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Examples of remodelingExamples of remodeling

Stage B,C,D Stage B,C,D

Stage A

Dilated
cardiomyopathy

Hypertensive
or diabetic heart 

disease

LV dilatation, Globular shape
Systolic LV dysfunction

Mitral regurgitation

Normal cavity size, Concentric LVH
Diastolic dysfunction
Enlarged left atrium

““ diastolic heart failurediastolic heart failure ””““ systolic heart failuresystolic heart failure ””



Response to Graded Doses of Response to Graded Doses of AngiotensinAngiotensin IIII
in Patients without (Group 1 and 2) and with in Patients without (Group 1 and 2) and with 

Heart Failure (Group 3)Heart Failure (Group 3)

Ross J. Jr. JACC Ross J. Jr. JACC 
2008;51:21072008;51:2107

Stroke Work Index

Stroke Volume Index

Group 1 Group 2 Group 3

Response
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BNP vs. Wall TensionBNP vs. Wall Tension
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IwanagaIwanaga et. al., JACC 2006et. al., JACC 2006



BNP Levels by ACC/AHA Heart Failure StagesBNP Levels by ACC/AHA Heart Failure Stages

Daniels & Daniels & MaiselMaisel
JACC 2007;50:2357JACC 2007;50:2357
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FonarowFonarow et al. JACC et al. JACC 
2007; 49:19432007; 49:1943

ScatterplotScatterplot Smoother of BNP Levels Smoother of BNP Levels 
and Inand In --hospital Mortality (Risk Stratification)hospital Mortality (Risk Stratification)
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EventEvent --free (Hospital Stay for Heart Failure free (Hospital Stay for Heart Failure 
or Death Related to Heart Failure) or Death Related to Heart Failure) 

Survival in 2 Groups (BNP Survival in 2 Groups (BNP vsvs Clinically Guided)Clinically Guided)

JourdainJourdain et al.  JACC et al.  JACC 
2007;49:17332007;49:1733
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Treatment Algorithm for Patients with Heart Failure and Treatment Algorithm for Patients with Heart Failure and 
Reduced LeftReduced Left --Ventricular Systolic FunctionVentricular Systolic Function

Modified McMurray & Pfeffer Modified McMurray & Pfeffer 
from Lancet 2005;365:1877from Lancet 2005;365:1877
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Examples of RemodelingExamples of Remodeling

Stage B,C,D Stage B,C,D

Stage A

Dilated
cardiomyopathy

Hypertensive
or diabetic heart 

disease

LV dilatation, Globular shape
Systolic LV dysfunction

Mitral regurgitation

Normal cavity size, Concentric LVH
Diastolic dysfunction
Enlarged left atrium

““ diastolic heart failurediastolic heart failure ””
““ systolic heart failuresystolic heart failure ””



Heart Failure with Preserved Ejection Fraction Heart Failure with Preserved Ejection Fraction 
(HFPEF)(HFPEF)

•• HFPEF is defined by a normal or nearHFPEF is defined by a normal or near --normal EF (>0.50 normal EF (>0.50 
or 0.45).  This cut point does not exclude systolic  or 0.45).  This cut point does not exclude systolic  
dysfunction, but is not usually associated with hea rt dysfunction, but is not usually associated with hea rt 
failure symptoms in the absence of other factors. failure symptoms in the absence of other factors. 
Hence the term Hence the term ““ preserved systolic functionpreserved systolic function ”” ..

•• HFPEF is not a specific diagnosis or syndrome.  It is   a HFPEF is not a specific diagnosis or syndrome.  It is   a 
constellation of findings caused by diverse etiolog ies constellation of findings caused by diverse etiolog ies 
for which nonfor which non --cardiac etiologies are excluded.cardiac etiologies are excluded.

