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Case presentation — A.B.

4.3.2020

New onset of HF symptoms
NYHA 3

Moderate LV dilatation, EF=10%
Moderate MR

Moderate RV dysfunction
Moderate TR

Normal coronary arteries

Treatment:

Fusid 40mg
Bisoprolol 1.25mg
Ramipril 1.25mg



Patient with symptomatic®* HFrEF® Bl class 1
+ Class Ila

Therapy with ACE-I and beta-blocker

(Up-titrate to maximum tolerated evidence-based doses)

Still symptomatic
and LVEF =35%

Yeas l

Add MR antagonist®"
{up-titrate to maximum tolerated evidence-based dose)

ESC HF guidelines, May 2016




Case presentation — A.B.

20.2.2020 | 4.3.2020

New onset of HF symptoms

Treatment:

Fusid 40mg
Bisoprolol 2.5mg
Ramipril 2.5mg

Moderate LV dilatation, EF=10% Spironolactone 25mg

Moderate MR
Moderate RV dysfunction
Moderate TR

Cardiac MRI
Normal coronary arteries
20.4.2020:
Dilated LV, EF=17%
Treatment: Septal DGE - Dilated CMP

Fusid 40mg
Bisoprolol 1.25mg
Ramipril 1.25mg



Case presentation — A.B. ‘

20.2.2020 4.3.2020 10.6.2020

New onset of HF symptoms

Treatment: Moderate LV dilatation,
Fusid 40mg EF=20%
Bisoprolol 2.5mg Mild MR
Ramipril 2.5mg Normal RV function
Moderate LV dilatation, EF=10% Spironolactone 25mg Mild TR
Moderate MR
Moderate RV dysfunction
Moderate TR Cardiac MRI NYHA 2-3
Normal coronary arteries
20.4.2020:
Dilated LV, EF=17%
eainent Septal DGE - Dilated CMP

Fusid 40mg
Bisoprolol 1.25mg
Ramipril 1.25mg



Patient with symptomatic®* HFrEF® Bl class 1
+ Class Ila

Therapy with ACE-I and beta-blocker

(Up-titrate to maximum tolerated evidence-based doses)

Still symptomatic
and LVEF =35%

Yeas l

Add MR antagonist®"
{up-titrate to maximum tolerated evidence-based dose)

ESC HF guidelines, May 2016




Evolution of pharmacologic approaches in HF:

Epinephrine , Bis B
Norepinephrine receptors

Vasoconstriction
RAAS activity 4+
Vasopressin 4+

NP system HF SYMPTOMS & Heart rate 4
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Blood pressure %, RAAS inhibitors
Natriuresis/diuresis (ACEI, ARB, MRA)
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Aldosterone INACTIVE ’ '
Fibrosis FRAGMENTS Vasoconstriction
Hypertrophy Blood pressure 4
Sympathetic tone 4+
Aldosterone 4
Hypertrophy 4

Fibrosis +



Evolution of pharmacologic approaches in HF:

ENTRESTO as a new alternative to an ACEIl or ARB:s in patients with HFrEF

Epinephrine 1 B By

Norepinephrine receptors
I_\Iepri_lysin Vasoconstriction
inhibitors \ RAAS activity 4+

Vasopressin 4+
Heart rate +
Contractility +

NP system HF SYMPTOMS & \
| PROGRESSION

NPRs 4—(NPs %
Vasodilation \L%ﬁ
<+ Blood pressure %

: s, : RAAS inhibitors
& Sympathetic tone A RAAS
4 Natriuresis/diuresis (ACEIl, ARB, MRA)

4 Vasopressin Ancti M SAT R
4 Aldosterone INACTIVE TR '
¥ Fibrosis FRAGMENTS Vasoconstriction
¥ Hypertrophy Blood pressure 4
Sympathetic tone 4+
ENTRESTO Aldosterone 4
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PARADIGM-HF: study outcomes

Primary End Point Death from Cardiovascular Causes
1.0+ 1.0+
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Hospitalization for Heart Failure Death from Any Cause
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Hazard ratio, 0.79 (95% Cl, 0.71-0.89) " Hazard ratio, 0.84 (95% CI, 0.76-0.93)
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McMurray et al. NEJM 2014; 371:993-1004



