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Epidemiology

~ 250,000 patients die yearly
Risk of death

—Mild CHF 5-10% annually
—Severe CHF 30-40% annually

Estimated cost 20-40 billion dollars

Epidemiology

4.6 million people in US

400,000-700,000 new cases
per year

1.5-2.0% of population
> 65 6-10% of elderly




Epidemiology

Only major heart condition
that is increasing

Most common cause of
hospitalization

1/3 readmitted 1-90 days

Pathophysiology

Heart failure results from
myocardial insult that renders
the heart unable to pump
sufficient amounts of blood to
meet the metabolic demands of
serious tissues and organs

Pathophysiology

Principal hallmark is systolic
dysfunction with depressed
LVEF (usually < 40%)

Accompanied by increase in LV
end diastolic and end systolic
volumes




Causes - Ckassiiicatiimm

Work over loads

—Pressure overloads such as
hypertension, valvular stenosis, or
coarctation of the aorta

—Volume overloads, such as valvular
regurgitation (AR, MR, TR), shunts
(ASD, VSD, PDA, A-V fistula)

Causes - Cllassificatiom

Cardiomyopathy
—Viral

—Toxic (drug, alcohol)
—Ischemic

—Idiopathic

Causes - Ckassiicatiimm

Restrictive
—Pericardial disease

— Infiltrative diseases, such as amyloid,
sarcoid, hemochromatosis

Other

— Left atrial myxoma
— Mitral stenosis
—IHSS




Diastolic

Normal sized chamber with
normal emptying

“Stiff” muscle with loss of
elasticity which increases
preload

Resultant “back pressure”
causes pulmonary congestion

Signs and Symptoms

Dyspnea

Orthopnea

Paroxysmal nocturnal dyspnea
Fatigue

Edema

Gl complaints

Compensatory Mechanism

Initial compensatory
mechanism support and
maintain cardiac function

Attempt to maintain cardiac
output and organ perfusion




Compensatory Mechanism

Activated sympathetic nervous
system

Elevation of plasma
catecholamine norepinephrine

Increases sympathetic tone,
activates renin angiotensin
system
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Or
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Contribution of Renin-Arfgigietemsin
Aldosterone System to CHF

Angiotensinogen
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Cascade of Events

Excess vasoconstriction
Retention of sodium

Increased intravascular volume
Tachycardia

Eventually these mechanisms lead
to progressive cardiovascular
deterioration

Deleterious Effect

Myocardial remodeling
(large & spherical)

Interstitial fibrosis

Elevated wall stress

Increased O, requirement
Subendocardial ischemia

Mitral regurgitation

Further activation of vicious cycle

Precipitating Factors

Medical non compliance
Dietary indiscretion

Physical overexertion
Excessive heat and humidity
Stress

Acute infections
Arrhythmias

Uncontrolled hypertension
Meds - NSAIDS




B-type Natriuretic Pepiide
(BNP)

BNP is a cardiac neurohormone

Secreted from membrane granules in
cardiac ventricles

Secreted in response to volume expansion
and pressure overload (activated by
stretch receptor)

Atrial natriuretic peptide also secreted by
granules in atrial cell membranes — but
fluctuates much more rapidly than BNP

BNP

BNP allows the heart to participate in the
regulation of vascular tone and
extracellular volume status

The natriuretic peptide system and the
renin angiotensin system counteract each
other in arterial pressure regulations

BNP produces arterial and venous
dilatation

BNP promotes Na and water excretion




BNP Levels

BNP levels are reflective of LV
diastolic filling pressures and these
correlate well with pulmonary
capillary wedge pressures

Therefore BNP may be a valuable
marker for diagnosis of CHF

Helpful in both systolic and diastolic
CHF

Diagnostic Tool

BNP a valuable tool in distinguishing
CHF from other causes of dyspnea

BNP demonstrated to be both a
sensitive and specific test to diagnose
CHF in ER and urgent care

250 ER patients with dyspnea @ > 100
pag/ml ----- BNP was an accurate
predictor of presence of CHF with
sensitivity 94%, specificity 94% and
negative predictive value 96%

