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HEART FAILURE : STILL UNMET NEEDS IN CURRENT ERA

Over past 4 decades, HF patients have derived
substantial benefit from major advances in our
understanding of pathophysiology of HF syndrome

* Evolving treatment paradigms
* new medications with novel mechanisms of actions

BUT Unmet needs still:

HF hospital discharges (index of population disease
burden and economic impact) remain >1 million
between 2000 and 2010

Prevalence will increase aprox 50% between 2012-
2030- >8 million people >18 yrs of age with HF

* Aging population
* Improved survival of AMI

* HF survival increases at rate that exceed our impact to
prevent development of HF

A Projected burden assuming stable incidence of
10/1,000 person-years in persons 265 years

Number of people (x10,000)

1980 2000 2020 2040

Incidence (%) 9:> 0.4 0.3 0.2 0.
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Cardiac Failure Review 2017;3(1):7-11



CLINICAL COURSE OF HEART FAILURE
AND ITS MANAGEMENT
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Prevention of heart- symptoms at the time of device, if indicated)
failure-related Evaluation of acute exacerbation
symptoms diseases that ® Terminal care
caused heart
failure

Expected major
management
strategies




DURATION OF DISEASE STAGES IN EARLY ERA AND

PRESENT/ FUTURE ERA

{ \Léd/ > Heart failure death -‘

SN

Unexpected Sudden Death xpected |

PRESENT AND FUTURE ERA

Repeated admissions

e » Heart failure death

Stage B :‘, » Death from
1 / co-morbidities

| l l l HHIL

Sudden Death Expecied! |

HF better EF RV failure Home inotropic infusions
[ — Cardio-renal Hospce
| syndrome
It 1] | ‘

. Patients in stage B and C may be

stable for many years

. Prolongation of life with anti HF

therapies

. Sudden death in previous era-

occurred early in clinical syndrome,
incurred with increasing frequency as
HF progressed

. RHF & cardiorenal syndrome herald

progression to stage D HF with referral
to palliative care

Circulation 2016;133:2671-2686



Heart failure diagnosed by the specialist

}

Offer diuretics for the relief of congestive symptoms and fluid retention

|

! I

Heart failure with Heart failure with

Preserved Ejection Fraction (HFPEF) Reduced Ejection Fraction (HFREF)
Manage co-morbid conditions such as Firstline:

high blood pressure, atrial fibrilation Offer ACEi and BB

ischaemic heart disease, and diabetes Offer an MRA if symptoms continue

melitus in line with NICE guidance

:

\ 4
Consider ARB if
intolerant of ACEI

Specialist re-assessment
Consider hydralazine

and nitrate if intolerant
If symptoms persist despite optimal first of ACEl and ARB

line therapy, seek specialist advice and
consider one or more of the following options

1 | e

Replace ACEI Add Ivabradine Add Hydralazine Digoxin for
(or ARB) with ifin sinus and nitrate worsening HF*
Sacubitril-Valsartan rhythm, with a (especially if
(if LVEF<35%) HR >75bpm of African/
inaccordance and LVEF <35% Caribbean descent)
with TA388 in accordance
with TA267

*Please refer to CG180 for recommendation on the use of digoxin in patients with atrial fibrilation
** In accordance with TA314




Therapeutic algorithm for a patient with symptomatic heart
failure with reduced ejection fraction

Patient with symptomatic HFrEF B Cass1

Therapy with ACE-I and beta-blocker Class I1a
(Up-titrate to maximum tolerated evidence-based doses)

¢ No

Still symptomatic e lES———.
and LVEF =35%

Add MR antagonist

M aJ or a dva NCES: (Up-titrate to maximum tolerated evidence-based dose)

* Treatment based on
large RCTs with
subsequent
incorporation of data
into guidelines

 Then incorporated into
systematic quality
improvement efforts
with landmark success

Still symptomatic
and LVEF =35%

Yes

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

. v

ARNI to tolerate 2FTELLS need for Soabrads
ACE-I SRT vabradine

These above treatments may be combined if indicated

v

Resistant symptoms

=l "

Consider digoxin or H—ISDN_ No further action required
or LVAD, or heart transplantation Consider reducing diuretic dose

If LVEF £35% despite OMT
or a history of symptomatic VT/VF, implant ICD
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Neprilysin inhibitor (Sacubitril)

SACUBITRIL/ VALSARTAN

N

Inactive
fragments

Vasodilation

| blood pressure

| Sympathetic tone
| aldosterone levels
| fibrosis

| hypertrophy

Natriuresis/Diuresis

| Mechanism of action of LCZ696

Damage

symptoms/
progression

5[

Neurohormonal balance

AT, receptor

|

Vasoconstriction
t blood pressure
t sympathetic tone
t aldosterone
t fibrosis

t hypertrophy

Angiotensin Il Receptor Blocker
(Valsartan)



PARADIGM-HF STUDY

Randomized 8442 pts with NYHA class II-IV HFrEF EF<40%
Trial stopped early after recruiting 25% pts at medican FU 27 mths

A Primary End Point B Death from Cardiovascular Causes

Hazard ratio, 0.80 (95% Cl, 0.73-0.87) ’ Hazard ratio, 0.80 (95% Cl, 0.71-0.89)
P<0.001 P<0.001

PARADIGM-HF cause of death and hospitalization data’
vs. current standard of care ACEi enalapril

Enalapril

Enalapril
LCZ696

Cumulative Probability
Cumulative Probability

LCZ696

180 360 540 720 900 360 540 720 900 1080 1260

Death from CV | H .. i Death from
causes? . ' — 1l any cause’

Days since Randomization Days since Randomization
No. at Risk No. at Risk
LCZ696 4187 3922 3663 3018 2257 1544 LCZ696 4187 4056 3891 3282 2478 1716 1005 280

Enalapril 4212 38383 3579 2922 2123 1488 Enalapril 4212 4051 3860 3231 2410 1726 994 279

C Hospitalization for Heart Failure D Death from Any Cause

Hazard ratio, 0.79 (95% Cl, 0.71-0.89) ’ Hazard ratio, 0.84 (95% Cl, 0.76-0.93)
P<0.001 P<0.001

Enalapril

First Total number BRI Total number
hospitalization of ER visits B | @ of hospitalizations
for HF?2 for HF* ; -~ for HF?

