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Heart fallure imposes a
significant economic burden on
the healthcare syste

GLOBAL ECONOMIC BURDEN OF HF EXCEEDS

ny countries is

spent on the
treatment-of HF®

70% OF THE COST OF HF IS
DUE TO HOSPITALIZATIONS®

~10% OF THE COST OF HF IS
DUE TO PHARMACOLOGICAL TREATMENT®

X 8 9% COST SAVING COULD POTENTIALLY BE ACHIEVED WITH THERAPY THAT
- REDUCES LENGTH OF HOSPITAL STAY BY ONE DAY#

HF=heart failure; ¥Data from semi-Markov cost-effectiveness model based on a hypothetical acute HF therapy that reduces UK hospital length of stay by 1 day;
1. Lloyd-Jones et al. Circulation 2010;121:e46—e215; 2. Neumann et al. Dtsch Arztebl Int. 2009;106:269-75;

3. Berry et al. Eur J Heart Fail 2001;3:283-91; 4. Stewart et al. Eur J Heart Fail 2002;4:361-71; 5. Dickstein et al. Eur Heart J 2008;29:2388-442;
6. Hunt et al. J Am Coll Cardiol 2009;53:e1-90; 7. Lalla et al. Presented at the World Congress of Cardiology (WCC), Dubai, UAE, 18-21 April 2012



Krankenhausaufnahmen in
Deutschland wegen Herzinsuffizienz
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Christ M, ..., Wachter R, et al. Eur J Heart Fail 2016)



Herzinsuffizienzhospitalisation D
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Uberlebenskurve der Herzinsuffizienz:
nach Hospitalisierung wegen H
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! Prognose besser als Herzinsuffizienz

Relatives Uberleben
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Formen der Herzinsuffizienz

HFrEF = SHF HFpEF = DHF
Heart failure with reduced EF Heart failure with preserved EF

MI:1.6

5S4

21 JAN @9

B8:34: 41

i/ 2/E/H3 . 2 3

UNI Gottingen . UNIY. GOTTINGEN
Kardiologie . AET. KARDIOLOGIE
ECHO 2

18504273




Eine neue Form der Herzschwache
0(\(} (HFmrEF)

Table 3.1 Definition of heart failure with preserved (HFpEF), mid-range (HFmrEF) and reduced ejection fraction
(HFrEF)

Type of HF HFrEF HFmrEF HFpEF
I | Symptoms % Signs® Symptoms + Signs® Symptoms t Signs*
5 2 | LVEF <40% LVEF 40-49% LVEF =50%
- 3 |_ |. Elevated levels of natriuretic peptides®; |. Elevated levels of natriuretic peptides™;
o 2. At least one additional criterion: 2. At least one additional criterion:
v a. relevant structural heart disease (LVH and/or LAE), a relevant structural heart disease (LVH and/or LAE),
b. diastolic dysfunction (for details see Section 4.3.2). b. diastolic dysfunction (for details see Section 4.3.2).

BMP = B-type natriuretic peptide; HF = heart failure; HFmrEF = heart failure with mid-range ejection fraction; HFpEF = heart failure with preserved ejection fractiom; HFrEF =
heart failure with reduced ejection fraction; LAE = left atrial enlargement; LVEF = left ventricular gjection fraction; LVH = left ventricular hypertrophy; NT-proBMNP = M-terminal
pro-B type natriuretic peptide.

*Signs may not be present in the early stages of HF (especially in HFpEF) and in patients treated with diuretics.

"BMP=135 pg/ml andfor NT-proBNP =125 pg/imL

Ponikowski et al., EHJ 2016
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Irbesartan bel diastolischer Herzinsuffizienz
(I-Preserve)

40
Placebo
p=0.35
30
Irbesartan
20

v
104 /H

Cumulative Incidence of Primary Outcome (%)

0 1 1 I 1 T 1 I I 1 T
0 6 12 18 24 30 36 42 48 54 60
Months since Randomization
No. at Risk
Irbesartan 2067 1929 1812 1730 1640 1569 1513 1291 1088 816 497
Placebo 2061 1921 1808 1715 1618 1539 1466 1246 1051 776 446

Primarer Endpunkt: Tod, kardiovask. Hospitalisation

Massie et al., NEJM 2008



ACE inhibitors in the elderly

PEP-CHF Study: Perindopril (4mg) vs. Placebo in 850 patients
(>70Jahre); F.U. 2.1 years

Primary EP: Time until death or heart failure hospitalization

Proportion having

amieyent(Z) (HR 0.92; 95% Cl 0.70-1.21; P = 0.545)
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Cleland et al., Eur Heart J 2006



Mortailty
due to cardiovascular causes

Digitalis in diastolic heart failure ?

