heart failure
with mildly reduced ejection fraction; HFpEF: heart failure with preserved ejection fraction; HFrEF:
heart failure with reduced ejection fraction; HI: Herzinsuffizienz: LV: linker Ventrikel; LVEF: left
ventricular ejection fraction.

Liegt der Wert einer physiologischen LVEF bei > 50 %, so ist bei Patient*innen mit HFrEF oder
HFmrEF der definitionsgemall notwendige Nachweis einer kardialen Dysfunktion bereits

durch die LVEF erbracht.1?

Bei Erkrankten mit HFpEF und einer LVEF > 50 % ist eine kardiale Dysfunktion nicht anhand
der LVEF per se ersichtlich, sodass weitere Parameter notwendig sind. Bei erhaltener LVEF ist
eine HI durch das Vorhandensein einer diastolischen Funktionsstérung bzw. eines erhéhten

LV-Flllungsdrucks definiert.

Die HFrEF ist primar als kategorische Erkrankung zu verstehen. Sie wird dadurch

charakterisiert, ob sie prasent ist oder nicht. Ihr Vorhandensein wird durch den Nachweis
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einer reduzierten LVEF festgestellt. Dies ist vergleichbar mit einer malignen Tumorerkrankung,
bei der der Nachweis maligner Zellen per definitionem zeigt, ob eine Erkrankung (hier Krebs)

vorhanden ist oder nicht.2

Bei HFpEF ist diese Fassbarkeit nicht gegeben, ihr Krankheitswert ist charakterisiert durch das
Kompositum verschiedener klinischer und laborchemischer Parameter vor dem Hintergrund
ihrer prognostischen Bedeutung — es handelt sich um eine numerische Erkrankung.? Ein
unterkomplexer Vergleich kann die Pathologie-Schwelle der arteriellen Hypertonie dienen:
Der Grenzwert, ab dem ein erhohter Blutdruck als behandlungsbediirftig bzw. pathologisch
angesehen werden kann, ist durch die prognostische Bedeutung durch eine Assoziation mit
fatalen Ereignissen und der Mortalitdt im Verlauf definiert.? Ahnlich sind Charakteristika bei
HFpEF zu werten, deren Klassifizierung als pathologische Kombination davon gepragt ist, ob

sie eine prognostische Bedeutung haben.

3.2. Epidemiologie der Herzinsuffizienz

Mit einer hohen Morbiditdt, Mortalitdit und ©6konomischen Belastung stellt HI eine
Herausforderung fur die o6ffentliche Gesundheit dar.!? Sie ist eine der Hauptursachen fir
Krankenhausaufenthalte im Allgemeinen. Bei alteren Erwachsenen stellt sie sogar die

Hauptursache fiir wiederholte Aufenthalte im Krankenhaus dar.!

Pravalenz

Die Pravalenz von Herzinsuffizienz ist weltweit hoch, mit fortbestehend steigender
Tendenz.21% In Europa betragt sie etwa 1-2 %, in Deutschland primar aufgrund des héheren
durchschnittlichen Lebensalters der Bevolkerung approximativ 4 %.11:12

Die HI-Pravalenz steigt mit dem Alter, wobei etwa 10 % der Menschen tiber 60 Jahre und 20 %
Uber 70 Jahre betroffen sind.!* Die Pravalenz von Herzinsuffizienz ist in der Gesellschaft
heterogen verteilt, ihr Vorkommen ist bedeutend vom Alter, vom Geschlecht und von der
Ethnie gepragt.'* Manner haben ein héheres Risiko an HI zu erkranken als Frauen und
ethnische Unterschiede mit hoherem Risiko bei afrikanischem Ursprung wurden ebenfalls
festgestellt.5°

Die Pravalenz von HI mit erhaltener Ejektionsfraktion (HFpEF) hat zugenommen und macht

mehr als 50% der HI-Fille aus.’® Auch dieser Umstand ist in dem Kontext der
8



demographischen Umstrukturierung industrieller Gesellschaften zu verstehen. Das Alter ist
nicht nur selbst Risikofaktor, es ist auch einhergehend mit der Prasenz und der Dauer von
Komorbiditidten wie Bluthochdruck und Diabetes, die mit HFpEF assoziiert sind.}” Im Vergleich
dazu hat die Pravalenz von HFrEF abgenommen, moglicherweise aufgrund von
Verbesserungen in der Pravention und Behandlung von ischamischen Herzerkrankungen, die

haufig zu HFrEF fuhren.!8

Inzidenz

Die Inzidenzen von HFpEF und HFrEF unterscheiden sich ebenfalls abhdngig von den
Charakteristika der jeweiligen Population. In Fig. 2 werden die fihrenden Einflussfaktoren auf
alle drei HI-Entitaten illustriert.’® Die Inzidenz von HI in Europa wird auf 3,9 bis 6,7 Félle, in
Deutschland auf 3,5 Fille pro 1000 Personenjahre geschatzt.!>2° HFrEF tritt haufiger in
jungeren Populationen auf, wahrend HFpEF bei dlteren Menschen und Frauen starker
vertreten ist.2>1%21 Risikofaktoren fiir die Entwicklung von HFpEF sind unter anderem arterielle
Hypertonie, Diabetes mellitus und Adipositas.>!’ Insgesamt ist die Inzidenz von HFpEF in den

letzten Jahren gestiegen, wahrend die von HFrEF tendenziell abgenommen hat.11/1922

Risikofaktoren

Risikofaktoren fir HI umfassen demographische, klinische, genetische und umweltbedingte
Faktoren sowie Bedingungen des Lebensstils. Nikotinkonsum, unausgewogene Erndahrung und
Bewegungsmangel stellen modifizierbare Lebensstilfaktoren dar, die eine HI begiinstigen.?3
Alkoholmissbrauch und Drogenkonsum kénnen ebenfalls das Risiko fur HI erhéhen — ihre
Uberwindung ist jedoch haufig von weiteren Hiirden begleitet.?* Klinische Risikofaktoren sind
arterielle Hypertonie, Diabetes mellitus, Adipositas, koronare Herzerkrankung, chronische
Nierenerkrankungen und Schlafapnoe.l’?> Genetisch bedingte Herzerkrankungen und

Umweltfaktoren wie Luftverschmutzung oder Lirmbelastigung sind weitere Risikofaktoren.2®-

31

Prognose

Die Prognose von Patient*innen mit HI bleibt trotz der Fortschritte in der Diagnose und
Behandlung unglinstig. Die Mortalitatsraten bei Herzinsuffizienz sind hoch, wobei etwa 50 %

der Erkrankten innerhalb von fiinf Jahren nach der Diagnose versterben.3? Die Ein-Jahres-
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Mortalitat fur HI-Patient*innen betragt etwa 20-30 %, abhdngig von der Schwere der
Erkrankung und von den Begleiterkrankungen.3334 Die Morbiditat ist ebenfalls erheblich und
Betroffene leiden unter wiederkehrenden Krankenhausaufenthalten und einer
eingeschriankten korperlichen Leistungsfahigkeit.! Etwa 24 % der HI-Patient*innen werden
innerhalb von 30 Tagen nach der Entlassung erneut aufgrund einer HI hospitalisiert.3®

Die Prognose bei Herzinsuffizienz variiert je nach HI-Entitat. Die Mortalitat bei HFrEF-
Patient*innen ist trotz etablierter Pharmakotherapiestrategien weiterhin hoch.> Die
Erkrankten leiden haufig auch an Arrhythmien und pl6tzlichem Herztod — etwa die Halfte der
Todesfille von HFrEF-Patient*innen sind Arrhythmien zuzurechnen.” Bei HFpEF sind die
therapeutischen Moglichkeiten limitiert. Die Mortalitdtsraten bei HFpEF sind ahnlich hoch wie
bei HFrEF.2% Die Heterogenitat der HFpEF-Population und das unzureichende Verstdndnis der
Pathophysiologie erschweren die Identifikation geeigneter Therapieansatze, um die Prognose

bei HFpEF zu verbessern.??

HFrEF HFmrEF HFpEF
Phenotype
Age T i) ™
Women A A Tt
Ischaemic heart disease 11T T il
Atrial fibrillation T il ik
Hypertension T (M) i}
Chronic kidney disease Ik 1 T
Natriuretic peptide levels = TTT T i
HFrEF HFpEF Intermediate
characteristics characteristics characteristics

Fig. 2 — Vergleich der Phianotypen der drei HI-Kategorien, entnommen aus Saverese et al.l?
und modifiziert.

Age: Alter; Atrial Fibrillation: Anteil an Vorhofflimmern; chronic kidney disease: Anteil derer mit
chronischer Niereninsuffizienz; HFmrEF: Herzinsuffizienz mit maRig reduzierter Auswurffraktion;
HFpEF: Herzinsuffizienz mit erhaltener Auswurffraktion; HFrEF: Herzinsuffizienz mit reduzierter
Auswurffraktion; HI: Herzinsuffizienz; Hypertension: Anteil derer mit arterieller Hypertonie; Ischaemic
heart disease: Anteil der ischamischen Herzerkrankungen; Natriuretic peptide levels: Spiegel der
natriuretischen Peptide; Women: Anteil der Frauen. I and {, zeigen hohere Niveaus oder haufigeres
Vorkommen bzw. geringere Niveaus oder selteneres Vorkommen gegenliber einer altersadaptierten
Vergleichsgruppe (Ausnahme: Alter, hier verweist I auf eine H&aufung gegenliber dem
durchschnittlichen Erwachsenen).
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Epidemiologische Trends

Die Pravalenz und Inzidenz der HI werden voraussichtlich weiter zunehmen, was auf die
Alterung der Bevélkerung und erhéhte Uberlebensraten bei kardiovaskulidren Erkrankungen
zuriickzufuihren ist.3¢3” Um die Belastung durch HI zu reduzieren, ist es daher entscheidend,
wirksame Praventions- und Therapiestrategien zu entwickeln.

Ein optimales Management der Risiko- und Einflussfaktoren ist maRgebend, um den Anstieg
der HI-Prévalenz zu verlangsamen oder umzukehren.1® Neben den unmittelbar medizinischen
EinflussgroRen stellt die Verdanderung soziobkonomischer Faktoren, die eine HI beglinstigen
und die geographische wie soziokulturelle Heterogenitat beeinflussen, eine gesellschaftliche
Herausforderung dar.3® Fur die Entwicklung und Implementierung zielgerichteter politischer
und gesellschaftlicher MaRBnahmen ist eine vollstandigere Erfassung soziobkonomischer
Parameter notwendig.3® Dass Public-Health-Interventionen effektiv in der Verbesserung der
Pravention, Diagnose und Behandlung von Herzinsuffizienz sind, um den Anstieg der Pravalenz

und Inzidenz der Erkrankung einzuddammen, konnte bereits gezeigt werden.*

3.3. Pathophysiologie der Herzinsuffizienz

Die Pathophysiologie der Hl ist komplex und unterscheidet sich bei HFrEF, HFmrEF und HFpEF.
Diese Arbeit konzentriert sich auf die HFpEF, deren Pravalenz und damit Relevanz in den

letzten Jahren an Bedeutung gewonnen hat.

Allgemeine Aspekte der Pathophysiologie der HI

Die Hauptmechanismen der Hl sind das Versagen der kardialen Kompensationsmechanismen
und die neurohumorale Aktivierung. Zuletzt ist das ventrikuldre Remodeling ein zentraler
Prozess in der Pathophysiologie der HI.

Die kardialen Kompensationsmechanismen schliefen den Frank-Starling-Mechanismus, die
Herzfrequenz-Regulation und die myokardiale Kontraktilitit ein.*

Die neurohumorale Aktivierung spielt eine zentrale Rolle beim Erkrankungsprogress. Sie
umfasst in erster Linie die Aktivierung des Renin-Angiotensin-Aldosteron-Systems (RAAS), des
sympathischen Nervensystems (SNS) und des Arginin-Vasopressin-Systems.*2

Das ventrikulére Remodeling, ein weiterer zentraler Prozess in der Pathophysiologie der HI,

bezieht sich auf die strukturellen und funktionellen Veranderungen des Herzmuskels, die als
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Reaktion auf chronische Belastung auftreten.**4* Dies kann sich in Hypertrophie, Dilatation

oder Fibrose des Myokards niederschlagen.**

Pathophysiologie der HFrEF

Die Pathophysiologie der HFrEF ist gekennzeichnet durch eine systolische Dysfunktion, bei der
die Kontraktilitdt des Myokards und die Inotropie beeintrachtigt sind.! Eine Verminderung der
Kontraktilitat kann durch zellulare und molekulare Verdanderungen wie gestortes Calcium-
Handling und mitochondriale Dysfunktion verursacht werden.*

Neurohumorale Aktivierung, insbesondere die Aktivierung des RAAS und des SNS, tragt
ebenfalls zur Pathophysiologie der HFrEF bei.*® Zusitzlich zu den allgemeinen HI-
Mechanismen kommt hier ein gestortes Calcium-Handling zum Tragen. Dieses beeintrachtigt
die myokardiale Kontraktilitdt bedeutsam.?’ Ebenso tragt die mitochondriale Dysfunktion, die
durch oxidative Schaden, einen veranderten Energiemetabolismus und Veranderungen in der

mitochondrialen Dynamik verursacht wird, zur eingeschrankten Herzfunktion bei HFrEF bei.*®

Pathophysiologie der HFmrEF

HFmrEF teilt gemeinsame Pathomechanismen sowohl mit HFrEF (z. B. systolische Dysfunktion
und kardiales Remodeling) als auch mit HFpEF (z. B. diastolische Dysfunktion und erhohte
Flllungsdriicke). Es verbleibt noch offen, mogliche spezifische Mechanismen der HFmrEF zu

identifizieren.

Pathophysiologie der HFpEF

Die HFpEF ist gepragt von Pathomechanismen wie diastolischer Dysfunktion, endothelialer
Dysfunktion und vaskuldrer Steifigkeit sowie Entziindung und Fibrose.*® Die resultierende
Erhohung der linksventrikuldren Fillungsdriicke fuhrt zur Erhéhung des hydrostatischen
Drucks im Pulmonalbett und sekundidr zu Atemnot und Flissigkeitsretention.! Die
Entkopplung des linken Ventrikels und des arteriellen GefdaRsystems (ventricular-arterial
uncoupling) ist ebenso ein relevanter Mechanismus im Rahmen der Pathogenese der HFpEF,
der mit erhodhter vaskularer Steifigkeit und endothelialer Dysfunktion einhergeht.*® All diese
Mechanismen haben einen sich gegenseitig verstarkenden Effekt mit Erh6hung der Nach- und

der Vorlast.”%°1
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Unterschiede und Gemeinsamkeiten zwischen HFrEF, HFmrEF und HFpEF

HFrEF, HFmrEF und HFpEF teilen einige klinische Merkmale, unterscheiden sich aber
hinsichtlich der zugrunde liegenden Pathophysiologie und der Therapieansatze. HFrEF ist
vorrangig durch systolische Dysfunktion gekennzeichnet, bei HFpEF liegt diastolische
Dysfunktion im Vordergrund und HFmrEF zeigt sich als Mischbild der beiden klassischen
Entitaten.1d

Bei HFrEF ist eine medikamentdse Basistherapie mit prognostischer Bedeutung mittels
Betablocker, ACE-Hemmer, Angiotensin-Rezeptor-Blocker (ARBs), Mineralokortikoid-
Rezeptor-Antagonisten (MRAs) sowie SGLT-2-Hemmer (Sodium glucose linked transporter 2)
gut etabliert — sie zeigt eine eindeutige Mortalitadtsreduktion.! Flir HFpEF gibt es seit der
EMPEROR-preserved-Studie eine wirksame medikamentése Therapie mittels SGLT-2-
Hemmer, die prognostisch hinsichtlich einer HI-Hospitalisierung und kardiovaskuldren
Mortalitdt relevant ist.22 HFmrEF-Patient*innen konnten von einigen Therapieansatzen

profitieren, die bei HFrEF wirksam sind, jedoch ist die Evidenzlage dazu nicht eindeutig.?

3.4. Diagnose und Therapie der Herzinsuffizienz

Die Diagnose und Therapie der Herzinsuffizienz umfasst eine Kombination aus Methoden, die
sowohl die Erkennung der Erkrankung als auch die Behandlung von Komorbiditaten und das

Selbstmanagement des Erkrankten abdecken.

Diagnostik

Die Herzinsuffizienz wird auf Basis einer Stufendiagnostik festgestellt, bei der zunachst eine
klinische Untersuchung durchgefiihrt wird. Die Echokardiographie mit Bestimmung der
Herzdimensionen und der LVEF ist dabei das bedeutendste Instrument zur Diagnose von HFrEF
und HFmrEF. Fur die Diagnose von HFpEF spielen zusatzliche Parameter wie das E/e'-
Verhaltnis, der LAVI (linksatrialer Volumenindex) und das Regurgitationsvolumen Uber der
Trikuspidalklappe eine Rolle.!

Die Stufendiagnostik kann eine Bildgebung mittels kardiovaskularer
Magnetresonanztomographie (Kardio-MRT oder cardiovascular magnetic resonance imaging,
CMR) oder eine Computertomographie der Koronararterien oder des Perikards umfassen.

Eine erweiterte invasive Diagnostik (z.B. eine Herzkatheteruntersuchung oder eine
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Endmyokardbiopsie) oder eine erweiterte laborchemische oder humangenetische Diagnostik
kénnen auch Teil der Stufendiagnostik sein.>2 Vor allem bietet das CMR eine nicht-invasive
Méglichkeit einer Abkldrung der Atiologie und auch einer Gewebecharakterisierung der
Herzinsuffizienz.

Die komplexere Konstellation zum Nachweis einer diastolischen Dysfunktion zur
Diagnosestellung der HFpEF hat zwei Score-Systeme hervorgebracht, die die bei HFpEF haufig
veranderten Parameter in ihrem Zusammenwirken abbilden sollen:

(1) Der HFA-PEFF-Score bewertet Parameter, um eine HFpEF-Diagnose zu unterstitzen,
darunter natriuretische Peptide, linksventrikuldre Hypertrophie, diastolische Dysfunktion,
Fullungsdriicke, Rechtsherzbeteiligung und linksatriale Dilatation.®> Wenn sich nach einer
basalen Diagnostik die Verdachtdiagnose einer HFpEF erhartet, empfehlen die Autor*innen
eine erweiterte Diagnostik, die unter Beriicksichtigung des Score-Wertes eine HFpEF
bestatigen oder ausschlielen kann. Bleibt der Score-Wert inkonklusiv, ist eine Stress-
Bildgebung notwendig, um zu Uberprifen, ob eine relevante diastolische Dysfunktion unter
Belastung auftritt (Fig.3).>3

(2) Der H2FPEF-Score beurteilt die Pravalenz und das Ausmalfd von Komorbiditdaten wie
Alter, Body-Mass-Index, Vorhofflimmern, pulmonaler Hypertonie und Nierenfunktion, um das
Vorliegen einer HFpEF zu identifizieren.>*

Insgesamt unterstiitzen sowohl der HFA-PEFF-Score als auch der H2FPEF-Score die Diagnose
von HFpEF, wobei der H2FPEF-Score starker auf die Rolle von Komorbidititen abzielt.>>>* Die
Identifizierung der zugrunde liegenden Atiologie und die Durchfiihrung einer
Differentialdiagnostik sind fiur alle Entitatstypen von Herzinsuffizienz bedeutsam, um eine
gezielte Therapie zu ermdglichen.!

Die Strainbildgebung in Echokardiographie und CMR ermdglicht eine genauere Bewertung der
Myokardfunktion — sie hat u.a. aufgezeigt, dass bei HFpEF trotz erhaltener LVEF die
systolische Funktion reduziert ist, die sich in der eingeschrankten myokardialen Deformation
im Strain, jedoch nicht in der LVEF zeigt.>> Ebenso hat sie ihren besonderen Stellenwert in der
Differentialdiagnostik der HFpEF gegenliber Amyloidosen, hypertrophen Kardiomyopathien

oder dem Cor hypertonicum.>®
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Funktion

Morphologie

Biomarker Sinusrhythmus

Biomarker Vorhofflimmern

Septales e < 7 cm/s oder LAVI > 34 ml/m? NT-proBNP > 220 pg/m| NT-proBNP > 660 pg/ml
Laterales e < 10 cm/s oder oder oder
5 oder LVMI > 149/122 g/m? (m/w) ~ BNP > 80 pg/ml BNP > 240 pg/ml
) Mittleres E/e > 15 und RWT > 0,42
= oder
TR Geschwindigkeit > 2,8 m/s
(PASP > 35 mmHg)
Mittleres E/e 9-14 LAVI 29-34 ml/m? NT-proBNP 125-220 pg/ml NT-proBNP 365-660 pg/ml
oder oder oder oder
5 GLS <16 % LVMI > 115/95 g/m? (m/w) BNP 35-80 pg/ml BNP 105-240 pg/ml
= oder
= RWT > 0,42
oder
LV Wanddicke = 12 mm

Major Kriterien: 2 Punkte = 5 Punkte: HFpEF

Minor Kriterien: 1 Punkt 2-4 Punkte: Diastolischer Stresstest oder invasive hamodynamische Untersuchung

Fig. 3 — Diagnostische Punktevergabe zur HFpEF-Diagnose nach Pieske et al.>3, entnommen
aus Guder et al.®’
BNP: brain natriuretic peptide; LAVI: linksatrialer Volumenindex; LV: linker Ventrikel; LVMI:

linksventrikularer Massenindex; NT-proBNP: N-terminal pro-brain natriuretic peptide; PASP:

pulmonary artery systolic pressure / pulmonalarterieller systolischer Druck; RWT: relative wall

thickness; SR: Sinusrhythmus; TR: trikuspidale Regurgitation.

Therapie

Die Therapie der chronischen Herzinsuffizienz umfasst medikamentdse und nicht-

medikament6se Ansitze, die individuell an den Betroffenen angepasst werden sollten.! Die

Behandlungsstrategien unterscheiden sich je nach Entitdat der Herzinsuffizienz. Gemein ist

allerdings allen Typen der Herzinsuffizienz bei Flissigkeitsretention und Stauungssymptomen,

dass die volumenreduzierende Wirkung durch Diuretika (vorrangig Schleifendiuretika) erzielt

wird. Dies erfolgt vor allem unter symptomatischen Gesichtspunkten.>®

Bei HFrEF besteht die prognostische Standardtherapie aus einer als Fantastic Four

beschriebenen Kombination von Substanzen, die primar in die beschriebenen derangierten

Kompensationsmechanismen eingreifen:

1. auf das SNS wirkende Betablocker,

2. auf das RAAS wirkende Angiotensin-Converting-Enzyme-Hemmer (ACE-Hemmer) bzw.
Angiotensin-Rezeptor-Blocker (ARB) — in den neuesten Leitlinien weitestgehend abgelost
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von Angiotensin-Rezeptopr-Neprilysin-Inhibitoren (ARNI), die zusatzlich auch auf das
System der natriuretischen Peptide wirken,
3. ebenso das RAAS inhibierende Mineralokortikoidrezeptor-Antagonisten (MRA) und
schlieBlich
4. inihrer Wirkung noch nicht restlos verstandene Inhibition des renalen Natrium-Glukose-
Kotransporters 2 (SGLT2, entsprechend SGLT2i; i fiir inhibition).>°
In der medikamentdsen Therapie der HFrEF mittels der Fantastic Four wird nicht zwischen den
Atiologien der HI differenziert.t
Eine Erganzung zur medikamentdsen Behandlung sind gerdtebasierte Therapien wie die
kardiale Resynchronisationstherapie (CRT) und implantierbare Kardioverter-Defibrillatoren
(ICD). Wahrend die kardiale Resynchronisation eine sekundar-prophylaktische Therapie bei
bestimmten Patient*innen mit HFrEF und elektrokardiographischem Blockbild darstellt, ist die
ICD-Therapie bzw. Defibrillationstherapie im Rahmen eines CRT-Systems eine primar-
prophylaktische Therapie bei HFrEF-Patient*innen mit einer LVEF < 35 %.
Die Therapie bei HFmrEF dhnelt der HFrEF-Therapie, wobei Betablocker, ACE-Hemmer/ARBs
und MRA haufig verwendet werden, obgleich die Evidenzlage bei HFmrEF deutlich schwacher
ist.11° Die Behandlung leitet sich in erster Linie aus der Erfahrung von HFrEF-Patient*innen,
deren LVEF sich unter der Pharmakotherapie in den HFmrEF-Bereich gebessert hat (als
HFimpEF bezeichnet), ab.»*® Evidenzbasiert |dsst sich aktuell nur eine Therapie mittels SGLT2i
empfehlen, die einen prognostischen Vorteil hinsichtlich HI-bedingter Hospitalisierung und
Mortalitit aufgezeigt hat.! Die Therapie sollte an die individuelle klinische Situation angepasst
werden und die Trajektorie aus einer moglicherweise vormals bestehenden HFrEF
berucksichtigen.
Die Therapie bei HFpEF stellt eine besondere Herausforderung dar, da bisherige
Interventionsstudien (mit Ausnahme der SGLT2i) Gberwiegend negative Ergebnisse lieferten.!
Die Behandlung konzentriert sich primar auf die symptomatische Linderung und die Kontrolle
von Komorbiditaten, einschlieBlich des Einsatzes von Diuretika zur Volumenkontrolle und zur
Blutdruckeinstellung.! Erstmals konnte eine prognostische Besserung durch eine Therapie
mittels SGLT2i erzielt werden 6061
Auch Interventionen bei Patient*innen mit Herzinsuffizienz und Herzklappenerkrankungen,

insbesondere bei Mitralinsuffizienz, spielen eine bedeutsame Rolle bei der Reduktion der
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Symptome der Herzinsuffizienz.5? Der MitraClip ist ein minimalinvasives Verfahren, das die
Mitralklappeninsuffizienz modifiziert und den Rickfluss des Blutes verringert. Bei
fortgeschrittener Herzinsuffizienz stehen auch Herztransplantationen und linksventrikuldre
Unterstitzungssysteme (LVAD) als Optionen zur Verfligung.