Enalapril

Cumulative Probability

LCZ696

Cumulative Probability

LCZ696

360 540 720 900 1080 1260 360 540 720 900 1080 1260
Days since Randomization Days since Randomization

No. at Risk No. at Risk
LCZ696 4187 3922 3663 3018 2257 1544 896 249 LCZ696 4187 4056 3891 3282 2478 1716 1005 280
Enalapril 4212 3883 3579 2922 2123 1488 853 236 Enalapril 4212 4051 3860 3231 2410 1726 994 279

NEJM 2014;371:993-1004



PIONEER-HF STUDY
ANGIOTENSIN-NEPRILYSIN INHIBITION IN ACUTE

DECOMPENSATED HEART FAILURE
NEJM 2019;380:539-48

Death, HF Hospitalization, or LVAD Implantation

Change from Baseline in NT-proBNP

10 Reduction During Open-Label Study, Wk 8-12:
in-hospital Enalapnl to S/V:-35.8% (-30.6 to -40.7)

“1 HR=0.67 (95% Cl 0.48 to 0.94)
P-value=0.020

from Baseline (%)
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SODIUM-GLUCOSE CO-TRANSPORTER 2 INHIBITORS
SGLT2I
A SERENDIPITOUS STORY IN HEART FAILURE (1

A Primary Outcome B Death from Cardiovascular Causes

9 Placebo

Placebo

Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99)

—ig Hazard ratio, 0.62 (95% Cl, 0.49-0.77)
P=0.04 for superiority Empagliflozin

P<0.001 Empagliflozin

EMPA-REG OUTCOME trial
e Randomized double-
blind placebo

Patients with Event (%)
Patients with Event (%)

© = N W A U1 OV N

Month

controlled trial No. at Risk

Empagliflozin 4687 4580 4328 3851 2821 2359 1534 i P 4687 4651 4556 4128 3079
Placebo 2333 2256 2112 1875 1380 1161 741 a2 2333 2303 2243 2012 1503

e 7020 pts with type 2 —
DM at high CV risk/ .
established ASCVD

Hazard ratio, 0.68 (95% Cl, 0.57-0.82)

Hazard ratio, 0.65 (95% Cl, 0.50-0.85)
P<0.001

P=0.002 Empagliflozin 3 5% R R R

Patients with Event (%)
Patients with Event (%)

24
Month Month
No. at Risk No. at Risk

Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414 4687 4614 4523 4427 3988 2950 2487
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177 PR 2333 2271 2226 2173 1932 1424 1202

NEJM 2015;373:2117-2128



FURTHER STUDIES CONFIRMING BENEFITS OF HHF OR
CV DEATH

CANVAS Program
NEJM 2017;377:644-657

from Cardiovascular Causes, Nonfatal Myocardial Infarction, or Nonfatal Strok®

207 Hazard ratio, 0.36 (95% Cl, 0.75—

18+

8 P<0.001 for noninferior
16

P=0.02 for superiority

Patients with an Event (%)

130 15

Weeks since Randomization

4153 4061 2942 1626 1240 1217 1187 1156
5566 5447 4343 2984 2555 2513 2460 2419

Hazard ratio, 0.90 (95% Cl, 0.71-

097)
Placel

Canaglifiozin

260 286 312 338

789 216
1 1661 448

1.15)

52 78 104 130 156 182 208 234 260 286 312 338

S T T — T
104 130 156 182 208 234
Weeks since Randomization

No. at Risk
Placebo 4347 4270
Canagliflozin 5795 570:

3004 1667 1274 125

5 1232 1208
0 4414 3043 2621 2588 3

12
2543 2511

T T T
260 286 312 338

1177 1155 829 232
2464 2415 1751 481

B Death from Cardiovascular Causes
100
90,

Hazard ratio, 0.87 (95% Cl, 0.72-1.06)

Patients with an Event (%)

104 130 8 234
Weeks since Randomization
No. at Risk

Placebo 4347 431

2!

6 4
Canagliflozin 5795 5768 5.

5679 4576 3182 2761

D Nonfatal Myocardial Infarction

100

Hazard ratio, 0.85 (95% Cl, 0.69~1.05)

Patients with an Event (%)

T T T T
78 104 130 156 182 208
Weeks since Randomization

No. at Risk
bo 4347 4256 4187 4109 2986 1647 1255 1233 1207 1179 1146

Canagliflozin 5795 5711 5625 5513 4405 3029 2602 2565 2516 2476 2425 2382 1728

Canagliflozin

0 26 52 78 104 130 156 182 208 234 260 286 312 338
260 286 312 338

279 4236 3119 1759 1356 1344 1328 1310 1292 1280 924 258
723 2736 2710 2687 2651 2615 1904 532

Placebo

Canagliflozin

Cumulative Incidence (%)

Placeb
Dapagliflo;

Cumulative Incidence (%)

No. at Risk
Pla;

Dapaglifiozin

DECLARE-TIMI 58 Study

NEJM 2019:380:347-357

diovascular Death or Hospitalization for Heart Failure
100 6 Hazard ratio, 0.83 (95% Cl, 0.73-0.95) Hazard ratio, 0.93 (959

P=0.005 for superiority

——— 1
0 180 360 540 720 900 1080 1260 1440

180 360 540 720 900

Days

8578 8485 8387 8259 8127 8003 78

Re32 8517 8415 8322 8224 8

Hazard ratio, 0.76 (

L e S S S S S S S
0 180 360 540 720 900 1080 1260 1440

180 360 540 720 900
Days

8578 8508 8422
8582 8533 8436

8326 8200 8056
8347 8248 8136

1,0.67-0.87)

Non-inferiority

% Cl, 0.84-1,03)
P=0.17 for superiori

Placebo,/” Placebo,

Dapagliflozin
Dapagliflozin P8

Cumulative Incidence (%)

180 360 540 720 900 1080 1260 1440

1080 1260 720 900 1080 1260 1440

Days
No. at Risk

Placebo 8578 8433 8281
Dapagliflozin 8582 8466 8303

7367 5362
970 7497 5445

8129 7969
8166 8017

7805 7649 7137 5158
7873 7708 7237 5225

D Death from Any Cause
100 6
90-
80-
70
60
50
40
30

20

Hazard ratio, 0.93 (9

Placebo | 5

i 4 # Dapaglifiozi
pe blacebo/ Dapagiflozin

~_/Dapagliflozin

s

T Tt
0 180 360 540 720 900 1080 1260 1440

Cumulative Incidence (%)

