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Heart Failure - Definition 

The situation when the heart is 
incapable of  maintaining a 
cardiac output adequate to 
accommodate metabolic 

requirements of the body and 
venous return 



Congestive Heart Failure - 

Definition 

+ Volume overload 



The Donkey Analogy  

Heart dysfunction limits a patient's ability to 

perform the routine activities of daily livingé 



CHF: Epidemiology 

Å5 million Americans have heart failure 

Å550,000 new  cases diagnosed annually 

ÅOver 250,000 deaths annually 

ÅOver 850,000 hospitalizations annually 

ÅEconomic impact $40 billion dollars 

annually 

ÅIncidence and prevalence increasing 
Source:AHA,CDC 



CHF:Epidemiology 

ÅSignificant increase in  morbidity and 

mortality 

ÅPrevalence 2-6% 

Å150% increase over past 20 yrs. 

- Aging population 

- Improved outcome of ACS 

- AICD 



Total = $38.1 billion 

(5.4% of total healthcare coats) 

OôConnell JB et al. J Heart Lung Transplant. 1994;13:S107-S112 

Hospitalization: The Predominant 

Contributor to CHF Costs 

Transplants

1%

$270 M

Hospitalization

60%

$23.1 B

Outpatient Care

39%

$14.7B

(3.4 visits/year

/patient)



CHF Patient Population by 

 NYHA Class 

Source:  American Heart Association 

Class I 

No limitations of physical  

activity 

Class II 

Slight limitations of physical  

activity 

Class III 

Marked limitations of 

physical  

activity 

Class IV 

Symptomatic at rest 

Class I 

1,680,000 

(35%) 

Class IV 

240,000 

(5%) 
Class III 

1,200,000 

(25%) 

Class II 

1,680,000 

(35%) 



ACC-AHA Clinical  Classification 

Farrell M et al, JAMA 2002 
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              Remodeling 

Complex cascade 

Pathogenesis of Heart Failure 



Etiology 

ÅSystolic Failure 

ïCAD 

ïHTN 

ïDilated Cardiomyopathy 

ÅIdiopathic 

ÅToxic 

ïETOH 

ïDoxorubicin 

ÅInfection 

ïViral 

ïParasites 

ïOther 

ÅHemochromatosis 

ÅDiastolic Failure 

ïHTN 

ïHCM 

ïRestrictive Cardiomyopathy 

ÅAmyloidosis 

ÅSarrcoidosis 

ïConstrictve Pericarditis 

ïHigh-output failure 

ÅChronic anemia 

ÅAV shunts 

ÅThyrotoxicosis 
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Diagnostic Work up 

ÅCBC, urine analysis, 

BMP, LFT, TSH, BNP 

ÅECG 

ÅCXR 

ÅEchocardiography 

ïSystolic dysfunction 

ïDiastolic dysfunction 

ïWall motion 

abnormality 

ïValvular dysfunction 

 

ÅCardiac Catheterization 

ÅNoninvasive imaging to 

detect ischemia 

ÅEndomyocardial biopsy 

(IIb) 

 

 

 

 



BNP 

ÅB-type natriuretic peptide is a 32-aa 

polypeptide containing a 17-aa ring structure 

common to all natriuretic peptides  

Å Major source of plasma BNP is cardiac 

ventricles.  

Å BNP may be a more sensitive and specific 

indicator of ventricular disorders 



BNP Levels in Patients With Dyspnea 

Secondary to CHF or COPD 

86 +/- 39

1076 +/- 138

0

200

400

600

800

1000

1200

B
N

P
 p

g
/m

L

COPD CHF

Cause of Dyspnea
N=56  N=94  

Dao, Q., Maisel, A. et al. J. American College of Cardiology, Vol 37, No. 2, 2001 



BNP Levels of Patients Diagnosed  

Without CHF, With Baseline Left Ventricular  

Dysfunction, and With CHF 

38+/-4
141+/-31
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Treatment Goals in the  

