IS coronary revascularization
therapy effective in HFpEF?
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Trends in HFpEF prevalence

Community based study from Olmsted county, MN
From 1986 to 2002

Increasing HFpEF compared to decreasing HFrEF

>

B Preserved ejection A Reduced ejection
fraction fraction
r=0.92, P<0.001 r=0.81, P<0.001 r=—0.33, P=0.23
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Trends in HFpEF outcomes

Improving outcomes Unchanging outcomes
iIn HFrEF iIn HFpEF

A Patients with Reduced Ejection Fraction B Patients with Preserved Ejection Fraction
1.0

1.0
- 1987-1991

0.8 —_ 1992-1996
- 1997-2001

- 1987-1991
0.8 — 1992-1996
— 1997-2001

0.6 0.6

Survival

0.4

Survival

0.4

0.2 0.2

No. at Risk No. at Risk
1987-1991 819 1987-1991
1992-1996 857 19921996
1997-2001 748 3 1997-2001

Owan et al NEJM 2006



Different treatment response
to same class of drugs

HFpEF HFrEF
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Different treatment response
to aldosterone antagonist
HFrEF HFpEF

, Hazard ratio, 0.63 (95% Cl, 0.54-0.74)
P<0.001
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Aldactone

Estimated Cumulative Proportion of Patients
with Primary End Point

i é Hazard ratio, 0.89 (95% Cl, 0.77-1.04)

P=0.14 by log-rank test

. . c T T T T 1
Years since Randomization 24 36 48 60 72

No. at Risk Months
Placebo 848 512 No. at Risk

Eplerenone 925 562 Spironolactone 1722 1168 870 614 330
Placebo 1723 1145 834 581 331

EMPHASIS-HF TOPCAT

Faiez Zannad et al NEJM 2011 Marc A. Pfeffer et al NEJM 2014




What makes it
so different?



Different myocardial remodeling

Myocardial Remodeling in HFPEF and HFREF
HFREF

+Infection
| *Toxicity

Walter J. Paulus et al JACC 2013



Different hemodynamic features

HF with impaired LVEF

LV morphology

,

Pressure-volume
loop

LV pressure

ESPVRY

LV pressure

LV volume

LV volume

LVEDV

oy

normal

LV mass

eccentric LV hypertrophy

concentric LV hypertrophy
or concentric LV remodeling

Left atrium

dilated

dilated

LVEF

-

normal




Decreased CO |
Evident neurohormonal activation
INn HFreF

High-output Low-output
cardiac failure cardiac failure

¥ Peripheral
vascular resistance

\ { Fullness of the /
arterial circulation

{ Cardiac output

t Nonosmotic t Sympathetic t Renin-angiotensin—
vasopressin nervous system , aldosterone system
release activity activity

\ Beta blocker ¢ AAS inhibitor
renaIDhlgj'ul‘:-gz};ﬁgmics (ACEI, ARB,

and

renal sodium and a|dOStr0ne
water excretion 5
anyagonist)

N Engl J Med. 1999;341:577-850




Preserved CO and not so evident
neurohormonal activation in HFpEF

Hypertensive Sedentary lifestyle
remodelling Poor fithess

Ventricular and Obesif(y and
vascular stlffenm metabolic stress

| | |

Global loss of cardiac, vascular,
and peripheral reserve

l

Borlaug Nat Rev Cardiol 2014



Different hemodynamic response
to nitroprusside

Hrper | Marked BP|
Ees = 3.66 Ljttle SV
Little BP| HETEE
Marked SV1 [Ees =0.54
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Heterogeneous group of disease

J Diastolic Reserve \lrSYStOhC Reserve
* Relaxation/suction/filling ¢ * Mild resting dysfunction
+ Compliance, pericardium * Marked stress limitation

«  ALVFP N

Chronotropicincompetence
lT *  Sinus node dysfunction —> J Cardiac output reserve
*  Atrial fibrillation = Tissue hypoperfusion/ischemia
* Abnormal VA coupling
J'RV-PA Coupling
*  Pulmonary hypertension /
* RV dysfunction
* {PAvasodilation Vascular Dysfunction /
* Abnormal vasorelaxation ?
* Endothelial dysfunction
*  Arterial stiffening

Autonomic Dysfunction '\\
Y bl e i , VAVO,difference reserve

* Sympathoexcitation

¢ Skeletal muscle dysfunction
* J baroreflex sensitivity < Y!

