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Learning Objectives

* Discuss clinical diagnosis and taxonomy of HF
* Outline approach to diagnosis and evaluation of heart failure

* Apply evidenced-based therapy for heart failure and reduced
EF, incorporating recent guideline updates

* Review updates in management of HFpEF



What is ‘Heart Failure’?

Clinical syndrome characterized by abnormalities of left ventricular
function and neurohormonal regulation, accompanied
by effort intolerance, fluid retention, and reduced longevity
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Classification of HF by LVEF

‘Reduced’ LVEF | ‘Preserved’ LVEF

LVEF (%) --— | | | | | | | | -
25 30 35 40 45 50 55 60 65 7O 75
| |

‘HFrEF’ | ‘HFmrEF’ | ‘HFpEF’
l <=40%  41-49%  >=50% l

Lam CS and Solomon SD, J Am Coll Cardiol 2021 77: 3217-25
Bozkurt B, Eur J Heart Fail 2021: 23: 352-80




Pathology of HF by EF

HF-Reduced EF normal
Eccentric Remodeling Concentric Remodeling
< Wall Thickness T Wall Thickness
T Volume © Volume
T Volume / Mass { Volume / Mass

Little W, Konstam M. J Card Fail 9:1-3, 2003
Aurigemma, Zile, Gaasch Circulation 2006; 113; 296-304



Distribution of HF by EF in Hospital

Patients (n)
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HF-PEF vs. HFrEF
 Older

* Higher BMI

* More Women

* More HTN

* More CKD

* Less CAD

HFmrEF resembles
HFrEF

Fonarow G, et al. JACC 2007; 50:768-77



Prevalence of HFpEF is increasing

Patients hospitalized with heart failure (“Get With The Guidelines”)
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Causes of Heart Failure with Reduced EF

HTN
Valvular 11%

12%

Dilated CMP

Ischemic
Heart
Disease
40%

1%

Y W M INT

50%

Y

/

}

Chemotherapy (adriamycin)
Connective Tissue Disorder

HIV

Infiltrative

Peripartum

Toxins (ETOH, Cocaine)

Myocarditis

‘Idiopathic’

Other:

e Tachycardia

e Congenital HD

e Stress-related

e Chagas’ Disease

Baldasseroni, Am Heart J 2002; 143: 398
Felker. New Enal J Med 2000: 342:1077



Causes of Heart Failure with Reduced EF

HTN
Valvular 11%

12%

gyl

Chemotherapy (adriamycin)
Connective Tissue Disorder

HIV

Infiltrative

Peripartum

Toxins (ETOH, Cocaine)

Up to 40% of those with an ‘idiopathic’
cardiomyopathy have inherited it

Disease
40%

}

‘Idiopathic’

Other:

e Tachycardia

e Congenital HD

e Stress-related

e Chagas’ Disease

Baldasseroni, Am Heart J 2002; 143: 398

Felker. New Enal J Med 2000: 342:1077



Workup of New HF Diagnosis

Always

e History (including FHx)
* Physical Exam

 EKG
* Echocardiography
 Labs

— Dx: TSH, SPEP/UPEP, ferritin, tox
screen, troponin

— Px: Na, Cr, BNP/NTproBNP
* Functional Capacity Assessment
* CAD assessment

Sometimes

Cardiac Catheterization/Angiography

Advanced Cardiac Imaging
— Cardiac CT(A): CAD, LV thrombus
— MRI : Myocarditis, infiltrative disease

— Nuclear:

Myocardial perfusion (SPECT/PET): CAD
FDG-PET: Inflammation (sarcoidosis)
* Tc-99m PYP : ATTR Amyloidosis

Genetic testing
Endomyocardial biopsy



Natriuretic Peptides (BNP/NTproBNP)
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Natriuretic Peptides (BNP/NTproBNP)

E o BNP =100 pg/mL: i
§E o Positive Predictive Value 79%
2" o Negative Predictive Value 89% I
c NT-pro BNP 2 900 pg/mL.: l
Positive Predictive Value 77% b ovezre
Negative Predictive Value 92%

Maisel AS, et al. NEJM 2002;347:161
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Functional capacity is the key determinant of prognosis in HF
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Goals of HF Treatment

* Relieve Symptoms

* Slow Disease Progression

* Prevent Sudden Death

)
)

Decongestion

Disease Management
Pharmacologic Therapy
Revascularization
Management of Valve Dz
Management of AF
CRT/LV pacing

ICD implantation
Management of VT



Diuretics for Heart Failure

Examples

Maximum Effect (%
of filtered Na load)

Site of action in
nephron

Proximal Tubule Acetazolamide 3-5% Proximal Tubule

Diuretics SGLT2i

Loop Diuretics Furosemide, 20-25% Thick ascending
Bumetanide, limb of Loop of
Torsemide Henle

Thiazide Diuretics HCTZ, metolazone 5-8% Early distal tubule

Potassium-Sparing | Spironolactone, 2-3% Late Distal tubule

Diuretics

amiloride

and collecting duct



Loop Diuretic Pharmacodynamics

ceiling Normal * Use an adequate initial dose
* Avoid overdosing
HF
Srr—— * More frequent administration

of effective doses

« Combination diuretic
therapy for diuretic resistance

Sodium Excretion Rate

threshold

Loop diuretic tubular concentration
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BRIGHAM HEALTH

Dosing of ACE/ARB in HFrEF: More is Better OMBN'S HOSPITAL

ATLAS HEAAL

60— -

HR 0.88 (0.82-0.6) P=0.002 |- HR 0.90 (0.82-0.99), p=0.027

50—

Lisinopril 32.5-35.0mg

PERCENT SURVIVAL
Patients with first event (%)
W
T

, | Lisinopril 2.5-5.0mg

T T | T | T | T | T | T |
o L] 12 113 24 30 36 42 EL 54

TIME TO DEATH/HOSPITALIZATION {MOMNTHS) Years

Time to Death or Hospitalization Time to Death or HF Hospitalization

Favors High Dose Favors High Dose

Titrate as Tolerated to Doses Achieved in Clinical Trials

Packer M, et al. Circulation 1999; 100: 2312-18
Konstam M, et al. Lancet 2009; 374: 1840-48