Neben der Therapie sind die Identifikation und die Behandlung von Komorbiditaten
ausschlaggebend. Dazu gehoren Vorhofflimmern, Diabetes, Niereninsuffizienz und Anamie.
Die optimale Behandlung dieser Erkrankungen ist entscheidend fiir den langfristigen
Behandlungserfolg der Herzinsuffizienz-Patient*innen.%3

In jedem Fall ist die optimale Therapie der Komorbidititen Teil des
Behandlungsmanagements, zumal jede Akutsituation (z. B. eine Infektexazerbation oder ein
akuter Schub einer systemischen Erkrankung) das zeitnahe Auftreten einer akuten
Herzinsuffizienz wahrscheinlicher macht und damit prognostisch unglinstig ist.

Die Bereitschaft Erkrankter zum Selbstmanagement (Compliance) ist mit der
Medikamenteneinnahme entscheidend fir den Behandlungserfolg.! Hierzu z&dhlen
Lebensstilanderungen wie regelmalige korperliche Aktivitat, eine ausgewogene Erndhrung
und die Reduzierung von Ubergewicht. Flissigkeits- und Natriumbeschriankungen kénnen
ebenfalls helfen, Symptome zu lindern.?

Eine kontinuierliche Uberwachung von HI-Patient*innen ist erforderlich, um friihzeitig auf
auffdllige  Werte zu reagieren. Regelmalige Kontrolluntersuchungen und
Laborwertliberwachungen sind dabei essenziell. Telemedizin ist eine sinnvolle Erganzung zur
Uberwachung und Betreuung der Erkrankten. Sie hilft, kardiale Dekompensationen friihzeitig
zu erkennen, Krankenhausaufenthalte zu reduzieren und das Selbstmanagement der
Patient*innen zu unterstiitzen.®

Multidisziplindare Herzinsuffizienz-Teams, bestehend aus Kardiolog*innen, Hausarzt*innen,
Physiotherapeut*innen, Pflegepersonal, Rehabilitationszentren und Apotheken sowie
regelmaRige Beratungsmoglichkeiten zur Erndhrung und Psychotherapie tragen zur optimalen
Versorgung der Betroffenen bei.5>®’

Insgesamt erfordert die Betreuung von HI-Patient*innen eine umfassende
Herangehensweise, die alle Aspekte der Erkrankung bericksichtigt, um die Prognose und

damit die Lebensqualitat zu optimieren.
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3.5. Risikostratifizierung bei Herzinsuffizienz

Die Relevanz der Risikostratifizierung bei Hl ergibt sich aus der abzuleitenden differenzierten
Einschatzung der Prognose und des individuellen Krankheitsverlaufs. Diese Dimensionen
tragen dazu bei, gezielte und effektive therapeutische Interventionen in Studien zu entwickeln
und in der Klinik anzuwenden sowie die Versorgungsqualitdt und das klinische Outcome der
betroffenen Patient*innen zu verbessern. Eine ungenaue Risikostratifizierung kann zu einer
Heterogenitat der Patientenpopulation in Studien flUhren, was die Ergebnisse
beeintrichtigt.>>®® Eine angemessene Risikostratifizierung im klinischen Alltag hilft,
Hochrisikopatient*innen zu identifizieren und zu behandeln.®®

In diesem Kapitel liegt der Schwerpunkt auf der Risikostratifizierung bei Patient*innen mit
Herzinsuffizienz und erhaltener Ejektionsfraktion (HFpEF). HFpEF stellt eine komplexe und
heterogene Krankheitsentitat dar, deren Pathophysiologie und klinisches Management sich
von der Herzinsuffizienz mit reduzierter (HFrEF) und mittlerer Ejektionsfraktion (HFmrEF)
unterscheidet. Angesichts der zunehmenden Prdvalenz von HFpEF in der alternden
Bevolkerung und der begrenzten therapeutischen Optionen ist eine prazise
Risikostratifizierung fiir diese Patientengruppe von grofRer Bedeutung. Die folgenden
Unterkapitel befassen sich mit den Methoden zur Risikostratifizierung bei HFpEF und

diskutieren die Rolle der personalisierten Medizin in diesem Bereich.

3.5.1. Risikostratifizierung bei Herzinsuffizienz

Eine Risikostratifizierung bei HFpEF, d. h. eine Korrelation mit einer héheren Ereignisrate
bezlglich HI-bedinger Hospitalisierung und Mortalitat, ist moéglich mit folgenden bekannten
Risikoindikatoren:
a. Klinische Faktoren und Biomarker:
Alter, Geschlecht, Komorbiditdaten, Nierenfunktion und Biomarker wie natriuretische
Peptide (BNP, NT-proBNP) oder der laborchemische Hinweis auf eine myokardiale
Schadigung (Troponin-Erhéhung) sind wichtige Faktoren zur Risikostratifizierung.”®
b. Bildgebende Verfahren:
Echokardiographie ist das Hauptverfahren zur Beurteilung von HFpEF, wdhrend

Kardio-MRT zusatzliche Informationen zur myokardialen Struktur und Funktion liefern
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kann.’t-73
c. Funktionsuntersuchungen:
Belastungstests (z. B. Spiroergometrie) und invasives hamodynamisches Monitoring
(z. B. Rechtsherzkatheter) kdnnen zur Beurteilung der funktionellen Kapazitat und der
hdmodynamischen Veranderungen bei Belastung herangezogen werden.1®
d. Scoring-Systeme und Risikomodelle:
Der HFA-PEFF-Score ist ein Beispiel fiir ein Risikomodell, das verschiedene Parameter
zur Risikostratifizierung von HFpEF-Patient*innen verwendet.>3
Die Risikostratifizierung bei HFpEF ist ausschlaggebend fir die individuelle Versorgung von
Erkrankten und die Gestaltung klinischer Studien. Die genauere Charakterisierung der
heterogenen Patientenpopulation mit HFpEF ist Voraussetzung fiir die Entwicklung neuer
Therapieansatze. Die Integration von klinischen Faktoren, Biomarkern, bildgebenden
Verfahren und funktionellen Tests in Risikomodelle konnte dazu beitragen, die Prognose und

das Management von HFpEF-Patient*innen weiter zu verbessern.>3

3.5.2.  Personalisierte Medizin bei HFpEF

Personalisierte Medizin, auch precision medicine genannt, bezieht sich auf die Anpassung von
medizinischen Behandlungen an die individuellen Charakteristika eines Erkrankten.’”* Sie hat
das Potenzial, durch eine bessere Identifikation der Population, die von der Intervention
profitieren wird, die Effektivitat der Therapie zu erh6hen und unerwiinschte Nebenwirkungen
zu reduzieren.

HFpEF ist ein heterogenes Spektrum der Erkrankung, das von verschiedenen zugrunde
liegenden pathophysiologischen Mechanismen und Komorbiditaten beeinflusst wird. Daher
ist die personalisierte Medizin bei HFpEF besonders relevant. Eine genauere Herausbildung
von Patientenclustern ermoglicht personalisierte Therapieansdatze in homogeneren
Studienpopulationen.” Beispielsweise wurde eine neuartige Klassifikation von HFpEF-
Patient*innen basierend auf der Phenomapping-Methode etabliert und diskutiert.”> Diese
Methode nutzt maschinelles Lernen, um Patient*innen anhand ihrer klinischen,
laborchemischen und echokardiographischen Merkmale zu klassifizieren. Die Studie
identifizierte drei fihrende HFpEF-Phdanotypen mit unterschiedlichen klinischen Merkmalen

und prognostischen Implikationen, mittels ihrer Kerncharakteristika wurden sie wie folgt
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beschrieben: (1) junge Patient*innen mit niedrigen Blutdruckwerten, (2) adipése,
Patient*innen mit obstruktivem Schlafapnoe-Syndrom, Diabetes mellitus und den hochsten
Nichternglukosewerten sowie (3) altere Patient*innen mit chronischer Niereninsuffizienz,
den héchsten Kreatininwerten und den héchsten natriuretischen Serumspiegeln.”’

Die Integration von Risikostratifizierungsmethoden in die klinische Praxis kann dazu beitragen,
personalisierte Therapieansatze bei HFpEF zu implementieren. Eine der Herausforderungen
besteht darin, die Methoden zur Risikostratifizierung und Phanotypisierung in den klinischen
Alltag zu integrieren.

Bei steigender Bedeutung der HFpEF wird der Bedarf einer addquaten Therapiestrategie
héher. Zukiinftige Studiendesigns werden daher voraussichtlich den Weg der personalisierten
Medizin einschlagen. Welche Parameter Teil der relevanten Differenzierungsstrategien sind,
ist aktuell offen und unterliegt einer fortdauernden Pflicht zur Aktualisierung bei neuen

wissenschaftlichen Erkenntnissen.

3.6. Ziele der Arbeit

In Anbetracht der Komplexitdt der Herzinsuffizienz, insbesondere der HFpEF, und ihrer

weitreichenden Auswirkungen auf Patient*innen und das Gesundheitssystem, verfolgt diese

Arbeit mehrere zentrale Ziele, um verschiedene Aspekte der Erkrankung zu beleuchten und

potenzielle Verbesserungen in Diagnose und Versorgung aufzuzeigen.

I.  Phanotypisierung:
Das erste Ziel dieser Arbeit besteht darin, die Bedeutung einer ausfiihrlichen klinischen
Phanotypisierung und genauen Diagnosestellung der HFpEF fiir die Prognose der
Patient*innen zu verdeutlichen. Dieser Aspekt ist relevant, um die bestmdgliche
Versorgung und Behandlung fir betroffene Personen zu gewahrleisten.

Il.  Kostenanalyse:
Das zweite Ziel ist es, die gesundheitskonomischen Kosten aufzuzeigen, die mit der
HFpEF verbunden sind. Dies wird dazu beitragen, ein besseres Verstandnis fir die
finanziellen Auswirkungen der Erkrankung zu gewinnen und moglicherweise Ansatze fiir
Kosteneinsparungen und effizientere Behandlungsstrategien zu identifizieren.

[ll.  Erweiterte Charakterisierung mittels Kardio-MRT:

Im dritten Schritt wird die Anwendung der Kardio-MRT zur treffenderen
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Charakterisierung von Patient*innen mit HI hinsichtlich ihrer myokardialen Funktion
untersucht. Dieser innovative Ansatz kdonnte dazu beitragen, die Diagnose und das
Management von HI-Betroffenen zu verbessern.

Friherkennung in Risikokollektiv:

Als viertes Ziel wird die Arbeit Methoden der MRT-basierten Charakterisierung
hinsichtlich einer Friiherkennung einer Risikopopulation untersuchen. Dies kdnnte dazu
beitragen, praventive MalBnahmen zu ergreifen und die Krankheitsprogression bei
gefahrdeten Personen zu verlangsamen.

Analyse von patientenorientierten Endpunkten:

SchlieRlich wird diese Arbeit untersuchen, ob und inwieweit die Befunde des Kardio-
MRT bei HI-Patient*innen mit dem subjektiven Beschwerdeempfinden
zusammenhadngen. Diese Untersuchung soll daran mitwirken, das Verstandnis fur die
individuellen Erfahrungen von Patient*innen mit HI zu erweitern und moglicherweise

Ansdtze zur Verbesserung der Lebensqualitat zu identifizieren.

Zusammenfassend sollen die in dieser Arbeit vorgestellten Ziele dazu beitragen, ein tieferes

Verstandnis der HFpEF zu gewinnen, innovative diagnostische Ansatze zu erkunden und die

Versorgung von Erkrankten mit HI zu optimieren.
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4. Eigene Arbeiten

4.1. Evaluation der Diagnosestellung mittels HFA-PEFF-Algorithmus

Als numerische Erkrankung ist die korrekte Diagnose einer HFpEF essenziell mit einer
Risikostratifizierung verbunden. Korrekt ist eine Diagnose in diesem Konzept zu verstehen,

wenn sie mit einem schlechteren Outcome verbunden ist.

Der HFA-PEFF-Algorithmus dient der Diagnosestellung einer HFpEF.>®> Er wurde als
Expertenkonsensus verfasst, sodass es einer Untersuchung hinsichtlich der prognostischen

Aussagekraft bedurfte.

Diese Arbeit untersucht die prognostische Aussagekraft des HFA-PEFF-Algorithmus.

Der nachfolgende Text entspricht dem Abstrakt dieser Arbeit’®:

Hashemi D, Mende M, Trippel TD, Petutschnigg J, Hasenfuss G, Nolte K, Herrmann-Lingen C,
Feuerstein A, Langhammer R, Tschope C, Pieske B, Wachter R, Edelmann F. Evaluation of the
HFA-PEFF Score: results from the prospective DIAST-CHF cohort. ESC Heart Fail. 2022
Dec;9(6):4120-4128. doi: 10.1002/ehf2.14131. Epub 2022 Sep 7. PMID: 36070881.

“Aims: Although the number of patients suffering from heart failure with preserved ejection
fraction (HFpEF) increases, the routine diagnosis remains a challenge. In the absence of a
pathognomonic sign for HFpEF or specific treatment strategies, a prognosis-based
characterization of suspected patients remains promising for both the risk stratification of the
patients and a disease definition. The Heart Failure Association (HFA) of the European Society
of Cardiology has introduced an algorithm with different levels of likelihood regarding the
diagnosis of HFpEF, the HFA-PEFF score. We aimed to evaluate the predictive value of this

algorithm in a large cohort regarding mortality, symptom burden, and the functional status.

Methods and results: DIAST-CHF is a multicentre, population-based, prospective,

observational study in subjects with at least one risk factor for HFpEF between the age of 50
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and 85. We calculated the HFA-PEFF score (n = 1668) and analysed the risk groups for overall
mortality, cardiovascular hospitalization, and submaximal functional capacity (6-min walk
distance) at baseline and after a follow-up period of 10 years. Patients with high HFA-PEFF
score values 5&6 showed a higher mortality than those with an intermediate score (score
values 2-4) and low score values (high 21.3% vs. intermediate 10.1% vs. low 4.3%, P < 0.001).
Also, the burden of MACE (death, cardiovascular hospitalization, new myocardial infarction,
first diagnosis of HF) was increased in the high score values group (high 40.7% vs. intermediate
25.9% vs. low 13.9%, P < 0.001). Similarly, patients with higher scores had higher cumulative
incidences of cardiovascular hospitalizations (P = 0.011). Subjects with higher scores also had

lower 6-min walk distance both at baseline and during follow-up.

Conclusions: The HFA-PEFF score provides a reliable instrument to stratify suspected HFpEF
patients by their risk for mortality, symptom burden, and functional status in cohort at risk
with a follow-up period of 10 years. As high HFA-PEFF scores are associated with worse

outcome, the HFA-PEFF algorithm describes a defining approach towards HFpEF.”"®
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Abstract

Aims Although the number of patients suffering from heart failure with preserved ejection fraction (HFpEF) increases, the
routine diagnosis remains a challenge. In the absence of a pathognomonic sign for HFpEF or specific treatment strategies, a
prognosis-based characterization of suspected patients remains promising for both the risk stratification of the patients and
a disease definition. The Heart Failure Association (HFA) of the European Society of Cardiology has introduced an algorithm
with different levels of likelihood regarding the diagnosis of HFpEF, the HFA-PEFF score. We aimed to evaluate the predictive
value of this algorithm in a large cohort regarding mortality, symptom burden, and the functional status.

Methods and results DIAST-CHF is a multicentre, population-based, prospective, observational study in subjects with at
least one risk factor for HFpEF between the age of 50 and 85. We calculated the HFA-PEFF score {n = 1668) and analysed
the risk groups for overall mortality, cardiovascular hospitalization, and submaximal functional capacity (6-min walk distance)
at baseline and after a follow-up period of 10 years. Patients with high HFA-PEFF score values 5&6 showed a higher mortality
than those with an intermediate score (score values 2—4) and low score values (high 21.3% vs. intermediate 10.1% vs. low
4.3%, P < 0.001). Also, the burden of MACE (death, cardiovascular hospitalization, new myocardial infarction, first diagnosis
of HF) was increased in the high score values group (high 40.7% vs. intermediate 25.9% vs. low 13.9%, P < 0.001). Similarly,
patients with higher scores had higher cumulative incidences of cardiovascular hospitalizations (P = 0.011). Subjects with
higher scores also had lower 6-min walk distance both at baseline and during follow-up.

Conclusions The HFA-PEFF score provides a reliable instrument to stratify suspected HFpEF patients by their risk for mortal-
ity, symptom burden, and functional status in cohort at risk with a follow-up period of 10 years. As high HFA-PEFF scores are
associated with worse outcome, the HFA-PEFF algorithm describes a defining approach towards HFpEF.
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Introduction for nearly half of the HF population.® Despite remarkable prog-

ress in HF research, it remained controversial which criteria
Patients suffering from heart failure (HF) account for nearly 1-  suffice to diagnose HFpEF additional to a preserved (>50%)
2% of the adult population in developed countries, risingupto  left ventricular ejection fraction (LVEF). HF, like most degener-
>10% among people above 70 years of age with increasing ative diseases, is a ‘numerical disease’, defined by a change in
prevalence due to demographic changes.”™ Patients suffering  relative function.”> Whereas ‘categorical diseases’ are defined
from HF with preserved ejection fraction (EF, HFpEF) account  as the presence or absence of a pathogenic condition, for
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example, cancer or infections, numerical diseases are not de-
fined by their presence but by the prognostic implications of
an altered function.”> The prognostic implication is either
descriptive, a threshold of alteration associated with a worse
prognosis, or therapeutic, when an intervention in
prespecified setting is associated with an improved prognosis.
HFpEF is a numerical disease as it results by the alteration of
different characteristics, for example, diastolic function, left
atrial (LA) dilatation, or LV hypertrophy. Because interven-
tional strategies in major clinical trials have missed their hard
clinical primary endpoint, the definition of HFpEF needs to
be described by a multifactorial clinical approach to assess
the prognosis.®

Current guidelines updated the diagnosis of HFpEF for-
merly based on the assessment of echocardiographic surro-
gates for elevated intra-cardiac filling pressures, serum bio-
markers, and HF symptoms to the diagnostic approach of
the HFA-PEFF algorithm.®

This new diagnostic algorithm, the HFA-PEFF score, was
proposed by the Heart Failure Association (HFA) of the
European Society of Cardiology.®” The HFA-PEFF score is a
multimodal approach based on a pre-test assessment and a
second step including the assessment by echocardiography
and natriuretic peptides, functional testing, and aetiology di-
agnostics to estimate the likelihood (low, intermediate, or
high) of suffering from HFpEF. A high likelihood score is con-
sidered diagnostic for HFpEF and a low-likelihood score rules
out HFpEF. The intermediate-likelihood group requires exer-
cise testing for further evaluation. The HFA-PEFF score has
been developed based on previous findings and expert opin-
ion but was not based on calculations and prospectively per-
formed cohorts to prove its clinical value and validity. So far,
the HFA-PEFF score has only been either retrospectively
tested on small cohorts or with only a short follow-up
period.®™**

An analysis with a sufficient follow-up period to assess the
prognostic value has been missing. Therefore, the aim of this
study is to evaluate the diagnostic value of the HFA-PEFF algo-
rithm by assessing the predictive value of the score in a large
well-defined cohort with a long follow-up period considering
overall mortality symptom burden as well as functional status.

Methods
Study design and subject population

The observational Diagnostic Study on Prevalence and Clinical
Course of Diastolic Dysfunction and Diastolic Heart Failure
(DIAST-CHF) is a multicentre population-based prospective
study within the framework of the German Competence Net-
work for HF (CNHF) and the German Centre for Cardiovascu-
lar Research (DZHK). It is a unique database with detailed

clinical and echocardiographic data to describe characteris-
tics with a focus on HFpEF. The CNHF constitutes one of
Europe’s largest HF research programmes funded by the
German Federal Ministry of Education and Research. Its ra-
tionale and design have been previously described.*®"” The
design of the CNHF and the many analyses of DIAST-CHF
have been previously published.”®** Briefly, the DIAST-CHF
investigated outpatients aged 50-85 years who were re-
cruited between 2004 and 2006 with a history of overt HF
or at least one risk factor. These risk factors included a his-
tory of HF, coronary disease, diabetes mellitus, sleep apnoea
syndrome, or arterial hypertension. Candidates were re-
ferred by primary care physicians. The only exclusion crite-
rion was unwillingness to participate, insufficient under-
standing of the German language, or unavailability for
logistic reasons.

The study protocol was reviewed and approved by the in-
stitutional review board of each participating centre, and all
patients provided written informed consent prior to enrol-
ment. DIAST-CHF was conducted in accordance with national
laws, guidelines for good clinical practice, and the Declaration
of Helsinki.

After study enrolment, all patients received a routine phys-
ical examination and a detailed cardiology assessment includ-
ing extensive blood analyses and a transthoracic echocardiog-
raphy. The follow-up in-person visits were planned after 12,
24, and 60 months as well as after 10 years. A telephone visit
was performed after 9 years.

The HFA-PEFF diagnostic algorithm

The HFA-PEFF diagnostic algorithm is a clinical score including
eight parameters in three categories {functional, morpholog-
ical, and biomarker changes). These parameters include imag-
ing signs for diastolic dysfunction, LV hypertrophy, left atrial
dilatation, or increased natriuretic peptide levels. Each item
is assigned to a category and is evaluated. Small changes will
score 1 point, and larger changes 2 points. The possible range
of the total score reaches from 0 to 6 points. Cumulative 5 or
6 points are considered diagnosed HFpEF. 0 or 1 point would
rule out the presence of HFpEF. If the subject scored 2-4
points, stress testing is required to evaluate the presence of
HFpEF.