Diagnostic Tool

More accurate than history,
symptoms, exam findings, CXR, EKG

Availability of BNP would have
potentially corrected 29 of 30
diagnoses missed by MD’s in ER




BNP — The Test

BNP is stable in whole blood

15 min. assay has been developed to measure
BNP (triage BNP test, Biosite Diagnostics)

ER BNP concentration
— CHF patients 1076 + 138
— COPD patients 86 + 39

Decision threshold set at 100 pg/ml provides
specificity of 98%
(2% false positives in individuals without CHF)

BNP — The Test

Sensitivity for Class IV CHF 96.3%

Sensitivity for Class I-IV but most of
the patients with BNP < 100 were
Class | & Il CHF patients

BNP 100-200 in patients with

pulmonary HTN or pulmonary

embolus (secondary RV secretion of

EN P) but > 200 pg/ml almost always
HF

BNP Correlates to NYHA
Classification in Multicenter Trial

Stage 1 71.1 pg/ml
Stage Il 204 pg/ml
Stage Il 349 pg/ml

Stage IV 1022 pg/ml




Uses of BNP

BNP very helpful in patients with
dyspnea

BNP values < 100 exclude
symptomatic patients with 98%
negative predictive value

BNP values > 200 almost always
have CHF

Uses of BNP

Low BNP patients still could have
serious medical conditions such as
COPD exacerbation, PE, asthma, Ml

Helps in risk stratification

May help to guide CHF therapy

Goals of Therapy

Relieve symptoms
Increase tissue perfusion
Improve quality of life

Slow or reverse progressive
LV dysfunction

Prolong life
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Treatment for CHF

Digoxin
Diuretics

Urinal

Management

Establish primary cause
Dietary sodium restriction
Weigh daily

Exercise

Weight loss

Pharmacologic Therapy

Digoxin

Loop diuretics
Thiazides
Ace inhibitor
Aldactone
Beta blocker
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Digitalis

200 years
Positive inotropes

Decrease excessive neurohormone
activities

Modulate sympathetic nervous system

deterioration

Efficacious in atrial fibrillation

Digitalis

Improves exercise tolerance
Preserves LV function
Reduces rate of hospitalization
No effect on survival

Low dose — level 0.5-0.8

Diuretics

Decrease preload
Decrease plasma volume

Decrease pulmonary and systemic
congestion

Improve symptoms

Probably not indicated in absence of
signs or symptoms
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Diuretics

Rapid Action

Alleviate JVD, HIR edema
Self adjustment of dosage
Check potassium

Metolazone if resistant to loop diuretics

Not indicated as monotherapy

Diuretics

Activation of renin angiotensin

system

Symptomatic hypotension
Azotemia

Electrolyte depletion Mg#, K*

ACE Inhibitor

|AII patients should be treated with ACE inhibitors

Relieve dyspnea
Improved exercise tolerance
Decrease need for diuretics

Attenuate adverse effects of
diuretic therapy

Improve EF
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Effect of Ace Inhibitor on the RAA Bradykinar
Prostaglandin System in CHF

Improved
Angiotensinogen myocardial
failure
R ~ Renin — 1
Ace inhibitor
Bradykinin Angiotensin | — _
Y g Volume —. — preload

Converting expansion
enzyme

Angiotensin Il —. — aldosterone

Prostaglandin

/ "~ Vasoconstriction
~ SVR

" Afterload

ACE Inhibitor

Morbidity and mortality multiple
trials > 7,000 patients

~ 25-33% risk reduction
90% of patients tolerate drug

Clinical response 1-2 months

ACE

Initiation and Maintenance

Start at very low doses
—Captopril 6.25 mg tid
—Enalapril 2.5 mg bid
—Lisinoprol 2.5-5.0 mg daily

Double dose in 3-7 days
Check K, BUN, & creatinine
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ACE

Initiation and Maintenance

Hold diuretic 1-2 days may
enhance safety

Early intolerance doesn’t
preclude long term therapy

Cough 5-15%

ACE

Appropriate dose very important

Higher doses superior to low doses,
reduced risk of death and hospitalization

Nationwide only 25% on appropriate dose
Once titrated, most people tolerate
NSAID reduce effectiveness

