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AHA Statistics 2004-06

Scope of the Problem: PrevalenceScope of the Problem: Prevalence

Heart failure is commonHeart failure is common

•• 995,000 hospitalizations as primary diagnosis (995,000 hospitalizations as primary diagnosis ( ­­­­­­­­ 164% over 15 164% over 15 
years); years); 2.5 million hospitalizations as secondary diagnosis2.5 million hospitalizations as secondary diagnosis

•• 12 to 15 million 12 to 15 million 
physician visitsphysician visits

•• 6.5 million hospital days6.5 million hospital days

•• InIn--hospital mortality 4%hospital mortality 4%

•• 11--year mortality can be asyear mortality can be as
high as 40high as 40 --60%60%

•• 0.80.8--1.2 million NYHA III1.2 million NYHA III --IVIV



What is What is ““ progressionprogression ”” to Heart Failure?to Heart Failure?

•• Heart enlargesHeart enlarges

•• Heart becomes more sphericalHeart becomes more spherical

•• Mitral regurgitation developsMitral regurgitation develops

•• Systolic and diastolic performance Systolic and diastolic performance 
become further impairedbecome further impaired

•• Clinical syndrome of heart failure Clinical syndrome of heart failure 
ensues and worsensensues and worsens
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GerdesGerdes et al Circulation et al Circulation 
19921992

Cardiac myocytes
removed from 
normal humans and 
pts with severe heart 
failure
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“Slippage” in Congestive Heart Failure““ SlippageSlippage ”” in Congestive Heart Failurein Congestive Heart Failure

ControlControl

PostPost --tachycardia CHFtachycardia CHF

Zellner et al Circ Res Vol 69 Sept 1991Zellner et al Circ Res Vol 69 Sept 1991



SOLVD SOLVD NeurohormoneNeurohormone StudyStudy

Francis, et. al, Circ 82:1724, 1990Francis, et. al, Circ 82:1724, 1990
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Working Hypothesis: Transition to Heart Working Hypothesis: Transition to Heart 
FailureFailure

•• Acute MIAcute MI

•• Gene mutation orGene mutation or
mutationsmutations

•• Acute InflammationAcute Inflammation

•• Onset of hypertensionOnset of hypertension

•• Valvular heart diseaseValvular heart disease

•• etc.etc.

•• Myocyte hypertrophyMyocyte hypertrophy

•• Fibrosis, chamberFibrosis, chamber
dilationdilation

•• Collagen strutCollagen strut
dissolutiondissolution

•• Cell dropCell drop --outout
(apoptosis)(apoptosis)

•• Cell necrosisCell necrosis

•• NeuroendocrineNeuroendocrine
activationactivation

•• Cytokine releaseCytokine release

•• Increased wall stressIncreased wall stress

•• Chamber dysfunctionChamber dysfunction

•• Salt and waterSalt and water
retentionretention

•• Congestion, edemaCongestion, edema

•• Low cardiac outputLow cardiac output

•• Diastolic dysfunctionDiastolic dysfunction

•• Increasing symptomsIncreasing symptoms

Index Event
Structural Remodeling

and Progression of Disease
Clinical Syndrome

of Heart Failure

Francis



VV--HeFT IHeFT I
Mean Changes in Ejection Fraction From Baseline Mean Changes in Ejection Fraction From Baseline 

Over 4 YearsOver 4 Years
Change in ejection fraction %
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2020
Time (Years)Time (Years)

EjectionEjection
Fraction (%)Fraction (%)

6060

AsymptomaticAsymptomatic SymptomaticSymptomatic

Pathogenesis of Heart FailurePathogenesis of Heart Failure

Index Event

Mann, Circ. 1999Mann, Circ. 1999
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SecondarySecondary
DamageDamage



Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
DysfunctionDysfunction

•• Does the burden of suffering justify Does the burden of suffering justify 
screening?screening?

•• What is the prevalence?What is the prevalence?

•• Is screening costIs screening cost --effective?effective?

•• How does one screen for subclinical How does one screen for subclinical 
LV dysfunction?LV dysfunction?



Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
DysfunctionDysfunction

•• Whether to screen or not, the burden of Whether to screen or not, the burden of 
suffering and the costsuffering and the cost -- effectiveness of effectiveness of 
screening are dependent on the prevalence screening are dependent on the prevalence 
of subclinical ventricular dysfunction, how of subclinical ventricular dysfunction, how 
and over what period of time it transitions and over what period of time it transitions 
to heart failure, and the suffering and cost to heart failure, and the suffering and cost 
to society of heart failure.to society of heart failure.

•• The prevalence is dependent on the The prevalence is dependent on the 
population being studied, their age, and population being studied, their age, and 
how you define heart failure vs. subclinical how you define heart failure vs. subclinical 
LV dysfunction.LV dysfunction.