Angiotensin
ACE neprilysin
inhibitor inhibition

Decrease in
CV mortality




Case presentation — A.B. '

20.2.2020 4.3.2020 10.6.2020
| | |

New onset of HF symptoms

Treatment: Moderate LV dilatation,
Fusid 40mg EF=20%
Bisoprolol 2.5mg Mild MR
Ramipril 2.5mg Normal RV function
Moderate LV dilatation, EF=10% Spironolactone 25mg Mild TR
Moderate MR
Moderate RV dysfunction
Moderate TR Cardiac MRI NYHA 2-3
Normal coronary arteries Treatment:
20.4.2020: Ramipril 2.5mg
Dilated LV, EF=17% i
Treatment: Septal DGE - Dilated CMP
Fusid 40mg Entresto 50mg x2/d

Bisoprolol 1.25mg
Ramipril 1.25mg



Patient with symptomatic®* HFrEF® Bl class 1
+ Class Ila

Therapy with ACE-I and beta-blocker

(Up-titrate to maximum tolerated evidence-based doses)

Still symptomatic
and LVEF =35%

Yeas l

Add MR antagonist®"

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

Yes

. . MNo
5till symptomatic

and LVEF =35%

Yes l

{

Able to tolerate
ACEI (or ARB)'

ARNI to replace
ACE-I

If LVEF <35% despite OMT
or a history of symptomatic VT/VF, implant ICD




Case presentation — A.B. '

20.2.2020 4.3.2020 10.6.2020
| | |

New onset of HF symptoms

Treatment: Moderate LV dilatation,
Fusid 40mg EF=20%
Bisoprolol 2.5mg Mild MR
Ramipril 2.5mg Normal RV function
Moderate LV dilatation, EF=10% Spironolactone 25mg Mild TR
Moderate MR
Moderate RV dysfunction
Moderate TR Cardiac MRI NYHA 2-3
Normal coronary arteries Treatment:
20.4.2020: Ramipril 2.5mg
Dilated LV, EF=17% i
Treatment: Septal DGE - Dilated CMP
Fusid 40mg Entresto 50mg x2/d

Bisoprolol 1.25mg
Ramipril 1.25mg

ICD Implantation 15.7.2020



The change in the paradigm of antidiabetic treatment goals

From glucocentricity to reduction of CV risk and mortality

HbA1c MEAN BLOOD GLUCOSE
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SGLT2 inhibition — mode of action

Filtered glucose
load > 180 g/day

Urinary glucose excretion via SGLT2 inhibition!-?

SGLT, sodium glucose co-transporter. *Loss of ~ 78 g of glucose per day = 312 calories/day.
1. Gerich JE. Diabet Med. 2010;27:136—142; 2. Bakris GL, et al. Kidney Int. 2009;75;1272-1277;
3. Ferrannini E et al Nat Rev Endocrinol 2012; 8: 495. Figure reprinted by permission
from McMillan Publishers Ltd Nat Rev Endocrin 2012

SGLT2 inhibitors reduce
glucose
re-absorption
in the proximal tubule,
leading to urinary glucose
excretion® and osmotic
diuresis
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Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Cdd Erik Johansen, M.D., Ph.D., Hans |. Woerle, M.D., Uli C. Broed|, M.D.,
and Silvie E. Inzucchi, M.D,, for the EMPA-REG OUTCOME Investigators

ABSTRACT

BACKGROUND
The effects of empaglifiozin, an inhibitor of sodium-glucose cotransporter 2, in
addition to standard care, on cardiovascular morbidity and mortality in patients
with type 2 diabetes at high cardiovascular risk are not known.

METHODS
We randomly assigned patients to receive 10 mg or 25 mg of empagliflozin or
placebo once daily. The primary composite outcome was death from cardiovascu-
lar causes, nonfata! myocardial infarction, or nonfatal stroke, as analyzed in the
pooled empagliflozin group versus the placebo group. The key secondary compos-
ite putcome was the primary outcome plus hospitalization for unstable angina.

