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Assessments In Diastolic Heart Failure

Loek van Heerebeek, Cardiologist, MD, PhD, FESC
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HF with reduced EF (HFrEF) vs HF with preserved EF (HFpEF) o|vg‘3

Table 3.1 Definition of heart failure with preserved (HFpEF), mid-range (HFmrEF) and reduced ejection fraction
(HFrEF)
Type of HF HFrEF HFmrEF HFpEF
Symptoms * Signs® Symptoms * Signs® Symptoms * Signs®

< LVEF <40% LVEF 40-49% LVEF =50%

o

- _ |. Elevated levels of natriuretic peptides®; |. Elevated levels of natriuretic peptides’;

e 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).

ESC guidelines Heart Failure Eur Heart J 2016;37:2129




HF terminology — based on LV ejection fraction (LVEF) olvg‘a
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Systole Diastole

LV ejection fraction =

LV EDV — LV ESV/LV EDV * 100
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Diagnosis of HF olvgo

Suspected heart failure

/

Acute onset

:

\

Non-acute onset

v

ECG ECG
Chest x-ray Possibly chest x-ray
&« oA &7 A
Echocardiography BNP/NT-pro BNP* BNP/NT-pro BNP Echocardiography —_
Fe . - S
-~ S -~ Y
-~ ~ -~ -~
‘/ “«A ‘/ '\*
ECG normal ECG abnormal ECG abnormal ECG normal
and or or and
NT-proBNP <300 pg/mL NT-proBNP =300 pg/mL® NT-proBNP =125 pg/mL® NT-proBNP <125 pg/mL
or or or or
BNP <100 pg/mL BNP =100 pg/mL® BNP =35 pg/mL® BNP <35 pg/mL

\
\
\
A

N\

Heart failure unlikely*

\
|

Echocardiography

/
!
!
4

Heart failure unlikely<

/

/
| 4

<€

McMurray JJ et al. Eur Heart J. 2012;33:1787



Prevalence, prognosis and treatment of HFrEF vs HFpEF

olvg‘a
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Q
Patient with symptomatic® HFrEF® Bl Clss O|V9
L Class Ila

Therapy with ACE-I° and beta-blocker
(Up-titrate to maximum tolerated evidence-based doses)

Still symptomatic 52

and LVEF <35%

Yes |

Add MR antagonist®®

v

(up-titrate to maximum tolerated evidence-based dose)

Yes

Still symptomatic
and LVEF <35%

Yes l
| ! }

Able to tolerate Sinus rhythm, Sinus rhythm,"
ACEI (or ARB)"¢ QRS duration =130 msec HR =70 bpm

ARNI to replace S7E Y need for Ivabradine
ACE-| CRIE

These above treatments may be combined if indicated

L

Resistant symptoms

vo | o |

Consider digoxin or H-ISDN No further action required
or LVAD, or heart transplantation Consider reducing diuretic dose

Y

If LVEF <35% despite OMT
or a history of symptomatic VT/VF, implant ICD
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Prevalence, prognosis and treatment of HFrEF vs HFpEF
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Diastolic LV (dys)function olvg'a

Normal diastolic function Diastolic dysfunction
Normal Diastolic Dysfunction
_ 30
LV Apex N
| : Pressure E | B
2 i o |
E y : 0 200 msec E | :
= 2 0 :'
& J ¢ 150 E A & :
IF LV Fillng & g
d Rate ¢ E
) Earl : . Atrial
T 150 Filing Diastasis gugicle e

Left Ventricular Volume
Left Ventricular Volume

LV filling:
“Pushing”

LV filling:
“Suction”

Nagueh SF et al. Eur J Echocardiogr 2009:10:165; Oh. Circulation 2009;120:802



HFpEF: High diastolic LV stiffness olvge

ki Normal | L2 |
, ‘| Myocardial stiffness ' A
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Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. Al right
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“The typical HFpEF patient” olvgo

Older age Hypertension (75%)

Female gender Renal insufficiency (26-53%)
Overweight/obesity (80%) COPD (30%)

Metabolic syndrome (85%) Anemia (35%)

Diabetes mellitus type Il (30-40%) OSAS (40%)



HFpEF: coronary microvascular endothelial inflammation OIVSO
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The new HFpEF paradigm

olvg‘B

Comorbidities

M olic sy me
* Obesity

* Type 2 DM

* Hypertension

Renal insufficiency

Systemic Multiorgan

inflammation involvement Endothelium-cardiomyocyte signaling

1

S

ONOO~ «—+— ROS
v

| ¥NO

VCAM E-selectin

Endothelium

Leukocytes
TGF-B

Fibroblasts

Q

Pk By i

Myofibroblasts Collagen

Na* retention

Shah S...van Heerebeek L, Paulus WJ. Circulation 2016;134:73




Diagnosis O|Vg®




HFpEF: Diagnosis

Symptoms and signs of heart failure

Normal or mildly reduced LV systolic function
LVEF >50% and LVEDVI £ 97 ml/m?

Evidence of abnormal LV relaxation, filling,
diastolic distensibility and stiffness

olvg‘:’

v |
Invasive hemodynamic Echocardioaraoh Biomarkers
measurements graphy (NT-proBNP >220 pg/ml)
I I
E/E’ >15 15>E/E’ >8
*E/A ratio <0.5; DT >280 ms

I 23'2 e NT-proBNP *LA volume index (>40 ml/m?2) E/E’ >8

>220 pg/ml | |*LV mass index >122 or 149 g/m?
LVEDP > 16 mmHg *Atrial fibrillation

’ HFpEF ) Paulus WJ et

al. Eur Heart J
2007; 28:2539



HFpEF: Diagnosis - Echo

Control | HFpEF |

A L
g :L/“/ :
A b > k.