Endpoint

The main aim of this analysis was to evaluate the prognostic
value of the HFA-PEFF algorithm in subjects with diagnosed
HF or at least one risk factor for HFpEF with regard to assess
the symptom burden, the functional status, and clinical out-
come parameters.
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For this purpose, we assessed (i) overall mortality; (ii)
major adverse cardiac events (MACE) including death, cardio-
vascular hospitalization, new myocardial infarction, and first
diagnosis of HF; and (iii) CV hospitalization.

Symptom burden and functional status were assessed by
quality of life measures [measured by the 36-Item Short Form
Health Survey (SF-36) questionnaire] and functional capacity
measured by 6-min walk test (EMWT).

We compared subjects with low vs. intermediate vs. high
scores according to the proposed algorithm.

Statistical methods

Data preparation and descriptive statistics was performed by
IBM SPSS, Version 28. We applied R, Version 4.1, inclusive the
packages ggplot2, survival, and Hmisc to build multiple
models and to generate graphs.

The study cohort was characterized by standard statis-
tics: mean and standard deviation (SD) for continuous,
count, and % for categorical characteristics. For three-group
comparisons of endpoints, we applied ANOVA with
Dunnett’s test as post hoc analysis. P-values were adjusted
for multiple testing by the method of Bonferroni and
Holm.>*

The 95% confidence intervals (Cl) were calculated and
displayed by longitudinal error bar plots. We calculated cu-
mulative incidences of overall mortality by the Kaplan—-Meier
method, depicted it and tested it by log-rank test. The associ-
ation of common risk factors different between HFA-PEFF
groups in Toble 1 was analysed by a multiple model. We
started with the full linear regression model and simplified
it by stepwise exclusion of variables using the Akaike Informa-
tion Criterion (AIC). The effect estimates were determined
with 95% Cl. We calculated the concordance (c-) statistics
to assess the predictive power of our model.

Cardiovascular hospitalization and death are competing
risks. Thus, they were compared between the subgroups by
means of cumulative incidences following Gray and Pepe.

Results
Subject population

A total of 1937 participants were included in DIAST-CHF. For
the present analysis, we excluded 269 subjects (n = 8 due to
incomplete baseline characteristics and n = 174 due to miss-
ing or reduced LVEF values, n = 15 for valvular or congenital
heart disease as well as n = 72 for missing natriuretic peptide
levels), resulting in 1668 subjects for the complete analysis.
Their baseline characteristics are presented in Table 1.

In line with the proposed algorithm, we separated those
with a low score {0-1 points) from those with an intermedi-

ate (2—4 points) or a high score (5-6 points). This resulted
in 115 subjects in the low, 980 subjects in the intermediate,
and 573 in the high score group. Subsequently, we compared
all three groups.

Clinical outcomes and assessment of symptom
burden and functional status

Overall mortality

The overall mortality at 10-year follow-up increases mono-
tonically with the HFA-PEFF score: low 5 (4.3%), intermediate
99 (10.1%), and high score 122 {21.3%), P < 0.001. Compar-
ing the risk groups pairwise reconfirms this result: low vs. in-
termediate: P = 0.046; low vs. high: P < 0.001; intermediate
vs. high: P < 0.001.

MACE

In line with the overall mortality, incidence of MACE grows
monotonically across the groups: low 16 (13.9%), intermedi-
ate 254 (25.9%), and high score 233 {40.7%), P < 0.001. This
effect is also shown in direct comparisons between the
groups: low vs. intermediate score: P = 0.005; low vs. high
score: P < 0.001; intermediate vs. high score: P < 0.001
(Figure 1).

Cardiovascular hospitalization
A higher score was also associated with a higher number of
cardiovascular hospitalizations per patient: low 0.10 [0.04,
0.17], intermediate 0.19 [0.15, 0.23], and high score 0.32
[0.26, 0.39], P < 0.001 in the global test. Whereas the differ-
ence in hospitalization rate between the low and the inter-
mediate group was not significant (low vs. intermediate
score: P = 0.25), the differences between the low-risk and
the high-risk group as well as the intermediate-risk and
the high-risk group were significant (low vs. high score:
P = 0.003; intermediate vs. high score: 0.003).

The cumulative incidences of both MACE and cardiovascu-
lar hospitalization are shown in Figure S1.

Functional capacity

Figure 2 shows the walking distance measured by the 6MWT
both at baseline and at the 10-year follow-up (high vs. inter-
mediate vs. low score at baseline: 588 + 83 m vs. 558 £ 108 m
vs. 537 £ 93 m, P < 0.001; low vs. intermediate score:
P < 0.001; low vs. high score: P < 0.001; intermediate vs.
high: £ < 0.001). During 10-year follow-up, the differences
between the groups grew: low 555 = 76 m, intermediate
506 + 116 m, and high score 473 + 126 m (low vs. intermedi-
ate score: P = 0.006; low vs. high score: P < 0.001; interme-
diate vs. high score: P = 0.051).

Self-rated physical function
Assessing physical limitations, we compared the physical
functioning (PF) scale on the SF-36 between the groups.
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Table 1 Study population baseline characteristics

HFA-PEFF score

HFA-PEFF score

HFA-PEFF score
values 5 and 6

values 0-1 values 2-4
No HFpEF Intermediate risk for HFpEF HFpEF P value
n =115 n = 980 n =573 :
Comparison across groups
Mean/ SD/ Mean/ SD/ Mean/ SD/
Number % Number % Number %

Age [years] 57 7 65 8 70 8 <0.001
Female sex 49 42 6% 509 51.9% 314 54.8% 0.55
BMI [kg/mz] 27.2 4.8 28.7 4.8 29.1 4.8 0.002
Waist-hip ratio 0.93 0.09 0.94 0.21 0.94 0.13 1.0
BP systolic [mmHg] 135 18 145 20 151 23 <0.001
BP diastolic [mmHg] 82 10 83 12 83 12 1.0
HR [bpm] 72 10 72 12 68 12 0.010
Diabetes mellitus 17 14.8% 220 22.4% 155 27.1% 0.11
Hypertension 56 48.7% 746 76.1% 515 89.9% <0.001
Hyperlipidaemia 19 16.5% 384 39.2% 258 45.0% 0.000
Hyperuricaemia 9 7.8% 112 11.4% 97 16.9% 0.027
Non-smoker® 49 42 6% 504 51.5% 302 52.7% 0.019

Ex-smoker 40 34.8% 356 36.4% 220 38.4%

Smoker 26 22.6% 118 12.1% 51 8.9%
Sleep apnoea 4 3.5% 55 5.6% 35 6.1% 1.0
COPD 8 7.0% 74 7.6% 39 6.8% 1.0
History of resuscitation 0 0.0% 20 2.0% 9 1.6% 1.0
CAD 10 8.7% 127 13.0% 145 25.3% <0.001
History of AMI 5 4.3% 64 6.5% 59 10.3% 0.12
History of PCl [ 5.2% 73 7.5% 79 13.9% 0.001
History of CABG 0 0.0% 26 2.7% a1 7.2% <0.001
Atrial fibrillation 4 3.5% 57 5.8% a4 7.7% 1.0
Diagnosis of heart failure 4 3.5% 87 8.9% 83 14.5% 0.002
NYHA class® 1.0
| ¢} 0.0% 22 25.3% 20 23.8%
] 4 100.0% 47 54.0% 44 52.4%
Il 0 0.0% 18 20.7% 20 23.8%
LV-EF (%) 63 6.0 61 6.4 61 6.5 0.036
RV pacemaker 0 0.0% 9 0.9% 13 2.3% 0.39
BV pacemaker 0 0.0% i 0.1% 0 0.0% 1.0
ICD 0 0.00% 1 0.10% 1 0.17% 0.86
Years since diagnosis of HF 0 [0, 7.5] 4 [2, 10] 3 [0, 9]

Median [quartiles]

AMI, acute myocardial infarction; BMI, body mass index; BP, blood pressure; BV, biventricular; CABG, coronary artery bypass grafting;
CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; HF, heart failure; HR, heart rate; ICD, implantable
cardioverter-defibrillator; LV, left ventricular; NYHA class: New York Heart Association functional class; NYHA, New York Heart Association;

PCl, percutaneous coronary intervention; RV, right ventricular.

P-values provided for not randomized groups; level of significance was set at 5%.

‘Delaney’s and Vargha's A measurement of the effect size.

Patients with high score values have lower PF values at base-
line (low vs. intermediate vs. high score: 85.1 + 18.9 vs.
76.5 + 23.1 vs. 68.3 £ 25.8, overall comparison P < 0.001;
low vs. intermediate score: P = 0.001; low vs. high score:
P < 0.001; intermediate vs. high score: P < 0.001).

Self-rated mental health

Comparing the mental health state by the mental health
sub-scale of the SF-36 between the three groups showed a
significant difference overall across the groups (low vs. inter-
mediate vs. high score: 65.3 = 18.1 vs. 62.3 = 18.2 vs.
59.4 + 18.0, overall comparison P = 0.004; low vs. intermedi-
ate score: P =0.39; low vs. high score: P=0.020; intermediate
vs. high score: P = 0.018).

Analysis of the potential impact of single score
items on prognosis in survival

As shown in Table 2, the items included in the HFA-PEFF
score were analysed regarding their associations with mor-
tality. Consistency of the score is confirmed, as major
criteria are associated stronger than minor criteria with a
higher risk for mortality. In our cohort, biomarkers and
functional parameters showed stronger prognostic effects
on the survival than morphological changes [HR 2.77
(1.99 3.85) for the major criterion of the biomarkers and
HR 2.80 (1.55 5.07) for the major criterion of the functional
parameters vs. HR 1.15 (0.66 2.01) for the major criterion
of the morphological changes].

ESC Heart Failure 2022; 9: 41204128
DOI: 10.1002/ehf2.14131

38TR0T] STOURNOY) 2ANE) 2[qeonddE o7 Aq pamiaaof 2IE SA[OTUE YO 95t JO St 0] ATRIQET 2UIUQ A2]If) TO (STORIPUOD- PUE-SULIS) 0D A3 ATRIQI2UITO SANT) STORIPTO) PUE SUBS [, o 295 [£202/ §0/90] B0 ATRIqIT sWIUQ0 A[ify "AURUNLSD sWRIT000) Aq [ ¢1+1 2IU3/Z001 01 /10prod A i ATeIqrauiiunoy:sdny uror) papro[mmo ‘9 2202 22855502



4124

D. Hashemi et al.

Multiple association of the risk factors with the
HFA-PEFF score

Figure 3 represents relevant clinical risk factors and their
effect estimates on HFA-PEFF score values. The illustrated
parameters were the resulting relevant parameters after
the reduction of baseline characteristics to a sparse model.
The factors listed in Figure 3 including their effect estimates
(and 95% Cl) might provide an insight to the causes leading
to the parameters assessed by the HFA-PEFF score Table 3.

Figure 1 Cumulative overall mortality. Low score: score values 0 and 1;
intermediate score: score values 2—4; high score: score values 5 and 6
in the HFA-PEFF algorithm.
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Discussion

In a large prospective cohort of subjects with cardiovascular
risk factors, we assessed the prognostic value of the
HFA-PEFF diagnostic algorithm regarding mortality and mor-
bidity as well as relevant clinical measures. Higher scores
were associated with a higher overall mortality, incidence of
MACE, a higher symptom burden, and a lower the functional
status. Considering the definition of numerical diseases, the
HFA-PEFF score identifies patients who have syndrome char-
acterized by different altered parameters associated with a
worse outcome. Therefore, the HFA-PEFF score provides a re-
liable definition of HFpEF. The higher risk reflected by a
higher score value may be explained by contributing known
risk factors (Figure 3). Hence, the diagnostic HFA-PEFF algo-
rithm reflects high-risk clinical compositions of altered pa-
rameters associated with a worse outcome.

This analysis gained power and robustness through a large
number of subjects, prospectively investigated with an elabo-
rated protocol to follow them up over 10 years.

Previous analyses of smaller cohorts assessed the
HFA-PEFF score with regard to hospitalization without mor-
tality data as the primary endpoint over a follow-up period
of 5 years.?>?® Selvaraj et al. as well as Aizpurua et al. con-
firmed that the high score groups assessed by the HFA-PEFF
algorithm suffered from a shorter hospitalization-free sur-
vival. Our analysis confirmed higher hospitalization rates in
subjects with high scores. They showed even a lower overall
survival during a 10-year follow-up period.

Figure 2 Six-minute walking distance in all three groups at baseline and at 10-year follow-up. Low score: score values 0 and 1; intermediate score:
score values 2—4; high score: score values 5 and 6 in the HFA-PEFF algorithm. (A) Walk distance at baseline. (B) Walk distance at 10-year follow-up
for the three groups. Results (average + standard deviation): at baseline: low score 588 + 83; median score 558 + 108; high score 537 + 93. At 10-year
follow-up: low score 555 + 76; median score 50 6 + 116; high score 473 + 126. Overall P value for changes over time: P < 0.001. Overall P value for
differences between the groups at 10-year follow-up: P = 0.001. Low risk vs. median risk at 10-year follow-up: P = 0.006. Low risk vs. high risk: P = <

0.001. Median risk vs. high risk: P = 0.051.
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Table 2 Association of single items of the HFA-PEFF score on mortality
Characteristic Threshold OR 95% Cl
E/e' 1 pt. E/e'_ mean 9-14.99 1.65 0.98 2.76
E/e' 2 pts. E/e'_mean> 15 2.03 1.01 4.09
e' 2 pts. Age <75y: 1.61 0.82 3.17
e’ sep < 7 cm/s, e'_lat < 10 cm/s;
Age >75:
e’ sep < 5cm/s, e lat < 7 cm/s
PASP > 35 PASP > 35 mmHZg 2.17 1.03 4.56
LAVi enlarged 1 pt. LAVI > 29 ml/m 1.50 0.85 2.62
LAVi enlarged 2 pts. LAVI > 34 ml/m? 3.20 1.85 5.54
LVMi enlarged 1 pt. Women: >95 g/m? or RWT > 0.42 0.95 0.48 1.86
Men: =115 g/m? or RWT > 0.42
LVMi enlarged 2 pts. Women: >122 %/m2 and RWT > 0.42 1.03 0.53 1.98
Men: >149 g/m” and RWT > 0.42
Biomarkers 1 pt. Sinus rhythm: 125-220 pg/mL 0.78 0.45 1.37
Atrial fibrillation 375-660 pg/mL
Biomarkers 2 pts. Sinus rhythm: NT-proBNP > 220 pg/mL 1.44 0.88 2.36
Atrial fibrillation: NT-proBNP > 660 pg/mL
RWT > 0.42 RWT > 0.42 1.06 0.66 1.70

LAVI, left atrial volume index; PASP, pulmonary artery systolic pressure; RWT, relative wall thickness, calculated as twice the LV posterior

wall thickness divided by the LV internal diameter at end-diastole.
All items refer to the HFA-PEFF score.®

Figure 3 Risk factors associated with high score values. BP, blood pressure. Contribution of specific risk factors to the HFA-PEFF score value if present.
Female sex [0.29, 95% CI (0.16, 0.42)], that is, the presence of female sex is associated with a 0.29 points contribution to the HFA-PEFF score value.
Obesity [0.25 (0.07, 0.43)], arterial hypertension [0.61 (0.44, 0.78)], coronary heart disease [0.41 (0.24, 0.58)], anaemia [0.66 (0.43, 0.89)], systolic

blood pressure [0.10 (0.07, 0.14) per 10 mmHg], and heart rate [per 10/min, —0.15 (—0.20, —0.09)].
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Not only was the prognosis of patients with higher scores
worse regarding mortality, MACE, and cardiovascular hospi-
talizations, but also the symptom burden and the functional
status in these subjects were increased. Because functional
capacity, for example, measured by the 6MWT, and worse
prognosis are associated with higher score values, assessing
the functional capacity is thought to be a parameter to iden-
tify high-risk subjects within the HFpEF population.?’ The
6MWT is evaluated during the first step of the HFA-PEFF algo-
rithm, the pre-test probability assessment, which triggers the

next step, the assessment by the HFA-PEFF score. The smaller
decline in walking distance in the high score group is ex-
plained by the lower baseline values of this group. The two
other groups were on a higher level at the beginning, impli-
cating a higher chance of deterioration over time. Factors
contributing to the restricted functional capacity include
chronotropic incompetence, increased LV filling pressure, re-
duced cardiac output, and changes in the metabolism of pe-
ripheral muscular system. These reasons cannot be assessed
in our population post hoc.

ESC Heart Failure 2022; 9: 4120-4128
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Table 3 Mortality, MACE, and CV hospitalization categorized by HFA-PEFF score values during the 10-year follow-up

HFA-PEFF score value

Total
0 1 2 3 4 5 6
Dead 0 5 8 40 51 70 52 226
0.0% 5.2% 7.4% 9.5% 11.4% 19.4% 24.5% 13.5%
MACE 1 15 20 98 136 145 88 503
5.6% 15.5% 18.5% 23.2% 30.3% 40.2% 41.5% 30.2%
CV hospitalization 1 10 8 51 67 71 37 245
5.6% 10.3% 7.4% 12.1% 14.9% 19.7% 17.5% 14.7%
Total 18 97 108 423 449 361 212 1668
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

CV hospitalization, cardiovascular hospitalization; MACE, major adverse cardiac events including death, cardiovascular hospitalization,

new myocardial infarction, and first diagnosis of HF.

The DIAST-CHF cohort is close to a real-world scenario be-
cause its inclusion criteria are very broad and there are no
cardiovascular exclusion criteria.

58.8% of the subjects from the DIAST-CHF study qualified
for the intermediate score group. Therefore, most subjects
of our analysed cohort would require a diastolic stress testing
strategy with regard to the HFA-PEFF algorithm. This require-
ment of further testing challenges the current common prac-
tice as well as current care provider frameworks. Most prob-
ably, our cohort overestimates the number of subjects with
intermediate scores because the study design augmented
an at-risk population without signs or symptoms of HF. Fu-
ture cohorts need to reassess this distribution by including
parameters from the HFA-PEFF score at baseline.

Clinical implications

All studies evaluating the proposed diagnostic algorithm are
challenged by the fact that there is no gold standard but ex-
pert opinion in diagnosing HFpEF. The HFA-PEFF algorithm
provides an HFpEF definition characterized by its prognostic
value. The disease definition allows further investigation of
the HFpEF population with multiple advantages: high event
rates for interventional trials as well as higher comparability
of trial and study data by better characterization.

However, complex algorithms like the HFA-PEFF algorithm
have a high threshold to be implemented in clinical or trial
routine.

Limitations

The DIAST-CHF study was designed before the introduction of
the HFA-PEFF score. Thus, not all components of the score
were fully documented.

Within the intermediate score group, the HFA-PEFF algo-
rithm suspected subjects both suffering and not suffering
from HFpEF, distinguished by a diastolic stress examination.
These stress examinations were not performed within

DIAST-CHF. Therefore, we could not further analyse the dif-
ferences within the intermediate score group.

SF-36 values were captured only in a relatively small num-
ber of patients. Moreover, the study population is at risk to
develop HF, whereas the algorithm is primarily designed to
assess the presence of HFpEF. Because the work-up for the
intermediate HFA-PEFF group is not established routinely
yet, invasive testing is often required but not routinely
implemented.
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4.2. Gesundheitsokonomische Bedeutung der HFpEF-Behandlung

Die vorherige Arbeit hat die eingeschrankte Prognose bei der Diagnosestellung einer HFpEF
mittels des HFA-PEFF-Scores aufgezeigt.”® Ebenso wurde deutlich, dass auch Patient*innen,
die bereits auffdllige Untersuchungsbefunde zeigen, allerdings die HFpEF-Grenzwerte des
Algorithmus nicht erreichen, bereits eine schlechtere Prognose haben als diejenigen, die nicht

bzw. kaum auffillige Befunde vorweisen.”®

Mit steigender Pravalenz der HFpEF bei einer Zunahme von Patient*innen mit
kardiovaskuldaren Risikofaktoren nimmt die gesundheitsékonomische Belastung ebenso zu.
Diese zu erfassen, bildet ein Kernstlick in der Steuerung der Mittel zur Friherkennung,
Diagnostik und Therapie von HFpEF auf Ebene der 6ffentlichen Gesundheitsfiirsorge (Public

Health).

Dieses Projekt analysiert die Gesundheitskosten einer Studienpopulation mit HFpEF.

Der nachfolgende Text entspricht dem Abstrakt dieser Arbeit”’:

Hashemi D, Dettmann L, Trippel TD, Holzendorf V, Petutschnigg J, Wachter R, Hasenful3 G,
Pieske B, Zapf A, Edelmann F. Economic impact of heart failure with preserved ejection
fraction: insights from the ALDO-DHF trial. ESC Heart Fail. 2020 Jun;7(3):786-793. doi:
10.1002/ehf2.12606. Epub 2020 Jan 27. PMID: 31984661.

“Aims: Although heart failure (HF) with preserved ejection fraction (HFpEF) is a leading cause
for hospitalization, its overall costs remain unclear. Therefore, we assessed the health care-

related costs of ambulatory HFpEF patients and the effect of spironolactone.

Methods and results: The aldosterone receptor blockade in diastolic HF trial is a multicentre,
prospective, randomized, double-blind, placebo-controlled trial conducted between March
2007 and April 2011 at 10 sites in Germany and Austria that included 422 ambulatory patients
[mean age: 67 years (standard deviation: 8); 52% women]. All subjects suffered from chronic

New York Heart Association (NYHA) class Il or Ill HF and preserved left ventricular ejection
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fraction of 50% or greater. They also showed evidence of diastolic dysfunction. Patients were
randomly assigned to receive 25 mg of spironolactone once daily (n = 213) or matching placebo
(n = 209) with 12 months of follow-up. We used a single-patient approach to explore the
resulting general cost structure and included medication, number of general practitioner and
cardiologist visits, and hospitalization in both acute and rehabilitative care facilities. The
average annual costs per patient in this cohort came up to €1,118 (+2,475), and the median
costs were €332. We confirmed that the main cost factor was hospitalization and
spironolactone did not affect the overall costs. We identified higher HF functional class (NYHA),
male patients with low haemoglobin level, with high oxygen uptake (VO2 max) and coronary
artery disease, hyperlipidaemia, and atrial fibrillation as independent predictors for higher

costs.

Conclusions: In this relatively young, oligosymptomatic, and with regard to the protocol
without major comorbidities patient cohort, the overall costs are lower than expected
compared with the HFrEF population. Further investigation is needed to investigate the impact
of, for example, comorbidities and their effect over a longer period of time. Simultaneously,
this analysis suggests that prevention of comorbidities are necessary to reduce costs in the

health care system.”’’

34



ESC HEART FAILURE ORIGINAL RESEARCH ARTICLE
ESC Heart Failure 2020; 7: 786-793

Published online 27 January 2020 in Wiley Online Library {(wileyonlinelibrary.com} DOI: 10.1002/ehf2.12606

Economic impact of heart failure with preserved
ejection fraction: insights from the ALDO-DHF trial
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Abstract

Aims Although heart failure (HF) with preserved ejection fraction (HFpEF) is a leading cause for hospitalization, its overall
costs remain unclear.

Therefore, we assessed the health care-related costs of ambulatory HFpEF patients and the effect of spironolactone.
Methods and results The aldosterone receptor blockade in diastolic HF trial is a multicentre, prospective, randomized,
double-blind, placebo-controlled trial conducted between March 2007 and April 2011 at 10 sites in Germany and Austria that
included 422 ambulatory patients [mean age: 67 years (standard deviation: 8); 52% women]. All subjects suffered from chronic
New York Heart Association (NYHA) class Il or Ill HF and preserved left ventricular ejection fraction of 50% or greater. They also
showed evidence of diastolic dysfunction.

Patients were randomly assigned to receive 25 mg of spironolactone once daily (n = 213) or matching placebo (n = 209) with
12 months of follow-up. We used a single-patient approach to explore the resulting general cost structure and included med-
ication, number of general practitioner and cardiologist visits, and hospitalization in both acute and rehabilitative care facilities.
The average annual costs per patient in this cohort came up to €1, 118 (+2,475), and the median costs were €332. We con-
firmed that the main cost factor was hospitalization and spironolactone did not affect the overall costs. We identified higher
HF functional class (NYHA), male patients with low haemoglobin level, with high oxygen uptake (VO,max) and coronary artery
disease, hyperlipidaemia, and atrial fibrillation as independent predictors for higher costs.