2005 ACC/AHA Guidelines for HF2005 ACC/AHA Guidelines for HF
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AT RISK FOR HEART FAILUREAT RISK FOR HEART FAILURE
STAGE B
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STAGE C
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HEART FAILUREHEART FAILURE
STAGE D
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Stages of CHF Stages of CHF —— ACC/AHA Guidelines 2005ACC/AHA Guidelines 2005

AA
High-risk patients

Hypertension, diabetes, coronary disease, family hi story, cardiotoxic drugs

BB
Structural heart disease

LVH,  MI, low LVEF, dilatation, valvular disease

CC

Prior, current symptoms

DD

Refractory



Stages of CHF Stages of CHF —— ACC/AHA Guidelines 2005ACC/AHA Guidelines 2005

AA
High-risk patients

Hypertension, diabetes, coronary disease, family hi story, cardiotoxic drugs

BB
Structural heart disease

LVH,  MI, low LVEF, dilatation, valvular disease

CC

Prior, current symptoms

DD

Refractory

22%

34%

11.8%

0.2%

Ammar et al. Circ 2007; 115:1563

Prevalence in 2029 subjects -- random sample � age 45 yrs

32% healthy



Petrie M and McMurray J

Lancet 2001
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The prevalence 
of ALVD in pts. 
at risk for HF 
varies from 

0.7% to 11.3 
%, and is 
probably 

around 5% 

Betti et al., JCardic Failure, 2009



Prevalence of Subclinical LV Dysfunction Prevalence of Subclinical LV Dysfunction 
(low EF) in an Urban Community(low EF) in an Urban Community

•• Glasgow, UKGlasgow, UK

•• N=1640; Echo, EKGN=1640; Echo, EKG

•• 2.9% of random population have a low (2.9% of random population have a low ( �� 30%) EF30%) EF

•• 1.4% subclinical, 1.5% with symptoms1.4% subclinical, 1.5% with symptoms

•• Subclinical LV dysfunction is at least as common Subclinical LV dysfunction is at least as common 
as CHFas CHF

•• Ischemic heart disease and hypertension are the Ischemic heart disease and hypertension are the 
main culpritsmain culprits

Mc Donaugh, TA et al. , Lancet, 1997



Prevalence of Subclinical LV Dysfunction Prevalence of Subclinical LV Dysfunction 
(low EF) in an Urban Community(low EF) in an Urban Community

•• Prevalence variesPrevalence varies ——probably about 1.0probably about 1.0 --2.5 % of the 2.5 % of the 
population (0.9population (0.9 --5.9% in five studies).5.9% in five studies).

•• The overall prevalence subclinical LV dysfunction The overall prevalence subclinical LV dysfunction 
and heart failure from all causes in Birmingham, and heart failure from all causes in Birmingham, 
UK is 3.8%.UK is 3.8%.

•• Is screening and prevention worthwhile? The Is screening and prevention worthwhile? The 
answer is answer is ““ probablyprobably ”” ..

•• We still donWe still don ’’ t know what proportion of subclinical t know what proportion of subclinical 
LV dysfunction progresses to HF, or the time LV dysfunction progresses to HF, or the time 
course over which this occurs.course over which this occurs.



CumulativeCumulative HF RateHF Rate Using ALLHAT Criteria; Using ALLHAT Criteria; 
With EF With EF �� 4040
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*LV denotes left ventricular, and CI confidence interval. All models are adjusted for clinical risk factors including age, sex, hypertension, systolic and 
diastolic blood pressure, valve disease at base line, body-mass index, diabetes mellitus, and interim myocardial infarction (as a time-dependent 
covariate).  
†Hazard ratios are per increment of 1 SD in the echocardiographic variables, defined as follows: 
LV end-diastolic dimension ÷ (height) k, 2.96 in men and women; LV end-systolic dimension ÷ (height) k, 2.64 in men and 2.50 in women; and 
fractional shortening, 3.8 in men and 4.1 in women — with k for LV end-diastolic dimension 0.57 in men and 0.50 in women and k for LV end-
systolic dimension 0.60 in men and 0.68 in women

Vasan RS,  et. al.

NEJM 1997
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Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
Dysfunction Dysfunction –– Risk FactorsRisk Factors

•• Ischemic heart diseaseIschemic heart disease

•• HypertensionHypertension

•• Valvular heart diseaseValvular heart disease

•• Diabetes, abnormal lipids, smoking, obesity, Diabetes, abnormal lipids, smoking, obesity, 
previous MI, obesity, etc.previous MI, obesity, etc.

•• Family history of Family history of cardiomyopathycardiomyopathy

•• Structural heart disease (LVH, cong. heart disease,  Structural heart disease (LVH, cong. heart disease,  
etc.)etc.)

