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p-blockerss in heart failure 

PARTI I 

Introduction n 
Treatmentt for heart failure may be directed at relieving symptoms and/or improving prognosis. 

Diureticss are known for many years as therapeutics in heart failure and they are very effective in 

symptomm relief. Vasodilators and inotropes also have beneficial effects on symptom relief especially 

inn the acute phase through changes in cardiac output, filling  pressures and renal perfusion. However, 

nonee of these treatments that produce short-term relief have been shown to influence the disease 

processs and thereby improve mortality. Indeed, many of these drugs may even lead to untoward 

long-termm clinical outcomes as has been shown for example for milrinone' and ibopamine.2 

Theree is overwhelming evidence that drugs interfering with thee neurohormonal activation in heart 

failuree not only produce symptomatic relief but also are capable of attenuating disease progression 

withh concomitant reductions in both morbidity and mortality. About a decade ago, convincing 

andd large scale evidence showed that ACE-inhibitors by antagonizing the activated renin 

angiotensinn system produced favorable effects.34 More recently, p-blockers, antagonizing the 

activatedd sympathetic system were shown to be beneficial on the long term in moderate severe 

heartt failure both in terms of significant improvements in morbidity and mortality.5 6 The RALES 

studyy further amplified the concept that drugs that interact in the neurohormonal system have 

beneficiall  effects. In this study, spironolactone, a weak, potassium sparing diuretic counteracting 

aldosteronn showed a reduction in mortality in more severe forms of heart failure.7 

Classess of [3-blockers 
Dependingg on their affinity for adrenergic receptors, P-blockers can be divided into 3 classes. 

Non-selectivee p-blocking agents have equal affinities for blocking p, and p, receptors. They do 

nott block a-receptors. These compounds are not used in the treatment of heart failure. 

Thee second generation P-blockers have a high affinity for p( receptors as compared to p: receptors 

inn an attempt to reduce some of the peripheral and pulmonary side effects of p-blockers that are 

mediatedd in part through p,-blockade. The selective P-blockers metoprolol and bisoprolol have 

beenn extensively used in heart failure research and have been shown to reduce mortality and 

morbidity.Sf> > 

Thirdd generation p-blockers (carvedilol, bucindolol) are non-selective in their affinity for p-

receptorss but have vasodilating properties through their a,-blocking properties, Nebivolol is a 

thirdd generation P-blocker with marked Pj-selectivity and vasodilating properties related to 

potentiationn of nitric oxide. These compounds were originally designed for the treatment of 

hypertensionn but were shown to be effective in heart failure as well. The US Carvedilol studies 

showedd a significant reduction in mortality during long-term treatment with carvedilol in patients 
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withh chronic stable heart failure.**  In contrast to the second generation P-blockers. third generation 

compoundss do not upregulate downregulated f3 -adrenergic receptors. Carvedilol also exerts anti-

oxidantt properties but the significance of this in heart failure remains unclear. 

Althoughh their pharmacological profile would suggest that third generation compounds like 

carvediloll  and bucindolol would be more effective than second generation P-blockers (metoprolol, 

bisoprolol)) in the treatment of heart failure there is no robust evidence from phase 3 trials to 

confirmm this conclusion. Limited data suggest that third generation compounds produce more 

beneficiall  effects on left ventricular function.9 However, other studies demonstrate no difference 

betweenn a second- and third-generation compound.101: The ongoing Carvedilol or Metoprolol 

Europeann Trial (COMET) directly compares the effects on mortality in heart failure patients of 

carvediloll  and metoprolol and will give an answer on the question whether, from a clinical point 

off  view there is a difference between second- and third-generation P-blockers. 

Hemodynamicc effects of (3-blockers in heart failur e 
Probablyy because left ventricular ejection fraction can be determined relatively easily, it is the 

mostt frequently used hemodynamic parameter in heart failure research. Besides, it has been 

demonstratedd that ejection fraction is an important predictor of prognosis.1MS There is a remarkable 

consistencyy in reported trials with regard to an improvement of left ventricular ejection fraction 

duringg chronic treatment with p-blockers.11 -lft"19 This improvement in ventricular function is due to 

increasedd systolic ventricular performance.20"2 In turn this increased performance is related to 

enhancedd contractility.23 Improvements in diastolic properties with a shift of the Frank-Starling 

relationn up and to the left has been demonstrated for bucindolol24, carvedilol25 and metoprolol.1*2ö27 

Acutee hemodynamic responses to p-blockers include a decrease in heart rate, systemic vascular 

resistancee and a drop in mean arterial pressure. Mean pulmonary capillary wedge pressure, cardiac 

indexx and stroke work do not change. 

Clinicall  effects of p-blockers in heart failur e 
Conflictingg results have been published with regard to changes in functional parameters in patients 

withh heart failure during p-blocker treatment. It should be emphasized that in the beginning of 

treatmentt with a p-blocker, a temporary increase in symptoms can occur which will disappear on 

continuation.. The Australia-New Zealand trial reported a trend toward worse symptoms and 

worseningg NYHA class at 6 months of treatment, although by 12 months such differences had 

disappeared.. 2!1 2<J In contrast, the large US trials*  of carvedilol have been shown to improve 

symptomss during long-term treatment although a trend toward improvement in quality of life has 

nott been significant. The effects of P-blockers on functional class were recently addressed in a 

meta-analysiss by Lechat showing a borderline significance on improvement of functional class.1* 

However,, this favorable effect was not very convincing, probably related to the fact that most 
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trialss had a short duration of follow-up and enrolled patients with class II symptoms, in whom 

demonstrationn of clinical benefit may be difficult. The recently published RESOLVD study showed 

noo change in NYHA functional class and quality of life after 6 months of treatment with 

metoprolol.11**  In contrast, a randomized study by Sanderson et al. comparing metoprolol and 

carvediloll  in a randomized study found significant improvements in all functional parameters for 

bothh compounds with no differences between the two agents.12 

Thee reported influence of p-blockers on exercise capacity is conflicting. Although some studies 

havee reported statistically significant improvement in total exercise duration during treadmill 

exercisee testing, others have not. However, robust conclusions can not be drawn from these 

observationss because of differences in study design, small patient numbers studied (ranging from 

100 to 380) and different types of (i-blockers used. It seems that most studies with a selective p:-

blockerr (like metoprolol) show an increase in exercise capacity with the MDC,<P trial with 380 

patientss as the best example. However, the recently published RESOLVD trial found no difference 

inn the results of a six-minute walking test after 6 months of treatment with metoprolol.14 

Generallyy speaking, p-blockers do not increase maximal oxygen consumption.-1 

Thee reason for the absence of consistent improvement in functional parameters with the use of 

P-blockerss is likely to be multifactorial. A major concern when interpreting reported results are 

thee patient numbers in individual trials varying from 12 to 4000, relatively short follow-up periods, 

differencess in design, patient selection and assessment of functional parameters. 

Finally,, results of assessment of functional parameters in trials should be interpreted with caution 

becausee P-blockers reduce mortality. Thus, more patients in the placebo arm with severe congestive 

heartt failure will be eliminated leading to an apparent improvement or maintenance of functional 

parameterss in placebo treated patients. 

