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1. Scope of the problem with emphasis on Kentucky

2. Case-based conundrums:
A. Cardio-renal syndrome: the tug-of-war

B. Quadruple therapy in HFrEF: are we actually doing it?
C. HFpEF: is it finally treatable?

D. Atrial fibrillation and HF: new evidence, old pitfalls
E. Advanced heart failure: what is it, and when is it time to refer?

3. Take Home Points
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Heart Failure by the Numbers

An estimated 64.3 million people are
living with HF worldwide

An estimated 6 million Americans = 20
years of age have HF with ~1 million new
cases occurring annually in people 255
years of age

% He althc are HF, heart failure
GILL HEART & VASCULAR 1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Lancet. 2018,392(10159):1789-1858. 2. Groenewegen A, et al. Eur J Heart Fail. 2020;22(8):1342-1356. 3. Virani SS, et al. Circulation
TTTTTTTTT 2021,143:e254-e743. 4. Heidenreich PA, et al. Circ Heart Fail. 2013,6:606-619



Risk of HF is Increasing

Mean age of population
is on the rise
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Rates of obesity and severe
obesity are on the rise

Rates of pre-diabetes and
diabetes are on the rise

Ogden et al, Hirode et al, JAMA 2020



Scope of the Problem: Prevalence of HF

People With Heart Failure (Millions)
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Trends in HF Hospitalization
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Trends in HF Mortality in US

Age-Adjusted Mortality Rates per 100,000 for Cardiovascular Deaths Related to Heart Failure
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Geographic Variations in Prevalence of HF

" Prevalence per 100,000 persons
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Heart Failure is a Public Health Emergency

Heart Failure Death Rates, 2018 - 2020
Adults, Ages 35+, by County

Age-Adjusted
Average Annual
Rates per 100,000
6.1-178.9
179.0 - 205.8
B 205.9 - 229.4

B 229.5- 2588
B 258.9 - 563.0

Insufficient Data

Data source and
methodology found at:
www.cdc.gov/dhdsp/maps/
atlas/statistical-methods
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Higher Mortality Rates in Rural Areas

Urbanization Stratified

100

S8
I

o
S
|

Age Adjusted Mortality Rate, per 100,000

70 I 1 1 ] 1 | | 1 1 1 1 1 1 1 T | 1 1 | 1 | 1
1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
Year

i@ Rural @@= |Jrban

HealthCare

GILL HEART & VASCULAR
INSTITUTE

Bozkurt et al. HF STATS 2024: HF Epidemiology and Outcomes Statistics An Updated 2024 Report from the HFSA. JCF. 2024



Mismatch in HF Care
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Case 1: Cardio-Renal Syndrome - The Tug-of-War

68 YO M with HFrEF (LVEF 25%), CAD, CKD stage 2 admitted with HF exacerbation.

On admission, Cr was 1.9 (baseline of 1.7) and with initiating IV diuresis continues to rise
to 2.6 in spite of modest UOP. He still appears edematous and has orthopnea and PND.

Question: What should you do?
(A) Keep pushing + add booster (thiazide)
(B) Slow down/hold diuretics

Ei.% HealthCare
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Rise in Cr with diuresis with Decongestion: What’s

Reall

Happening?

Left ventricle
dysfunction

l

Decreased systemic
pressure

./

Decreased AV gradient

in the renal bed

l

Decreased renal blood
flow
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Removal of fluid shifts intravascular volume
causing transient hemodynamic changes in
glomerular filtration pressure

Venous pressure improvement enhances
renal blood flow over time, but short-term
creatinine may rise as plasma volume falls

Persistent high right-sided pressures and
congestion, if not relieved, independently
worsen renal function

True Renal Injury: rare with aggressive
diuresis; studies using specific biomarkers
show that creatinine fluctuations often
represent functional filtration changes rather
than structural kidney damage



Diuretic Management Trajectory

_Guidancestatements

Monitor strict 1/0’s with daily standing weights in the moming to follow this algorithm

Obtain BMP and Mag twice daily; If potassium is above 3.5, you may di
ous [V diuretic therapy. Closely monitor for repl. it

®  [f urine output reaches above 4-5L, and/or patient b b

UK HFrEF Clinical Pathway

iscontinue checking twice daily unless on continu-
s and as ded.

¥

yP ive, jer reducing dose or holding diuretic
**Consider consulting cardiofogx for: known diuretic resistance on Fresenrarion, significant history of diuretic
resistance (previous clinical pathway failure), diuresis but continual fluid overload, congestion, worsening SCr
that rises greater than 1.5x in 24hrs, or showing signs/symptoms of hemodynamic decline

**Consult nephrology for EGFR<860, continual electrolyte imbalances

Heart Failure Reduced Ejection Fraction (HFrEF)
% HealthCare

i Diuretic Naive Pre-existing Diuretic Therapy
Clinical Pathway -
Administer: Administer:
. i * 1mgto 2mg of bumetanide IV * IV loop diuretic equivalent to 2x patient's home dose
Goal Patient Population OR

according to equivalency table
- - = - - - ®  40mg to 80mg furosemide IV
Standardize the identification and inpatient «

treatment of patients presenting with heart

Heart failure is a clinical syndrome with symptoms or signs

. et S caused by a structural and/or functional cardiac abnormality and
ir'zddu:lr:er:g;;elg ;f:?‘odnof:t;‘tz: get;:ﬁl;: comroborated by elevated natriuretic peptide levels and/or objec- Reassess patient’s urine output and response
term and long-tenm outcomes while simul- tive evidence of pulmonary or systemic congestion to diuretics in 4 to 8 hours
taneously minimizing complications, reduc-
ing length of stay and reducing readmis- ’
sions. Urine Output > 100 ml/hr
Administer: Administer:
Note: This Clinical Pathway is intended to serve as a provider driven standardized plan of care for HFrEF *  Repeatprevious diuretic IV dose until sympioms improve | s Double previous diuretic IV dose

* !