Conclusions In this relatively young, oligosymptomatic, and with regard to the protocol without major comorbidities patient
cohort, the overall costs are lower than expected compared with the HFrEF population. Further investigation is needed to in-
vestigate the impact of, for example, comorbidities and their effect over a longer period of time. Simultaneously, this analysis
suggests that prevention of comorbidities are necessary to reduce costs in the health care system.
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Introduction (HFrEF) and preserved ejection fraction (HFpEF) due to dif-

ferent underlying aetiologies, demographics, comorbidities,
Patients suffering from heart failure (HF) account for nearly  and response to therapies.™® The prevalence of both enti-
1-2% of the adult population in developed countries, rising  ties and their prognoses is comparable.” Despite remark-
up to >10% among people above 70 years of age with in- able progress in HF research, we still miss a specific
creasing prevalence due to demographic changes.™™ HF  treatment for HFpEF, at the moment the guidelines focus
patients are mainly categorized into HF with reduced on optimizing the comorbidities.

© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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However, the economic burden of HF treatment increases
with its prevalence. Cardiovascular diseases are estimated to
cost about $130 billion in Europe annually with HF as a major
matter of expense.8 HF cost estimates in the USA amount to
$39.2 billion in direct costs,9 which do not include the impact
on the economic reduction in work force nor the informal
care these patients receive. A key portion of HF direct costs
is caused by hospitalization, while ~5% of all hospital admis-
sions in Western countries are due to HF."*™? Projected total
medical costs in 2030 will rise up $53.1 billion, and nearly 80%
of these projected expenses are attributed to increased hos-
pitalizations.®> ™ All these details are mainly based on data-
bases from national registries and insurance companies.®
These databases underestimate the costs of HF patients sys-
tematically because of differently attributed diagnoses for
hospitalization due to common comorbidities of HF patients.
In particular, HFpEF patients are inadequately represented
because of various comorbidities and a systematic neglect
due to the absence of direct treatment options.”” Based on
the recommended guideline treatment for HFrEF patients,
monitoring HFrEF costs is easier on a non-individual-based
approach in registries.

The aldosterone receptor blockade in diastolic HF (aldo-
DHF) study was a randomized, controlled trial investigating
the effects of chronic aldosterone receptor blockade in 422
outpatient stable HFpEF patients during a 12-month follow-
up period.® Its co-primary endpoints were E/e’ and
peakVoO,.

Thus, in this analysis, we aim to (i) analyse the structure of
the costs and to (ii) assess the direct health costs for this sta-
ble outpatient HFpEF population. Ultimately, we aim to (iii)
evaluate the effect of spironolactone on the overall direct
costs and the cost distribution and to (iv) identify predictors
for higher costs in subjects based on these findings.

Methods
Study design and setting

The aldo-DHF trial was a multicentre, randomized, placebo-
controlled, double-blind study within the framework of the
German Competence Network Heart Failure (KNHI) be-
tween 2007 and 2012."° The study design and the primary
results of the aldo-DHF trial have been previously pub-
lished."®2° Briefly, eligible patients were enrolled and ran-
domized to spironolactone 25 mg once daily or matching
placebo. The diagnosis of HFpEF was based mainly on the
Paulus criteria [symptomatic HF, left ventricular ejection
fraction (LVEF) > 50% at rest and echocardiographic signs
of diastolic dysfunction (tissue doppler-derived Efe’ > 15
or E/e’ > 8 in combination with the presence of either el-
evated N terminal pro brain natriuretic peptide or brain

natriuretic peptide or atrial fibrillation)]** Ultimately, symp-
tomatic patients with New York Heart Association class Il or
Ill, LVEF > 50% at rest, echocardiographic evidence of
grade > | diastolic dysfunction or present atrial fibrillation,
and peak VO, < 25 mL/kg/min were eligible for participa-
tion.?® Major exclusion criteria included prior documented
LVEF < 40%, significant coronary artery disease, myocardial
infarction or coronary artery bypass graft surgery within
3 months, definite or probable pulmonary disease [vital ca-
pacity < 80% or forced expiratory volume in 1 s < 80% of
reference  values on spirometry], body  mass
index > 36 kg/m, or serum creatinine > 1.8 mg/dL. After
the baseline examination and the randomization, patients
were seen at visits after 1 week and 3, 6, 9, and 12 months.
Examination results, guestionnaires, and changes of medi-
cation were recorded at each visit. The study protocol
was reviewed and approved by the institutional review
board of each participating centre, and all patients pro-
vided written informed consent prior to enrolment. Aldo-
DHF was conducted in accordance with national laws,
guidelines for good clinical practice, and the Declaration
of Helsinki.

Subject population

We analysed the data of 422 patients. The data collection
also consisted of details regarding physician visits, rehabilita-
tion, and hospital admissions as well as the concomitant med-
ication at the screening, the baseline, and the follow-up visits
every 3 months for a year.

Endpoint

The main endpoint in focus was defined as the overall direct
costs. These direct costs were based on (i) structural costs
assessed by the number of general practitioner (GP) and car-
diologist visits, number of HF hospitalizations, duration of car-
diac rehabilitation, and duration of required nursing care as
well as (i) medication costs assessed by the number of days
the medication was taken and the individual composition of
medication per day.

Cost parameter assessment

We analysed the cost of illness with a bottom-up-
approach?®?? based on the details of every single patient.
We considered cardiovascular medication as relevant for
our analysis and therefore as distinguishable from other med-
ication. These considered medication included beta-blocker,
angiotensin-converting enzyme inhibitors, angiotensin Il re-
ceptor blockers, diuretics, cardiac glycosides, statines, other
lipid-lowering agents, antiarrhythmic agents, calcium channel

ESC Heart Faifure 2020; 7: 786793
DOI: 10.1002/ehf2.12606
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blocker, anticoagulants, nitrates, oral antidiabetic medication,
and insulin and pulmonary medication. For the calculations of
the costs due to the concomitant medication, we used the
price for the cheapest generic in the largest available package
size on the German market in the year 2011 for our
calculations.

Regarding outpatient physician visits, we considered visits
to GPs, specialists in internal medicine, and cardiologists as
relevant for our analysis. Reliable data for costs per physician
visit were only available from the year 1999.%* Therefore, we
adjusted these for inflation and set the year 2011 as the ref-
erence point of time.

The direct costs of hospitalization were assessed when
the hospitalization reported at the baseline visit for the
previous 12 months or any other follow-up visit was due
to HF. The direct economic costs of a hospitalization
emerge from both the treatment costs and the infrastruc-
tural costs of the health care provider. We used an
established approach to assess these costs by including
the average HF costs based on diagnosis-related group sta-
tistics from the Federal Statistical Office of Germany and
added the infrastructural state funding per day multiplied
by the duration of the hospital stay to assess the hospital-
ization costs.**

Statistical methods

Study cohort and subgroups are described by absolute and
relative frequencies for categorical data, by mean and stan-
dard deviation (SD) for symmetric continuous variables and
in addition, median and quartiles/interquartile range for
skewed continuous variables.

We compared frequencies by XZ test and Fisher’s exact
test. Continuous variables were compared by t-tests for inde-
pendent samples with Satterthwaite approximation or by
Mann-Whitney U tests.

For the analysis of both the physician visits and the hos-
pitalizations, we summed up the details at each visit
per patient. Medication costs were calculated as a product
of daily dosage, price per dosage, and number of days
taken.

In searching baseline variables associated with the total
direct costs, we built various regression models. After sim-
ple linear regression models with variables from Table 1,
we built a multiple regression model and excluded irrele-
vant variables by backward selection with probabilities for
inclusion: p_in = 0.2 and exclusion p_out = 0.05. Final
models were built with the variables selected that way to
get correct estimates for incidence rate ratios, which
were calculated including two-sided 95% confidence
intervals.

Table 1 patient characteristics |

Spironolactone  Placebo

Variable n (%) n (%) P value
Female 111 (52) 110 (53) 0.9150
CAD 92 (43) 78 (37) 0.2188
Arterial hypertension 197 (92) 190 (91) 0.5565
VD 23(11) 22(11) 0.9279
PAD 7 (3) 10 (5) 0.4338
Atrial fibrillation 30 (14) 36 (17) 0.3746
Chronotropic incompetence 9 (4) 16(8) 0.1356
NYHA Il 33 (15) 26 (12) 0.3659
Hyperlipidemia 130 (61) 143 (68) 0.1123
Diabetes mellitus 36 (17) 34(16) 0.8611
sleep apnoea 29(14) 21(10) 0.2569
COPD 11 (5) 3(1) 0.0535
Depression 22(10) 25(12) 0.5939
Paulus criteria positive 111 (52) 109 (52) 0.9934

CAD, coronary artery disease; COPD, chronic obstructive pulmonary
disease; CVD, cerebrovascular disease; PAD, peripheral artery dis-
ease; Paulus criteria, HFpEF criteria mentioned above.?'

Results
Subject population

A total of 422 patients were randomly assigned to receive
spironolactone (n = 213) or matching placebo (n = 209) with
12 months of follow-up. Patients who dropped out were
analysed until their dropout. There was no relevant difference
in the number of dropouts (9 vs. 13, P =0.22) nor in the base-
line characteristics (Tables 7 ond 2) between both groups.

Costs per item: physician visits and
hospitalizations

Because most data were collected in 2011, that year was also
set as the reference point of time for all calculations.

The latest costs per outpatient physician visit given by the
German physician’s association were from 1999. We adjusted
those values for inflation in 2011 and calculated 19.95 € per
visit to the general practitioner and 71.16€ per visit to the
cardiologist.

The average diagnosis-related group-based cost was
3168.03 € per hospitalization. We calculated additional
64.43 € per day in hospital for infrastructural costs. For reha-
bilitation, we calculated additional 121.12 € per day.

Overall direct cost

As shown in Figurel, the overall direct costs are the sum of
the costs for outpatient physician visits, hospitalization, reha-
bilitation, and medication. The mean overall cost per patient
was 1188€. The median cost was in contrast 332€ as a result
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Table 2 Patient characteristics Il

Spironolactone Placebo
Variable N Mean SD Median IQR N Mean SD Median IQR P value
Age [yearsl 213 66.9 &/ 67.0 12.0 209 66.7 7.5 68.0 11.0 0.8038
BMI [kg/m?] 213 28.9 3.6 29.0 5.0 209 28.9 3.6 28.8 5i1 0.9644
MAP [mmHg] 213 97.6 1.4 96.3 16.0 209 98.2 12.2 98.0 14.7 0.5435
Pulse pressure [mmHg] 213 55.8 14.8 54.0 19.0 209 55.8 15.8 55.0 20.0 0.9667
HR in ECG [min”] 213 66.5 13.8 65.0 15.0 208 64.3 11.8 63.0 115 0.0815
eGFR [ml/min/1.73 mz] 211 79.3 19.2 VI 25.6 208 78.1 18.3 77.9 24.9 0.5095
VO, max [ml/min/kg] 213 16.4 3.6 16.1 4.4 209 16.4 35 16.3 4.6 0.8731
E/e’ (medial) 213 12.7 3.6 11.9 4.3 209 12.8 4.4 11.9 3.6 0.6252
log10NTproBNP 204 2.2 0.5 2.3 0.6 195 2.2 0.4 2.2 0.5 0.5052
LAVI [ml/ng 212 28.2 9.1 26.4 10.4 208 27.8 7.7 26.7 9.7 0.9586
LVMI [ml/m*©] 212 107.9 29.2 106.8 29.8 209 109.3 26.8 107.4 35.8 0.5347
Hb [g/dl] 213 13.8 1.2 13.8 1.5 209 13.8 1.3 13.8 1.8 0.8135
VACI 206 0.5 0.7 0.5 0.3 202 0.5 0.3 0.5 0.2 0.0849

Values in italic are smaller than 0.2, selection criterion before multiple regression model

BMI: body mass index; ECG: electrocardiogram; eGFR: estimated glomerular filtration rate; HR: heart rate; IQR: interquartile range; LAVI:
left atrial volume indexed to body surface area; LVMI left ventricular mass indexed to body surface area; MAP :mean arterial pressure; SD:
standard deviation; VACI: Ventricular-atrial Coupling Index; VO,max: maximal oxygen uptake

of most patients contributing to less than 1000€ per patient
per year. The main component was hospitalization due to HF.

Hospitalization and rehabilitation

Because only 14.7% (62/422) of all subjects were hospital-
ized during the follow-up period, its contribution to the
overall costs of the investigated HFpEF cohort was very

Figure 1 Distribution of mean overall direct costs of the complete study
population. Con-medication: medication taken besides study drug
(spironolactone/placebo); cardiologist: outpatient visits to cardiologist;
GP: outpatient visits to general practitioner; hospitalization: hospitaliza-
tion due to heart failure (HF); rehabilitation: rehabilitation due to HF.

€1,200.00
€1,000.00
€800.00
B con-medication
rehabilitation
€600.00 @ hoswtallzeﬂon
H cardiologist
mGP
€400.00
€200.00
€0.00

limited. However, for patients who were hospitalized, hos-
pitalization was the most expensive item. This resulted in
640.7€ [SD: £1995.7€, median 0€ (Q;: 0€; Q3: 0€)] average
costs for hospitalization per study subject during the
12 months of follow-up.

The same applies to patients who were admitted to reha-
bilitation and their costs. 5.5% (23/422) of subjects had at
least one admission for rehabilitation care that generated
an average cost of 122.3€ [SD: +693.3€, median 0€ (Q,: 0€;
Qz: 0€)] per rehabilitation treatment per patient annually.

Outpatient visits

Among patients who were not hospitalized, outpatient visits,
either to the cardiologist or the GP, were the most relevant
cost item besides the prescribed medication.

One-third of the study population had no visit to the GP
during the follow-up period. Seventy-five percent of patients
had up to two visits, and one patient was outlying with 48 GP
visits during the follow-up period. Thus, on average, 35.3€
[SD: £67.9, median 20€ (Q,: 0€; Q3: 40€)] was spent for GP
visits per patient during the follow-up period.

Visits to the cardiologist were noticeably fewer but with a
similar pattern. Seventy-five percent of the study population
had up to one visit to the cardiologist. The subject with the
most visits to the cardiologist during the follow-up had 10
visits. In total, visits to the cardiologist added up to an aver-
age cost of 31.2€ [SD: +68.5€, median 0€ (Q,: 0€; Qs: 71€)]
per patient during the follow-up period.

Medication

Considering the follow-up visits at 3, 6, 9, and 12 months,
about 29% of subjects on average reported altered
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medication and 66.1% (279/422) reported none or one
change in medication during the complete follow-up period.
The con-medication taken from all participants is shown in
Table 3.

Some of the frequently taken drugs created low median
costs, like beta-blockers {17€) and statins {23€). Some of
the less frequently taken drug groups generated higher me-
dian costs, like antiarrhythmic agents (1313.6 €) and antide-
pressants (1894.9€). Anticoagulation, which included
antiplatelet therapy in our analysis, was frequently taken
and contributed notably to the costs with a relatively high
median cost (1109.5€). These findings resulted in median
con-medication costs of 223€ per subject per year. The large
distribution lead to nearly 100 subjects (one quartile) with
costs less than 100 € and a quartile with costs more than
487€ per patient per year. These results are accompanied
by mean costs of 358.7€ (SD: £396.5) per patient per year.

Effect of spironolactone

The costs for outpatient visits to both the GP and the cardiol-
ogist, the hospitalizations, and rehabilitation care were not
different in the two study arms. Table 4 shows the distribu-
tion in the total patient cohort.

The medication costs between both treatment arms are
not relevantly different (P = 0.84). Certain medication groups
were different between these study arms but had no impact
on the overall costs [calcium channel blockers were taken

Table 3 Absolute and relative frequency of medication groups in
both treatment arms

Spironolactone Placebo
n=213) (n = 209)

Medication group No. (n) Rel. (%) No.{n)} Rel. (%)
Antiarrhythmic agents 12 6 21 10
Beta blockers 150 70 160 77
B a7 22 74 35
ACE inhibitors 103 48 92 44
ARBs 85 40 80 38
Loop diuretics a6 22 27 13
Other diuretics 97 46 99 47
Nitrates 23 11 18 9
Cardiac glycosides 4 2 4 2
Statins 117 55 119 57
Other cholesterol- 19 9 15 7
lowering medication

Anticoagulants 132 62 119 57
Oral antidiabetic medication 30 14 20 10
Pulmonary medication 13 6 9 4
Insulins 4 2 11 5
Antidepressants 21 10 16 8

Mediation group was considered positive, when at least one drug
from a medication group was reported to be part of the taken by
patient at one of the study visits.

ACE: angiotensin-converting-enzyme inhibitor; anticoagulants:
including antiplatelet therapy; ARBs: Angiotensin Il receptor
blockers; CCB: calcium channel blockers; Rel.: relative frequency.

Table 4 Comparison of the descriptive cost items without medica-
tion costs

Total patient cohort (n = 422)

Cost item Min Max Med Q Qs
GP 0 958 20 0 40
Cardiologist 0 712 0 0 71
Hospitalization 0 18,288 0 0 0
Rehabilitation ¢} 8,478 0 Q 0

Costs in € (Euro).GP, costs of outpatient visits to the general prac-
titioner; cardiologist, costs of outpatient visits to the cardiologist;
hospitalization, costs of hospitalizations due to heart failure; reha-
bilitation, costs of rehabilitation care due to heart failure.

more often in the placebo group (P = 0.01) and loop diuretics
more in the spironolactone group (P = 0.02)].

Predictors

Factors associated with impact on the costs are shown in
Table 5. Factors like atrial fibrillation, coronary artery disease,
and higher HF functional class were associated with higher
costs, while higher haemoglobin levels in women predicted
lower costs. Other factors, for example, age, arterial hyper-
tension, and chronic obstructive pulmonary disease, as well
as the level of diastolic dysfunction (E/e’), showed no impact
on higher costs.

Discussion

In this analysis, we measure for the first time the costs of
an ambulatory HFpEF cohort, which account for a median
amount of 332 € per patient per year (1118€ on average).
The analysis of the structure revealed hospitalization as the
driving cost factor followed by medication, rehabilitation,
and outpatient visits. Spironolactone did not change the
overall costs or the distribution over the different items;
however, it showed associations with certain compositions
of the con-medication. Independent predictors for higher
costs included men with lower haemoglobin values, better
VO,max, as well as the presence of coronary artery disease,
hyperlipidaemia, and atrial fibrillation.

Table 5 Incidence rate ratio of relevant predictive factors for over-
all costs

Predictive factor IRR 95% Cl P

Haemoglobin 0.791 0.706-0.887 <0.001
VO,max 1.049 1.009-1.090 0.015
Female vs. male 0.619 0.464-0.824 0.001
CAD, yes vs. no 1.399 1.026-1.910 0.034

1.189-2.175 0.002
1.516-3.093 <0.001
1.120-2.406 0.011

Hyperlipidaemia, yes vs. no 1.608
Atrial fibrillation, yes vs. no  2.164
NYHA Il vs. |l 1.640

CAD: coronary artery disease; Cl: confidence interval; IRR: incidence
rate ratio; NYHA: New York Heart Association.
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This analysis gained power through the bottom-up-
approach, which focused on the use of resources on every
level of each subject instead of referring to aggregated cohort
data.

Analyses by other authors investigating HF populations and
providing their use of medical resources focused mainly on a
different selection of patients, for example, Biermann et d/. in-
vestigated a pooled HF cohort with LVEF < 50%.%° In that anal-
ysis, HFrEF and HF with mid-range ejection fraction patients
showed higher need for medical resources indicating higher
costs. There were more often outpatient visits to both GPs
as well as cardiologists than in our cohort [6.1 (£9) and 1.7
(£2.5) vs. 1.8 (£3.4) and 0.4 (£1.0) per year]. Hospital admis-
sions due to HF were more frequent in those patients [0.8
(£1.2) vs. 0.2 (£0.6) per year]. However, even the basic charac-
teristics differed: the cohort was younger and there were
more male subjects [25.2% female subjects and mean
age 62.9 (+ 13.6) years vs. 52% female subjects and mean
age 67 (1 8) years]. Both analyses, theirs and ours, could show
that higher HF functional classes were associated with higher
costs.

Focusing on HFpEF populations only, similar effects could be
shown, for example, by Redfield et al. In the RELAX trial, they
investigated the effect of phosphodiesterase-5 inhibition with
administration of sildenafil for 24 weeks, compared with pla-
cebo in an HFpEF cohort.”® It did not result in significant im-
provement in exercise capacity or clinical status, but the data
could be analysed in the same bottom-up-approach like ours
and showed also a significant higher need for medical re-
sources in both medication and hospitalization terms. Al-
though the RELAX cohort was similar to the ALDO cohort
regarding the basic baseline characteristics (mean age
69 years, 49% women), they differed in others, such as the co-
morbidities. In summary, comorbidities were more present in
the RELAX than in the ALDO group, for example, arterial hyper-
tension 85% vs. 92%, diabetes mellitus 43% vs. 17%, chronic
obstructive pulmonary disease 19% vs. 3%, and atrial fibrilla-
tion 51% vs. 15%. Consequently, the number of con-
medication was higher than in the ALDO cohort, for example,
loop diuretics 77% vs. 17% or ACEi 70% vs. 46%. Even in labo-
ratory and clinical testing, the RELAX group appeared to be
sicker with median N-terminal pro brain natriuretic peptide
values around 700 pg/mL vs. 158 pg/mL in the ALDO cohort.
VO,max was at 11.7 mL/min/kg vs. >16 mL/min/kg in the
aldo-DHF data. Diastolic parameters like E/e’ (16 vs. 11.8)
and left atrial volume indexed to body surface area (44 mL/
m? vs. 26 mL/m?) were also different. This constellation indi-
cates that patients with a higher disease burden have higher
costs, represented by the fact that HF hospitalization was an
inclusion criterion in RELAX but not in aldo-DHF. In contrast,
only 37% of aldo-DHF patients had a hospitalization before
baseline. Korves et al.?” could show that hospitalization and
especially the 6 months after HF hospitalization are the most
costly periods of the patient journey.

Conclusively, we show that early stage HFpEF patients have
lower costs and because managing the comorbidities is the
main treatment approach at the moment, an early diagnosis
and prevention as well as treatment of comorbidities reduces
the economic costs even of an oligosymptomatic, relatively
young HFpEF cohort.

In analysing the predictive factors for higher costs, the only
item that we can change and improve besides optimal ther-
apy of comorbidities is VO,max. This underlines the idea that
physical exercises could improve HFpEF population outcomes
and lower the costs of their care.

Limitations to this analysis include focusing on direct costs.
Indirect costs, for example, disability to work, early retire-
ment, and commute to diagnosis or treatment, were not in-
cluded. Incidental costs in an elderly population with HFpEF
are negligible due to their higher age (67 £ 8 years) and the
presumed retirement. Intangible costs were not observed in
the study protocol.

Compared with many other studies focusing on HFpEF, our
study population is relatively young. Being young and only
oligosymptomatic with a relatively low rate of HF hospitaliza-
tion created lower costs.

But even the number of outpatient visits was much lower
than expected, especially regarding visits to the cardiologist.
Regular study visits may have influenced the number of other
outpatient visits to the GP or cardiologist although subjects
were instructed to keep regular appointments, including those
required for prescriptions for the con-medication.

Regarding the con-medication, we most likely underesti-
mate the real costs because we always calculated for the
cheapest generic per largest pack size drug of an agent. At
the same time, we only calculated single medication thera-
pies and did not include polypills, which are usually cheaper
than the combination of two drugs.

