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What is HFpEF?

or during exercise

TPCWP/CO slope (> 2.0)
* Evidence of a cardiac-predominant problem
* Exclude: infiltrative, genetic, valvular, toxin, pericardial,
ischemic etiology



H,FPEF score

Clinical Variable |Values Points
H Heavy Body mass index > 30 kg/m? 2
2 Hypertensive 2 or more antihypertensive medicines 1
F  Atral Fibrillation Paroxysmal or Persistent 3
Doppler Echocardiographic estimated
P Pulmonary Pulmonary Artery Systolic Pressure > 35 1
Hypertension mmHg
E Elder Age > 60 years 1
F Filling Pressure Doppler Echocardiographic E/e’ > 9 1
Sum
H,FPEF score (0-9)
Total Points 0 1 2 3 4 5 6 . 8
Probability of HFPEF >, 53 04 05 06 07 08 09 095

» A score of 7 or higher = >95%
probability of HFpEF



HFpEF: 1t 1 PCWP with minimal exercise

Perform right heart
catheterization and
perturb the system!




72-year-old woman with HFpEF
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3 years later: overt left atrial myopathy
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Always try to determine




Differential diagnosis of HFpEF

Etiology Diagnostic tools

Cardiac amyloidosis Monoclonal proteins, radionuclide
scintigraphy, biopsy

Hypertrophic Echocardiography, cardiac MRI

cardiomyopathy

Cardiacsarcoidosis  Cardiac MRI, FDG-PET, biopsy

Constrictive Echocardiography, cardiac MRI or

pericarditis CT imaging, invasive haemodynamic
measurements

Valvular heart Echocardiography, invasive

disease? haemodynamic measurements with
ventriculography

Coronary artery Invasive coronary angiography,

disease® stress imaging® or CT imaging

High-output heart ~ Evaluate for arteriovenous shunts

failure and liver disease

Myocarditis Cardiac MRI, endomyocardial biopsy

Toxins? Assessment of clinical history, blood

testing, endomyocardial biopsy

Treatment

Tafamidis (for transthyretin amyloidosis) or chemotherapy
(for light-chain amyloidosis); avoid neurohormonal
antagonists

B-Blockers, calcium-channel blockers or septal-reduction
therapies (for obstructive cardiomyopathy); avoid
vasodilators

Immunosuppressive agents
Pericardiectomy

Surgical or percutaneous valve interventions

Revascularization, aspirin, statins, B-blockers and nitrates

Treatments directed at the cause of high cardiac output
(such as fistula ligation for shunts, liver transplantation
for cirrhosis)

Immunosuppressive agents for some types (such as giant
cell myocarditis or eosinophilic myocarditis)

Removal of offending toxin (such as alcohol, cocaine,
chemotherapy or radiation therapy, or heavy metals)



HFpEF: Know your zebras

review the
echo yourself!

HFpEF in younger pt (age < 55)

Low H,FPEF score in setting of overt HFpEF (e.g., HF hosp., TBNP)
Kussmaul’s sign: TJVP with inspiration

Diastolic septal bounce, variation in mitral inflow
Speckle-tracking strain bullseye map patterns

N NNR



Peak Systolic Strain \MT_ D"
B — Marwick T, Shah SJ, et al.
JAMA Cardiol 2019

Idiopathic RCM
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How can we treat HFpEF in 2022...




HFpEF treatment algorithm (1)

Rx comorbidities




HFpEF treatment algorithm (2)

Volume overload? HF education
HFpEF Program!

P Sacubitril/valsartan

Rx comorbidities




HFpEF treatment algorithm (2)

Volume overload?

Rx comorbidities

HF education
HFpEF Program! Persistent symptoms
and/or HF hospitalization?