Virtually any form of heart disease can lead to HFVirtually any form of heart disease can lead to HF



Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
DysfunctionDysfunction

•• How to do it:How to do it:

•• Screening and diagnosisScreening and diagnosis

•• Identify risk factors Identify risk factors –– Framingham ScoreFramingham Score

•• If Risk Score is high, consider plasma BNP levelIf Risk Score is high, consider plasma BNP level

•• If BNP is increased, consider echoIf BNP is increased, consider echo

•• An acceptable strategy for screening for An acceptable strategy for screening for 
subclinical LV dysfunction, however, has not been subclinical LV dysfunction, however, has not been 
identified.identified.

•• The incremental value of using plasma BNP levels The incremental value of using plasma BNP levels 
for this task has not been establishedfor this task has not been established ..



BNP Levels of Patients Diagnosed without CHF, with BNP Levels of Patients Diagnosed without CHF, with 
PrePre--clinical Left Ventricular Dysfunction, and with clinical Left Ventricular Dysfunction, and with 

CHFCHF
 

No CHFNo CHF LV Dysfunction
No Acute CHF

LV Dysfunction
No Acute CHF

CHFCHF
00

200200

400400

600600

800800

10001000

12001200

14001400
BNP pg/mlBNP pg/ml
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141±31
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N=139N=139 N=97N=97
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MaiselMaisel A. et al. Am A. et al. Am CollColl Card. Card. 
VolVol 37, No. 2, 200137, No. 2, 2001
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Vasan RS, et. al.

JAMA 2002

There is Substantial Overlap of BNP Levels



Figure 1. Cumulative Incidence of Death (Panel A) a nd Heart Failure (Panel B), According to the Plasma  B-
Type Natriuretic Peptide Level at Base Line.
The lowest third, middle third, and highest third of plasma B-type natriuretic peptide levels were 4.0 pg per milliliter or 
less, 4.1 to 12.7 pg per milliliter, and 12.8 pg per milliliter or more, respectively, for men and 5.9 pg per milliliter or
less, 6.0 to 15.7 pg per milliliter, and 15.8 pg per milliliter or more, respectively, for women. Follow-up results are 
truncated after six years.
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Wang et. al.

NEJM 2004



Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
DysfunctionDysfunction

How to follow It:How to follow It:

•• Follow Follow –– up appointment once or twice a yearup appointment once or twice a year

•• Sequential BNP levels for risk stratificationSequential BNP levels for risk stratification

•• Sequential echocardiography on annual basis or Sequential echocardiography on annual basis or 
more often to track LV diameter. LV function, LV more often to track LV diameter. LV function, LV 
geometry, valvular dysfunction, Regression of LVH, geometry, valvular dysfunction, Regression of LVH, 
response to therapy (reverse remodeling)response to therapy (reverse remodeling)

•• There are no There are no ““ guidelinesguidelines ”” for thisfor this



Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
DysfunctionDysfunction

How to Manage It:How to Manage It:

•• Control of risk factorsControl of risk factors

•• ACE inhibitors/ ACE inhibitors/ ARBsARBs are of proven valueare of proven value

•• �� –– blockers have demonstrated reverse blockers have demonstrated reverse 
remodeling (REVERT) and should be considered as remodeling (REVERT) and should be considered as 
addadd --on therapy to ACE inhibitors or on therapy to ACE inhibitors or ARBsARBs if not if not 
contracontra --indicatedindicated

•• Encourage exercise, active lifeEncourage exercise, active life --stylestyle
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SOLVD Prevention TrialSOLVD Prevention Trial
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40

35

30

25

20

15

10

5

0
0 6 12 18 24 30 36 42 48

Months of Follow-up

% Events

Placebo

Enalapril

p<0.0001

40

35

30

25

20

15

10

5

0
0 6 12 18 24 30 36 42 48

Months of Follow-up

% Events



Figure 3. Ramipril effects on rate of developing all heart failure.
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Figure 1. Effect of metoprolol succinate on heart rate. Shown are the mean changes (SE) in heart rate compared with 
baseline for patients receiving metoprolol succinate 200 mg (triangles), 50 mg (squares), or placebo (diamonds). *P0.05 
vs baseline; †P0.05 vs placebo.
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Figure 2. Effect of metoprolol succinate on LV volumes. Shown are the least square mean changes (SE) in LVESVI (A), 
LVEDVI (B), LVEF (C), and LVMI (D) compared with baseline for patients receiving metoprolol succinate 200 mg (triangles), 
50 mg (squares), or placebo (diamonds). *P0.05 vs baseline; †P0.05 vs placebo.
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Detection of Early/Subclinical Ventricular Detection of Early/Subclinical Ventricular 
DysfunctionDysfunction

What to Expect with Treatment:What to Expect with Treatment:

•• Reduction in hospitalization rate (SOLVDReduction in hospitalization rate (SOLVD --
Prevention)Prevention)