Tri id E
ricuspi A A

3 f:\...».M Iy

e LA

Regurgitation

«E/e

* Left Atrial Max
Volume Index

E/e’ 80/12=6.67 E/e’ 80/4=20
Nagueh SF Eur J Heart Fail 2018;20:38




Algorithm for estimating LV filling pressure

olvge

*Peak TR =2 2.8 m/s
*E/E’ >14

*LAVI >34 mil/m2 Nagueh SF Eur J Heart Fail 2018;20:38




Case — Female 77 yrs o|vg‘3

Hx: Hypertension, mild astma, peripheral vascular disease
Rx: Ascal, candesartan, metoprolol, simvastatin

Exertional tiredness and shortness of breath; 150/80 mmHg, Height 160 cm, Weight
55 kg, BMI 21.5 kg/m2, waist circumference 90 cm.

ECG: SR 70 bpm, no abnormalities; Chest X-ray: no abnormalities
Pulmonary function test: mild obstruction; COPD GOLD |

Lab: Hb 7.6 mmol/l (12.2 g/dl), eGFR 68 ml/min, NT-proBNP 10 pmol/l (84 pg/ml)

‘ COPD? Deconditioning? Heart failure (HFpEF)? \

LVEF 64%



Case — Female 77 yrs o|vg‘3

E 0.9 m/s
E/A 1.3
DT 179 ms

E sept7.0
E/E’ sept 12.8

E lat 6,7
\ E/E’ lat 13.4
E/E’ mean 13.1



Case —

L ]
1 TR Vmax 2.9 mis{
TR maxPG 33 mmHg

LALs A2C

LAAs A2C 20.06 cm?
LAESV A-L A2C 65.83 mi|
LAESV MOD A2C 57.81 ml|

Female 77 yrs

PASP 43 mmHg

LAESVA-L AdC 54 ml
LAESV MOD A4C 48 ml|

LAVI 38 mi/m2

olvga




Algorithm for estimating LV filling pressure o|V9°

‘::i\\

*Peak TR =2 2.8 m/s
*E/E’ >14
*LAVI >34 ml/m2

Nagueh SF Eur J Heart Fail 2018;20:38



Case — Female 68 yrs olvg‘a

RvK: Exertional Dyspnea, NYHA I

VG:
2001: T2DM, hypertension, dyslipidemia
2016: OSAS, CPAP

Rx: Losartan 1 dd 50 mg, amlodipine 1 dd 5 mg, simvastatine 1 dd 40 mg, gliclazide
3 dd 80 mg, metformine 2 dd 850 mg, insuline lantus, omeprazol

A: Progressive exertional dyspnea, NYHA Ill; | exercise tolerance. Intermittent minor
edema. Nycturia 0-2x. During exercise training saturation drop to 89-90%. After
training session completely exhausted.

LO: RR 150/70 mmHg; Length 167 cm Weight 93 kg, BMI 33.3 kg/m2; waist 104 cm.
CVD: normal; Cor: S1S2 cresc/decresc systol murmur; 2/6 ao trajectory
Pulm: VAG; extrem: normal

ECG: SR, normal axis/conduction, no ST deviations



Case — Female 68 yrs olvg‘s

Laboratory: Hemoglobine 7.2 mmol/I*; Leukocytes 7.6 x10"9/l; M.C.V. 97.3 fl;
Trombocytes 304 x1079/l; Sodium 138 mmol/l; Potassium 4.4 mmol/l; Creatinin 73
umol/l; eGFR (MDRD formule) 70 kl/1,73m2; nt-proBNP 4 pmol/l; ASAT 26 |U/;
ALAT 34 [U/I*; gamma-GT 25 IU/l; TSH 1.5 mlU/I

Ergo: HF max 160/min (101%). No ST deviations. Stopped because of dyspnea; RR
rest 140/60 to 220/60 mmHg.

CT hart: Agatston 16.6 (16%). RCA: C/NS prox; LCA: n.a. No additional pathology.

Meting Pred % Pred zscore

Longfunctie:  pyc L 206 324 64 [E T
FEV1 L 1,84 253 73 T
FEVI/FVC% % 89,2 787 113 [ T4
PEF Us 4,92

FEV1I/VCmax% % 89,2 78,7 113 =T &

Echo: Good systolic LV function. Normal dimensions. E 67 cm/s; E/Aratio 0.8; E' 8.9
cm/s, DecT 207 ms, E/E’ 7.51. TR veloc 2.55 m/s; SPAP 26+3 mmHg.
Normal RV. Dilated LA. LAVI 42 mi/m2. AoV: minor calcification. Normal VCI.



Algorithm for estimating LV filling pressure o|v9‘9

-l

*Peak TR =2 2.8 m/s
*E/E’ >14
*LAVI >34 ml/m2

Nagueh SF Eur J Heart Fail 2018;20:38



Diagnosis of HFpEF is challenging!! olvga

NYHA IV NYHA I1-111 |

Cardiomyocyte .

