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~ ©, HFpPEF diagnostic toolbox
, A ——

@ Physical exam
Biomarkers

i Echocardiography

* |[nvasive exercise hemodynamics
e Coronary evaluation
e Cardiac MRI

~e Cardiopulmonary exercise test
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H,FPEF score
i = 4 i Z
* Dyspnea on exertion, normal EF

* HFpEF vs. non-cardiac dyspnea?
* Intermediate pre-test probability

Heavy Body mass index > 30 kg/m?

2 Hypertensive 2 or more antihypertensive medicines

F  Atrial Fibriliation Paroxysmal or Persistent Nomogram below table for probability
ey Doppler Echocardiographic estimated of HFpEF based on _score:
P Hypertension :’nl:'I]n;c;naryAnery Systolic Pressure > 35 A score of 4 or hlgher =70%
probability of HFpEF
E Ece Age > 60 years A score of 5 or higher = >80%
probability of HFpEF
A score of 7 or higher = >95%

HZFPEF score probability of HFpEF

F Filling Pressure Doppler Echocardiographic E/e’ > 9

Total Points 0

Probability of HFpEF 02 03 04 05 06 07 08

Reddy YN...Borlaug BA. Circulation 2018

A; POINTS, MINOR CRITERIA: 1 POINT

Biomarker

Septal e’ <7, / LAVI > 34 NTproBNP > 220/660 (SR/AF)
Lateral e’ <10, & or or
or LVMI > 149/122 (M/F) BNP > 80/240 (SR/AF)
E/e’ (avg) 2 15 and RWT > 0.42 *SR = sinus rhythm / AF = a-fib

Ele’ (avg) 9-14, [/ LAVI > 29-34, NTproBNP > 115-220 or
or \ or BNP 35-80 in SR
TR vel > 2.8, LVMI > 115/95 (M/F), or
or or RWT > 0.42, NTproBNP > 365-660 or
GLS <16% / or LVWT > 12 mm BNP 105-240 in AF

h\ / HER-PEFF score 2 5 points: HFpEF
EFF/scorgf 2-4 points: diastolic’stress test or invasive hemodynamics
HFA-PEFF score </2 points: No HFpEF
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EFf KAPCWP with minimal exercise

{

H Fp

1 min Peak 1 min
Exercise  Exercise = Recovery

Borlaug B, et al. Circ Heart Fail2010

_\er"tuf'r'-buthe system” for HFpEF Dx

Non-Cardiac Dyspnea

I § B ENENE

Rest Rest Rest Rest Rest Rest Rest Rest Rest Rest Rest
ASE/EACVI ESC  ESC ESC Cath ASE/EACVI ESC  ESC ESC Cath Cath
+ + + + + +
A : Exercise |Ex E/e’ Exercise Exercise ExEle’ Exercise
Diastolic Echo alone  Cath J Echo  alone Cath
stress echo
for HFpEF Post-Test Diagnosis of HFpEF:

diagnosis Il Positive Negative [l Indeterminate

~
o
1

% of patients
N (%]
o o

o

Obokata...Borlaug. Circulation 2017
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Cardiac amyloidosis

Hypertrophic
cardiomyopathy

Cardiac sarcoidosis

Constrictive
pericarditis

Valvular heart
disease®

Coronary artery
disease”
High-output heart
failure

Myocarditis

Toxins?

Differ

~

Diagnostiedhols

Monoclonal proteins, radionuclide
scintigraphy, biopsy

Echocardiography, cardiac MRI

Cardiac MRI, FDG-PET, biopsy
Echocardiography, cardiac MRI or
CT imaging, invasive haemodynamic
measurements

Echocardiography, invasive
haemodynamic measurements with
ventriculography

Invasive coronary angiography,
stressimaging” or CT imaging
Evaluate for arteriovenous shunts
and liver disease

Cardiac MRI, endomyocardial biopsy

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, p-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)

én‘t?al diagnosis of HFpEF

Borlaug BA.
Nat Rev Cardiol 2020
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Adult Echo

X822t
16Hz
13cm

2

Nt e “Jj -

HFpEF Rule out “zebras”