Reduction in CV Death or HFH with MRA in HFrEF

BRIGHAM HEALTH

BRIGHAM AND
WOMEN’S HOSPITAL
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Probability of Survival (K-M)
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0.10 A1

0.00

RALES (NYHA 11I/1V)

Spironolactone

Placebo

Reduction in risk of death

0 3

No. at risk

Placebo 841 775
Spironolactone822 766

6 9 12 15 18 21 24 27 30 33 36
Months

723 678 628 592 565 483 379 280 179 92 36
739 698 669 639 608 526 419 316 193 122 43

Caution with risk of hyperkalemia, particularly in
patients at high risk (DM, age, CKD)

EMPHASIS-HF (NYHA II)
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Cumulative Incidence (K-M %)
)
]

Death from CV causes or HHF
rimary composite endpoint)

HR, 0.63
95% ClI, 0.54-0.74
p<0.001

Placebo

Eplerenone

o

No. at risk

Placebo 1373
Eplerenone 1364

1 2 3

Years Since Randomization
848 512 199
925 562 232

Zannad F et al. N Engl ) Med. 2011;364:11-21. 1. Pitt B et al. N Engl ) Med. 1999;341:709-717; 2. Vardeny O, et al. Circ Heart Fail 2014;7:573-579.



BRIGHAM HEALTH

Beta-Blocker Reduce Mortality in HFrEF & Je

WOMEN'S HOSPITAL

MERIT-HF CIBIS-II US Carvedilol Trial
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Days of Therapy

MERIT-HF Study Group. Lancet 1999; CIBIS-II
Investigators. Lancet 1999; Packer, NEJM 1996



Dose Dependent Effects of Carvedilol on cricham et

Remodeling and Mortality (MOCHA)

BRIGHAM AND
WOMEN'S HOSPITAL

A LVEF (EF units)

¥.N

oh (23] =] ¥4
i [ i i

=
| I— — — |

Placebo

* p<.005 vs. placebo
** p<.0001 vs. placebo

6.25 mg bid

12.5 mg bid

25 mg bid

Carvedilol

Six-month mortality (%)

16% -
14% -
12% -
10% -
8% -
6% -
4% -
2% A

* p<.05 vs. placebo
** p<.001 vs. placebo
# p=.07 vs. placebo

Placebo 12.5mg bid 25 mg bid

Carvedilol

'6.25 mg bid

Bristow MR. Circulation 1999



ARNI for Chronic HFrEF;: PARADIGM-HF
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Patients at Risk

LCZ696
Enalapril

3271

24 1

16 T

Primary Endpoint: CV Death or HF Hospitalization

T 8399 subjects with symptomatic (NYHA 2-3) HF and LVEF<=40%
. 1117
Enalapril
(n=4212) 914
Sacubitril/Valsartan
(n=4187)
HR = 0.80 (0.73-0.87)
P =0.0000004
Number needed to treat = 21
0 180 360 540 720 900 1080 1260
Days After Randomization
4187 3922 3663 3018 2257 1544 896 249
4212 3883 3579 2922 2123 1488 853 236

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

Secondary Outcomes

m Enalapril mLCZ696

J16%

19.8%

120%

120%
Magnitude of treatment
benefit consistent in patients
with and without ICD

J20%
7.4%

J21%

4.4%

3.5%

HF Sudden death

hospitalization

HF death

Overall
mortality

Cardiovascular

death
331/1546 deaths 561/1546 deaths

(21.4%) (36.3%)

McMurray JJV, et al. N Engl J Med 2014



CV Benefits of SGLT2i in HFrEF

CV death/HFH/Urgent HF visit
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’Comprehensive’ Medical Therapy for HFrEF

Improves Longevity

Treatment All-Cause Mortality HR  (95%CI)
ARMI + BB + MRA + 5GLT2 — 0.39 {0.31-0.49)

ARMI + BB + MRA + Veridguat —— 0.41 (0.32-0.53)

ARNI + BB + MRA + Omacamtiv — 0.44 (0.36-0.55)
ACEl + BE + Dig + H-150M —_— 046 (0.25-0.61)

ACEl + BB + MRA + IVA —_— 048 (0.329-0.58)
ACEl + BB + MRA + Vericiguat —_— 049 (0.29-0.62)
ACEl + BE + MRA + Omecamtiv —— 0.52 (0.43-0.63)
ARMI + ARE + BB + Dig —— 0.65 (0.55-0.76)
ARMI + BB + MRA —— 044 (0.37-0.54)
ACEl + BB + MRA —— 0.52 (0.44-0.61)

ACEl + MRA + Dig —— 0.66 (0.56-0.78)
ACEIl + BB + Dig —— 0.68 (0.59-0.78)
ARB + BB + Dig —f=— 0.73 (0.64-0.83)
ACEl + ARB + Dig —— 0.83 (0.72-0.96)
Dig + H-ISDN —— 0.67 (0.53-0.86)
ARNI + BB —F— 0.58 (0.50-0.68)
ACEl + BB —= 0.69 (0.61-0.77)

ARB + BE g . 0.74 (0.66-0.82)
ACEI + Dig — 0.87 (0.78-0.98)
ARB + Dig = 0.94 (0.84-1.05)
EB = 0.78 (0.72-0.84)
ACEI = 0.89 (0.82-0.96)
ARE 095 (0.BB-1.07)

Dig = 0.99 (0.91-1.07)

PLEBO 1.00

0.25 0.5 1 2

Overall survival (%)

