Categories Cliniques de I'lC

Fonction Preservee

“"Garden-variety” (HTN, diabéte, obésite)
Cardiopathie ischemique

Insuffisance cardiaque droite

Tableau domine par FA

"Pathologies hypertrophiques”

Haut debit

Maladie valvulaire (plusieurs lésions 2+)
Causes rares (zebre)

® N oYy pH WP



Ceci n'est pas de l'insuffisance cardiaque




Nombreuses comorbidites

[!.'\-dh.-ﬂ-.; Ejection F‘H\--c srved Ejectson
Chiaracteristic Fracho Al M= 1570 Frachion (=306 |N=E50) P

I o
/18 + A4 +£115 < 0.001
12
Hypertension 49.2% 55.1% 0.005
Atrial Fibrillation 23.6% 31.8% < 0.001
COPD 13.2% 17.7% 0.002
Anemia 9.9% 21.1% < 0.001

Bhatia et al, NEJM 2006



Comorbidites... oui, mais

Overall Mortality

~N
o

[ea)]
o

Mortalite > autres
etudes avec meme
N comorbidites

(O]
o

Per 1000 patients year
w N
o o

Campbell R, JACC 2012, 60: 2349-56



Est-ce biende lI'lC?

59 patients IC fonction préservée vs. 60 patients avec fonction réduite et 28 controles

matchés pour l'age

DHF SHF CON
Peak VO2 15.220.9" | 13.1=05% | 19.9=0.7
AT 93105 | 8703 11504
Norepinephrine | 306+64* | 287+62* 169+80
MLHFQ 24.8+4.4 | 43.8+3.9 :

*P<0.05 vs CON: tP<0.05 vs DHF

Kitzman et al, JAMA 2002




Survie a 60-90 jours

1.00
0.95
c
ke,
)
S 0.90
)
L
E
'S 0.85
=)
wn
0.80
—— No LVSD --—- LVSD
0.75 7 | I T | T T T T |
0 10 20 30 40 50 60 70 80 90
Survival Time in Days Since Discharge
LVSD 2,294 2,188 1,994 469
No LVSD 2,604 2,471 2,195 441

"Pvalue (407%s EF <50% vs EF >50%). Fonarow et al, OPTIMIZE-HF registry, JACC 2007



Survie a Long Terme

Preserved ejection fraction

Reduced ejection fraction

1.0
0.8
— 0.6+
E
e
=
Lo 0.4-
0.2
P=0.03
0.0 :
0 1
No. at Risk
Reduced ejection 2424 1637
fraction
Preserved ejec- 2166 1539
tion fraction

7 3 4 5
Year

1350 1049 813 604

1270 1001 758 574

OwanT et al. N Engl) Med 2006;355:251-



Sejour hospitalier

7 - p=.237 LVSD © PSF
6.0
6 5.7
5 p=.231 P<.0001
4.0 4.0 39
4 A
29

3 4
2 -
1 -
0 1 1 1

Length of Stay, Length of Stay, In-Hospital Mortality

Mean (days) Median (days) (%)

PSF = LVEF 240%. Fonarow et al, OPTIMIZE-HF registry, JACC 2007



Pas de difference de pronostic!

LVSD 40%< EF <50% EF >50%

*
(n=20,118) (n=7’321) (n=10,072) P Value

Outcome

In-hospital mortality:

all patients 3-9 3-9 29 -647
Follow-Up Cohort
Post-discharge mortality 9.8 9.2 9.3 .887
Rehospitalization 29.9 29.0 30.9 .366
Post-discharge mortality/
rehospitalization 36.1 35-3 36.8 436

*P value (40%= EF <50% vs EF >50%).

Fonarow et al, OPTIMIZE-HF registry, JACC 2007




Et aucune amelioration

A Patients with Reduced Ejection Fraction

1.0
— 1087-1901
0.8- — 1992-1996
— 19972001
— D_E_
;-
&
=
M g4
0.2
P=0.005%
0.0 T T T T 1
0 1 2 3 4 5
Year
Mo. at Risk
1987-19491 819 525 424 336 274 220
1992-1096 857 504 481 305 331 273
1997 -2001 748 520 447 319 210 114

B Patients with Preserved Ejection Fraction

1.0
— 1087-1901
oo — 10021096
— 10072001
—= 0.6+
=
c
-
15} 0.4
0.2
P=0.36
0.0 T T T I 1
0 1 2 3 4 5
Year
Mo. at Risk
1957-1991 510 377 313 263 216 117
10021006 771 537 447 375 314 262
10072001 885 620 513 165 230 138

Owan TE, et al. N Engl J Med. 2006;355:251-259.






European Heart Journal Advance Access published May 20, 2016

@ European Heart Journal ESC GUIDELINES

EUROPEAN doi:10.1093/eurheartj/ehw128
SOCIETY OF
CARDIOLOGY =

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

8. Pharmacological treatment of
heart failure with ‘preserved’
ejection fraction (diastolic heart
failure)

Mo treatment has yet been shown, convincingly, to reduce mor-
bidity or mortality in patients with HFpEF or HFmrEF. However,

since these patients are often elderly and highly symptomatic, and
often have a poor quality of life,”®” an important aim of therapy

may be to alleviate symptoms and improve well-being.”®




Etudes randomisees

HFrEF
1990 1995 2000 2005 2010
V-HeFT SOLVD RALES COPERNICUS CARE-HF SHIFT
CONSENSUS SAVE CIBIS-2 Val-HeFT SCD-HeFT RAFT
+ g MERIT-HF CHARM HeartMate I EMPHASIS
EPHESUS MADIT-CRT
COMPANION
HFpEF
1990 1995 2000 2005 2010
CHARM-P PEP-CHF TOPCAT

I-PRESERVE




Aucun benefice...

o, CHARM-Preserved

50 -
30
25 Flacebo 366 (24.3%) W
333 (22.0%) )
Proportion 3 -
20 1 having
15 - an event (%) 2 |
10 10
g 4 HR 0.89 (95% CI 0.77-1.03), P=0.118
Adjusted HR 0.86, P=0.051 L
0 L} | ] L] ] L] I I
0 1 2 3 3.5 years
I-PRESERVE _
4 1 : Placebo _
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e Log-rank p=0.35 -
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PEP-CHF