Reassess patient’s urine output and response
to diuretics in 4 to 8 hours

Urine Output > 100 ml/hr

Administer:
* Repeat previous diuretic IV dose

* Metolazone 2.5mg to Smg PO

Reassess patient's urine output and response
to diuretics in 4 to 8 hours.

Urine Output > 100 mi/hr

Administer:
*  Continue daily metolazone PO

* Bolus and begm,dri&of same diuretic (bolus dose will be
double hourly drip dose)

HealthCare 7

—Furosemide— Start drip at 20mg/hr and increase up
If patient has continued drip for 24 hours, reached maximum to 40mghhr if needed
FI\]I;#I':'NE.I"I\'ET & VASCULAR drip dose, and is still not meeting goal of 1.5 to 2 liters offin gguwn?e;::ide— Start drip at 1 mg/hr and increase up
last 24 hours, consult gy or nep gy dep g
primary organ dysfunction




Case 1 Revisited: Cardio-Renal

Care plan:

1. Increased IV diuretic dosing
2. Added daily Metolazone (thiazide-like diuretic)

Jan28-Jan29 Jan29-Jan30 Jan30-Jan31 Jan31-Feb1 Feb1-Feb2 Feb2-Feb3 Feb3-Feb4
0700 - 0659 0700-0659 0700-0659 0700-0659 0700-0659 | 0700-0659 @ 0700 -0659

PO. ¥ 1,054 2,590 1,560 1,540 1,100 840

V. N 172 134 954 711 30.5 532
: (mL/kg) = (1.2) (1 0.7 (0.6) (03) (4.4)
n

IV Piggyback ¥ 50

Total Intake 1,226 2,774 1,655.4 1,611.1 1,130.5 1,372

(mLtkg) (8.4) (205) (13) (13.3) 9.4) (11.4)

Urine B 6,400 12,150 10,601 9,100 5,300 3,080 3,650

(mL/kg/hr) = 37 (35) (3.1) (1.8) (1.1) (1.3)
Out  Stool ¥ 1

Total Output 6,401 12,150 10,601 9,100 5,300 3,080 3,650

10 5,175 9,376 -8,945.6 -7,488.9 -4,169.5 -3,080 -2,278

Net
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Weight
120 kg (264 |b 8.8 0z)

120 kg (264 Ib 8.8 02)

121 kg (266 Ib 12.1 02)

121 kg (265 |b 10.5 02)

121 kg (266 Ib 1.5 0z)

128 kg (281 |b 8.4 oz)

135 kg (298 Ib 1 02)

146 kg (322 b 1.5 0z)

153 kg (336 1b 10.3 02)

| 214 A
|1.98 &
|1.81 &
|1.84 A
|2.27 &
|2.03 &
| 2.07 A
|2.27
|2.42 &
|2.38 &
|2.64
|2.03
|1.89 A



Case 1: Cardio-Renal Pearls

1. ADHF admission: decongestion > creatinine for prognosis

2. Start IV loop diuretic at 21-2x home oral dose, reassess UOP in 6 hours to
re-dose; target net = 2L daily and add thiazides for synergy if needed

3. Mild-moderate transient rise in Cr is acceptable -> inadequate decongestion
drives readmissions and mortality

4. Consult Cardiology/Nephrology (cardiorenal service and clinic) for help

5. Stop/reduce diuresis if:
- Significant hypotension
- Severe electrolyte derangements
- True hypovolemia

E’{Z HealthCare
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Case 2: Quadruple Therapy in HFrEF - Are We Actually

Doing It?

57 YO F with poorly controlled HTN and DMII presents with orthopnea, PND, 20 Ib weight
gain and bilateral LE edema.

- Vital signs: BP 142/92 mmHg, HR 105 BPM, 93% O2 saturation
- Labs: NT-proBNP 5000, Cr 1.4 (baseline <1)
- TTE: Dilated LV cavity to 5.6 cm, LVEF ~25%, moderate MR

Question: How do you approach treating this patient?

Ei.% HealthCare
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2022 HF Guidelines - Initiate and Up-titrate GDMT

According to LVEF

HF with reduced EF (HFrEF)
* HF with LVEF < 40%

Titrate to maximally tolerated dosas He titration needed
L PN 1
I i |

https://www.nhcs.com.sg/news/murmurs/for-physicians-management-of-heart-failure-2022
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Expected Lifetime Benefit of Comprehensive

Disease-Modifying Therapy in HFrEF

Incremental Risk Reduction
Beyond ACEIi/ARB + B-Blocker

CV Death + HF Hospitalization CV Death
62% (53-70%) Aggregate Risk |  50% (33-63%) Aggregate Risk |
Switching to ARNI - .
Adding MRA — ——i
Adding SGLT2i —— ——
(Imputed) : ; S n— .
0.0—05 10 15 0.0 0.5 1.0 1.5
HR (95% CI) HR (95% CI)
HF Hospitalization All-Cause Mortality
68% (57-76%) Aggregate Risk | 47% (30-60%) Aggregate Risk
Switching to ARNI s -
Adding MRA e e

Adding SGLT2i ; :

prehensive Therapy e o
(Imputed) :

0.0 05 1.0 15 00 05 1.0 15
HR (95% CI) HR (95% CI)
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Quadruple Therapy Saves Lives!