Management of Heart Failure   

ÅRelieve symptoms 

ÅReduce morbidity  

ÅImprove survival 



Drug Therapy 

ÅDiuretics 

ÅPositive inotropes  

ÅVasodilators ï ACEI, ARB  

Åb-blockers 

ÅSpironolactone 



Digitalis Compounds 

Like the carrot placed in front of the donkey 



Milrinone Increases Mortality: 
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Diuretics, ACE Inhibitors, ARB 

Reduce the number of sacks on the wagon 



¬ Angiotensin II ¬ Norepinephrine 

ACE inhibitor 

Disease Progression 

Effect of ACE Inhibition 



Effect of ACEIs in Patients with  

Symptomatic HF 

CONSENSUS* 
NYHA Class IV 

SOLVD TreatmentÀ 

NYHA Class II-III 

Adapted from CONSENSUS Trial Study Group N Engl J Med 1987;  

SOLVD Investigators N Engl J Med 1991 
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Effect of ACEIs in Post-MI 

Patients with LVSD 

60 Treatment Started 3 to 16 Days After MI 

SAVE 

n=2231 
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TRACE 
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P=0.019 

19% 

Trandolapril Ramipril Captopril 

P=0.002 

27% 

P=0.001 

24% 

Adapted from Pfeffer M, et al N Engl J Med 1992; AIRE Study Investigators Lancet 

1993;  

Kober L, et al N Engl J Med 1995 



Total Mortality Reduction with  

Spironolactone in HF: ñRALESò 

Figure 1. KaplanïMeier Analysis of 

the Probability of Survival 

among Patients in the Placebo 

Group and Patients in the 

Spironolactone Group.  

The risk of death was 30 percent 

lower among patients in the 

spironolactone group than among 

patients in the placebo group 

(P<0.001).  

Pitt B et al, N Engl J Med 1999 

http://content.nejm.org/content/vol341/issue10/images/large/01f1.jpeg


¬ Angiotensin II ¬ Norepinephrine 

Effect of b-Blockade 

b-Blockade 

Disease Progression 



Are There Differences in Beta 

Blockers in Heart Failure?  

ÅDifferent pharmacologic properties 

ÅDifferent mechanisms to explain improved 
LV function 

Å? Differences in sub-groups 

Å? Dose response 

 

 



¬ CNS sympathetic outflow 

¬ Cardiac sympathetic activity ¬ Renal sympathetic activity 

Sodium retention 

Myocyte hypertrophy 

Myocyte injury 

Increased arrhythmias 

Disease progression 

a1 b1 b1 b2 a1 

¬ Vascular sympathetic activity 

Vasoconstriction 

a1 

Activation 

of RAS 

Adrenergic Pathway in  

Heart Failure Progression 



Adapted from Bristow MR. J Am Coll Cardiol. 1993;22(4 Suppl A):61Aï71A. 

Ratio of Adrenergic Receptors  

in the Heart 

b1 b2 a1 

Normal Heart 70 20 10 

Failing Heart 50 25 25 

In the failing heart, the ratio of receptors shifts, 

increasing the relative proportion of b2 and a1 

receptors 



Sympathetic Activation 

b1 

receptors 

b2 

receptors 

a1 

receptors 

Cardiotoxicity  

Selectivity of b-Blocking Agents 

b1 selective 

blockade 

b non-selective 

blockade b1, b2, a1 

blockade 



Major Placebo Controlled Trials of 

Beta-Blockade in Heart Failure 

*NOT AN APPROVED INDICATION  

     Target Mean Dosage  
  HF Patients Follow-up Dosage Achieved Effects on 
Study Drug Severity (n)   (yrs)   (mg)  (mg/day) Outcomes 
 
CIBIS bisoprolol* moderate/ 641 1.9 5 qd 3.8 All-cause mortality 
Circ. 1994   severe     NS 
 