10

0
1080 1260 1440 0

360 540 720 900 1080 1260 1440
Days

180

No. at Risk
Placebo 8578 8542 8484 8414 8337 8258 8184 7741 5715
Dapagliflozin 8582 8554 8495 8437 8369 8305 8207 7763 5715

7932 7409 5389
8009 7534 5472

Dapagliflozin



DAPAGLI

A Primary Outcome

Phase 3, placebo-
controlled trial
4744 pts- NYHA
class lI-IV
Dapagliflozin vs
placebo in
addition to
recommended

Placebo

Dapagliflozin

Cumulative Incidence (%)

No. at Risk
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Placebo

Hazard ratio, 0.74 (95% Cl, 0.65-0.85)
P<0.001

15 18 21

12 15 18
Months since Randomization

2258
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2163
2221

2075
2147

1917
2002

1478
1560
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1146

593
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C Death from Cardiovascular Causes

therapy

Cumulative Incidence (%)

No. at Risk

Placebo

Dapagliflozin
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Hazard ratio, 0.82 (95% Cl, 0.69-0.98)

S i

18% reduction

Months since Randomization
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B Hospitalization for Heart Failure

30

Cumulative Incidence (%)

No. at Risk
Placebo
Dapagliflozin

2371
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D Death from Any Cause
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2371
2373

2264
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2330
2342

Hazard ratio, 0.70 (95% Cl, 0.59-0.83)

—rt

30% reduction

15 18 21 24

12 15 18
Months since Randomization

2168
2223

2082
2153

1924
2007

1483
1563

1101
1147

596
613

212
210

Hazard ratio, 0.83 (95% Cl, 0.71-0.97)

Months since Randomization

2279
2296

2231
2251

2092
2130

1638
1666

1221
1243

665
672

235
233




Dapagliflozin Placebo
Subgroup (N=2373) (N=2371) Hazard Ratio (95% CI)
no. of patients ftotal no.
All patients 386/2373 502/2371 0.74 (0.65-0.85)
Age
=65 yr 162/1032 196/998 0.78 (0.63-0.96)
565 yr 224/1341 306/1373 0.72 (0.60-0.85)
Sex
Male 307/1809 406/1826 0.73 (0.63-0.85)
Female 79/564 96/545 0.79 (0.59-1.06)
Race
White 27511662 348/1671 0.78 (0.66-0.91)
Black 26/122 32/104 0.62 (0.37-1.04)
Asian 781552 118/564 0.64 (0.43-0.86)
Other 7/37 4/32
Geographic region

Asia 77/543 114/553 Yes 195/1124 279/1127 0.67 (0.56-0.80)

Europe 193/1094 218/1060

North America 54/335 73342 No 191/1249 223/1244 0.84 (069—101)

South America 62/401 97/416 .
NYHA class MRA at baseline

I 190/1606 289/1597 Yes Giimiings : 0.74 (0.63-0.87)
or IV 196/767 213/774

LVEF No 105/677 141/697 M/ —0.95)
=Median 222/1230 307/123%

>Median 164/1143 195/1132 04

ype 2 diabetes at baseline

NT-proBNP q Yes 215/1075 271/1064

sMedian 100/1193 155/1179
>Median 286/1179 3471191 0.79 No 17171298 231/1307

alization for heart failure

e T 0er|  Atria o flutter on enrollment ECG
No 191/1249 223/1244 0.84 Yes 0.82 (0637106)

MRA at baseline
Yes 281/1696 361/1674 0.74 No 376/1812 0.72 (0.61-0.84)
No 105/677 141/697 0741 ..,
Type 2 diabetes at baseline
Yes 215/1075 271/1064 0.75 (0.63-0.90)
No 171/1298 231/1307 0.73 (0.60-0.88)
Atrial fibrillation or flutter on enrollment ECG
Yes 109/569 126/559 0.82 (0.63-1.06)
No 2771804 376/1812 0.72 (0.61-0.84)
Main cause of heart failure
Ischemic 223/1316 289/1358 0.77 (0.65-0.92)
Nonischemic or unknown 163/1057 213/1013 0.71 (0.58-0.87)
Body-mass index
<30 259/1537 320/1533 0.78 (0.66-0.92)
=30 127/834 182/838 0.69 (0.55-0.86)
Baseline eGFR (ml/min/1.73m?)
191/962 254 /964 0.72 (0.59-0.86)
195/1410 248/1406 0.76 (0.63-0.92)

Dapagliflozin Better Placebo Better




Rationale for exploring SGLT-2 inhibitors for the treatment of HF in patients without diabetes

CV benefits of SGLT-2
inhibitors are largely
independent of glucose levels

Mechanistic effects of SGLT-2
inhibitors are seen in patients
with and without diabetes

Diabetes and heart
failure have similar
pathophysiological features

Endothelial Insulin
dysfunction resistance

Diuretic effects

Metabolic effects

Increased
ketone bodies

Increased

Glucosuria
glucagon

Natriuresis

' Hyperinsulinemia

| Hyperleptinemia \
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]
j;):// g

A\ ot
\
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) » | Wall stress
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| Tubulointerstitial
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CENTRAL ILLUSTRATION: Stepwise Approach to Prescription of SGLT2
inhibitors by Cardiologists

)
& o

Candidates for
Initiation

X
Y
.
® ¢

Patients with T2DM with or at High Risk
for CV Disease, Already on Metformin

Below Individualized HbA1c Target:

Switch non-metformin oral theraples (e.g.

sulfonylureas) to a SGLT2i

Above Individualized HbA1c Targetl:
Consider SGLT2i initiation

Vardeny, O. et al. J Am Coll Cardiol HF. 2019;7(2):169-72.

i
A
Selectionof Drug % Pre-nitiation

and Dose ',.-..;’-‘/' Safety Screen
&Y

Drug Type Stable Hemodynamic and
Canaglifiozin, dapaglifiozin, Clinical Status

& empaglifiozin with similar
efficacy profile in reducing

HF events Pre-initiation eGFR must

be above:

« B0 mUmMIn/1.73 m?

aily i dapagliflozin,
{once daily in AM) (
+ Canaglifiozin (100mg) ertugifiozin)
« Dapagliflozin {(5mg) + 45 mUmin/1.73 m?
+  Empaglifiozin (10mg) (Canagmoz!n.
«  Ertugliflozin {Smg) empaglifiozin}

Starting Dose

Metformin+SGLT2i
Combination Theraples
Consider to limit non-
adherence and pill burden

Anticipatory Guidance
Consider diuretic dose
reduction

Patient Counseling

» Genitaliperineal hygiene
+ Orthostatic hypotension
«  Regular foot exams

« Symptoms of DKA

+  Avoid excessive alcohol

Multidisciplinary Care
Close communication with
other providers, including
PCPs and endocrinologists

Long-Term Continuation

Follow-up and Monitoring

» Serial assessment of renal
function, body weights, blood
pressure, and symptoms

Dose uptitration guided by
need for glycemic control

Ensure adherence to SGLT2i,
other therapies, and
therapeutic lifestyle

Multidisciplinary care team
follow-up




Soluble Guanylate Cyclase (sGC) STIMULATOR




THE VICTORIA TRIAL
STUDY RATIONALE AND BACKGROUND



Primary endpoint of CV
death or HF hospitalization

-10% RRR
-4.2% ARR

Driven by reduction in HF
hospitalization

Reduction in CV death did
not reach statistical
significance

VICTORIA

“Another win in HFrEF treatment”
New physiologic target
New target population- worsening HF

Primary Composite Endpoint: CV Death or First HF Hospitalization

Number at Risk:

535
v

Cumulative Incidence Rate

Number at Risk:

anadian VIGOUR Centre
idging Hearts and Minds

Cumulative Incidence Rate

0.55
0.50
045
0.40
0.35
0.30
025
0.20
0.15
0.10
0.05
0.00

HR 0.90 (95% CI 0.82-0.98)
P-value 0.019

Placebo

Absolute event reduction 4.2 / 100 pt-yrs

8 12 18 20

24 28 32

Months Since Randomization

V

Cardiovascular Death

0.55
0.50
e P-value 0.269
040
035
0.30
025
0.20
0.15
0.10
0.05

0.00
0 @ 8

HR 0.93 (95% CI 0.81-1.06)

0.55
0.50
045
040
035
030
025
0.20
0.15
0.10
0.05
0.00

Cumulative Incidence Rate

12 16 20 24 28 32

Months Since Randomization

N ‘mber at Risk:

Y

m Duke Clinical Research Institute

HF Hospitalization

HR 0.90 (95% CI 0.81-1.00)
P-value 0.048

0 4 8 12 16 20 24 28 232
Months Since Randomization

u vuke Llinical Research Institute




VERICIGUAT SUCCESS IN HFrEF MAY NOT APPLY/ TO
SICKEST AFTERALL: VICTORIA POST-HOC ANALYSIS

Modest but significant clinical advantage in the 86% HR (95% CI) for outcomes by baseline NT-proBNP in Victoria
who had baseline NTproBNP levels 8000 pg/ml or

lower Endpoints <4000 pg/ml | >4000 to 8000 | >8000 pg/ml
Further amplified in pts with NTproBNP <4000 pg/m| (n=3100) 4ul (n=672)
(n=1033)

Risk reduction in lowest NTproBNP reached 23%

o e T A Primary 0.77 (0.68- 0.85 (0.76- 1.16 (0.94-
[ ; R A ) . endpoint 0.88) 0.95) 1.41)
reduction]

, N CV death 0.75 (0.6-0.94) 0.84 (0.71- 1.32 (1.01-
“demonstrated the potential upper limit of 0.99) 1.71)
medication benefit in HFrEF population- subgroup ' '
identified the most advanced stage of disease and HF 0.78 (0.67=0.9) 0.84 (0.75- 1.16 (0.94-
probably need for non-pharmacological treatment or  [ReSiElrL1dle]y 0.95) 1.41)

palliative care”

Presented HFA Discoveries Late Breaking Science Session June 19t 2020



Omecamtiv Mecarbil (OM) MOA Novel
Selective Cardiac Myosin Activator

Mechanochemical Cycle of Myosin
Omecamtiv mecarbil increases the entry

> rate of myosin into the tightly bound,
/'/ ADP-P;.\ \ . : .

force-producing state with actin
WEAK “More hands pulling on the rope”

G Increases duration of systole
ATP L\ ADP-Pi

Increases stroke volume

STRONG / "' No increase in myocyte calcium

ATP
! 1-7 !ADP ) No change in dP/dt_ .,

ADP
& Myosin _ Force No increase in MVO,

@mpe Actin  Production

Malik Fl, et al. Science. 2011; 331:1439-1443.



MANAGEMENT OF HFrEF IS BREAKING NEW GRO DS —
/ PARALLEL INDEPENDENT PATHWAYS IN HFr \(;/




IRON DEFICIENCY IN HEART FAILURE

Iron deficiency (ID) is common in patients with and without anemia with HFrEF
* Estimated prevalence of over 50% in ambulatory patients

* Risk factors: female sex, advanced HF, higher levels of NTproBNP and C reactive
protein

Associated with worse symptoms, quality of life and clinical outcomes of patients
with HF across the whole spectrum of LVEF

Definition of ID in heart failure differs from other conditions of chronic inflammation:
* Ferritin <100 ug/L or ferritin of 100-299 ug/L with a transferrin saturation <20%

Tremendous research effort into iron deficiency in HF patients:

* Multiple placebo-controlled randomized clinical trials with IV iron in patients with NYHA
class ll-1ll HF with EF<45% who met criteria for iron deficiency, regardless of whether
anemia was present