RESULTS
A total of 7020 patients were treated (median observation time, 3.1 years). The
primary outcome occurred in 490 of 4687 patients (10.5%) in the pooled empa-
gliflozin group and in 282 of 2333 patients (12.1%) in the placebo group (hazard
ratio in the empagliflozin group, 0.86; 95.0%% confidence interva!, 0.74 to 0.99;
P=0.04 for superiority). There were no significant between-group differences in
the rates of myocardia! infarction or stroke, but in the empaglifiozin group there
were significantly lower rates of death from cardiovascular causes (3.7%, vs. 5.9%
in the placebo group; 38% relative risk reduction), hospitalization for heart failure
(27 and 4.1%, respectively; 35% relative risk reduction), and death from amy
cause (57% and 8.3%, respectively: 22% relative risk reduction). There was no
significant berween-group difference in the key secondary outcome (P=0.08 for
superiority). Among patients receiving empag!iflozin, there was an increased rate
of genita! infection but no increase in other adverse events.

CONCLUSIONS
Patients with type 2 diabetes at high risk for cardiovascular events who received
empaglifiozin, as compared with placebo, had a lower rate of the primary com-
posite cardiovascular outcome and of death from any cause when the study drug
was added to standard care. (Funded by Boehringer Ingelheim and E!i Lilly;
EMPA-REG OUTCOME Clinica!Trials.gov number, NCT01131676.)
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Dapagliflozin and Cardiovascular Outcomes
in Type 2 Diabetes

5.0, Wivictt, I. Raz, M.P. Bonaca, O. Mosenzon, ET. Kato, A. Cahn, M.G. Silverman,
T.A. Zelniker, ).F. Kuder, S_&. Murphy, D.L. Bhatt, L.A. Leiter, D.K. McGuire,
J.P.H. Wilding, C.T. Ruff, |.A.M. Gause-Nilsson, M. Fredriksson, P.A. Johansson,
A-M. Langkilde, and M.5. Sabatine, for the DECLARE-TIMI 58 Investigators®

ABSTRACT

BACECROUND
The cardiovascular safety profile of dapag!ifiozin, a selective inhibivor of sodium—
glucose cotransporeer 2 thar promores glucosuria in padents with cype 2 diabetes,
is undefined.

METHODE

We random!ly assigned patients with type 2 diabetes who had or were at risk for ath-
erosclerotic cardiovasou!ar disease wo receive either dapaglifiozin or placebo. The pri-
mary safety ourcome was a composice of major adverse cardiovascular events (MACE),
defined as cardiowascular deach, myocard:a' infarcion, or ischemic stroke. The pri-
mary efficacy ourcomes were MACE and a composite of cardiwascular death or hos-
piralization for heare failure. Secondary efficacy outcomes were a renal composice
[240% decrease in estimated glomerular fileration rate to <60 ml per minuee per
1.73 m? of body-surface area, new end-scage renal disease, or deach from rena! or
cardiovascu!ar causes) and death from any cause.

RESULTE

We evaluared 17,160 pacients, including 10,186 without atherosclerodc cardiovasoular
disease, who were followed for a median of 4.2 years. In che primary safety outcome
analysis, dapag!iflozin met the prespecified crirerion for noninferioriey oo placebo with
respect o0 MACE (upper boundary of the 95% confidence inverval [CI], <1.3; P<0.001
for noninferiority]. In the vwo primary efficacy ana'yses, dapag!iflozin did noc resule
in a lower rate of MACE (£.8% in the dapagliflozin group and 9.4% in the placebo
group; hazard racio, 0.93; 95% CI, 084 wo 1.03; P=0.17) but did resu!t in a lower rawe
of cardiovascu!ar death or hospitalizacion for heare failure (4.9% vs. 5.8%; hazard
racio, 0.E3; 95% CI, 073 to 0.95; P=0.005), which reflected a lower rate of hospi-
talization for heart failure thazard rado, 0.73; 95% CI, .61 o QLER); there was no
berween-group difference in cardiovascular dearh (hazard radio, 0.98; 95% CI, 0LE2 w
1.17). A rena! event occurred in 4353% in the dapagliflozin group and in 5.60% in the
placebo group (hazard ratio, 0.76; 95% CI, 0L67 w0 0.87), and death from any cause
occurred in 6.5 and 6.0, respectively (hazard rato, 0.93; 9559 CI, 0.82 two 1.04). Dia-
betic ketoacidosis was more common with dapagliflioein than with placebo (0.5%
vs, 0.1%, P=0.02), as was the rare of genital infecrions thar led o disconcinuadon of the
regimen or that were considered o be serious adverse events [0.9% vs. 0.1%, P<0.00T)
CONCLUSIONS