We could calculate the costs of a stable, oligosymptomatic
patient with HFpEF per year. Because the hospitalizations and
the following patient monitoring create the highest costs, we
need to find methods to reduce HF hospitalizations and pro-
cesses to decrease their impact on the overall costs in future
steps.
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4.3. Charakterisierung von HI mittels Kardio-MRT

Wie bereits gezeigt wurde, sind prdaventive Mallnahmen in Ermangelung direkt
therapeutischer Ansdtze nicht nur das Kernstliick der Krankheitsvorbeugung bei HFpEF,

sondern auch ein zentrales Instrument zur Reduktion der Krankheitskosten.”’

Die bisherige Klassifikation der Herzinsuffizienz erfolgt unter therapeutischen
Gesichtspunkten entlang der Gruppierung der LVEF.! Neben der LVEF, die als Indikator der
globalen systolischen LV-Funktion dient, haben sich auch Strain-Messungen als Mal3zahlen fur
die globale myokardiale Deformation etabliert. Diese korrelieren eng mit der LVEF, was darauf
hindeutet, dass regionale Einschrankungen bei der Darstellung der globalen Funktion nicht
ausreichend abgebildet sind. Zudem wird die Herzinsuffizienz im Kontext als Spektrum Utber

die LVEF betrachtet.

In dieser Arbeit wird ein neuer Parameter zur Abbildung der myokardialen Deformation bei

Herzinsuffizienz mit hoherer Granularitat untersucht.

Der nachfolgende Text entspricht dem Abstrakt dieser Arbeit’8:

Hashemi D, Motzkus L, Blum M, Kraft R, Tanacli R, Tahirovic E, Doeblin P, Zieschang V, Zamani
SM, Kelm M, Kuehne T, Pieske B, Alogna A, Edelmann F, Duengen HD, Kelle S. Myocardial
deformation assessed among heart failure entities by cardiovascular magnetic resonance
imaging. ESC Heart Fail. 2021 Apr;8(2):890-897. doi: 10.1002/ehf2.13193. Epub 2021 Feb 4.
PMID: 33539681.

“Aims: Although heart failure (HF) is a leading cause for hospitalization and mortality,
normalized and comparable non-invasive assessment of haemodynamics and myocardial
action remains limited. Moreover, myocardial deformation has not been compared between
the guideline-defined HF entities. The distribution of affected and impaired segments within
the contracting left ventricular (LV) myocardium have also not been compared. Therefore, we
assessed myocardial function impairment by strain in patients with HF and control subjects by

magnetic resonance imaging after clinically phenotyping these patients.
43



Methods and results: This prospective study conducted at two centres in Germany between
2017 and 2018 enrolled stable outpatient subjects with HF [n = 56, including HF with reduced
ejection fraction (HFrEF), HF with mid-range ejection fraction (HFmrEF), and HF with preserved
ejection fraction (HFpEF)] and a control cohort (n = 12). Parameters assessed included
measures for external myocardial function, for example, cardiac index and myocardial
deformation measurements by cardiovascular magnetic resonance imaging, left ventricular
global longitudinal strain (GLS), the global circumferential strain (GCS) and the regional
distribution of segment deformation within the LV myocardium, as well as basic phenotypical
characteristics. Comparison of the cardiac indices at rest showed no differences neither
between the HF groups nor between the control group and HF patients (one-way ANOVA P =
0.70). The analysis of the strain data revealed differences between all groups in both LV GLS
(One-way ANOVA: P < 0.01. Controls vs. HFpEF: -20.48 + 1.62 vs. -19.27 + 1.25. HFpEF vs.
HFmrEF: -19.27 + 1.25vs. -15.72 + 2.76. HFmrEF vs. HFrEF: -15.72 + 2.76 vs. -11.51 + 3.97.) and
LV GCS (One-way ANOVA: P < 0.01. Controls vs. HFpEF: -19.74 + 2.18 vs. -17.47 + 2.10. HFpEF
vs. HFmrEF: -17.47 + 2.10 vs. -12.78 + 3.47. HFrEF: -11.41 + 3.27). Comparing the segment
deformation distribution patterns highlighted the discriminating effect between the groups
was much more prominent between the groups (one-way ANOVA P < 0.01) when compared by
a score combining regional effects and a global view on the LV. Further analyses of the patterns
among the segments affected showed that while the LVEF is preserved in HFpEF, the segments
impaired in their contractility are located in the ventricular septum. The worse the LVEF is, the
more segments are affected, but the septum remains an outstanding location with the most

severe contractility impairment throughout the HF entities.

Conclusions: While cardiac index at rest did not differ significantly between controls and stable
HF patients suffering from HFrEF, HFmrEF, or HFpEF, the groups did differ significantly in LV
GLS and LV GCS values. Regional strain analysis revealed that the LV septum is the location
affected most, with reduced values already visible in HFpEF and further reductions in HFmrEF

and HFrefr.”’8
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Abstract

Aims  Although heart failure (HF) is a leading cause for hospitalization and mortality, normalized and comparable non-invasive
assessment of haemodynamics and myocardial action remains limited. Moreover, myocardial deformation has not been com-
pared between the guideline-defined HF entities. The distribution of affected and impaired segments within the contracting left
ventricular (LV) myocardium have also not been compared. Therefore, we assessed myocardial function impairment by strain in
patients with HF and control subjects by magnetic resonance imaging after clinically phenotyping these patients.

Methods and results This prospective study conducted at two centres in Germany between 2017 and 2018 enrolled stable
outpatient subjects with HF [n = 56, including HF with reduced ejection fraction (HFrEF), HF with mid-range ejection fraction
(HFmrEF), and HF with preserved ejection fraction (HFpEF)] and a control cohort (n = 12). Parameters assessed included mea-
sures for external myocardial function, for example, cardiac index and myocardial deformation measurements by cardiovas-
cular magnetic resonance imaging, left ventricular global longitudinal strain {GLS), the global circumferential strain (GCS)
and the regional distribution of segment deformation within the LV myocardium, as well as basic phenotypical characteristics.
Comparison of the cardiac indices at rest showed no differences neither between the HF groups nor between the control
group and HF patients (one-way ANOVA P = 0.70). The analysis of the strain data revealed differences between all groups
in both LV GLS {One-way ANOVA: P < 0.01. Controls vs. HFpEF: —20.48 + 1.62 vs. —19.27 + 1.25. HFpEF vs. HFmrEF:
—19.27 + 1.25 vs. —15.72 £ 2.76. HFmrEF vs. HFrEF: —15.72 £ 2.76 vs. —11.51 + 3.97.) and LV GCS (One-way ANOVA:
P < 0.01. Controls vs. HFpEF: —19.74 + 2.18 vs. —17.47 £ 2.10. HFpEF vs. HFmrEF: —17.47 + 2.10 vs. —12.78 £ 3.47. HFrEF:
—11.41 £ 3.27). Comparing the segment deformation distribution patterns highlighted the discriminating effect between
the groups was much more prominent between the groups (one-way ANOVA P < 0.01) when compared by a score combining
regional effects and a global view on the LV. Further analyses of the patterns among the segments affected showed that while
the LVEF is preserved in HFpEF, the segments impaired in their contractility are located in the ventricular septum. The worse
the LVEF is, the more segments are affected, but the septum remains an outstanding location with the most severe contrac-
tility impairment throughout the HF entities.

Conclusions While cardiac index at rest did not differ significantly between controls and stable HF patients suffering from
HFrEF, HFmrEF, or HFpEF, the groups did differ significantly in LV GLS and LV GCS values. Regional strain analysis revealed that
the LV septum is the location affected most, with reduced values already visible in HFpEF and further reductions in HFmrEF
and HFrEF.
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Introduction

While the causes for heart failure (HF) have been broadly
explored and HF is becoming increasingly important
due to demographic changes in the western world,
mechanisms and haemodynamic have remained insufficiently
understood.™? Patients with HF include those with reduced
left ventricular (LV) ejection fraction (LVEF, HFrEF),
mid-range LVEF (HFmrEF) and preserved LVEF (HFpEF)—all
with different degrees of systolic and diastolic alterations.?
Phenotypically, patients with HFrEF, HFmrEF, and HFpEF suf-
fer from a systemic disease with different comorbidities with
great overlaps.*® Classic approaches to categorize these phe-
notypes include functional classes of symptoms on exertion,
for example, by the New York Heart Association (NYHA) clas-
sification, global cardiac function assessed by global systolic
or diastolic parameters, for example, LVEF or E/e. While the
discriminatory effect of LVEF among HF patients has been
broadly criticized for decades, especially in distinguishing
healthy hearts from HFpEF patients, increasing evidence chal-
lenged its meaning because it covers poorly actual cardiac
action.®® While echocardiographic parameters are exten-
sively used in HF guidelines, they have significant detractions,
especially in an era when HFpEF is becoming the dominant
presentation.®

Measurements of cardiac contractility and the assessment
of myocardial deformation by strain analyses are an emerging
and promising tool to better characterize patients.'®

Strain imaging provides the opportunity to render the
spatial contractility parameters (longitudinal, circumferen-
tial, and radial strain) measurable at each voxel level over
the cardiac cycle, as the LVEF is limited in discriminating
HF patients and both global longitudinal and circumferen-
tial strain provide the chance to assess these subjects more
accurately—especially by cardiovascular magnetic reso-
nance imaging (CMR)."! Since HFmrEF was just introduced
in 2016 by the European Society of Cardiology (ESC) guide-
lines, assessment of strain imaging in HFmrEF patients has
been very limited.

However, usually myocardial deformation is reported as a
global value either for the longitudinal axis or the circumfer-
ential axis. Recent studies showed the relevance of both
myocardial deformation per se and the distribution of its im-
pairment—a comparison between the HF entities regarding
their regional differences within the LV myocardium has not
been performed. Combining the regional differences and a
global view on the affected LV resulted in a summarizing
score based on 37 segments of the LV, which has already
been introduced.™ The ratio of segments with preserved
strain values to all 37 LV segments represents a number
reflecting the share of the myocardium that provides a nor-
mal strain value of the LV with a global view—allowing for
comparisons of how many segments are affected between
the HF entities.

While HF entities per se have been characterized regarding
strain values, there has not been a comparison of cardiac
contractility with regard to the cardiac work or cardiac index.

The aim of this study is to assess the longitudinal and cir-
cumferential strain as well as the distribution of the myocar-
dial deformation in an HF population including HFrEF,
HFmrEF, and HFpEF patients as well as subjects without HF.

Methods

This study was a prospective study conducted at two
centres in Berlin, Germany, the Charité—University Medicine
Berlin and the German Heart Centre Berlin, between 2017
and 2018.

Briefly, subjects were screened for diagnosed HF NYHA
functional Classes Il and Ill and an age of at least 45 years.
The initial diagnosis of HF should have been older than
30 days; the patients were required to be in a stable state
with no changes in their HF medication and no HF hospitali-
zation within the previous 7 days. HFrEF was defined as diag-
nosis of HF, increased N terminal pro brain natriuretic
peptide (NT-proBNP) (>220 pg/mL) and LVEF <40%, HFmrEF
as the diagnosis of HF, increased NT-proBNP (>220 pg/mL)
and 40% > LVEF < 50% as well as HFpEF as diagnosis of HF,
increased NT-proBNP (>220 pg/mL) and LVEF >50% at the
time of study inclusion. We did not distinguish between the
causes for HF for recruiting patients.

Additionally, we recruited subjects without HF or major
cardiovascular diseases as controls—for this analysis, we ex-
cluded those with cardiovascular risk factors, for example,
coronary artery disease or diabetes.

All studies included complied with the Declaration of
Helsinki, the protocols were approved by the responsible
ethics committees, and all patients gave written informed
consent. It was registered at the German Clinical Trials Regis-
ter (DRKS, registration number: DRKS00015615). The detailed
inclusion and exclusion criteria are listed on the webpage of
the DRKS. Further analyses of this study have already been
published.*®>7*¢

Cardiac magnetic resonance

All CMR images were acquired using 1.5 T (Achieva, Philips
Healthcare, Best, The Netherlands) magnetic resonance
imaging (MRI) scanners with a five-channel cardiac surface
coil in a supine position. All study participants were
scanned using identical comprehensive imaging protocol.
The study protocol included initial scouts to determine
cardiac imaging planes. Cine images were acquired using a
retrospectively gated cine-CMR in cardiac short-axis, vertical
long-axis, and horizontal long-axis orientations using a
steady-state free precession sequence for volumetry as
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previously described.™ The calculation of the cardiac indices
(Cls) is based on the volumetry of the ventricles. Fast
strain-encoded (fast-SENC) MRI was used for strain
evaluation, as it has been shown to enable guantification of
longitudinal and circumferential strain in free breathing and
with high reproducibility.’” Images were blinded to strain
analysis, cine, and volumetric measurements, respectively.
We waived interobserver analyses based on an analysis that
highlighted the robustness of fast-SENC analyses regarding
intraoberserver and interobserver variabilities.'®

Image analysis

All images were analysed offline using commercially available
software {Medis Suite, version 3.1, Leiden, The Netherlands)
in accordance to recent consensus document for guantifica-
tion of LV function using CMR.™ In the analysis were included
2Ch, 3Ch, and 4Ch cine images, and respectively, three
preselected mid-ventricle slices from the LV short-axis stack.
Image analysis was performed using the software Medis®
Suite MR (Medis medical imaging systems, Leiden, The
Netherlands, version 3.1) for volume measurements and the
software MyoStrain (Myocardial Solutions, Inc., Morrisville,
North Carolina, USA, version 5.0) for fast-SENC strain
measurements.

Statistical analysis

Statistical analysis was carried out with GraphPad Prism
software version 8.4.2 and R version 3.5.1 (2018-07-02)
(R Foundation for Statistical Computing, Vienna, Austria).

Normality of variables was assessed by visual assessment
of normality curves and the Shapiro-Wilk test. Comparison
between groups for continuous variables was performed with
a one-way ANOVA for normally distributed data. When a
significant P value was obtained using one-way ANOVA, the
group means were examined by the Holm-Bonferroni
method. Values of P < 0.05 were considered statistically
significant.

Results
Study population

There were 68 subjects analysed, including 56 HF patients
(HFrEF: n = 19; HFmrEF: n = 19; HFpEF: n = 18) and 12 without
HF. We considered the subjects without HF and cardiovascu-
lar risk factors as controls in our study. The baseline charac-
teristics are shown in Table 1.

Haemodynamic differences

Figure IC illustrates the cardiac indices of all four analysed
groups, which illustrates that there is no difference in cardiac
indices neither between controls and HF groups nor between
the HF groups (one-way ANOVA: P = 0.64). In the same man-
ner, the stroke volume indexed to the body surface area was
not relevantly different between the groups—while the LVEF
and the LV end-diastolic volume index were different among
the groups, which underlines der reliability of our data (Table
7).

Strain analyses

While the majority of segments are impaired regarding the
contractility measured in strain values in HFrEF patients, the
majority is preserved in HFpEF patients {Figure 2A,B). None-
theless, we see a significant difference in the global, averaged
strain value between controls and HFpEF while most seg-
ments are intact {Figure 2C). Obviously, there are a restricted
number of segments in HFpEF patients that are mostly
affected to make the global value different. Further analyses
showed that these segments are mainly located in the LV sep-
tum. The lower the LVEF is, the more segments are
affected—this correlates with higher LV septum impairment.

Discussion

In this analysis, we compared for the first time the cardiac in-
dices as well as myocardial deformation pattern changes
measured by MRI at rest in a stable but symptomatic outpa-
tient cohort suffering from HFrEF, HFmrEF, and HFpEF as well
as a controls cohort without HF. While Cl was not different
among these groups at rest, strain values showed differences.
This finding stayed in contrast to the clinically common
perception that a lower LVEF is indicative of a lower cardiac
output but was in line with the haemodynamic key rule that
in HF, Cl is impaired or only maintained at the expense of
increased filling pressures.

We explain our findings by the fact that the HF patients in-
vestigated in our study were stable and showed symptoms
only at exertion, reflected by the NYHA functional Classes Il
and lll—therefore, showing no impairment of C| at rest.

Analysing strain values, we saw differences between the
groups in both LV GLS and LV GCS. This finding is also in align-
ment with previous studies, which showed that both GLS and
GCS are robust to LV volume changes, especially more robust
compared with LVEF.**82° Latest works support the idea
that myocardial shortening is a superior parameter for myo-
cardial contraction and function.”> Similar to our analysis,
other studies have also shown that septal contraction is
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Figure 1 Synopsis of LVEF, SVi, and cardiac index in all four groups. (A)
LVEF in all subject groups. All marked differences are statistically signifi-
cant in percentage (mean % SD): *controls vs. HFmrEF: 62.00 + 5.34 vs.
4484 + 293, P < 0.01; ***HFpEF vs. HFmrEF 61.42 + 5.88 vs.
44.84 + 293, P < 0.01; ****HFpEF vs. HFrEF: 61.42 + 5.88 vs.
32.89 + 4.71, P < 0.01. (B) Stroke volume indexed to body surface area
in all subject groups. Marked difference is significant in B in millilitre per
square meter (mL/mZ): *controls vs. HFmrEF: 49.75 + 5.79 vs.
41.74 + 5.75, P = 0.031. Other descriptive values in millilitre per square
meter (mL/mZ) (mean + SD): HFpEF: 43.79 + 9.81; HFrEF: 42.56 + 7.28.
(C) Cardiac index in all subject groups. Other descriptive values in L/min/
m’ (mean £ SD): controls: 2.96 + 0.39; HFpEF: 2.71 + 0.58; HFmrEF:
2.79 £0.42; HFrEF: 2.83 + 0.56. HFmMrEF, heart failure with mid-range ejec-
tion fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; LVEF, left ventricular ejection
fraction; SVi, left ventricular stroke volume indexed to body surface area.
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Figure 2 Synopsis of LV GLS, LV GCS and fraction of preserved strain in all
subject groups. (A) LV GLS in all subject groups. All marked differences are
statistically significant: *controls vs. HFpEF: —20.48 + 1.62 vs.
—19.27 + 1.25, P = 0.041. **HFpEF vs. HFmrEF: —19.27 + 1.25 vs.
—15.72 + 2.76, P < 0.01. ***HFmrEF vs. HFrEF: —15.72 + 2.76 vs.
—11.51+3.97, P < 0.01. (B) LV GCS in all subject groups. All marked differ-
ences are statistically significant in B: *controls vs. HFpEF: —19.74 + 2.18
vs. —17.47 + 2.10, P = 0.017. **: HFpEF vs. HFmrEF: —17.47 + 2.10 vs.
—12.78 + 3.47, P < 0.01. Other descriptive values (mean + SD):
HFrEF: —11.41 £ 3.27. (C) Fraction of preserved strain in all subject groups.
All marked differences are statistically significant in C in percentage: *con-
trols vs. HFpEF: 79.00 + 8.50 vs. 68.11 + 9.54, P < 0.01. **HFpEF vs.
HFmrEF: 68.11 + 9.54 vs. 42.16 + 14.89, P < 0.01. ***HFmrEF vs. HFrEF:
42.16 + 14.89 vs. 26.72 £ 15.72, P < 0.01. GCS, global circumferential
strain; GLS, global longitudinal strain; LV, left ventricular; HFmrEF, heart
failure with mid-range ejection fraction; HFpEF, heart failure with pre-
served ejection fraction; HFrEF, heart failure with reduced ejection frac-
tion; LVEF, left ventricular ejection fraction.
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primarily impaired—even though in different cardiac diseases
leading to HF. Changes of myocardial contraction in HF of
different origins require further investigation (Figures 3
and 4).%

The relationship between LV GCS and LV GLS regarding
additional value needs to be further evaluated, especially
because there are myocardial compensation mechanisms
reported, which showed increase of the one when the other
is impaired—which are in contrast to our results, possibly due
to different techniques, fast-SENC on the one hand, and
tissue tracking on the other.**

The prognostic value of GLS was initially limited, but recent
studies showed a significant added value in prognosis with
improved techniques, mainly in HFrEF patients—the prognos-
tic aspect of the GCS value has not been conclusively
evaluated.”

Our calculations are limited by the moderate number of
LVEF values at the extremes and the stable outpatient state
of the HF patients (NYHA Classes Il and Ill). An analysis includ-
ing patients with NYHA Class IV might provide a more elabo-
rate approach to these questions, but it is more challenging
to perform a diagnostic CMR in those patients due to their su-
pine position at the time of the exam. Alternatively, a physical
stress method at which the patients report symptoms could

be added to the protocol to assess the point of time of dis-
comfort—this is not yet an established part of routine MRI di-
agnostic protocols. Additionally, the optimal stressor is not yet
defined. The results of our study are in line and supportive
with the recent ESC Heart Failure Association (HFA) position
statement for shifting paradigms in the assessment of cardiac
function.?* In particular, going away from ejection fraction to
myocardial strain evaluation and also from rest to stress as-
sessment of LV function is accompanied by the latest expert
panel statement of the HFA regarding HF classification.”
Correspondingly, the newest ESC HFA diagnostic work-up
recommendation for HFpEF highlights the relevance of stress
imaging to unmask impaired cardiac function in HF.>> We con-
sider our results as a key component in changing the
understanding of HF dynamics challenging the current HF clas-
sification. In summary, we have to state that the current HF
classification of HF patients into LVEF-based entities is only
of relevance in HFrEF patients from a treatment point of view.
HFrEF is the only entity with an evidence-based treatment
while chronic HFmrEF and HFpEF still lack tailored therapy.?
Better characterization of the myocardial action impairment
provides both a better pathomechanistic understanding of
the underlying disease and better parameters for patient
phenotyping as well as trial endpoints.

Figure 3 Regional disparity of myocardial contraction preserved in all four groups. Ratio of segments with both LV GLS and LV GCS in the reference
range, that is, < — 17% divided by the amount of LV segments in every patient (n = 37). (A) Septal segments strain in all subject groups. All marked
differences are statistically significant: *controls vs. HFpEF: —19.63 + 1.95 vs. —16.61 * 2.57, P < 0.01. **HFpEF vs. HFmrEF: —16.61 + 2.57 vs.
13.69 + 4.91, P = 0.013. ***HFmrEF vs. HFrEF: 13.69 + 4.91 vs. —9.04 + 5.27, P < 0.01. (B) Anterior segments strain in all subject groups. All marked
differences are statistically significant: *controls vs. HFpEF: —19.73 + 1.77 vs. —18.25 + 1.83, P = 0.017. **HFpEF vs. HFmrEF: —18.25 + 1.83 vs.
—13.54 £ 4.20, P < 0.01. ***HFmrEF vs. HFrEF: —13.54 + 4.20 vs. —9.22 + 4.41, P < 0.01. (C) Inferior segments strain in all subject groups. All marked
differences are statistically significant: **HFpEF vs. HFmrEF: —20.64 + 2.87 vs. —15.29 + 3.19, P < 0.01. Other descriptive values: controls:
—21.81 + 2.06. HFrEF: —12.97 + 4.22. (D) Lateral segments strain in all subject groups. All marked differences are statistically significant: **HFpEF
vs. HFmrEF: —20.69 + 2.49 vs. —14.47 + 3.38, P < 0.01. Other descriptive values: controls: —20.82 + 1.84. HFrEF: —13.81 * 3.18. GCS, global circum-
ferential strain; GLS, global longitudinal strain; LV, left ventricular; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction.
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Figure 4 Distribution of regional strain impairment in all four groups. LV, left ventricular; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Limitations

This study was performed at two centres cooperating, one
focusing on MRI acquisition and analysis and the other with
the remainder of the comprehensive study. The MRI centre
used the same scanner for all subjects providing a high level
of comparability.

Examinations in an magnetic resonance scanner may cause
psychological stress due to the confined space and examina-
tion in a hospital setting. We cannot rule out that in some
patients, this might have resulted in potentially slightly higher
Cl values compared with the Cl at complete rest at home.

While including more patients than previous studies
evaluating the discriminatory effect of strain values across
HF groups and a control cohort, our sample size was still
small.

We had to exclude patients with implanted ICDs and pace-
makers due to MRI contraindications. This limits the general-
izability of our study to the general HF population, especially
in patients with HFrEF. However, our findings should primar-
ily be considered hypothesis generating.