•• HFPEF is often equated with diastolic heart failure.HFPEF is often equated with diastolic heart failure.
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Diastolic
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Aurigemma, Zile, Gaasch
Circulation 2005



II--PRESERVE (HFPRESERVE (HF--PEF)PEF)
Echo Substudy (n=741)Echo Substudy (n=741)

LVH Naples

Concentric
Remodeling
Normal14%

25%

61%

(N=741)Total

normal

Grade 1
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Diastolic DysFx None
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Mod/Sev

Enlarged LA
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47%
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69%
16%

Kindly Provided by B Massy
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Mechanisms of Diastolic Mechanisms of Diastolic 
DysfunctionDysfunction

Delayed relaxation 
(­­­­ Tau)

Increased stiffness       
(¯̄̄̄ chamber compliance)

Massie B
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in Diastolic PV Relation
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Plasma BNP in Diastolic Plasma BNP in Diastolic 
Heart Failure Heart Failure vsvs ControlsControls

Yamaguchi et al JACC 2004Yamaguchi et al JACC 2004
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Trials in Heart Failure with Preserved Trials in Heart Failure with Preserved 
LV FunctionLV Function

•• NHLBI DIG EF NHLBI DIG EF >45% (>45% (digoxindigoxin))--neutralneutral

•• CHARM CHARM ““preservedpreserved”” ((candesartan)candesartan)--boarderlineboarderline

•• PEPPEP--CHF (CHF (perindoprilperindopril))--neutralneutral

•• II--Preserve (Preserve (irbesartanirbesartan))--neutralneutral

•• NHLBI TOPCAT trial (NHLBI TOPCAT trial (spironolactonespironolactone))--ongoingongoing



DIG Trial (EF >45%)DIG Trial (EF >45%)

DIG Investigators

No favorable
with digoxin



CHARMCHARM--Preserved: Primary outcome Preserved: Primary outcome CV CV deathdeath or or 
CHF hospitalizationCHF hospitalization --positive trendpositive trend

0 1 2 3 years
Number at risk
Candesartan 1514 1458 1377 833 182
Placebo 1509 1441 1359 824 195

3.5
0

10

20

30
Placebo

Candesartan

5

15

25

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

%

366 (24.3%)
333 (22.0%)



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

1Y: 46 vs 65 events

2Y: 107 vs 100 events

Cleland





II--PRESERVE: Primary EndpointPRESERVE: Primary Endpoint
Death or protocol specified CV hospitalizationDeath or protocol specified CV hospitalization

Months from Randomization
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0 6 12 18 24 36 4230 48 6054

2067 1929 1812 1730 1640 1513 12911569 1088 497816
2061 1921 1808 1715 1618 1466 12461539 1051 446776

No. at Risk

Irbesartan
Placebo

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

Irbesartan

Massie et al



II--PRESERVE: Major Secondary EndpointsPRESERVE: Major Secondary Endpoints

Months from Randomization
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No. at Risk

1404 11871622 901 5572067 1966 18691806 1727
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30 - HR (95% CI) = 0.96 (0.84 – 1.09)
Log-rank p=0.51

Irbesartan

Placebo

1669

36240 12 48 605442306 18

Placebo
Irbesartan

1353 11461579 859 5032061 1951 18571777 1702 1645

Death from Heart Failure or 
Hospitalization for Heart 

Failure
Death
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30 - HR (95% CI) = 1 (0.88 – 1.14)
Log-rank p=0.98

Irbesartan

Placebo

Months from RandomizationNo. at Risk
1569 13341784 1026 6342067 2029 19761949 1893

0 -

1833

36240 12 48 605442306 18

Placebo

Irbesartan

1521 12981761 980 5792061 2020 1974 19291877 1827

Massie et al NEJM 2009



TOPCAT: Trial DesignTOPCAT: Trial Design

• AGE ³³³³ 50 YRS
• EF ³³³³ 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 ³³³³ 100 PG/ML
• N-TERMINAL PRO-BNP ³³³³ 360 PG/ML

RANDOMIZE

SPIRONOLACTONE 
15 MG

PLACEBO 
15 MG

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

COMPOSITE PRIMARY ENDPOINT
CV death, Aborted cardiac arrest, Hospitalization f or 

management of HF 

Week 4

Week 0

~ 3.25 yrs

N=4500



Diastolic Heart Failure: Diastolic Heart Failure: 
Treatment GoalsTreatment Goals