In pariencs with cype 2 diaberes who had or were ar risk for atherosclerotic cardio-
vascular disease, trearment with dapagliflozin did not resu!t in a higher or lower rawe
of MACE than placebo but did result in a lower rate of cardiovascu!ar death or hos-
pitalization for heart failure, a finding char reflects a lower raee of hospialization
for hearr failure. (Funded by AscraZeneca; DECLARE-TIMI 58 Clinica!Tria's.gov
number, NCTO1730534.)



New insights into HF prevention have emerged from trials examining
SGLT2 inhibitor use in T2D

EMPA-REG OUTCOME! DECLARE?
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Cl, confidence interval; CV, cardiovascular; HF, heart failure; hHF, hospitalisation for heart failure; HR, hazard ratio; MACE, major
adverse cardiovascular events; SGLT2, sodium-glucose cotransporter-2; T2D, type 2 diabetes.
1. Zinman B, et al. N EnglJ Med. 2015;373:2117-2128. 2. Wiviott S, et al. N Engl J Med. 2019;380:347-357.



SGLT2 inhibitors in HFrEF patients
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Cardiovascular and Renal Outcomes with Empagliflozin

in Heart Failure

M. Packer, S.D. Anker, | Butler, G. Filippatos, SJ. Pocock, P. Carson, ). Januzzi, S. Verma, H. Tsutsu

M. Brueckmann, W. Jamal, K. Kimura, ). Schnee, C Zeller, D. Cotton, E

Bocchi, M. Bshm, D--J. Chei, V. Chopea,

E Chuqulure, N. Giannetts, S_ Janssens, |. Zhang, |.R. Gonzalez Juanatey, S. Kaul, H.-P_ Brunner-La Roccz

B. Merkely, S.J. Nicholls, S. Pertone, | Pina, P. Ponikawski, N. Sattar, M. Senni, M.-F

Seronde, |. Spinar, . Squire

S. Taddei, C Wanner, and F. Zannad, for the EMPEROR-Reduced Trial lnvestigators®

ABSTRACT

BACKCROUND

Sodium-glucose cotransporter 2 (SGLT2) inhibitors reduce the risk of hospizaliza-
tion for heart failure in patients regardless of the presence or absence of diabetes.
Maore evidence is needed regarding the effects of these drugs in patients across the
broad spectrum of heart failure, including those with 2 markedly reduced ejection
fraction.

METHODS

In this double-blind trial, we randomly assigned 3730 patients with class I1, 111, or
IV heart failure and an ejection fraction of 40% or less to receive empagliflozin
(10 mg once daily) or placebo, in addition t recommended therapy. The primary
outcome was 2 composite of cardiovascular death or hospitalization for worsening
heart failure.

REsuLTs

During 2 median of 16 months, 2 primary outcome event occurred in 361 of 1863
patients (19.4%) in the empaglifiozin group and in 462 of 1867 patients (24.7%)
in the placebo group (hazard ratio for cardiovascular death or hospitalization for
heart failure, 0.75; 95% confidence interval [CI], 0.65 to 0.86; P<0.001). The effect
of empagliflozin on the primary outcome was consistent in patients regardless of
the presence or absence of diabetes. The total number of hospitalizations foe heart
failure was lower in the empagliflozin group than in the placebo group (hazard
ratio, 0.70; 95% CL, 0.58 to 0.85; P<0.001). The annual rate of decline in the esti-
mated glomerular filtration rate was slower in the empagliflozin group than in
the placebo group (-0.55 vs. -2.28 ml per minute per 1.73 m* of body-surface area
per year, I<0.001), and empaglifiozin-treated patients had a lower risk of serious
renal outcomes. Uncomplicated genital tract infection was reported more frequently
CONCLUSIONS