Tra Mln‘7

proBNP (108 aa)

BlOOd Cloavaéol —

It wwoaup 1.76  BNP1.32
% oM

plysiologkally 155 ;
active hormone



Natriuretic peptides olvg‘B

. ANP
Corin/ furin L { NT-pro-ANP

Volume overload
(TLA/RA diameter)

Shear stress I——p |

rOBNP

Corin / furin l; NT-pro-BNP

Vasculature @

Pressure overload
(TLV/RV EDP)

~ %
. O \ . Breakdown
products

Receptor ;
recycling Eriiocylesie () BNP

& / [ one
Peptide

clearance

Target organ effects:
+ Vasodilatation
» Natriuresis
* Anti-proliferative effects
* Reduced CV remodelling © Copyright 2016 Parven Kaur

Singh JS et al. Heart 2017;103:1569



HFpEF: frequently low NT-proBNP Olvga
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Metabolic syndrome
* Obesity
* Type 2 DM
* Hypertension

Androgens/adipokines Epicardial fat raises intrapericardial pressure,

Insulin resistance dampening transmural LVP and lowering LV
Epicardial fat induced inflammation distending pressure

Packer M. JACC 2018:;71:2360; Khan AM et al. J Clin
Endocrinol Metab 2011;96:3242; Gruden G et al. Diab
Care 2014,;37:2899 Nelson AJ et al. J Cardiovasc Magn Res 2009;11:15



HFpEF: exertional dyspnea °|v9°

Diagnostic tests:
Laboratory/
Echocardiography/Catheterization

— predominantly performed at rest,
when patient is asymptomatic

Normal NT-proBNP in 20-30%
of invasively proven NYHA II-1lI
HFpEF patients!! |

Patient with NYHA II-11l dyspnea?

—Perform diagnostic tests at exercise!




Exercise echocardiography olvg

e’ 5cm/s

lwate Zet Lock St

Exercise echo:
TR 3.5m/s

Diagnostic of diastolic LV
dysfunction when E/E’ >14 Rest Exercise

E/E" 10 E/E" 19

Nagueh SF et al. Eur Heart J Cardiovasc Img 2016



Pressure (mmHg)

30 -

Right heart catheterization: Rest/exercise

Right

Right

Pulmonary
Artery

Pulmonary
Artery Wedge

PCWP (mmHg)

40 - K
p<0.0001
3]
30
20 -
10
0 1 ] 1 1 L]
Baseline Feet Up 1 min Peak 1 min
Exercise Exercise Recovery

% p<0.0001 for APCWP (vs control)
+ p<0.0001 vs base (within group)

¥ p<0.01 vs base (within group)

—-8- Control -® HFpEF

Borlaug BA, Circ J 2014,78:20
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Case — Female 68 yrs leg‘B

Conclusion:

1)Exertional dyspnea, NYHA 1lI/1V, normal ntproBNP;
2)No obstructive coronary disease.

3)Good LV/RV function, no sign valve disease
4)Increased cardiovascular risk profile

5)Restrictive spirometry; DD/obesity

“Early stage” HFpEF; pulm; deconditioning/obesity

RHC rest/exercise:
I
PCWP rest: 16 mmHg; exercise: 30 mmHg. :> HFp EF !
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Potential diagnostic approach of HFpEF O|V3

Patient with Suspected HFpEF

l

( Assessment of Pretest Probability \

Clinical history: older age, typical comorbidities (e.g. obesity, HTN, DM),
HF specific symptoms like orthopnea or PND,
Physical examination: edema, jugular venous distension, gallop, rales
NP levels: {NT-proBNP or 1BNP
Chest x-ray, ECG: pulmonary congestion, LVH, atrial fibrillation

\ Rest Echocardiography: 1 LA volume, 1 LV mass, 1 E/e’, 1 TR velocity /

Inadequate or equivocal
echocardiographic images

1 Intermediate pretest probability 1 Very low or very high pretest probability

Probable diagnosis made,
[Consldor EXSICIEE DORRIee Echo] [Further Testing usually unnecessary]

l Clearly Negative 1 Positive or equivocal 1 Definitive classification still needed

No Further Testing Required Diagnosis remains uncertain,

Consider Invasive Exercise Test

Obokata M et al, Circulation 2017;135:825




H2FPEF score for probability of HFpEF

Clinical Variable |Values Points
H Heavy Body mass index > 30 kg/m? 2
2 Hypertensive 2 or more antihypertensive medicines 1
F Atrial Fibrillation Paroxysmal or Persistent 3
Pul Doppler Echocardiographic estimated
P uimonary Pulmonary Artery Systolic Pressure > 35 1
Hypertension mmHg
E Elder Age > 60 years 1
F Filling Pressure Doppler Echocardiographic E/e’ > 9 1
Sum
H,FPEF score (0-9)
Total Points 0 1 2 3 4 5 6 - 8 9
Probability of HFPEF 5 03 04 05 06 07 08 0.9 095

olvg°

Reddy YN et al. Circulation 2018;138:861



Treatment of HFpEF olvg°




HFpEF: Exercise training and caloric restriction o|v9°

Obese (BMI 39 kg/m2) HFpEF pts(n=100)
randomized to aerobic exerc training (AT)

=
£ caloric restriction (CR) or both
E for 20 weeks;
)
% — ' ' prim EP: peak VO2 and quality of life
£
&
g
g 2
o
| g P<0.001 = 20-
~ £ AT- p = <0.001
| T D CR- p = <0.001
Training Control < 15—
E
N C o 107
P20.001 E
2 ’ a 57
: g
- 17 N O
- . S
LA 2
2 w7
g Control AT CR CR +AT
(5]

T T
Training Control

Edelmann JACC 2011:58:1780 Kitzman JAMA 2016:315:36



Estimated Cumulative Proportion of Patients
with Primary End Point

MNo. at Risk

Spironolactone in HFpEF: TOPCAT olvg°

Phase IlI; Randomised; double blind; placebo-controlled; multicenter trial; 2006-2012
HFpPEF (n=3445); >50 yrs;NYHA II-1ll; EF>45%; prior HF hosp/TntproBNP
Randomisation 1:1 to spironolacton (15-45 mg od) vs placebo;mean FUP 3.3 yrs
Prim Endp: composite of CV death/cardiac arrest or HF hospitalization