Treatment
—— Comprehensive therapy
100 —— Conventional therapy
Projected mean overall survival
80— Comprehensive therapy 17-7 years (14.9-20.5)
Conventional therapy _11-4vears(92-135)
Difference (95% Cl) 6-3 years (3-4-9-1)
60
ﬁ 17.7 years
40 i
20+
EE
> Yo
0 | | | | | | |
55 60 65 /0 /5 30 85 90

Typical 55 year-old

(ACE/ARB + Beta-Blocker vs. ARNI/MRA/SGLT2i/Beta-Blocker

Tromp J, et al. ) Am Coll Cardiol 2022
Vaduganathan M, et al. Lancet 2020



ESC GUIDELINES
@ E SC European Heart Journal (2021) 00, 1128

European Society dei10.1093/eurheartj/ehab368
of Cardiology

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

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

CLINICAL PRACTICE GUIDELINE: FULL TEXT

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

A Report of the American College of Cardiology) American Heart Association
Joint Committes on Clinical Practice Guidelines

Foundational therapy with 4

‘Pillars’ targeting 5 mechanisms

Management of HFrEF

To reduce mortalitv - for all patients

To reduce HF hospitalization/mortality - for selected patients J

Volume overload

J

SR with LBBB 130—149 ms or non LBBB= 150 ms

) CRT-P/D )

SR with LBBB = 150 ms

Ischaemic aetiology Non-ischaemic aetiology

) ICD )
Atrial fibrillation Atrial fibrillation Coronary artery disease Iron deficiency
y Digoxin ) PVI ) CABG ) Ferric carboxymaltose )
Aortic stenosis Mitral regurgitation ~ Heart rate SR>70 bpm Black Race ACE-I/ARNI intolerance
® _TEEMV Repair ) Ilvabradine )  Hydralazine/ISDN RB

McDonagh, et al. Eur Heart J 2021
Heidenreich, et al. ] Am Coll Cardiol 2022




Predischarge Initiation of Medical
Therapy Improves Outcomes in HFrEF

<
‘*\%PIDNEEHHF

ARNI

154 CV Death or Hospitalization for HF

HR: 0.58 (95% Cl, 0.39 to 0.87)
P=0.007

Enalapril
10

Percent of Patients
with CVD/HHF

Sacubitril/Valsartan

0 1 2 3 4 5 6 7 8
Weeks from Randomization

B EMPULSE

SGLT2i
53,9% —a—
Clinical benefit* 39,7%
6,4%
|
7.2%
Time to death ',0% Stratiﬁed
HFE™ frequency .;og-a% win ratio: 1.36
o2 (95% CI: 1.09, 1.68)
Time to HFE™ | 0,6% p=0.0054
35,9%
Ties, f th .
il B  Death
Empagliflozin: 4.2%
[l emoagifiozinwinner ] Piacebo winner [ Ties Placebo: 8 3%
HF event:

Empagliflozin 10.6%
Placebo 14.7%

Velazquez E, et al. N Engl ) Med 2019;380:539-548
Morrow DA...Desai AS, et al. Circulation 2019;139:2285-2288



Trajectory of eGFR change after dapagliflozin

30+
T ' | e pacebo Month 0-36 (mL/min/1.73 mZ per year) Dipper/placebo
E Dapagliflozin Placebo -1.5 (-1.8 tu:r—ll.2] Pery R 257 | = —— Nond?pper}p[acebo
S ol Dapa-1.0 (-1.3 to -0.8) g Nondipper/dapa -
= Difference +0.5 (+0.1 to +0.9) g 201 Dipper/dapa o
E © oot
E £ 15 -2
@ -2.5- %
o m
J: — _T S 10-
E -5.0- = S ..
= Month 0-1 (mL/min/1.73 m? per month)
= Placebo -0.4 (-0.8 to 0) _
@ | Dapa-3.7(-4.0t0-3.3) Month 1-36 (mL/min/1.73 m? per year) 0+ : , ,
£ 737 Difference-3.3(-3.8t0-2.7)  Placebo -1.4 (-1.7 to -1.1) 0 1 2 3
% Dapa 0 (-0.2 to +0.3) Time since 1-mo visit, y
= Difference +1.4 (+1.0 to +1.8) No. at risk
o =10 T T T T Dipper/placebo 720 616 397 42
01 4 12 24 36 Nondipper/placebo 2140 1884 1261 156
Time, mo Nondipper/dapa 1739 1563 1006 107
Dipper/dapa 1135 1020 695 93

Expect ~10% ’dip’ in eGFR in first month after

initiation of dapagliflozin McCausland F, et al. JAMA Cardiol Jan 2023
McCausland F, et al. JAMA Cardiol Nov 2023




Patients (%)

Impact of Rapid Optimization of HF
Therapies in Hospitalized HFrEF Patients

Utilization of GDMT 180-Day HF Readmission or All-Cause Death
100 —
. —~ Usual Care
100 - Half to full optimal dose 2 High Intensity Care
90 4 ‘_;’ 95
80 High-intensity care %
n 90 —
70 1 M Half to full optimal dose 8
604 M > full optimal dose .,.’F
€ 85
0 2
)
40 Usual care % 80
30 4 Half to full optimal dose >
M > full optimal dose '.—f
201 9 75 — . .
8 180-day risk difference 8.1%
10 C?. (95% CI 2.9 to 13.2; p=0.0021)
0- 70 —
Prerand D90 D180 Prerand D90 D180 Prerand D90 D180 ' ' ' J ' ' ! ' ! ' ! ! !
. 0 15 30 45 60 75 90 105 120 135 150 165 180
ACEi/ARBs/ARNI BB MRA
Time since randomisation (days)

Greater use of GDMT at 90 and 100 days in

high intensity care arm Lower rates of readmission and death at

180 days
Implication: Initiate 4-drug HF therapy before
hOSpitaI diSCharge Mebazaa A, et al. Lancet 2022