Effectss of p-blockers on mortalit y and (re)hospitalization 
Thee addition of a P-blocker to conventional therapy is associated with a significant impact on 

bothh morbidity and mortality. The initial reports on the effect of P-blockers in heart failure were 

nonrandomizedd studies, but they have since been followed by a number of randomized, placebo 

controlledd trials primarily designed to study hemodynamic and functional effects of p-blockers in 

heartt failure. One of the first larger trials designed as a mortality study was the MDC trial in 

patientss with idiopathic dilated cardiomyopathy.'" OBIS Vz included both ischemic and non-

ischemicc cardiomyopathies but had insufficient power to demonstrate mortality benefits. 

Inn 1996, results of the US Carvedilol Heart Failure Study Group were published indicating 

forr the first time a significant mortality and morbidity reduction with carvedilol a non selective 

P-receptorr antagonist that also blocks ot-receptors and exerts antioxidant effects/ The contribution 

off  these latter two properties on the beneficial effects in heart failure is a matter of controverse. 

Concernn has been raised about the fact that in this study a relatively large proportion of the 
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Tablee 1 Overview of studies included in the meta-analysis 

Triall  Year of Number of Number of deaths (%) 
publicationn patients 

beta-blockerr placebo 

Engelmeierr (35) 
Pollockk (36) 
Lechatt (37) 
Woodley(38) ) 
MDCC (30) 
Wisenbaughh (21) 
Fisherr (39) 
Bristoww (40) 
CIBISK32) ) 
Eichhornn (22) 
Mctraa (41) 
Olsenn (25) 
Kmmm (42) 
Bristoww (43) 
Packerr (44) 
Coluccii  (45) 
Cohnn (46) 
ANZZ (29) 
CIBISS 11 (5) 
MERITT HF (6) 
RESOLVD(19) ) 
dee Milliano(47) 
Copernicuss (87) 
BESTT (88) 

Overall l 
standardized d 

1985 5 
1990 0 
1991 1 
1991 1 
1993 3 
1993 3 
1994 4 
1994 4 
1994 4 
1994 4 
1994 4 
1995 5 
1995 5 
1996 6 
1996 6 
1996 6 
1997 7 
1997 7 
1999 9 
1999 9 
2000 0 
2000 0 
2001 1 
2001 1 

metoprolol l 
bucindolol l 
nebivolol l 
bucindolol l 
metoprolol l 
nebivolol l 
metoprolol l 
bucindolol l 
bisoprolol l 
metoprolol l 
carvedilol l 
carvedilot t 
carvedilol l 
carvedilol l 
carvedilol l 
carvedilot t 
carvedilol l 
carvedilol l 
bisoprolol l 
metoprolol l 
metoprolol l 
metoprolol l 
carvedilol l 
bucindolol l 

25 5 
19 9 
12 2 
49 9 

383 3 
24 4 
50 0 

139 9 
641 1 

24 4 
40 0 
59 9 
49 9 

345 5 
278 8 
366 6 
105 5 
415 5 

2647 7 
3991 1 
426 6 

54 4 
2289 9 
2708 8 

15138 8 

1/9 9 
0/12 2 
0/6 6 
0/29 9 
23/194 4 
1/11 1 
1/25 5 
4/105 5 
53/320 0 
0/15 5 
0/20 0 
1/36 6 
3/33 3 
12/261 1 
6/133 3 
2/232 2 
2/70 0 
21/207 7 
156/1327 7 
145/1990 0 
8/214 4 
4/43 3 
130/1156 6 
411/1354 4 

984/7802 2 

(11% % 
(0% % 
(0% % 
(0% % 

(12% % 
(9%, , 
( 4 % Ï Ï 

(4%" (4%" 
(17% % 
(0% % 
(0% % 
(3% % 
(9%] ] 
(5%) ) 
(5%) ) 
(1%) ) 
(3%) ) 

(10%) ) 
(12%) ) 
(7%) ) 
(4%) ) 
(9%) ) 

(11%) ) 
(30.4%) ) 

(12.6%) ) 

)) 2/16 
>> 0/7 
)) 0/6 
)) 0/20 

21/189 9 
0/13 3 
2/25 5 
2/34 4 
67/321 1 
0/9 9 
0/20 0 
0/23 3 
2/16 6 
13/84 4 
11/145 5 
5/134 4 
2/35 5 
29/208 8 
228/1320 0 
217/2001 1 
17/212 2 
i/ l l l 
190/1133 3 
449/1354 4 

1258/7336 6 

(13%) ) 
(0%) ) 
(0%) ) 
(0%) ) 

(11%) ) 
(0%) ) 
(8%) ) 
(6%) ) 

(21%) ) 
(0%) ) 
(0%) ) 
(0%) ) 

(13%) ) 
(15%) ) 
(8%) ) 
(4%) ) 
(6%) ) 

(14%) ) 
(17%) ) 
(11%) ) 
(8%) ) 
(9%) ) 

(17%) ) 
(33.2%) ) 

(17.1%) ) 

patientss was in functional class II with an overall low mortality in the placebo group (7.8%). The 

absolutee number of deaths was low, 31 in the placebo group and 22 in the carvedilol group. The 

relativee risk reduction however, was high: 65% (PO.001, 95% confidence interval 39 to 80%). 

Twoo recently published trials, CIBIS II5 and MERIT'1 with bisoprolol and metoprolol respectively 

weree terminated premature because interim analysis showed significant reductions in mortality 

andd hospitalizations. Results of these two large scale trials confirm the meta-analysis'6 of earlier 

performed,, randomized trials indicating that the use of fj-blockers (selective or non-selective) is 

associatedd with a reduction in mortality of approximately 30% and a reduction of hospitalizations 

forr heart failure of the same magnitude. 

Thee observed reduction in mortality was attributed for a substantial part by a reduction of sudden 

deathh emphasizing that ^-blockers exert their beneficial effects on mortality at least in part by the 

preventionn of life threatening arrhythmias. It remains unclear whether this action is mediated through 
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thee effect of ^-blockers on the sympathetic overactivity, their anti-

ischemicc effects or both. 

Sincee both bisoprolol (CIBIS It) and metoprolol (MERJT) are highly 

selectivee Pt-blockers without any other relevant pharmacological 

activitiess it is most likely the P{-adrenoceptor blockade which 

explainss the beneficial effects of these drugs. These findings 

probablyy indicate that the beneficial effect of carvedilol is also based 

uponn P(-adrenoceptor blockade although this compound displays 

somee additional pharmacological activities. 

Meta-analysiss of mortalit y of randomized, placebo-
controlledd p-blocker  trial s in heart failur e 
Threee meta-analyses of the effects of p-blockade on mortality have 

beenn published in 1997 and 1998.-1 ]f,-}* These analyses supported 

thee concept that ^-blocker therapy has a favorable effect on mortality. 

Afterr these publications, several large scale, randomized trials have 

beenn conducted and published recently.5 Mq We performed a meta-

analysiss of all placebo-controlled trials with P-blockers in patients 

withh congestive heart failure irrespective of etiology that reported 

mortality.. All 18 studies published in the meta-analysis by Lechat 

inn 1998 were included. A MEDLINE search was performed and 

identifiedd an additional 4 controlled trials with P-blockers in heart 

failuree reporting on mortality. . . 