Sec Endp: all cause death, hospitalization

1.004
0.95+
0.90+
0.85+
0.80+
0.75+
0.70+
0.65+
0.60+
0.55
0.50+
0.45+
0.40+
0.35+
0.30+
0.25+
0.20+
0.15+
0.10+
0.05+

0.304

0.254 Placebo

0.204

0.154

0.10+

0.05+

Spironolactone

0.00 T T T T

60

72

Hazard ratio, 0.89 (95% Cl, 0.77-1.04)

P=0.14 by log-rank test

0.00 :

Spironolactone 1722 1502

Placebo

1723 1462

T | |
24 36 48

Months

1168 870 614
1145 834 581

T
60

330
331

|
72

53
53

Estimated Cumulative Proportion of Patients
Hospitalized for Heart Failure

MNo. at Risk

1.00+
0.95+
0.90
0.85+
0.80
0.754
0.70+
0.65
0.60+
0.55
0.50+
0.45
0.40—
0.35+
0.30
0.25+
0.20
0.15+
0.10+
0.05+
0.00

0.30+

0.25+

0.20 Placebo

0.15+

Spironolactone

0.10+

0.05+

0.00- T T T T | 1
0 12 24 16 48 &0 72

Hazard ratio, 0.83 (95% Cl, 0.69-0.99)
P=0.04 by log-rank test

Spironolactone 1722

Placebo

1723

12 24 36 48 60 72
Months

1502 1167 869 613 330 53

1464 1148 837 583 332 53

Pitt B et al, NEJM 2014;370:1383



TOPCAT: Regional variation oh,g@

TOPCAT: 3445 HFpEF patients;
Entry through either prior HF hosp. or nt-proBNP
North/South America: 1767 (51%); Russia/Georgia: 1678 (49%)

Americas: 55% prior HF hosp. and 45% elevated BNP
Russia/Georgia: 89% prior HF hosp. and 11% elevated BNP

A o Primary Outcome C o Heart Failure Hospitalization
O [
> o —
= w— Placebo glgceb:l ,
""" Spironolactone pironolacione

< Americas g

z° z°

8 E Americas

Kol

o o

= o = = e el
(ﬂ. - ‘\! - waF
o o
8 g .
© T T T (=T I T T

0 2 4 6 0 2 4 6
Years Years
Numbar a1 mek Bumbe Al sk
Amences (FVS| 830835 499518 178209 Bmarcas (FY5)  BR0MAs SO 18 | OV
Russia/Cocrgia (F/S| 842838 648850 H0V405 FRuscinocegia (/5 842835 BB 403404

Pfeffer MA et al, Circulation 2015:;131:34



Sacubitril/valsartan olvg‘3

Heart Failure Renin Angiotensin-

Natriuretic Peptide y (HFpEF)
System o

pro-BNP
( ventricular
secretion )

Aldosterone System
(RAAS)

Anglotensmogen
( liver secretion )

(not a substrate
for Neprilysin) (Sacubitril/Valsartan)

\ o
9 /g{ R NT-pro BNP rcI)_CAZREISWQ Gf\( (Angiotensinl)

ANP  BNP CNP

Adrenomedullin e L
Sacubitril Valsartan
Substance B (AHU377) N O (Angiotensin II>

« Bradykinin ¥

N
; 2 N-NH
« Angiotensin |1 a ' O
« Others 0
HN
sLaW i

HO\H\(
() 0
(6]

Ol
<—SacubitrilaHt-LBQ657 Valsartan s YN 10] X
(Neprilysin Inhibitor)

Inactive fragments Vasoconstriction

4 Blood pressure
4 Sympathetic tone

Vasodilatation
¥ Blood pressure
¥ Sympathetic tone

4 Aldosterone levels
4 Myocardial Fibrosis
4 Ventricular hypertrophy

¥V Aldosterone levels

\ Myocardial fibrosis
and hypertrophy

A Natriuresis/Diuresis

Solomon SD et al. 3 Am Coll Cardiol HF 2017:;5:471



ARNI: LCZ696 (Entresto): PARAMOUNT o|v9‘3

Phase Il RCT 2009-2011; HFpEF (n=266 pts); NYHA II-lll; EF>45%; ntproBNP >400pg/ml
1:1 to LCZ696 (200 mg bid) vs valsartan (160 mg bid) for 36 wks.

Primary endpoint: A in ntproBNP Secondary endpoint: A in Echo parameters
baseline to 12 wks and functional class
8- 1(7696 LCZ LCZ A Valsart Valsart A
10004 —@- Valsartan baseline | from baseline | from
_ T baseline baseline
900 LAVI 35%+11.7 |-26+73 368+ 0.31+9.3 0.007
.\ 14.8
) NYHA class
%‘ [1Worsened [ Unchanged [l Improved
- =0-05
g 1004 p=0-11 .
o
z % . ] . -
E 80_
iy g
= o _
z p=0-20 z 70
2 60—
400 B
5 50
.5 40—
300 £
g 30-
200 T T T T T T T T 204
0 g 10 15 20 25 30 35 40 10—
Weeks after randomisation o

LCZ696 IVaIsarran LCZ696 I"-.;"alsa\r'c;sm

Solomon S et al. Lancet 2012;380:1387 Week 12 Week 36




Sodium glucose co-transporter 2 (SGLT2)-inhibitors

olvgo

EMPAREG trial- empagliflozin in DM
T2DM pts (n=7020) at high risk for CV outcomes, FUP 3.1 yrs
Prim EP: composite of CV death, non-fatal Ml or stroke (Zinman et al. NEJM 2015;373:2117)