* Microvasculature
* Ergo- & Metabo-reflexes
* Body composition, mitochondria

Borlaug Circ J 2014



Many comorbidities in HFpEF

Hypertension (55-77%)

Obesity (BMI > 30 kg/m? , 40-51%)
Chronic kidney disease (23-26%)
COPD (33%)

Anemia (33%)

AF (32-41%)

DM (32-45%)

coronary artery disease (36%-53%)

N Engl J Med 2006;355:251-9
Sameer Atheret al JACC 2012



Treat now HFpEF
by treating comorbodities!

mm HFpEF
= HFrEF
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How about CAD as key
Known to CRISERKSR Fysfunction

Have common risk factors with HFpEF
(aging, hypertension, DM etc)
Reversible and treatable

Influence of coronary occlusion
on diastolic function

(KASS et al Circ 1990)
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CAD is common in HFpEF patients

HFpEF Without CAD
121(32%)
HFpPEF with CAD

255(68%)

Coronary artery stenosis > 50% by CAG

Seok-Jae Hwang, Barry Borlaug JACC 2014



Impact of CAD on EF change in HFpEF
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median follow-up of 1,314 days (IQR: 655 to 1,947 days)

HFpEF no CAD

Ejection Fraction (%)

80 -

D
o
1

N
o

20 -

HFpEF with CAD HFpEF no CAD HFpEF with CAD

AEjection Fraction (%)

Seok-Jae Hwang, Barry Borlaug JACC 2014



Impact of CAD on mortality in HFpEF pts

1.0 HFpEF with EF > 50%
o 0.8
=
=
=
B 0.6
p=0.03
0.4
0 2 4 6 38 10
Years
Number remaining
CAD (-) 121 90 60 34 14
CAD (+) 255 193 129 83 23

SJ Hwang, Borlaug JACC 2014



Impact of CAD severity on mortality
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What would be the impact of
coronary revascularization on
outcomes In patients with HFpEF?



Impact of coronary revascularization
on outcomes In patients with HFrEF

The NEW ENGLAND JOURNAL of MEDICINE

Coronary-Artery Bypass Surgery in Patients
with Left Ventricular Dysfunction

@ LVEF < 35%
Randomized

Eric et al NEJM 2011

Randomized

MED only @




— As Randomized

1 _
— MED HR 0.86 (0.72, 1.04)
1 — CABG
08 P=0.123
' Adjusted HR 0.82 (0.68, 0.99)
o 1 Adjusted P = 0.039
S 06
2 |
'c—é 0.46
o 0.41
=
CABG
0 [ I [ |
0 1 2 3 4 5 6
Years from Randomization
MED 602 532 487 435 312 154 80

CABG 610 532 486 459 340 174 91



Impact of coronary revascularization
on outcomes In patients with HFpEF



Short term impact of RVR
on outcomes of HFpEF pts

OPTIMIZE HF registry

New-onset or worsening preexisting HF
48,612 consecutive patients
from 259 U.S. hospitals

Preserved EF > 40%

CAD identified by history

No lesion & procedural characteristics
Most RVR was before index HF admission
90 days FU in prespecified subgroup (10%)

J.S. Rossi et al European Journal of HF 2008



Short term impact of RVR
on outcomes of HFpEF pts

OPTIMIZE HF registry

No CAD(n—9741)

CAD without RVR (n:6079)
HR 1.58 (1.05, 2.39)
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Long term impact of RVR
on outcomes of HFpEF pts

Journal of the American College of Cardiology Vol. 63, No. 25, 2014
© 2014 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/].jacc.2014.03.034

