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Activation of Neurohormnal Systems in
Heart Failure
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Fig. 1. Activation of neurohormonal system in heart failure.
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Renin-Angiotensin-Aldosterone
System (RAAS)
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Table 1. Adverse effects of angiotensin O in conges-
five heart failure

Left ventricular structural and functional effects
Increased transmural wall stress
Dilation caused by increase of end-diastolic and
endsystolic volumes
Decreased coronary flow in epicardial and trans-
mural vessels
Hemodynamic effects
Increased vascular resistance
Positive Inotropic stimulation
Neurohormonal and paracrine effects
Increased tissue effects of angiotensin O
Stimulation of aldosterone production, with sodium
(and volume) retention
Increase of circulatory catecholamines, impaired
baroreceptor function, and abnormal
Sympathetic-parasympathetic balance
Increased bradykinin degradation
Stimulate the secretion of arginine vasopressin
Mitogenic and growth effects
Myocardial hypertrophy
Vascular smooth muscle hypertrophy
Cell protein enhancement

000 bradykininD 00O OOOO angiotensin O
0O 00 00000 00 000 0ooao, bradykinin
O vasodilation, antihypertrophic and antiprolifera—
tive effectd0 OO00 00 000 000 OO
0000 ACE inhibitorD 0O 0O OOO0O0O0O OO
000 000 000 oooo oo.

Angiotensin OO 0O0O0O0O Fig. 200 OOO0OO
ACE 0O OO0 enzymelO O0OOO OO, 0000
000 00 non—ACE pathwayd O OOOOO O
000 oO. 000 ooo oooo ooo ooo
000 angiotensin receptor blocker( O 0. RAASO
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Angiotensin con-verting enzyme (ACE) inhibitor
Trials of ACE inhibitors in patients with CHF(Table 2)
000000 ACE inhibitorD OO0 OO0 OO

000 Cooperative North Scandinavian Enalapril
Study(CONSENSUS-1) 00.” 0 00000 NYHA
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Table 2. Effects of Ace inhibitors in patients with congestive heart failure

Study No. Age CAD EF Class Drugs F/U Mortality reduction
CONSENSUS 253 70 74% N/A O Enalapril 188 days 27%(p0 0.003)
V-HeFT O 804 61 53% 29% 0,0 Enalapril 2.5 years 28%(p 0.002)
SOLVD treat. 2569 61 70% 25% 0,0 Enalapril  41.1 mos. 16%(0<0.004)
SOLVD prev. 4228 59 83% 28% 0,0 Enalapril  37.4 mos. 8%(p0 0.30)

class 0 00O 25300 O0OOO0 OO0, Enalaprild O
O placebo 00 OOOO 6000 26% vs 44%, 1
00 36% vs 52%0 00000 OOO. 00 Od
000 OO0 000000 OOO0Od ACE inhibitorD
0 0O000D0.00 NYHAclass OO OO OO0O O
000 O Studies on Left Ventricular Dysfunction
(SOLVD) Treatment Triald 0O0000.2 2,5690
O NYHAclass O, 00 OO0 OOO0O 35%000
ooobd ooo booo ooo. oo 4100 oo
oo 0O oooo 16% 0oodo, oood oo d
00 000 26%00. ACE inhibitord OO0 OO O
00 O 000 V—HeFT-Il triald enalaprild hy—
dralazine and isosorbide dinitrated 0000 O OO
000002 NYHA class 0, oo ooo oooo
45% 000 80400 OOO0O OO0 OOO Ooo.
10 O enalaprild 0 O00O0O0 34% 0 00004, 20
000 28%0 0 O0OO00.0 OO0O000 ACE in—
hibitord OO0 OO0O0O OOOO OO OO neuro—
hormonal inhibitorD 00 OO0 0000 0000 O
O0oo0. 0 00 3200 oOOoo 000 meta—an—
alysisOOJACE inhibitor 00 O 0000 0O0O0O
23%, 000 0O OO0 OO0 OO0 35%% 00 OO0
00?0 000000 ACE inhibitorD 000 OO0
000 000 0oo oo oo oooo o o od.

ACE inhibitors in asymptomatic left ventricular sys—
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Evaluation of ACE inhibitor dose in CHF
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goo. 0 OO0 OO0 0 O0Od 8% gogggo
gooo oooo odo. bbb 0 Ooo oo oo
0000 00O 00 0 0000 15%((p<0.001)0 OO
oo0, b00oob 00 bboog 25%0 gooo
U.000 oooo oob bbooo goooo.
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Angiotensin 1l receptor blocker

Fig. 200 0O O OO0 angiotensin 110 O00O0O0O
000 kininase 00O ACEO nonACE system [
O00. 000000 non ACE system O OO0
00000 000000 angiotensin 1l OO0 OO
000 O0O0oOd ACEO non ACE systemd 00O
0O 0000 OO0O. 00000 ACED OOO Ooo
0000 non ACE systemU OO0 OO OO OO
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0000 subtype 2 receptorD) 000 000 OOO
000 000 ooo oo
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Fig. 2. Cascades of RAS and mechanism of action of ACE inhibitors and AT1 receptor antagonists. ATO Angiote-
nsin O receptorsd t-PAD tissue plasminogen activatorl SNSO sympathetic nervous systemO Growth FO growth

factorsd PAIO plasminogen activator inhibitor.