* Improved patient-reported outcomes and functional capacity



Cachexia

e

1 Cytokines
(IFN-y, TNFo,
IL-18, IL-6)

v

Chronic
inflammatory state

R

1 Hepcidin 1

4 ferroportin
|
? iron retention in * iron

macrophages and absorption
hepatocytes

4 iron availability in
erythroid progenitors

Functional iron
deficiency

Heart failure
Neurohumoral activation

Renal
changes
4 Renal blood flow
$GFR

{ peritubular 47 Angiotensin Il Fluid

pOz retention

Anorexia
1+ HIF-1a Malabsorption
ACE-1/ARB Bleeding

Erythropmetln
synthesis, response

& @ 4
Ery‘hropmesw in bone marrow
e

e Absolute iron
deficiency

Hemodilution

nemi
Circulation 2018; 138(1):80-98

POTENTIAL MECHANISM INVOLVED IN PATHOGENESIS &
DIAGNOSTIC ALGORITHM OF ANEMIA IN HEART FAILURE

CENTRAL ILLUSTRATION: Diagnostic Algorithm for Treatment of Iron
Deficiency in Patients With HF According to ESC Guidelines and Expert
Consensus Recommendations

Symptomatic HFrEF
NYHA II-111
’ yes

Hemoglobin <15 g/dL*

yes No IV iron

Ferritin <100 pg/L treatment
or
Ferritin 100-299 pg/L
with TSAT <20%

‘/ yes

Consider IV iron
treatment**

* If significant anemia, initiate evaluation
** Re-evaluate iron status after 3-6 months

von Haehling, S. et al. J Am Coll Cardiol HF. 2019;7(1):36-46.




TREATMENT OF IRON DEFICIENCY IN HF GUIDELINES
INTRAVENOUS IRON IS PREFERRED ROUTE

ESC 2016 Guidelines for diagnosis and 2017 ACC/AHA HFSA focused update of 2013
treatment of acute and chronic heart failure ACCF/AHA guideline for management of heart failure

9.2. Anemia: Recommendations

The treatment for other co-morbidities in patients
with heart failure

Recommendations for Anemia

RECOMMENDATIONS COMMENT/RATIONALE

In patients with NYHA class Il and Ill HF and iron NEW: New evidence consistent with therapeutic
deficiency (ferritin <100 ng/mL or 100 to 300 ng/mL benefit.

if transferrin saturation is <20%), intravenous iron

replacement might be reasonable to improve

functional status and QoL (173,174).

. 3
Recommendations

Iron deficiency See Online Data

Supplement D.
Intravenous FCM should be considered in symptomatic patients with "
HFrEF and iron deficiency (serum ferritin <100 pg/L, or ferritin between
100-299 pg/L and transferrin saturation <20%) in order to alleviate HF
symptoms, and improve exercise capacity and quality of life.

In patients with HF and anemia, erythropoietin- NEW: Current recommendation reflects new evidence
stimulating agents should not be used to improve demonstrating absence of therapeutic benefit.
morbidity and mortality (176).

Metformin should be consaarormmn St lina teastmnn 0l g iy caemic
control in patients with diabetes and HF, unless contra-indicated.

See Online Data
Supplement D.

1. IV iron sucrose (max dose 200mg per setting or
2. Ferric carboxymaltose (max dose 1000 mg /week)

EUROPEAN

i i i - - doi: i SOCIETY OF
www.escardio.org/guidelines European Heart Journal (2016) 37, 2129-2200 - doi:10.1093/eurheartj/ehw 128 SOCIETY OF
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Catheter Ablation for Atrial Fibrillation with Heart Failure

A Death or Hospitalization for Worsening Heart Failure

e Ablation
s

Medical therapy

Hazard ratio, 0.62 ('
P=0.007 by Cox regressio
P=0.006 by log-rank test

of Hospital Admission

Months of Follow-up

No. at Risk
Ablation 179 114
Medical therapy 184 111

B Death from Any Cause

Ablation

Medical therapy

Hazard ratio, 0.53 (95% Cl, 0.32-0.86)
P=0.01 by Cox regression
P=0.009 by log-rank test

Months of Follow-up

No. at Risk
Ablation 179 130 94
Medical therapy 184 138 97

C Hospitalization for Worsening Heart Failure

w*\w

Medical therapy

Hazard ratio, 0.56 (95% Cl, 0.37-0.83)
P=0.004 by Cox regression
P=0.004 by log-rank test

from Hospital Admission

24 36
Months of Follow-up

No. at Risk
Ablation 179 114 76
Medical therapy 184 111 70




CATHETER ABLATION OF AF IN PATIENTS WITH HEART FAILURE
TURAGAM ET AL. ANNALS OF INTERNAL MEDICINE 2019; 170(1): 41-50

Decrease in All cause mortality and Improvement in LVEF and

HF hospitalization 6 minute walk test

ation, n No Ablation, n Follow-
Events Total Events Total up, mo

tudy, Year (Reference) RR (95%

Mean Difference
(95% Q1)

Total, o Mean. » SD Total, m Mean, n SD

AMTAF, 2014 (11) 24 6 = 0.32 (0.01-7.28)
acDonald, 2011 (12) 20 82 120 14 59 Ablation vs. rate control 680 (08810 12.72)

ARC-HF, 2013 (9)
AATAC, 2016 (8)
ASTLE-AF, 2018 (14)

26
101
184

12
24
37.8

3.08 (0.14-69.23
0.44 (0.20-0.97)
0.54 (0.34-0.84)

24 109 s
26 81 125
ATAC, 2016 () 102 81 40

54 8.5 Ablation vy, rate conteol

«3.6 9.7 Ablation vs. rate control

6.2 50 Ablation vs. rate/rhythm
contsol

550 (-014 011,04
11.70(5.52 10 17.88)
1.90 (0,65 10 3,15)

AMERA-MRI, 2017 (10) 33 6 ASTLE-AF, 2018 (14) 5 87 19 =1.0 3.1 Ablation vs. rate/rhythm 9.70(8.57 10 10.83)
control
8.9 v28.2 Ablation vs. rate control

0.52 (0.33-0.81)

0102 051020 5.010.0
Favors ablation Favors no ablation

8820 (-15 0 191N
_ 6.95(3.00 10 10.90)

AMERA-MRI, 2077 (10) 33 177 0=

Random-eflects model 256
teterogeneity: I = $4%: ¥ = 121207; P < 0.00

Random-effects model 368
Heterogeneity: 12 = 0%; 12 =0; P = 0.67

-5 0 5 10 15
Favors o0 ablation Favors ablation

Study, Year (Reference) RR (95% CI)

