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The contrast of HFpEF vs. HFrEF

H E G P

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 + Signs®
5 2 | LVEF <40% LVEF 40-49% LVEF =50%
|"';' 3 |_ |. Elevated levels of natriuretic peptides®; |. Elevated levels of natriuretic peptides®;
= 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 " European HeartJournal(2019) 40,2155-2163 CLINICAL REVIEW
E;Jrc%przla(; os;fety doi:10.1093/eurheartj/ehz158 Controversies in cardiovascular medicine

» Imprecise classification

The continuous heart failure spectrum: moving ; g:;'zrs?; Z‘\j;lzgftse B R

beyond an ejection fraction classification > HFpEF is defined as a non-HFrEF

Filippos Triposkiadis', Javed Butler?, Francois M. Abboud®, Paul W. Armstrong®, disease

=>» A physiopathological vision of HFpEF vs HFrEF ?
=>» If so, what are the specific mechanisms in HFpEF vs. HFrEF ?



Structural, Functlonaf and Ultra- structural characterlstlcs
in HFpeF and HFreF

H E G P

HFpEF HFrEF
LV structure/function
End-diastolic volume &~ ™
End-systolic volume &~ ™
Wall thickness ™ 4
Mass P P
Mass/volume ratio N N
Remodeling Concentric Eccentric
Ejection fraction SN NK
Stroke work &~ J
End-systolic elastance & J
End-diastolic stiffness T J
LV ultrastructure
Myocyte diameter ™ &
Myocyte length & ™
Myocyte remodeling Concentric Eccentric
Fibrosis Interstitial/reactive Focal/ replacement

Courtesy Ariel Cohen
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Gene expression signatures in I:I'FpEF vs. HFrEF

Hahn VS. Circulation 2021; 143(2):120-34

I Control

Genes

HFpPEF :

ER stress / Autophagy

/ Angiogenesis

B HFrEF

[ HFpEF

i Mitochondrial

OxPhos,
P=1.9e-14

cGMP,
P=0.015
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RNA sequencing on right ventricular septal endomyocardial biopsies in HFpEF (n=41) vs. HFrEF (n=30) vs. donor controls (n=24)

Fibrosis,
P=0.00029
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Major differences ihttesponse to drugs in HFpEF vs.
HFrEF

ACEi / ARAII / Beta-Blockers / ARNi are not clinically benéfitial

SGLT2i & ARM are efficient, by reducing HF hospitalization. No (or
minimal) effect on CV death

The observed benefit is globally lower in HFpEF than in HFpEF

MRA Placebo HR

(n/N) (n/N) (95%Cl)
Cardiovascular death or first hospitalisation for heart failure
RALES 346/822 472/841 —_— 0-66 (0-57-0-75)
EMPHASIS-HF 249/1364 3561373 —e—t 066 (0:56-078) HFrEF :
Patients with HFrEF 595/2186 828/2214 —h— 0-66 (0-59-0-73)
‘ Pn=097 -34%
TOPCAT 320/1722 347/1723 —e— 0-90(078-105)
FINEARTS-HF 624/3003 719/2998 —— 0-85 (0-76-0-94)
Patients with HFmrEF or HFpEF  944/4725  1066/4721 i~ | 087(079-095) HF p EF :
' Pn=0-49
All MRA trials 1539/6911  1894/6935 E 3 J-ZLKLZZJMB!j - -13%
Pi=0-0012
MRA Placebo HR
(n/N) (n/N) (95%Cl)
First hospitalisation for heart failure H
RALES 216/822 300/841 —-—-— 0-65 (0-54-077)
EMPHASIS-HF 164/1364  253/1373 —0— 0-61(0:50-0-75) H F r E F .
Patients with HFrEF 380/2186 553/2214 + 0-63 (0-55-0-72) *
| peow -37%
TOPCAT 206/1722 245/1723 ——e— 083(0:69-0-99)
FINEARTS-HF 479/3003 573/2998 e 0-82 (0-72-0-92)
Patients with HFmrEF or HFpEF ~ 685/4725 818/4721 r—‘— 0-82 (0.74-0-91) H F E F .
Pn=0-92 p .
All MRA trials 1065/6911  1371/6935 I— 074 (0-69-0-80) _ 1 8%
I