DIG-Trial: 988 heart failure patients, EF>45% with SR. Digoxin vs.
Placebo, 37 months F.U.

Cardiovascular mortality
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Ahmed et al., Circulation 2006; 114(5)



Rali-DHF: Pilotstudie mit Ranolazin

E)ay 1: IV Infusion Day2-13: Osal dosing Dav 14:
2bohis doses 15 : Endof
Scraming . Ranolazins 1000 mg or :
min apart haodo ¥id Study
Continuous infusion P "
| | for24 hes I |
ECHO Relaxation kinetics and ECHO
CPET pressure maasuremants CPET
NTproBNP  (rasting and pacad) NT-proBNP

Maier LS et al., JACC HF 2013

25 patientsinitially randomized
proceeding to cardiac
catheterization

20 patients with continued
eligibility criteria received study
drug

5 patients excluded due toscreen
failure (LVEDP<18 mmHg, n=3)
and significant coronary heart

disease needing PCI (n=2)

8 patientsreceived 12 patientsreceived
placebo ranolazine




Rali-DHF: Veranderung LVEDP
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HFpEF: Aldosteronrezeptor Blockade?
Aldo-DHF

(Aldosterone receptor blockade in diastolic heart failure)

422 Patienten mit HFpEF
Prospektive Placebo-kontrollierte randomisierte Studie

Spironolacton 25 mg vs. Placebo fur 12 Monate

Primare Endpunkte: 1. peak Sauerstoffaufnahme (Spiroergometrie,
peak VO,)

2. Diastolische Funktion (Echo, E/E")

$ Bundesministerium
fiir Bildung

und Farschung

Kompetenznetz
Herzinsuffizienz

Edelmann et al. Eur J Heart Faill 2010



Primary endpoints

Change in E/e’

| p<0.001  p<0.001
1 _
. Placebo
O _
Spironolactone
-1 -

Baseline 6 months 12 months
Time since randomisation

Edelmann F, Wachter R (equally contributed), JAMA 2013

Change in peak VO,

1 p=0.57 p=0.81
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0.5
0o -
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Baseline 6 months 12 months
Time since randomisation



Treatment Of Preserved Cardiac Function
Heart Failure with an Aldosterone anTagonist
(TOPCAT)

* Objective

— To determine if spironolactone reduces the composite endpoint of
cardiovascular mortality, aborted cardiac arrest, or hospitalization for
heart failure, compared with placebo, in adults with HF-Preserved EF.

 Inclusions:
Symptomatic Heart Failure, Age = 50, LVEF = 45%, stratified according to:

— Hospitalization within the past year for management of heart failure, or

— Elevated natriuretic peptides (BNP =100 pg/mL or NT-proBNP =360
pg/mL)

* Major Exclusions:
eGFR<30 mL/min/1.7m?, serum potassium =5 mmol/L, uncontrolled
hypertension, AF with rate > 90/min, recent ACS, restrictive, infiltrative, or
hypertrophic cardiomyopathy

Rationale and design: (A. Desai, Am Heart J 2011)



1° Qutcome
(CV Death, HF Hosp, or Resuscitated Cardiac Arrest)

3 (20.4%)

320/1722 (18.6%)

Probability
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Spironolactone

HR = 0.89 (0.77 — 1.04)

p=0.138
L [ [ [ [ [ [ [
0 12 24 36 48 60 72
Months
Number at risk
Spiro 1722 1502 1168 870 614 330 53
Placebo 1723 1462 1145 834 581 331 53

Pitt B, et al., NEJM 2014



Probability
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Placebo Rates:
Primary Outcome, by region
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Prognose nach Region in TOPCAT
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Isosorbidmononitrat in HFpEF

N = 110, doppel-blind, cross-over, 69 Jahre, 57 % Frauen
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Redfield MM, et al., NEJM 2015




Pathophysiologie und

Iron Deficiency

Comorbiditaten bel HFpEF

=

Autonomic dysfunction
Chronotropic incompetence

Vascular dysfunction i
Vascular stiffening
Ventriculo-arterial coupling

Elevated Blood ]

Inadequis BP response 1o exercise
Pulmonary hypertension

Valvular
Dynamic mitral regurg itation

Senni et al. Eur J Heart F 2014

and Anemia




Exercise Training: Ex-DHF-P

Training
|
Baseline
F—A— - n=64
Randomisation 2:1 3 months 6
| |
Usual Care

Resistance 60% 1-RM 60% 1-RM
training 1x 15 2x 15
Endurance 50-60% peak VO, 60-70% peak VO, 65-70% peak VO,
training 10-20min 20-35min 30-35min