Heart Failure

Implications of Coronary Artery Disease in ®cmsmrk

Heart Failure With Preserved Ejection Fraction

Seok-Jae Hwang, MD, PuD,*t Vojtech Melenovsky, MD, PuD,"} Barry A. Borlaug, MD*
Rochester, Minnesota; Jinju, Republic of Korea; and Prague, Czech Republic

Retrospective study from Jan 2004 to Dec 2012
In Mayo clinic with primary Diagnosis of HF
With echocardiography and CAG

SJ Hwang, Borlaug JACC 2014



Rigorous phenotyping of HFpEF

4,331 with eligible echocardiography and
coronary angiography within 6 months

2,277 reduced EF

2,054 with preserved EF

320 Acute Coronary Syndrome | &———

863 Valvular Heart Disease |€«———

140 cardiomyopathy  |[€——

354 etc |[€——

376 HFpEF

SJ Hwang, Borlaug JACC 2014



Patients grouping

376 HFpEF
(CAD > 50% stenosis in > 2mm)
e N
121 (32%) 255 (68%)
no CAD CAD

l

(Complete RVR of all >50% stenoses)

— |

153 (60%) 102 (40%)
iIncomplete RVR complete RVR

SJ Hwang, Borlaug JACC 2014



| esional characteristics

Incomplete Complete P
revascularization revascularization value
(n=153) (n=102)
CAD characteristics
Extent of CAD 0.8
1 vessel disease 41 (27%) 27 (31%)
2 vessel disease 57 (37%) 28 (32%)
3 vessel disease 55 (36%) 32(37%)
multivessel disease 112 (73%) 60 (69%) 0.6
average number of vessel 2.1+0.8 2.1+0.8 0.8
disease
Syntax score 18+13 21+15 0.2
Syntax grade 0.24
Score < 22 100 (65%) 52 (60%)
Score 22-32 31 (20%) 14 (16%)
Score > 32 22 (14%) 21 (24%)
Disease territory
LM disease 20 (13%) 19 (22%) 0.1
LAD disease 100 (65%) 62 (71%) 0.4
Diagonal disease 46 (30%) 30 (35%) 0.8
LCX disease 100 (65%) 52 (60%) 0.4
RCA disease 104 (68%) 52 (60%) 0.2

SJ Hwang, Borlaug JACC 2014



RVR characteristics

Incomplete Complete P
revascularization revascularization value
(n=153) (n=102)
Method of revascularization 0.9
PCI 66 (64%) 64 (63%)
CABG 37 (36%) 38 (37%)
Numbers of vessel 0.42
revascularized
1 vessel revascularized 46 (47%) 44 (43%)
2 vessel revascularized 29 (29%) 28 (27%)
3 vessel revascularized 17 (17%) 23 (22%)
4 vessel revascularized 7 (7%) 7 (7%)
multivessel revascularized 53 (54%) 58 (57%) 0.7
average number of vessel 1.8+£1.0 1.9+1.0 0.5
revascularized
Revascularized vessel
LM 2 (2%) 4 (4%) 0.7
WAYD, 57 (58%) 62 (61%) 0.7
Diagonal branch 20 (20) 22 (22%) 0.9
LCX 53 (54%) 56 (55%) 0.9
RCA 51 (52%) 53 (52%) 1.0

SJ Hwang, Borlaug JACC 2014



Impact of RVR on EF change in HFpEF

median follow-up of 1,219 days (IQR: 651 to 1,898 days)

Revascularized Incomplete O.r hot Revascularized Incomplete o_r hot
Revascularized Revascularized
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SJ Hwang, Borlaug JACC 2014



Impact of Revascularization on
Survival in HFpEF pts With CAD

median follow-up of 1,478 days (IQR: 708 to 2,371 days)

1.0 1.0
L]
"""-h.,‘_l HFpEF with CAD, HFpEF with CAD,
7 ."'"'l- Revascularized 7 Revascularized
0.8 4 0.8 4
= = HFpEF, no CAD
= >
g HFpEF with CAD, g
» 0.6+ Incomplete or not n 0.6
Revascularized
p=0.03 p=0.6
0.4 | | | | | 0.4 | | | | |
0 2 4 6 8 10 0 2 4 6 8 10
Years Years
Number remaining Number remaining
Revasc (+) 101 85 63 37 11 Revasc (+) 101 85 63 37 11
Revasc (-) 154 108 68 47 13 CAD (-) 121 90 60 34 14