Relative Risk

Evidence-Based Therapy Reduction in
All-Cause Mortality, %

None N/A
ARNI (vs imputed placebo) 28
B-blocker 35
Aldosterone antagonist 30
SGLT2i 17

Quadruple therapy )

Bassi. JAMA Cardiol. 2020,5:948
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25+

20+

15+

10+

Absolute Reduction in All-Cause Mortality

26

10

9
5
2
ARNI B-Blocker Aldosterone SGLT2-1 Quadruple
(vs Imputed Antagonist Therapy

Placebo)

Slide credit: clinicaloptions.com



Quadruple Therapy Saves Lives!

= Crosstrial analysis
— EMPHASIS-HF
— PARADIGM-HF
— DAPA-HF

* ARNI/B-blocker/MRA/SGLT2i
vs ACEI/B-blocker

“A new therapeutic standard”

Vaduganathan. Lancet. 2020;396:P121
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Overall Survival (%)

Treatment
== Comprehensive therapy
= Conventional therapy

1004
Projected Mean Overall Survival, Yr (Range)
Comprehensive therapy 17.7 (14.9-20.5)
801 Conventional therapy 11.4 (9.2-13.5)
Difference (95% Cl) 6.3 (3.4-9.1)
604
40+
201
0 L L Ll Ll L L L
55 60 65 70 75 80 85 90
C|O|
Slide credit: clinicaloptions.com



CHAMP-HF Results: The Grim Reality of GDMT

ACEI/ARB/ARNI

Angiotensin-Converting Enzyme Angiotensin

Inhibitor (ACEI)/ Angiotensin Il Receptor-Neprilysin
Inhibitor (ARNI)

Receptor Blocker

N =1261

~ —

Mineralocorticoid Receptor

Beta-Blocker
B <50% Antagonist (MRA)
B 50 to <100% ' opr
1.8%
M 2100% ( |

N = 646
(27.5%) | N=1071
(45.7%)

|
N =628 /
(26.8%)
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» <25% received all three GDMT
classes (ACE/ARB/ARNI,
BB, MRA).

 When prescribed, the largest %
of doses were <50% target.

* Only 1% received target doses
of all three GDMT classes.

 As in other studies a risk-
therapy mismatch was present.



Inpatient GDMT is Important

w— Drscontinued
= NOL started

100
1-Yr Mortality 2’—

25+

— Withdfyam
204 = Nottreated
— Continued
Newly started

Mortality Rate (%)
o

Cumulative Incidence

180 270 360 0 15 30 45 60 75 90
Days After Discharge Days Since Discharge
B-Blockers ACEls

Risks Associated With Failure to Continue/Initiate/Switch GDMT During Hospiuliution\
T risk of readmission and short-, intermediate-, and long-term mortality

J: medication adherence and J medication persistence

Substantially T likelihood of never being initiated or switched to GDMT as outpatient

Missing out on teachable moment during hospitalization )
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Timing Matters - Clinical Benefits Appear Within

Days to Weeks of GDMT Initiation

Early Mortality Reduction Lower Risk for Worsening HF = end
B.b[ockerl v -y s EW HR: 0,63 (95% CI: 0.54-0.74); Placebe
3 J HR.0.75 1 d P00 56 (25.9%)
mm,ﬁ,‘, = . (95% (1 0.41-1.35) W Placebo i 5 40 356 (25.9%) ,
mdtuy sy & Placebo B Carvedilol 2% 0 MRA
of Carvaiol i {n=1133) 10 x EMPHASES 1
Fven in Severe ME & 2+ E! 204 249 (18.3% Eplereronc in
E® ==t Patients With
g E S 104 Significant cliric al Systolc Heant Fuilure
14 Carvedilol 5+ s benefits within 30 days  #nd MWd Symgtoms
g = o 0 . - - Primary Indp
= (=1256) 0 1 2 1 CV Maortality and
e Patents m ¥r From Randomization HE Hospratsstion
Rish, n
0 T T T T
0 2 4 6 B8 All Paticnts Highest Risk Pisceba  1A7) s 12 o
Wk After Randomization Subgroups Eplerenoes 1364 925 562 23
- 2" First 100 D.
ARN'S § £ tffect through Wk 8 15.2% i o SGLTZ"
e : 1509 .2 058 (95% C1: 0.39.0.£7); Enalapril s
€V Death or HF E 5 15+ P= 007 - ;' T o e ———— ;-N'—m
Retorpitabzation 4 Dapaghfozin
g E 100 9.2% % 3 (95% 1 on OV Death
; 7 EEL & 0.28.0.54); o WiF
=2 75 £ > g3 P=08
£ Sacubitril/valsartan 30s a
§ 50 g 3
3 15 Significant clinical B g
g S benefits within 30 days ) y Y T y -
[+ °°'0 ' B S e s 0 w0 g 60 0 100
1 - 4
Days From Randomization D
Delayed initiation of any of these 4 drugs in eligible patient = needless exposure to excess clinical risk® —
HealthCare
GILL HEART & VASCULAR
INSTITUTE 1 Krum, JAMA 2003:289:712. 2 Zarmad NEIM . 2011:364:11. 3. Morrow. Circulation 2019,139:2285

i. Derg JAMA Cardiol. 2021:6:499.5. Gree

ve. JAMA Cardiol. 2021:5:743



Deferring Initiation Leads to No Initiation or

Substantial Dela

B Prescribed ot hospital dscharge [l Not prescribed at hospital dscharge
60- to 90-Day Follow-up 12-Mo Follow-up
231

3

855

-
(&)

Postdischarge Medication Fill (%)
SRS

B-Blocker ARNI MRA
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Failure to initiate
GDMT during
admission = 75%
chance medications
will not be started in
the next calendar year



The Risks of Omitting GDMT in HFrEF

Risks of Commission Risks of Omission

Every visit/every setting is an opportunity to initiate and escalate GDMTs, as tolerated

= New-onset heart failure # “low risk”
= “Stable” outpatient heart failure # “low risk”
HealthCare * Hospitalized heart failure # “low risk”
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Conventional Sequencing of GDMT: Too Little, Too