A Primary Outcome

201
< Placebo
%‘ 154
& Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99) -
£ P=0.04 for superiority Empagliflozin
FR
2
=
2
E s
0 I I 1 I 1 1 1 1
0 6 12 18 24 30 36 42 48
Month
No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 116l 741 166

B Death from Cardiovascular Causes

No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

9 Placebo
g

74

1 Hazard ratio, 0.62 (95% C1, 0.49-0.77)
54 P<0.001

Empaglifiozin

4

3

2

1]

0+ T T T T T T T 1
0 6 12 18 24 30 36 42 48

Month
4687 4651 4608 4556 4128 3079 2617 1722 414
2333 2303 2280 2243 2012 1503 1231 825 177

C Death from Any Cause
15+

Placebo

104
Hazard ratio, 0.68 (95% Cl, 0.57-0.82)
P<0.001

Patients with Event (%)

04 T T T T T T T 1
0 6 12 18 24 30 36 42 43
Month
No. at Risk
Em pagliﬂozin 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177

Empagliflozin

D Hospitalization for Heart Failure

No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

Placebo

Hazard ratio, 0.65 (95% Cl, 0.50-0.85)

44 p=0.002 Empagliflozin

0 1
0 6 12 18 24 30 36 42 48
Month
4687 4614 4523 4427 3988 2950 2487 1634 395
2333 2271 2226 2173 1932 1424 1202 775 168



SGLT2-inhibitors olvg®

Vasoconstriction
afferent arteriole

1 Na*/CI
delivery macula
densa

1 [Na"]

Clinical findings

1 [Glucose] 4

—L | Plasma glucose
| Body weight
1 uric acid - | Blood pressure

SECtation | Plasma uric acid
| Glomerular hyperfiltration

Proximal tubular cell

Lumen ... Blood
I - .
ATPae
Glucose
GLUT2

SGLT2 inhibitor

Y

1 glucosuria
1 natriuresis

Van Bommel EJ et al. Clin J Am Soc Nephrol 2017;12:700



Interstitial oedema in
congestive heart failure

a

Left ventricle hypertrophy

Impaired cardiac
metabolism

SGLT2-inhibitors olvg®

’

.
Na* Interstitial Intravascular Na* Interstitial Intravascular
volume volume volume volume

SGLT2
inhibitors

Verma S et al.
Diabetologia
2018;61:2108



Treatment of HFpEF olvge




Increasing filling pressures prior to HF symptoms olvge

Heart Failure Hospitalization

Heart Failure Hospitalization

Symptoms
("Clinical Congestion")

Pre-Symptomatic Hemodynamic Changes
("Hemodynamic Congestion")

-
-21 14 7 0 Days
|

..
Reactive

Averted Heart Failure Hospitalization

Medical Intervention

Pre-Symptomatic

1
=t 1 o
-21 -14 -7 0 Days

l
Proactive

Abraham WT et al JACC 2017;70:389



>

Cumulative Heart Failure Hospitalizations

HFpEF — HD monitoring devices olvge

CardioMEMS HD guided HF management improves HF hosp in HFpEF
*Hosp rate >6 mths: 46% lower; hosp rate at 18 mths: 50% lower
*More therapeutic changes in vasodilators/diuretics in HD guided group

B 250 +
70 —~Control Group - Reduced EF
—Control Group - Preserved EF 225 | _Treatment Group - Reduced EF
B0 - — lreatment Group - Preserved EF 2
2 200 -
S
© ]
50 - E‘ 175
I 150
40 - g
‘w125 -
w
=
30 - g 100 -
I
s 75
20 - ©
=
§ 50 -
10 - 25
0 . i : i . 0 - T : . T )
0 180 360 540 720 200 0 180 360 540 720 900

Days After Implant

Adamson Circ Heart Fail 2014:7:935

Days After Implant



. . Q
Interatrial shunt device to lower LA pressures olvg

Sondergaard et al. Eur J Heart Fail 2014;16:796



REDUCE LAP-HF | olvg®

Phase 2, multicenter RCT; HF pts(n=44; EF 240%), NYHA llI-IV, exercise PCWP 225 mmHg
1:1 to IASD vs sham procedure.

Prim EP: exercise PCWP 1 mth

Results: IASD resulted in greater reduction in exercise PCWP (p=0.028)
No peri-procedural or 1-mth MACE

P
(=]
[]
P
[=]
[]

=8 Baseline == Baseline

-0~ 1-mo. T =#= 1-mo.

]
(=]
[]

=
=
[

*P<0.05
*P<0.01

PCWP (mmHg)
PCWP (mmHg)

] | | | |
Rest Legs up 20W Peak

| | | |
Rest Legs up 20w Peak

Control group: Baseline vs. 1-month PCWP IASD group: Baseline vs. 1-month PCWP

Feldman T et al. Circulation 2018;137:364



Enhance pathophysiological insight olvgo




HFpPEF — a heterogeneous disease °|V3‘3

Female
[ T Age predominance

[Overweight/ Atrial fibrillation

Obesity V\A\
[Dlabetes mellltus] ‘/A/" Systolic LV dysfunction

Ventricular-vascular
[Metabolic syndrome| -« ~ stiffening

\ Impaired systemic
Vasodilatory reserve

[Renal dysfunction] / Chronotropic incompetence

[ COPD Pulmonary hypertension

[ Hypertension ]4/'

RV dysfunction

H

[ Anemia




HFpEF: Phenotypic stratification

A | “Early HFpEF”

*Neutral results
— “Improve p

“Advanced HFpEF”

oIv3°

atient stratification
alized treatment”