—-? ASA

—Not seen with Clopidogrel

Alternate Angiotensin Il Pathway

¢ Angiotensin |

Cathepsin <—— ACE Inhibitor

:->Angiotensin Il

AT 1l Receptor Antagonist

1 [ ]
 — | E— |
AT | Receptor AT Il Receptor
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Collective Experience with
ACE Inhibitors

Alleviate symptoms and improve
clinical status of patients

Decrease risk of death as well as
combined risk of death or
hospitalization

These benefits seen in patients with
mild, moderate, or severe CHF

Collective Experience with
ACE Inhibitors

These benefits seen in patients
with and without CAD

ACE inhibitors also reduce risk
of developing CHF in
asymptomatic patients with LV
dysfunction

Angiotensin Receptor Blockers
(ARB's)

No persuasive evidence equivalent or
superior to ACE’s

—Elite study

—Resolvd study

—More studies pending

Not routine substitute for ACE inhibitors
Intolerant of ACE inhibitors
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Aldactone

Rales Study — Aldactone 25 mg daily
Class IV heart failure

27% reduction in mortality

36% decrease in hospitalization

22% decrease in combined

Low dose Aldactone merits
consideration

Weight of Evidence: b-Blockade

Traditionally contraindicated in heart failure due
to impaired inotropy, early lack of tolerability and
worsening heart failure

Over 10,000 patients have now been evaluated
in long-term placebo-controlled clinical trials;
improvement in cardiac function and NYHA
class; and decrease in mortality and morbidity
shown in multiple clinical trials

Effects shown in patients already receiving ACE
inhibitors

Major Trials of b-Blockade in
Heart Failure

Mean dose

Patients ~ Follow-up ~ Target dose achieved Effects on
(n) (yrs.) (total/day ) (total/day) outcomes
641 1.9 5mg 3.8mg All-cause mortality:
NS
CIBIS-II 2647 1.3 10 mg 7.5mg All-cause mortality:
~34% (P<.0001)
383 1 100 to 150 mg 108 mg Death or need for

transplant (primary endpoint):
NS

MERIT-HF 3991 1 200 mg 159 mg All-cause mortality:

~34% (P=.0062)

US Carv 1094 7.5 mo. 50 to 100 mg 45 mg All-cause mortality:

~65% (P=.0001)

ANZ Trial 415 15 50 mg 41mg Death or

all-cause hospitalization:
~26% (P=.02)
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MERIT - HF
b

1 Metoprolol XL Randomized intervention Trial
In Heart Failure

Study Results

——  Number of Patients

Randomized
Treatment n
Placebo 2001
Metoprolol XL 1990
Total 3991

Summary: Survival Benefits

Once-daily metoprolol XL was
associated with highly statistically
significant reductions in the following:

—Total mortality: 34% reduction
—CV mortality: 38% reduction
—Sudden death: 41% reduction
—Death due to HF: 49% reduction
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EF Effects of Metoprolol and
Carvedilol

Metoprolol- Carvedolol

Comparator Trials
.l p=0.009
7 4+
6 +
LVEF 5 —+
(EF units) 44
3+
2 +
1+
0
All Carvedilol All Metoprolol 6.25mg 125mg 25mg
trials trials bid bid bid

Carvedilol

Carvedilol Dose-ReepposseTTiah | NNIDEAAY):
Effect on Mortality and Morbidity

Mortality * Cardiovascular Hospitalizations

0.4
g

203
g 2
z i
=l E

g 5 0.2
i

0.1

0
Placebo  6.25 mg bid 12.5 mg bid 25 mg bid Placebo  6.25 mg bid 12.5 mg bid 25 mg bid
Carvedilol Carvedilol
Patients receiving diuretics, ACE inhibitors, + digoxin; follow-up 6 months; placebo (n=84), carvedilol (n=261).
*Multicenter Oral Carvedilol Heart Failure Assessment.

‘Mortality was not a planned end point in this study. #P<.05 vs placebo.
Adapted from Bristow MR et al. Circulation. 1996;94:2807-2816. £P=.07 vs placebo.
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COMET Trial

* Randomized, double-blind, parallel-group
multicenter study that compared the effect
of metoprolol tartrate and carvedilol on
survival in 3029 patients followed for > 5
years.