•• Reduce congestionReduce congestion

•• Control hypertensionControl hypertension

•• Prevent and treat myocardial ischemiaPrevent and treat myocardial ischemia

•• Prevent tachycardiaPrevent tachycardia

•• Maintain Maintain atrialatrial contractioncontraction

•• Prevent fibrosis and promote regression of LV Prevent fibrosis and promote regression of LV 
hypertrophyhypertrophy

•• Improve LV relaxationImprove LV relaxation



Treatment of Diastolic Heart FailureTreatment of Diastolic Heart Failure --
still unknownstill unknown

•• DiureticsDiuretics --treat hypertensiontreat hypertension

•• ACE inhibitors, ACE inhibitors, ARBsARBs ((ieie, CHARM, CHARM--
marginal, Imarginal, I --PreservePreserve --neutral)   neutral)   

•• bbbbbbbb--adrenergic blockersadrenergic blockers --not testednot tested

•• Calcium channel blockersCalcium channel blockers --no datano data

•• AldosteroneAldosterone receptor blockersreceptor blockers --TOPCATTOPCAT

•• NaNa++++ restrictionrestriction
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The Current State of Heart Failure TherapyThe Current State of Heart Failure Therapy

Systolic/Low EF Heart FailureSystolic/Low EF Heart Failure

•• EvidencedEvidenced --based medicinebased medicine

•• Multiple randomized controlled Multiple randomized controlled 
doubledouble --blind clinical trialsblind clinical trials

•• Therapies based on outcomesTherapies based on outcomes

•• General HF community consensus General HF community consensus 
on pathophysiology and Rxon pathophysiology and Rx

Diastolic/PEF Heart FailureDiastolic/PEF Heart Failure

•• AnecdoteAnecdote --based medicinebased medicine

•• Mechanistic studies and Mechanistic studies and 
nonnon --definitive trialsdefinitive trials

•• Empiric symptomEmpiric symptom --based based 
therapytherapy

•• Limited consensus on Limited consensus on 
mechanism and treatmentmechanism and treatment

•• Randomized trials often Randomized trials often 
dondon ’’ t agree with the t agree with the 
observational dataobservational data

CONCLUSIONSCONCLUSIONS
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Pulmonary Arterial HypertensionPulmonary Arterial Hypertension

•• Mean PA pressure Mean PA pressure �� 25 mmHg at rest and 25 mmHg at rest and �� 30 mmHg during 30 mmHg during 
exerciseexercise

•• Arterial, venous, hypoxic, Arterial, venous, hypoxic, thromboembolicthromboembolic , misc., misc.

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

•• Primary Pulmonary Hypertension now compromises Primary Pulmonary Hypertension now compromises 
idiopathic, familial and idiopathic, familial and anorexigenanorexigen induced Pulmonary induced Pulmonary 
Arterial HypertensionArterial Hypertension

•• Pathological features of PAH include Pathological features of PAH include intimalintimal fibrosis of small fibrosis of small 
pulmonary arteries, proliferation of vascular smoot h muscle pulmonary arteries, proliferation of vascular smoot h muscle 
and pulmonary arterial occlusion; and pulmonary arterial occlusion; plexiformplexiform lesions occur lesions occur 
latelate



Familial Pulmonary Arterial HypertensionFamilial Pulmonary Arterial Hypertension

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

•• About 10 to 40% of apparently sporadic idiopathic P AH cases About 10 to 40% of apparently sporadic idiopathic P AH cases 
carry carry germlinegermline BMPR II mutationsBMPR II mutations



Loss of Homeostasis with Bone Loss of Homeostasis with Bone 
Morphogenetic Protein (BMP) Receptor Morphogenetic Protein (BMP) Receptor 