Late

Conventional sequencing

Step 1 ACE inhibitor or ARB

Step 2 Beta blocker

II

Step 3 Mineralocorticoid-receptor

antagonist

v
v
| saurzimber

Step 4 ARB/neprilysin inhibitor

Step 5 SGLT2 inhibitor
HealthCare
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Packer et al. Rapid evidence-based sequencing of foundational drugs for heart failure and a reduced ejection fraction. Eur J Heart Fail. 2021



Rapid Sequencing of GDMT

Rapid sequencing

blocker inhibitor

1

ARB/neprilysin

\4
Step 3 Mlneralocorticou_j-
receptor antagonist
HealthCare

Packer et al. Rapid evidence-based sequencing of foundational drugs for heart failure and a reduced ejection fraction. Eur J Heart Fail. 2021



How to Initiate GDMT?

Goal GDMT
Individualisation ﬁ ﬁ
1

to patient I
sCenarios 1 1
1
MRA
Low blood SGLT2I
pressure I
1
Dose 1
. increase ! ACEI/ARB"
increase i
X Dose :
Goal GOMT 2 Dose
SGLT2I
initiation ACEVARB/ARNI increase  INcrease
= s Poor baseline BB
MRA or Worsening
SGLT2I" kidney MRA®
ook ACEV/ARB/ARNI" or
El : : hydralazine nitrates
Hospital : Hospal Outpationt Outpationt
admission B discharge clinic visit  clinic visit ACE/ARB/ARNI®
Concern for low SGLT2I
cardiac >
output state MRA
1
1
1
1 1
1 1
E—
HealthCare Hospital Hospital
GILL HEART & VASCULAR admission discharge
INSTITUTE
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ARNI in Hospitalized Patients

* PIONEER-HF: ~900 patients * TRANSITION-HF: ~1000 patients
EF <40% - EF <40%
Hospitalized for ADHF with SBP >100 mm Hg — Hospitalized for ADHF with SBP >100 mm Hg
34% new HF diagnosis - 29% new HF diagnosis
52% not receiving prior ACEI/ARB — 24% not receiving prior ACEI/ARB
= Sacubitril/valsartan vs enalapril started * Sacubitril/valsartan prior to discharge

during hospitalization vs 1-14 days post discharge (mostly
1 day post discharge)

De novo No difference in:
inpatient ARNI - Worsening renal function

Hyperkalemia

initiation is safe - Symptomatic hypotension

Angioedema

HealthCare
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Velarquez. NEJM. 2019,380:539. Wachter. Eur Heart ). 2019;21:998



SGLT2i in Hospitalized Patients
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X SOLOIST-WHF TRIAL (&)

Sotagliflozin in Patients with Diabetes AMERICAN
COLLEGE of

and Recent Worsening Heart Failure  carpiotocy

[ Phases, i trial |

° heart failure (HF), and an urgent visit for HF among

.-, Objective: To assess if sotagliflozin would reduce the risks
é‘@'n of death from cardiovascular (CV) causes, hospitalization for
patients with diabetes and recent worsening of HF.

Inclusion criteria: Patients with diabetes, 18 to 85
1222 years of age and had been hospitalized because of

signs and symptoms of HF and received treatment
patients with intravenous diuretic therapy.

Placebo
(N=614)

Sotagliflozin
(N=608)

PRIMARY OUTCOME

CV death + hospitalizations and
urgent visits for HF %
HR 0.67; 95% CI 0.52-0.85; P<0.001

SECONDARY OUTCOME

Hospitalizations and
urgent visits for HF %
HR 0.64; 95% CI 0.49-0.83; P<0.001

Deaths from CV causes %
HR 0.84; 95% CI 0.58-1.22; P=0.36

Ci i In i with diab and recent worsening
HF, sotagliflozin therapy, initiated before or shortly after
discharge, in a signifi y lower total of
deaths from CV causes and hospitalizations and urgent
visits for HF than placebo.

Bhalt DL Searek M, Steg. PG, et ol
NEng peint.

EMPULSE TRIAL

Empagliflozin in patients
hospitalized for Acute Heart Failure

Randomized, parallel

7" X:  Objective: To eval iflozi p: with placebo
i ° among patients with acute decompensated heart failure.

530 of ejection fraction or diabetes status & following stabilization
criteria; NT-proBNP >1600 pg/mi or BNP >400 pg/ml during
hospitalization or within 72 hours prior to admission

g g

patients

Empagliflozin group Placebo group
(n = 265) (n = 265)
PRIMARY OUTCOME
Clinical benefit at 90-days %
P=0.0054
SECONDARY OUTCOME

All-cause mortality %

Heart failure events %

Acute renal failure %

©60 6

Conclusion: Among patients with acute decompensated HF, empagliflozin

was associated with significant clinical benefit at 90 days with fewer deaths,

improvement in quality of life & greater reduction in body weight. There were
no safety concerns with empagliflozin.

November 14,2021 =
Summary by Dr. Shreyash Bnoyar, MBBS: Visualmed



What are the Barriers to Initiating/Optimizing
GDMT?