Jhund P Lancet
2024

25/11/2024



Who are these EMnts ? What are the mechanisms
2

u;;ﬁ 1. =« @7

Difficult to Unclear
diagnose mechanisms

Poor
outcomes

=>» There is not only one mechanism but probably a variety of mechanisms leading to
HFpEF and potentially indicating some specific therapeutic interventions

25/11/2024 7
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Who are these patients ?

=» Guidelines 2021

Recommendations for the treatment of patients with
heart failure with preserved ejection fraction

Recommendations Class® Level®

Screening for, and treatment of, aetiologies, and
cardiovascular and non-cardiovascular comor-

bidities is recommended in patients with HFpEF <
(see relevant sections of this document).

Diuretics are recommended in congested

patients with HFpEF in order to alleviate symp- C

137

toms and signs.

=>» Multiples aetiologies can lead to HFpEF

=>» Are they sharing a same & uniform mechanism leading to HFpEF ?
=>» Is this the final expression of multiple mechanisms leading to HF ?




Etiological classification of HFpEF ?
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Fayol et al. ESC Heart Failure 2021 DOI: 10.1002/ehf2.13717

d

977 with LVEF <40%

2180 patients with congestive heart failure
(period 2016-2019), BNP >100, need for diuretics

y

275 with LVEF 41-49%

A

928 with LVEF 250%

v

510 (55.0%) idiopathic HFpEF

|
v

418 (45.0%) secondary HFpEF

Non-cardiac &
mimickers in 45%

-

v

125 (13.5%) abnormalities of the

myocardium

Ischaemic, n=43 (4.6%) Genetic, =44 (4.7%)

Toxic, n=6 (0.6%) < Infiltrative, n=28 (3.0%)
" P

Immune &

inflammatory, n=3 (0.3%) < )
~ Metabolic, n=1 (0.1%)

|

N

v

conditions

293 (31.6%) abnormalities of the loading \

Valvular, n=209 (22.5%)

A 4

A

High output state, n=14 (1.5%)

Volume overload, n=47 (5.1%)

A 4

A

Hypertensive crisis, n=10

Pericardial pathologies, n=6
(0.6%)

A 4

A

(1.1%)

Structural defect, n=7 (0.7%)

/
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Pure HFpEF vs. HFPEF mimics ? - (==

FIGURE 8 Stepwise Approach to Assessment of Individuals With Shortness of Breath and/or Edema

Patient with dyspnea and/or
edema and EF 250%: Apply
Universal Definition of HF

Noncardiac mimics
Is there a primary
noncardiovascular entity causing
symptoms?

&

HFpEF mimics
Does the patient's
presentation warrant specific
diagnostic assessment?

Identify relevant comorbidities
contributing to presentation

that warrant treatment

EF = ejection fraction; HF = heart failure; HFpEF = heart failure with preserved ejection fraction.

PTRz 2023 ACC expert consensus JACC. 2023 May, 81 (18) 1835-1878


https://www.jacc.org/journal/jacc

CENTRAL ILLUSTRATION: Left Ventricular Macrostructural and Micro-
structural Remodeling in Healthy Aging, Stage A and Stage B Heart Failure

« Healthy » aging

N Capillary vessel
o1 Fibroblast
— ] Collagentypel&3

i B ; i ‘ .,"" '
5 3 (3 / ,'/
! ."—-— \' R
\_‘/
Leukocyte /

Stage B HF Stage B HF
Reduced LVEF (after acute ischemic event: type 1 or 2 MI) Preserved LVEF

Pezel, T. et al. J Am Coll Cardiol Img. 2021;14(5):1038-52.