Conclusions

While cardiac index at rest did not differ significantly be-
tween controls and stable HF patients suffering from HFrEF,
HFmrEF, or HFpEF, the groups did differ significantly in LV
GLS and LV GCS values. Regional strain analysis revealed that
the LV septum is the location affected most, with reduced
values already visible in HFpEF and further reductions in
HFmrEF and HFrEF.
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4.4. Risikostratifizierung zur Fritherkennung von HFpEF

In der vorangegangenen Arbeit wurde gezeigt, dass eine kleinere LVEF (linksventrikulare
Ejektionsfraktion) mit einer geringeren Anzahl von Segmenten mit erhaltener myokardialer
Deformation einhergeht. Zudem treten Veranderungen bei reduzierter LVEF haufiger als

Segmente mit reduziertem regionalem Strain im septalen Bereich auf.”®

Es ist jedoch zu beachten, dass Risikofaktoren, die mit HFpEF (Herzinsuffizienz mit erhaltener
Ejektionsfraktion) assoziiert sind, hauptsachlich auf weit verbreitete Erkrankungen wie
arterielle Hypertonie und Diabetes mellitus zurlickzufiihren sind.! Daher liegt der Fokus auf
der Identifikation von Personen, die diese Risikofaktoren aufweisen und bereits kardiale

Veranderungen zeigen, ohne an einer Herzinsuffizienz zu leiden.

Die asymptomatische Kontrollgruppe ohne Herzinsuffizienz weist normale systolische LV-
Funktionswerte auf. In der folgenden Studie wird die zuvor beschriebene Methode der
regionalen Verteilung der myokardialen Deformation untersucht, um festzustellen, ob sie als
Instrument zur ldentifizierung von Patient*innen mit myokardialen Verdanderungen in der

Gruppe der Gesunden geeignet ist.

Der nachfolgende Text entspricht dem Abstrakt dieser Arbeit”®:

Hashemi D, Doeblin P, Blum M, Weiss KJ, Schneider M, Korosoglou G, Beyer RE, Pieske B,
Edelmann F, Kelle S. CMR detects decreased myocardial deformation in asymptomatic
patients at risk for heart failure. Front Cardiovasc Med. 2023 Jan 5;9:1091768. doi:
10.3389/fcvm.2022.1091768. PMID: 36684590.

“Aims: The main management strategy of heart failure with preserved ejection fraction
(HFpEF) is prevention since HFpEF is associated with many cardiovascular (CV) risk factors,
especially since HFpEF is linked to a high risk for both mortality and recurrent heart failure (HF)
hospitalizations. Therefore, there is a need for new tools to identify patients with a high risk

profile early. Regional strain assessment by CMR seems to be superior in describing

53



deformation impairment in HF. The MyoHealth score is a promising tool to identify cardiac

changes early.

Methods and results: Heart failure patients irrespective of LVEF and asymptomatic controls
were recruited, and CMR based measures were obtained. For this analysis the asymptomatic
control group (n = 19) was divided into asymptomatic subjects without CV co-morbidities or
evidence of cardiac abnormalities and (n = 12) and asymptomatic subjects with CV co-
morbidities or evidence of cardiac abnormalities (n = 7) as well as patients with HFpEF (n = 19).
We performed CMR scans at rest and during a stress test using isometric handgrip exercise
(HG). Assessing the MyoHealth score at rest revealed preserved regional strain in 85 + 9% of
LV segments in controls, 73 + 11% in at Risk subjects and 73 + 8% in HFpEF patients. During
stress the MyoHealth score was 84 + 7% in controls, 83 + 7 in at risk subjects and 74 + 11 in

HFpEF patients.

Conclusion: In summary, we show for the first time that asymptomatic subjects with increased
CV risk present with HFpEF like impaired myocardial deformation at rest, while they show
results like controls under HG stress. The potential of preventive treatment in this group of

patients merits further investigation in future.”’®
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Aims: The main management strategy of heart failure with preserved
ejection fraction (HFpEF) is prevention since HFpEF is associated with many
cardiovascular (CV) risk factors, especially since HFpEF is linked to a high risk
for both mortality and recurrent heart failure (HF) hospitalizations. Therefore,
there is a need for new tools to identify patients with a high risk profile
early. Regional strain assessment by CMR seems to be superior in describing
deformation impairment in HF. The MyoHealth score is a promising tool to
identify cardiac changes early.

Methods and results: Heart failure patients irrespective of LVEF and
asymptomatic controls were recruited, and CMR based measures were
obtained. For this analysis the asymptomatic control group (n = 19) was
divided into asymptomatic subjects without CV co-morbidities or evidence
of cardiac abnormalities and (n = 12) and asymptomatic subjects with CV co-
morbidities or evidence of cardiac abnormalities (n = 7) as well as patients
with HFpEF (n = 19). We performed CMR scans at rest and during a stress
test using isometric handgrip exercise (HG). Assessing the MyoHealth score at
rest revealed preserved regional strain in 85 + 9% of LV segments in controls,
73 £+ 11% in at Risk subjects and 73 + 8% in HFpEF patients. During stress the
MyoHealth score was 84 + 7% in controls, 83+ 7 in at risk subjectsand 74 +£ 11
in HFpEF patients.
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Conclusion: In summary, we show for the first time that asymptomatic
subjects with increased CV risk present with HFpEF like impaired myocardial
deformation at rest, while they show results like controls under HG stress.
The potential of preventive treatment in this group of patients merits further
investigation in future.

Clinical trial registration: [https://drks.de/search/de/trial/DRKS00015615],
identifier [DRKS00015615].

KEYWORDS

heart failure, cardiovascular magnetic resonance imaging, myocardial deformation,
strain, handgrip exercise, risk, asymptomatic

1. Introduction

Heart failure with preserved ejection fraction (HFpEF) is
defined as symptomatic heart failure (HF), a left ventricular
gjection fraction (LVEF) = 50% and evidence of diastolic
dysfunction and/or raised LV filling pressures (1). HFpEF is
associated with a variety of cardiovascular (CV) risk factors and
a high risk for both mortality and recurrent HF hospitalization
(2, 3).

With very limited and only recently introduced treatment
options, prevention including the early identification of
vulnerable patients with CV risk factors, remains the focus
of HFpEF management (4, 5). This challenge is intensified
by the increasing prevalence of HFpEE triggered by the
lower mortality of cardiovascular risk factors, e.g., diabetes or
arterial hypertension (6, 7). Hence, the Universal Definition
and Classification of HF considers myocardial changes in still
asymptomatic patients already as Stage A and B of HF and
encourages earlier action to prevent a transition in clinical
apparent HF (8).

Once, HFpEF is suspected, the introduced algorithm
to diagnose HFpEF is a comprehensive approach requiring
multiple steps (2). The more pronounced the characteristic
details of HFpEF are, the worse is the patients’ prognosis (3).
It has been shown that patients at risk for HFpEF have already
an increased mortality and risk for HF hospitalization (3). The
scarcity of resources forces health care providers to identify
patients at risk to optimize their therapy continuously.

Hence, there is an urgent need to screen for patients at risk
in clinical routine to prevent HFpEF.

Cardiovascular magnetic resonance imaging (CMR)
provides anatomical and functional cardiac parameters.
Myocardial strain analysis may detect impaired myocardial
contractility in patients despite a preserved LVEF (9). Regional
strain assessment seems to be superior to global strain analysis in
describing deformation impairment in HF (10). The MyoHealth
score reflects the share of LV segments with preserved strain
values (< —17%) in a 37 segment model (10).
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We hypothesize that asymptomatic healthy subjects with
CV co-morbidities may demonstrate detectable impairments in

regional strain compatible with pre-clinical HFpEF.

2. Method

This study was a prospective study conducted in
Berlin, Germany, approved by the local Ethics Committee
(registration: EA4/112/16; German Clinical Trials Registry,
DRKS, DRKS00015615). Its rationale and design have been
described previously (10-13).

Briefly, HF patients irrespective of LVEF and controls
without HF were recruited, and CMR based measures of
cardiac structure and function, including assessment of cardiac
contractility were obtained. For this analysis, we included the
control subjects and the HFpEF patients.

We divided the control group into (a) subjects without HF
and no CV co-morbidities or evidence of cardiac dysfunction
and (b) those without HF but CV co-morbidities or evidence of
cardiac dysfunction. CV co-morbidities or evidence of cardiac
dysfunction were defined as the presence of diabetes, suboptimal
managed arterial hypertension (hypertensive values at rest
despite medication), increased NT-proBNP levels (> 120 pg/dL),
or LV hypertrophy (LV wall thickness > 11 mm) on CMR
(minimum 1 criterion). They were compared to (¢) patients with
HFpEF (10). We performed CMR scans at rest and during a
non-invasive, medication-free stress test. For stress testing we
used isometric handgrip exercise (HG), which was effective and
changed both blood pressure and heart rate significantly (11).
All patients were in sinus thythm, nota bene patients with atrial
fibrillation were excluded to maintain better CMR image quality.

All CMR images were acquired using 1.5 T, fast strain-
encoded MRI was

measurements were performed with Medis® Suite MR (Medis

used for strain evaluation. Volume

medical imaging systems, Leiden, The Netherlands, version
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TABLE 1 Baseline characteristics.

10.3389/fcvm.2022.1091768

Parameters Controls

(n=12)
Age - median [IQR], years 59.00 [54.75-65.00] 67.00 [62.00-72.00] 78.00 [75.00-82.00] <0.01*
Female sex - no. (%) 6 (50.00) 4(57.14) 9 (47.37) 0.914
LVEF - median [IQR], % 63.00 [59.22-64.70] 61.52 [57.88-64.58) 61.12 [58.17-64.17] 0.888
LA area - median [IQR], cm? 20.00 [16.50-22.75) 21.00 [19.00-21.00] 22.50 [16.75-25.00] 073
NT-proBNP - median [IQR]), pg/dL 66.00 [50.50-88.00] 114.00 [58.50-175.50] 314.00 [266.00-617.00] <0.01*
hs-TroponinT - median [IQR], (ng/l) 6.00 [4.00-7.50] 8.00 [5.5-10.00] 13.50 [9.00-20.00] 0.02*
eGFR - median [IQR]), mL/min/1.73 m? 86.00 [71.50-90.00] 82.00 [72.50-85.50] 74.00 [60.25-82.75] 0.06
Coronary artery disease — no. (%) 0(0) 0(0) 12 (66.67) <0.01*
Arterial hypertension [1 (%)] 4(33.33) 3(42.86) 17 (89.47) <0.01*
Diabetes - no. (%) 0(0) 3.00 (42.86) 7.00 (36.84) 0.04*
Dyslipidemia - no. (%) 2.00 (16.67) 2.00 (28.57) 12 (66.67) 0.02*

eGFR, estimated glomerular filtration rate; IQR, interquartile range (first quartile - third quartile); LV, left ventricular; LVEF, left ventricular ejection fraction; N, number. *Statistically
significant. Further details on the baseline characteristics described by Blum et al. (11).

<0001

MyoHealth (%)

FIGURE 1

CMR at rest

MyoHealth (%)
§ 8§ B

p=0074

Stress-CMR using HG

MyoHealth score at rest (A) and under stress (B) in healthy controls, controls with CV risk factors and HFpEF patients. CMR, cardiovascular

magnetic resonance imaging; HG, handgrip exercise; NS, statistically not significant. Preserved regional strain values are blue, altered regional

strain values are green. Color code reflects that early affected regions are primarily septal segments. In the at risk group the altered septal
segments improve during HG stress, reflected by a color change from green to blue.

TABLE 2 Comparison of the MyoHealth results.

MyoHealth values at rest

stress

MyoHealth values during HG'  P-value, student’s t-test

Controls -%, median [IQR] 86.49 [82.77-89.19] 86.49 [78.14-87.51] 0.71
At risk -%, median [IQR] 73.33 [69.82-78.38] 83.33 [79.50-87.08] 0.01
HFpEF -%, median [IQR] 72.97 (68.92-78.38] 72.97 (70.27-78.38] 1.00

P-value, one-way ANOVA

<0.01

<0.01

ANOVA, analysis of variance; HG, handgrip exercise; IQR, interquartile range.

3.1), strain analysis by MyoStrain (Myocardial Solutions, Inc.,

Morrisville, North Carolina, USA, version 5.2) (10, 11).

Pairwise comparisons were conducted using a student’s
t-test, comparisons across three groups were conducted using
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The
rest and under HG.

endpoint  was  the

one-way analysis of variance (one-way ANOVA). A P-
value < 0.05 was considered statistically significant.

MyoHealth  score
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3. Results

The baseline characteristics of the three groups

(controls without CV risk factors: n = 12; controls with

CV risk factors: n = 7 and HFpEF: n = 19) are shown

in Table 1. The LVEF was similar in all three cohorts:
LVEF median [IQR; Q;-Q3]: control: 63.00 [59.22-
64.70]%; at riske 61.52 [57.88-64.58]%; HFpEF: 61.12

[58.17-64.17]%.

Assessing the MyoHealth score at rest revealed preserved
regional strain in 85 &= 9% of LV segments in controls,73 £ 11%
in at risk subjects and 73 & 8% in HFpEF patients (comparisons
in Figure 1A and Table 2). During stress the MyoHealth score
was 84 & 7% in controls, 83 & 7 in at Risk subjects and 74 &= 11
in HFpEF patients (comparisons in Figure 1B and Table 2).

At rest, the MyoHealth score in at the risk cohort was
reduced compared to the healthy controls (p = 0.04), at
the same level as the HFpEF cohort (p = 0.45). This is in
line with our recent finding that demonstrated the potential
diagnostic window across different heart-failure stages using
CMR-strain-analysis (14). However, during stress, at the risk
cohort showed a higher MyoHealth score and was similar
to the healthy controls (p = 0.32) and higher than the
HFpEF values (p = 0.07). The “at risk’ group improved
significantly between rest and stress (p = 0.01, Figures 1A,
B), while there were no relevant changes in healthy controls
(p = 0.36) or HFpEF (p = 0.35). Like the HFpEF pattern,
the impaired segments were mainly septal. During stress
the impaired septal segments improved primarily in terms
of circumferential strain (Figure 1B). It has been shown
that septal impairment precedes global systolic dysfunction,
highlighting the relevance of septal assessments in the future

(10).
4. Discussion
the first that

asymptomatic subjects with evidence of CV risk present
with HFpEF like impaired myocardial deformation at

In summary, we show for time

rest. The absence of HF symptoms in these subjects is

well explained by the compensation capacities during
stress when their deformation capacities are similar to
healthy subjects.

Performing a quick medication-free CMR-stress-test as
HG in asymptomatic patients provides the chance to assess
cardiac manifestations of their individual risk-profile. In
patients with pathological changes, a stricter management
of co-morbidities and shorter follow-up intervals may be
adequate to prevent the transition to HFpEF. The potential
of preventive treatment in this group of patients merits
further investigation in future studies. The feasibility of its

use in clinical practice is underlined by the quick acquisition
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of the exam as it added only up to 10 min. to the
regular scan protocol during our study. This time included
the more extensive informed consent process regarding
the HG application and the additional image acquisition
during the HG test.

Table 1 shows an age difference between the three groups,
the difference between the youngest, the control subjects, and
the HFpEF group was 19 years. This finding might suggest
that the results reflect changes in elderly constitutions also
supported by higher NT-proBNP values in the older group
(15). However, we believe that our findings reflect different
disease stages which are also influenced by age, but the main
age-depended factor influencing both serum biomarkers and
cardiac constitutions is atrial fibrillation which was excluded
while recruiting the subjects. Therefore, we see the data has
representative for theoretical patient trajectory from healthy to
suffering from HF (16).

However, the limited number of subjects included in this
study restrains the generalizability of the results. Nonetheless,
the reasoning that changes in cardiac function do not develop
at a certain tipping point but are present to some degree even at
a preclinical state is both shown and intuitive - we propose an
emerging tool promising to detect changes early.

Therefore, CMR scans including HG are a promising tool
in future preventive cardiology trials for better risk stratification

and phenotyping.
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4.5. Assoziation von myokardialer Deformation und Beschwerdeempfinden

Die beiden vorangegangenen Studien haben die Mdglichkeit zur Analyse der regionalen
Verteilung der myokardialen Deformation bei Herzinsuffizienz (HI) und bei Personen mit

erhéhtem Hl-Risiko aufgezeigt.”®”®

Wie die universelle HI-Definition verdeutlicht, besteht das zentrale Unterscheidungsmerkmal
zwischen Betroffenen mit erhohtem HI-Risiko (Stufen A und B der universellen HI-Definition)
und HI-Patient*innen (Stufen C und D) in der Prasenz von HI-Symptomen oder auffalligen

Untersuchungsbefunden.?

In dieser Studie wurde untersucht, ob die beschriebenen regionalen Unterscheidungsmuster
der Segmente mit eingeschrankter myokardialer Deformation in Zusammenhang mit dem

Beschwerdebild und der Symptomatik der Patient*innen stehen.

Der nachfolgende Text entspricht dem Abstrakt dieser Arbeit®°:

Hashemi D, Doeblin P, Blum M, Weiss KJ, Schneider M, Beyer R, Pieske B, Duengen HD,
Edelmann F, Kelle S. Reduced functional capacity is associated with the proportion of impaired
myocardial deformation assessed in heart failure patients by CMR. Front Cardiovasc Med.
2023 Feb 9;10:1038337. doi: 10.3389/fcvm.2023.1038337. PMID: 36844739; PMCID:
PMC9947709.

“Aims: Heart failure (HF) does not only reduce the life expectancy in patients, but their life is
also often limited by HF symptoms leading to a reduced quality of life (QoL) and a diminished
exercise capacity. Novel parameters in cardiac imaging, including both global and regional
myocardial strain imaging, promise to contribute to better patient characterization and
ultimately to better patient management. However, many of these methods are not part of
clinical routine yet, their associations with clinical parameters have been poorly studied. An
imaging parameters that also indicate the clinical symptom burden of HF patients would make
cardiac imaging more robust toward incomplete clinical information and support the clinical

decision process.
60



Methods and results: This prospective study conducted at two centers in Germany between
2017 and 2018 enrolled stable outpatient subjects with HF [n = 56, including HF with reduced
ejection fraction (HFrEF), HF with mid-range ejection fraction (HFmrEF), and HF with preserved
ejection fraction (HFpEF)] and a control cohort (n = 19). Parameters assessed included
measures for external myocardial function, for example, cardiac index and myocardial
deformation measurements by cardiovascular magnetic resonance imaging, left ventricular
global longitudinal strain (GLS), the global circumferential strain (GCS), and the regional
distribution of segment deformation within the LV myocardium, as well as basic phenotypical
characteristics including the Minnesota Living with Heart Failure Questionnaire (MLHFQ) and
the 6-minute walk test (6MWT). If less than 80% of the LV segments are preserved in their
deformation capacity the functional capacity by 6MWT (6 minutes walking distance:
MpyoHealth > 80%: 579.8 + 177.6 m; MyoHealth 60-<80%: 401.3 + 121.7 m; MyoHealth 40-
<60%: 456.4 + 68.9 m; MyoHealth < 40%: 397.6 + 125.9 m, overall p-value: 0.03) as well as the
symptom burden are significantly impaired (NYHA class: MyoHealth > 80%: 0.6 + 1.1 m;
MyoHealth 60-<80%: 1.7 + 1.2 m; MyoHealth 40-<60%: 1.8 + 0.7 m; MyoHealth < 40%: 2.4 +
0.5 m; overall p-value < 0.01). Differences were also observed in the perceived exertion
assessed by on the Borg scale (MyoHealth > 80%: 8.2 + 2.3 m; MyoHealth 60-<80%: 10.4 + 3.2
m; MyoHealth 40-<60%: 9.8 + 2.1 m; MyoHealth < 40%: 11.0 + 2.9 m; overall p-value: 0.20) as
well as quality of life measures (MLHFQ; MyoHealth > 80%: 7.5 + 12.4 m; MyoHealth 60-<80%:
23.4 + 23.4 m; MyoHealth 40-<60%: 20.5 + 21.2 m; MyoHealth < 40%: 27.4 + 24.4 m; overall

p-value: 0.15)-while these differences were not significant.

Conclusion: The share of LV segments with preserved myocardial contraction promises to
discriminate between symptomatic and asymptomatic subjects based on the imaging findings,
even when the LV ejection fraction is preserved. This finding is promising to make imaging

studies more robust toward incomplete clinical information.”&°

61



& frontiers | Frontiers in Cardiovascular Medicine

@ Check for updates

OPEN ACCESS

EDITED BY

Frédéric Schnell,

Centre Hospitalier Universitaire (CHU)
de Rennes, France

REVIEWED BY
Oliver Bruder,

Elisabeth-Krankenhaus Essen, Germany
Roman Johannes Gertz,

University Hospital of Cologne, Germany

CO YNDENCE
Djawid Hashemi
djawid.hashemi@charite.de

ALTY SECTION
This article was submitted to
Cardiovascular Imaging,

a section of the journal

Frontiers in Cardiovascular Medicine

ED 06 September 2022
D23 January 2023

P 09 February 2023

CITATION
Hashemi D, Doeblin B Blum M, Weiss KJ,
Schneider M, Beyer R, Pieske B, Duengen H-D,
Edelmann F and Kelle S {2023) Reduced
functional capacity is associated with

the proportion of impaired myocardial
deformation assessed in heart failure patients
by CMR

Front. Cardiovasc. Med. 10:1038337.

doi: 10.3389/fcvm.2023.1038337

COPYRIGHT

© 2023 Hashemi, Doeblin, Blum, Weiss,
Schneider, Beyer, Pieske, Duengen, Edelmann
and Kelle. Thisis an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice
No use, distribution or reproduction is
permitted which does not comply with

these terms.

Frontiers in Cardiovascular Medicine

T Original Research
P HED 09 February 2023

pol 10.3389/fcvm.2023.1038337

Reduced functional capacity is
associated with the proportion of
impaired myocardial deformation
assessed in heart failure patients by
CMR

Djawid Hashemit23*, Patrick Doeblin23, Moritz Blum#,

Karl Jakob Weiss?3, Matthias Schneideri2, Rebecca Beyer?3,
Burkert Pieske!?3, Hans-Dirk Duengen?®?, Frank Edelmann? and
Sebastian Kellet23

1Department of Internal Medicine and Carc
2Department ) cine and Care
(& n, Partn
dicine, lcahr

of Internal
ilar R

s and Palliative

rtment

. NY, United States

of Geriat of Medicine at Mount Sinai,

Aims: Heart failure (HF) does not only reduce the life expectancy in patients, but their
life is also often limited by HF symptoms leading to a reduced quality of life (Qol) and
a diminished exercise capacity. Novel parameters in cardiac imaging, including both
global and regional myocardial strain imaging, promise to contribute to better patient
characterization and ultimately to better patient management. However, many of
these methods are not part of clinical routine yet, their associations with clinical
parameters have been poorly studied. An imaging parameters that also indicate the
clinical symptom burden of HF patients would make cardiac imaging more robust
toward incomplete clinical information and support the clinical decision process.