Patient-Level Barriers

* Knowledge gap
« Difficulty in recognizing

Health System Barriers
Clinician-Level Barriers

treatment benefits and ¢ Limited bandwidth of clinic

importance (i.e.feeling volumes * Knowledge gap

better after hospitalization)  Limited access (i.e. rural vs e Myth of stable patient
« Concerns about the safety urban, veterans) « Multiple concurrent

of rapid and virtual » Financial burden conditions

uptitration o Cost of brand name « Rapid uptitration concerns
¢ Cognitive limitations medications « Monitoring tolerance
¢ Polypharmacy and o Travel time

multimorbidity o Lost work days

e Travel/time to visits
o Caregiver burden

HealthCare

GILL HEART & VASCULAR
INSTITUTE



Medication Titration Clinics




Case 2 Revisited: Inpatient GDMT Titration

Inpatient treatment plan:

1. Diuresed with IV Bumex until weight back to baseline and no further signs of congestion on physical examination

2. Day 1-2: Initiated Sacubitril-Valsartan 24-26 mg BID and Spironolactone 25 mg daily

3. Day 3-4: Started Dapagliflozin 10 mg daily

4. Day prior to discharge when approaching euvolemia: Started Metoprolol succinate XL 50 mg QHS and transitioned to PO diuretics

Followed up in HF clinic within 7 days of discharge:
1. NYHA Class Il symptoms, weight stable, labs improving (Cr back to baseline and NTproBNP down to 765)
2. Increased Sacubitril-Valsartan to 49-51 mg BID
3. Referred to medication titration clinic

At 3 month follow up:

1. NYHA Class | symptoms, weight stable, labs at baseline
2. Now on Sacubitril-Valsartan 97-103 mg BID, Spironolactone 50 mg daily, Dapagliflozin 10 mg daily and Carvedilol 12.5 mg BID
3. Repeat TTE shows LVEDD <5 cm, LVEF up to 45% and MR now trace-mild

HealthCare
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Case 2: GDMT Inpatient Titration Pearls

1. Goal: Get all 4 classes started — not maximized

2. SGLT2i have minimal BP effect and are safe and protective with
modest renal dysfunction

3. MRAs are underused due to exaggerated fear of hyperkalemia
(and we now have hyperK management to mitigate this)

4. Add beta blocker once decongested and closer to euvolemic

5. Remember — discharge with a plan beats deferral

TTTTTTTTT



Case 3: HFpEF - Is It Finally Treatable?

76 YO F with long-standing HTN, DMII, PAF and obesity (BMI 41) presents with 1-week of
dyspnea, fatigue, abdominal distension and 10 Ib weight gain.

- Vital signs: BP 155/94 mmHg, HR 94 BPM and irregular, 96% O2 saturation
- Labs: NT-proBNP 2400, Cr 1.3 (baseline normal)
- TTE: Normal LV size, LVEF 60%, LAE, G2DD and estimatd PASP of ~50 mmHg

Question: How do you approach treating this patient?
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HFpEF Hospitalizations on the Rise
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Complex and Varied Pathophysiology of HFpEF

Obesity/metabolic syndrome Diabetes mellitus

Arterial Hypertension Physical inactivity
Chronic kidney disease
COPD Iron deficiency
TGFB ;
[ e GDF-15 sST2 I
phosphorilation of [ p

N ‘(\,svsn—:wc INFLAMMATION ¢} |«
Connective tissue GF
etc.
sarcomeric pfclem 4
DIASTOLIC
MICROVASCULAR i S oyl
INFLAMMATION
ENDOTHELIAL DYSFUNCTION
- MICROVASCULAR ISCHEMIA

Adhesion molecules
Recruitment of Monocytes
and Thi cell

CRP

IL-1R, TNFa, pentraxin-3
NO bioavailability
cGMP

I.V hypertrophy
Myocardlal
Flbrosls
N 4
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HFpEF: Why Phenotyping Matters

HFpEF is not one disease. It's a syndrome of impaired diastolic
reserve driven by different upstream pathobiology:
» Metabolic/inflammatory
* Infiltrative
Ischemic
Valvular
Pulmonary vascular
Chronotropic incompetence
High-output states

This explains why many therapies historically “failed” in broad HFpEF
trials.
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HFpEF Major Trials

D Mineralocorticoid receptor antagonist I:l Sodium-glucose cotransporter 2inhibitors . Angiotensin-converting-enzyme inhibitors
. cGMP stimulators . Glucagon-like peptide 1 - receptor antagonist . Phosphodiesterase-5 inhibitors
D Angiotensin-receptor blockers D Angiotensin-neprilisyn inhibition antagonist
EMPEROR-
Preserved
I-PRESERVE
F - PARAGLIDE-HF
2003 2006 | 2007 @ 2009 2013 | 2014 @ 2015 @ 2016 | 2017 | 2018 | 2019 | 2020 & 2021 2022 | 2023 @ 2024 2025>
[ |
EDIFY FINEARTS-HF
TOPCAT
CHARM-
Preserved DELIVER
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HFpEF Phenotypes: No One Size Fits All

Obesity
Insulin resistance
JVBNP
1 Aldosterone

Pheno-group #2 Pheno-group #4
Cardiometabolic phenotype LA myopathy phenotype

Left atrial
—_— W 0 — dilatation and
Il 7| dysfunction
Ini’lammatwn CV risk factors,
Endoﬁ.gﬂa' v h\fpertmphv and mainly arterial Atrial fibrillation

dvsluncthn fibrosis, Tmyocardial hypertension
im0 and vascular stiffness,

muscular impairment

Secondary
«atrial» mitral
regurgitation

Kidney failure: Pulmonary arterial hypertension: Right ventricle:
Endothelial dysfunction Endothelial dysfunction
 Cardiac output Precapillary PAH Dilatation /
HealthCare 1 cvp Postcapillary PAH Failure
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HFpEF Obesity Phenotype

>
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Obesity

T Leptin Levels

:

T Renin/Aldosterone

Activation

T

4 BNP Levels
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T Plasma Volume
T Sodium Levels
T Inflammation

Cardiac Fibrosis
Renal Fibrosis
Arterial Stiffness

TTLV stiffness & filling
pressure

Clinical HFpEF

Pandey et al, JACC HF 2018; Kosiborod et al JACC HF 2023; Kosiborod et al NE]M 2023