Thus,, a total of 24 trials qualified for inclusion and are summarized 

inn table l.^1^21 m^w--*-^ The outcome measure used in this 

meta-analysiss was all cause mortality. For each trial, 2x2 tables were constructed for the number 

off  pVblocker- and placebo-treated patients who died. Relative risks (RR) and absolute risk 

differencess (ARDs) were calculated with placebo or P-bloeker as the reference group, so that 

treatmentt benefit was associated with a RR less than 1 or an ARDs less than zero. The relative 

riskk reduction was calculated from the formula (1 -RR )x 100%. Negative ARDs were expressed as 

numberr of events avoided per 1000 patients treated, and numbers needed to treat as the reciprocal 

off  the ARDs. Overall event rates were calculated as weighted averages of the trial-specific rates 

withh weights proportional to the total sample sizes of the trials. The overall point estimates for 

RRR and ARD were calculated using Mantel-Haenszel estimate for the common RR and the inverse 

variancee weights formula for the common ARD.4S The corresponding 95% confidence intervals 

weree calculated by the test-based method using the Mantel-Haenszel chi-square statistici 

AA total of 1258 deaths (17.1%, standardized 17.0%) were reported among 7336 patients who 

Relativee risk 
(95%-Cl) ) 

0.89(0.09-8.50) ) 

1.07(0.611 - 1.86) 

0.50(0.05-5.17) ) 
0.65(0.12-3.38) ) 
0.79(0.57-- 1.10) 

0.73(0.14-3.93) ) 
0.30(0.14-0.63) ) 
0.60(0.23-- 1.56) 
0.23(0.05-- 1.17) 
0.50(0.07-3.40) ) 
0.733 (0.43- 1.23) 
0.68(0.56-0.82) ) 
0.67(0.555 -0.82) 
0.47(0.211 - 1.06) 
1.02(0.133 -8.26) 
0.67(0.555 -0.83) 
0.92(0.82-- 1.02) 

0.733 (0.68 - 0.79) 
0.76(0.711 -0.82) 

Mean n 
followw up 
(months) ) 

12 2 
3 3 
1.5 5 
3 3 

16 6 
3 3 
6 6 
3 3 

24 4 
3 3 
4 4 
4 4 
3.5 5 
6.5 5 
6 6 
6.5 5 
6 6 

19 9 
16 6 
12 2 
6 6 
6 6 

10.4 4 
24 4 
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Trialss of (3 - blockers vs. Placebo 

Trial l 

Engelmeier r 

MDC C 

Fisher r 

BB ris tow 

CIBISI I 

Krum m 

Bristow w 

Packer r 

Colucci i 

Cohn n 

ANZ Z 

CIBISS II 

MERITT HF 

RESOLVD D 

dee Milliano 

COPERNICUS S 

BEST T 

Overall l 

Relativee Risk (95% - CI) 

0.00 1.0 

pp - blocker better 

2.0 0 

controll better 

3.0 0 

Figuree 1 Relative risk of total mortality, with 95% confidence intervals of published trials of treatment 
off  heart failure with fj~blockers. In 7 trials, no deaths were observed and relative risk could not be 
calculated.. Therefor, they are not included in figure 1. 
Thee overall relative risk is standardized 

receivedd placebo, compared with 984 deaths (12.6%. standardized 13.0%) among 7802 patients 

randomizedd to a P-blocker. Figure 1 summarizes the relative risks of each individual trial. 

Theree was a statistically significant 27% reduction in risk associated with P-blocker treatment 

(RRO.73;; 95% CI 0.67-0.79): P=0.00001). The absolute risk reduction was -47c. which implies 

that,, over approximately 1 year. (3-blockers prevent 4 (95% confidence interval 2.8-5.2) deaths 

perr 100 patients treated, and that it would be necessary to treat 25 patients to prevent one death. 

Basedd on the results of this meta-analysis and the results of previously published meta-analyses 

theree is now convincing evidence supporting a beneficial effect of ^-blockers on mortality in 

chronicc heart failure. 
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PARTT II 

Modess of action of ^-blockers in heart failur e 
Althoughh the beneficial effects of ^-blockers in heart failure are now firmly established, their 

mechanismss of action are only partly elucidated. Apart from their direct effects on the myocardial 

fj-receptors,, they probably also influence calcium homeostasis and have metabolic and antiremodeling 

effects.. In addition, p-blockers exert an effect at the presynaptic level and modulate norepinephrine 

(NE)) release and re-uptake (Tables 2 and 3). However, the relative contributions of these (proposed) 

mechanismss of action are unknown but will probably be unraveled in the future. 

Tablee 2 

Levelss of action of p-adrenergic blockers in heart failure 

Reductionn of sympathetic tone by a central effect 
Modulationn of norepinephrine release by presynaptic receptors 
interactionn with RAAS system 
Blockadee of p receptors on myocyte 
Interferencee with signal transduction 
Interferencee with Calcium-homeostasis 

Tablee 3 

Possiblee mechanisms by which [3-blockers exhibit their effect in heart failure 

Reversee remodeling 
Anti-ischemicc effect 
Metabolicc benefit 
Inhibitt maladaptive growth 
Inhibitt apoptosis 
Improvementt of systolic function 
Improvementt of diastolic function 

Receptorr  level 
Pathophysiologyy of adrenergic receptors 

Thee main way to regulate contractility in the human heart is the (5-adrenergic signal transduction 

pathwayy on the myocyte, shown schematically in figure 2. 

Onn the human myocyte, 3 adrenergic receptors are distinguished: (3,, |3, and a,. Signal transduction 

fromm the adrenergic receptor is via the 'stimulatory' G proteins to the effector enzyme adenylyl 

cyclasee that converts the substrate ATP to cAMP. cAMP is (1) positively chronotropic, (2) positively 

inotropicc and (3) growth promoting. c^-Receptors are coupled via a different G-protein and 

primarilyy activate growth-promoting proteins. 

Thee ability of extrinsic stimuli such as neurotransmitters (NE) and neurohormones (epinephrine) 
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Figuree 2 Major components of (^-adrenergic signal transduction in human cardiac myocyte. 
AC=adenylatee cyclase. AR=adrenergic receptor; a.p.y=Gs subunits. 
pARK=(33 adrenergic receptor kinase. Reproduced and adapted with permission from: Bristow MR, 
Whyy does the myocardium fail? Insights from basic science. In: The Lancet I998;352(supp] I):8-14. 

too stimulate ^-adrenergic receptors to increase heart rate and contractility is attenuated in the 

failingg heart because of (3-receptor downregulation49'51 and changes at the level of signal transduction 

(G-proteins522 53-54 and adenylate cyclase.53-55-56) These alterations in the so called modulated 

contractilee function result in a diminished myocardial reserve51 and exercise response.57 

444 Given the fact that (1) NE levels in the synaptic cleft are increased in heart failure with a 

resultingg overexposure of myocardial p-receptors (2) NE is mildly P; selective (3) overexpression 

off  the p,-adrenergic receptor produces an overtly cardiomyopathic phenotypc and (4) the down-

regulationn of p-receptors appears to be a selective downregulation of the Pj-subtype all suggest 

thatt the [3, receptor plays an important role in the progressive deterioration in systolic function 

andd progression in remodeling. 