Methods and results: This prospective study conducted at two centers in Germany
between 2017 and 2018 enrolled stable outpatient subjects with HF [n = 56,
including HF with reduced ejection fraction (HFrEF), HF with mid-range ejection
fraction (HFmrEF), and HF with preserved ejection fraction (HFpEF)] and a control
cohort (n = 19). Parameters assessed included measures for external myocardial
function, for example, cardiac index and myocardial deformation measurements
by cardiovascular magnetic resonance imaging, left ventricular global longitudinal
strain (GLS), the global circumferential strain (GCS), and the regional distribution
of segment deformation within the LV myocardium, as well as basic phenotypical
characteristics including the Minnesota Living with Heart Failure Questionnaire
{(MLHFQ) and the 6-minute walk test (6MWT). If less than 80% of the LV segments
are preserved in their deformation capacity the functional capacity by 6MWT
{6 minutes walking distance: MyoHealth = 80%: 579.8 + 177.6 m; MyoHealth 60—
<80%: 401.3 4+ 121.7 m; MyoHealth 40— <60%: 456.4 + 68.9 m; MyoHealth < 40%:
397.6 £ 1259 m, overall p-value: 0.03) as well as the symptom burden are
significantly impaired (NYHA class: MyoHealth = 80%: 0.6 + 1.1 m; MyoHealth
60-<80%: 1.7 £ 1.2 m; MyoHealth 40-<60%: 1.8 + 0.7 m; MyoHealth < 40%:
24 + 05 m; overall p-value < 0.01). Differences were also observed in the
perceived exertion assessed by on the Borg scale (MyoHealth = 80%: 8.2 + 2.3 m;
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MyoHealth 60-<80%: 104 + 32 m; MyoHealth 40-<60%: 98 £+ 21 m;
MyoHealth < 40%: 11.0 +£ 2.9 m; overall p-value: 0.20) as well as quality
of life measures (MLHFQ; MyoHealth = 80%: 75 4+ 124 m; MyoHealth 60-
<80%: 234 + 234 m; MyoHealth 40-<60%: 20.5 + 212 m; MyoHealth < 40%:
274 + 24.4 m; overall p-value: 0.15)-while these differences were not significant.

Conclusion: The share of LV segments with preserved myocardial contraction
promises to discriminate between symptomatic and asymptomatic subjects based
on the imaging findings, even when the LV ejection fraction is preserved. This
finding is promising to make imaging studies more robust toward incomplete
clinical information.

heart failure, cardiovascular magnetic resonance imaging, myocardial deformation, quality

of life, CMR, score, strain, quantitative

1. Introduction

Patients with heart failure (HF) are at high risk for mortality
and hospitalization and have a high burden of symptoms that alter
their function and health-related quality of life (QoL) (1-5). QoL
and functional capacities contributing to QoL are major goals in
monitoring and treating patients with HF. Although patients with
HF and a low QoL may have a higher potential for improvement,
they may also be in a stage of the disease that is too advanced to
improve (6). Therefore it is important to measure other contributing
parameters associated with QoL, disease state and prognosis to
better assess the patients (7). QoL measures are often evaluated
in clinical trials as patient reported outcome measures become
increasingly important, but they are rarely implement in clinical
routine. Hence, identifying routine measures reflecting insights into
QoL as well as functional capacities will contribute to an improved
assessment of HF patients.

Various dimensions including physical capacity influence QoL.
Routine measures to assess physical capacities include the semi-
objective 6-minute walk tests and the subjective New York Heart
Association (NYHA) functional class, often used in clinical trials but
rarely in daily routine (8).

Cardiovascular magnetic resonance imaging (CMR) is a
comprehensive technique, increasingly accessible and providing
not only a high resolution of information on functional cardiac
parameters but also information of tissue characteristics.
Measurements of cardiac contractility and the assessment of
myocardial deformation by strain analyses are an emerging
and promising tool to better characterize patients compared to
traditional parameters, e.g., left ventricular ejection fraction (LVEF)
(9). While LVEF as well as routine strain measurements provide a
global impression of cardiac contractility, recent studies showed the
relevance of both myocardial deformation per se and the distribution
of its impairment assessed by strain measurements characterizes HF
patients in more detail (10). The added value of strain compared
to LVEF in HF has been highlighted in HFpEF where LVEF is
preserved. The MyoHealth score has been introduced as a parameter
highlighting the heterogeneity of regions with altered myocardial
deformation compared to preserved regional myocardial strain
values (10-12). The score is calculated by the ratio of LV segments
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with preserved myocardial deformation to the total number of LV
segments in a 37 segment LV model (10). It has been shown that
cardiac remodeling does not present itself simultaneously across
all LV segments in HF (10). Various reasons lead to the regional
differences of both systolic and diastolic changes including shearing
stress induced diffuse fibrosis, altered local gene expression patterns
or global metabolic changes of cardiomyocytes (13-16).

We hypothesize that the better characterization of cardiac
deformation in HF patients provides information on QoL and
functional capacity. Therefore, we aim to evaluate the association of
cardiac deformation assessed by the MyoHealth score and parameters
for QoL and functional capacity in this analysis.

2. Materials and methods

This study was a prospective study conducted at two centers in
Berlin, Germany, the Charité—University Medicine Berlin and the
German Heart Centre Berlin, between 2017 and 2018. Its rationale
and design have been previously described (10, 17-20).

Briefly, subjects were screened for diagnosed HF and an age
of at least 45 years. The initial diagnosis of HF should have been
older than 30 days; the patients were required to be in a stable state
with no changes in their HF medication and no HF hospitalization
within the previous 7 days. HFrEF was defined as diagnosis of HE,
increased N terminal pro brain natriuretic peptide (NT-proBNP)
(>220 pg/mL) and LVEF < 40%, HFmrEF as the diagnosis of HE,
increased NT-proBNP (>220 pg/mL) and 40% > LVEF < 50% as well
as HFpEF as diagnosis of HF, increased NT-proBNP (>220 pg/mL)
and LVEF > 50% at the time of study inclusion. We did not
distinguish between the causes for HF for recruiting patients (10).

Additionally, we recruited subjects without HF or advanced
cardiovascular (CV) diseases as controls.

All studies included complied with the Declaration of Helsinki,
the protocols were approved by the responsible ethics committees,
and all patients gave written informed consent. It was registered at
the German Clinical Trials Register (DRKS, registration number:
DRKS00015615). The detailed inclusion and exclusion criteria are
listed on the webpage of the DRKS.
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TABLE 1 Baseline characteristics by study subgroup.
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Control (n = 19) HFpEF (n = 19) HFmrEF (n = 19) HFrEF (n = 18) P-value
Mean + SD Mean + SD Mean + SD Mean + SD
[median] [median] [median] [median]
Age-years 59.0 + 6.84 77.6 + 8.1 67.0+9.6 64.2+ 10.1 <0.01
Female sex-no. (%) 9 (47.4) 9 (47.4) 6 (31.6) 3(16.7) 0.16
LVEE, mean-% 61.6 +5.37 615+ 5.87 44.8 +2.90 329+ 471 <0.01
NT-proBNP-ng/l 88.7 +61.1[79] 586.4 % 612.1 [314] 790.2 + 1,138.1 [379] 2,247.5 + 3,447.3 [886] <0.01
Presence of CAD-no. (%) 0(0) 12 (66.7) 15 (78.9) 13 (76.5) <0.01

CAD, coronary artery disease; HFmrEF, heart failure mid-range preserved ejection fraction; HFpEFE heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction;

LVEE left ventricular ejection fraction; n, number; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SD, standard deviation.

TABLE 2 Baseline characteristics by the ratio of non-altered LV segments (MyoHealth).

MyoHealth > 80%

MyoHealth 60-<80%

MyoHealth 40-<60%

MyoHealth < 40%

(= 7) (n = 30) (n=17) (n=21)
Mean = SD [median] Mean = SD [median] Mean = SD [median] Mean + SD [median]

Age-years 62.9+15.2 715+9.1 65.6+ 11.1 65.6 +9.9
Female sex-no. (%) 3(42.9) 18 (60) 3(17.6) 3(14.3)
LVEE mean-% 62.1 £ 4.1 60.0 + 8.5 47.1£73 36.0+7.3
NT-proBNP-ng/l 387.9 +791.3 [63] 341.7 + 415.6 [254] 498.4 + 389.9 [366] 2,189.1 = 3,306.4 [653]
Presence of CAD-no. (%) 1(14.3) 13 (43.3) 12(70.6) 14 (66.7)
Cardiac index-1/min/m? 25403 27411 27407 27405
GCS-% —19.7+£23 —17.4+ 16 —14.4 426 —103+2.1
GLS-% —206+1.6 —192+ 1.1 —16.0+ 2.2 —11.0+3.4
Controls-no. (%) 5(71.4) 12 (40.0) 2(11.8) 0(0)
HFpEF-no. (%) 2(28.6) 14 (46.7) 3(17.6) 0(0)
HEFmrEF-no. (%) 0(0) 3(10) 9 (52.9) 7(33.3)
HEFrEF-no. (%) 0(0) 1(3.3) 3(17.6) 14 (66.7)

CAD, coronary artery disease; GCS, LV global circumferential strain; GLS, LV global longitudinal strain; HFmrEE heart failure mid-range preserved ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEE left ventricular ejection fraction; n, number; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SD,

standard deviation.
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6-minute walk distance across MyoHealth groups. MyoHealth: ratio of myocardial segments with preserved deformation to the total number of
myocardial segments. MyoHealth > 80% vs. MyoHealth 60— <80%: p = 0.03; MyoHealth 60— <80% vs. MyoHealth 40— <60%: p = 0.31; MyoHealth
40-<60% vs. MyoHealth < 40%: p = 0.59. *Significant; ns, not significant.
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2.1. Cardiac magnetic resonance

As previously described, all CMR images were acquired using a
1.5 T (Achieva, Philips Healthcare, Best, The Netherlands) magnetic
resonance imaging (MRI) scanner with a five-channel cardiac surface
coil in a supine position. All study participants were scanned
using the identical comprehensive imaging protocol. The study
protocol included initial scouts to determine cardiac imaging planes.
Cine images were acquired using a retrospectively gated cine-
CMR in cardiac short-axis, vertical long-axis, and horizontal long-
axis orientations using a steady-state free precession sequence for
volumetry (10, 20). The calculation of the cardiac indices (Cls)
is based on the volumetry of the ventricles. Fast strain-encoded
(fast-SENC) MRI was used for strain evaluation, as it has been
shown to enable quantification of longitudinal and circumferential
strain in free breathing and with high reproducibility (21). Images
were blinded to strain analysis, cine, and volumetric measurements,
respectively. We waived reproducibility analyses based on an analysis
that highlighted the robustness of fast-SENC analyses regarding
intraobserver and reproducibility variabilities (22).

2.2. Image analysis

All images were analyzed offline using commercially available
software in accordance with the recent consensus document for
quantification of LV function using CMR (23). In the analysis,
we included 2 chamber, 3chamber, and 4chamber cine images,
and respectively, three preselected mid-ventricle slices from the LV
short-axis stack. Image analysis was performed using the software
Medis® Suite MR (Medis medical imaging systems, Leiden, The
Netherlands, version 3.1) for voluinterme measurements and the
software MyoStrain (Myocardial Solutions, Inc., Morrisville, NC,
USA, version 5.0) for fast-SENC strain measurements.

2.3. Endpoints

The study population was not only categorized by traditional
HF entities, but also by the ratio of myocardial segments with
preserved deformation to the total number of myocardial segments
(n = 37), described as MyoHealth score (illustrated in S1 of
Supplementary material; 10-12). Briefly, the MyoHealth score assess
the 37 segments of the LV separately, whether the myocardial
deformation is altered, i.e., whether the strain value of that segment
is >—17%. The MyoHealth score is the proportion of LV segments
with preserved and not altered myocardial deformation from the total
37 segments. The MyoHealth entities introduced include 4 groups:
MyoHealth > 80%, MyoHealth 60-<80%, MyoHealth 40-<60%,
and MyoHealth < 40%.

Based on the MyoHealth score distribution following
parameters were assessed: QoL, 6-minute walk test (6MWT)
key parameters as well as the New York Heart Association (NYHA)
functional classification.

Patients were instructed to cover the maximum distance in 6 min
(6-minute walk distance, 6SMWD) at a self-graded walking speed,
pausing to rest when needed. The test was supervised by the same
study staff to minimize the variability. The SMWD as well as the level
of perceived exertion indicated as specific level on the Borgscore were
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recorded. The functional capacities indicated by the New York Heart
Association (NYHA) functional classification were also part of the
baseline information collected.

In accordance with the study protocol, study participants
completed a QoL questionnaire, the Minnesota Living with Heart
Failure Questionnaire (MLHFQ) (24).

2.4. Statistical analysis

Statistical analysis was carried out with R version 3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Normality of variables was assessed by visual assessment of
normality curves and the Shapiro-Wilk test. Comparison between
groups for continuous variables was performed with a one-way
ANOVA for normally distributed data. When a significant P-value
was obtained using one-way ANOVA, the group means were
examined by the Holm-Bonferroni method. Values of P < 0.05 were
considered statistically significant. For the comparison of categorical
variables between the groups were used the ¥ test.

3. Results
3.1. Baseline characteristics

The ratio of non-altered myocardial deformation was assessed in
71 patients. The baseline characteristics of these patients have been
previously reported, in brief the details are presented in Tables 1, 2
(10, 17-20). The difference in the sex distribution between the groups
is not significant (x% = 521, p = 0.157, n = 71) in Table 1. Due
to the non-major numbers in each group, we refrain from further
testing. Table 2 shows the increasing global strain values, including
both global circumferential (GCS) and longitudinal strain (GLS), with
smaller MyoHealth values. Simultaneously, the cardiac index remains
on the same level across all groups.

3.2. Functional capacity—6MWD

The 6MWD was significantly different across groups separated
by the MyoHealth score (overall p-value: 0.03). Figure 1 shows the
longest SMWD in the group with the preserved MyoHealth score
(MyoHealth = 80%: 579.8 4+ 177.6 m) and shorter distances in the
other groups (MyoHealth 60- <80%: 401.3 £ 121.7 m; MyoHealth
40- <60%: 456.4 £ 68.9 m; MyoHealth < 40%: 397.6 &+ 1259 m).
S2 of Supplementary material highlights the major role of the
MyoHealth score in the prediction of the SMWD when compared to
LVEF and the LV global longitudinal strain.

3.3. Perceived exertion—Borg scale

Figure 2 illustrates the level of perceived exertion at the end of
the SMWTT. The overall comparison revealed no difference between
the groups (MyoHealth > 80%: 8.2 & 2.3 m; MyoHealth 60- <80%:
10.4 £ 3.2; MyoHealth 40-<60%: 9.8 £+ 2.1; MyoHealth < 40%:
11.0 & 2.9; overall p-value: 0.20).
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34. Quality of life—-MLHFQ Our observational study of consecutive patients with HF as
well as control subjects was carefully designed to better characterize
Figure 3 demonstrates the QoL measure assessed by the myocardial contraction. After focusing on the contraction pattern
MLHFQ with lower numbers indicating a higher QoL. It shows and describing the onset of changes in HF in interventricular septal
the lowest MLHFQ score values in the group with preserved  segments, we sought to highlight that CMR scans in HF are not only
myocardial deformation. However, the comparison did not reveal a  relevant to characterize HF but to better phenotype patients with
reliable difference across the study population (MyoHealth > 80%:  regards to parameters limiting their lives on a daily basis (10).
7.5+ 12.4; MyoHealth 60-<80%: 23.4 + 23.4; MyoHealth 40-<60%: Given the hlgh prevalence of HF and a nearly half of these
20.5 + 21.2; MyoHealth < 40%: 27.4 & 24.4; overall p-value: 0.15). patients showing nearly normal values with regards to traditional
HF parameters, e.g., LVEE there is an unmet need for innovative
. tools to diagnose patients and identify those at risk (8). In this
3.5. Symptom burden—NYHA functional analysis we gsoughtp'[o identify a paraf:,neter that reflects both an
class insight to the cardiac contraction with its regional differences and

key parameters limiting patients’ everyday experience, functional

Figure 4 displays the significant association of the NYHA capacity, and quality of life (8, 25).
functional class and the proportion of preserved myocardial The MyoHealth score allows for the estimation of the clinical
segments. While the NYHA class was lowest in the group with a
preserved MyoHealth score, it was similarly higher in the groups with
decreased score values (MyoHealth > 80%: 0.6 &= 1.1; MyoHealth 60—
<80%: 1.7 & 1.2; MyoHealth 40— <60%: 1.8 & 0.7; MyoHealth < 40%:

2.4 £ 0.5; overall p-value < 0.01).

condition when functional capacity data is not available. If the signal
with regards to the QoL assessed by the MLHFQ prove feasible and
the differences are significantly different in a larger study population,
this might lead to fewer resources than assessing the symptom burden
systematically aside from the image acquisition, e.g., by conducting a
6MWT or questionnaires for QoL.

4. Discussion Impaired functional capacity, often assessed by 6MWT, is the
main symptom in patients with HE regardless of LVEF (26-28).
With the 6MWD being relevantly reduced in both patients and

In this study, aiming to better characterize HF patients and ) ) ) ] )
subjects with a reduced ratio of segments with preserved myocardial

imaging parameters indicating their symptom burden, we found that ) ) o
. . . . deformation, as seen in Figure 1, we could show the association of an
the proportion of myocardial segments with preserved myocardial

deformation indicates better functional capacity. Furthermore, this innovative parameter reflecting the myocardial contraction with its

exploratory analysis suggests an association of the MyoHealth score regional disparities. The validity of this finding is shown in Figure 2,

with quality of life surrogate parameters in larger study population. as patients in all groups reached a comparable level of exhaustion
Table 2 shows the consistency of our data. The cardiac index indicated by values on the Borg scale. The comparable values on the

remains on a similar level across all groups who were either healthy =~ Borg scale indicate that patients were tested with the same rigor to

subjects or HF patients in a stable outpatient condition. The global ~ maintain a comparable, adjusted intensity to test their capacities.

strain values (GCS and GLS) were increasing with smaller MyoHealth While there is some evidence indicating a worse prognosis based
score values, as the MyoHealth score per se represents the proportion ~ on CMR characteristics in HFpEE, the association with the symptom
of segments with preserved strain values. burden remains to be further explored (29-31).
ns
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Borg Score

60 - <80% 40 - <60%
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FIGURE 2
Perceived exertion at the end of the 6-minute walk test across MyoHealth groups. MyoHealth > 80% vs. MyoHealth 60— <80%: p = 0.45; MyoHealth
60-<80% vs. MyoHealth 40-<60%: p = 1, MyoHealth 40-<60% vs. MyoHealth < 40%: p = 0.43. ns, not significant.
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FIGURE 3

Quality of life by MLHFQ across MyoHealth groups. MyoHealth > 80% vs. MyoHealth 60— <80%: p = 0.15; MyoHealth 60— <80% vs. MyoHealth
40-<60%: p = 1, MyoHealth 40— <60% vs. MyoHealth < 40%: p = 1. ns, not significant.
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FIGURE 4

Limitations and symptom burden by NYHA functional class across MyoHealth groups. MyoHealth > 80% vs. MyoHealth 60-<80%: p = 0.15; MyoHealth
60-<80% vs. MyoHealth 40-<60%: p = 1, MyoHealth 40— <60% vs. MyoHealth < 40%: p < 0.01. *Significant; ns, not significant.

The HFA-PEFF algorithm introduced imaging parameters to
diagnose HFpEE, e.g., E/¢, tricuspid regurgitation velocity, left atrial
volume index, and LV wall thickness (32). In brief, the HFA-PEFF
algorithm leads to a score value for an individual patient based
on functional, morphological and biomarker parameters, that may
diagnose HFpEEF, exclude HFpEF or indicate further investigation for
a diagnosis by stress testing. Many of the highlighted functional and
morphological parameters are derived from echocardiography and
cannot be acquired reliably by routine CMR techniques. Nonetheless,
it has been shown that the application of a CMR stress testing
technique is a feasible strategy for further investigations in suspected
HFpEF patients (33). All these efforts aim to better understand
patients with a symptom burden leading to a suspected diagnosis of
HF and a preserved traditional parameter, LVEF. Identifying those
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with altered cardiac function, like our analysis of regional differences
of myocardial deformation, is at the core of recent findings, which
aspire to lead to an earlier diagnosis as well as a better differentiation
of the broad spectrum of patients diagnosed with HFpEF.

HFA-PEFF parameters as well as other HFpEF criteria have been
often analyzed for a prognostic value regarding survival, but only
recently a few studies focused on functional capacity (26, 34, 35).
These analyses focused on clinical features and their impact on the
6MWT (26). Clinical information is often neither at the disposal of
the physician reporting on cardiac imaging nor of the team managing
the patient, which stresses the relevance of this analysis highlighting
a method to increase the robustness of images to interpret.

With regards to the QoL the greatest difference could be observed
between the group with preserved MyoHealth score and the impaired
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groups, as illustrated in S1, indicating that this parameter indicates
QoL. While many patients with HF suffer from depression, QoL was
only recently used as a clinical trial outcome parameter in HF—very
rarely in cardiac imaging and CMR studies (36-40).

Figure 4 reflects the harmony of the presented data, as the
subjects with a preserved ratio of altered myocardial deformation are
those with the lowest symptom burden with regards to the subjective
NYHA classification.

4.1. Limitations

The main limitation of our study is that we cannot provide
prognostic information of the subjects and patients examined.
Nonetheless, the main objective of this analysis was to evaluate the
predictive value of regional myocardial deformation on functional
capacity as well as the quality of life in HF patients, especially HFpEF.

However, our explorative analyses to better understand the
differences between the study subgroups are limited due to
the smaller subgroup sizes the more fragmented they become.
Comparing HF entities from different subgroups against each other
within our analyses (Figures 1-4) will include subgroups with very
few subjects, which restricts massively the claim of transferability.
Further analyses of our exploratory indications require replication
in larger cohorts. Due to this restriction, we also did not perform a
post hoc subject sex or age matched analysis, as it would lead to even
smaller numbers of subgroup subjects.

The small numbers also limit some of our analyses where we
see quantitative difference, which do not reach the level of statistical
significance, e.g., the assessment of QoL by the MLHFQ. Revisiting
this analysis in a larger study population would lead to results that are
more reliable. However, we believe that these not significant results
are a signal to further analyses.

5. Conclusion

The results of this study promise an association between regional
LV strain impairment and the symptom burden of HF patients
with regards to functional capacity and quality of life, especially
relevant in patients with a preserved LVEF that requires future
prospective validation.
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5. Diskussion

Herzinsuffizienz, insbesondere HFpEF, ist eine komplexe Erkrankung, die die Lebensqualitat
und -erwartung von Patient*innen beeintrachtigt und das Gesundheitssystem erheblich
belastet. Diese Arbeit verfolgte mehrere Ziele, um verschiedene Aspekte der Erkrankung zu
beleuchten und potenzielle Verbesserungen in Diagnose und Versorgung aufzuzeigen.

Die vorgestellten Studien untersuchten die Bedeutung einer ausfiihrlichen klinischen
Phanotypisierung und die gesundheitsékonomischen Kosten der HFpEF. Die Anwendung der
Kardio-MRT zur besseren Charakterisierung von Patient*innen mit Herzinsuffizienz und die
MRT-basierte Charakterisierung zur Friiherkennung von Risikopopulationen wurden ebenfalls
thematisiert. Letztlich wurde der Zusammenhang zwischen neuartigen Kardio-MRT-
Charakteristika und dem subjektiven Beschwerdeempfinden von Patient*innen untersucht.”®
80

Um die Versorgung von Patientinnen mit Herzinsuffizienz zu optimieren, ist es erforderlich,
ein tieferes Verstandnis der HFpEF zu gewinnen und innovative diagnostische Ansadtze zu
erkunden. Die in dieser Arbeit vorgestellten Studien haben die Bedeutung einer ausfiihrlichen
klinischen Phanotypisierung und genauen Diagnosestellung der HFpEF sowohl aus
individueller Sicht der Erkrankten als auch unter gesundheitsbkonomischen Aspekten

hervorgehoben.