HF Management: Beyond Drugs

* Lifestyle Modification

— Dietary sodium restriction, moderation/abstinence from ETOH, exercise, weight reduction
 Comorbidity Management

— Diabetes, Hypertension, CKD, Sleep Apnea, COPD

— Vaccination (influenza, COVID-19)
* Prevention of Thromboembolism

— Anticoagulation for AF or other high-risk features
* Rhythm Management

— Management of Atrial Fibrillation/Ventricular Tachycardia

— Sudden Death Prevention with ICD (EF<=35%)

— Cardiac Resynchronization/Biventricular Pacing (EF<=35% with LBBB and QRSd>150ms)
* Longitudinal Surveillance

— Nurse-led Disease Management

— Hemodynamic monitoring



Anticoagulation for HFrEF (in SR)

WARCEF COMMANDER-HF
(Coumadin vs. Aspirin) (rivaroxaban 2.5 bid vs. Placebo)
40- ,
g aspirin o ™
o =z 90
= 30 . (@)
- warfarin = 50-
(7,) wfd
— (7)] 704
L &
Q o O &0 Rivaroxaban
I ; 50
g E s = :F
.f 10- = 30
+ T . Placebo
Q )
Q 10
Q 0 T T T T T 1 0 ~~f“°‘/:,/ r T : : T T T T T . T T T T T T
0 1 2 3 4 5 6 0 90 180 270 360 450 540 630 720 &10 900 990 1080 1170 1260 1350 1440 1530

Years Days since Randomization

...but should anticoagulate those at high risk
HommasS, et al. N Engl J Med 2012

Zannaf F, et al. N Engl ) Med 2018

(AF, prior TIA/stroke, LV thrombus)



Implantable Electronic Devices for HF

CRT(D)
‘Bi-Ventricular Pacing’

* Prior Sustained VT/Cardiac Arrest  Symptomatic HF despite optimal Medical Rx
* Unexplained Syncope  EF<=35%, LBBB, QRS > 150 ms
* Symptomatic HF with EF<=35%



ICD (N) | No ICD (N) Weight  HR[95% ClI]

o :
QEJ CAT 2002 50 | 54 .-—.__-4 5.59% 0.80[0.39,1.64] ICDS Reduce Mortality in
¢ AMIOVIRT 2003 52 | 51 : 2.78% 0.87[0.32,2.42]
'C  DEFINITE 2004 229 | 229  —a— 11.95% 0.65[0.40,1.06 H F r E F
o
£ COMPANION 2004 270 | 285 +—a—i’ 12.28% 0.55[0.34,0.89]
3 SCD-HeFT 2005 398 | 394 .—-—. 24.91% 0.73[0.52,1.02]
é DANISH 2016 556 | 560 -—l—-« 42.49% 0.87[0.68,1.12] Indications

Summary, random effects (p=0.001) - 100.00% 0.76[0.64,0.90]

— T o e Secondary Prevention
025 050 1.00 2.00 4.00 ,l, 24% . . .
ICD better Hazard ratio ICD worse ° Prl O r Ca rd Ia C ArreSt/S USta I n ed VT

; ICD (N) | No ICD (N) Weight HR [95% CI] ° Unexplalned Syn CO pe
% MADIT | 1996 95 | 101 —=— 12.85% 0.46[0.26,0.82]
8 MADIT 1l 2002 742 | 490 —— 27.83% 0.69[0.51,0.93] ° Prl ma ry Preve ntlon
.g COMPANION 2004 325 | 331 .—.—4 26.28% 1.01[0.74,1.40] ¢ EFS40%, CAD, NSVT, |nd UCible VT
.§ SCD-HeFT 2005 431 | 452 —— 33.04% 0.79[0.62,1.00] e EFL 30%’ CAD >40d pOSt—M | or

90d post revasc, NYHA I-llI

Summary, random effects (p=0.02) r— 100.00% 0.76[0.60,0.96] P EF < 35% No CAD NYHA II_III
— | 24%

025 050 1.00 2.00

ICD better Hazard ratio ICD worse

AMERICAN
COLLEGE of
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Shun-Shin MJ, et al. Eur Heart J 2017; Heidenreich, et al. Circulation 2022 /(ST




Transvenous ICDs

PROS
* Pacing for Bradycardia
* ATP to reduce shocks

* Enhanced
atrial /ventricular

diagnostics

CONS

Infection

Lead Fracture

Tricuspid Regurgitation

Venous Obstruction

72\ AMERICAN
1\’) COLLEGE of
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Extravascular ICD Alternatives

v' Low risk of systemic infection
v' Preserves venous access
v" Avoids risks of lead extraction ﬁ

v' Comparable Efficacy

-

Y

s

& SR
Y I

E _/.’
d
|
)
|
1
i/

S-ICD EV-ICD
(lead over ribs/sternum) (lead under sternum)
v No pacing, no ATP v" Post shock pacing
v No advanced diagnostics v" Asystole pacing

v' Large pulse generator

v" Antitachycardia pacing

72\ AMERICAN

£3 ) COLLEGE of
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Wearable ICD

VEST Trial
‘/ FOI‘ use durlng TempOI‘CI ry lgg' 7 Hazard ratio, 0.66 (95% Cl, 0.37-1.21)
N 54 P=0.18
periods of elevated risk @ £l -

. o ;:‘E 60— ol Control group

for SCD during which = 0 Y < e
Y— g 40- 19 e Device group
patients may not be - PO % s e k%

° ° 10

eligible for ICD (e.g. ——

Days since Randomization

post-Ml)

Upper Adhesive
Electrode Patch

v' Newer generation

Lower Adhesive Electrode
Patch and Battery Unit

devices are water

P-WCD

resistant and more

Cable
Control Buttons
comfortable ar

Monitoring &
Defibrillation Unit

Connection

722\ AMERICAN
COLLEGE of
CARDIOLOGY.