Table 3. Angiotensin O receptor subtypel effect

Angiotesin O R subtype O Angiotensin O R subtype O

Fibrosis Nitric oxide release
Vasoconstriction Antiproliferative effect
Matrix growth Apoptosis

PA-I synthesis
Endothelial dysfunction

0 O OO0 Angiotensin 0 receptor subtype [
subtype 00O OO blockerD 0O0OO OO OO0 O
0000 000 oOooo, ooooogo oo oo
0O 000 ODO00. Subtype OO blocker losar—
tand ACE inhibitord captoprild OO0 OO0 EL—
ITE studyd 0 losartand captoprild 000 000
0000 0000 ooOOg, 00 sudden cardiac
deathd OOO. ELITE study primary endpoint(]
0000 ODOO00O0O OO0 primary endpoint(d]
00 ELITE O studyd OO OOO O OO losar—
tan0 O captoprill 0 OO0 OO0O0O OO0 O0OO
0O 0000 000 0oo.

Angiotensin O receptor blockerl O (ACE inhib—
itord 0O0)
1) Greater accessibility to tissue renin—angiote—
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nsin system
2) Relative lack of aldosterone escape
3) Smoother hypotensive effect
4) Reduction of sudden cardiac death
5) Lesser drug interaction with NSAIDS
6) Uricosuric effect
7) Favorable effect on diastolic dysfunction

Combination with ACE inhibitor

Fig. 200 0O O 00O angiotensin 0O blocking
00 angiotensin OO OO OO0 OO0O0O OO an—
giotensin 0, 00 OO0 OO0OO plasminogen ac—
tivator inhibitor—10 OO0 OOOO artherogenic,
thrombogenic effectd 0000, ACE inhibitord O
00 bradykinind OO0 OO0O0 bradykinind 0O
O t—PAOO, vasodilation, natriuresis00 OO0
0000 0O0O0O. 000 ACE inhibitorD 0 OOOO
O angiotensin 00 OO0 OO0OO, brady—kininO
000 O0000 0O 00 0ooo ooo o oo.
000 ODODODOODO O0O0O0O0o0 oo 0o oo o
0 00O OO0 OOO0O O OO0 hemodynamicsO
00 0 000 000 00 000 00 000 0
000 00000 00 00oo ooo oo oo o
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Fig. 3. Stimuli generating aldosterone.
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Aldosterone antagonist

Aldosterone escape and harmful effects of aldost—
erone
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1) Inactivation of aldosterone due to decreased
hepatic blood flow

2) Escape of angiotensin 0 during ACE inhibitor
therapy

3) Generation of aldosterone from others than
angiotensin O (Fig. 3)
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1) Magnesium depletion by increasing urinary
output

2) Sympathetic activation

3) Parasympathetic baroreflex inhibition

4) Induction of ischemia due to sympathetic act—
ivation, coronary vasoconstriction by magnhesium—
depletion and progression of artherosclerosis
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Fig. 4. The resulfs of RALES.

5) Myocardial fibrosis

6) Induction of ventricular arrhythmias by mag—
nesium depletion, sympathetic activation, parasy—
mpathetic inhibition, myocardial fibrosis, and myo—
cardial ischemia
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0000 (Fig. 4). 00O sudden cardiac deathll 20%
0oooo. spironolactone OO O OO OO0 OO
00 D000 gynecomastiall 9%00 OOOO.

000 000 0OoO0O o0 0ooo oooo oo
00 00 000 aldosterone antagonistl spiron—
olactoned O0O0OO OO OOOO. OO spirono—
lactone O00O0O0O gynecomastiad OO O0O0O0O

1049



| | Cardiac Output

Discharge of

TCardiac and Adrenal
Sympathetic Efferent

Catecholamine

Local Catecholamine Excess
Ca** channel Activation
Cellular Calcium Overloading
Ca** Overload of the Mitochondria

Ca*™* Activation of phospholipases,
/ proteases & endonucleasea

Cell Apoptosis Cell Necrosis

Fig. 5. Harmful effect of prolonged sympathetic stimu-
lation on cardiac myocytes.
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Harmful effect of prolonged sympathetic stimulation
in heart failure
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O 00000 OO0 00 O calciumO OOO0O OO
O cell necrosis 0000 (Fig. 5).

2) 00 OO0 OO0 terminally differentiated cell
O growthD OO0O0O, oxidative stressCl OO OO
apoptosis] 0000 (Fig. 5).

3) Vasoconstriction, 0000 O OO0 OO, O
OO0 hypertrophyD0 OOO00O OOOO OO OO
0 0000 myocardial ischemiad OOO0O.