Thee role of the p, receptor is less clear. In animal models. p,-adrenergic overexpression can 

increasee contractility but the effect appears to be dependent on the extent of overexpression.58 It 

iss suggested that prolonged overexpression of P, receptors and p, receptor overexpression related 

too pressure overload exacerbates the development of heart failure.59 

Apoptosis s 

Inn recent years it is increasingly recognized that the process of apoptosis. or programmed cell 

death,, plays an important role in the development of cardiomyopathy and heart failure.''" In vitro 

experimentss with isolated cardiac myocytes indicate that chronic catecholamine stimulation induces 
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apoptosis/'11 The apoptotic effect of ^-adrenergic stimulation appears to be mediated largely by 

thee P, receptor as was demonstrated in several animal studies with overexpression of the P(-

adrenergicc receptor.01 

Adrenergicc receptors and pVblockers 

Inn failing human myocardium, metoprolol induces an upregulation in ^-receptor expressioniU6~ 

andd a down-regulation in G proteins." w These alterations accompany improvements in 

systolicc function suggesting a causal relation. However, carvedilol, a non-selective (5-blocker, 

cann improve myocardial function without causing changes in ^-receptor expression.1" 

Thee pathophysiological importance of changes in ^-receptor signal transduction and the 

influencee of p-blockers on these pathways remain uncertain. It might well be possible that 

changess in f}-receptor signal transduction are partially adaptive and serve to protect the heart from 

harmfull  p-adrenergic stimulation. The beneficial effects of p-blockers can thus be regarded as a 

furtherr protection of the myocytes from catecholamines-induced cardiac apoptosis and necrosis.65-66 

Finally,, P-adrenoreceptor polymorphism of both the P;- and P, receptor can be related to survival 

andd possibly, response to therapy. Further research will elucidate the clinical relevance of 

polymorphismm and mutations which is now just at the beginning of a new way of understanding 

off  the pathophysiology of heart disease and novel possibilities of therapy.67 

Calciumm homeostasis and diastolic properties 
Abnormalitiess in myocyte calcium handling may contribute to myocardial dysfunction.6*7! These 

abnormalitiess include an increase in diastolic calcium levels, a reduction in calcium release from 

thee sarcoplasmic reticulum on stimulation and delayed re-uptake of calcium by the sarcoplasmic 

reticulum.n-- One could hypothesize that these abnormalities correlate to increased myocardial 

stiffness,, decreased contractility and delayed relaxation, respectively. Although the precise 

mechanismm is unknown, there is strong evidence that p-blockers influence calcium homeostasis 

resultingg in a decreased left ventricular end-diastolic pressure from both improved (active) early 

isovolumicc relaxation27 and (passive) late relaxation."* 

Negativee chronotropic activity 
Thee negative chronotropic effect induced by p-blockers is likely to offer hemodynamic and anti-

ischemicc effects to the myocardium. A reduced heart rate during treatment with a ^-blocker will 

resultt in a longer diastolic phase and a better perfusion of the myocardium. In addition it has been 

suggestedd that a redistribution of flow from non-ischemic to ischemic myocardial regions can be 

achievedd with P-blockade resulting in a more homogenous distribution of blood in the myocardium. 

Betterr oxygen and nutrition delivery can possibly improve systolic and diastolic performance directly 

andd through an increase of adrenergic receptor densities especially in hibernating myocardium. '
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However,, the various actions of (^-blockers go beyond their negative chronotropic effect since the 

improvementt in systolic function occurs rather late and it is preceded by the slowing of heart rate 

andd correction of neurohormonal derangements. In addition, an improvement of the force-frequency 

relationshipp can attribute to the observed beneficial effects of p-blockers irrespective of heart rate.74 

Metabolicc and anti re modeling effects 
Itt was recently demonstrated that a reduction in oxidative metabolism can be obtained with 

metoprololl  together with a slight improvement in left ventricular function supporting the concept 

thatt there is an energy-sparing effect of fi-blocker therapy.7;i Myocardial energy demands and 

oxygenn consumption can be reduced by a reduction in heart rate and inotropy with p-blockers 

thuss facilitating the repletion of energy stores. This may allow energy to be directed to repairing 

celll  injury and restoring contractile elements thus facilitating the biological recovery of myocytes. 

Inn addition, P-blockers can also alter metabolic substrate utilization by reducing lipolysis that is 

knownn to occur by P-adrencrgic stimulation.-̂  

Antiremodelingg effects were seen using magnetic resonance imaging with a decrease in both left 

ventricularr end-diastolic and end-systolic volume index and an increase of left ventricular ejection 

fractionn after six months of treatment with metoprolol as compared with placebo.7'' 

Centrall  and presynaptic effects of p-blockers 
Sympatheticc overactivity is a key feature of heart failure that can be considered initially as 

compensatoryy for a decreased cardiac output but eventually aggravates the disease process. The 

importancee of excessive sympathetic activity is suggested by elevated plasma levels of NE that 

havee been correlated to poor prognosis and reduced survival.^-̂  

Thesee increased levels of NE are also detected in the synaptic cleft in the myocardium and are 

consideredd the result of impaired re-uptake of NE in the presynaptic neuron (the main way to 

inactivatee NE) and increased release of NE. 

Whetherr p-blockers reduce efferent sympathetic outflow to the heart is a matter of controversy.7'' 

Increasedd neuronal release of NE can be the result of stimulation of ^-adrenergic receptors in 

intrathoracicc ganglia"11 and on intrinsic cardiac neurons1"x *- resulting in an increased firing rate of 

postganglionicc cardiac sympathetic nerves and an increased neuronal release of NE. It can be 

hypothesizedd that long-term blockade of these receptors would cause an inhibition of sympathetic 

outfloww to the heart resulting in decreased levels of NE within the synaptic cleft. Although p-

blockerss can exhibit some influence on these presynaptic sympathoexcitatory PVreceptors and thereby 

decreasee NE release, it seems unlikely that the overall effect can be explained by this mechanism. 

Too make things even more complex, presynaptic neurons contain a,-reecptors that inhibit 

sympatheticc outflow. These effects are. therefore, counterregulatory to the effects of pVreceptors 

onn the same presynaptic neuron. It was recently demonstrated that carvedilol, in contrast to other 
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p-blockers,, enhanced cardiac NE release in the human heart, most likely as a consequence of 

presynapticc c^-blockade.*1 

Anotherr mode of action of P-blockers might be an interaction between the presynaptic re-

uptakee of NE from the synaptic cleft (the main mechanism by which NE is inactivated). Improved 

re-uptakee of NE will result in decreased levels of NE in the synaptic cleft and therefor less 

toxicc effects on the cardiac myocyte. Whether this mechanism is operative remains to be 

established.. It has been shown that p-blockers have a presynaptic effect as measured by improved 

uptakee of  II!, l-MetaIodoBenzylGuanidine. a structural analogue of NE, sharing the same uptake 

andd storage mechanisms.4" 

Interferencee of p-blockers with the renin angiotensin system 
Interactionn between angiotensin 11 <ANG II) and the sympathetic nervous system are known for 

manyy years.w The modes of action of ANG II on the sympathetic nervous system include a 

centrall  action to increase sympathetic outflow, stimulatory effects on sympathetic ganglia and the 

adrenall  medulla and actions at sympathetic nerve endings to facilitate sympathetic NE release. 