J Am Coll Cardiol 2024 A

W3

Olgin J, et al. N Eng J Med 2018; Hummel J, et al.



Cardiac Resynchronization Therapy for HF

CARE-HF (NYHA 111-1V)

100

~
w
| e |
.
/

‘.\ . H;
S

»\ "

\\,

3

L
o

Hospitalization for a Major
Cardiovascular Event

Percentage of Patients Free of Death
from Any Cause or Unplanned
th
| B

1 P<0.001

- Cardiac resynchronization

Medical therapy

1 1]
1000
Days

1500

Probability of Survival

Free of Heart Failure

MADIT-CRT (NYHA I-Il)

1 HR 0.66 (0.52-0.84) ICD only

0 1 2 3 4

Years since Randomization

v Improvement in LVEF, reduction in LVDD, and reduction in functional MR

v Improvement in HF hospitalizations + Survival
v' Greatest benefit in EF<=35%, LBBB, QRSd>150 ms

Cleland J, et al. N Engl J Med 2005; Moss AJ, et al. N Eng J Med 2009

1/3 are non-responders
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Conduction System Pacing for HF

I-CLAS (N=1778, observational)

Left Bundle Branch Area
Pacing (LBBAP)

0.5+
=== |BBAP

==BVP
0.4-

28.0%

0.3+

0.2-

0.1

v High Procedural Success - peopot o ea

v’ Shorter paced QRS 0 % 2 3 !

Death or Heart Failure Hospitalization (HFH)

Ul

Time to Death or HFH
v’ Avoids additional lead
v’ 2 Lower rates of HF Hospitalization than CRT
2N AMERICAN
Vijayaraman P, et al. ] Am Coll Cardiol 2023 s R COLLEGE of |




Classification of HF by LVEF

‘Reduced’ LVEF : ‘Preserved’ LVEF

LVEF (%) < ————+—+—+—+—+—+—

25 30 35 40 45 50 55 60 65 70 /5
| |

‘HFrEF’ | ‘HFmrEF’ | ‘HFpEF’

<=40% 41-49% >=50%

I
I
I
Robust, Evidence-Based : Limited Treatment
Therapy | Options
I

Lam CS and Solomon SD, J Am Coll Cardiol 2021 77: 3217-25
Bozkurt B, Eur J Heart Fail 2021: 23: 352-80



HFpEF: A Heterogeneous Syndrome

. o *
: myI0|d5|s 1.3% of HFpEF » Constrictive Pericarditis
* Hemochromatosis : : » Constrictive-Effusive Disease
* Endomyocardial Fibrosis Pericardial * Post-Pericardiotomy Syndrome
* Radiation-Induced

 Chemotherapy-induced Disease

Restrictive

CMP :
HF Signs and Symptoms - PAH

Normal LVEF « ARVC

* Sarcoidosis
) * Fabry °* TR
Hypertrophic * LAMP2
* PRKAG2

CMP

Storage Disease

*Gonzalez-Lopez, E. Eur Heart J. 2015; 36:2585



Cumulative Incidence of

RAAS Antagonists in HFpEF

% CHARM-Preserved 50 — PEP-CHF Treatment Group

304 e Perindopril
i Placebo 366 (24.3%) 40 — —— Placebo
25 “- 333 (22.0%) _ R
et Proportion 30 — z
204 T having
15 - - Candesartan an event (%) 20 -
10 10 — HR 0.92; 95% CI1 0.70 to 1.21;
5 HR 0.89 (95% CI 0.77-1.03), P=0.118 P=0.545
Adjusted HR 0.86, P=0.051 01— ' ; —
o ' ; ' ' ; ' 0 1 2 3 Time (years)
0 1 2 3 3.5 years
I-PRESERVE ] TOPCAT 351/1723 (20.4%)
40 1 Placebo

HR (95% CI) = 0.95 (0.86-1.05)

Placebo

Log-rank p=0.35

320/1722 (18.6%)

S 30 % S
2 EE1 .
s o Spironolactone
I i S
> 5
E 10 (Mean follow-up 49.5 months) = HR = 0.89 (0.77 - 1.04), p=0.138
o S |
< (I) 1I2 2I4 3I6 4I8 GIO 7I2
Months

0 6 12 18 24 30 36 42 48 54 60 Spiro 1722 1502 1168 870 614 330 53
Placebo 1723 1462 1145 834 581 331 53



Steroidal MRA for HF and EF>=45% 1 @PL Al

Funded by the NHLBI

Primary Endpoint by Region Treatment Effect by EF
Primary outcome
o Placebo: 0
S 280/881 (31.8%) ol
US, Canada, Argentina, Brazil Spiro: o N %
g - HR=0.82 (0.69-0.98) 242/886(27.3%) Jw@w | &
So” | 2
Sl ;:-; e E
§ £3 g
F o ‘(6 c 2
o _ . 03 g
Interaction p=0.122 Spiro: (= 2
o o ammmm et T T 78/836 (9.3%) (= g 4 %
S e eamme =TT Placebo: 2
o T . . w
Russia, Rep Georgia 71/842 (8.4%) 410 510 BIO 7r0 810
= HR=1.10 (0.79-1.51)
° 0 12 24 36 48 60 72 Ejection fraction (%)

Months

Treatment effect apparent predominantly in EF<55%

Pfeffer MA, et al. Circulation 2015
Solomon SD, et al. Eur Heart J 2015



Mean cumulative events per 100 patients

ARNI in HFmrEF/HFpEF

PARAGON-HF Primary Results

Total HF hospitalizations and CV death

Valsartan (n = 2389)
1009 events, 14.6 per 100 pt-years

Sacubitril/valsartan (n = 2407)
894 events, 12.8 per 100 pt-years

Rate ratio 0.87 (95% Cl 0.75, 1.01)
p = 0.059

[ N \ {
1 2 3 4
Years

% PARAGONHF

PARADIGM-HF/PARAGON-HF Pooled

—_
~
|

—_
\*]
1

—
|

Rate Ratio (Sacubitril/Valsartan vs RAS)
o
1

o

T T T T T T T T
15 20 25 30 35 40 45 50 55 60 65 70 75
Ejection Fraction (%)