Sacubitril/valsartan

Refer to HF program (ideally HFpEF program)
Evaluate for “zebras” (atypical etiologies, e.g.
cardiac amyloidosis), worsening comorbidities
Implantable hemodynamic-guided management




EMPEROR-Preserved: Results

25—  N=5988
Hazard ratio, 0.79 (95% Cl, 0.69-0.90) Placeb - Empagliflozin vs.
acebo
20— P:001 Absolute risk placebo
reduction: only ~3%! * HF with LVEF >
40%
15— *  (n=4005 [67%] with
o= Empagliflozin LVEF 2 50%)
i '  Primary outcome
| ~14% rate of CV death driven by HF
or HF hospitalization hospitalizations
5= despite SGLT2i
0= I I I I | | | | | | |
0 3 6 9 12 15 18 21 24 27 30 33 36 . )




EMPEROR-Preserved: Results

0.79 (0.69-0.90)

0.79 (0.67-0.94)
0.78 (0.64-0.95)

0.71 (0.57-0.88)
0.80 (0.64-0.99)

Subgroup Empagliflozin  Placebo Hazard Ratio (95% Cl)
no. of patients with events/total no.
Overall 415/2997 511/2991 HElH
Diabetes at baseline
Yes 239/1466 291/1472 |
No 176/1531 220/1519 =
LVEF at baseline
<50% 145/995 193/988 —=—]
=50% to <60% 138/1028 173/1030 f—a—
>60% 132/974 145/973 —=—

Does SGLT2i lower HF hospitalization in o 0.50 1.00

0.87 (0.69-1.10)
2.00

patients with higher LVEF (>60%)7??

|

Empagliflozin Better Placebo Better




PRESERVED-HF Results: KCCQ

Mean KCCQ-CS Score

—&— Placebo
—@— Dapagliflozin

Effect Size=5.8 (2.3-9.2) points
p=0.001

A KCCQ score of 69 is still TERRIBLE!
(equivalent to NYHA class lll symptoms)

Baseline (N =324) Week 12 (N = 304)

N=324
Dapagliflozin vs.
placebo

HF with LVEF 2
45%

+5.8-point
improvement in
KCCQ vs. placebo




PRESERVED-HF Results: 6MWT
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A 6MWT distance of 262 meters

is still TERRIBLE! (normal 450+ meters)

Baseline (N=319)

Week 12 (N = 291)

N=324
Dapagliflozin vs.
placebo

HF with LVEF 2
45%

+5.8-point
improvement in
KCCQ vs. placebo
+20.8-meter
improvement in
6MWT distance vs.
placebo




PRESERVED-HF Results: KCCQ

N (%) Changein KCCQ-CSS Mean Effect P-value for
(95% Cl) (95% Cl) interaction

LVEF
>60 126 (38.9%)
<60 198 (61.1%)

6.2 (2.2, 10.2)
5.7 (2.6, 8.8)

0.88

I | |
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Additional SGLT2i trials in HFpEF

—

v' No significant difference in KCCQ total symptom score
v No significant difference in 6MWT distance
v No significant difference in congestion score

—

v' No significant difference in KCCQ total symptom score
v' No significant difference in KCCQ physical limitation score
v No significant difference in 6MWT distance




HF patient med adherence: dismal

v’ 41% were non-adherent to
medications




HFpEF: huge polypharmacy problem

v 54% of patients in TOPCAT were
taking 10+ meds at baseline
(hyper-polypharmacy)

Incidence rate (per 100py)
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Phenotype-guided approach to HFpEF
Suspected Peak exercise
and POWPICO <3

PCWP <15 mmHg

Peak exercise
PCWP 225 mmHg
or PCWP/CO >2

Any of these criteria*

* Rest or exercise
RAP/PCWP >0.8

* Rest PVR >3 WU

* Rest DPG >7 mmHg

* Ex. PVR >1.8 WU

* TAPSE <14 mm

* RV FAC <30%

* RV FWS <20%

« >2+TR

* Hepatic congestion

Resting
PCWP 215 mmHg




Device-based therapeutics for HFpEF

Interatrial
shunts

(Corvia, V-Wave,
Occlutech,
Alleviant, etc)

Carotid
baroreceptor
stimulation

Implantable (CVRx) .
PA Aortic arch Implantable

monitoring stimulation closed-loop Intermittent
Implantable (CardioMEMS, (Enopace) diuretic SvC
PA Endotronix) systems occlusion
compliance (Sequana, (preCARDIA)

enhancer REPHEVE)
(Aria CV)

Renal denervation Splanchnic nerve Vagal nerve Diaphragmatic Cardiac plexus

(ReCor, Meditronic) ablation stimulation pacing stimulation
: (Axon Therapies) (Anthem) (VisCardia) (Cardionomic)