Treatment Group
Perindopril
— Placebo

HR 0.92; 95% CI1 0.70 to 1.21;
P=0.545

i

1
1 2 3 Time (years)

TOPCAT

3511723 (20.4%)

Placebo
352001722 (18.6%)

Spironolactone

HR = 0.89 (0.77 - 1.04)
p=0.138

24 g 42 =] T2
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Trial

Intervention

Primary Results

DIG-PEF Digoxin Negative
CHARM- Candesartan Negative
Preserved

PEP-CHF Perindopril Negative
I-PRESERVE Irbesartan Negative
RELAX-HFpEF |Sildenafil Negative
TOPCAT Spironolactone Negative




IPRESERVE i

|
PEP-CHF ' % : ,
CHARM- Preserved I—I—E-I
1
SENIORS - : :
DIG ' 5 E :
U.éﬂ 075 1.00 1.25 1 .éﬂ

Hazard ratio (95% CI)

Redfield Circ Heart Fail 2012



Perspective...



DIGOXINE-Dig-HF

TABLE 1. Base-LINE CHARACTERISTICS OF THE STUDY PATIENTS Primary cause of CHF
ACCORDING TO TREATMENT GrOUP.* Ischemic 70.8 70.4
Nonischemic 20.0 293
Idiopathic 15.5 14.1
Hypertensive 8.0 9.2
DIGOXIN PLACEBD e 5 4 6.0
CHARACTERISTIC (N=23397) (N=23403) : s gl ' ’
Concomitant medications
Age (yr) — mcan =SD 63.4=11.0 63.5+10.8 Diuretics 81.2 82.2
i 1 R s SRR Sheinn ACE inhibitors 941 04 8
Ejection fraction — mean *§ it AX8. Mitrates 471 431
Median duration of CHF — mo 17 16 Other vasodilators§ 0.9 1.5
% of pati Daily dose of study medication prescribed
» Gk PULCTs 0.125 mg 17.5 17.4
. _ " 0.250 mg 70.6 70.0
Female sex 22.2 22.5 0.375 mg 10.3 11.3
MNonwhite race 14.4 14.8 0.500 mg 1.1 0.9
Age >70 yr 26.7 27 .4
Method of assessing ejection fraction
Radionuclide venriculography 65.0 04.2 450 patients par groupe FE>45%
Two-dimensional echocardiography 29.5 30.0
Contrast angiography 5.5 5.8
Cardiothoracic ratio >0.55 3.6 344
MYHA class .
I 13.7 13.0 The Ne“‘ Engla.nq
11 53.3 54.5 Journal of Medicine
III 5[].? 3“.5‘ @ Copyright, 1997, by the Massachuserts Medical Sociery
I'||I,i' 22 1_9 VOLUME 336 FEsrUARY 20, 1997 NUMBER 8

THE EFFECT OF DIGOXIN ON MORTALITY AND MORBIDITY IN PATIENTS WITH
HEART FAILURE



DIGOXINE
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Months

Months
MNo. oF Pamients a1 Risk

No. oF PATEENTS AT RISk
Klacsho:| S0 20, Silh: S0, o 2750 Stac foalyss0o i Sfngls ot =5 Placebo 3403 3239 3105 2976 2868 2758 2652 2551 2205 1881 1506 1168 734 339
Digoxin 3397 3269 3144 3019 2882 2759 2644 2531 2184 1840 1475 1156 737 335 i 3
Digoxin 3397 3269 3144 3019 2882 2759 2644 2531 2184 1840 1476 1166 737 335
Figure 1. Mortality in the Digoxin and Placebo Groups.

The number.cf patients at risk ot each four montti lnterval Tz shown below the figure: Figure 2. Mortality Due to Worsening Heart Failure in the Digoxin and Placebo Groups.

The number of patients at risk at each four-month interval is shown below the figure.



DIGOXINE
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Months

Mo. oF PATIENTS AT Risk
Placebo 3403 2915 2674 2473 2328 2197 2071 1954 1689 1397 1111 859 6546 260
Digoxin 3397 3120 2888 269 2544 2392 2241 2115 1825 1521 11BB 916 578 255

Figure 3. Incidence of Death or Hospitalization Due to Worsening Heart Failure in the Digoxin and
Placebo Groups.

The number of patients at risk at each four-month interval is shown below the figure.
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Placehg__.—"'

Digoxin
0.1

HF hospitalization /
HF mortality

Hazard ratio (95% CI)

o
o
1

0.65 (0.57-0.75);p<0.001
I ] L] 1 1 ! I I I
0 3 6 9 1215 18 21 24

Follow-up (months)
Number at risk

Placebo 1105 792 674 597
Digoxin 1118 938 795 700

‘é 0.5 ‘é 0.5+
T 204 iaceb % 2047 placeb e
L acebo .--°" =5 acebo .-
S E ga- g o E g2 G
2% Digoxin su ™ Digoxin
0.1 - .
& Hazard ratlo (35% ¢y = O Hazard ratio (95% CI)
0.0 0.61 (0.53-0.71);p<0.001 0.0 0.65 (0.57-0.75);p<0.001
T T T T 1 1 T T T 1 T T T T T T T T
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24

Follow-up (months) Follow-up (months)

Number at risk

Number at risk

Placebo 1129 B40 713 626 Placebo 1170 853 731 650
Digoxin 1127 956 g83p 739 Digoxin 1175 973 837 742

E 5 Kaplan-Meier Plots for Hospitalization or Death Due to HF by Treatment Groups in High-Risk Patients,
igure Including NYHA Functional Class Il or IV, LVEF <25%, and Cardiothoracic Ratio >55% in the DIG Trial
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Serum Digoxin Concentration (ng/mil)

Point Estimate and 95% Confidence Intervals of
ZIZT R M Hazard of Death From Any Cause for Men and Women
by SDC

SDC = serum digoxin concentration. Reprinted, with permission, fom Adams

DOSAGE SANGUIN: o,6-1ng/mL

Prudencesi IR

For patients in NYHA Class -l
digoxin, should be considered
when ventricular rate remains high*
despite beta-blockers or when
beta-blockers are not tolerated or
contra-indicated.

lla

Digoxin

Digoxin may be considered in symptomatic patients in sinus rhythm despite treatment with an ACE-| (or ARB), a beta-blocker
and an MRA, to reduce the risk of hospitalization (both all-cause and HF-hospitalizations).