Ablation, n No Ablation, n Follow-

Mean Difference
(95% Q1)

Ablation No Ablatice
Total. @ Mean, n SO Total n Mean, n 5D

tudy, Year (Reference) Compartison RBA

Events Total

Events Total

acDonald et al, 2011 (12) 2 20
AMERA-MRI, 2017 (10) 0 33
ARC-HF, 2014 (9) 3 24
ASTLE-AF, 2018 (14) 37 179

Random-effects model 256
Heterogeneity: 12 = 0%; t2 = 0; P = 0.57

1 18
2 33
3 26
66 184

261

up, mo

6

6 <

12
37.8

1.80 (0.18-18.21
0.20 (0.01-4.01)
1.08 (0.24-4.86)
0.58 (0.41-0.81)

0.60 (0.39-0.93)

MacDonald, 2011 (12) 17 201 765
RC-HF, 2013 (9) 26 210 1037
ATAC, 2006 (8) 102 220 410

ASTLE-AF, 2018 (14) 30 69 267

AMERA-MRI, 2007 (90) 33 550 1145

Random-effects model 228
teterogeneity: 7 = 35%: o = 90.6227: P = 0,19

1%
26
m

L]

33
210

214 774 Ablation vy, rate control

«10.0 652 Ablation vs. rate control

10,0 37.0 Ablation vs. rate/riythen
control

~38.5 31.3 Ablation vs. rate/rhythm

contsol
29.0 1255 Ablation vs. rate control

Low rivk
Low risk
Low rivk
Low risk

Low sk

=1,30 (-54.75 to 5215
31.00(-16.08 10 78.08
1200(1.26 10 22.74)

31,60 (18.86 10 44.349)

26.00 (=31.96 to £3.96,
20.93(5.91 10 35.95)

100




IN 2018, THE WORLD OF FUNCTIONAL MITRAL
REGURGITATION CHANGED WITH THE PRESENTATION
OF 2 TRIALS- MITRA-FR VS COAPT



PERCUTANEOUS MITRAL REPAIR

MitraClip

* Transcatheter mitral valve repair may be
considered for severely symptomatic
patients (NYHA class Il to IV) with chronic
severe primary MR (stage D) who have

favorable anatomy for the repair procedure /\,

and a reasonable life expectancy but who Grivgi D V4
have a prohibitive surgical risk because of [ 4
severe comorbidities and remain severely i'* > \ /
symptomatic despite optimal GDMT for HF . f%w” i ),
(11B) 2 4 -

AHA/ACC Valvular Disease Guidelines 2014




S0 Wl o o . - . $ ® * 614 patients in US and Canada
HooReT * MR 3 or 4+ (EROA > 30, RV vol>45 ml)
Rkl . 0/_C 0O
COAPT - W + LVEF 20%-50% and LVESD <70m
A Randomized Trial of Transcatheter Mitral Valve Ve i . .
Leaflet Approximation in Patients with Heart g Sym ptomatlc after Optlmal H F treatment
Failure and Secondary Mitral Regurgitation a * HF hospitalization within 12 mths and/or
Gregg W. Stone, MD . -
g On behalf of Michael Mack, William Abrah,am, JoAnn Lindenfeld {?:i,;-.ﬂ 238 s BN P >300 pg / ml Or
! and the COAPT Investigators i Rounskable Discussion
Fotins o Setary Mt N I NTprOBNP >1500pg/m|
113 f L & i ’ Randomized 1:1 MitraClip +GDMT vs GDMT alone
wr_ e G & () Ry - i : : P
g -1 "ol W = Stricter exclusion criteria
(] 300
60 ; 7, REp—
:;m:;lxr‘(«n”“““ ©5% ¢, 0.46 0.82) Costvl il :))3 \(?3% . EM =0 :JL&V»;B‘& ;m 0.53 (945 €I, 0.40- 0.70) S " _Viﬁg"ff'("lﬂ E: g
AGI% o : "f”; | _77_7:5,_.:;—':"/ 283 m 153 i
40 S e il ¢ 200 RELATIVE RISK REDUCTION
= IRIELATIVIE IRISK RIEDUCTION t;\.; n‘&? » IN HEART FAILURE
[N MOIRTAILINNE (o) ‘r 150 —| > HOSPITALIZATIONS
nl\l\ ;‘E 1D gy
Pl IDevices growp P O wo 160 in G2 piss
29.1% F & 90
A’)a\) [(I‘; =0
o= - P & NUMBER NEEDED TO TREAT
(1] 3 6 9 12 15 18 2 24 NURMBIEIR NIEIEIDIED TO WRIEA o 3 6 9 12 15 ] 2 24 TO PREVENT ONE HEART
MONITHIS SINEE RANIDOMIZATIORN T PIRIEVIENT ONIE IDIEATTH RAGIRNTIS SIRIE RARNIDERRIZAINGIN FAILURE HOSPITALIZATION

All cause mortality

Hospitalization for Heart Failure

* Additionally, all 10 secondary endpoints met statistical significance N EnglJ Med 2018;379:2307- 2318

In favor of MitraClip with GDMT over GDMT alone.
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ESC Congress -

Munich 2018

-

N percutaneous Repair Wi

Hospices i
\‘ Clvils de

. : * 304 patients in France
" Mi,,ac,f:,aéi:’:" T " * Inclusion:
s s e i  EF 15-40%
: ’ * No LVESD criteria

* RV vol >30ml or EROA >20mm?2 (actual mean EROA was 31)
Jf\ * Minimum of 1 hospitalization for HF within 12 mths
> 8 preceding rndomization
* Primary outcome: all cause mortality + HF hospitalization at 12
months

Table 3. Primary Outcome and Secondary Efficacy Outcomes at 12 Months (Intention-to-Treat Population).