Device-based therapeutics for HFpEF

Interatrial
shunts

(Corvia, V-Wave,
Occlutech,
Alleviant, etc)

Carotid
baroreceptor
stimulation

Implantable (CVRx) .
PA Aortic arch Implantable

monitoring stimulation closed-loop Intermittent
Implantable (CardioMEMS, (Enopace) diuretic SvC
PA Endotronix) systems occlusion
compliance (Sequana, (preCARDIA)

enhancer REPHEVE)
(Aria CV)

Renal denervation Splanchnic nerve Vagal nerve Diaphragmatic Cardiac plexus

(ReCor, Meditronic) ablation stimulation pacing stimulation
: (Axon Therapies) (Anthem) (VisCardia) (Cardionomic)
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Interatrial shunt devices/procedures




Corvia Atrial Shunt
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REDUCE LAP-HF | RCT: APCWP at 1 mo.

CONTROL CORVIA IASD
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REDUCE LAP-HF Il trial design

) o J|)
/2,

—

v' Rigorous echocardiographic and invasive exercise
hemodynamic screening

Berry NL...Snan SJ. Am rleari J 2020
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Juslon criterla: .
Gold-standard diagnosis of
HFpEF, enriched to benefit from
shunt therapy
History of chronic HF
Age 240 years
NYHA Il or lll sympto
\VEE >40%

Exercise PCWP

PCWP-RA press

ms
>4(
mmHg

mmHg

>95
P22
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AN NN \
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Exclusior

) criterla);

Exclude patients unlikely to
benefit from shunt therapy
Cardiac index <2.0 L/min/m?
Previous EF <30%

CVA, TIA, DVT, PE in past 6 mo.
Greater than mild RV
dysfunction/enlargement
Moderate or greater TR
Resting RA pressure >14 mmHg
Resting PVR >3.5 WU

Berry NL...Snan SJ. Am rleari J 2020



Baseline characteristics (n=626)

 All patients had peak exercise LA pressure 225 mmHg,
confirming the diagnosis of HFpEF

Snan SJ, et al, Lancet 2022



Primary composite endpoint

— Atrial shunt device — Atrial shunt device
—— Sham procedure —— Sham procedure

2 rJrJ"r—’J telr)- Sc'r oerrfeld o-value=0.85
> Wir 1,0 (95% 0.8-1.2)



Pre-specified subgroup analyses

Subgroup N IRR (95% CIl) Piqteraction
. Male 239 m 1.32 (1.01-1.71)
O
L
i
 Tertile 3 168 - 1.43 (1.08-1.90)
i
L
* Tertile 3 202 = 1.40 (1.10-1.79)

Snan SJ, et al, Lancet 2022



Responder analysis

PA pressure SPVR}x CO + PCWP

21 1




Responder analysis

Latent PVD = peak exercise PVR 21.74 WU

Latent PVD —e— ] * : —
No LatentPVD ' —— —t—t —e—
I 1 ; 1 1 1 Il 1 I 1 1 1 1 1 ; 1 1 1
0.0 0.5 1.0 1.5 2.0 0 1 2 3 4 5 15 -10 -5 0 5 10 15
Win Ratio HF event Incidence Rate Ratio Change in KCCQ 0SS

Borlaug BA...Shan SJ.
Circulation 2022



Effect of shunt on KCCQ by + latent PVD

Change in KCCQ OSS at 12 months, No PVD
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Effect of shunt on KCCQ by peak exercise PVR
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Effect of shunt on NYHA class by * latent PVD

Peak exercise PVR <1.74 WU Peak exercise PVR 2 1.74 WU
No latent PVD Latent PVD
100 100
I sham procedure P<0.0001 B shonm procedure P=0.59
I Atrial shunt device I Avial shunt device
7)) 80 7)) 80+
c =
0 0
8 60 8 60
© ©
3 3
= 40 = 40
- -
z Z
20 20 -
0 0
-3 -2 -1 0 1 -3 -2 -1 0 1
Change in NYHA class (baseline to 12 months) Change in NYHA class (baseline to 12 months)
Sorlaug BA...Snan SJ
Circulaition 2022