•• Slowing of progression to overt heart Slowing of progression to overt heart 
failure (SOLVDfailure (SOLVD --Prevention)Prevention)

•• Less LV remodeling (REVERT, SOLVDLess LV remodeling (REVERT, SOLVD --P)P)

•• Improvement in survival (not proven, but Improvement in survival (not proven, but 
likely)likely)



TABLE 2. ACC/AHA Guideline Recommendations and Leve ls of Evidence for Stage B Patients With 
Systolic Dysfunction 
ACE inhibitors
Class I Use of ACE inhibitors in all patients with a recent or remote history of MI regardless of the presence 
of HF (Level of Evidence: A) Use of ACE inhibitors in patients with a reduced LVEF and no symptoms of 
HF, even if they have not experienced MI (Level of Evidence: A)
� -Blockers
Class I Use of � -blockers in all patients with a recent or remote history of MI regardless of the presence of 
HF (Level of Evidence: A) � -Blockers are indicated in all patients without a history of MI who have a 
reduced LVEF with no HF symptoms (Level of Evidence: C)
ARBs
Class I An ARB should be administered to post-MI patients without HF who are intolerant of ACE inhibitors 
and have a low LVEF (Level of Evidence: B) Class IIa ARBs can be beneficial in patients with low LVEF 
and no symptoms of HF who are intolerant of ACE inhibitors (Level of Evidence: C)
Digoxin
Class III Digoxin should not be used in patients with low LVEF, sinus rhythm, and no history of HF 
symptoms, because in this population, the risk of harm is not balanced by any known benefit (Level of 
Evidence: C)
ICDs
Class IIa Placement of an ICD is reasonable in patients with ischemic cardiomyopathy who are at least 40 
days post-MI, have an LVEF of 30% or less, are NYHA functional class I on chronic optimal medical 
therapy, and have reasonable expectation of survival with a good functional status for more than 1 year 
(Level of Evidence: B)
Class IIb Placement of an ICD might be considered in patients without HF who have nonischemic
cardiomyopathy and an LVEF less than or equal to 30% who are in NYHA functional class I with chronic 
optimal medical therapy and have a reasonable expectation of survival with good functional status for more 
than 1 year (Level of Evidence: C) Goldberg LR, Jessup M
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ConclusionsConclusions

•• Pts with subclinical LV dysfunction are Pts with subclinical LV dysfunction are 
more common than pts. with HF.more common than pts. with HF.

•• This group can be detected by risk This group can be detected by risk 
profiling, BNP and echo.profiling, BNP and echo.

•• Treatment is control of risk factors, RAAS Treatment is control of risk factors, RAAS 
blockers and blockers and �� --blockers.blockers.

•• Reverse remodeling and reduced need for Reverse remodeling and reduced need for 
hospitalization can be expected.hospitalization can be expected.

•• Mortality?Mortality?





Population attributable risk of congestive heart failure due to various risk factors in 5545 men and 8098 women participating 
in the First National Health and Nutrition Examination Survey Epidemiologic Follow-up Study.
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He J, et. al.

Arch. Ind. Med 2001
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HCFA / AHA Statistics 2004

Scope of the Problem: CostScope of the Problem: Cost

Heart failure is costlyHeart failure is costly

•• On average taking 6 medicationsOn average taking 6 medications

•• 78% have at least 2 78% have at least 2 
hospitalizations / yearhospitalizations / year

•• 20% readmit in 30 days, 20% readmit in 30 days, 
50% readmit in 6 months 50% readmit in 6 months 

•• Highest volume DRG, with Highest volume DRG, with 
estimated direct cost of estimated direct cost of 
heart failure = $23.7 billion heart failure = $23.7 billion 
in 2004in 2004



SOLVD SOLVD NeurohormoneNeurohormone StudyStudy

Francis, et. al, Circ 82:1724, 1990Francis, et. al, Circ 82:1724, 1990
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Figure 2. Kaplan-Meier curves for survival. Referent group consists of subjects with normal left ventricular systolic 
function (EF 50%) and no history of CHF. Mild ALVD indicates mild asymptomatic left ventricular systolic dysfunction 
(EF 40% to 50%); Mod/Sev ALVD, moderate-to-severe asymptomatic left ventricular systolic dysfunction (EF 40%); 
Systolic CHF, congestive heart failure with EF 50%.
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Figure 1. Kaplan-Meier curves for survival free of CHF. Referent group consists of subjects with normal left 
ventricular systolic function (EF 50%). Mild ALVD indicates mild asymptomatic left ventricular systolic dysfunction (EF 
40% to 50%); Mod/Sev ALVD, moderate-to-severe symptomatic left ventricular systolic dysfunction (EF 40%).
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Figure 1. Risk of death after development of heart failure. Day 1251 was median time during follow-up to heart failure 
development and was used as a reference time for those who did not develop heart failure.
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