Conserved number of CM
Hypertrophic CM
Interstitial fibrosis

Small vessels rarefaction

11
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Cardiomyocytes are bigger
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Autopsic observation = Cardiac myocyte hypertrophy
Gerard P. Aurigemma et al. Circulation. 2006;113:296-304

DCM-Systolic Heart Failure

2 o

k]
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g e | |
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Normal

. ,{f{ww:—,...u
AL L et 'ML’“.
2 “

POH-Diastolic Heart Failure

=>» Hypertrophic vs. hypertensive remodeling ?
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.

athological concepts in HFp

Old concept New concept
. b Hypertension
a Hypertension Diabetes Coronary
mellitus disease

Renal )
dysfunction \ / Obesity
Chronic obstructive

Deconditioning —————» HFpEF <«————pulmonary disease

ool JO

Normal Concentric Concentric Eccentric
remodelling hypertrophy hypertrophy

HFpEF

Concentric hypertrophy/
restrictive cardiomyopathy

Diastolic dysfunction

tension and abnormal pulmonary vasc
systolic function despite preserved left ventricula
ripheral oxygen utilization

entricular systolic and diastolic function
ss and abnormal ventricular-vascular ¢

(Shah & Pfeffer, Nat Rev Cardiol 2012)

13
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KEY MESSAGE Diastole consists of an active (myocardial relaxation) and a passive (myocardial stiffness) phase. Myocardial
stiffness is determined by the cardiomyocytes and the extracellular matrix and the relative importance of each varies during the

course of the disease.

Determinants of Diastole

Myocardial Inactivation
Ca?+ removal
Cross-bridge detachment

ATP

Cardiomyocytes
Isoform shifts
Phosphorylation
Oxidation

Myocardial stiffness

Extracellular matrix:
Amount of collagen
Abundance of collagen type 1
Collagen cross-linking

14
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The stiff heart in HFpEF

Increased myocardial tissue passive stiffness

From Circulation 2015, 131, 1247-59

=» 70 patients undergoing cardiac surgery (bypass) with LV biopsy

Hypertension - +  +
HFpEF - -4
N= 17 31 22
R |
22
T *#
20| W HTN(+)HFpEF
18
»
]
o 16
c
£z .. *t
7Ng
© o124
T2
55 -
g .
E (2 8- * T
2]
4 r - -
2+
0
Collagen Titin Total
dependent dependent
I_'_l
Matrix Myocytes

15



TITIN: thin-filament extensible thick-filament binding

binding

7 Thick filament . . Z

A "”‘iwﬁiiilyl’ wEAE e EEniae. M-line  / aREa s R O B
A ..0 0..0 0__ Ul el !_! =
N
O
RN N
N
e Oy P R I N e o v ori ey
m T-cap sequence sequence
N2B N2A kinase
MLP

ligands
& DRAL/FHL-2 [Y Myopalladin A MURF

0 MARP 0 P94 myomesin

Henk L. Granzier, and Siegfried Labeit Circ Res. 2004;94:284-295
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. - 4 Paris
Cardiovascular
itin phosphorylation & diastoli ive stiff
Titin phosphorylation iastolic passive stiffness (@&
H E G P
IS
g. ; 154
>
Catecholamines | Natriuretic peptides NO b ET-1_Angll ‘3 E 104
r‘- . Extracellular © .E
) I . 1 GPCR space (4 E 5-
OFHEE  EPEETEE R B T X E
Rea \ Y X " 860885600y VJUJ‘J!\H
Lk ‘ NO Ras Q 0-
| I — ST z
PGC ., ] e PLC | Titin stiffness modulation < HFrEF HFpEF
GTP ! il l by phosphorylation
cGMP @ (67: .g ) 3 100~
C
Role | for PKG i / 8 normal g so-
*' D D 2 S o
- - ! / 7 Q, |
Phosphorylation of the” T o Y P ERK2 E’ 40~
titin springs at a cardiac-| _ -~ I i — CaMKIl = .
specifi¢ region (N2-Bus) |~ : / 18 200 22 24 0] 201
Iower; passnfe tension P e Sarcomere length (um) O o
/ s +/ HFrEF HFpEF
7 N2 B
repeats Ig dorrfain g 1 only in mBA isoform 1 _Tm*[afnei“\) (
TNL . e N\_ _ N_ _N\_ _\_ Thin filament] .
, i fiameq => Titin N2-B PKG-dependent
Z-disk I Elastic I-band segment | (Linke & Hamdani, Circ Res 2014)

phosphorylation : decreased

Linke & Hamdani, Circ Res 2014 stffness by 20%

=» Titin PKCalpha
phosphorylation: increased
stiffness




Myocardial collagen in HFpEF ?