Thee activity of the sympathetic nervous system is one of the factors that determine the rate of renin 

releasee by the kidneys. Since the rate of renin release is the limiting step in the formation of ANG II, 

sympatheticc activity is an important factor that determine the circulating levels of ANG II. 

p-blockerss will also result in a further deactivation of the renin angiotensin system, even in the 

presencee of an ACE inhibitor̂  resulting in decreased levels of angiotensin II. In turn, these lower 

levelss of angiotensin II will lower the presynaptic NE release as angiotensin II facilitates presynaptic 

NEE release through presynaptic angiotensin II receptors.** 
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Conclusions s 
Thee beneficial effects of p-blockers on both morbidity and mortality in heart failure have been 

convincinglyy shown in recently conducted double blind, placebo controlled trials. Our meta-

analysiss involving more than 15.000 patients confirm these results. In addition, P-blockers will 

improvee left ventricular ejection fraction and diastolic properties. Generally speaking, P-blockers 

willl  not influence functional parameters although an improvement in NYHA classification has 

beenn reported. 

Thee exact cellular mechanisms responsible for these salutary effects of chronic P-blockade have 

nott been fully defined. However, there is strong evidence that p-blockers exert their effects at 

severall  levels in the myocardium including upregulation of P-rcceptors. prevention of NE-induced 

toxicity,, influence on calcium-homeostasis. anti-ischemic effects, presynaptic modulation of NE 

handlingg and through an interaction with angiotensin II. Future research at the cellular level wrill 

furtherr elucidate the exact mechanism(s) of action. 
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Addendum m 
Awaitingg publication of this manuscript two additional randomized, placebo-controlled studies 

off  [̂ -blockers in heart failure were published/7-1*" 

Thee Carvedilol Prospective Randomized Cumulative Survival Study (Copernicus) included 2289 

patientss with more severe forms of heart failure (NYHA functional class III+ and IV) and an 

ejectionn fraction <25%.*7 After a mean duration of follow-up of 10.4 months, the study was 

discontinuedd premature because of significant difference in the primary endpoint between the 

twoo groups. There were 190 deaths in the placebo group and 130 deaths in the carvedilol group. 

Thiss difference reflected a 35% decrease in the risk of death with carvedilol. The cumulative risk 

off  death at one year was 18.5% in the placebo group and 11.4% in the carvedilol group. The 

combinedd risk of hospitalization and death was 24 percent lower in the carvedilol group (PO.001). 

Thee Beta-blocker Evaluation of Survival Trial (BEST) randomized 2708 patients with heart failure 

functionall  class III and IV and an ejection fraction <35% to bucindolol or placebo.ss The mean 

durationn of follow-up was 2 years, A total of 449 patients died in the placebo group (33%), as did 

4111 in the bucindolol group (30%, hazard ratio 0.90, P=0.10). Bucindolol reduced the proportion 

off  patients hospitalized for heart failure (hazard ratio 0.78, P<0.001). Of concern is the fact that 

approximatelyy 25% of the patients in both the placebo and the bucindolol group permanently 

discontinuedd study medication. In addition, the rate of use of open-label pVblockers was relatively 

highh (10% in the placebo group and 6% in the bucindolol group, PO.001). These differences 

mightt have influenced the final results of the BEST study. 

Althoughh the BEST study showed no significant difference in the primary endpoint, a trend 

towardd a survival benefit was observed with bucindolol. The results of both Copernicus and, to a 

488 lesser extend the BEST study are in line with our meta-analysis. 

References s 
1.. Packer M, Carver JR, Rodeheffer JR, Ivanhoe RJ, Dibiano R. Zeldis SM, Hendrix GH. Bommer WJ, 

Utkayamm U. Kukin ML, Mallis GI, Soliano JA, Shannon J. Tandon PK, DcMcts DL: Effect of oral 
milrinonee on mortality in severe chronic heart failure. N Engl J Med. 1991:325:1475. 

2.. Hampton JR, van Veldliuisen DJ, Kleber FX. Cowley A.1. Ardia A, Block P, Cortina A, Oserhalmi L, 
Follathh F, Jensen G, Kayanakis J. Lie KI. Mancia G, Skene AM, for the second Prospective Randomised 
studyy of Ibopamine on Mortality and Efficacy (PRIME II) investigators.: Randomised study of effect 
off  ibopamine on survival in patients with advanced severe heart failure. Lancet. 1997;349:971-977. 

3.. The SOLVD investigators: Effect of enalapril on survival in patients with reduced left ventricular 
ejectionss fraction and congestive heart failure. N EnglJ Med. 1991:325:293-302. 

4.. Conn JN, Johnson G, Ziesche S, Cobb F. Francis GS. Tristani F, Smith R, Dunkman WB, Loeb H, 
Wongg M. Bhat G. Goldman S, Fletcher RD, Doherty J, Hughes CV. Carson P, Cintron G. Shabetai R, 
Haakensonn C: A comparison of enalapril with hydralazine-isosorbide dinitrate in the treatment of 
chronicc congestive heart failure. N Engl J Med. 1991;325:303-310. 

5.. OBIS U Investigators and Comminees: The cardiac insufficiency bisoprolol studv II (OBIS II). Lancet. 
1999:353:9-13. . 

6.. MERIT-HF Study Group: Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR'XL 



p-blockerss in heart failure 

Randomisedd Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet. 1999;353:2001 -2007. 
7.. Pitt B,ZannadF,RemmeWJ, Cody R.Castaigne A, Perez A. Palensky J. Wittes J. for the Randomized 

Aldactonee Evaluation Study Investigators: The effect of spironolactone on morbidity and mortality in 
patientss with severe heart failure. N Engl J Med. 1999;341:709-717, 

8.. Packer M, Bristow MR. Cohn JN. et al: The effect of carvedilol on morbidity and mortality in patients 
withh chronic heart failure. N Engl J Med. 1996;334:1349-1355. 

9.. di Lenarda A. Sabbadini G, Salvatore L, Sinagra G, Mestroni L. Pinamonti B, Gregori D, Ciani F, 
Muzzii  A. Klugmann S. Camerini F: Long-term effects of carvedilol in idiopathic dilated cardiomyopathy 
withh persistent left ventricular dysfunction despite chronic metoprolol. J Am Coll Cardiol. 
1999;33:1926-1934. . 

10.. Gilbert EM, Abraham WT. Olsen SL, et al: Comparative hemodynamic, LV functional, and anti-
adrenergicc effects of chronic treatment with metoprolol vs carvedilol in the failing heart. Circulation. 
1996;94:2817-2825. . 

11.. Kukin ML. Kallman J. Charney RH, Levy DK, Buchholz C, Ocampo ON. Eng C: Prospective, 
randomizedd comparison of effect of long-term treatment with metoprolol or carvedilol on symptoms, 
exercise,, ejection fraction and oxidative stress in heart failure. Circulation. 1999;99:2645-2651. 

12.. Sanderson JE. Chan SKW, Yip G. Yeung LYC, Chan KW. Raymond K, Woo KS: Beta-blockade in 
heartt failure; A comparison of carvedilol with metoprolol. J Am Coll Cardial. 1999;34:1522-1528. 

13.. Unverferth DV. Magorien R, Moeshbergcr M. Baker P, Fetters J, Leier CV: Factors influencing the 
one-yearr mortality of dilated cardiomyopathy. Am J Cardiol. 1984:54:147-152. 

