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Examples of remodeling

Dilated
cardiomyopathy

“systolic heart failure

Stage B,C,D

LV dilatation, Giobular shape
Systolic LV dysfunction
Mitral regurgitation

Normal

Hypertensive
or diabetic heart
disease

“diastolic heart failure

Stage B,C,D

Normal cavity size, Concentric LVH
Diastolic dysfunction
Enlarged left atrium




Response to Graded Doses of Angiotensin |l
In Patients without (Group 1 and 2) and with
Heart Failure (Group 3)

Stroke Work Index

Response
To Afterload
Stress

Stroke Volume Index

Ross J. Jr. JACC
2008:;51:2107
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BNP vs. Wall Tension

BNP (pg/ml)
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BNP Levels by ACC/AHA Heart Failure Stages
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Scatterplot Smoother of BNP Levels
and In-hospital Mortality (Risk Stratification)

8

»

5
=
>
3
pud
@]
S
g4
o
(7))
@]
T
c

N

1000 2000 3000 Z10]0]0 S10/0]0

BNP (pg/mL)

Fonarow et al. JACC
2007; 49:1943




Event -free (Hospital Stay for Heart Failure
or Death Related to Heart Failure)
Survival in 2 Groups (BNP vs Clinically Guided)
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Treatment Algorithm for Patients with Heart Failure and
Reduced Left -Ventricular Systolic Function

%% "% -
Modified McMurray & Pfeffer
# from Lancet 2005;365:1877
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Examples of Remodeling

Dilated
cardiomyopathy

“systolic heart failure ”

Stage B,C,D

LV dilatation, Globular shape
Systolic LV dysfunction
Mitral regurgitation

Hypertensive
or diabetic heart

disease
“diastolic heart failure ”

Stage B.C,D

Normal cavity size, Concentric LVH
Diastolic dysfunction
Enlarged left atrium




Heart Failure with Preserved Ejection Fraction
(HFPEF)

* HFPEF is defined by a normal or near -normal EF (>0.50
or 0.45). This cut point does not exclude systolic
dysfunction, but is not usually associated with hea It
fallure symptoms in the absence of other factors.

Hence the term “preserved systolic function ”

* HFPEF Is not a specific diagnosis or syndrome. Itis a
constellation of findings caused by diverse etiolog les
for which non -cardiac etiologies are excluded.

* HFPEF Is often equated with diastolic heart failure.




Prevalence of Heart Failure

USA  Finland England Sweden Den. Spain  Portugal Nether.
(CHS) (Helsinki) (Poole) (Vasteras) (Copen.) (Asturias) (EPICA) (Rotter.)
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age range 66-103 75-86 70-84 75 > 50 > 40 >25  55-95
mean age 78 - 76 75 - 60 68 65




Systolic
Heart
Failure

Diastolic
Heart Failure

Aurigemma, Zile, Gaasch
Circulation 2005




I-PRESERVE (HF-PEF)
Echo Substudy (n=741)

Total (N=741)

250/ LVH Naples
Concentric

Remodeling
0)
14 /0 ® Normal

Diastolic DysFx

normal
Grade 1
B Grade 2

Enlarged LA

15%

None

16% Mild

B Mod/Sev

Kindly Provided by B Massy
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Mechanisms of Diastolic
Dysfunction

Increased stiffness
( chamber compliance)

Massie B




Ventricular Compliance Distinguishes Shift
In Diastolic PV Relation
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Plasma BNP in Diastolic
Heart Faillure vs Controls

P<0.01

Yamaguchi et al JACC 2004
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5 but not as
increased as in
systolic
dysfunction; less
wall tension due
to LVH, less BNP
released




Trials In Heart Failure with Preserved
LV Function

NHLBI DIG EF >45% (digoxin)-neutral
CHARM “preserved” (candesartan)-boarderline
PEP-CHF (perindopril)-neutral

I-Preserve (irbesartan)-neutral

NHLBI TOPCAT trial (spironolactone)-ongoing




DIG Trial (EF >45%)