2x/ week 3x/ week 3x/ week

Edelmann F et al., JACC 2011



Ex-DHF-P: Priméarer Endpunkt

Spiroergometry
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Diastolische Funktion: E/E
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Edelmann F, ..., Wachter R, et al., JACC 2011



Exercise Training: Ex-DHF Trial

multi-center, prospective, randomised, controlled, parallel group study to assess

the effects of exercise training in n=320 patients with HFpEF (composite

outcome score)
exercise training =3 times/week {(n= 160) P I F Ed el m an n

Flow

Finished regruitment, results in 2017

screening I |

usual care {n= 160)

baseline primary endpoint
month -Tmo 0 1mo JImo Gmo Imo 12mo
L, 1 gz | | | | | |
Lol L4
,u i
7 v I I | | | I
visit 1 2 3 4 5 6 7

(http://www.controlled-trials.com/ ISRCTN86879094)
Kompetenznetz

DFG Deutsche . w
Forschungsgemeinschaft Herzinsuffizienz




Diastolische Dysfunktion — Diast-CHF

Reprisentatives Patientenkollektiv

&
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v
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!
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.Herzinsuffizienz



Partner/Standorte des TP 7 m

Herzinsuffizienz
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Eintellung der diastolischen Funktion

a) Transmitral Doppler LV inflow
velocity

b) Pulmonary vein Doppler velocity

c) Colour-Doppler M-mode

d) Doppler Tissue Imaging
(mitral annulus)

Normal Impaired Pseudo- Restrictive
Relaxation Normal
0 | 1l 1l
x| | T ,
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1 ; DT i A * 1
g & | 5 N
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LV-Relaxation Normal Impaired Impaired Impaired
LV-Compliance Normal Normal - 4 4 Jid
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Pravalenz der LV-Dysfunktion p
(n=1.735 ambulante hausarztliche Patienten mit Risikofaktoren "y

Diastolische Dysfunktion Systolische Dysfunktion

2,(\) %

LVEF n =1.735 Patienten mit
Risikofaktoren

diastolische (Dys-)Funktion

[ normal [l moderate B >50%

B mild B severe [ 40-49 %
B <40%



Obstruktive Schlafapnoe (OSA)
und diastolische Funktion

Pravalenz des OSA (n=378)

Mittelgr.schwer
es OSA
21%

Kein OSA
39%

Mildes OSA
40%

Wachter et al., Eur Respir J 2013
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p=0.004



Kein Einfluss des Schlafapnoesyndroms auf
die Langzeitprognose!

Survival Functions
10- Schlafapnni-ﬁategnnen
=5
1514
152-29
—I1==30
0,3 4y —— =5-censored
Y L. t— 5-14-censored
'_‘—:'-, ﬂ: 15 - 29-censored
(- —t—==30-censored
() —_
o) S 06
QL |z
—
w
O £
% a qu_
02—
0,0
T T T T T T I
a0 20,00 40,00 &0,00 20,00 100,00 120,00
m_mace9




Therapie des Ubergewichtes

_

Original Investigation

Effect of Caloric Restriction or Aerobic Exercise Training
on Peak Oxygen Consumption and Quality of Life in Obese Older
Patients With Heart Failure With Preserved Ejection Fraction

A Randomized Clinical Trial

Dalane W. Kitzman, MD; Peter Brubaker, PhD; Timothy Morgan, PhD; Mark Haykowsky, PhD; Gregory Hundley, MD;
William E. Kraus, MDy; Joel Eggebeen, M5; Barbara ). Nicklas, PhD

Kitzman D et al., JAMA 2016



2x2 faktorielles Studiendesign

—

100 Randomized )

_-a

.-"-

o

i

25 Randomized to recalve
attention control

26 Randomized to recelve
exercise only

24 Randomized to receive
diet only

25 Randomized to recelve
ayercise + diet

!

|

!

|

2 Discontinued intervention
for personal reasons
1 Violated protocol®

2 Discontinued Interventlon
1 Personal reasons
1 Due to knee pain

24 Completed Intervention

3 Discontinued Intervention
1 Personal reasons
1 Due to hospitallzations
1 Due to knee paln

!