14.. LikoffMJ, Chandler SL. Kay HR: Clinical determinants of mortality in chronic congestive heart failure 
secondaryy to idiopathic dilated or to ischemic cardiomyopathy. Am J Cardiol. 1987:59:634-638. 

15.. Cohn IN, Rector TS: Prognosis of congestive heart failure and predictors of mortality. Am J Cardiol. 
1988;62:25A-30A. . 

16.. Lechat P, Packer M, Chalon S, Cucherat M, Arab t, Boissel JP: Clinical effects of beta-adrenergic 
blockadee in chronic heart failure. A meta-analysis of double-blind, placebo-controlled, randomized 
trials.. Circulation. 1998;98:1184-1191. 

17.. van Campen LCMC, Visser FC, Visser CA: Ejection fraction improvement by beta-blocker treatment 
inn patients with heart failure: an analysis of studies published in the literature. J Cardiovasc Pharmacol. 
1998;32(suppll  l):S3l-S35. 

18.. Kim M, Devlin W. Das S, Petrusha J, Montgomery D, Starling M: Effects of beta-adrenergic blocking 
therapyy on left ventriculat diastolic relaxation properties in patients with dilated cardiomyopathy. 
Circulation.Circulation. 1999;100:729-735. 

19.. The RESOLVD Investigators.: Effects of metoprolol CR in patients with ischemic and dilated 49 
cardiomyopathy.. The randomized evaluation of strategies for left ventricular dysfunction pilot study. 
Circulation.Circulation. 2000; 101:378-384. 

20.. Eichhorn EJ, Bedotto JB, Malloy CR, Hatfield B. Deitchman D, Brown M, Willard JE, Grayburn PA: 
Effectt of beta adrenergic blockade on myocardial function and energetics in congestive heart failure: 
improvementt in hemodynamic, contractile and diastolic performance with bucindolol. Circulation. 
1990;82:473-483. . 

21.. Wisenbaugh T, Katz 1. Davis J, Essop R, Skoularigis J, Middlemost S, Rothlisberger C, Skudicky D, 
Sarelii  P: Long term (3 month) effects of a new beta-blocker (nebivolol) on cardiac performance in 
dilatedd cardiomyopathy. J Am Coll Cardiol. 1993;21:1094-1100. 

22.. Eichhom EJ, Heesch CM. Barnett JH. Alvarez LG, Fass SM, Grayburn PA, Hatfield BA, Marcoux 
LG,, Malloy CR: Effect of metoprolol on myocardial function and energetics in patients with 
nonischemicc dilated cardiomyopathy: a randomized, double-blind, placebo-controlled study. J Am 
CollColl Cardiol. 1994:24:1310-1320. 

23.. Tsutsui H, Spinale FG, Nagatsu M, Schmid PG, Ishihara K, DeFreyte G, Cooper G. Carabello BA: 
Effectss of chronic beta-adrenergic blockade on the left ventricular and cardiocyte abnormalities of 
chronicc canine mitral regurgitation. ./ Clin Invest. 1994;93:2639-2648. 

24.. Gilbert EM. Anderson FL, Deitchman D. Yanowitz FG. O'Connell JB. Renlund DG. Bartholomew 
M.. Mealey P. Larrabee P, Bristow MR: Long term beta-blocker vasodilator therapy improves cardiac 
functionn in idiopathic dilated cardiomyopathy: a double-bund, randomized study of bucindolol versus 
placebo.. Am Journal of Medicine. 1990;88:223-229. 



Chapterr IV 

25.. OlsenSL, Gilbert EM. Renlund DG. Taylor DO. YanowitzFG, Bristow MR: Carvedilol improves left 
ventricularr function and symptoms in chronic heart failure: a double blind randomized study. J Am 
CollColl Cardiol. 1995;25:1225-1231. 

26.. Waagstein F, Hjalmarson A, Vamauskas E, Wallentin I: Effect of chronic beta-adrenergic receptor 
blockadee in congestive cardiomyopathy, British Heart J. 1975;37:1022-1036. 

27.. Andersson B, Caidahl K, di Lenarda A, Warren SE, Goss F, Waldenstrom A, Wallentin I, Hjalmarson 
A,, Waagstein F: Changes in early and late diastolic fillin g patterns induced by long-term adrenergic 
beta-blockadee in patients with idiopathic dilated cardiomyopathy. Circulation. 1996:94:673-682. 

28.. Australia/New Zealand Heart Failure Research Collaborative Group: Effects of carvedilol, a vasodilator-
beta-blocker.. in patients with congestive heart failure due to ischemic heart disease. Circulation. 
1995;92:212-218. . 

29.. Australia/New Zealand Heart Failure Research Collaborative Group: Randomised, placebo-controlled 
triall  of carvedilol in patients with congestive heart failure due to ischemic heart disease. Lancet. 
1997;349:375-380. . 

30.. Waagstein F, Bristow MR, Swedberg K, Camerini F, Fowler MB, Silver MA, Gilbert EM, Johnson 
MR,, Goss F, Hjalmarson A: Beneficial effects of metoprolol in idiopathic dilated cardiomyopathy. 
Metoprololl  in Dilated Cardiomyopathy (MDC) Trial Study Group. Lancet. 1993;342:1441-1446. 

31.. Sweeney ME, Fletcher BJ, Fletcher GF: Exercise testing and training with beta-adrenergic blockade: 
rolee of drug washout period in unmasking a training effect. Am Heart J. 1989;118:941-946. 

32.. CIBIS investigators and committees: A randomized trial of beta-blockade in heart failure. The Cardiac 
Insufficiencyy Bisoprolol Study (CIBIS). Circulation. 1994;90:1765-1773. 

33.. Doughty RN, Rodgers A, Sharpe N, MacMahon S: Effects of beta-blocker therapy on mortality in 
patientss with heart failure: a systematic overview of randomized controlled trials. Ear Heart J. 
1997;18:560-565. . 

34.. Heidenrich PA, Lee TT, Massie B: Effect of beta-blockade on mortality in patients with heart failure: 
AA meta-analysis of randomized clinical trials. J Am Coll Cardiol. 1997;30:27-34. 

35.. Engelmeier RS.O'ConnellJB, Walsh R, Rad N, ScanlonPJ, Gunnar RM: Improvement in symptoms 
andd exercise tolerance by metoprolol in patients with dilated cardiomyopathy: a double-blind, 
randomized,, placebo-controlled trial. Circulation. 1985;72:536-546. 

36.. Pollock SG, Lystash LTedescoC.CraddockG, SmuckerML: Usefulness of bucindolol in congestive 
heartt failure. Am J Card. 1990;66:603-607. 

37.. Lechat P, Boutelant S. Komajda M. Gagey S, Landault C, Maistre G, Grosgogeat Y: Pilot study of 
cardiovascularr effects of nebivolol in congestive heart failure. Drug Invest. 199l;3(suppl l):69-8I. 

500 38. Woodly SL, Gilbert EM, Anderson JL, CTConnetl JB, Deitchman D, Yanowitz FG, Mealey P, Volkman 
K,, Renlund DG, Menlove R, Bristow MR: Beta-blockade with bucindolol in heart failure caused by 
ischemicc versus idiopathic dilated cardiomyopathy. Circulation. 1991:84:2426-2441. 