Control subjects HFpEF patients P
(N=20) (N=39)
Constant of pressure stiffness I (mm Hg) 11.4+1.9 16.1£1.4 <0.05
LV end-diastolic pressure (mm Hg) 8+1 12+1 <0.05
E : e’ ratio 8.2+23 14.9+8.0 <0.001
Total collagen content (%) 5+4 169 <0.0001
Collagen type I content (%) 6.43+0.65 8.34+0.23 <0.01
Collagen cross-linking 2 0.9+0.4 1.7£0.8 =0.03

Perez del Villar, Cardiovasc Res 2017  (Values are expressed as mean=SD)

Less Cross-linking (weaker) More Cross-linking (stronger)

% =» Changes in collagen turn over ?

=—

18
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How to measure myocardial stiffness ?

Q =>» Ultrafast elastrography technology
PACIFIC

dans l’inst‘fﬁsance cardiaque

Shear wave generated by the

Acoustic Radiation Force
I I ]

Frequency 2,5 MHz Frequency 2 MHz
PRF 200 Hz Duration 350 us

Ultrasonic bursts

35

UltraFast

Frequency 2,5 MHz
PRF 10 000 Hz

,) Myocardial stiffness during one cardiac cycle
- - - e 2

. A

- oa o - éz 7
F(r,ty=—75p (r,t) : /
o i |

| ey /{

&)

Y.

J
== 7T

Couade et al. IEEE transactions on medical imaging, 2011, 30, 2, 295-305 0

-0.1 0 0.1 0.2
time (sec)

0.3

0.4

Evaluation Of Myocardial Stiffness Change Over Age In Healthy Adult And Hypertrophic Cardiomyopathy Populations Using New Noninvasive Ultrasound Shear Wave 19

Imaging. O Villemain, M Correia, E Mousseaux, J Baranger, G. Soulat, A. Hagége, S. Zarka, , E Messas, M Pernot. Submitted
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| - Systemic inflammation in HFpEF

ﬁn A 80%
s 60%
£ 5 40%
£3 20%
# i ' |
. -20%%
0 -40% A
-
BB l’zg;’: Inflammation
-120% =» Endothelial
-140% dysfunction ?
Myocyte stress/injury  ee———
Inflammanon —_— — —
Fibrosis / ECM S
Vascular / endothellal —
Metabolic / Oxid. stress c—
Renal function
Erythropoiesis —
& = N & VW & N &£ u € T O ¥ Z U
 EnaeaalbROuEeTS S
Y e & . g 7 4 - £ @ S
a G 5 o
= O
=

Sanders-VanWijk et al, Eur J HF 2015

20



Systemic inflammation in HFpEF: BIO-STAT Analysis (#=
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Pathway over-representation analysis?

+ Sequence-specific DNA binding
transaction factor activity

+ Protein kinase B signaling

+ MAPK cascade

+ Cell proliferation

+ Peptidyl-serine phosphorylation

+ ERK1 and ERK2 cascade

Cellular protein metabolic process

+ Transcription from RNA polymerase |l promoter
+ Smooth muscle cell proliferation

+ Nitric oxide biosynthetic process
Integrin-mediated signaling pathway
Leukocyte cell-cell adhesion
Extracellular matrix organization
Response to lipopolysaccharide
Neutrophil degranulation

Platelet activation
Inflammatory response

Leukocyte migration

Cell adhesion

Bl HFrEF
Bl HFpEF

Biomarker profiles specific
for HFrEF are related to
cellular proliferation and
metabolism