Prognostische Bedeutung der Diagnosestellung

Eine prazise Diagnose und eine Phanotypisierung der HFpEF sind entscheidend, da sie sowohl
das Verstandnis der Krankheitsmechanismen verbessern als auch eine gezielte,
individualisierte Therapie ermdglichen konnen. Die Analyse des HFA-PEFF-Algorithmus zeigt
auf, dass es keine dichotome Aufteilung (HFpEF nach HFA-PEFF-Algorithmus vs. Nicht-HFpEF
nach HFA-PEFF-Algorithmus) hinsichtlich einer Pathologie bzw. einem negativen Ergebnis im
Verlauf gibt. Studienteilnehmer*innen, die bereits Auffilligkeiten in den genannten
Parametern des Algorithmus zeigen, aber den HFpEF-Grenzwert nicht erreichen, weisen auch
eine schlechtere Prognose auf als der Teil der Studienpopulation, der keine Auffalligkeiten
aufzeigt. Der HFA-PEFF-Algorithmus sieht zwar bei den Patient*innen dieser Gruppe in der

Grauzone vor, dass eine erweiterte Diagnostik mittels Belastungsuntersuchung zur
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erweiterten Risikostratifizierung erfolgen soll, um eine maskierte HFpEF-Diagnose
aufzuzeigen. In Anbetracht der fehlenden Konsequenz im klinischen Alltag wurde in der
Analyse von einer weiteren Diagnostik bei der DIAST-CHF-Studienpopulation abgesehen. Die
Populationen der einzigen beiden Studien, die zu einem positiven Ergebnis im Rahmen einer
Phase-llI-Zulassungsstudie eines Medikaments gekommen sind, DELIVER und EMPEROR-
preserved, haben nicht den HFA-PEFF-Algorithmus oder den H2FPEF als bestimmendes
Instrument zum Studieneinschluss genutzt.®%6!

Mittlerweile konnten auch andere Analysen den pradiktiven Wert des HFA-PEFF-Algorithmus
bestatigen, sodass das Ergebnis der vorliegenden Studie bestatigt wurde und die Aussagekraft
des Algorithmus als gesichert gilt.81% Zeitgleich muss festgestellt werden, dass mit den
Analysen auch eine Kritik hinsichtlich der klinischen Anwendbarkeit einherging und bisher
keine klinische Studie bekannt ist, die prospektiv den Algorithmus hinsichtlich eines
Einschlusskriteriums nutzt. Anzuflihren ist hier beispielhaft die groBte aktuell rekrutierende,
nach der Vorstellung des HFA-PEFF-Scores begonnene Interventionsstudie bei HFpEF,
FINEARTS-HF genannt, die die Wirkung des nicht-steroidalen Aldosteron-Antagonisten
Finerenone bei HFpEF untersucht (ClinicalTrials.gov identifier: NCT04435626). FINEARTS-HF
nutzt zwar Bestandteile des HFA-PEFF-Algorithmus, jedoch nicht den Score selbst. Die grofSte
Limitation in der Anwendung des vollstandigen Algorithmus ist die abverlangte invasive
hamodynamische Evaluation bei nicht eindeutiger Punktzahl im ersten Schritt der Beurteilung,
um eine HFpEF zu bestatigen bzw. auszuschlief3en. Dies wurde aufgezeigt und diskutiert in der
prospektiven Beobachtungsstudie PROMIS-HF.8 Somit bleibt im klinischen Alltag bei HI und
erhaltener LVEF der Nachweis einer diastolischen Dysfunktion mit weniger positiven
Parametern, als der HFA-PEFF-Score vorgibt. Da die pradiktive Aussagekraft des Algorithmus
allerdings bestatigt ist, kann der HFA-PEFF-Algorithmus im Rahmen der ohnehin erhobenen
Parameter als Instrument der praspezifizierten Analysen von Interventionsstudien angewandt
werden, um der Herausforderung der heterogenen HFpEF-Kohorten mittels einer besseren

Charakterisierung zu begegnen.

Gesundheitsokonomische Herausforderung durch HFpEF

Anreiz fur eine treffendere Charakterisierung und konsekutiv geeignetere Versorgung ist nicht

nur die aufgezeigte prognostische Bedeutung fir Patient*innen, sondern auch die
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gesundheitsokonomische Belastung der HFpEF, deren Prdvalenz steigt. Die 6konomische
Belastung von HFpEF ist von volkswirtschaftlicher Relevanz, da etwa 2 % der gesamten
Gesundheitsausgaben in industrialisierten Landern auf die Versorgung von Patient*innen mit
HI entfallen, wovon etwa die Halfte fur nicht-fatale HI-Hospitalisationen aufgewendet wird.8”-
8 In der vorliegenden Analyse wurden die direkten Gesundheitskosten in der ALDO-DHF-
Kohorte verglichen. Spironolacton hat Okonomisch keine signifikante Besserung zur
Behandlung bei HFpEF gezeigt und wies im Durchschnitt 1118 € an Gesundheitsausgaben
auf.”’ Die meisten Patient*innen verursachten mit medianen Ausgaben von 332 € geringere
Kosten, wahrend diese bei einem kleineren, dlteren Teil der Studienteilnehmenden deutlich
héher waren.”’

Herz-Kreislauf-Erkrankungen sind bereits jetzt die flihrende Todesursache in Deutschland, Hl
die haufigste Ursache fiir stationare Aufnahme und HFpEF nimmt in ihrer Pravalenz zu -
zeitgleich erschopft sich die Kernaufgabe der Therapie der HFpEF darin, Komorbiditaten zu
optimieren.>? Im Rahmen des demographischen Wandels wird der healthy volunteer effect
der ALDO-DHF-Studie Uberwunden, sodass vorrangig das kostenintensivere Kollektiv der
HFpEF zum Tragen kommen wird.! Diese Breite der Kostenstruktur spiegelt die Heterogenitat
der Patientenpopulation wider, in Ermangelung hinreichender Therapieoptionen bleibt zur
Vermeidung der Krankheitskosten die Pravention von HFpEF entscheidend. Insgesamt zeigen
die Ergebnisse die dringende Notwendigkeit, die Versorgung und Charakterisierung von
Patient*innen mit HFpEF zu optimieren. Die pradiktive Aussagekraft des HFA-PEFF-
Algorithmus kann dazu beitragen, der Herausforderung der heterogenen HFpEF-Kohorten
durch eine umfassendere Charakterisierung zu begegnen. Durch diese und durch die
konsekutive Verbesserung der Versorgung konnen nicht nur prognostische Vorteile fir die
Patient*innen erreicht werden, sondern es kann auch die 6konomische Belastung der HFpEF
reduziert werden.

Die prognostische und gesundheitsokonomische Herausforderung verlangt ein
zielgerichteteres, individualisiertes Management, um die Effektgrole der MalRnahmen zu

erhohen.

Bedeutung der Kardio-MRT

Bildgebende Verfahren spielen eine entscheidende Rolle bei der Diagnose der HFpEF. Die
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Echokardiographie ist nach wie vor die primdre Modalitat zur Evaluation der diastolischen
Dysfunktion und damit zur HFpEF-Diagnostik.>*°2 Kernelement der Bildgebung ist ein
Kompositum aus Parametern, um den erhéhten linksventrikuldaren enddiastolischen Druck
(LVEDP) indirekt abzuschatzen, beispielsweise durch das aus der
Gewebedopplerechokardiografie abgeleitete E/e'-Verhaltnis.?

Eine weitere Methode, den myokardialen Kontraktionsablauf zu evaluieren, ist die
Strainbildgebung, die ihre prognostische Bedeutung bereits gezeigt hat. Denn sie weist die
systolische Dysfunktion, die bei erhaltener LVEF maskiert ist, auf.>>°3 Die Strainbildgebung, die
zunachst in der Echokardiographie etabliert war, wurde auch vom Kardio-MRT als
leistungsfahige  Modalitat  fir  hochauflésende  Bildgebung  zur  detaillierten
Gewebecharakterisierung adaptiert.>°* Die etablierten Parameter der Strainbildgebung sind
die der globalen longitudinalen (GLS, global longitudinal strain) und zirkumferentiellen
Deformation (GCS, global circumferential strain).®® Die Analyse der segmentbasierten
Strainevalution hat aufgezeigt, dass die myokardiale Deformation im Rahmen des
Kontraktionsablaufes regionale Heterogenitaten aufweist und bei besserer LVEF mit einer
eher septal-betonten Strainreduktion einhergeht.”® Die Korrelation des Strainwertes mit der
LVEF legt nahe, dass bei hochgradig eingeschrankter LVEF eine grofRere Anzahl an Segmenten
mehr Einschrankungen der myokardialen Deformation aufzeigt. Dennoch ist Uber die
Entitdaten der HI hinweg eine septale Betonung zu sehen, die als moégliche Primarmanifestation
einer Dysfunktion gewertet werden kann und sich auch in anderen Populationen bereits als
solche herausstellt.> Obgleich die vorliegende Analyse keine prognostische Bedeutung
evaluiert hat, ist diese Methode eine Fortfliihrung der Granularitat der Erfassung systolischer
Funktionseinschrankungen bei erhaltener LVEF. Die globalen Strainwerte zeigten bereits
einen Mehrwert bezlglich der Patientencharakterisierung. Eine Aufschlisselung der
Patient*innen hinsichtlich der regionalen Verteilung der Straineinschrdankungen ist eine
Fortsetzung dieses Ansatzes. Ein Unterschied zwischen HFpEF-Patient*innen mit und ohne
regionale Straineinschrdankungen auch im Therapieansprechen und in der Prognose kann
angenommen werden kann, jedoch steht eine prognostische Evaluation noch aus.

Die Identifikation von Personen, die einem hdheren Risiko flir HFpEF ausgesetzt sind, ist ein
zentraler Aspekt bei der Pravention dieser Erkrankung. Aktuell basiert die Identifikation von

gefdhrdeten Patient*innen hauptsachlich auf der Anamnese von Vorerkrankungen oder
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kardiovaskuldren Risikofaktoren, die zu der Auswahl einer optimierten Therapie fihren sollen.
Da jedoch die Hauptkomorbiditaten, die mit HFpEF in Verbindung stehen, weit verbreitete
Krankheiten sind, bleibt die Eingrenzung der gefahrdeten Personen unvollstandig.

Die Untersuchung des heterogenen Verteilungsmusters der kardialen Deformation bietet eine
Moglichkeit zur Identifikation von Patient*innen, die bereits myokardiale Verdanderungen bei
erhaltener LVEF aufweisen, jedoch asymptomatisch sind. Dies wurde durch den Vergleich von
gesunden Personen, Studienteilnehmenden mit Risikofaktoren und HFpEF-Patient*innen
verdeutlicht.” Bei dieser Auswertung wurden nicht nur Parameter der Ruhebildgebung,
sondern auch der Stress-Bildgebung mittels handgrip test, einer Messung der submaximalen
willkiirlichen Handkraft mittels eines Dynamometers, evaluiert. Die Patient*innen mit
Risikofaktoren zeigten in Ruhe ein den HFpEF-Patient*innen ahnliches Verteilungsmuster der
Segmente mit eingeschrankter Deformation auf. Dagegen verbesserte sich ihre globale
Pumpfunktion unter Belastung und das Verteilungsmuster der myokardialen Segmente
entsprach dem der Probanden ohne kardiovaskuldres Risikoprofil. Die HFpEF-Patient*innen
hingegen wiesen ihre Einschrankungen auch unter Belastung auf.

Asymptomatische Patient*innen mit Risikofaktoren zahlen nach der universellen Definition
der Herzinsuffizienz bereits zum Stadium A der Erkrankung, beim Vorliegen kardialer
Veranderungen sogar zum Stadium B.3 Dieses ist durch etablierte LV-Parameter wie LV-
Hypertrophie oder LVEF-Einschrankung gekennzeichnet. Ob das Heterogenitatsmuster der
regionalen Verteilung von Strainwerten hier hinzugefligt werden kann oder einen Mehrwert
gegenlber anderen Parametern bietet, muss noch untersucht werden. In dieser
Patientengruppe wurden jedoch zunachst die Machbarkeit und die Rationale des Parameters
bestatigt.

Die Verfligbarkeit eines Dynamometers ist ebenso nicht universell gewadhrleistet, zumal es
nicht zur Standardausstattung der Kardio-MRT gezdhlt wird. Obgleich sich der handgrip test
als machbar und zielfihrend dargestellt hat, wird diskutiert, ob die Analyse der willkiirlichen
Handkraft reprasentativ fiir eine physiologische Belastung aus dem Alltag der Patient*innen
gewertet werden darf.%®%7 Inhaltlich wirkt das gezeichnete Bild kohdrent: Patient*innen, die
Belastungsbeschwerden zeigen, weisen auch bei Belastung einen Befund auf, der sich von
Gesunden unterscheidet. Asymptomatische Proband*innen mit Risikofaktoren, bei denen

eine frihe kardiale Veranderung vermutet wird, weisen hingegen zwar in Ruhe verdanderte
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Messwerte, unter Belastung allerdings unauffallige Werte auf.

Im Kardio-MRT sind diastolische Parameter noch nicht etabliert. Die Integration neuer
Parameter in die klinische Praxis gestaltet sich schwierig, weil prospektive klinische Studien
zur Evaluation dieser Parameter haufig fehlen — ein Problem, das viele diagnostische
Instrumente teilen. Bei modernen Modalitaten ist diese Schwierigkeit besonders ausgepragt,
da die limitierte Verflgbarkeit der Methode an akademischen Zentren eine zusatzliche Hiirde
darstellt. Beispielsweise hat der HFpEF-Stress-Trial die LVEDP abschdtzende
Belastungsuntersuchung, die im HFA-PEFF-Algorithmus in Bezug auf die Echokardiographie
Erwdhnung findet, im Kardio-MRT generiert.® Die Untersuchung hinsichtlich der
prognostischen Aussagekraft oder eines diagnostischen Mehrwertes steht noch aus, auch
wenn die Ergebnisse vielversprechend sind.

In dieser Studie zeigte sich eine signifikante Verschlechterung der funktionellen Kapazitat und
der Symptombelastung in Abhingigkeit vom Anteil der erhaltenen LV-Segmente.®° Die
Untersuchung, inwiefern der Anteil von erhaltenen LV-Segmenten hinsichtlich des
myokardialen Strains mit der funktionalen Kapazitdt verbunden ist, bildet einen
patientenorientierten Endpunkt ab. Die Ergebnisse legen nahe, dass der Anteil an LV-
Segmenten mit erhaltener myokardialer Kontraktion dazu beitragen kann, zwischen
symptomatischen und asymptomatischen Patient*innen zu unterscheiden, selbst wenn die
LVEF erhalten ist. Dieser Befund ist vielversprechend fir die Verbesserung der
Patientencharakterisierung und des Patientenmanagements und kdnnte dazu beitragen, die
kardiale Bildgebung robuster gegeniiber unvollstandigen klinischen Informationen zu

gestalten.

Limitationen

Die Granularitat der Informationen aus dieser Betrachtung ist begrenzt, da bei kleineren
Subgruppen die Ubertragbarkeit auf andere Patient*innen deutlich behindert wird — zumal
die Ausgangspopulation bereits Limitationen hinsichtlich ihrer Gr6RBe aufweist. Vor diesem
Hintergrund ist diese Analyse als primar explorativ zu werten.

Prospektive diagnostische Studien sind in diesem Umfang zur Etablierung selten, ihre Kraft
setzen Methoden hdufig durch, wenn eine ergebnisabhdngige klinische Konsequenz

abgeleitet werden kann und der neue Parameter entscheidungsrelevant wird. Bei der noch
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eingeschrankten generellen Verfligbarkeit von Kardio-MRT (v. a. in klinischen Studienzentren)
ist dieser Aspekt ein Nachteil, der sich erst im zeitlichen Verlauf mit einer hdheren
Verfiigbarkeit und geringeren infrastrukturellen Kosten wird andern kénnen.

Eine maRgebliche Limitation dieser Kardio-MRT-Analysen und auch der methodologischen
Arbeiten im Kardio-MRT stellt regelhaft die geringe Stichprobengrofle und das Fehlen von
Verlaufsdaten dar. Um diese Aspekte zu Gberwinden, sind prospektive Studien zur Evaluierung
der prognostischen Aussagekraft und des diagnostischen Mehrwerts von regionaler und
globaler myokardialer Deformation notwendig. Die Ergebnisse solcher Studien kdnnten dazu
beitragen, den Stellenwert der myokardialen Deformation bei der Identifikation von
Patient*innen mit HFpEF weiter zu klaren und moglicherweise neue Ansdtze fir das
Patientenmanagement zu entwickeln.

Aktuell basiert der Standard, Kardio-MRT-Parameter bei HFpEF zu evaluieren, auf zwei
Hauptsaulen: (a) Machbarkeitsstudien (feasibility studies), wie die vorgestellten Kardio-MRT-
Studien oder der HFpEF-Stress-Trial, sowie (b) retrospektive Registerstudien.’880.98

Wahrend Registerstudien haufig den Vorteil einer héheren Fallzahl aufweisen und damit den
vermeintlichen Charakter der explorativen Analyse reduzieren, unterstehen sie anderen
Verzerrungsfaktoren wie spezifischen Indikationen, die zur Untersuchung fiihrten. Auch
andere Faktoren, die retrospektiv nicht zu identifizieren sind, kénnen die Ergebnisse von
Registerstudien  beeinflussen. Illustrierend kann eine viel diskutierte HFpEF-
Registerauswertung dienen, die bei 1203 HFpEF-Patient*innen, die ein Stress-MRT erhalten
haben, durchgefihrt wurde.*® Ziel war es die prognostischen Bedeutung eines Nachweises
einer myokardialen Ischamie bei HFpEF zu analysieren. Die These bestatigte sich: HFpEF
Patient*innen mit induzierbarer Ischamie haben mehr kardiovaskuldre Ereignisse im
Langzeitverlauf erlebt als diejenigen ohne Ischamie. Dadurch, dass die ausgewertete Stress-
MRT-Bildgebung des Herzens allerdings aus klinischer Indikation heraus durchgefiihrt wurde,
ist ein Selektionsprozess der Analyse vorgeschaltet, der eine Ubertragbarkeit auf HFpEF-
Patient*innen nicht vorbehaltlos zuldsst. Dariiber hinaus konnte es ein HFpEF-unabhangiger
Effekt sein, dass Patient*innen mit Nachweis einer myokardialen Ischdamie haufiger
ischamische Ereignisse wie Herzinfarkte und Schlaganfalle erleiden werden.

Den Kritikpunkten der retrospektiven Verzerrung bei Registerstudien und der geringen

Fallzahl bei prospektiven Auswertungen begegnend, haben sich auch systemische Reviews
76



und Meta-Analysen hervorgetan. Eine Meta-Analyse, die die prognostische Bedeutung von
Gewebecharakterisierung bei HFpEF ausgewertet hat, identifizierte zwar 1930 Patient*innen
aus sieben Studien, deren Daten in ihre Auswertung geflossen sind.”® Bemerkenswert ist aber
bei der Zusammenschau der Studien, dass 1174 der 1930 Patient*innen auf eine Studie fallen
und sich die tbrigen auf die anderen sechs Studien verteilen; in der weiteren Spezifikation der
Studie zeigt sich, dass 801 Patient*innen der 1930 zwar eine HI haben, aber die Entitat
unbekannt ist. Diese wurden fir die Auswertung dennoch berlcksichtigt. Die
methodologische Kritik der Auswertung auller Acht lassend zeigt sich allerdings auch bei
dieser Meta-Analyse, dass die einzelnen Studien auch den Charakter einer feasibility study
verfolgt haben und ihre Limitationen hinsichtlich der Fallzahl hier keine Mdglichkeit zur
statistischen Aufwertung hinsichtlich der Studienpower aufweisen.

Um die notwendige statistische Power zu generieren, kdnnten perspektivisch die Hypothesen
der erfolgreichen feasiblity studies demonstriert werden. Das Kardio-MRT konnte starker in
Interventionsstudien, als Einschlusskriterium oder Biomarker einer Substudie eingebunden
werden. Interventionsstudien kalkulieren ihre Studienpopulation basierend auf moderaten
EffektgroRBen, sodass bei HI grolRe Fallzahlen zustande kommen und in der Regel auch eine
Auswertung der Bedeutung des Kardio-MRT, unabhdngig korrigiert fir die Intervention,
analysiert werden kann. Zeitgleich wird dem Parameter des Kardio-MRT damit nicht nur eine
deskriptive Bedeutung beigemessen, da die klinische Implikation bei Nachweis der klinischen

Interventionsstudie direkt abgeleitet werden kann.

Conclusio

Diese Arbeit illustriert, dass die Anwendung von Kardio-MRT zur Analyse der myokardialen
Deformation mittels segmentaler Strainevaluation bei Patient*innen mit HFpEF
vielversprechend ist und moglicherweise zur verbesserten Identifizierung von Patient*innen
sowie zur Entwicklung neuer Ansdtze fir das Patientenmanagement beitragen kann. Die
erweiterte Charakterisierung der Patient*innen (beispielsweise durch Einbindung des HFA-
PEFF-Scores) kann die diagnostische Prazision noch erhéhen, da mit ihr eine adadquate
Risikostratifikation moglich ist. Zukunftige Studien sind pradisponiert dazu, das Kardio-MRT
im  klinischen Kontext weiter zu untersuchen, insbesondere in Bezug auf

gesundheitsokonomische Aspekte wie Verfligbarkeit, Kosten und Nutzen der Technologie.
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Eine starkere Integration von Kardio-MRT in Interventionsstudien sowie die Generierung von
grofReren StichprobengroRen und langeren Verlaufsstudien werden entscheidend sein, um die
prognostische Aussagekraft und den diagnostischen Mehrwert von Kardio-MRT bei der
Behandlung von Patient*innen mit HFpEF zu etablieren und damit die Grundlage fir eine

verbesserte Patientenversorgung zu schaffen.
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6. Zusammenfassung

Diese Arbeit untersucht Herzinsuffizienz, insbesondere HFpEF, und zeigt innovative Kardio-
MRT-Methoden fiir Diagnostik und Praventions- sowie Behandlungsstrategien auf.

HFpEF ist eine Erkrankung mit limitierten Behandlungsmaoglichkeiten und komplexer
Diagnostik und Risikostratifizierung. Der HFA-PEFF-Algorithmus verspricht eine adadquate
Diagnosestellung der HFpEF. Dass dieser Algorithmus zuverldssige Prognosen fir Morbiditat
und Mortalitat bei HFpEF-Patient*innen bietet, wurde untersucht und bestatigt. Aufgrund der
limitierten therapeutischen MaRBnahmen steht hier vor allem die Pravention im Vordergrund
der Behandlungsstrategie.

Die Notwendigkeit eines besseren Managements von HFpEF ergibt sich auch aus den
gesundheitsbezogenen Kosten der ambulanten HFpEF-Patient*innen der ALDO-DHF-Studie,
bei denen Krankenhausaufenthalte die Hauptkostenfaktoren sind.

Um eine Risikostratifizierung fir HFpEF zu etablieren, wurde die Myokarddeformation im
Kontraktionsablauf mittels Kardio-MRT in hoherer Granularitat untersucht, wobei einzelne
myokardiale Segmente und das resultierende Verteilungsmuster der
Deformationsveranderung ausgewertet wurden. Mit dieser Methode kénnen Proband*innen
mit kardiovaskuldren Risikofaktoren von denen ohne Risikofaktoren unterschieden werden,
da sie in Ruhe ein Verteilungsmuster wie HFpEF-Patient*innen und unter Belastung ein
Muster wie Gesunde zeigen. Zudem konnte der Trend identifiziert werden, dass dieser
Verteilungsparameter auch die funktionale Kapazitdt von HI-Patientinnen abbildet, selbst
wenn die LVEF erhalten ist.

Die gewonnenen Erkenntnisse kdnnten dazu beitragen, die Versorgung von Patient*innen mit
HI zu verbessern, indem sie neue Wege zur ldentifizierung von Risikopatient*innen und
verbesserte Diagnosemethoden aufzeigen, die zu praventiven Behandlungsstrategien fihren
kdnnen. Die Validierung der prognostischen Bedeutung von Hl-Parametern des Kardio-MRT in
Interventionsstudien bildet den nachsten Schritt, da neben Validierung auch eine klinische
Konsequenz prospektiv mit den Methoden verbunden und untersucht wird. Diese
Kombination verspricht, die Behandlung von HFpEF-Patient*innen zu optimieren und dem
Kardio-MRT einen angemessenen Stellenwert im Management-Prozess der Erkrankten und

der von HI Bedrohten zu verleihen.
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