P ri ma ry com pos ite en d pOi nt (99% fO”OW-Up) Intervention Control Hazard Ratio or

152
151

Group Group Odds Ratio
- All-Cause Death Outcome (N=152) (N=152) (95% Cly* P Valuej

- Unplanned rehospitalization for HF Composite primary outcome: death from any 83 (54.6) 78(51.3)  1.16 (0.73-1.84) \_ 0.53
cause or unplanned hospitalization for
heart failure at 12 months — no. (%)

Secondary outcomes:
Death from any cause 37 (24.3 34 (22.4) 1.11 (0.69-1.77
Cardiovascular death 33 (21.7 31 (20.4) 1.09 (0.67-1.78

) (
) (
SRy Unplanned hospitalization for heart failure 74 (48.7) 72 (47.4) 1.13 (0.81-1.56
Mitraclip + Med. treat. ) 78 (51.3) 1.22 (0.89-1.66

Medical treatment )
)

)

Major adverse cardiovascular eventsf 86 (56.6 )

n 7 * Hazard ratios were calculated with the use of stratified Cox proportional-hazards models. The primary outcome was
OR =1.16 (0.73-1.84) calculated with the use of a logistic-regression model and corresponds to an odds ratio. The 95% confidence intervals
P=0.53 were not corrected for multiple testing; therefore, these intervals should not be used to infer definitive treatment effects.
1 7 No P values other than that for the primary outcome are reported because no adjustment was made for multiple testing.
12 # The rates of the components of the composite primary outcome do not total the rates of the composite because pa-
73 tients could have more than one event.
67 § This category is a composite of death, stroke, myocardial infarction, or unplanned hospitalization for heart failure.



WHY ARE THE COAPT RESULTS SO DIFFERENT FROM MITRA-FR?
POSSIBLE REASONS

Severe MR entry criteria

EROA
LVEDV
GDMT at baseline and FU

Acute results : No clip/ >3+ MR
Procedural complications

12 month MitraClip >3+ MR

Severe FMR by EU guidelines:
EROA >20mm? or
RV >30ml/beat

31+10 mm?
135 +35 ml/m?

Receiving HF meds at baseline-

Allowed variable adjustment in

each group during FU per “real
world” practice

9%/ 9%
14.6%
17%

Severe FMR by US guidelines:
EROA >30mm?or
RV >45ml/beat

41+15mm?
101 +34 ml/m?

CEC confirmed pts were failing
maximally tolerated GDMT at
baseline- few major changes

during follow-up

5%/ 5%
8.5%
5%




FUNCTIONAL MR BEFORE AND AFTER COAPT

Before

MR is a risk marker

MR= Color jet area

Hugh LV volume is bad

ACC/AHA IIB indication for
surgery

After
MR is a risk factor
MR= EROA

Hugh LV volume is really
bad

ACC/AHA lIA indication for
MitraClip?

”~ The ‘New’ Heart Team?
Interventional
Cardiologist
Cardiac surgeon v
Imaging
Cardiologist
\ SO Interventional

cardiologist

’ Heart surgeon
Imaging Cardiologist
ﬁ

Advanced Heart
Failure Cardiologist

Advanced HF

Qdiologist

Patient selection, medical treatment and procedural timing
is key for success



Proportionate and Disproportionate ® JJ\( (
Functional Mitral Regurgitation

A New Conceptual Framework That Reconciles the
Results of the MITRA-FR and COAPT Trials

* Novel paradigm/ theory provides a strong

EROA vs LVEDV at LVEF 30%. RF 50% pathophysiological basis for selecting patients for
Disproportionately Severe MR specialized interventions and explains the
apparently discordant findings from randomized
(00 i
@ corer "‘°‘3,Zue‘e“‘“ g='s
* Concept:

* Characterization of MR as proportionate or
disproportionate to LVEDV appears to be critical to
the selection of an optimal treatment for patients
with CHF and systolic dysfunction

* A patient with EROA/LVEDV ratio well below the line
150 200 250 300 of proportionality has non severe MR and would not

LV End-Diastolic Volume (ml) be expected to benefit from any intervention
directed at mitral valve

Non-Severe MR

Grayburn P et al. JACC Img 2018



LEFT VENTRICULAR ASSIST DEVICE (LVAD) |
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CURRENT

TRADITIONAL HF CLINIC ED HOSPITAL
HOME H | ORAL MEDICATION TITRATION ! —} [CC {C?Q )
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! EDUCATION 1 " o
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RE-DESIGNED
NTEGRATED HEART FAILURE TREATMENT CENTER
| ORALMEDICATION !
HOME CARE LOOP o SUDOURN : ACUTE THERAPY ﬂ
ST ey . E- NURSE/PHARMACIST E LT TN ~
L “\., | ! DIRECTEDEDUCATION 1 | F==========-=-- ™y
l—---------------l N | 1 EVALUATION, ACTIVE | ¥}
1 REMOTE 1 INTERVENTION, -
HOME i MONITORING ! REASSESSMENT 1 ED | HOSPITAL

ADVANCED CARE
PLANNING

GENERAL
MEDICAL HOME




CENTRAL ILLUSTRATION: Congestion Assessment in HF Patient Journey

@ Frequency
o
Everest score
Laboratory work-up

HF Patient (kidney, liver, electrolytes) 3 E

NPs . ’ S
/IVC ech No new or Physical activity No new Weight No sign of
Lung echo g — worsening levelis normal swelling, feet check stable chest pain

v o Self-Check Plan

Rise Above Heart Failure for HF Management

Chest X-ray Everest score shortness of for you and legs look Weight:

breath normal for you

/ Lung/IVC echo* 4 Emergency

Weight change
—Q Electrolyte monitoring
Stevenson Classification Estimated plasma volume
NPs point-of-care* \ Echocardiography
o
* If available

@ In-patient e . .y ANy (W %) (b

Pre-hospital

= Dry, hacking Worsening Increased Sudden weight Discomfort or Trouble
’ ' ; 2 cough shortness of swelling gain of more than swelling in Sleeping
breath with of legs, feet 2-3lbs the abdomen

“ “ M activity and ankles in a 24 hour period
(or 5 Ibs in a week)

Cardiologist Nurse Primary Care
¢ fiologist  Nurse phys%ian;

@ Medical Alert - Warning!

g ®® W ® @ W G

Everest 5_c°re [[] Frequent [[] Shortness [[]increased [] sudden [INewor [] Loss of [] Increased
H Ty weig ry, hacking of breath iscomfort weight gain worsening appetite trouble
Chronic “Dry"” ht dry, hacki fb di f ghtg b
NPs cough at rest or swelling of more dizziness, sleeping;

@ . the L f t L
Estimated plasma volume in the lower than 2-3 lbs confusion, cannot lie

. _Ni bod ina24h iod adness o flat
Patient reported dyspnea andedema | Post-Discharge Lung/IVC echo Y st B ekl

Weight change (difference/dry weight) (-j

/ Estimated plasma volume il g oheicin
NPs (difference/dry BNP) point-of-care 1 >
{ Phone/Telemonitoring, embedded WARNING! You need to be evaluated right away. orcall911

clinical decision support

depression

www.RiseAboveHF.org

Girerd, N. et al. J Am Coll Cardiol HF. 2018;6(4):273-85.