SJ Hwang, Borlaug JACC 2014



Modality of Revascularization
dose not affect outcomes differently
iIn HFpEF pts with CAD

1.0 1.0
CR-CABG
o 0.8 o 0.849
= I= All CABG
2 B
> > All PCI
> 0.67 S 0.6
0p) 0p)
0.4 0.4+
p=0.3 p=0.6
| | | | | T | | | |
0 2 4 6 8 10 0 2 4 6 8 10
Years Years
Number remaining Number remaining
CABG 38 36 31 20 10 CABG 75 59 46 33 14
PClI 64 50 33 18 2 PCI 130 101 62 34 5

SJ Hwang, Borlaug JACC 2014



Surviving

Revasc (+)
Revasc (-)

Surviving

Revasc (+)
Revasc (-)

1.0
0.8- Revascularized
0.6 Incomplete or Not
Revascularized
0.4
021 p=0.4
0.0 1 1 T T T
0 2 4 6 8 10
Years

Number remaining

67 55 38 20 6

101 69 45 32 9
Lo Mod-High Syntax Score (223)

Revascularized
0.8
0.6
Incomplete or Not
0.4+ Revascularized
0271 p=0.01
00 I I I I I
0 2 4 6 8 10
Years

Number remaining

34 31 26 18 6

53 40 23 16 6

Low Syntax Score (<23)

=
o

Single Vessel Disease

Revascularized

0.8
o
< 0.6 Incomplete or Not
= Revascularized
>
S 0.4
0p]
0271 p=0.8
00 I I I I I
0 2 4 6 8 10
Years
Number remaining
Revasc (+) 26 23 17 9 3
Revasc (-) 37 27 18 16 3

Multivessel Disease

Revascularized

0.8
o
£ 0.6
>
= Incomplete or Not
S 0.4 Revascularized
n
927 p=0.0465
0.0 T T T T 1
0 2 4 6 8 10
Years
Number remaining
Revasc (+) 59 53 41 25 8
Revasc (-) 116 81 50 31 11

SJ Hwang, Borlaug JACC 2014



When and how can we evaluate CAD In
HFpEF pts?

CLASS lla

1. Coronary revascularization is reasonable in patients
with HF and normal LVEF and coronary artery disease in
whom symptomatic or demonstrable myocardial
Ischemia is judged to be having an adverse effect on
cardiac function. (Level of Evidence: C)

From 2009 Focused Update for the Diagnosis & Management of
HF American Heart @ | ATER




Chest pain and dyspnea dose not
discriminate HFpEF from CAD

P=0.7

P=1.0

100 P=0.6
30 P=0.7 40

i 92% 93% 20 37% 36%
53% 56% 30% 34%
40 20
20 10
0 0]
Dyspnea > NYHA I Angina > CCS ||

HFpEF without CAD HFpEF with CAD

SJ Hwang, Barry Borlaug JACC 2014



% of patients

80

60

Stress tests poorly classify CAD

All Patients Patients with angina
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70 R 64
55 E 52
30 s & 36
0
True False False True True False False True
Negative  Positive Negative  Positive Negative  Positive Negative  Positive
HFpEF, no CAD HFpEF, with CAD HFpEF, no CAD HFpEF, with CAD

SJ Hwang, Barry Borlaug JACC 2014



Summary

. CADIs common in HFpEF and is associated with
worsening of EF and increased mortality in HFpEF
patients.

. Coronary revascularization was associated with
Improved outcomes of HFpEF patients with CAD,
especially with more severe CAD burden.

. CAD in HFpEF is hard to find out but should be
thoroughly searched for.

. CAD qualifies as key morbidity in HFpEF



Conclusion

Given the rarity of effective treatments for
HFpEF, prospective trials are urgently
needed to determine the optimal evaluation
and management of CAD in HFpEF.
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