* Greater than >14,000 patient-years of
follow-up.

The COMET trial was designed to test
whether the properties of carvedilol beyond
bl-blockade have favorable effects on
survival.

Poole-Wilson PA et al. Eur J Heart Fail 2002;4:321-329.

COMET Study Design

3029 patients with stable heart failure, New York H  eart Association
Class II-1V, receiving standard treatment including ACE inhibitors

(n»1500) Metoprolol 50 mg bid
Randomized _ :
(No run-in phase) (n»1500) Carvedilol 25 mg bid

«—— Time to 1020 deaths ———
Estimated to be 4 to 6 years

Screening Titration to Assessments every four months
maximum during maintenance phase
tolerated
or target dose

(Start: carvedilol 3.125 mg bid, metoprolol tartrat e 5 mg bid)

Poole-Wilson PA et al. Eur J Heart Fail 2002;4:321-329.

Baseline Characteristics

Carvedilol  Metoprolol

Age (years, mean/SD) 61.6/11.3 62.3/11.4
Male () 79 80
Etiology Hp %) 51 54
Months of HF (mean) 42.6 42.2
Heart rate (veats/min) 81 81
Systolic BP (mm Hg) 126 126
Diastolic BP (mm Hg) 77 77
NYHA class @) I/1II/IV 48/48/3 48/47/4
AF/flutter (o) 21 19
Diabetes ) 24 24

n = number of patients; SD = standard deviation; IHD = ischemic heart disease;HF = heart failure;

bpm = beats per minute; AF = atrial fibrillation.
Poole-Wilson PA et al. Lancet 2003;362:7-13.
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Baseline Characteristics

Concomitant Medication at Randomization

Carvedilol  Metoprolol

Diuretics %) 99 99
ACE Inhibitors ) 92 91
ARBS @) 6 7
Digitalis ) 61 58
Nitrates () 33 33
Aldosterone Antagonist (%) 11 11
Beta-Blockers* () 4 4
Anticoagulants ) 48 44
Aspirin ) 35 39
Statins () 20 22

“Stopped before study start; ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker.
Poole-Wilson PA et al. Lancet 2003;362:7-13.

Results - Primary Endpoints

Primary Carvedilol | Metoprolol| Hazard | 95% CI | P

endpoints Ratio

Mortality 512/1511 |600/1518| 0.83 | 0.74, |0.0017
34% 40% 0.93

Cardiovascular |438/1511 |534/1518| 0.80 | 0.70, [0.0004

Mortality 29% 35% 0.90

Mortality and ~ 1116/1511(1160/1518 0.94 | 0.86, |0.122

all cause hosp. 74% 76% 1.02

CI = Confidence Interval
Poole-Wilson PA et al. Lancet 2003;362:7-13.

Primary Endpoint of Mortality

o 40 A 1T%

< " __Risk

r_i" 30 A Reductio
8

—

§ 20 1 — Carvedilol

;E, 10 - Hazard ratio 0.83,

© 95% CI 0.74-0.93, P = 0.0017
o)

o o

0 1 2 3 4 5
Number at risk Time (years)
Carvedilol 1511 1366 1259 1155 1002 383
Metoprolol 1518 1359 1234 1105 933 352

Poole-Wilson PA et al. Lancet 2003;362:7-13.




The Case for b-Blockade in
Heart Failure

Neurohormonal activation underlies disease
progression and provides basis for treatment
selection

Weight of data for B-blockade equals or
exceeds that of ACE inhibitors

b-Blockade is added to ACE inhibitors for
more complete neurohormonal blockade

Carvedilol blocks b,-, b,, and a,-receptors

1999 ACTION-HF Consensus Recommendations
for the Management of Chronic Heart Failure

“All patients with stable NYHA class Il or 11l
heart failure due to left ventricular systolic
dysfunction should receive a b blocker
unless they have a contraindication to its use
or have been shown to be unable to tolerate
treatment with the drug; b blockers are
generally used together with diuretics and
ACE inhibitors.”

| Amer J Cardiol 1999:83 suppl 2A, 1A-39A |

1999 ACTION-HF Consensus Recommendations
for the Management of Chronic Heart Failure

“...treatment with a b blocker should not be
delayed until the patient is found to be resistant to
treatment with other drugs, since such patients
might die during the period of delay, and such
deaths might have been prevented if treatment
with a b blocker had been initiated earlier...”