Iib




Etude TOPCAT

Table 1. Selected Baseline Characteristics of the Study Patients.*

Spironolactone Placebo
Characteristic (N=1722) (N=1723)
Age —yr
Median 68.7 68.7
Interguartile range 61.0-76.4 60.7-75.5
Age =75 yr— no. (%) 495 (28.7) 453 (26.3)
Female sex — no. (%) 888 (51.6) 887 (51.5)
White race — no. (%)} 1525 (88.6) 1537 (89.2)
Left ventricular ejection fraction — %
Median 56 56
Interquartile range 51-61 51-62
MNYHA functional classification — no. (%)
I 56 (3.3) 53 (3.1)
I 1090 (63.3) 1104 (64.1)
i 568 (33.0) 553 (32.1)
v 7 (0.4) 8 (0.5)
Missing data 1 (<0.1) 5 (0.3)
Eligibility straturm
Hospitalization in previous year with management of heart failure 1232 (71.5) 1232 (71.5)
as major component — no. (%)
Elevated natriuretic peptides in previous 60 days — no. (%) 7 490 (28.5) 491 (28.5)
BNP— pg/ml
Median 236 235
Interquartile range 149-414 141-410
MT-proBNP— pg/ml
Medianf 887 1017

Interquartile range 537-1634 627-2258



Etude TOPCAT

Estimated Cumulative Proportion of Patients
with Primary End Point

No. at Risk

Placebo

1.00+
0.95+
0.904
0.85+
0.804
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

0.30-

0.25+ Placebo
0.20+ ]
Spironolactone
0.15+

0.10+

0.054

0.00 T T T T T 1

Hazard ratio, 0.89 (95% CI, 0.77-1.04)
P=0.14 by log-rank test

0.00

Spironolactone 1722

1723

12

1502
1462

24 i6 48 60 72
Months
1168 870 614 330 53

1145 834 581 331 53




TOPCAT: reduction des

hospitalisations pour IC
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Total HF Hosp

Spiro : 394

Placebo: 475

P<0.01* 245/1723 (14.2%)

Placebo
206/1722 (12.0%)

Spironolactone
HR = 0.83 (0.69 - 0.99)

p=0.042
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Biais a l'inclusion

Q lacebo:
a1 280/881 (31.8%)
US, Canada,
Q_ Argentina, Brazil
= HR=0.82 (0.69-0.98)
> -
% o
8
i g
<5 Interaction p=0.122
o - __.-_-'-_-_-:_'_:::Placebn.
= povmmm. e i 711842 (8.4%)
ainid Russia, Rep Georgia
8 HR=1.10 (0.79-1.51)
E Lll 1|2 Elt‘; EIE 4IB EID ?IE

Months



TOPCAT: sous-groupe

Hazard Ratio

En_rnlled (95% Cl)
by: P-value
Natriuretic 78/490 116/491 0.65 (0.49-0.87)
peptide (15.9%) (23.6%) 0.003
Heart Failure 242/1232 235/1232 1.01 (0.84-1.21)
Hosp (19.6%) (19.1%) 0.923

*P=0.013 for interaction

Benefice chez les patients inclus avec peptides natriuretiques

eleves




Inhibiteur des Phosphodiesterases-5

» RCT Sildenafil (somg 3x/jour) vs. placebo
m 44 patients avec IC fonction preservee et

PAPs>4ommHg
= A6eti12 mois, Sildénafil montre:

Reduction PAPm, pression OD et résistances
pulmonaires

Amelioration fonction VD
Amelioration QOL

Guazzi et al, Circulation 2011



Role du NO et du cGMP?

Endothelial dysfunction = Low NO bfoavaﬂaf;imy

mors
Natriuretic

NO

sGC stimulators i
sGC activators Ne rllysln\\
= sGC pGC |nl'1|ht:ntu/ry
o ¥ =
o cGMP

Breakdown
peptldes products

)

s

Komajda and Lam Eur Heart J 2014



Role du NO - voie cGMP

]
T

:

cGMP (pmol/ml)
g 8

04

p <0.001

p < 0.001

i

HFREF

HFPEF

AS

ProBNP-108/actin

p <0.05

-

i

HFREF HFPEF AS

Van Heerebeek Circulation 2012




Soluble Guanylate Cyclase stimulator Heart Failure Studies:

The SOCRATES Program

SOCRATES-REDUCED  SOCRATES-PRESERVED

2 randomized parallel-group, placebo-controlled, double-
Design blind, dose finding phase IIb studies of 4 dose regimens of
the oral sGC stimulator BAY1021189 over 12 weeks

Worsening chronic heart failure requiring hospitalization

_ _ . lor IV diuretic treatment for HF without hospitalization)
Inclusion Criteria with initiation of study treatment after clinical stabilization

LVEF <45% LVEF 245%
Primary NT-proBNP / left atrial volume
Outcome NT-proBNP at 12 weeks at 12 weeks
Measure (split a: each p<0.025)
Enroliment 410 patients in 5 arms 470 patients in 5 arms
Study Start Date Oct 2013

CT.gov Identifier NCT01951625 NCT01951638




LCZ696 — A First-in-Class Angiotensin
Receptor Neprilysin Inhibitor

Wasodilation

+ blood pressure

+ sympathetic tone
+aldosterone levels
+ fibrosis

+ hypertrophy
Matriuresis/Diuresis

"

Heart Failure

AHU3TT

|
LBQB57

Valsartan

Renin Angiotensin System

X

Angiotensinogen
(liver secretion)

Angiotensin |

Angiotensin If

AT, receptor

Vasoconstriction

t blood pressure

t sympathetic tone
t aldosterone

t fibrosis

t hypertrophy
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PARADIGM: Death from CV Causes or

First Hospitalization for HF
1.01 — Enalapril

Y
0.6 -
Fy LCZ696
.%
o) A — .
o Hazard ratio = 0.80 (95% Cl: 0.73—0.87)
3 0.4 = p<0.001
>
=
0
-]
&
]
O
o7 | | | | | | |
0 180 360 540 720 900 1080 1260
No at risk Days since randomization
LCZ696 4187 3922 3663 3018 2257 1544 896 249
Enalapril 4212 3883 3579 2922 2123 1488 853 236

