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Evolving Models of CHFEvolving Models of CHF
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NeurohormonalNeurohormonal System System -- Center  CV RiskCenter  CV Risk
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ESRD = EndESRD = End--stage renal disease, HF = Heart failure, HTN = Hypertensionstage renal disease, HF = Heart failure, HTN = Hypertension
LVH = Left ventricular hypertrophy, MI = Myocardial infarctionLVH = Left ventricular hypertrophy, MI = Myocardial infarction



NeurohormonalNeurohormonal System in CHFSystem in CHF

BNP BNP 
AngiotensinAngiotensin IIII
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VasopressinVasopressin
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CHF treatment through the agesCHF treatment through the ages

1920 1920 -- OrganomercurialOrganomercurial diureticsdiuretics

1958 1958 -- ThiazideThiazide diuretics introduceddiuretics introduced

1967 1967 -- Heart transplantation Heart transplantation (C Barnard)(C Barnard)

1975 1975 -- ββ blockers first used in heart failure blockers first used in heart failure 
(F (F WaagsteinWaagstein et al)et al)

1987 1987 -- CONSENSUS shows survival benefits from CONSENSUS shows survival benefits from 
ACE inhibitors ACE inhibitors (K (K SwedbergSwedberg et al)et al)



Medical Therapy for CHFMedical Therapy for CHF
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ACEACE--ii
ββ blockersblockers

In selectedIn selected
patientspatients

ACEACE--ii
ββ blockersblockers

Diuretics Diuretics / / DigitalisDigitalis

BB

Treat risk factorsTreat risk factors
Avoid toxicsAvoid toxics
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ofof Heart Heart Failure Failure 
TreatmentTreatment
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VASOCONSTRICTIONVASOCONSTRICTION VASODILATATION VASODILATATION 
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ACEI
MECHANISM OF ACTION
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ACEI
HEMODYNAMIC EFFECTS

ACEI
HEMODYNAMIC EFFECTS

Arteriovenous Vasodilatation
- PAD, PCWP and LVEDP
- SVR and BP
- CO and exercise tolerance

No change in HR / contractility
MVO2
Renal, coronary and cerebral flow

Diuresis and natriuresis
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ACEI
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ADVANTAGES

Inhibit LV remodeling post-MI
Modify the progression of chronic CHF

- Survival
- Hospitalizations
- Improve the quality of life

In contrast to others vasodilators,                   
do not produce neurohormonal activation
or reflex tachycardia
Tolerance to its effects does not develop
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PlaceboPlacebo

EnalaprilEnalapril

1212111110109988776655

PROBABILITY
OF
DEATH

PROBABILITY
OF
DEATH

MONTHSMONTHS

0.10.1

0.80.8

00

0.20.2

0.30.3

0.70.7

0.40.4

0.50.5

0.60.6
p< 0.001p< 0.001

p< 0.002p< 0.002

CONSENSUS
N Engl J Med 1987;316:1429
CONSENSUS
N Engl J Med 1987;316:1429 4433221100

5050

4040

3030

2020

1010

00

MonthsMonths
00 66 1212

p  = 0.30p  = 0.30

24241818 3030 3636 4242 4848

Enalapril
n=2111
Enalapril
n=2111

Placebo
n=2117
Placebo
n=2117

SOLVD (Prevention)
N Engl J Med 1992;327:685
SOLVD (Prevention)
N Engl J Med 1992;327:685

%
MORTALITY

%
MORTALITY

n = 4228
No CHF symptoms
EF < 35

n = 4228
No CHF symptoms
EF < 35

5050

4040

3030

2020

1010

00

MonthsMonths
00 66 1212

p  = 0.0036p  = 0.0036

%
MORTALITY

%
MORTALITY

24241818 3030 3636 4242 4848

Enalapril
n=1285
Enalapril
n=1285

Placebo
n=1284
Placebo
n=1284

SOLVD (Treatment)
N Engl J M 1991;325:293
SOLVD (Treatment)
N Engl J M 1991;325:293

n = 2589
CHF 
- NYHA II-III
- EF < 35

n = 2589
CHF 
- NYHA II-III
- EF < 35

Mortality,
%

M ortality,
%

44S AVE
N Engl J M ed 1992;327:669
S AVE
N Engl J M ed 1992;327:669 YearsYears

3030

2020

1010

00
11 22 33

PlaceboPlacebo

CaptoprilCaptopril

00

n=1115n=1115

n=1116n=1116

p=0.019p=0.019
² -19%² -19%

n = 2231
3 - 16 days post AM I
EF < 40
12.5 --- 150 m g  / day

n = 2231
3 - 16 days post AM I
EF < 40
12.5 --- 150 m g  / day

Asym ptom atic
ventricular

dysfunction post M I

Asym ptom atic
ventricular

dysfunction post M I



ACEI
UNDESIRABLE EFFECTS
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Inherent in their mechanism of action
- Hypotension
- Hyperkalemia
- Angioneurotic edema

Due to their chemical structure
- Cutaneous eruptions
- Neutropenia, 
thrombocytopenia
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ACEI
CONTRAINDICATIONS
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Renal artery stenosis
Renal insufficiency
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ALDOSTERONE INHIBITORS
INDICATIONS
ALDOSTERONE INHIBITORS
INDICATIONS

FOR DIURETIC EFFECT
• Pulmonary congestion (dyspnea)
• Systemic congestion (edema)