CIBIS-II3   bisoprolol*  moderate/  2647 1.3 10 qd 7.5 All-cause mortality 
Lancet 1999   severe     ®34% (P<.0001) 
 
MDC metoprolol mild/ 383 1 200 qd 108 Death or need for 
Lancet 1993  tartrate* moderate     transplant  
       (primary endpoint) NS 
 
MERIT-HF1   metoprolol  mild/  3991 1 200 qd 159 All-cause mortality 
Lancet 1999    succinate moderate      ®34% (P=.0062) 
 
BEST4   bucindolol*  moderate/ 2708 2 50-100  152 All-cause mortality 
NEJM 2001   severe   bid   NS 
 
US Carvedilol2    carvedilol  mild/  1094 6.5 6.25 to 50 45 All-cause mortalityÀ 
NEJM 1996   moderate  months bid   ®65% (P=.0001) 
 
COPERNICUS5   carvedilol*  severe   2289  10.4  25 bid 37 All-cause mortality  
NEJM 2001     months    ®35% (P=.0014) 
 
   ÀNot a planned end point.  Coreg and Toprol-XL are indicated for the reduction  

of the combined endpoint of morbidity and mortality. 



Adapted from Bristow MR et al. Circulation. 1996;94:2807ï2816. 

ÿP<.05 vs placebo. 
§P<.001 vs placebo.  

IIP=.07 vs placebo. 

Carvedilol 

0 

0.1 

0.2 

0.3 

0.4 

M
e
a
n

 n
u
m

b
e
r/

s
u
b
je

c
t 

Cardiovascular Hospitalizations 

Carvedilol 

0 

4 

8 

12 

16 

S
ix

-M
o
n
th

 M
o
rt

a
lit

y
 (

%
) 

MortalityÀ 

ÿ 
ÿ 

ÿ 

ÿ II 

§ 

Carvedilol Dose-Response Trial (MOCHA*): 

Effect on Mortality and Morbidity 

Placebo 25 mg bid 6.25 mg bid 12.5 mg bid Placebo 25 mg bid 6.25 mg bid 12.5 mg bid 
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Patients receiving diuretics, ACE inhibitors, ± digoxin; follow-up 6 months; placebo (n=84), carvedilol (n=261). 
*Multicenter Oral Carvedilol Heart Failure Assessment. 
Adapted from Bristow MR et al. Circulation. 1996;94:2807ï2816. 

ÀP<.005 vs placebo. 
  ÿP<.0001 vs placebo. 

25 mg bid 6.25 mg bid 12.5 mg bid 

Effect of Carvedilol Dose on Left 

Ventricular Ejection Fraction 



COPERNICUS 
All-Cause Mortality 
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Packer M et al. N Engl J Med. 2001;344:1651ï1658. 

35% ® in risk 

P=.00013 (unadjusted) 

P=.0014 (adjusted) 



Beta blockers are not used routinely 

in HF 
Å25-30% of HF patients get beta blockers 

ÅPhysician perception regarding beta blockers 

ïCombining ACEI and BBs Rx is a hassle  

ïInitiation only when stable 

ïInitiation often leads to deterioration 

ïBenefits are not seen for months 

ïRx can be expensive 



Should Physicians Increase the Dose  

of ACE Inhibitor or Add b-Blockade? 

 ñLowò dose ACEI ñAverageò dose ACEI 

  ñHighò dose ACEI*  + b-blockadeÀ 

Symptoms Unchanged Improved 

Morbidity/ ® 12%  ®  35%-40% 

mortality 

Mortality  ®  8%  ®  30%-35% 

*Adapted from Packer et al. Eur Heart J. 1998;19(suppl):142. 
ÀAdapted from Lechat et al. Circulation. 1998;98:1184-1191. 



Reprinted with permission from Elsevier Science (The Lancet, 1999;353:2001-2007).  