VP with |nsp|rat|on
Aevel troponin elevation

Oktay AA, Shah SJ. Curr Cardiol Rev 2014

* Previously healthy
and active

* No other HFpEF risk
factors
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A

62:year oId man with HFpEF, AF
S\l

[ g Peak Systolic Strain (Mid)

E/A ratio =1.7

s’=7.5cm/s

/ W ‘nlm

4 5 cmls

v

62;year oId man with HFpEF, AF
A H=& iy
e Cardiac MRI: patchy +LGE
v especially in septum
* Genetic testing: TNNT2 |79N
pathogenic mutation, known
cause of HCM with a
restrictive cardiomyopathy
pattern
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A LA
FPEF: Know your zebras
S RrdByopathy: ol ver

P

HFpEF Know your zebras

Normal

Flow reversal Flow reversal
during inspiration during expiration

\ Concordance Discordance

Oktay AA, Shah SJ.
Curr Cardiol Rev 2014
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64 Year-old man with “HFpEF”, ascites

CA-n-F] Al

""'Year—old man with “HFpEF”, ascites

AL il |

D .
" .; Al i _,1—»"-1—0"-,4_‘, —"
g M1.3X -1 ¥
5

DT: 154 ms
(Grade 3.DD)
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ear-old man with “HFpEF”, ascites

7\\\

radoxus: Preserved e’ despite grade 3 DD
/lus reversus: Septal e’ > lateral e’

Lo Ay EJ  ak

4 ,.ear—bld\‘man with “HFpEF”, ascites

T\
o

’.}\\

RV-LV
i discordance
i during
| inspiration
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“64-year-old man with “HFpEF”, ascites
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ent of myocardial involvement
,:"' \ : ‘é_?
Cardiac cause of
{LV filling pressures,
HFpEF phenotype

S
{ :‘:: Extracardiac cause of
LV filling pressures,
_HFpEF phenotype

%

Infiltrative
cardiomyopathy
MOST PATIENTS Shah SJ.

JASE 2019
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Extent of myocardial involvement

H-EJ Aok

.-2!' 3

Cardiac cause of
LV filling pressures,
HFpEF phenotype
: ABNORMAL
/%\‘% Extracardiac cause of STRAIN
LV filling pressures,
N HFpEF phenotype
W\

Infiltrative

cardiomyopathy
Shah SJ.
JASE 2019

‘myocardial involvement

Extent of

K

Cardiac cause of
{LV filling pressures,
HFpEF phenotype
ABNORMAL

STRAIN

::__THERAPEUTIC RESPONSIVENESS
TO’CARDIAC-SPECIFIC MEDICATIONS

Shah SJ.
JASE 2019
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se TDI to evaluate myocardium
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Signs of a sick myocardium:
Low s, e’, @’ velocities
Short ejection time

, Prolonged isovolumic

IVCT S  |IVRT _ :

A - contraction and
relaxation times

SEPTAL

\W_}

Ejection e’
time

a’

Argulian E, et al.
Circ Res 2018

W

HFpEF with reduced
longitudinal strain
N 27/ N\ il
ati i * Primary LA dysfunction
s * Vascular stiffening
A . Abnormal V-A coupling
* Extra-cardiac volume overload

* RV dysfunction

1/15/2022
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A2c view

Pl % 2

62-year-old
man with
EtOH liver
disease
++Dyspnea,
fluid overload

1:_; |

II. o — G S =

Yo I ]
A R

12.3%!

LV GLS (global
longitudinal strain)

Ref. ranges
(absolute values):

* Normal > 18%

* Borderline 16-18%
e Abnormal < 16%

B

i ic Strain (Mid)

1/15/2022
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Treatment:
L
diuretics +
o
carvedilol
(uptitrated to
i

Diagnosis:

macked EfOH
cardiomyopathy?

