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BB e ARNI nello scompenso
cardiac: perche?

Prof. Roberto Ferrari



Indications for beta-blockers in HF

Potentially all patients with stable mild or
moderate systolic HF (EF < 40%);

First-line treatment, along with an ACE inhibitor
and an MRA, in patients with stabilized HF

Patients with severe HF also benefit from beta-
blockers but treatment should be started under

the care of a specialist
Start as early as possible in the course of disease

ESC Guidelines



Effects of beta-blockers on
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CIBIS = Cardiac Insufficiency Bisoprolol Study; MERIT-HF = Metoprolol CR/XL Randomized Intervention Trial in
Congestive Heart Failure; COPERNICUS = Carvedilol Prospective Randomized Cumulative Survival Trial.



Reasons for beta-blocker therapy in HF with
reduced EF

Reduction of heart rate
Reduction of sudden death

Reduction of the negative effects of increased
catecholamine levels on the myocardium

Reduction of remodelling
Improvement of contraction (EF)




HR reduction and outcome in CIBIS Il

One-year mortality (%)
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HR >72 bpm is associated with more CV events



Sudden cardiac death in CIBIS Il
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Adrenergic effects on viability of adult
mammalian cardiocyte

DURATION OF
TREATMENT
M 48 Hours

72 Hours

80 1

SSETT, :
FEacR NSLo
[arh) o T
(3} .Wnas S
Amm £ fs
e 37 ol i
e S «mw
= "
1
> $
= , e
t A Y,
._ : “ u1mu\ f~
. n u - & -
b8 4 o ﬁ” -
% ~—
34 2 c-r\ﬂw.v.” .
LA

[NOREPINEPHRINE] uM

Mann et al, Circ 1992



[32-Adrenergic receptor
over-expression

100

754
>
5 50-
/)]
R
25 0 B2-350
: O B2-100 !
” A B2-60
32-60 32-350 T I B T

Age (weeks)
Ligget et al. Circ 2000



ECHO- substudy of CIBIS Il shows that bisoprolol

Increases contraction (%EF)
Left Ventricular Ejection Fraction (%)

baseline 6 months 12 months

LLM Van de Ven et al, International Journal of Cardiology 2010



The paradox: BB are negative
Inotrope agents and yet in HF
Increase % EF:

Why reducing HR with beta blockers
causes a positive inotropic effect?

Why do beta blockers reduce
remodelling?



Human papillary strips from normal and HF
patients have a different relationship between

Frequency (HR) and Force (%EF)

® Normal
NYHA IV
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Bohm M, et al. Clin Invest. 1992;70:421-5.



In HF, a reduction of HR (frequency)
causes an increase of %EF (force)

® Normal
NYHA IV

But... is this true
In HF patients?

Force of contraction (mN)
o -
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Frequency (Hz)

Bohm M, et al. Clin Invest. 1992;70:421-5.



, echo sub-studies (SHIFT and BEAUTIFUL) also
confirm that HR reduction with ivabradine increase
%EF and cardiac output
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In HF, calcium movement from sarcoplasmic
reticulum to myofilaments and vice versa s
abnormal: Ca?* peak is smaller and delayed
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But...Why?



HF myocytes resemble the foetal ones where Ca?*
movements are slow and contraction is weak

Fetus Adult & — Centar o

10 “m 500 msec 500 msec

In HF, heart rate reduction allows more time

for Ca?*to reach myofilaments. It is a
!



But...why Iin HF are there embyonic myocytes?

cell

Developmental of sarcomer
Refined Ca2+ cycling and beating
Suppression of ventricular ANP
No Life and Death Cycle

Embryonic myofilaments
Rudimentary Ca2+ cycling and beating

"‘_..l\‘ - Q

: & Ventricular ANP Life and
S
Life and gt Life/Death Cycle death
death cycle

cycle



Isolated alive and dead myocytes
from failing hearts




Difficult questions in HF
treatment: why are ARNIs so
successful in HFrEF?