HFpEF Obesity Phenotype: GLP1 as Treatment -

STEP HFpEF Trial

& E NN
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HFpEF - Rule out “Mimickers”

* Amyloidosis * Constrictive Pericarditis

* Hemochromatosis * Constrictive-Effusive Disease

* Sarcoidosis * Post-Pericardiotomy Syndrome
* Endomyocardial Fibrosis

* Radiation-Induced Pericardial * ARVC
* Chemotherapy-induced

* RV Infarction

Disease

Restrictive Primary RV

CMP Failure
HF Signs and Symptoms
Normal LVEF
Hypertrophic
CMP
Storage Disease Other Etiologies

* Fabry Disease * Valvular Heart Disease
* LAMP2 CMP * Pulmonary Arterial Hypertension
* PRKAG2 CMP * High Output Heart Failure

* Renal/Hepatic Failure

HealthCare
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HFpEF Management Requires Total Substrate

Modification

1. Aggressive treatment of obesity:
- Empower patients through education-nutritional facts
- Lifestyle modifications, exercise prescription, GLP1 agonists, bariatric surgery

2. Tight control of BP
- Rule out secondary causes

3. Recognition & Treatment of OSA
- STOP-BANG screening tool, refer for sleep study

4. Optimization of HF: diuretics, SGLT2i, ARNI, MRA

5. Early and intentional management of AF
- Rhythm superior to rate control strategy

HealthCare
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SGLT2i Mechanisms for Preventing and Treating HF

SGLT2

Inhibitor

IK HealthCare
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t Natriuresis .
t Diuresis - { Cardiac preload

\

t Glycosuria
} Intraglomerular pressure

t Metabolic efficiency \ 4

t Oxygen supply

} Oxidative stress . > t LV diastolic function
} Fibrosis {LV mass

} Epicardial fat

} Neurohormonal stimulation A

t Endothelial function
| Arterial wall stiffness
} Vascular resistance

»

| Cardiac afterload

Lan et al ESC HF 2019



SGLT2i as Treatment in

CKD, DMII etc

DAPA-CKD Secondary Outcome

HFpEF with Co-Morbidities:

EMPA-KIDNEY Primary Outcome

C Composite of Death from Cardiovascular Causes or Hospitalization
for Heart Failure
109 Hazard ratio, 0.71 (95% Cl, 0.55-0.92)
100 P=0.009
8+ &
90 Placebo
& 804 6
g 704 ]
v 60—
:,'2 2 Dapaglifiozin
- 50+
o
'% 404 o T T T T T T T ]
3 0 4 8 12 16 20 24 28 3R
3 20
10
o ] | L] I I I I
0 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 2023 1989 1957 1927 1853 1451 976 360
Dapagliflozin 2152 2035 2021 2003 1975 1895 1502 1003 384

Percentage of Patients with Event

No. at Risk
Placebo
Empagliflozin

304
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100+
204
90
80+
704
104
0+ /' Empagliflozin
504
404 -
) 0= T T T 1
304 0 0.5 1.0 1.5 20 25 Placebo
i Hazard ratio, 0.72 (95% Cl, 0.64-0.82)
104 P<0.001 .
B Empagliflozin
0+ T T T T 1
0 0.5 1.0 1.5 2.0 2.5
Years of Follow-up
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SGLT2i: Statins of the 21st Century?

s

£

Event Rate Per 100 PY (95% CI)

'

Hospitalization for heart failure
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Event Rate Per 100 PY (85% CI)

25+

Composite of CV death or hospitalization for heart failure

ARR = 520

Bhatia et al. Eur J HF 2021



Specific Treatment for HFpEF

SGLT2i
(2a)

Symptomatic HF with
LVEF 250%

LE.JjI'?{E HealthCare
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Case 3 Revisited: HFpEF

Inpatient treatment plan:

1. Day 1-3: Diuresed with IV Bumex, optimized BP control by initiating Sacubitril-Valsartan 24-26 mg BID
and Spironolactone 25 mg daily

3. Day 3-4: Started Dapagliflozin 10 mg daily, repleted iron stores and engaged nutrition consult

Followed up in Cardiology clinic within 7-10 days of discharge:
1. NYHA Class Il symptoms, weight improved, labs back to baseline
2. Increased Sacubitril-Valsartan to 49-51 mg BID
3. Referred for sleep study, to EP for AF ablation consideration and GLP1 initiated

At 3 month follow up:

1. NYHA Class | symptoms, BMI down to 33, labs at baseline. Underwent AF ablation and remains in NSR
2. Repeat TTE shows preserved LV function with improved diastolic dysfunction and reduced PASP

HealthCare
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Case 3 Pearls: HFpEF

1. Rule out HFpEF mimickers including amyloidosis

2. SGLT2i are foundational therapy

3. Volume status drives symptoms more than LVEF

4. II:_’IIEIpeEtg) igghgerteesrgi%glnyous — treat comorbidities (CAD, HTN, obesity, AF,
5. Exercise training improves peak VO2 max — cardiac rehabilitation

6. Avoid beta blockers unless alternate indication

TTTTTTTTT



Case 4: AF and HF - New Evidence, Old Pitfalls

46 YO M with HTN and obesity (BMI 31) with no prior cardiac history presents with 3
weeks of palpitations, exercise intolerance and dyspnea.

- Vital signs: BP 118/72 mmHg, HR 133 BPM and irregular, 98% O2 saturation
- Labs: NT-proBNP 1200, normal Cr
- TTE: Mild LV dilation, LVEF 35-40%, mild MR

Question: How do you approach treating this patient?

Ei.% HealthCare
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Case 4: AF and HF - New Evidence, Old Pitfalls

Historical context: AFFIRM trial (2002) showed no difference in
outcomes between rhythm and rate controlling strategies, and
even had higher AAD toxicity and hospitalizations.