6 honths later

-‘ the key test for

17
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CHARM-Preserved”
§ |-PRESERVE’™®

PEP-CHF™

( !
TOPCAT® —a
Spironolactone in Americas

PARAGON? %
| | Sac/val in LVEF<57%, women

CHAMPION®%% @

CardioMEMS

1/15/2022

Li‘f‘jT..T‘IeAd HFpEF treatment landscape

b
Aldo-DHF* e —

RELAX ooa
INDIE-HFpEF® —m——

SECRET exercise® 1 ——
SECRET diet™ ! —.—

1.0 0 10
Treatment effect on peak VO,
(ml/min/kg)

NEAT® — .

EDIFY* Coom

SECRET exercise® : —a—

SECRET diet® [

0.4 0.6 0.8 1.0 1.2
Hazard ratio or incidence rate ratio
for HF hospitalization or death®

G

L

E i

i

Hazard ratio, 0.79 (95% Cl, 0.69-0.90)
P<0.001

N

por=tt” ‘Empagliﬂozin

-20 0 40

Treatment effect on 6-MWD (m) Borlaug BA.

Nat Rev Cardiol 2020

in HFPEF: EMPEROR-Preserved

N=5988
Empagliflozin vs.
placebo

HF with LVEF >
40%

(n=4005 [67%] with
LVEF 2 50%})
Primary outcome
driven by HF
hospitalizations
41.32-point
improvement in
KCCQ vs. placebo

Placebo

ths since randomization

T T T
18 21 24 2

J J 1 at 52 weeks

T
7 30 33 36

Anker S, et al. NEJM 2021
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in HFPEF: PRESERVED-HF KCCQ

N=324
Dapagliflozin vs.
placebo
HF with LVEF 2
45%
+5.8-point
T improvement’in
L KCCQvs. placebo

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

EJ]  pk

=@ Placebo
—8— Dapagliflozin

Mean KCCQ-CS Score

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

Nassif M...Kosiborod M. Nature Medicine 2021

L

E i

in HFPEF: PRESERVED-HF KCCQ

SGLT2i

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

LVEF
>60 126 (38.9%) 6.2 (2.2,10.2)
<60 198 (61.1%) 5.7 (2.6,8.8)

0.88

| 1
-10 -5 10
Favors Placebo <€— —>» Favors Dapagliflozin

Nassif M...Kosiborod M. Nature Medicine 2021
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SGLT2j in HFPEF: PRESERVED-HF 6MWT

N=324

Dapagliflozin vs.

—e— Placebo p|acebo

—*~ Dapaglifiozin * (| HF with LVEF 2
45%

Effect Size = . +5.8-point

= 20.1(5.6-34.7) m " .

p=0.007 improvement’in
KCCQvs. placebo
+20.1-meter
improvement in
6MWT distance vs.
placebo

N

[=)}

o
|

N

wv

o
|

S}

5

o
|

Mean 6 MWT Distance (m)

Baseline (N=319) Week 12 (N =291)

Nassif M...Kosiborod M. Nature Medicine 2021

Phenotype-
specific

Sub -phenotyping: 4 treatment
Quantitative imaging =
Cardiac biopsy
Liquid biopsy
Exercise phenotyping
Machine learning

20
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4 LAP>>RAP
| /{\ No RV failure
: ( > PVR normal

mbreII

/ /
7 o,
W 7 Bl

¥
N
y/ ,‘\
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1

v

Ambulatory,
exercise
intolerant

\[]I=H
KNOCK-OUT
(nitrites)
PANACHE
(adenosine
A1 receptor
agonist)

High BP
Vqume up

v v
CpcPH Amyloid

SERENADE Phenotype
(ERA), ATTR-ACT,
SOUTHPAW AG-10
(prostacyclin), ENDEAVOUR
HELP-PH-
HFpEF (Ca++
sensitizer)

TTR RNAI)

(TTR stabilizer,

1/15/2022

3 de5|gn for HFpEF trials

HCM
phenotype
LIBERTY
(eleclazine)
Mya@sin
inhibitors

Shah SJ. J Cardiovasc Transl Res 2017

Obese, BNP-deficient
HFpEF subtype
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Hi:prF A BNP deficiency syndrome

|l“ -"J

Hypertension
Fluid retention
1 Adiposity

— HFpEF

(with minimal

? intrinsic
Pericardial, 1P myocardial
epicardial fat involvement)