DOMAIN MANAGEMENT APPROACH TO HEART FAILURE

CENTRAL ILLUSTRATION: Domain Management Approach to HF in the

Geriatric Patient
Mind and Emotion

« Evaluate stage and etiology of HF

» Consider challenges in

pharmacological treatment, « Evaluate cognition; if
focus on polypharmacy, impaired, evaluate impact
consider deprescribing on self-management skills

 Consider impact of « Screen for depression;

comorbidities: consider treatment
sleep apnea, kidney

disease, diabetes Discuss Goals of Care

» Assess for malnutrition

e Inquire about extent of

» Screen for frailty: slowness, social support at home,
weakness, shrinking, inactivity, consider engaging
exhaustion community-based

» care services
» Evaluate mobility;

consider fall risk « Inquire about financial

resources for prescription
medications

Gorodeski, E.Z. et al. J Am Coll Cardiol. 2018;71(17):1921-36.




HF INTERVENTION DURING EARLY PHYSIOLOGIC CHANGE:
PROACTIVE VS REACTIVE

Hospital

Decompensated H

o - Days
%————" H—I

Proactive Reactive

intervention Avoidance of decompensated HF
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HF MANAGEMENT IN NEW ERA
INTERNET OF THINGS (loT)
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* Models for the outpatient management of acutely
decompensated heart failure have shown that
ambulatory infusion of decompensated HF can reduce
all-cause hospitalization at 30 days *

LTI %

AN
| e

(&

e Successful outpatient management of HF ( ):

e Investment in home-based healthcare services * One tools with immense potential to
continue care —

* 24 hours telephone access for advice L _
* Improve communication with

* Protocol for the management of electrolytes and patients

changes in renal function * Triage need for inpatient care or

acute visits

* Monitor patients while they are in
1. JACC Heart Failure 2016;4:1-8 their communities



CARDIAC CARE CONNECTED TECHNOLOGY PLATFORM

Nuts and Bolts of Connected Cardiac Care

Last Mile Delivery Clinics :
|

Primary Care Facility - Diagnosis

Cloud Services

P
N | ) | “Datatinc on

Data Analytics’ Data Analytics Secure Coud

Patient

Tertiary Care Facility : Rfi;k 5
rofile

* Echo Cardiogram T
Specialist
* Angiogram I.ntervent g;énioln
ion Plan

» Angioplasty




Telemonitoring for Heart Failure:
Decision Support

* For patients for health maintenance (majority)
* Daily to maintain health envelope
* Diet
* Medications (principally diuretics)
* For Health Professionals for Alerts
* “Traffic Lights” of risk status
* |dentify, prevent and manage crisis
e Schedule tests
* Alter care plan targets

Alert
Threshold




ARTIFICIAL INTELLIGENCE:
THE FUTURE OF CARDIOLOGY

CENTRAL ILLUSTRATION: Role of Artificial Intelligence in Cardiovascular
Medicine

Johnson, K.W. et al. J Am Coll Cardiol. 2018;71(23):2668-79.

* “the theory and development of computer systems

able to perform tasks normally requiring human
intelligence”

* For example: automated predictions of

cardiovascular disease risk score and HF diagnosis

* Automated method to interpret ECHO

Ground
Truth

Circulation 2018:138:1623-1635



entricular assist devices
Percutaneously ventricular assist devices |  MODULATE

Extra-aortic balloon counter pulsation Autonomic nervous system

modulation systems

Total artificial heart Parachute device

f
Precardiac Bipotential myogenic Myocardial Immature Chamber-specific I n ‘ a (C.l ex Cl usion
S i St e e : D Injections of biopolymer gel

° REPROGRAM
alcium sensitizers, r Modulation qf genetic or :
optimizing mitochondrial ; post-translational messaging

Intertitium: N ) \
New MRAs ~ REPAIR
Modulators of collagen BN 4 J Cell Rx

ynthesis/degradation Patches and delivery systems

Circulation 2016;133:2671-2686

RNA Exosome

9e
eration cell thera®



CONCLUSIONS

Residual risk remains in heart failure due to inadequate GDMT
implementation

Targeting alternate parallel pathways may be associated with
improved outcomes and modulation (eg SGLT2 inhibition, sGC-
cGMP, cardiac myosin activation)

Non pharmacological treatments play increasing important roles

Physician and patient education, GDMT implementation and
targeting all pathways and remote monitoring are important heart

failure care.



5 IMAGINATIVE PREDICTIONS FOR TREATMENT OF HEART

FAILURE IN 2028 BY DR MILTON PACKER
EUROPEAN HEART JOURNAL 2018;39 (1): 5-7

1. Heart failure with a preserved ejection fraction will be broken into distinct phenotypes. The most
common phenotype — that associated with obesity- will be treated as a neurohormonal disorder

2. The next wave of new pharmacological agents for heart failure with a reduced ejection fraction will focus
on drugs that induce the cellular housekeeping process of autophagy

3. Unless major changes take place in the pricing or uptake of new pharmaceuticals, drug development for
heat failure will cease. The risks and expense of new drug development for these patients will exceed the
likelihood of a meaningful return on investment.

4.Most patients with chronic heart failure will be managed by specialist practitioners who will not be
cardiologists and may not be physicians

5. Cell- and gene-based treatments will fail, but because of advances in mechanical devices that provide
effective circulatory support, no one with adequate financial resources will die of heart failure involuntarily

Milton Packer MD
Corresponding Author
Baylor Heart and Vascular Institute

Baylor University Medical Center
621 N. Hall Street, Dallas, TX 75226
Email: milton.packer@baylorhealth.edu
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