PARADIGM-HF, N Engl J Med 2014;371:993-1004



PARAMOUNT: LCZ696 vs. Valsartan

dans IC fonction préservee

* Etude phase ll, multicentrique, randomisee, double
aveugle,
LCZ696 200mg 2x/j vs. Valsartan 16omg 2x/j

FE >45%
Screening 685 patients, 308 patients randomisés

LCZ6596 LCZ696

50 mg BID* 100 mg LCZ696 200 mg BID***

(n=149) BID**

Pnmary outcome: change in NT-
Placeborun-in ¢ proBNP from baseline after 12
Discontinue ACEI i Valsartan | Valsartan weeks
or ARB therapy 24 40 mg BIDt* | 80 mg Valsartan 160 mg BID®
hours prior to (n=152) BID*
randomization
2 weeks T2wks | 12wks 810 weeks e period

12-week main study penod
*100 mg TDD; *200 mg TDD; ***400 mg TDD; 80 mg TDD; ¥160 mg TDD; ¥320 mg TDD

Solomon et al. Lancet 2012;380:1387-85



PARAMOUNT:diminution significative du NT-

proBNP a 12 semaines

* Reduction in NT-proBNP from baseline to Week 12 was
significantly greater with LCZ696 compared with

valsartan (p=0.005)

Baseline, pg/mL 783 862

(95% Cl) (670, 914) (733, 1,012) 0.77*

(0.64, 0.92)
Week 12, pg/mL 605 835 p=0.005
(95% Cl) (512, 714) (710, 981)

*0.77=ratio of the change from baseline treatment effect between LCZ696 and
valsartan. LCZ696 reduced NT-proBNP 23% more than valsartan with a p

value of 0.005.

Solomon et al. Lancet 2012;380:-1387-85



PARAGON-HF

Y PARAGONHF

PARAGON-HF: Prospective comparison
of ARni with Arb Global Outcomes In

heart failure with preserved ejectioN
fraction

A randomized, double blind, trial to evaluate the long-term efficacy
and safeté' rofile of the angiotensin receptor neprilysin inhibitor
(ARNI), LCZ696, compared with valsartan, in patients with heart

failure with preserved ejection fraction (HFpEF)

Solomon et al. Poster presentation at ESC-HF Congress, 25 May 2013;
Mowartis data on file: GMASHEOR_LCZ686B_PARAGOMN-HF study XXX¥_001_2.0



Algorithme de Traitement

» Poser un diagnostique precis
= |C fonction preservee est frequente
= Ne pas oublier les zebres (amyloidose, ...)
= Cathérisme cardiaque gauche/droit si doute

» Traiter les causes sous-jacentes
= Traiter I'HTA, la surcharge de volume

= Traiter agressivement les comorbidites
s Education, maladie chronique




EXERCISE-INDUCED <:> VOLUME <:> PULMONARY HYPERTENSION
DIASTOLIC DYSFUNCTION OVERLOAD RV FAILURE

/ THEORETICAL “MATCHED” THERAPIES \
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Shah SJ. JACC 2013



Conclusion

= Probleme de santé publique majeur

= |Cafonction préservée ne doit pas étre sous-
estimee

= Plus qu’un simple amalgame de comorbidites
= Le diagnostique reste CLINIQUE
= Attention aux zebres

= Nouvelles etudes en cours
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La Clef des Songes, René Magritte, 1927



European Heart Journal Advance Access published May 20, 2016

@ European Heart Journal ESC GUIDELINES

doi:10.1093/eurheartj/ehw128

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure




Nouvelle classification

HFrEF

Symptomes +signes

HFmMEF

Symptomes +signes

HFpEF

Symptomes +signes

LVEF<40%

LVEF 40-49%

LVEF>50%

Augmentation des NP
et

AU moins un critere:
HVG et/ou dilatation

OG
Dyfonction diastolique

Augmentation des NP
et

AU moins un critere:
HVG et/ou dilatation

OG
Dyfonction diastolique




Patient with symptomatic* HFrEF® B Class
¥ Class Ila

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

5till symptomatic i

and LVEF =35%

3

Add MR antagonist®*
(up-titrate to maximum tolerated evidence-based dose)

L J

ARNI to replace need for T

These above treatments may be combined if indicated

.

Resistant symptoms

o | [

Consider digoxin or H-ISDN Mo further action required
or LYAD, or heart transplantation Consider reducing diuretic dose

: 3 No
= 5till symptomatic .
g and LVEF =35%
] Yes l
=
o
3 | } i
o
a2 Able to tolerate Sinus rhythm, Sinus rhythm,"
v ACEI (or ARB)' QRS duration =130 msec HR =70 bpm
L
L
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or a history of symptomatic VT/VF, implant ICD
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Dysfonction Diastolique bien

présente et joue un role

Résidents du Olmsted County (Minn) sans maladie cardiovasculaire (n=617), avec
HTA mais pas d’IC (n =719), ou avec IC fonction préservée (n=244)

Population-based age-, sex-, body size- adjusted

_ 20-
g Vit M "
? VLR | EDVI5,=61.7 mi/im
ﬁ 15' .'.1" -: 1
= WS I
S v/ 11 —HINT
S E 10+ Ay EDVI,=59.7 mi/m?
o | B
£ : ! 1 ——HFnIEF *1
o 5= | I i
X j. A EDVI1,,=55.7 mi/m
D = &