4) 0000 00000, 00 000 400 OO0
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adrenoreceptor [0 increase triggered automaticity
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ocardial ischemia

5 0 000 OO00 OO0 contractilityll OO
000, 000 ODODO O0O0OO0 0000 myocardial
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ischemial OOO0O.
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Effects of B-blockers in heart failure
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3) 00O OO0 high energy phosphatell OOOOO.

4) 00000 0000 pathologic remodeling(d
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Clinical use of B -blocker in heart failure

History of clinical use of B —blocker in heart failure
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500 O 00000 OO0 00O 0000 O ogo o
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000 OO0 OO0 OO0 OO0 B —blocker OO0
000000 OOoooo, 000 19750 700 OO
00 0000 B —blockerd OOOO OO OOO O
000 000002 000 0000 0000000
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0000000 B —blocker OO0 OO0 OO O
00 Waagstein 00O 19930 OO0 MDC(meto—
prolol in dilated cardiomyopathy) trial0 0 0.2 O
00 metoprololl placebod OO0 OO0OO O0ODO
O total mortalityl] OOO0O0OO0 OOOOO need
for transplantation] OO0, OO0 O0OOO OOO
00. 00 000 000 MERIT-HF studydO?”
NYHA class 0 -0, 000 OO0 40% 000 3,991
00 000 0000 000 metoprolol(metoprol—
olCR/XL)O OO OO 200 mgl O OOOOOO, O
000 total mortalityd 34%(7.2% VS 11.0%m pO
0.00009), sudden deathl] 41%(3.9% vs 6.7%, pO
0.002), OOOOO OO0 42%(pd0.0023) OO0
oo.

00000 OO0 carvedilold a ;—adrenergic bl—
ocking 000 U0OUO OO0 OO OO OO QOO O
0000 00O 0O 00 00 000 ooooo. carv—
edilold] nonselective B —adrenergic blocker OO0
00 o 1—adrenegic blockerl 0. Adrenergic rece—
ptor leveld0OO 0O0O0OO B:0a,030100. O
carvedilold 0300 B —blockerd vasodilating  —
blocker 0. 03000 vasodilating B —blocker(d O
bucindolold OO0 bucindolold o ;—blockerd O
O direct action0] O vasodilating propertyld] O0O.

Carvediloll 00O OO0 O0O0O 0O0O0O OO OO0,
000 00000 vitamin ED 100 OO OO OO
0O 000 00.00 0000 OO0 carvedilolD OO
00000 hydroxyldOOO adrenergic blocking
000 0000 OO0 000 OO0 OO0 vitamin
EC 100000 OOO0O OO0 OO0 ODDOO. OO0
O carvediloll angiotensin OO0 OO0 endothelinC
000 OD0O0DOD OO0 0OO. 000 carvedilolD O
000 B —blocker0 000 DOOOOD OO O O
0000 000 OO. CarvedilolD OO0 OOO O
00 OO0 U000 2000 OO. ODpoo us
carvedilol heart failure studyd 0. 199600 Packer(]
O New England Journal of Medicined OO0 OO
0® randomized, double blind, placebo—controlled,
multicenter studyO 0. OO0 O00O00 35% 0000,
300 00 0 0000 00 119700 0O0O0O0O ca—
rvedilold open—Ilabel phasell 00 94.4%0 1,0940
0 600 00 00O 0000O0.00 000 00 car—
vedilol 0O placebo OO0 OO0 total mortality
65% (3.2% vs 7.8%, p<0.001), 00000 00 000
82%(0.7% vs 3.3%, p<0.001), sudden death] 55%
(1.7% vs 3.8%, p<0.001), 00 000 27%(14.1%
vs 19.6%, p00.036), JOO OO0 38%(15.8% vs
24.6%, p<0.001)0 OOO0O0O.
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0O OO0 Multicenter Oral Carvedilol Heart failure
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double—blind, placebo—controlled, dose response
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0O 0000 00 34500 0000 edd OO OO
00 O00.0 00000 carvediloll 6.25 mg po
bid, 12.5 mg po bid, 25 mg po bidd O placebol O
40 000 0O0000. 000 00 ooog ogd
6.25 mg po bidOO 0000 OO 61%), 25 mg
po bid OOOO OO0 OOO 90% 0000O0O. 00O
000 carvedilol 00O O 73%0 0000 00O O
ooo.

0 000 carvedilold OO0 OO0 OO0 OO0OO
0, 000000 placeboll OO0 OOOO OOO
000 0O0000.000 ooooo B i—selective

B —blockerd metoprolold bisoprololdl MERIT—
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Meta—analysis
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Endothelin System
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Fig. 6. B -Blocker Effects on Mortality in CHF.

Fig. 8. B -blocker Effects on Combination in CHF.
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Fig. 7. B -blocker Effects on Hospitalization in CHF.
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Fig. 9. Generation of endothelin-1.
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000 000 00 OO0 big endothelin—10 00O
OO0 0O0O0ODO 000 000 00000 oo ooo
000 00 0 0000 0000 endothelin re—
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