Treatment effect apparent predominantly in EF<57%

Solomon SD, et al. N Engl J Med 2019; Solomon SD, Circulation 2020



SGLT2i for HF with LVEF>40%

Cardiovascular Death or First Hospitalization for HF HR (95% CI)

DELIVER —— 0.80 ( 0.71, 0.91)
| [ J
Overall i HR 0.80; 95% Cl 0.73-0.87 reduction
<P P<0.001
[ I I ]
0.50 0.75 1.00 1.25
Cardiovascular Death (excluding Unknown Death) HR (95% Cl) Hospitalization for HF HR (95% Cl)
DELIVER + 0.88 (0.74, 1.05) DELIVER — — 0.77 ( 0.67, 0.89)
EMPEROR-Preserved —@—  088(0.73, 1.07) EMPEROR-Preserved —= 0.71 ( 0.60, 0.84)
vera ‘ P=0.052 Overall PN g 7L
0.|50 0.|75 1.|00 1.|25 o_lso o_|75 1.ioo 1.|25

AMERICAN
&} )) COLLEGE of
J CARDIOLOGY.

Lancet2022 . 4SS

Vaduganathan M, et al



Effect of SGLT2i in HFpEF by EF

LVEF range

DELIVER (n=2116) e . 0.84 (0.69, 1.02)

LVEF <50% EMPEROR-Preserved (n=1983) — 0.71 (0.57, 0.88)
Overall —— 0.78 (0.67, 0.90); P<0.001
DELIVER (n=2256) — e ! 0.79 (0.64, 0.98)

LVEF 50-59% EMPEROR-Preserved (n=2058) — o = 0.80 (0.64, 0.99)
Overall —— 0.79 (0.68, 0.93); P=0.003
DELIVER (n=1891) —_— = 0.76 (0.60, 0.96)

LVEF 260% EMPEROR-Preserved (n=1947) : 5 : 0.87 (0.69, 1.10)
Overall —— 0.81 (0.69, 0.96); P=0.01

[]jE ﬂ.l'.-‘E 1 1.1?5

Favors SGI.TI-inhihitnr Favors pI;:ehn Phntnrngnneiw=ﬂ-42
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Vaduganathan M, et al. Lancet2022 (S




Updated Guidelines for HFmrEF/HFpEF

Management of patients with HFmrEF
+ + I * +
HFmrEF et e Dapaght ozin/ ACEVARNI/ARB MRA Beta-blocker
( EF 41-49 % ) (Class I} E"{"’CJ’EEE' ) (Class llb) (Class Iib) (Class llb)
@ EESCSOC s 3720, ESC GUIDELINES Trea'l' as H F Y E F
— @Esc—
2023 Focused Update of the 2021 ESC i N
Guidelines for the diagnosis and treatment
of acute and chronic heart failure Management of patients with HFpEF
I
‘ I :
Diuretics for Dapagliflozin/ Treatment for aeticlogy.
HFpEF fluid retention Empaglifiozin CV and non-CV comorbodities
(Class 1) (Class ) (Class )
EF=>50%
@Esc—
72\ AMERICAN
McDonagh T, et al. Eur HeartJ2023  (SSS &1 ) COLLEGE of
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HFpEF is a Systemic, CKM Spectrum Disease

Systemic Multiorgan
Comorbidities inflammation involvement Endothelium-cardiomyocyte signaling
/..--:"'___""‘»-..\
Metabolic syndrome @ m
* Obesity - _|'I
* Type 2 DM 1 - L
 Hypertension ONOO™ «+—— ROS VCAM E-selectin
+NO Endothelium
o Leu kocytesQ @
IL1RL1 TGF-p

GDF15

SErLTE s

Renal insufficiency
FIDI’DD asts Myoflbroblasts Collagen

* Cardio-

A(A-VO,)ex \ s(.iC myocytes

m ycGMP
> v
v 4 F passive ¢—— ¥ PKG ——— Hypertrophy

| | Na* retention - 7 7

AMERICAN

Paulus W, Tschope C. J Am Coll Cardiol 2013 COLLEGE of
= CARDIOLOGY:

Shah SJ, Paulus W, et al. Circulation 2016



Packer M. J Am Coll Cardiol 2026 4SS

HFpEF: A Disease of ‘Angry’ Adipocytes

: Biological transformation Visceral
% Obesity of adipose tissue adiposity 6

Altered synthesis of adipokines

! Excess adiposity
Systemic inflammation present in > 90% of
' ! tients with HFpEF
Maladaptive renal effects Maladaptive cardiac effects patients wi P
' Antinatriuretic effect & Cardiac hypertrophy enrolled in clinical trials
Plasma volume expansion Microvascular dysfunction
Renal fibrosis 4, Cardiac fibrosis
T Ability of left
B st e (—=HFPEF = | veniideo
tolerate filling

72\ AMERICAN
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Cardiorenal Effects of MR Overactivation

T

SRC-1 i

) ~//L/ (,t

| l Heart D|sease
“'&71‘

By

Kolkhof P, et al. Pharmacological Research 2021
Kintscher U, et al. Br J Pharmacol. 2021;179:3220-3234,

/.