E | | | | II 'I' - | | |

40 45 30 a5 60 65 70

. . 2
Indexed End-Diastolic Volume, mlim
Lam Circulation 2007



Hemodynamique a |I'Effort

Table 2 Exercise responses

Control (n = 73) HFpEF (n = 109) P-value
Exercise performance

I Peak workload (W) 80 + 30 40 + 20 =0.0001
Hestng v, (muiminy VA ] P VK
Resting VO, (mbLkgmin) 3.35 + 063 172 +0.68 < 00001
Exercise V4 (mL/min) 1269 + 395 899 + 312 < 0.0001
Exercise VO (mbLikg/min) 157 + 42 98+30 < 0.0001
AV, (mU'min) +T0U8 + 354 +651 + 272 =< ULUUUT
AVO, (mLfkg/min) +125 + 39 +7.1 1+ 28 =< 00001
Exercise systemic O content (mLU/dL)* 170 + 16 16.2 + 21 011
Exercise PA O content (mL/dL)? B4+ 19 69+ 21 0.003
Resting AVO.diff (mL/dL) 511+ 18 4.8 -4+.14 02
Exercise AVOLdiff (mLdL) 101 + 28 29 +132 0.7
AAY Ondiff (mL/dL) +50 &+ 18 o i P 06

j jc3

I Heart rate (b.p.m.) 128 + 23 101 +20 <0.0001
Systolic BP (mmHg) 183 4+ 34 166 + 34 0001
Mean BP (mmHg) 12+ 22 1M2+22 0005
PA, systolic pressure EmmHE}“ 41 + 9 68 +13 < 0.0001
Mean PA pressure (mmHg)® HBtb 46 +9 < 0.0001
PCWP (mmHg)® 14 + 4 33+8 < 0.0001
Cardiac output (L/min} 125 4 )8 22128 = 0.0001
Cardiac index (L/minfm?) 64+ 13 4.4 +.1.2 <0000
PVR (mmHg/Limin)® 10+ 04 1.5 +1.1 <005
Ea (mmHg/mL) 17+ 05 1.8 +0.7 08

Eur J Heart Fail. 2013 Jul;15(7):776-85




Anomalies de la Fonction Systolique:

MESURE DE LA DEFORMATION MYOCARDIQUE

HFpEF

Cantrols HFpEFuueraIl EF<a5% EFA5-55% F}E'i'#i;-

"

B Longitudinal 5strain ¥ Cliroumferential Etram

aa

50

<100

120

Strain, %

a0

250

400

350

*p<0.000L; #p=0.03 tﬂﬂ‘lﬂﬁr‘tdtﬂ Noermal
Figure 1: 5irain in Controls (n=50) compared to HFpEF overall [(n=I32) and in 3 LVEF categories

In this contemporary clinical trial, in addition to diastolic dysfunction,
HFpEF was characterized by impaired systolic deformation which was
associated with higher NT-pro BNP



Hypertension Pulmonaire

805 100- R
2 2
£ 60- at 97 ‘
& 2 ! p<0.001
o 40- 5 "9 3
N .
2 £ o5l .« HTN
o 20- (& . — HFpEF
T T T 1 D - . . r | -
15 25 35 45 10 30 50 70 90 110
PCWP (mmHg) PASP (mmHg)

PHT may be a critical component of HFpEF

Lam CS, JACC 2009



Dysfonction Endotheliale

H 7 —_—
HEpEF vs Control p=0.002 p=0.016
HTN vs Conirol p=0.004
61 1004
= 0
& 8
4 B
- =
o o 501
2 1 ©
-
58
ﬂ L ] L] L] Ld L w L] L] n
30 60 90 120 150 180 210 240 CON HTN HFpEF
Time After Occlusion Helease (sec) Normal Endothelial Dysfunction

Prevalence of endothelial dysfunction:
0% in controls, 28% in HTN, 42% in HFPEF

Borlaug JACC 2010

PAT=peripherial arterial tonometry






Table 2. Autopsy Characteristics

Control HFpEF PValue
n 104 124
Body mass index, kg/m*  25.6(21.2-30.4) 28.0(23.7-34.5  0.006
Body surface area, m? 1.8 (1.6-2.0) 1.9(1.7-2.1) 0.003

Heart weight at autopsy, @ 335(280-380) 538 (440-659)  <0.0001

Heart weight at autopsy/ 190 (171-207) 275 (233-344)  <0.0001
BSA, o/m?

Heart weight at autopsy/  203(173-233) 323 (266-389)  <0.0001
height, g/m

Percent expected heart 112(101132) 169 (144-202) <0.0001
weight, %

Gross pathology
Left veniricular 15% T4% =0.0001
hypertrophy
Right veniricular 0% 50% <0.0001
hypertrophy
Left veniricular dilation 2% 3% =0.0001
Right ventricular dilation 13% 48% =0.0001
Afrial dilation 7% 52% =0.0001
Infarct (old) 2% 42% <0.0001
Infarct (acute) 1% 11% 0.002
Fibrosis 1% 25% <0.0001

Microscopic pathology
Hyperirophy 15% 3% 0.007
Infarct 0% 20% <0.0001
Fibrosis 43% 58% 0.04
Coronary artery stenosis 6 (4-8) 12 (B-14) <0.0001
total score

Quantitative histology

MVD, microvessels/mm?® 1316 (1148-1467) 961 (800-1370)  <0.0001
% Area fibrosis 7.1 (5.1-9.0) 96(6.8-135  <0.0001




Hemodynamic responses to vasodilator

therapy in patients with HFpEF versus HFrEF

Basellne Characterlsties

HFrEF (n = 174) HFpEF {n = B3) p Value
Age, yrs b6 =12 69 +9 << 0.0001
Female 25 71 =0.0001
Body mass index, In'cg,.-“m2 295 58 33283 =< 0.0001
Body surface area, m? 20T = 025 205 = 0.30 0.60
Comorbidities
Hypertension 48 66 0.02
Diabetes mellitus 44 45 0.90
Coronary discase 09 6l 0.40
COPD 17 18 0.90
Medications
Beta-blockers a0 T8 0.002
ACEI or ARE BB TG 0.02
Diuretics a5 89 0.10
Aldosterone antagonists 48 16 = 0.0001
Digoxin 58 20 < 0.0001
Calcium antagonists B 41 = 0.0001

J Am Coll Cardiol 2012;59:442—51



Laboratory values
Sodium, mmaol/1
Hemoglobin, g/dl
GFR, ml/min/1.73 m?
NT-proBNP, pg/ml
ENP, pg/mil
Cardiomegaly on chest film
Echocardiography
LV septum, mm
LV diastolic dimension, mim
LV end-diastolic volume, mil
LV mass, g
LV mass/end-diastolic volume
Left atrial volume, ml,--‘m2
LV ejection fraction, %
Grade 32 or 4 mitral regurgitation, %
Severe tricuspid regurgitation, %
E/A ratio
Tissue Doppler E', cm/s
E/e’ ratio
Deceleration time, ms
RV dysfunction,* %

139 (137-141)
13.0 + 1.9
65 (45-80)
3,913 (2,177-8,160)
751 (352-1,520)
73

10(9-11)
68 =11
245 = 90
311 + 106
132 =038
68 =19
22+9
27
19
25(1.7-3.3)
4.0 (3.0-5.0)
22 (17-32)
139 = 34
b4