39.. Fisher ML, Gottlieb SS, Plotnick GD, Greenberg NL, Patten RD, Bennet SK, Hamilton BP: Beneficial 
effectss of metoprolol in heart failure associated with coronary artery disease: a randomized trial. J Am 
CollColl Cardiol. 1994:23:943-950. 

40.. Bristow MR, O'Connell JB, Gilbert EM, French WrJ, Leatherman G, Kantrowitz NE, Orie J, Smucker 
ML,, Marshall G, Kelly P: Dose-response of chronic beta-blocker treatment in heart failure from either 
idiopathicc dilated or ischemic cardiomyopathy. Bucindolol Investigators. Circulation. 1994:89:1632-
1642. . 

41.. Metra M, Nardi M, Giubbini R, Deilas R: Efffects of short- and long-term carvedilol administration 
onn rest and exercise hemodynamic variables, exercise capacity and clinical conditions in patients with 
idiopathicc dilated cardiomyopathy. J Am Coll Cardiol. 1994:24:1678-1687. 

42.. Krum H, Sackner-Bern stein JD, Goldsmith RL, Kukin ML, Schwartz B, Penn J, Medina N, Yushak 
M,, Hom E,KatzSD, Levin HR, NeubergGW, DeLong G, Packer M: Double-blind, placebo-controlled 
studyy of the long-term efficacy of carvedilol in patients with severe chronic heart failure. Circulation. 
1995;92:1499-1506. . 

43.. Bristow MR, Gilbert EM, Abraham WT. Adams Ki \ Fowler MB. Hershberger RE, KuboSH, Narahara 
KA.. Ingersoll H. Krueger S. Young S, Shusterman N, for the MOCHA investigators: Carvedilol 
producess dose-related improvements in left ventricular function and survival in subjects with chronic 
heartt failure. Circulation. 1996:94:2807-2816. 



P-blockerss in heart failure 

44.. Packer M, Colucci WS, Sackner-Bemstein JD, Liang C-S, Goldsher DA, Freeman 1, Kukin ML. 
Kinhall  V, Udelson JE. Klapholz M. Gottlieb SS, Pearle D, Cody R, Gregory JJ. Kantrowitz NE. 
LeJemtell  T, Young S, Lukas MA, Shusterman N, for the PRECISE Study Group: Double-blind, placebo-
controlledd study of the effects of carvedilol in patients with moderate to severe heart failure. Circulation. 
1996;94:2793-2799. . 

45.. Colucci WS, Packer M, Bristow MR, Gilbert EM, Cohn JN, Fowler MB, Krueger SK. Hershberger 
RE,, Uretsky BF, Bowers JA, Sackner-Bernstein JD, Young S. Holcslaw TL, Lukas MA. for the US 
Carvediloll  Heart Failure Study Group: Carvedilol inhibits clinical progression in patients with mild 
symptomss of heart failure. Circulation. 1996;94:2800-2806. 

46.. Cohn JN, Fowler MB, Bristow MR, Colucci WS, Gilbert EM, Kinhal V, Krueger S. LeJemtel T, 
Naraharaa KA, Packer M, Young S, Holcslau TL, Lukas MA. for the US Carvedilol Heart Failure 
Studyy Group: Safety and efficacy of carvedilol in severe heart failure, J Card Fail. 1997:3:173-179. 

47.. de Milliano PA, de Groot CA, van Eck-Smit BLF, van Zwieten PA, Tijssen JJ, Lie K.I: Influence of 
long-termm metoprolol treatment on the myocardial adrenergic nervous activity in patients with congestive 
heartt failure as measured by MIBG uptake. Eur Heart J. 1999;20(suppl):496. 

48.. Kleinbaum DG, Kupper LL. Morgenstern H: Epidemiologic research. Principles abd quantitative 
methods.. Belmont: Lifetime Learning Publications. 1982; 

49.. Bristow MR, Ginsburg R. Minobe W: Decreased catecholamine sensitivity and beta-adrenergic receptor 
densityy in failing human hearts. NEng/JMed. 1982;307:205-211. 

50.. Bristow MR, Ginsburg R, Fowler MB, etal, AA: Beta I and beta2-adrenergic receptor subpopulations 
inn normal and failing human ventricular myocardium: coupling of both receptor subtypes to muscle 
contractionn and selective beta 1 downregulation in heart failure. Circ Res. 1986;59:297-309. 

51.. Fowler MB, Laser JA, Hopkins GL, Minobe W, Bristow MR: Assessment of the beta-adrenergic 
receptorr pathway in the intact failing human heart: progressive receptor down-regulation and 
subsentivityy to agonist response. Circulation. 1986;74:1290-1302. 

52.. Neumann J, Scholz H, Doting V, Schmitz W, Meyerinck LV, Kamar P, Abbott J: Increase in myocardial 
G-proteinss in heart failure. Lancet. 1988;11:936-937. 

53.. Bristow MR, Anderson FL, Port JD, Skerl L, Hershberger RE, Larrabee, O'Connell JB, Renlund DG, 
Volkmann K, Murray J: Differences in beta-adrenergic neuroeffector mechanisms in ischemic versus 
idiopathicc dilated cardiomyopathy. Circulation. 1991 ;84:1024-1039. 

54.. UngererM, Bohm M, Elce JS, ErdmannE, LohseMJ: Altered expression of beta adrenergic receptor 
kinasee and betal-adrenergic receptors in the failing human heart. Circulation. 1993;87:454-463. 

55.. Bristow MR, Minobe W, Rasmussen LG. et al: Beta-adrenergic neuroeffector abnormalities in the 
failingg human heart are produced by local rather than systemic mechanisms. J Clin Invest. 1992:89:803-
815. . 

56.. UngererM, Parruti G. Bohm M, Puzicha M, Deblasi A, Erdmann E, Lohse MJ: Expression of beta-
arrestinss and beta-adrenergic receptor kinases in the failing human heart. Circ Res. 1994:74:206-213. 

57.. White M, Yanowitz FG, Gilbert EM, et al: Role of beta-adrenergic receptor downregulation in the 
peakk exercise response of patients with heart failure due to idiopathic dilated cardiomyopathy. Am J 
Cardiol.Cardiol. 1995;76:127-133. 

58.. Liggett SB, Tepe NM, Lorenz JN, Canning AM, Jantz TD, Mitarai S, Yatani A. Dorn II GW: Early 
andd delayed consequences of beta2-adrenergic receptor overexpression in mouse hearts. Critical role 
forr expression level. Circulation. 2000;101:1707-1714. 

59.. Du XJ, Autelitano DJ, Dilley RJ. Wang B, Dart AM, Woodcock EA: Beta2-adrenergic receptor 
overexpressionn exacerbates development of heart failure after aortic stenosis. Circulation. 2000; 101:71-
77. . 

60.. Maclellan WR, Schneider MD: Death by design: programmed cell death in cardiovascular biology 
andd disease. Circ Res. 1997;81:137-144. 

61.. Zaugg M, Xu W, Lucchinetti E, Shafiq SA, Jamali NZ, Siddiqui MAQ: Beta adrenergic receptor 
subtypess differentially affect apoptosis in adult rat ventricular myocytes. Circulation. 2000; 102:344-
350. . 