Responder analysis

Latent PVD = peak exercise PVR 21.74 WU

LatentPVD {  ——8—| I ) * ;
Latent PVD, no Pacemaker - —— - [ ® 1 - ———
Latent PVD, HFpEF only - —e— 4 : ¢ 1 4 1} * i
Latent PVD, no LA enlargement - —o— e I I > 4} ¢ 4
No LatentPVD A —— 1 H&— 1 ——
(No Latent PVD, no Pacemaker - —— 1 H— 5 —ae— )
No Latent PVD, HFpEF only - —e— 1 H— . ——
No Latent PVD, no LA enlargement - ————— 1 =i 9 ——
0.0 015 1.0 1:5 2?0 0 1 é :; ; .'I) -15 -1. 0 -:': 0 ; 1l0 1I5
Win Ratio HF event Incidence Rate Ratio Change in KCCQ 0SS

Sorlauc BA,..Snarn SJ.

g
Circulation 2022



Overall efficacy of shunt by peak exercise PVR

Net wins vs. Exercise PVR « ~50% of patients had
P=00006 - exercise PVR <1.74 and
0007 o W Control no pacemaker
- ~N ol R Peatmer  These patients had more
%] Py 0.8 “wins” when treated with
| 4 atrial shunt device
06 ({HF hospitalizations and
£ o $ Thealth status)
8 \_ ; & * Opposite was true in
200 o —— 04 & those with exercise PVR
<1.74 WU 21.74 or pacemaker
—400 A and no
pacemaker - 0.2
~600 - ';"
-',"/ : : , . ; 0.0
0 1 2 3 - 5 6

Exercise PVR (WU)



ALL suspected HFpEF

Definite HFpEF
(exercise PCWP 225 mmHg)

Excluding RV
dysfunction, 22+ TR,
resting PVR >3.5 WU

Excluding PVD
during
exercise

and
PM







72-year-old woman with HFpEF, LA myopathy

PARTICIPATED IN REDUCE LAP-HF I RCT: RANDOMIZED TO SHUNT DEVICE

Subcostal view Subcostal view (zoomed)

12-month echo




72-year-old woman with HFpEF, LA myopathy

PARTICIPATED IN REDUCE LAP-HF I RCT: RANDOMIZED TO SHUNT DEVICE
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Take home points

HFpEF is underdiagnosed, THF hospitalizations, poor health status
Jcation non-adnerence and nyoer-oolyonarmacy are 0ig oroolermns in
HFpEF vatlents: Need alternate solutions

ave TTexe ‘se PCVWP: Role for device therapies?
> Corvia Atrial Shunt: JExercise PCWP compared to sham control
> REDUCE LA H~
(N=6286): Largest device trial in HFpEF to date

nealtn status overall in HF witn EF 240%: Subgroup analyses suggests a
potential responder group (exercise PVR < 1.74 WU, no pacemaker)
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Is PH-HFpEF treatable? OLD NEWS

Treatment targets: LA, PA, RV

VC | RA RV | PA 1@) PV LA~ LV | Ao
PC
RV therapies Pulmonary \ _
vasodilators LA therapies




Is PH-HFpEF treatable? NKOTB

_ Treatment targets: LA, , RV,

=

VC RA RV PA | PV LA LV Ao
\EC_

L

Improving PA compliance Increasing unstressed blood volume




Fast vs. slow mechanisms of congestion

Precipitant (minor) Renal and dietary

mechanisms
Sympathetic ;
activation

Mobilization of splanchnic
venous reservoir

Sodium and water
retention
TEffective
circulatory volume
TCONGESTION Modifiad from

rallick C, at al. Circ rlgart Fail 207"

lVenous
compliance

CARDIORENAL
SYNDROME




HELP-PH-HFpEF phase 2 RCT
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Estimated SBV (ml)

HELP-PH-HFpEF phase 2 RCT
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1500 T .
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SBurknorf D, at al, JACC rleart Fail 2027
Srannar M, et al, J Card Fail 2027




First-in-human GSN ablation in HFpEF




FIH Endovascular GSN ablation in HFpEF

» Transvenous GSN ablation with Satera Ablation System
» 11 HFpEF patients

» No device-related serious adverse events

» Durable through 12-month Follow-up

Reduction in NTproBNP i KCCQ Overall Score
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