Excessive
chest wall fat

Anjan\V...Shah SJ. Am J Cardiol 2012; Wang TJ. NEJM 2012
Seidelmann SB, et al. JAHA 2017; Obokata M; et al. Circulation 2017

74-year-old woman with BMI 46 kg/m? with HFpEF, BNP = 28 pg/ml
Severe pericardial and epicardial fat over the RV

. "
'.— l
Tuy
" % p-
5\ \ =
or ™™ - -
- | e

» .——v:'.'-
R 4

Diastolic septal
bounce = ventricular
interdependence

22
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74-year-old woman with BMI 46 kg/m? with HFpEF, BNP = 28 pg/ml

Severe pericardial and epicardial fat over the RV
Y B — ——

iy~ ——A A

Peak inspiration

A (RV/?I\ dlscorfilce) f[{\ A /\

Summary: 70HR: LV 103/10/21 dP/dl:'I238 dP/'dt/F’:23 R\/ 40/’9/16 dP/d(:212 dP/dvP:9

,j-\\ ___k A---H f { '—\Jj

Obese HFpEF phenotype Welght loss Rx

* 68-year-old woman
with HFpEF, NYHA
class lll treated with a
GLP1-RA in June 2017

* By Dec 2018, off of all
diuretics and anti-
hypertensive Rx,
NYHA class |

Nov S symptoms
2017 2018

|
I I |
1110/2017 2172018 12/512018

23
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R\x,of obeSe BNP-deficient HFpEF

Myocardial-predominant
HFpEF subtype

1/15/2022
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% H-EJd ol 1

Extent of myocardial involvement

Cardiac cause of
LV filling pressures,
HFpEF phenotype
ABNORMAL

STRAIN

__THERAPEUTIC RESPONSIVENESS
TO'CARDIAC-SPECIFIC MEDICATIONS

Shah SJ.
JASE 2019

Change in peak exercise hemodynamics
after 20-min infusion in HFpEF patients
(n=10 placebo vs. n=10 milrinone)

- Placebo
I witrinone

Kaye D, et al. JACC 2016

25
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Critical role of .
mitral annular
motion in dictating
LA and LV function

.

@ annularmotion

Left atrial myopathy
HFpEF subtype
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Y';A:bh‘orma'l‘“LA mechanics in HFpEF

Atrial Atrial
flbr05|s fibrillation myopathy

Reduced atrial
emptying

Decreased LV
filling

Decreased
cardiac output

Decreased peak
VO,

Scherlis & Cowley.
Ann Intern Med 1955

27
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| nfeFAtriaI Shunt Device

Feldman T...Shah SJ. Circ Heart Fail 2016

Two 66-year-old women with HFpEF:
Who should get the IASD?

1
AP: 12 mmHg RAP: 24 mmHg !
it WP: 29 mmHg PCWP: 28 mmHg
I: 3.4 L/min/m?2 Cl: 2.1 L/min/m?2
PVR: 1.8 WU PVR: 3.8 WU

28



—@&— Baseline *P<0.05
—&— 1 month **P<0.01

PCWP (mmHg)

—&— Baseline
—&— 1 month

L] L] U L]
Rest Legs up 20w Peak

L] L]
Rest Legs up

Feldman T... Shah SJ. Circulation 2018

At \H A

Example p‘é\’fient randomized to IASD

Subcostal view (zoomed)

1/15/2022
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REDUCE LAP HF | RCT: 3-yr. outcome

Nl suggest durable efficacy

Test Chi-Square  P-value
Treatment
Control Log-Rank 5.1851 0.034
Wilcoxon 5.1354 0.028

] REDUCE LAP HF-Il Pivotal RCT (n=626):
Results to be presented at THT meeting Feb 15t

Cumulati
Heart
Requirin|
w
o G
X A

180 270 365 545 730 910 1095

Time after Randomization (days) Unpublished data

‘ eEho evaluation of HFpEF
jis of HFpEF: use the H2FPEF or

| phenotype HFpEF to guide
ent and enroll in clinical trials

1/15/2022
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Shah Lab — Northwestern University
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