Cardiac MRI — Characterization of myocardial tissue °|v9‘3

T1 mapping

Interstitial fibrosis

cMRI with T1 mapping and LV PV loops in HFpEF (h=24) and C (n=12)

210

8 [mmHg]l &

20 60 [ml] 100 140

Rommel KP et al. JACC 2016:;67:1815

LV Stiffness Constant (Beta)

0.057

0.04

0.03+

0.02

0.01

0.00

oo r=0.75, p < 0.01
y = -0.0363 + 0.2121 * x
I I I | 1
20 25 30 35 40 45

Extracellular Volume Fraction (%)



HFpEF: NT-proBNP: marker of disease progression olvg‘B

Total HFpEF (n=117) | HFpEF ECV <28.9% HFpEF ECV >28.9%
(n=58) (n=59)

73.6+7.8 73.6+7.8 73.6+7.8 0.402
Cardiac event, n (%) 34 (29.1) 11 (19.0) 23 (39.0) 0.017
ntproBNP (pg/ml) 833 (396-1892) 616 (308-1349) 1362 (582-2240) 0.001
MOLLI ECV (%) 29.3+3.9 26.4+1.7 32.1+3.4 <0.001
10000 o o o i Log-rank test
o o 100 p=0.028
- o ° o*?eg?"o 8 0 ’ < 807
E . QOC§§U o g e oo E MOLLI-ECV <28.9%
E ° o OOB‘B‘EBUC’ o® o 2
3 O P % o o g 60 MOLLI-ECV 228.9%
3 7 00 % 2
:ﬁ. g% % [+] CB:D Q Q
~ ° o £ 40
E 100 o (] E
g
w 201
R=0.369
p<0.001
104 0_
20 2 0 35 p a5 50 1 1 T T T
MOLLI-ECV (%) 0 12 24 36 48

Time to event (months)

Duca F et al, Circ Cardiovasc Imaging 2016;e:e005277



(NT-pro)BNP correlates with worse outcome in HFpEF

[-Preserve (zile MR et al. Cardiovasc Trans Res 2013;6:501)

olvga

Coach (van Veldhuisen DJ et al. JACC 2013;61:1498)

- -~ _ 59.4
& .
S w0 I 1.0 1 —— BNPO-2%0pgim
% 50 | S —— BNP 251 - 750 pgmi
S ] 281 0.9 - —— BNP=T7%0pgm
g [ 164 o 0.8 1
> 20 | .
g s
£ P g 071
£ o ' :
= ol 316 E 06 1
S . g o5
:E 25 ‘ 19.4
O 20 [ 13.1 0.4 -
g LVEF >40 %
c P
E 10 ot 03/ .
sl
s O j 1 1
0 0.0 T T T T T T 1
NT-pro BNP (pg/mL) <133 134 - 338 339 - 963 > 964 0] 100 200 300 400 500 B0
Median NT-pro BNP (pg/mL) 73 214 551 1720
# of Patients 870 867 873 870 Time (days)
TOPCAT (Anand IS et al. JACC Heart Fail 2017;5:241)
A Crude Outcomes of the Primary Endpoint by B Outcomes of the Primary Endpoint by Baseline
14 1 Baseline BNP/NT-proBNP Terciles BNP/NT-proBNP Z Score
12 . .
% 10.6 Primary Outcome: N=687, Adjusted
> 40
o 10
s 30
g8 B
g 6.3 § 20
s 6 59 5
2 a
© 2
T 4 2 10|
5 8
g, g
<
0 4
Median BNP 132 234 505
Median NTBNP 480 900 2339 éNS’_ﬁ“’ei 1‘219 227 5+112 16$9 2537
#of Patients 230 230 227 NTBNP: 487 1065 2330 5098 11155



HFpEF: Therapeutic diversity olvg’

|-Preserve: Neutral prim EP (composite ...but positive in HFpEF pts
all-cause mortality and CV hospitalization... with ntproBNP < median

T
< 404
£
S A Primary Endpoint
S
S 100
O 304 NT-proBNP
%‘ < median
£ Irbesartan 90 -
‘=
o
e )
= 80
o 20 <
(%) o ©
c r >
] s = i Interaction
g e % 70 p=0.003
= .
— [h]
v 10- = 60 4
= S
3] y e |
= £
E a3 50 NT-proBNP
= )
(W] Placebo el
O T T T T T T T T T T

- [rbesartan

0 6 12 18 24 30 36 42 48 54 60 40 - * bo0.47
Months since Randomization * Log Rank
30 -
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

Massie BM et al, NEJM 2008;359:2456 Anand et al, Circ Heart Failure 2011:4:569



No.
Spir
Placq

HFpEF: Therapeutic diversity - TOPCAT

Subgroup Events/Patients Events/Patients

Placebo
No. of

BNP/NTBNP (n=687)
Overall 91/355 (25.6%)
Tertile 1 30/117 (25.6%)
Tertile 2 211110 (19.1%)
Tertile 3 40/128 (31.2%)
BNP (n=430)
Overall 60/224 (26.8%)
Tertile 1 19/79 (24.1%)
Tertile 2 16/70 (22.9%)
Tertile 3 25/75 (33.3%)
NTBNP (n=257)
Overall 31/131 (23.7%)
Tertile 1 11/38 (28.9%)
Tertile 2 5/40 (12.5%)
Tertile 3 15/53 (28.3%)

Spironolactone

No. of

57/332 (17.2%)
10/113 (8.8%)
19/120 (15.8%)
28/99 (28.3%)

34/206 (16.5%)
7/65 (10.8%)
10/74 (13.5%)
17167 (25.4%)

23/126 (18.3%)
3148 (6.2%)
9/46 (19.6%)
11/32 (34.4%)