PARADIGM - HF

Enalapril

(n=4212) Absolute benefits

LCZ696 * Switching 1000 patients from an ACE inhibitor/ARB
(n=4187) to LCZ696 avoided:

Cumulative Rates (%)

HR = 0.80 (0.73-0.87) .
P = 0.0000002 31 cardiovascular deaths

Number needed to treat = 21
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37 patients hospitalized for any reason

) 53 admissions for HF
Enalapril
(n=4212) 111 admissions for any reason

LCZ696
(n=4187) Adapted from Packer M. et al., Circulation 2015

Kaplan-Meier Estimate of
Cumulative Rates (%)
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Sacubitril/valsartan and PARADIGM

What lies behind such good results?

IS It just because sacubitril/valsartan
exerts a particularly strong
vasodilation? Or a strong diuresis?

Or are there other reasons?



There is a new -important- target: neprylisin,
which is inhibited by sacubitril
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Neprilysin (NEP) Is
an ubiquitous
enzyme which
metabolizes low
molecular weight
peptides, potentially
useful in HF



Which peptide? ANP protects the heart,
Atrial Natriuretic Peptide vessels, and kidneys

Sympatho-inhibitory NPs are released in response to cardiac
St wall stress and act in the brain, adrenal
gland, kidney, vasculature and heart,
leading to:
Antifibrotic, natriuresis and diuresis

lusitropic vasodilation

) inhibition of RAAS and sympathetic activity

attenuation of cardiac remodeling (LVH) and
BNP fibrosis

Aldosterone reverse vascular remodeling (arterial
inhibition stiffness)
== attenuation of renal fibrosis and improved
Anﬁpr?flifelrative ‘ renal hemodynamics
effec
enhanced endothelial function

Natriuresis, lipid mobilization
renin inhibition

ANP=atrial natriuretic peptide; LVH=left ventricular hypertrophy
Boerrigter & Burnett. Expert Opin Invest Drugs 2004,3:643-52; Rubattu et al. Am J Hypertens 2008;21:733-41

In HF ventricles (like in the foetus) express granuli of ANP



The change of PARADIGM

Sacubitril, by inhibiting neprylisin, reduces degradation and
Increases availability of ANP

ARNI, instead of just blocking with valsartan the renin
angiotensin activation, recruits the “

neuroendocrine response increasing ANP, thus improving
the “neuroendocrine balance”

)

This allows a ¢ vasodilatation and increse of
diuresis

Previous attempts to use synthetic ANP as therapy for HF
have always failed



PHYSIOI_OGIGWAI_ CONDITION

Neuroendocrine balance

%
VASODILATION VASOCONSTRICTION
and DIURESIS and WATER RETENTION




CHRONIC HEART FAILURE (CHF)

Decreased cardiac output and blood pressure

The bad neuroendocrine activation
overcomes the good one
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EFFECT OF ARNI ON NEUROENDOCRINE ACTIVATION IN CHF
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FINAL RESULTS OF ARNITHERAPY
MORE PHYSIOLOGICAL DILATION AND DIURESIS

Which translates in less remodelling
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. change in aortic impedance
from Baseline to week 12: no effect!

2.2 (-17.6, +13.2) p = 0.78
I |
-2.9 (-13.8, +8.0) 0.7 (-11.6, +10.1)

] I I I
223.8 218.9 213.2 214.3

Baseline 12 Weeks

Baseline 12 Weeks
Enalapril

Sacubitril/Valsartan



. change in remodelling
from baseline to 12 weeks, by Treatment

® Sacubitrilalsartan ® Enalapril
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,7 -
Reverse cardiac remodeling (1) PROVE-HF

Baseline to 12 months: all P <.001

LVEF LVEDVi LVESVi
45 100
a0 +9.4% 90 -
s T ® 86.95 iy 1555
X % 70
LL = 60 :
g = ® <o 61.68 -8.67 .. .,
£
— 0 = 40
2 25% of subjects °
- experienced an ; 3':'
LVEF increase of &
. 213% at 12 months 10
0 I 2B = 0
BL 66M 12M BL 6M 12M BL 6M 12M

BL, baseline; LVEF, left ventricular ejection fraction; L'VEDWI, left ventricular end-diastolic velume index; LVESWYI, left ventricular end-systolic
volume index