Pitfalls:

1. Older AADs

2. Excluded ablation as first line therapy

3. Allowed discontinuation of AC in NSR in spite of risk profile

TTTTTTTTT



HF & AF: A Vicious Cycle
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LA enlargement
LA pressure
functional MR

J atrial CV

HFrEF

fibrosis

neurohormonal
activation

AF

Ycardiac output:
rapid ventricular rate
irregular rate
loss of atrial kick
tachycardia related
myopathy

N

electrophysiologic
remodeling

k

Verma A., et al. Circulation 2017;135:1



HF Nearly Doubles Mortality in AF

100% -
= Prevalent HFrEF
——Prevalent HFpEF
80% - P
No HF
% 60%
e —
(-]
£
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t 40% -
(=]
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20% - 3-group log rank P<0.0001
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Years after AF
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Rhythm vs Rate Control: Paradigm Shift

CABANA Trial (2019)

Catheter ablation vs AAD
therapy

- Outcome: death and CV
hospitalization lower with
ablation

- AF recurrence significantly
reduced with ablation

EAST-AFNET 4 Trial (2024)

 Early rhythm control with
AADs, CV or ablation vs usual
care

- Outcome: early rhythm control
improves hard CV outcomes
compared to usual rate control
strategies
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Rhythm vs Rate Control in HF: Paradigm Shift

Catheter Ablation for Atrial Fibrillation with Heart Failure
AATAC and CASTLE-AF

A Death or Hospitalization for Worsening Heart Failure

Probability of Survival Free
of Hospital Admission

No. at Risk
Ablation
Medical therapy

1.0+
0.9
0.8
0.7+
0.6
0.5+

Ablation

0.4 Medical therapy
0.3
0.24 Hazard ratio, 0.62 (95% CI, 0.43-0.87)
P=0.007 by Cox regression
0.14 P=0.006 by log-rank test
0.0 T T T T 1
0 12 24 36 48 60
Months of Follow-up
179 141 114 76 58 22
184 145 111 70 48 12
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B Death from Any Cause

Probability of Survival

No. at Risk
Ablation
Medical therapy

1.09 =

0.9+ __Ablation

0.8 -

0.74

0.6+ Medical therapy

0.5+

0.4+

0.34

0.2 Hazard ratio, 0.53 (95% CI, 0.32-0.86)

. P=0.01 by Cox regression

0.14 P=0.009 by log-rank test

0.0 T T T T 1
0 12 24 36 48 60

Months of Follow-up

179 154 130 94 71 27
184 168 138 97 63 19

C Hospitalization for Worsening Heart Failure

Probability of Freedom
from Hospital Admission

No. at Risk
Ablation
Medical therapy

1.0+

0.9+

0.8

ard e Ablation

0.6+

0.5+ Medical therapy

0.4

0.3+

0.24 Hazard ratio, 0.56 (95% Cl, 0.37-0.83)

: P=0.004 by Cox regression
0.14 P=0.004 by log-rank test
OG T T T T 1
0 12 24 36 48 60
Months of Follow-up

179 141 114 76 58 22
184 145 111 70 48 12




Case 4 Revisited: AF and HF

Inpatient treatment plan:
1. Day 1-2: Diuresed with IV Bumex, initiated beta blocker and DOAC (CHADSVASC score of 3)
2. Day 3-4: HR improved to ~100s but remained in AF and ongoing NYHA Class 2-3 symptoms

3. Due to de-novo AF, newly reduced LVEF, no prior structural heart disease and concern for
tachycardia-mediated CMP, underwent TEE/DCCV and was discharged in NSR

Followed up in Cardiology clinic within 7-10 days of discharge:
1. Back in AF with CVR and feeling poorly
2. Referred to EP and underwent AF ablation

At 3 month follow up:
1. NYHA Class | symptoms, remains in NSR
2. Repeat TTE shows normalization in LV cavity size and LVEF up to 55-60%

HealthCare
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Case 4 Pearls: AF and HF

1. Rhythm controlling strategy is superior to rate controlling
strategy

2. Timing matters! Early rhythm control improves outcomes

3. AF ablation improves outcomes in HFrEF and prevents
development of de-novo HF

4. Anticoagulation strategy remains important to prevent
secondary thromboembolic complications
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Case 5: Advanced HF - What Is It & When To Refer?

63 YO M with HFrEF due to NICM, difficult to control AF, ICD, CKD stage 2, DMII with 3
admissions for HF exacerbation, the current one which required Dobutamine-assisted
diuresis and down-titration of GDMT due to hypotension. Transferred from OSH to UK HF
service due to inability to wean inotrope and episode of VT requiring ICD shock.

On admission, reports poor appetite with minimal PO intake, weight gain, pre-syncopal
symptoms.

- Vital signs: BP 89/68 mmHg, HR 129 BPM
- Labs: NT-proBNP 6500, Na 127, Cr 1.4, Bilirubin 2.1 and AST/ALT mildly elevated
- TTE: LVEDD 8 cm, LVEF <20%, RV dilated and hypokinetic, mod MR

Question: How do you approach treating this patient?

E’{Z HealthCare
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Clinical Course of Heart Failure
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Heart Failure

Onset
of CHF H Relatively stable phase = Episodic [sub-Jacute decompensation H Pump failure = Death

v

Palliative Care
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Clinical Markers: HF Hospitalization is Ominous

Kaplan-Meier Cumulative Mortality
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What is Advanced Heart Failure?

N\
G Severe and persistent symptoms of HF (NYHA Class Il or 1V)

‘ Severe cardiac dysfunction defined by LVEF <30%,
persistently elevated BNP or NT-proBNP
|
Episodes of pulmonary or systemic congestion requiring high
dose |V diuretics, episodes of low output requiring

inotropes/vasoactive drugs or malignant arrhythmias

Severe impairment of exercise capacity with inability to exercise,
low 6 MWTD (<300 m) or peak VO2 max (<12-14 mL/kg/min)

N
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What Does Advanced Heart Failure Look Like?