Biomarker profiles specific
for HFpEF are related to
inflammation and
endothelial function

20

10

0

20

ERK, extracellular signal-regulated kinase HFpEF, heart failure with preserved ejection ﬁlaggé-tQ(lm-‘N?!Wart failure with reduced ejection fraction; MAPK, mitogen-activated

protein kinases

1. Tromp et al. J Am Coll Cardiol 2018;72(10):1081-90

Team xxx

21



Endothelial dysfﬁﬁ'ction in HFpEF

Healthy Condition
ANS
innervation °)

Healthy
Myocardium

= ) =
Vasoconstriction Vasodilatation

—  —

HFpEF
Sympathetic
Hyperactivity
Cardiomyocyte Dysfunction
¥ Dilatation capacity
4 Myocardial stiffnes

4 Proinflammatory state

Endothelial Uncoupling
¥ NO bioavailability
4 roS
4 Endothelin - 1
4(ca*)

Fibrotic
Myocardium

2N

/\ Vasodilatation
Vasoconstriction H

—_—

1edIiTl XXX L
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@ JAMA Network:

From: Prevalence of Coronary Artery Disease and Coronary Microvascular Dysfunction in Patients With Heart
Failure With Preserved Ejection Fraction

JAMA Cardiol. 2021;6(10):1130-1143. doi:10.1001/jamacardio.2021.1825

[A] Obstructive epicardial CAD Endothelium-independent CMD [ C | Endothelium-dependent CMD

N=106 HFpEF

patients with o
evaluation of CAD angiography
and CMD

Obstructive epicardial CAD No obstructive epicardial CAD

Physmlogic tESting -

Hemodynamically significant
lesion (FFR, 0.67)

Coronary microvascular Normal invasive physiology
dysfunction (FFR, 0.95; CFR, 1.3; (FFR, 0.99; CFR, 5.6; IMR, 23)
IMR, 33)

Vasoreactivity
testing

Normal invasive physiology in Normal coronary vasoreactivity Coronary endothelial dysfunction
other nonobstructed coronary without epicardial vasospasm
artery (FFR, 0.97; CFR, 2.5;
IMR, 12). Vasoreactivity testing
not performed

51% 66% 24%
=» 91% with CAD, CMD or both

Copyright 2021 American Medical Association.

Date of download: 11/5/2024 All Rights Reserved.
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Hemodynamic Load:
Hypertension, AS

Endothelium

MacrophEge‘

TGFB
Fibroblast SPARC

Paulus W. Zile M, Circ res 2021
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'What are CHIPs mutations ?

Bone marrow

Hematopoietic
stem cells

e o
Qe
Q@ Mutagenesis

Clonal expansior

Blood

CHIPs = acquired mutations in
hematopoetic stem cells that create
an indeterminate potential

No clonality and proliferation
leading to a cancer

But these mutations induce an
abnormal reactivity = low-grade
inflammation ? Inflamm aging ?




@ JAMA Network:
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From: Clonal Hematopoiesis and Incident Heart Failure With Preserved Ejection Fraction