22 Included In primary analysis

24 Included In primary analysks

24 Included In primary analysis

22 Included in primary analysis

46 Mo diet fackorial group (control and exerclse)

- 46 No exercise factorial group (control and diet)

46 Diet factorial group (diet and exercise + diet)

Kitzman D et al., JAMA 2016

[ *| a6 Exerctse factorial group (exercise and axercise + dist) |+—




Basischarakteristika

Factorial Group, mean (50)

Exercise No Exercise Diet No Diet
Characteristic {n=51) {n = 49) (n = 49) (n=51)
Demographic and Weight Characteristics, Mean (5D)
Age, ¥ 66.9 (5.5) 6.0 (4.8) g6.4 (5.0) 66.6 (5.4)
Women, No. (%) 41 (80) 40 (82) 40 (82) 41 (80)
White, No. (%) 2B (55) 27 (55) 24 (45) 31 (&1)
Body weight, kg 109 (21) 102 (13) 105 (17} 106 (19)
Body surface area, m? 2.12 (0.22) 2.06 (0.15) 2.09 (0.19) 2.08 (0.19)
EMI 40.3 (7.1) 38.4 (4.8) 39.0 (5.0} 39.7 (7.1)
Body fat, % 45 (&) 46 (7) 45 (&) 45 (7)

Kitzman D et al., JAMA 2016



Coprimare Endpunkte

[A] Peak vio, percentage change fram baseline Minnesota Living With Heart Fallure (MLHF) score change from baseline
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Kitzman D et al., JAMA 2016



Vorhofflimmern und
Herzinsuffizienz

Epidemiology and Prevention

Atrial Fibrillation Begets Heart Failure and Vice Versa

Temporal Associations and Differences in Preserved Versus Reduced
Ejection Fraction

Rajalakshmi Santhanakrishnan, MBBS; Na Wang, MA; Martin G. Larson, SD;
Jared W. Magnani, MD, MSc; David D. McManus, MD; Steven A. Lubitz, MD, MPH;
Patrick T. Ellinor, MD, PhD: Susan Cheng, MD: Ramachandran S. Vasan, MD;
Douglas S. Lee, MD, PhD; Thomas J. Wang, MD: Daniel Levy, MD;

Emelia J. Benjamin, MD, ScM; Jennifer E. Ho, MD

Santhanakrishnan et al., Circulation 2016



57 % der Herzinsuffizienzpatienten
haben Vorhofflimmern

A 70% -
60% -
50%

40%

8 oo -
E 30%
20% |
10% | III
0% . . . III .

Santhanakrishnan et al., Circulation 2016
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previous AF  concurrent AF

future AF



37 % der Vorhofflimmerpatienten
haben eine Herzinsuffizienz

B 70%

munclassified HF
mHFREF

HFPEF
mno HF

g & 8 B
£ R 2
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10%
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Santhanakrishnan et al., Circulation 2016



Herzinsuffizienz erhoht das
Auftreten von Vorhofflimmern

—Prevalent HF
ws N 0 HF

15%

10% Log rank P<0.0001

4 8

0 2 6
Years after baseline exam
25
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14774 14395 13847 13237 12613
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NumberatRisk
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Santhanakrishnan et al., Circulation 2016



Vorhofflimmern erhoht das
Auftreten von HFpEF und HFrEF

9% .
B —nicident HFrEF
8% .  =——Incident HFpEF
- e idemt HFTEF ] Prevalent AF
'-IE'-?“!-E {1 se===esincident HFpEF
w
37
i 5% -
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T
Rl Log rank P<0.0001
E {comparning prevalent AF vs no
- % 1 AF for both HF subtypes)
2 2%
_____ No AF
S ’
1% LT e -
0% --'F-"---I--‘_! L | | |
0 2 4 6 B
Number at Risk Years after baseline exam
Prevalent AF 403 354 293 247 209
No AF 14800 14478 14004 13477 12934

Santhanakrishnan et al., Circulation 2016



Zusammenfassung

Aktueller Stand:
Schlechte Prognose bei HFrEF and HFpEF, 5-JUR 40 %, schlechter
als viele Krebserkrankungen

Therapien bei HFrEF:

Nitrate schaden!

Aldosteronantagonismus fur die richtigen Patienten?
Korperliches Training?

Comorbiditaten:

OSA: verschlechtert diastolische Funktion, Einfluss auf
Langzeitprognose fraglich. Therapiestudien zu OSA bei HFpEF
fehlen.

Ubergewicht: Therapie ab BMI > 35, dann ist kalorische Restriktion
ahnlich gut wie korperliches Training

Vorhofflimmern: Haufig koinzident mit Herzinsuffizienz, beide
Erkrankungen begtinstigen sich gegenseitig.
Therapiestudien fehlen.