MERIT-HF study group.  Effect of metoprolol CR/XL in chronic heart failure: metoprolol CR/XL randomized intervention trial in 

congestive heart failure (MERIT-HF).   LANCET.  1999;353:2005.   

NYHA II 
12% 

64% 
24% 

CHF 

Other  

Sudden Death 

Deaths = 103 

NYHA IV 

56% 

11% 

33% 
CHF  

Other 

Sudden Death 

Deaths = 27 

NYHA III 

26% 

15% 

59% 

CHF  

Other  

Sudden Death 

Deaths = 232  

SCDïa prominent mode of death 

Sudden Cardiac Death in Heart Failure 





Underlying Arrhythmia of Sudden 

Death 

VT 

62% Bradycardia 

17% 

Torsades 
de Pointes 

13% 

Primary 
VF 
8% 

Adapted from Bayés de Luna A.  Am Heart J.  1989;117:151-159. 



Risk Factors for Sudden Death in 

Post-MI Patients 

ÅLVEF < 40% 

ÅFrequent ventricular ectopy 



Pharmacologic Management of VT/VF 

ÅEmpiric 

ÅHolter-guided 

ÅEPS-guided 

ÅCombination 



Non-Pharmacologic Management of 

VT/VF 

ÅCatheter ablation 

Å ICD 

ÅTransplant 





Sudden Cardiac Death 

ÅPrimary Prevention: Can we reduce 

sudden death by prophylactic treatment of 

high risk patients? 

 

ÅSecondary prevention: Can we 

improve survival after resuscitation from 

sudden death? 



Clinical Trials in Ventricular Arrhythmias 

or Sudden Death 
 VT/VF Post-MI Heart Failure 

AA drugs vs. placebo  CAST, EMIAT, GESICA, 
  CAMIAT,  CHF-STAT, 
  SWORD SCD-HeFT* 

Conventional AA ESVEM  SCD-HeFT* 
drugs vs. amiodarone 
or sotalol 

ICD vs. AA drugs CIDS, CASH, MADIT  SCD-HeFT* 
 AVID, MUSTT MADIT II  

ICD vs. placebo  CABG Patch SCD-HeFT* 

  
CASCADE 

* Ongoing 



CAST 

Cardiac 

Arrhythmia 

Suppression 

Trial 



CAST 

Å NHLBI trial initiated in June 1987 

Å Hypothesis:  whether suppression of 

 asymptomatic or mildly symptomatic 

 ventricular arrhythmias with 

 antiarrhythmics in post-MI patients 

 would reduce arrhythmic death 



CAST-I 

Echt DS.  N. Engl J Med.  1991;324:781-788. 

Prognosis of Post-MI Patients Treated with Placebo vs. Encainide/Flecainide 
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ÅHypothesis: Amiodarone will reduce 
mortality in patients with CHF and 
ventricular arrhythmias 

CHF-STAT:  Congestive Heart Failure 

Survival Trial of Antiarrhythmic 

Therapy 



CHF-STAT 

ÅCHF 

ÅLVEF <40% 

Å> 10 VPC/ hour by Holter 

Inclusion Criteria: 

Excluded: Symptomatic VT, Aborted cardiac arrest. 



CHF-STAT - Results 

Singh SN, et al:NEJM 1995:333;77-82 



Unanswered Question  

ÅCan we reduce mortality in patients 

with depressed LV function?   



Sudden Cardiac Death in Heart 

Failure Trial 

SCD-HeFT 



SCD-HeFT Patient Flow  

LVEF < 35%, 
NYHA Class II or III CHF 

N = 2,500 (expected enrollment) 

Randomization 

Conventional CHF Rx  

& placebo 

(n = 833)* 

Conventional CHF Rx 

& amiodarone 

(double blind) 

(n = 833)* 

Conventional CHF Rx 

& ICD 

(n = 833)* 

Bardy GH. PACE  1997;20(4, part II):1148. 54 



Bardy GH. N Engl J Med 2005;352:225-37 