Hemodynamic responses to vasodilator

141 {138-142)

124 = 1.7
57 (47-69)

1,360 (781-3,716)
371 (206-597)

b6

10(10-12)
48 ~+ 5
108 = 28
198 + BB
191 + 0.57

49 + 22
63 + 6
0
15
13(1.1-2.1)
6.0 (4.0-7.0)
18(14-27)
179 + 39
18

J Am Coll Cardiol 2012;59:442—51

therapy in patients with HFpEF versus HFrEF

=<0.0001
0.001
0.10
0.002
0.0001
0.01

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
=0.0001
=0.0001
0.50
<0.0001
<0.0001
0.007
<0.0001
<0.0001



m Baseline Hemodynamics

HFrEF (n = 174) HFpEF (n = B3) p Value

Peripheral hemodynamics

Heart rate, beats/min 70 (62-81) 70 (80-786) 0.20

Systolic BP, mm Hg 113 (100-127) 166 (144-180) =0.0001

Mean BP, mm Hg BO (7T4-92) 104 (93-118) =0.0001

Systemic arterial saturation, % 93 (90-96) 94 (90-96) 0.80
Central hemodynamics

Right atrial pressure, mm Hg 14 =6 14+ 6 i0.80

Mean PA pressure, mm Hg 40 =9 41+ 10 i0.50

PA systolic pressure, mm Hg 89 + 14 64 = 18 0.02

PCWP, mm Hg 25 +6 2+6 0.30

LY end-diastolic pressure, mm Hg 26 £ 6 22+ 6 0.008
Flow and resistance data

Cardiac output, |/min 4.0(3.4-4.8) 4.7 (4.1-6.0) =0.0001

SV, mi B8 (44-71) 73 (b6-85) =0.0001

Pulmonary artery saturation, % 55 (50-62) 61 (67-6T) =<0.0001

PVR, Woods units 3.3(2.4-4.6) 3.3 (2.0-5.0) 0.80
Arterial-ventricular coupling

Ees, mm Hg/ml 0.54 (0.40-0.85) 3.7 (3.0-4.7) =0.0001

Ea, mm Hg/ml 1.7(1.5-2.4) 2.0(1.6-2.8B) 0.03

Coupling ratio, Ea/Ees 3.3(2.1-4.8) 0.58 (0.40-0.72) =0.0001




Table 3. Clinical and Laboratory Characteristics Stratifled by Phenogroup

Group 1 Group 2 Group 3
Clinical Characteristic (n=128) {n=120) (n=149) PValue
Age, y 60.7+13.6 65.7+11.3 67.3+13.1 <(.001
Female, n (%) 86 (67) 81 (68) 82 (55) 0.049
Race, n (%) 0.32
White 72 (56) 58 (48) 77 (52)
Black 42 (33) 54 (45) 56 (37)
Other 14 (11) 8 (7) 16 (11)
NYHA functional class, n (%) 0.17
| 25 (20) 11(9) 13 (9)
Il 61 (48) 40 (33) 56 (38)
[} 36 (30) 64 (53) 78 (52)
v 3(2) 5 (4) 2(1)
Comorbidities, n (%)
Coronary artery disease 54 (42) 5 (48) 75 (50) 0.38
Hypertension 84 (66) 108 (90) 112 (75) <0.001
Hyperlipidemia 65 (51) 75 (62) 73 (49) 0.06
Diabetes mellitus 12 (9) 63 (52) 50 (34) <0.001
Obasity 65 (51) 84 (70) 55 (37) <0.001
Chronic kidney disease 8 (6) 41 (34) 79 (53) <0.001
Atrial fibrillation 17 (13) 26 (22) 64 (43) <0.001
Chronic obstructive 43 (34) 46 (38) 56 (38) 0.70
pulmonary disease
Obstructive sleep apnea 35 (27) 60 (50) 46 (31) <0.001



Vital signs and laboratory data

Heart rate, bpm

Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Pulse pressure, mmHg

Body mass index, kg/m?

Serum sodium, mEg/L

Blood urea nitrogen, mg/dL
Serum creatinine, mg/dL
Estimated GFR, mL-min—-1.73 m—=
Fasting glucose, mg/dL
Hemoglobin, g/dL

B-type natriuretic peptide, pg/mL
Medications, n (%)

ACE inhibitor or ARB

B-Blocker

Calcium channel blocker

Nitrate

Loop diuretic

Thiazide diuretic

Statin

Aspirin

Heart failure duration, mo

MAGGIC risk score

77.2+14.5
122.4+16.6
73.3+:10.2
49.1+12.4
31.2+7.3
139.0+3.0
13.7+4.5
0.9+0.2
79.5+21.2
98.4+15.6
12.5+1.7

72 (26—161)

61(48)
67 (52)
31 (24)
b (4)
40 (31)
31 (24)
48 (38)
48 (38)

0.8 (0.44.3)

15.6+6.7

f4.7+149
129.2+19.0
70.1+10.2
50.2+16.9
37.0+10.7
138.4+2.6
24.4+11.8
1.2+04
23.8+17.6
153.2+85.2
11.8+1.8

188 (83-300)

84 (70)
8qa (74)
45 (38)
19 (16)
82 (68)
35 (29)
72 (60)
62 (52)

0.9 (0.4-16.3)

19.8+5.8

71,6126
123.0£22.7
67.3x13.6
55.7+19.6
28.9+7.4
137.9+29
33.6=19.9
2.3+2.2
43.9+27.3
111.5229.2
11.4+1.9

607 (329-1138)

72 (48)
112 (75)
44 (30)
33 (22)
109 (73)
26 (17)
73 (49)
75 (50)

0.9 (0.4-11.7)

22.8+7.5

0.004

0.011
<0.001
<0.001
<0.001

0.01
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.073
<0.001
<0.001
0.073
0.002
0.042
0.21
<0.001




Table 4. ECG, Echocardiographic, and Invasive Hemodynamic Characteristics Stratified Phenogroup