Hazard Ratio
(95% CI)

0.64 (0.46, 0.90)
0.31 (0.15, 0.63)
0.87 (0.47, 1.62)
0.91 (0.56, 1.47)

0.60 (0.39, 0.91)
0.41 (0.17, 0.98)
0.61 (0.27, 1.34)
0.80 (0.43, 1.48)

0.70 (0.41, 1.20)
0.17 (0.05, 0.62)
1.66 (0.56, 4.97)
1.12 (0.51, 2.46)

Anand IS et al, JACC Heart Fail 2017;5:241

P Value for
Interaction
0.017 <l
L
n
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o
L
=
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L ]
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olvgc

Pitt B et al, NEJM 2014;370:1383



Number of patients

20

15

10

HFpEF: NT-proBNP

N

NTproBNP = 125 pg/ml:
35.8 % of patients

N

n
NTproBNP < 300 pg/ml: |

70.1 % of patients

L
rg

T 1

30

85

270 850 2760
NT-proBNP (pg/ml)

olvgo

HFpEF pts (n=83), without Afib or CAD,
NYHA 1I-11l, age 70 £ 9, BMI 31.6 + 6.2;

median NT-proBNP 161pg/ml

_ NT-proBNP trial entry criteria NT-proBNP (pg/ml)

RELAX
PARAMOUNT
TOPCAT

SOCRATES-PRESERVED
EMPEROR-PRESERVED

PARAGON

> 400 pg/ml
> 400 pg/ml
>360 pg/ml
>300 pg/ml
>300 pg/ml
>300 pg/ml

700 (283-1553)
884 (521-1416)
900 (557-1920)
1174 (433-2576)
recruiting

pending



Pathophysiological and phenotypic stratification olvga

Pathophysiological diversity Clinical phenotypic diversity
Therapeutic stratification according to et ||| st s
cardiac struct/funct remodeling o ) )
comorbidities ancillary mechanisms
Capillary rarefaction | | CM stiffness HMVD and inflammation"
; Metabolic syndrome
*Obesity
* Type 2 DM

» Hypertension

Renal insufficiency

| i e

JMWWMLJ‘LJLJL-«JL«




Suspicion heart failure: symptoms/signs + risk factors (age, DM, HT, obesity, sedentary lifestyle)

I Dyspnea outpt clinic; 1st consult I
v
I TTE, Ergometry, Lab, Urine , Pulmonary function, Chest X-ray I

LV/RV dimensions

: X ) I LVEF < 45%? Valve dis? I—> Regular outpatient clinic
LV/RV systolic + diastolic fx
LV strain I eGFR < 60 ml/min? I—-—> Nephrologist
LV twist/untwist/torsion

LA/RA volume + fx I DM de novo? I—> Internist
LV/RV 3D volumes/EF r— :
Pulmonary dysfx? osas? Pulmonologist

| Elderly? Frail? Multi Rx |— Geriatrician
v

Entry from 2nd line —m > | 2nd consult | No HFpEF

I Nt-proBNP/BNP I

—> Exit or regular outpt clinic
HFEpEF possible

2) Pulm | 1) Stress-MRI I-—P Ischemia? | 3) RHC (+ exerc) | I Biomarkers I
: ¥
T1 mapping no yes PCWP CV stress
CPET Perfusion PAP (S,M,D) Inflamm.
CFR CAG RAP, RVP Fibrosis
VO LV/RV vol/fx PVR/SVR Endoth dysfx
VE/CO LA/RA vol/fx PAC Neurohum
3 PA:Ao ratio no |e=| cap? |=¥| ves CO Adipose
Diastology v AVO2 diff
I Revascularize I
*Stratification strategy Research * Clinical || congestion/HT: diuret, RAAS-I, CCB
MRI, RHC, TTE, biomarkers program HFpEF confirmed program Metabolic abnormalities: statin
(CV stress, inflamm, fibrosis, ED, [«uu— o — Obesity: Calory restriction
g T 2nd outp clinic consult y y

*Grants; Reconnect, etc.

Endurance training
<

> Comorbidity treatment




THANK YOU

olvg°




(09 [Samplesize D [Resut

CHARM-Preserved 3023 Candesartan Neutral
PEP-CHF >40 850 Perindopril Neutral
DIG-PEF >AS QKRR Djsoxin Neutral
SENIORS Recommendations Class®* | Level® Neutral
I-PRESERVE it is recommended to screen Neutral
ELANDD patients with HFpEF or HFmrEF Neutral
Lo for bpoth cardlovascular‘ a+n'c| non-' —
cardiovascular comorbidities, which,
ALDO-DHF if present, should be treated provided i NEITEL
Ex-DHF safe and effective interventions exist Peak VO2 9
PARAMOUNT to improve symptoms, well-being ubitril ntproBNP
and/or prognosis.
RELAX Neutral
RELAX-AHF Diuretics are r.‘ecomnjended in Neutral
congested patients with HFpEF
RAAM-PEF or HFmrEF in order to alleviate AEITEL
EDIFY symptoms and signs. Neutral
TOPCAT 245 3445 Spironolactone Neutral
PARAGON-HF o T o 'sacubitril Pending
SOCRATES-PRESERVED Neutral
ADHERE I
HFpEF pathophysiology?
OPTIMIZE-HF
MAGGIC