Among patients receiving recommended therapy for heart failure, those in the em-
paglifiozin group had 2 lower risk of cardiovascular death or hospitalization for
heart failure than those in the placebo group, regardless of the presence or absence
of diabetes. (Funded by Boehringer Ingelheim and Eli Lilly; EMPEROR-Reduced
ClinicalTrials.gov number, NCT03057977)
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SGLT2 inhibitors in HFrEF patients
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@ ESC ESC GUIDELINES
European Heart Journal (2021) 00, 1128
European Society doi:10.1093/eurheartj/ehab368
of Cardiology

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Management of HFrEF

To reduce mortality - for all patients

To reduce HF hospitalization/mortality - for selected patients
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For selected advanced HF patients
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To reduce HF hospitalization and improve QOL - for all patients
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Management of HFrEF

To reduce mortality - for all patients

ICD )

Atrial fibrillation Atrial fibrillation Coronary artery disease Iron deficiency
Digoxin ) _ PVI_) CABG ) Ferric carboxymaltose )
Aortic stenosis Mitral regurgitation ~ Heart rate SR>70 bpm Black Race ACE-I/ARNI intolerance
SAVR/TAVI Ivabradine ) Hydralazine/ISDN )

TEE MV Repair )

For selected advanced HF patients

MCS as BTT/BTC Long-term MCS as DT )

To reduce HF hospitalization and improve QOL - for all patients

Exercise rehabilitation

Multi-professional disease management
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enotypic overview of
ment of heart failure
d ejection fraction

ting enzyme inhibitor; ARB = angiotensin
1giotensin receptor-neprilysin inhibitor; BB
aats per minute; BTC = bridge to candidacy;
ition; CABG = coronary artery bypass graft;
. vization therapy with defibrillator; CRT-P =
cardiac resynchronization therapy with pacemaker; DT = destination
therapy; HF = heart failure; HFrEF = heart failure with reduced
ejection fraction; ICD = implantable cardioverter-defibrillator; ISDN =
isosorbide dinitrate; LBBB = left bundle branch block; MCS =
mechanical circulatory support; MRA = mineralocorticoid receptor
antagonist; MV = mitral valve; PVI = pulmonary vein isolation; QOL =
quality of life; SAVR = surgical aortic valve replacement; SGLT2i=
sodium-glucose co-transporter 2 inhibitor; SR = sinus rhythm; TAVI =
transcatheter aortic valve replacement; TEE = transcatheter edge to
edge. Colour code for classes of recommendation: Green for Class of
recommendation [; Yellow for Class of recommendation lla (see Table
1 for further details on classes of recommendation).

The Figure showsmanagement options with Class | and lla
recommendations. See the specific Tables for those with Class Ilb
recommendations.

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)
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Vericiguat Increases sGC Activity to Improve
Myocardial and Vascular Function=3

® Oxidative stress Decreased NO Endothelial dysfunction
o Decreased sGC

activity

Intracellular

Heart Vasculature

e | Progressive myocardial stiffening
| Myocardial thickening y | Vasoconstriction
| Ventricular remodelling | Vascular stiffness
| Fibrosis

cGMP, cyclic guanosine monophosphate; NO, nitric oxide; sGC, soluble guanylate cyclase
1. Gheorghiade M et al. Heart Fail Rev. 2013;18:123-134; 2. Fulton DJR et al. Antioxidants (Basel). 2017;6:E54; 3. Breitenstein S et al. Handb Exp Pharmacol. 2017;243:225-247