Group 1 Group 2 Group 3
Parameter [n=128} (n=120% (n=14%) P¥alue
ECG
PR interval, ms 166.6=29.6 174.2+298 1833535 0.007
(RS duration, ms 93.8=1.0 91.3£136 1127333 <0.001
OTc inferval, ms 450.6=35.2 445.5+34.0 464 6489 0.005
QRS axis, degrees 10.7+39.0 20.4£38.4 -4 2=60.7 <0.001
ORS-T angle, degress 426417 534440 B6.6=54.0 <0.001
Echocardiography
LV end-dizstolic volume, mL 81.2+234 B4.2+240 B4.6+32.3 0.56
LV end-systolic volume, mL H.6+£121 i=121 35.4+19.2 012
Relative wall thickness 0474011 0.49:0.09 0.56=0.20 <0.001
LV mass index, g/m? 89.12226 06.4+26.3 122.0=47.3 <0.001
Left atrial wolume index, mL/m? 29.1+111 3.5=106 40.9=16.7 <0.001
LV ejection fraction, % B1.8+5.6 61.2+6.5 B0.0<£7.1 0.05
Stroke volume, mL #8229 B8.6=32.0 80.7=31.3 0.08
Cardiac output, L-min-*-m—= 6.5=20 6.6+25 58=26 0.008
Pulmonary artery systolic pressure, mmHg 35397 435146 51.2+16.3 <0.001
Right atrial pressure, mmHg 6.0=27 6.9+3.5 98=47 <0.001
E velocity, cmis 93.2+286 103.2+34.5 1182409 <0.001
A velocity, cm/s 82.8+225 931263 B1.6=38.7 0.0m
E/A ratio 1.2+05 1104 1.7=1.0 <0.001
Tizzue Doppler &' welocity, cmis 9332 75+2.1 7.9=34 <0.001
Efe’ ratio 11.2+3.7 15.2£6.4 18.6210.6 <0.001
Diastolic dysfunction grade, n (%) <0.001
Normal diastofic function 21{16) 8 2{1)
Grade | {mild) diastolic dysfunction 15(12) 16(13) 12 (8}
Grade Il (moderate) diastolic dysfunction 60 (4T) 56 (47) 43 (29
Grade Il {savere) diastolic dysfunction 23 (18) 3 (28 B3 (56)
Indeterminate diastolic function 9 BT 9 ()
RV basal diameter, cm 2606 38+05 42=08 <0.001
RV end-diasiolic area index, cm/m? 12421 12.7£2.4 16.2+4.7 <0.001
AV end-zystolic area index, cm/m? 6715 7.2+15 99=34 <0.001
RV wall thickness, cm 046=0.03 0.50+0.07 0.56=0.11 <0.001
RV fractional area change 0.46=0.06 0.43+0.05 0.40+0.08 <0.001
TAPSE, cm 2.2=06 2106 1.7=0.6 <0.001
Invasive hemodynamics (n=216)
Right atrial pressure, mmHg 105+4 6 15.3+6.5 146+6.8 <0.001
Pulmaonary artery sysiolic pressure, mmHg 4244120 55.9+154 B6.7+19.7 <0.001
Pulmonary artery diastolic pressure, mm Hg 21.7+6.3 28.2+7.7 26.5+8.1 <0.001
Mean pulmonary artery pressure, mmHg 288477 35.9+99 36.6211.7 <0.001
Pulmonary capillary wedge pressure, mmHg 19.9+6.3 24683 23.740.7 0.002
Pulmonary vascular resistance, Wood units 1.2+25 2846 2337 0.043

Cardiac output, Limin 6.1+21 B.5+2.1 58213 015



Le Cycle Cardiaque: 7 Phases

e — LV volume
/ g ‘ g é g § 7// \

pressure

< Ventricular
pressure

a bc i de f | g a: pressure

(a) atrial systole, (b) isovolumetric contraction, (c) rapid ejection, (d) reduced ejection,
(e) isovolumetric relaxation, (f) rapid filling and (g) slow LV filling (diastasis)



Determinants de la Fonction

Diastolique

mmm) Facteurs extrinséques au ventricule
» propriéetés péricardiques
 interaction ventriculaire
« compression extrinseque

msm) Facteurs intrinséques au ventricule
« Cardiomyocyte
« Concentration Ca++, réticulum sarcoplasmique,
« Mpyofilaments: troponine C Ca++ binding,...
« Energétique: ratio ADP/ATP
« Cytosquelette: microtubule, desmin, actine, titine

Abnormalities in spring-like Titin protein

hick filament
shorlch stretch
elongation of
fitin s extensible region

restoring foree passive force

s 0B —

e ]

« Matrice extracellulaire: anomalie collagéne, ) e
fibrose,...



Alteration Boucle Pression-Volume

-4 Beyond diastolic
] *  dysfunction, systolic
ventricular-vascular
stiffening are
present in HFpEF
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Lam Circulation 2007



Coupling Arterio-Ventriculaire

Matching between vascular and LV systems
(Ea/Ees coupling ratio) is important for net
cardiac performance and cardiac energetics
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Kawaguchi Circulation 2003



Reserve a I'Effort
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Borlaug et al, JACC 2010



Comorbidites et Incidence

Framingham Heart Study (N=1038) followed for 11y

Cumulative Incidence

0.4+

0.3

0.2

0.1

0.0+

- Score > 2
- Score=1

— Score=0

Factor Cutoff
Creatinine >92.8
Hmol/|
FEVI:FVC <91%
predicted
Hb < 13 g/dI

Lam Cinculation 2041



Estimated EF (%)

60F==

25

50

45

25

39% HFpEF—HFrEF

HFpEF

15.8%

399 HFrEF—:»HFpEF

1 2 3 7 5

Time After HF Diagnosis (years)

In HFpEF: greater
|LEF In older patients
and those with CAL

*In HFrEF: Greater

TEF In women,
younger patlents
those without CAD,

and those treated

Dunlay, Circ Heart Failure 2012



Pression (mmHg)

Relation pression - volume en fin de systole (Ees)

Relation pression - volume en fin de systole
(Ees ou élastance télésystolique)

120 I:)TS = Ees (VTS'VO)
P+s
"= VTSV
80 — °
40 = Relation pression - volume en fin de diastole
0 | |
oV, 20 40 60 80

Volume (ml)



Influence de la précharge et de la postcharge sur la
boucle pression volume

précharge A = volume télédiastolique & postcharge A = volume télésystolique &
= volume éjectée & = volume éjecté N
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Influence de la contractilité sur la boucle pression volume

Pression (mmHg)
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Ultrastructure

Cardiomyocyte diameter t 1
Myofibrillar density + 1
Passive cardiomyocyte resting tension T1 [
Cardiomyocyte calcium sensitivity 1 t

Abnormal phosphorylation of sarcomeric
protems

Titin isoform MN2BA/MZE ratio | i

Myocardial protein kinase G activity

Myocardial oxidative stress 1 .