Type 2 (BMPR2) MutationType 2 (BMPR2) Mutation

Newman et al. Ann Newman et al. Ann IntInt Med 2008Med 2008

TGFTGF--bbbbbbbb

receptor
receptor

Mutant BMPR2
Mutant BMPR2

receptor
receptor

­­­­­­­­ TGFTGF--bbbbbbbbss

¯̄̄̄̄̄¯̄ BMPsBMPs

��	��	 ""!�	
�
�����#�!�	
�
�����#�

�#	������
�#	������

����!�	
�
�����#�����!�	
�
�����#�
		 !!	�������!!	�������

ImpairedImpaired
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The RV Response to Idiopathic Pulmonary The RV Response to Idiopathic Pulmonary 
Artery Hypertension (IPAH)Artery Hypertension (IPAH)

VoelkelVoelkel et al. Circ 2006et al. Circ 2006

NormalNormal IPAHIPAH

RVRV RVRV



RV Wall Stress RV Wall Stress vsvs RV Ejection FractionRV Ejection Fraction

VoelkelVoelkel et al. Circ 2006et al. Circ 2006
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The Response of the Normal RV The Response of the Normal RV 
and LV to Increase in and LV to Increase in AfterloadAfterload

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



Medical Therapy for PAHMedical Therapy for PAH

Chin and Rubin JACC 2008;51:1527Chin and Rubin JACC 2008;51:1527

•• Initiate at 1.25 Initiate at 1.25 ngng /kg/min and /kg/min and ­­­­­­­­ by no by no 
more than 1.25 more than 1.25 ngng /kg/min weekly for 4 /kg/min weekly for 4 
weeks and after that by no more than weeks and after that by no more than 
2.5 2.5 ngng /kg/min weekly/kg/min weekly

TreprostinilTreprostinil
((RemodulinRemodulin ))

•• Initiate at 2ng/kg/min and Initiate at 2ng/kg/min and ­­­­­­­­ every 15 min every 15 min 
until doseuntil dose --limiting side effects occurlimiting side effects occur

EpoprostenolEpoprostenol ((FlolanFlolan ))

•• Start 20 Start 20 µµg inhaled 6 to 9x daily; if g inhaled 6 to 9x daily; if 
tolerated tolerated ­­­­­­­­ to 5 to 5 µµg 6 to 9x dailyg 6 to 9x daily

IloprostIloprost ((VentavisVentavis ))

•• Start 20 Start 20 µµg by mouth 4x daily; g by mouth 4x daily; ­­­­­­­­ to 20 to 20 µµg g 
4x daily4x daily if toleratedif tolerated

BeraprostBeraprost

•• 20 mg by mouth 3x daily20 mg by mouth 3x dailySildenafilSildenafil ((RevatioRevatio ))

•• 100 mg by mouth daily100 mg by mouth dailySitaxsentanSitaxsentan ((ThelinThelin ))

•• Start 5 mg by mouth daily; consider Start 5 mg by mouth daily; consider 
­­­­­­­­ to 10 mg daily if 5 mg is toleratedto 10 mg daily if 5 mg is tolerated

AmbrisentanAmbrisentan ((LetairisLetairis ))

•• Start 62.5 mg by mouth 2x dailyStart 62.5 mg by mouth 2x daily
•• ­­­­­­­­ to 125mg 2x daily after 4 weeksto 125mg 2x daily after 4 weeks

BosentanBosentan ((TracleerTracleer ))

DoseDoseMedicationMedication



The EARLY StudyThe EARLY Study

GalieGalie at al. Lancet 2008at al. Lancet 2008
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Treatment of RV DysfunctionTreatment of RV Dysfunction

Haddad et al. Circ 2008;117:1717Haddad et al. Circ 2008;117:1717



ConclusionsConclusions

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

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

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

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





Systolic and Diastolic HFSystolic and Diastolic HF

ChatterjeeChatterjee and Massie J and Massie J 
Cardiac Failure 2007;13:569Cardiac Failure 2007;13:569



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

67%

10%

23%

Women

Normal (³³³³ 55%)

Mildly Reduced
(45% - 54%)

Moderately (30-
44%) or severely 
reduced (< 30%)

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

27%

31%
42%

Men