0.55+
0.509 — Vericiguat
@ 0.454 — Placebo
©
@ 0.40+
& 0.351
©
E’ 0.304
= 0.251
o 0.20- p=0.02
E ' HR=0.90 (95% CI: 0.82-0.98)
= 0.151 ARR=4.2% per year
3 0.10+ Annual NNT=24
0.05+
0.00 . . . . . . .
0 4 8 12 16 20 24 28
. Months since randomisation
No at risk:
Vericiguat 2526 2099 1621 1154 826 577 348 125
Placebo 2524 2053 1555 1097 772 559 324 110

Vericiguat Significantly Reduced the Annualised Absolute
Risk of the Primary Composite Outcome by 4.2%

Time to CV death or first HF hospitalisation

Median follow-up period: 10.8 months

Event rate per 100 patient-years was
33.6% for vericiguat vs 37.8% for
placebo

ARR, absolute risk reduction; Cl, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio; NNT, number needed to treat

Armstrong PW et al. N Engl J Med. 2020;382:1883-1893
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Case presentation — A.B.

20.2.2020 10.6.2020 23.12.2020 18.7.2021

EF=10% EF=20%

Moderate MR Mild MR

Moderate RV dysfunction Normal RV function
Moderate TR Mild TR

EF=50%
Non-significant valvular disease
Normal RV function

Treatment:
Beta Blockers
ARNI

MRA

SGLT2i

Diuretic
ICD
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The Pleiotropic Effects of
SGLT2 Inhibitors

Remodeling the Treatment of Heart Failure*

Lee R. Goldberg, MD, MPH

Circulation

ORIGINALRESEARCHARTICLE @ ®

Effect of Empagliflozin on Left Ventricular
Volumes in Patients With Type 2 Diabetes, or
Prediabetes, and Heart Failure With Reduced
Ejection Fraction (SUGAR-DM-HF)
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Mechanistic Insights of Empagliflozin in )
Nondiabetic Patients With HFrEF
From the EMPA-TROPISM Study
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Characterization of heart failure patients with reverse left
ventricular remodelling post-angiotensin receptor
blockers/neprilysin inhibitors therapy

Leonid Maizels, Yishay Wasserstrum, Boris Fishman, Amitai Segev, David Ben-Nun, Anan Younis, Dov
Freimark, Israel Mazin, Avishay Grupper
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HFimpEF: HF with improved EF

Previous LVEF £40% and a follow-up measurement of LVEF >40%

Recommendation for HF With Improved Ejection Fraction
Referenced studies that support the recommendation are summarized

in the

In patients with HFimpEF after treatment,
GDMT should be continued to prevent relapse
of HF and LV dysfunction, even in patients who
may become asymptomatic.’

2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure



Recommendations for an implantable cardioverter-defibrillator in @ESC
patients with heart failure

An ICD is recommended to reduce the risk of sudden death and all-cause
mortality in patients with symptomatic HF (NYHA class II-11l) of an ischaemic
aetiology (unless they have had a Ml in the prior 40 days—see below), and an LVEF
<35% despite 2 - months of OMT, provided they are expected to survive
substantially longer than 1 year with good functional status.

An ICD should be considered to reduce the risk of sudden death and all-cause

mortality in patients with symptomatic HF (NYHA class II-11l) of a non-ischaemic lla

aetiology, and an LVEF £35% despite 23 months of OMT, provided they are
expected to survive substantially longer than 1 year with good functional status.

©ESC

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

www.escardlo.org/guldellnes (European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)
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Case presentation — A.B. m

20.2.2020 10.6.2020 23.12.2020 18.7.2021 17.5.2022

EF=10% EF=20% EF=50%

AR I Ll . Mild MR . Non-significant valvular disease
Moderate RV dysfunction Normal RV function Normal RV function

Moderate TR Mild TR

Treatment:
Beta Blockers
ARNI

MRA

SGLT2i



Optimal Medical Therapy for HFrEF

©)

: Improving patient
Preventing health status:
disease progression: Treatment goals :

CV mortality & for Pa’rienis Relieve symp’roms
with HF Improve functional

HF hospitalizations capacity & QoL

Promote positive

myocardial remodeling Reduce the risk of

and improve valvular ventricular arrhythmias
insufficiency
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