FOR ELECTROLYTE EFFECTS
• Hypo K+, Hypo Mg+

• Arrhythmias
• Better than K+  supplements

FOR NEUROHORMONAL EFFECTS
• Please see RALES results, 

N Engl J Med 1999:341:709-717
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Benefits of Benefits of AldosteroneAldosterone
Receptor BlockadeReceptor Blockade

Are not primarily due to a diuretic effect, but are Are not primarily due to a diuretic effect, but are 
most likely the result of other most likely the result of other antialdosteroneantialdosterone effectseffects
Include:Include:
–– Decreased myocardial and vascular fibrosisDecreased myocardial and vascular fibrosis
–– Increased myocardial NE reuptakeIncreased myocardial NE reuptake
–– Improved arterial complianceImproved arterial compliance
–– Improved endothelial dysfunctionImproved endothelial dysfunction
–– Improved Improved baroreceptorbaroreceptor functionfunction
–– Improved potassium and magnesium homeostasisImproved potassium and magnesium homeostasis
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ANGIOTENSIN II INHIBITORS 
MECHANISM OF ACTION
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ELITE II: Endpoint Results ELITE II: Endpoint Results 
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ValVal--HeFTHeFT ResultsResults
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ValVal--HeFTHeFT ResultsResults
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ValVal--HeFTHeFT ResultsResults
Combined Morbidity/Mortality in Combined Morbidity/Mortality in 

SubgroupsSubgroups
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CHARM ProgrammeCHARM Programme
3 component trials comparing candesartan to

placebo in patients with symptomatic heart failure

CHARM 
Added

n=2028
LVEF ≤40%

ACE inhibitor 
intolerant

CHARM
Alternative

CHARM
Preserved

n=2548
LVEF ≤40%

ACE inhibitor 
treated

n=3025
LVEF >40%

ACE inhibitor 
treated/not treated

Primary outcome for Overall Programme: All-cause death
Primary outcome for each trial: CV death or CHF hospitalisation

Pfeffer et al, Lancet 2003



CHARM resultsCHARM results
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PostPost--MI heart failureMI heart failure

OPTIMAALOPTIMAAL
VALIANTVALIANT



New drugs?New drugs?

ReninRenin inhibitorsinhibitors



ConundrumConundrum

To combine or not to combine?To combine or not to combine?
Which first?; Which first?; ACEiACEi vsvs BB, ARB BB, ARB vsvs Aldo Aldo antagantag
Hit the bottom?Hit the bottom?
Optimal dosageOptimal dosage



ACEACE
PostPost--MI: MI: EnalaprilEnalapril 20 mg BID20 mg BID
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AldosteroneAldosterone escapeescape



Combine ARB, ACEI & Combine ARB, ACEI & ββ--
blockerblocker

: Val: Val--HeFTHeFT



Combine ARB, ACEI & Combine ARB, ACEI & ββ--
blockers: CHARMblockers: CHARM--AddedAdded
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Beta- Yes 223/702 274/711
blocker No 260/574 264/561
Recom. Yes 232/643 275/648
dose of No 251/633 263/624
ACE inhib
All patients 483/1276 538/1272

0.6 0.8 1.0 1.2 1.4

CHARMCHARM--AddedAdded
PrespecifiedPrespecified subgroups, CV death or CHF subgroups, CV death or CHF 
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Which first?Which first? : : ββ--blocker blocker vsvs ACEIACEI
78 idiopathic DCM78 idiopathic DCM
NYHA FC II to IIINYHA FC II to III
DigoxinDigoxin & diuretics for 7 days& diuretics for 7 days
–– ACEIACEI--first group (40)first group (40)

–– PerindoprilPerindopril for 6 Mofor 6 Mo
–– Carvedilol add for 6 MoCarvedilol add for 6 Mo

–– BBBB--first group (38)first group (38)
–– Carvedilol for 6 MoCarvedilol for 6 Mo
–– PerindoprilPerindopril add for 6 Moadd for 6 Mo



?Hit the bottom?Hit the bottom

ACE inhibitorsACE inhibitors

BetaBeta--blockersblockers

BucindololBucindolol
OmapatrilatOmapatrilat

EtanerceptEtanercept
ELITEELITE--IIII

EndothelinEndothelin
Antagonists Antagonists 
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??
Optimal DosageOptimal Dosage



용량의존용량의존(Dose(Dose--dependency)dependency)

(Luzier AB, et al:Am J Cardiol 1998;82:465–469



Proven ACE inhibitorsProven ACE inhibitors

AMI        AMI with LVD                 CHF       CAD/AMI        AMI with LVD                 CHF       CAD/DiabDiab

ISIS IV

Capto

50x2

GISSI 3

Lisino

10

SAVE

Capto

50x2

.93* .88* .81         .73          .78               .73        .84           .83  

.87-.99    .79-.99     .68-.97  .60-.89    .67-.91         .56-.95         .74-.95     .74-.94 

HOPE

RAMI

10

SOLVD

Enala

20

CONSENSUS

Enala

40

AIRE

Rami

5x2

TRIAL

ACEI

DAILY†

TRACE

Trandola

4

*oddsrato †maximum daily dose        
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Potential target beyond Potential target beyond 
neurohormonalneurohormonal modelmodel

Optimal blockade of RAA systemOptimal blockade of RAA system
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