JAMA Netw Open. 2024;7(1):e2353244. doi:10.1001/jamanetworkopen.2023.53244

[A] Any HF [B] HFpEF HFTEF
Cohort 1
g P<.001 g P=.03 g p=.35
— CHIP T} 5]
§ 0.2 ‘é 0.2 E 0.2
=] = CHIP E=]
< 0.1 <01 < 0.1
£ £ £ CHIP
S No CHIP 3 //— 3
0 , : : , 0- ‘ : NoCHIP, 0- , : NoCHIP,
0 3 6 9 12 0 3 6 9 12 0 3 6 9 12
Follow-up time, y Follow-up time, y Follow-up time, y
No. at risk No. at risk No. at risk
NoCHIP 2815 2699 2508 2339 0 NoCHIP 2815 2699 2508 2339 0 NoCHIP 2815 2699 2508 2339 0
CHIP 112 96 82 74 1 CHIP 112 96 82 74 1 CHIP 112 96 82 74 1
[A] Any HF [B] HFpEF [c] HFrEF
Cohort 2 0.3 0.3- 0.3
g P=.02 CHIP g P=.02 g P=.47
c = c
° < °
2 02 2 0.2 2 02
£ £ CHIP £
[ (< [
> > >
%01 %01 %01 No CHIP
g No CHIP g g __'
3 3 No CHIP 3 /
CHIP
0= T T T ] 0= T T T 1 0 == T T T 1
0 5 10 15 20 0 5 10 5 20 0 5 10 15 20
Follow-up time, y Follow-up time, y Follow-up time, y
No. at risk No. at risk No. at risk
NoCHIP 4763 4272 3407 2448 1590 No CHIP 4763 4272 3407 2448 1590 NoCHIP 4763 4272 3407 2448 1590
CHIP 400 351 265 186 100 CHIP 400 351 265 186 100 CHIP 400 351 265 186 100

Figure Legend:

Cumulative Incidence of Heart Failure (HF) and HF Subtypes by Clonal Hematopoiesis of Indeterminate Potential (CHIP) Carrier
Status in the Jackson Heart Study (JHS)Cumulative incidence curves for any HF, HF with preserved ejection fraction (HFpEF), and
HF with reduced ejection fraction (HFrEF) were constructed using the Kaplan-Meier method and compared using the (unadjusted)
log-rank-test.-Any-HF-was-defined-as-a-composite-outcome-including HFpEF,-HFrEF,-and-HF-with-unknown-ejection-fraction.-Follow-
up occurred over a median (IQR) of 12.0 (11.0-12.0) years.
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Can we link all together ?

Bone marrow Blood vessel

-

1. Spontaneous \
mutation

[ PN
f " \
/ A
 IIEI
\ e /
\ y

Peripheral blood
mononuclear cell

Inducers:
Smoking
Chemotherapy
Reactive Oxygen
Species (ROS)

Hematopoietic
stem cell

2. Clonal
Expansion

.

Stimulators:
Chronic inflammation
Chronic infections
HIV
Germline mutations
Atherosclerosis

3. CHIP induced \

atherosclerosis |

Progenitor cell

\ y

O LV dysfunction

-
LS
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Myocardium

P

4. Influx of
mutated
immune cells |

o

5. CHIP induced |
cardiac
inflammation

Fibrosis

Hypertrophy

6. CHIP
induced Heart
Failure
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Dilated LA
LA Dysfunction
Ventricular Dysfunction Lung Disease
- Impaired relaxation
- Imgaired filling SoEp 3 Pulmonary Lung Disease Microvascular
€ . Iron Deficiency Vascular Dysfunction
- Systolic dysfunction ndlAnemia Dysfunction v

/ Renal Dysfunction

/ Volume Overload 2 o
Renal Aortic

Dysfunction o, Dysfunction

Atrial dysfunction \

Autonomic dysfunction Heart Failure : e
Chronotropic incompetence | € > with < > Sg::':)gncg‘itioning Dysfunction
Preserved EF
Vascular dysfunction / \ Obesity & ;
Vascular stiffening Sarcopenia Endothetal Abnoﬂ?ﬁhlci:g'um
ys Ur:c ion

Elevated Blood Psychiatric Disorders

Ventriculo-arterial coupling / \

Inadequte BP response to exercise Depression Skeletal
Pulmonary hypertension Muscle
Hypertension Dysfunction
Diabetes i
" Peripheral
Valvular ROS Production Vascpular Titin

Dynamic mitral regurgitation Dysfunction Dysfunction+==

Myocardial
Fibrosis —

Ponikowski P, et al. Eur Heart J. 2016; 37:2129-200. Supplementary Appendix;
Senni M, et al. Eur Heart J. 2014; 35:2797-811.

Mitochondrial Dysfunction

Lewis, G.A. et al. J Am Coll Cardiol. 2017;70(17):2186-200.
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