“...as with ACE inhibitors, b blockers can decrease
the...combined risk of death or hospitalization.
These benefits of b blockade were seen in patients
already receiving ACE inhibitors...”

[ Amer J Cardiol 1999:83 suppl 24, 1A-39A |
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Use of Blockers Added to ACE
Inhibitors in Heart Failure

Start at the lowest possible dose
3.125 mg bid (Carvedilol)

Increase the dose gradually as tolerated
6.26 —12.5 — 25 mg bid* no sooner
than every 2 weeks

Monitor vital signs, weight, and clinical status
Adjust concomitant medications as needed

*50 mg bid in patients weighing > 187 Ib (85 kg)

Practical Aspects of Using Blockers

Optimize volume status

Separate dosing of carvedilol and ACE inhibitor
Take blocker with food

Slowly titrate blocker dose

Reassure patient that any vasodilator side
effects that do occur with carvedilol are likely to
be transient

Instruct patient to monitor weight
Adjust diuretic dose if necessary

Comparative Percentage of HF
Patients Receiving B-BBiciaker

91%

Patients Rx With BB

A
67%
A
27%
A
15%
’
> —. | < < 4
Usual Provider/Patient Nurse ICN,LF;(/A;: d-li-I;)'—I'F
Care Notification Practitioner Predischarge
Circulation 2003 Initiation
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Safety of Initiating Carvedilol in
Patients with Severe HF

Permanent Withdrawals
- 40
=
% 30 p=02
s Placebo 24%
g 20 . " 19%
£
& 10 Carvedilol
B 0
B 3 6 9 12 15 18 21

Months

Parker et al. NEJM 2001;334:1651

b-blocker model: % sympathetic

100

80
%
sympathetic
inhibition
40

20

Packer 2000

inhibition

b-,
Blockade

b-
Blockade

_—

a-;
Blockade

T 1 1
25mg  50mg  100mg
Metoprolol dose

200mg
h

6.25mg || 12.5mg 25mg
bid bid bid

Carvedilol dose

ACC/AHA Guidelines on Heart Failure
Control of Risk
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Reason Favoring
Use of Metoprolol

Approved by FDA for management
of CHF

Has been proven to reduce
mortality in CHF [at high doses]
(Merit)

Cost

Reasons Favoring
Use of Carvedilol

Approved by FDA for management
of CHF

Effective at lower and higher doses
(Mocha)

Blocks 3 receptor sites felt to be
important in progression of CHF
(by, by, @,)

Reasons Favoring
Use of Carvedilol

Only agent proven effective in
Class IV CHF patients (Copernicus)

Appears to have better overall
reduction in mortality (65% vs. 34%)
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Sympathetic Activation

AN

1 2 1
Receptors Receptors Receptors

Metoprolol %

Propranolol ——
AY: —— 74 Carvedilol

Cardiotoxicity

Physiologic Effects of Nesiritide in CHF
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New Treatments for CHF
Brain Natriuretic Peptide

Loading Dose: 2 mg/kg/min

Maintenance Dose: D.01-0.3 mg/kg/min

Side Effects: Hypotension
Bradycardia

Wide QRS
Proportional Mortality Increase

Vesnarinone Study
(VEST Study Analysis)
NYHA Class II-IV patients
3,654 ECGs digitally
scanned

Age, creatinine LVEF,
heart rate, and QRS
duration found to be
independent predictors of
mortality

Relative risk of widest
QRS group 5x greater
than narrowest

Cardiac Resynchronization Therapy

Cardiac resynchronization
in association with an
optimized AV delay
improves hemodynamic
performance by forcing
the left ventricle to
complete contraction and
begin relaxation earlier,
allowing an increase in
ventricular filling time.
Coordinated activation of

the ventricles and septum.
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Final Lead Position
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