No favorable
with digoxin

DIG Investigators




CHARM-Preserved: Primary outcome CV death or
CHF hospitalization -positive trend

%
30 -

25 -
20 -
15 A

10 -
= HR 0.89 (95% CI 0.77-1.03), p=0.118

366 (24.3%)
333 (22.0%)

| | | | |
2 3 3.5 years
Number at risk
Candesartan 1514 1458 1377 833 182

Placebo 1509 1441 1359 824 195




HR 0.69; 95% Cl 0.47 to
1.01; p=0.055

1Y: 46 vs 65 events
2Y: 107 vs 100 events







I-PRESERVE: Primary Endpoint

Death or protocol specified CV hospitalization

HR (95% Cl) = 0.95 (0.86-1.05)
Log-rank p=0.35 Placebo

Irbesartan
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12 18 24 30 36 42 48 54 60
No. at Risk Months from Randomization

Irbesartan 2067 1929 1812 1730 1640 1569 1513 1291 1088 816 497 Massie et al
Placebo 2061 1921 1808 1715 1618 1539 1466 1246 1051 776 446
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I-PRESERVE: Major Secondary Endpoints

Death

HR (95% CI) = 0.96 (0.84 — 1.09)
Log-rank p=0.51

Placebo

Irbesartan

0O 6 12 18 24 30 36 42 48 54 60
Months from Randomization

2067 1966 18691806 1727 1669 1622 14041187 901 557
2061 1951 18571777 17021645 1579 13531146 859 503

Death from Heart Failure or
Hospitalization for Heart
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No. at Risk

Failure

HR (95% CI) = 1 (0.88 — 1.14)
Log-rank p=0.98

Placebo

Irbesartan

0 6 12 18 24 30 36 42 48 54 60
Months from Randomization

Irbesartan 2067 2029 19761949 18931833 1784 1569 1334 1026 634
Placebo 20612020 1974 19291877 1827 1761 15211298 980 579

Massie et al NEJM 2009




TOPCAT: Trial Design

* AGE® 50 YRS

* EF3 45% WITHIN 6 MONTHS

* HEART FAILURE SYMPTOMS AND SIGNS

* CONTROLLED SYSTOLIC BP (< 140 mm Hg) *
« SERUM K* £ 5.0 MMOL/L

PLUS ONE OF THE FOLLOWING:
* HF HOSPITALIZATION WITHIN 12 MONTHS
* BNP # 100 PG/ML
* N-TERMINAL PRO-BNP # 360 PG/ML

v

RANDOMIZE

v v

PLACEBO SPIRONOLACTONE
15 MG 15 MG

| |

DOSE TITRATION (TARGET 30 MG)
* Optional Titration to 45 mg at 4 mos

v

COMPOSITE PRIMARY ENDPOINT
CV death, Aborted cardiac arrest, Hospitalizationf  or
management of HF

-~ Week 0

- Week 4

> ~ 3.25 yrs




Diastolic Heart Failure:
Treatment Goals

* Reduce congestion

* Control hypertension

* Prevent and treat myocardial ischemia
* Prevent tachycardia

* Maintain atrial contraction

* Prevent fibrosis and promote regression of LV
hypertrophy

* I[mprove LV relaxation




Treatment of Diastolic Heart Fallure
still unknown

* Diuretics -treat hypertension

* ACE Inhibitors, ARBs (ie, CHARM-
marginal, | -Preserve -neutral)

* b-adrenergic blockers -not tested

* Calcium channel blockers -no data
* Aldosterone receptor blockers -TOPCAT

e Na*t restriction
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CONCLUSIONS

The Current State of Heart Failure Therapy

Systolic/Low EF Heart Failure

Evidenced -based medicine

Multiple randomized controlled
double -blind clinical trials

Therapies based on outcomes

General HF community consensus
on pathophysiology and Rx

Diastolic/PEF Heart Failure

Anecdote -based medicine

Mechanistic studies and
non -definitive trials

Empiric symptom -based
therapy

Limited consensus on
mechanism and treatment

Randomized trials often
don’t agree with the
observational data
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Pulmonary Arterial Hypertension

Mean PA pressure 25 mmHg atrestand 30 mmHg during
exercise

Arterial, venous, hypoxic, thromboembolic , misc.