62.. Heilbrunn SM, Shah P, Bristow MR, Valantine HA, Ginsburg R. Fowler, MB: Increased beta-receptor 
densityy and improved hemodynamic response to catecholamine stimulation during long-term metoprolol 
therapyy in heart failure from dilated cardiomyopathy. Circulation. 1989:79:483-490. 



Chapterr IV 

63.. Sigmund M, Jakob H, Becker H, AA: Effects of metoprolol on myocardial beta-adrenoceptors and G-
proteinss in patients with congestive heart failure. Eur J Clin Pharmacol. 1996:51:127-132. 

64.. Bohm M, Deutsch HJ. Hartmann D. Rosee KL. Stablein A: Improvement of postreceptor events by 
metoprololl  treatment in patients with chronic heart failure. J Am Coll Cardiol. 1997;30:992-996. 

65.. Cruickshank J, Neil-Dwyer G, Degaute J, Hayes Y, Kuume T, fCyatta J. Vincent J, Carruthers M, 
Shantaa P: Reduction of stress/catecholamine-induced cardiac necrosis by beta 1-selective blockade. 
Lancer.Lancer. 1987;1:585-589. 

66.. Sabbah HN, Sharov VG, Gupta RC. Todor A, Singh V, Goldstein S: Chronic therapy with metoprolol 
attenuatess cardiomyocyte apoptosis in dogs with heart failure. J Am Coll Cardiol. 2000;36:I698-
1705. . 

67.. Mahon NG. McKenna WJ: Genes and acquired disease: beta-adrenoceptor polymorphism and heart 
failure.. Eur Heart J. 2000;21:1810-1812. 

68.. Gwathmey JK, Copelas L, MacKinnon R, Schoen FJ, Feldman MD, Grossman W, Morgan JP: 
Abnormall  intracellular calcium handling in myocardium from patients with end-slage heart failure. 
CircRes.CircRes. 1987;61:70-76. 

69.. Pieske B, Kretschman B, Meyer B, Holubarsch C. Weirich J, Posival H. Minami K, Just H, Hasenfuss 
G:: Alterations in intracellular calcium handling associated with the inverse force-frequency relation 
inn human dilated cardiomyopathy. Circulation. 1995;92:t 169-1178. 

70.. Hasenfuss G, Reineke H, Studer R, Meyer M, Pieske B. Holtz J, Holubarsch C, Posival H, Just H, 
Drexlerr H: Relation between myocardial function and expression of sarcoplasmic reticulum Ca -
ATPasee in failing and nonfailing human myocardium. Chv Res. 1994;75:434-442, 

71.. Hasenfuss G. Schillingcr W, Lehnart S, Preuss M, Pieske BT Maier L, Prestle J. Minami K, Just H: 
Relationshipp between Na-Ca- exchanger protein levels and diastolic function of failing human 
myocardium.. Circulation. 1999:99:641-648. 

72.. Beuckelmann DJ, Nabauer M, Erdmann E: Intracellular calcium handling in isolated ventricular 
myocytess from patients with terminal heart failure. Circulation. 1992;85:1046-1055. 

73.. Shan K., Bick RJ, Poindexter BJ, Nagueh SF, Shimoni S, Verani MS, et al: Altered adrenergic receptor 
densityy in myocardial hibernation in humans. A possible mechanism of depressed myocardial function. 
Circulation.Circulation. 2000;102:2599-2606. 

74.. Andersson B, Stromblad SO. Lomsky M. Waagstein F: Heart rate dependency of cardiac performance 
inn heart failure patients treated with metoprolol. Eur Heart J. 1999;20:575-583. 

75.. Beanlands RS. Nahmias C, Gordon E, Coates G, deKemp R, Firnau G. Fallen E: The effects of beta-
11 blockade on oxidative metabolism and the metabolic cost of ventricular work in patients with left 

522 ventricular dysfunction. Circulation. 2000;102:2070-2075. 
76.. Groenning BA, Nilsson JC. Sondergaard L, Fritz-Hansen T, Larsson HBW, Hildebrandt PR; 

Antiremodelingg effects on the left ventricle during beta-blockade with metoprolol in the treatment of 
chronicc heart failure. J Am Coll Cardiol. 2000;36:2072-2080. 

77.. Cohn JN, Levine TB. Olivari MT. Garberg V, Lura D, Francis GS. Simon A: Plasma norepinephrine 
levelss as a guide to prognosis in patients with chronic congestive heart failure. JV Engl J Med. 
1984;311:819-823. . 

78.. Benedict CR, Shelton B, Johnstone DE, Francis GS. Greenberg b, Konstam M, Probstfield JL, Yusuf 
S:: Prognostic significance of plasma norepinephrine in patients with asymptomatic left ventricular 
dysfunction.. Circulation. 1996;94:690-697. 

79.. Newton GE, Parker JD: Acute effects of beta 1-selective and nonselective beta-adrenergic receptor 
blockadee on cardiac sympathetic activity in congestive heart failure. Circulation. 1996;94:353-358. 

80.. Watson-Wright W. BoudreauG. Cardinal R. Armour J A: Beta 1- and beta 2-adrenoreceptor subtypes 
inn canine intrathoracic efferent sympathetic nervous system regulating the heart. Am J Physiol. 
1991;261:1269-1275. . 

81.. Huang MH, Smith FM, Armour JA: Modulation of in situ canine intrinsic cardiac neuronal activity 
byy nicotinic, muscarinic, and beta-adrenergic agonists. Am J Physiol. 1993;265:659-669. 

82.. Newton GE, Azevedo ER, Parker JD: Inotropic and sympathetic responses to the intracoronary infusion 
off  a beta-2 receptor agonist. A human in vivo study. Circulation. 1999;99:2402-2407. 

83.. ICurz T. Richardt D. Adler S: Presynaptic effects of carvedilol in the human heart. Circulation. 
2000;102:11-6299 abstract. 



p-blockerss in heart failure 

84.. Reid IA: Interactions between ANG II, sympathetic nervous system, and baroreceptor reflexes in 
regulationn of blood pressure. Am J Physiol. 1992;763-778. 

85.. Eichhorn EJ, McGhie AI, Bedotto JB, Corbett JR, Malloy CR, Hatfield B, Deitchman D, Willard JE, 
Graybumm PA: Effects of bucindolol on neurohormonal activation in congestive heart failure. Am J 
Cardiol.Cardiol. 1991:67:67-73. 

86.. Bristow MR, Abraham WT: Anti-adrenergic effects of angiotensin converting enzym inhibitors. Eur 
HeartJ.HeartJ. 1995;16:37-41. 

87.. Packer M, Coats A, Fowler MB. Katus HA, Kxum H, Mohacsi P, Rouleau JL, Tendera M, Castaigne 
A,, Roecker EB, Schultz MK, DeMets DL, for the Carvedilol Prospective Randomized Cumulative 
Survivall  Study Group.: Effect of carvedilol on survival in severe chronic heart failure. N EnglJMed 
2001:344:1651-1658. . 

88.. The Beta-Blocker Evaluation of Survival Trial Investigators: A trial of the beta-blocker bucindolol in 
patientss with advanced chronic heart failure. N Engl J Med. 2001;344:1659-1667. 

53 3 