GWTG-HF >50; 40-49 40354 Registry



MAJOR

MINOR

The new ESC HFA PEFF score (0-6) olvg‘a

MAJOR CRITERIA: 2 points; MINOR CRITERIA: 1 point

Functional Morphological Biomarker
Septal &' <7 LAVI > 34
Latgral 21D Or NTproBNP >220/660 (SR/AF)
Or LVMI > 149/122 (M/F) Or
, And BNP >80/240 (SR/PAF)
SO (AYE) = e RWT > 0.42
E/e’ (Avg) 9-14 LAVI > 29-34 NTproBNP >115-220 or
Or Or BNP >35-80 (SR)
TR vel > 2.8 m/s LVMI > 115/95 (M/F) Or
Or Or RWT >0.42 NTproBNP >365-660 or
GLS < 16% Or LVWT > 12 mm BNP 105-240 (AF)

HFA-PEFF score:
2 5 points: HFpEF
2-4 points: Diastolic stress test or invasive hemodynamics
< 2 points: no HFpEF




SGLT2-inhibitors

olvg°

EMPAREG trial- empagliflozin in DM
T2DM pts (n=7020) at high risk for CV outcomes, FUP 3.1 yrs
Prim EP: composite of CV death, non-fatal Ml or stroke (Zinman et al. NEJM 2015;373:2117)

A Primary Outcome

No. at Risk

Patients with Event (%)

Empagliflozin

Placebo

C Death from Any Cause

No. at Risk
Empagliflozin
Placebe

Patients with Event (%)

B Death from Cardiovascular Causes

201
Placebo
15 //’r
Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99) ——
oy EMPA-REG OUTCOME
54 No history of heart failure — =—fie—
1= History of heart failure —_—
0
o CANVAS Program
2333
No history of heart failure it
15+
History of heart failure ——
104
04 06 0810
HR (95% ClI)
5
04 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Month
No. at Risk
4687 4651 4608 4556 4128 3079 2617 1722 414 Empagliflozin
2333 2303 2280 2243 2012 1503 1281 825 177 Placebo

1.4

Patien

Event (%)

9 Placebo
3
7
6 Hazard ratio, 0.62 (95% Cl, 0.49-0.77) Empaglifiozin
HR (95% Cl) /
0.63 (0.51, 0.78)
T T T 1
0.72 (0.50, 1.04) % 4 &
th
8 3079 2617 1722 414
2 1503 1281 825 177
0.87 (0.72, 1.06)
Placebo
0.61 (0.46, 0.80)
1.85)
Empagliflozin
2
1
0 1
0 6 12 18 24 30 36 42 43
Month
4687 4614 4523 4427 3988 2950 2487 1634 395
2333 2271 2226 2173 1932 1424 1202 775 168



HFpEF: Coronary microvascular endothelial oxidative stress Q|\/9‘B

Immunolabeling electron microscopy cMRI/adenosine: coronary flow reserve in
HFpEF (n=25; 2.21 +0.55 ) vs HHD (n=13;
3.05+£0.74 ) and C (n=18; 3.83+0.73;p<0.001)

Cine MRI Magnitude image Phase contrast image
S5 F P=0.004, Control vs LVH
—_ 50 2 P=0.001, Control vs HFpEF
£ 0.8- ' o P=0.002, LVH vs HFpEF
c L 45+ o o
= c o
0 0.6- o 40
) c oy tts =
> = Z 35 <L S
22 ., * 2 o 7 ®
o2 04 > 30} ® —h—
O o d
Z 5 S kil 9
o 25F
£ 0.2 S . o
% 20+
= 0.0 15 o
& ¢ G
~$ && 1.0k L L I
Controls LVH HFpEF
Van Heerebeek Circulation 2012:126:830; N=18 N=13 N=25

Franssen JACC HF 2016:4:312-324 Kato, J Am Heart Assoc 2016:5:e002649



HFpEF: Exercise induced increase in LV filling pressures

Hotelling’s T2 p<0.0001

~ p<0.0001
30 . p=0.0006

— L p=o'52 ]
[w] I 1
:E 20 p=0.14
= i
o
E 10
o
q ?

O s sl e e

Controls HFpEF Controls HFpEF
Saline Exercise

Andersen MJ, Circ Heart Fail 2015:8:41

olvg@

B  PCWP, HFpEF; p<0.001 PCWP, NCD; p<0.001
E/e’, HFpEF; p<0.001 E/e’, NCD; p=0.12
40 -
© T #
W -
5 30
4 t
£ 20+ —s
= T
E_’ o |
= 10 - +
(&)
o
0
Rest 20W Peak

Obokata M et al, Circulation 2017;135:825



Exercise training in HFpEF

olvg°

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Edelmann 2011 -2.3 23024 44 06 23504 20 793% -290[-4.13,-1.67)
Fu 20186 -49 13.061 30 -1.4 386977 29 51% -3.50[-8.36, 1.36]
Karavidas 2013 -3.25 5898 15 -2.06 3.7384 15 9.7% -1.19[-4.72, 2.34] —_—
Palau 2014 -3.3 9.4503 14 -55 102501 12 21% 2.20[-5.42,9.82]
Smart 2012 4.4 98491 12 0.001 00017 13 39% 440[1.17,9.97] i I
Total (95% Cl) 115 89 100.0% -2.38[-3.47,-1.28] ¥
Heterogeneity: Chi*= 8.39, df= 4 (P = 0.08); F=52% 1_20 _150 5 150 205

Test for overall effect: Z= 4.24 (P < 0.0001)

Favours [exercise] Favours [control]

Pearson MJ et al. Heart Fail Rev 2017:feb 23



Pressure (mm Hg)

Pressure (mm Hg)

HFpEF — HD monitoring devices - CardioMems ng‘B

8/00 10/18/09 11727709 01/06/10 02/15/10 027710 05/06/10 06/15/10
Time (month/day fyear)
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Abraham WT et al. Lancet 2011;377:658