Myocardial cyclic guanosine monophosphate |
concentration

Myocardial pro-B-type natriuretic peptide-108 1 T 1

expression
Mysial collagen volume fraction - |
Perivascular collagen volume fraction
scar-related collagen volume fraction
Endomyocardial MMP-1:TIMP-1 ratio - ot

Myocardial advanced glycation end products in
diabetic HF

Komajda and Lam EHJ 2014



Increased ventricular stiffness

Delayed ventricular relaxation
Ventricular hypertrophy
Chronotropic incompetence

Loss of cardiac reserve

Increased central aorta stiffness ‘

Abnormal Ventricular-arterial coupling
Limited vasodilator reserve
Hypertensive response to exercise

Endothelial dysfunction

Renin-angiotensin activation
Sodium and water retention

Anemia



Fonction ventriculaire gauche
La fonction diastolique

La relaxation ventriculaire

Inactivation et dissipation de I'interaction actine - myosine
réeuptake de Calcium par le réticulum sarcoplasmique
Forces de rappel élastique
volume télésystolique < volume a l'équilibre
= forces de rappel & si volume télésystolique N

(fonction de la contractilité)
= forces de rappel entrainent une succion ventriculaire



Fonction ventriculaire gauche
La fonction diastolique

Remplissage rapide

= poursuite de la relaxation ventriculaire

= chute de la presion ventriculaire sous la
pression auriculaire: ouverture de la valvule
mitrale

= poursuite de la dépressurisation ventriculaire
: succion ventriculaire




Fonction ventriculaire gauche
La fonction diastolique

LV Pressure

(mmHQ)

Relation pression - volume a I'état passif
Distensibilité ventriculaire
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0] T 1 T T T
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LV Volume (ml)



Maar

Serelaxine

rieraction Puwalue = 0.87 15 =
Traal e Ejaction fraction
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In AHF patients with HFpEF compared with those with HFrEF, serelaxin
was well tolerated and effective in relieving dyspnoea and had a similar
effect on short- and long-term outcome, including survival improvement.

Filippatos G et al. Eur Heart J 2014;35:1041-1050



LA volume LA width

Week 12 Week 36
g o 0.00

LCAGREG
M Valsartan

[ TR

—0.05

mlL
L

J. 015

p=0.18 J_ p=0.003 —0.20 p=0.07

R P

p=0.02

Mitral inflow velocity to mitral Lateral mitral annular relaxation
annular relaxation ratio velocity

Week 12 Week 38

Ere
E’; emis

|

p=0.71 p=042

Week 12 Week 38

Mo significant changes were observed in LY volumes, ejection fraction, or LY mass at Weeks 12 or 36
La=left atrial
Solomon et al. Lancet 2012;380:1387-85



Hémodynamique a l'effort

PCWP (mmHg)

40

30 -

Dyspnée effort, FE >50%, pas maladie coronaire, BNP normal
hémodynamique de repos normale,

p<0.0001

*T
*t

Baseline Feet Up

1 min Paak 1 min
Exercise Exercise Recovery

% p<0.0001 for APCWP {vs NCD)

t p<0.0001 vs base (within groug)

3 p=0.01 vs base (within group)

- NCD

= HFpEF

3 50
i p<0.0001 ol |
T 401 + / 40
E / m
E 307 30
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Borlaug et al, Circ HF 2010
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IMPACT PRONOSTIQUE

Table 5. Association of RV Function, PASP, and TR With Adverse Outcomes in HFpEF

All-Cause Mortality CV Mortality First HF Hospitalization All HF Hospitalizations
HR (CI) PValue HR (CI) PValue HR (CI) PValue HR (Cl) PValue
Univariate analysis

PASP (per SD) 1.53 (1.37-1.69) <0.0001 1.67 (1.40-1.96) <0.0001 1.47 (1.25-1.71) <(.0001 1.48 (1.26-1.74) <0.0001

TAPSE (per SD) 0.82 (0.73-091) 0.0003 0.73 (0.60-0.87) 0.0005 0.72 (0.61-0.85) <0.0001 0.71 (0.60-0.86) 0.002

Semiquantitative 1.68 (1.32-2.12) <0.0001 2.12 (1.45-3.05) 0.0002 2.42 (1.73-3.39) <0.0001 2.59 (1.81-3.70) <0.0001

RVD (any)

TR <0.0001 <0.0001 0.003 0.001
Mild—moderate 1.41 (1.07-1.87) 0.01 1.41 (0.88-2.32) 0.16 1.43 (0.95-2.2) 0.08 1.34(0.84-2.12) 0.22
Moderate—severe 2.45 (1.83-3.30) <0.0001 2.77 (1.70-4.62) <0.0001 2.14 (1.38-3.38) 0.0007 2.31 (1.43-3.73) 0.0006

Multivariable analysis

Model 1: PASP, TAPSE, and comorbidities*

PASP (per SD) 1.50 (1.33-1.68) <0.0001 1.57 (1.28-1.90) <0.0001 1.44 (1.21-1.71) <0.0001 1.50 (1.27-1.76) <0.0001
TAPSE (per SD) 0.99 (0.79-1.01) 0.08 0.77 (0.64-0.94) 0.01 0.82 (0.68-0.99) 0.03 0.83 (0.70-0.98) 0.03

Model 2: PASP, semiquantitative assessment of RV function, and comorbidities*

PASP (per SD) 1.42(1.26-1.60)  <0.0001 1.48 (1.21-1.78) 0.0001 1.27 (1.06-1.51) 0.01 1.30 (1.08-1.57) 0.005
RVD (any) 1.35 (1.03-1.77) 0.03 1.85 (1.20-2.80) 0.006 1.99 (1.35-2.90) 0.0006 1.81 (1.18-2.78) 0.007

Redfield et al. Circulation. 2014;130:2310-2320
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