(A) Clinical markers:
- High diuretic requirement aka diuretic resistance (cardio-renal)
- Recurrent admissions despite adherence to medications
- Medication intolerance/hypotension
- Exercise intolerance
- Weight loss/sarcopenia/cardiac cachexia

(B) Biochemical/laboratory markers:
- End organ dysfunction: rising BUN/Cr, elevation in bilirubin and liver enzymes
- Hyponatremia
- Elevations in BNP and NT-proBNP

(C) Imaging markers:
- Dilation in LV cavity size, severely reduced LVEF
- Pulmonary hypertension and RV involvement/dysfunction
- Development of secondary valvular abnormalities: MR and TR

HealthCare
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“l NEED HELP” Algorithm

_ Need for inotropes

New York Heart Association Class IV

Worsening end-organ dysfunction
Ejection fraction <20%

Defibrillator shocks for ventricular
arrhythmias

Recurrent HF hospitalizations

Escalating diuretic dose & Elevated NT-proBNP

Low blood pressure

HealthCare
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Golden Window for Referral

Less

severe Early Referral ‘ Golden Window for Referral ‘ Referral Too Late

\ A

| -

Severity of illness

severe
e NYHA I-1l symptoms e NYHA IlI-IV symptoms * Multiorgan failure
e Tolerating GDMT e Downtitration of or inability to tolerate GDMT » Severe malnutrition/cardiac
* No hospitalizations * Frequent hospitalizations cachexia unresponsive to
* No evidence of end- * Recurrent arrhythmias or ICD shocks supplementation
organ dysfunction » Worsening renal function
- : : : » Time
Onset | Persistent HF Progression/Decompensation Pump failure and death |
of HF
HealthCare
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Advanced Heart Failure Therapies
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Scope of Advanced Heart Failure Centre

« Establish goals of care
* Define caregiver support
* Palliative care referrals

Advanced

directives etiology

Assess HF

+ Endomyocardial biopsy

* Genelic testing and
family-based counseling

* Advanced imaging
(i.e. CMR, Tc 99m PYP, efc)

» Education on HF self-care (i.e. fluid monitoring,
nutrition, structured exercise, etc)

* Psychosocial needs assessment

« Directed guidelines and referral to specialists
to manage comorbid conditions (i.e. diabetes,
class 2 or greater obesity, smoking/illicit
substances/alcohol cessation) that may impact
eligibility for advanced HF therapies

+ Assistance with financial and insurance needs

HF Disease

Management & * Optimization of GDMT
HF and Multidisciplinary Care GDMT + Multidisciplinary approach
g . It includes advanced practice
comorbldinest : i Il]ll_ﬁ'atlg n& providers and pharmacists
managemen ftration + Same day IV diuretic access
+ Parenteral iron supplementation

* Pulmonary artery pressure sensor

stress tesling
* Prognostic scores

* Cardiopulmonary exercise

(i.e. Seattle HF model, etc)

+ Valvular interventions (i.e. TAVR,

2 Additional Percutaneous mitral valve repair)
prognosis and therapeutic * Pharmacologic and catheter-based
functlopal options therapies for control of arrhythmias

+ Qutpatient use of IV inotropes

* Heart transplantation and LVAD

Multidisciplinary evaluation for candidacy for
Advanced HF Therapies for select candidates with
persistent and refractory NYHA IlIb/IV symptoms

HealthCare
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Case 5 Revisited: Advanced HF

Inpatient treatment plan:

Diuresed, underwent RHC which confirmed elevated filling pressures and low Cl. Dobutamine
transitioned to Milrinone gtt and initiated advanced HF therapies evaluation. Improved clinically and
discharged home with PICC and inotrope with goal for nutritional optimization and physical
strengthening

Followed up in HF clinic within 7 days of discharge:
1. Discussed at multidisciplinary meeting and approved for transplant listing
2. Initially improved but re-hospitalized for worsening low output HF
3. Implanted axillary IABP and listed status 2 for OHT, transplanted 3 days later

At 3 year follow up:
Doing amazingly! Able to see his daughter get married and birth of first grandchild

HealthCare
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Case 5: Recognizing Advanced HF

* |dentifying advanced/end-stage heart failure is hard!

 Use clinical, laboratory and imaging findings to your advantage
to help understand where a patient is in their timeline

 When in doubt or uncertain, refer! Remember — it's never too
early, but can certainly be too late
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Why Should as Hospital Medicine Care?

1.  HF is everywhere!
- Leading cause of hospitalization in adults >65 YO
You control the most impactful window of care
Cardio-renal syndrome is a daily inpatient challenge
- 40% of admission HF patients have CKD
HFpEF is treatable and on the rise
AF and HF is a high-risk combination
- AF present in up to 50% of HF patients; increases CVA, mortality and drives readmissions
Advanced HF is often missed
Bottom line — hospitalists are not just stabilizing HF; you determine trajectory, survival
and drive outcomes
8. Every admission is an opportunity to:
- initiate lifesaving therapy
- optimize volume status
- risk stratify
- improve long term outcomes

W N
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Final Take Home Points

HF hospitalization is a therapeutic inflection point

Decongest aggressively

Creatinine rise during decongestion # worsening renal condition
Initiate GDMT safely while inpatient

SGLT2i are your friend

HFpEF is now a treatable condition

Rhythm control improves outcomes in both AF and HF

Refer to advanced heart failure early

Hospitalists change HF trajectories — inpatient decisions shape long-term
outcomes!

10. Partnership with Cardiology is crucial
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Questions?
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