0000

@

Sodium and fluid retention

Hypertension

Endothelial dysfunction

Inflammation and fibrosis

Cardiac/vascular hypertrophy

AMERICAN
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Steroidal vs. Nonsteroidal MRAs

Y 0 )
§ Wb o e §
m GIJJE.U: ,f“xﬁ ij -/ : - I ‘Lh - m
> J AR 1 —~—
|
"""""""""""""""""" Spironolactone  Eplerenone |  Finerenone
étruci.:t.l'ré ......... Flat (steroidal) | Flat (stermdé.lljn : Bulky (non- stert:udali
Potency to MR Vb + : +++ Highly Potent
SelectivitytoMR  + A b A Highly Selective
I Balanced kidney-
Tissue distribution Kidney = heart Kidney = heart : heart
Active metabolites e ; I ; No Active Metabolites
Hatlife =~~~ long® = 4-6 h““rs: _________ 2-3hours Short Half-Life
Senialsiesimor i R e -

Georgianos Pl and Agarwal R. Am J Hypertens. 2023;36:135-143 Harrington, JL, et al. JACC:Heart Failure 2025



Finerenone in Diabetic CKD

* Pooled data from FIDELIO-DKD and FIGARO-DKD

* >13,000 patients with CKD, type 2 DM, and moderate-to-
severe albuminuria (UACR >30 mg/g)

Time to CV death, non-fatal MI, non-fatal stroke, or HHF

. 257 HR=0.86; 95% Cl 0.78-0.95
S _
§ 20 p=0.0013 Placebo: 939/6507 (14.4%)#
S NNT after 3 years = 46
T  15-(95% Cl 29-109)
£
2 10- ; . #
2 Finerenone: 825/6519 (12.7)
o]
E 5-
=1
o
0 I I I I I I I 1
0 6 12 18 24 30 36 42 48
No. at risk Time to first event (months)
Finerenone 6519 6360 6202 6009 5273 4207 3065 2187 1087
Placebo 6507 6330 6125 5938 5184 4147 2969 2135 1082

r

N

reduced risk of CV morbidity
14% and mortality
(HR=0.86; 95% CI 0.78-0.95;

.

p=0.002)"
o reduced risk of first HHF*
O(HR=O.78; 95% CI 0.66-0.92;
p=0.003)'
\_ _J
4 N\

reduced risk o

duced risk of CKD

2 3 % progression®
(HR=0.77; 95% CI 0.67-0.88;

p=0.0002)'

reduced risk of ESKD

2 ()
O(HR=0.80; 95% Cl 0.64-0.99;

p=0.040)"

J

AMERICAN
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FINEARTS-HF: CV Death and Total HF Events

60

Rate Ratio 0.84 (0.74-0.95), p = 0.007 1283 events, 17.7/100 pt-yrs
Absolute rate reduction 2.8 per 100py

Treatment Effect 1083 events, 14.9/100 pt-yrs
Apparent by Day 28
FDA Approval July 2025 E

Placebo INDICATION

)
o
|

AN
o
|

N
o
|

Mean Cumulative Events
(per 100 patients)
w
(@)

10 -
Finerenone Adult patients with HF LVEF 240%
0 — to reduce the risk of CV death, hospitalization
| | | for HF, and urgent HF visits
0 12 24
MOﬂthS @ Serum [K*] £5.0 mEq/L

Solomon SD, et al. N Engl J Med 2024 (©) eGFR225 mUmini1.73 m?



Additive benefits of nsMRA to SGLT2i

— Placebo Arm (Background SGLT-2i)
Finerenone Arm (Background SGLT-2i)

.80 - Placebo Arm (No Background SGLT-2i)
8 o Finerenone Arm (Mo Background SGLT-2i) SGLT-2i subgroup (n=817)
S RR=0.83; 95% Cl 0.60-1.16
E %‘g_ﬁu - ARR=4.7 per 100 PY
S 5 050 “  No SGLT-2i subgroup [n=5184)
B B 040 - # RR=0.85, 85% Cl 0.74-0.58
E g, ARR=2.5 per 100 PY
= : Al
L=‘ EC‘.EU' Prteraction=0. 76
&  0.10-
=

0.00 1 : : . . .

0 0.5 1 1.5 2 2.5 3
Years

AMERICAN
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CARDIOLOGY.:

Vaduganathan M et al. Circulation2024 S




Projected Lifetime Survival Gains with
Comprehensive treatment of HFpEF

Overall Patients with LVEF below normal
+ 3.6 yrs with SGLT2i + nsMRA + 4.9 yrs with SGLT2i + nsMRA + ARNI

Projected mean survival after 65 years Projected mean survival after 65 years

—_ ] E ] -

z 10 SGLTZ2i +NSMRA  14.3 (12.7-15.9) years 2 0 SGLT2i + nsMRA + ARNI '15.8 (13.4-18.2) years

5 Standard therapy 10.7 (9.3-12.1) years 5 Standard therapy 10.9 (9.2-12.6) years
@

= 06 - . = 064 Comprehensive therapy

c Comprehensive therapy c SGLT2i + nsMRA+ ARNI

> (SGLT2i + nsMRA) s ,': )

¥ - 'D..'q' = [ - ':I..'q' =

o O

= 2z

5 92 standard therapy 7 921 standard therapy M.

3 (DELIVER placebo) a (DELIVER placebo)

© oA g 0-

(i | | | I I I I | (. | | | | | | | |

65 70 75 80 85 90 95 100 65 70 75 80 8 90 95 100
Age (years) Age (years)

72\ AMERICAN
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Vaduganathan M, Nature Medicine2025 S




Impact of Lifestyle Modification in HFpEF :
Exercise + Calorie Restriction

"E" EU_ a 50_
= AT- p = <0.001 z AT- p = 0.431
B CR- p = <0.001 s CR- p = 0.004
g
(5]
10 o
S o
% S
2 5 v
@ &
£ g
- 0 =
O &)
2 3
—5—

Control AT CRH CRH + AT Control AT CH CRH + AT

AT = aerobic exercise training, CR = caloric restriction

72\ AMERICAN
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Kitzman D, et al. SECRET Study, JAMA2016 A