ESC Congress Wﬁrld Congress e ®
Paris 2019 of Cardiology



’ ©
NT-proBNP concentrations PROVE-HF

Rapid and significant reduction of NT-proBNP was observed, with
majority of reduction within the first 2 weeks

900 4 =8~ sacubitrilivalsartan Median NT
; i -proBNP
. 800 4 s Lnn (25th, 75th percentile), pg/mL
- Baseline | 760 816 (332, 1822)
o=
s Day 14 754 528 (226, 1378)
£2 - Day 30 740 546 (211, 1321)
EE 500 1 T | T . Day 45 734 514 (192, 1297)
35 400 | - T ~t Month2 | 721 535 (210, 1299)
- Month 3 | 719 488 (211, 1315)
—— : . : Month 6 | 699 473 (179, 1163)
%2235, %, %, %, %, Month @ | 659 | 444 (170, 1153)
*» ¥ 8 7 g > Month12 | 638 | 455 (153, 1090)
Visit
ESC Congress World Congress * ®

Paris 2019 of Cardiology



But BNP (a parent of ANP) is a negative prognhostic
marker! How is this possible if Neprilyesin inhibition
Improves prognosis increasing ANP?

(pg/ml)
1000 900

800 |

NEP Cleaves ANP (Atrial
Natriuretic Peptide) and CNP
(C-type Natriuretic Peptide) but

600 | not BNP

400

The avidity of NEP for
natriuretic peptides is CNP
>ANP > BNP

200

Class 1 ClassII ClassIII Class1IV



NEPRILYSIN AFFINITY FOR NATRIURETIC PEPTIDES

ANP ANP  CNP CNP BNP BNP/
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High High Low



But...is this true? Do we have some other
evidence?

This takes me back to the “Indian” period of
my research on untreated HF




There, we found severely symptomatic

patients (NYHA IV) despite normal
haemodynamic and cardiac output

It was a puzzling dilemma at the time

They had a thick calcified constrictive
pericarditis involving also the atria



CONSTRICTIVE PERICARDITIS




Comparison of untreated forms of HF

Ischaemic Constrictive pericarditis

Ejection Fraction
! -: Ejection Fraction [-
Cardiac output I Neurohormonal stimulation
Cardiac Output
Renal Blood Flow [N | Renal Blood Flow
Renal Dysfunction
GFR [ 1 GFR [
Total body water I Total body water B |
Total Body Sodium P Total body sodium B |
Extracellular volume | Extracellular volume .
Plasma volume B | Plasma volume :—
RA prossurs E— RA pressure R
LA pressure — LA pressure B |
Blood pressure Blood Pressure
ANP [ TR A o ANP I
T T T
-100 -50 0 50 100 150 200 250 -100 -50 0 50 100 150
Percent Change from Normal
Percent Change from Normal

It Is the availability of ANP that makes the difference!



But...the real confirmation
comes from PARAGON-HF



When the ventricle i1s normal, cardiac
output is normal and the
neuroendocrine balance is maintained!

When the ventricle is just abnormal (EF
45-57), there Is a possible benefit



Significant Treatment effect by
heterogeneity by Ejection Fraction
Ejection Fraction guartiles

and Sex

Primary endpoint

Subgroup

Subgroup

Sex

i Overall

EF

<=50

>50-57

>57-63 N s o os 0 o
>63 Rate Ratio (95% Cl)

P <0.006

Male
|

Female

LVEEF I P =0.03 (categorical)
. P =0.002 (continuous)
at or below median (57%) i i )

o ———
0.4 0.6 08 1.0 2.0

Rate ratio (95% Cl)

above median (57%)




Another problem of PARAGON-HF:
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Conclusions

BB are ideal inotropes as they do not further
Increase O, consumption

ARNIs are the ideal physiological diuretics and
vasodilators resulting in reverse remodelling

When the ventricle is normal (PARAGON) ARNIs
have little or no effect

This is a confirmation that ARNIs act on failing
ventricles which, in turn, evoke a neuroendocrine
response (PARADIGM)