Pulmonary Arterial Hypertension is further sub -divided into
idiopathic, familial (~6%), and associated ( Ie., collagen
vascular disease, anorexigen induced, etc.)

Primary Pulmonary Hypertension now compromises
idiopathic, familial and anorexigen induced Pulmonary
Arterial Hypertension

Pathological features of PAH include intimal fibrosis of small
pulmonary arteries, proliferation of vascular smoot h muscle
and pulmonary arterial occlusion;  plexiform lesions occur
late




Familial Pulmonary Arterial Hypertension

* At least 6% of Pulmonary Arterial Hypertension case s are
familial, and 50 to 70% of these mutations areint  he bone
morphogenetic protein receptor type Il (BMPR II)

* About 10 to 40% of apparently sporadic idiopathic P  AH cases
carry germline BMPR Il mutations




Loss of Homeostasis with Bone
Morphogenetic Protein (BMP) Receptor
Type 2 (BMPR2) Mutation

— BMPs Impaired
\activation

R2
BM
\\/\u’tae“geptor

o U

Newman et al. Ann Int Med 2008




The RV Response to Idiopathic Pulmonary
Artery Hypertension (IPAH)
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Voelkel et al. Circ 2006




RV Wall Stress vs RV Ejection Fraction
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The Response of the Normal RV
and LV to Increase in Afterload

Haddad et al. Circ 2008:;117:1436
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Beth Halasz
CCF 2007




Medical Therapy for PAH

Medication

Dose

Bosentan (Tracleer)

e Start 62.5 mg by mouth 2x daily
°— to 125mg 2x dalily after 4 weeks

Ambrisentan (Letairis )

e Start 5 mg by mouth daily; consider
— to 10 mg daily if 5 mg is tolerated

Sitaxsentan (Thelin)

* 100 mg by mouth daily

Sildenafil (Revatio)

* 20 mg by mouth 3x daily

Beraprost

e Start 20 pg by mouth 4x daily; - to 20 ug
4x daily if tolerated

lloprost (Ventavis )

e Start 20 pg inhaled 6 to 9x daily; if
tolerated - to 5 pg 6 to 9x daily

Epoprostenol

(Flolan)

* |nitiate at 2ng/kg/min and - every 15 min
until dose -limiting side effects occur

Treprostinil
(Remodulin )

* |nitiate at 1.25 ng/kg/min and - by no
more than 1.25 ng/kg/min weekly for 4
weeks and after that by no more than
2.5 ng/kg/min weekly

Chin and Rubin JACC 2008;51:1527




The EARLY Study
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— Bosentan
— Placebo

Clinical Worsening (%)

4 8 12 16 20 24 28 32

_ Time from Start of Treatment (weeks)
Number at Risk:
Placebo 92 90 89 86 84 83 77 18 9

Bosentan 93 92 87 8 84 83 80 27 15

Galie at al. Lancet 2008
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Treatment of RV Dysfunction

Haddad et al. Circ 2008;117:1717




Conclusions

* Heart failure management has improved, but there
are major limitations when severe structural heart
disease becomes evident.

* “Diastolic Heart Failure ” still not well understood,
and treatment is essentially treatment of
hypertensive heart disease.

* Major strides in PPH and PAH, but drug studies
need more robust end -points.

* RV heart failure is often refractory to conventiona
therapy and may require drugs, devices and
surgery.







Systolic and Diastolic HF

Chatterjee and Massie J
Cardiac Failure 2007;13:569




Systolic Function and EF among CHF
Subjects in the Cardiovascular Health Study

Men Women

Mildly Reduced

- (45% - 54%)

Kitzman,et. alAm. J. Cardiol. 87:413-419 (2001)