GLP-1 RA for HFpEF with Obesity

Semaglutide in Patients with Heart Failure Semaglutide in Patients with Obesity-Related Heart Failure
with Preserved Ejection Fraction and Obesity and Type 2 Diabetes
Kosiborod MN etal. DOI: 10.1056/NEJMoa2306963 Kosiborod MN etal. DOI: 10.1056/NEJMoa2313917

Change in KCCQ-CSS at 52 Wk
Mean Change in KCCQ-CSS at 52 Wk*

18+ 1
. | B 16.6
T Semaglutide [ 30
=) : Estimated difference, 7.3 points
b= I 95% Cl, 4.1 to 10.4; P<0.001
8 121 1 v 20
J IS
E" : 'S 13.7
o
& . = | |
U e : . [ 6.4
ﬁ oo i |
@ stimated difference, 7.8 points 1
= (95% CI, 4.8 to 10.9); P<0.001 | ¢ :
I I Semaglutide Placebo
0- T T —
o 20 £l 52 52w
Weeks
Change in Body Weight at 52 Wk Mean Change in Body Weight at 52 Wk*
07 ' 20
I
I Estimated difference, -6.4 percentage points
| 5o/ 6 to -5 2¢ Ps
& 5 | - 95% Ci, -7.6 to -5.2; P<0.001
5 | € 10
= Semaglutide ! S
'«TJU . i o Placebo
Bo — . 1 0
8 ! £  —
5 | W -133 g ‘ 3.4
£ _154 _ . ! S ()
d_"-' Estimated difference, —10.7 percentage points 1 a
(95% Cl, -11.9 to -9.4); P<0.001 :
|
=20 T T 1 o= z ‘
0 20 36 52 52¢ *Based on ANCOVA, with imputation for missing values

Weeks

AMERICAN
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Effect of Semaglutide on CV Outcomes in HFmrEF/HFpEF

with Obesity:
Pooled data from SELECT, FLOW, STEP-HFpEF, STEP-HFpEF-DM

- Placebo =

] -
] HR 0.69, 95% 0.53-0.89 _J_:'—/‘r—/
P=0.0045

CV Death or First WHF Event
-
|

72\ AMERICAN
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SUMMIT: Tirzepatide for HFpEF with Obesity

731 patients with symptomatic HF, LVEF>50%, BMI>=30 kg/m?

CV death or WHF Event KCCQ-CSS
1007 204 Hazard ratio, 0.62 (95% Cl, 0.41-0.95) 30
90+ P=0.026 Placebo
g god 17 © Tirzepja_ti_d_e____i
= -
= 10— Tirzepatide E
E 60— m — _E E 12.7
E 504 5+ = Placebo
)
2 404 £
E 30_ 0_ T T T T T T T T T T T T T T T T 1 &
E 0 & 16 24 32 40 48 56 64 72 B0 88 96 104 112 120 128 136 T S
S 20 U -
o Between-group median difference at 52 wk,
10- e 6.9 (95% Cl, 3.3-10.6); P<0.001
0 T | | | | | T T T T T | | I | I 1 -10 T T T 7 T
0 8 16 24 32 40 48 56 64 72 80 88 9 104 112 120 128 136 0 24 52 Treatment-
Weeks since Randomization Week Reg‘""e"
Estimand
No. at Risk No. at Rlsk
Placebo 367 361 349 339 332 328 318 268 259 240 219 215 195 165 145 94 73 45 Tirzepatide 341 330 301
Tirzepatide ~ 364 359 349 344 340 338 333 284 275 251 228 220 196 167 146 105 82 46 Placebo 337 326 313
AMERICAN
COLLEGE of
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Summary: Pharmacologic Therapy for HF

HFrEF (LVEF<=40%)

HFmrEF (LVEF<=41-49%)

HFpEF (LVEF<=41-49%)

ARNI>>ACEi/ARB

Beta-blocker (evidence-based)
MRA

SGLT2i

ARNI>>ACEi/ARB

Beta-blocker (evidence-based)
MRA (spiro vs. finerenone)
SGLT2i

SGLT2i

ARNI if EF below normal
MRA (finerenone)
GLP1-RA vs. GLP-1/GIP RA



Perioperative Considerations in HF Patients

 Decompensated HF and shock are associated with high-risk for
perioperative complications

* Optimize congestion/volume status prior to surgery

* Consider potential for EMI with Implantable devices
(ICD/CRT), discuss need for magnet application with EP

* Typically withhold SGLT2i for 72 hours prior to elective surgery

* Additional intraoperative monitoring (CVP, A-line, PA
catheter) or temporary mechanical support may be
appropriate for more advanced HF patients with tenuous
hemodynamics



When to refer to a HF Specialist

Recurrent HF hospitalizations

Meed o inotropes

Intolerance of standard HF therapy
Worsening end-ergan dysfunction

Ventricular arrhythmias/ICD shocks

Ejection fraction <20%

Defibrillator shocks far ventricular

arrhythimias

Worsening Renal Function

F, ] "y 1
Maw Tork Heart Association Class W |

Suspicion for infiltrative or familial disease eaem T hospit o

Escalating diuretc dose

Cachexia

Low blood pressure

Progressive intalerance af GOMT

Cardiogenic Shock/Need for inotropes

Morris A, et al. Circulation 2021



Summary

* HF is a clinical diagnosis, but use of NP may help

* All HF patients require thorough workup of etiology, treatment of
reversible factors, aggressive comorbidity management and lifestyle
modification

* Optimal pharmacologic therapy of HFrEF (<=40%) and HFmrEF (41-49%)
includes ARNI, Beta-blocker, MRA, SGLT2i at target doses

* Device therapy (ICD/CRT) may be appropriate for selected patients with
HFrEF

* SGLT2i are first-line therapy for HFpEF regardless of diabetes
* Aggressively manage Obesity, Diabetes, Hypertension to Prevent HF
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