
Do 6-blockers have a role in patients with Congestive Heart Failure? 

Eric J. Eichhorn, M.D. 

Medical Grand Rounds 
University of Texas Southwestern Medical Center 

Dallas, Texas 

July 29, 1993 

16 Years in the 
Making 

1 



Despite the use of angiotensin converting enzyme inhibitors, digi­

talis, and diuretics, the 1 year mortality of patients with moderate to severe 
congestive heart failure remains high. The overall 1 year mortality is 26% 

for New York Heart Association Functional Class III and 42% for NYHA 
Class IV despite use of angiotensin converting enzyme inhibitors, digitalis, 
and diuretics (Figure 1).1 
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Figure 1 (from ref. 1) 
Recent studies have demonstrated that these patients have 

progressive loss of exercise tolerance and functional ability despite maxi­
mal medical therapy.2 As cardiac transplantation is available to only a few 
patients with heart failure due to a limited donor supply and large expense, 
prevention and medical treatment of heart failure has gained new focus. 
Over the last 20 years, cardiologists have searched for a therapy which 
would not only prolong life but also improve the quality of life of these very 
sick patients. While vasodilators 2-4 and angiotensin converting enzyme in­
hibitors 2,5-9 have clearly made an impact in this area, they have slowed but 
not halted the progression to death (Figure 1). Thus, newer therapies to halt 
or reverse the progression of heart failure are needed. 

Congestive heart failure is of growing importance in the United 
States. A 1991 study that examined diagnosis related groups (DRGs) 
estimated that congestive heart failure accounts for 4.8 million hospital 
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days nationwide and accounted for nearly 6% of all inpatient hospital bills 
submitted for fiscal year 1991. This translates into a $9.1 billion expenditure 
for heart failure. According to the National Heart, Lung and Blood 
Institute, the estimated economic impact was $4.7 billion in 1987 for direct 
costs. Thus, a new therapy to reduce the yearly expenditure for heart 
failure hospitalization is needed 

Heart Failure and the adrener~c balance-
Heart failure is a result of inadequate ability of the heart to maintain 

peripheral tissue perfusion and oxygen delivery.10 

Neurohormonal Pathways and Their 
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Figure 2 (from ref. 1 0) 
When the heart fails, aortic and ventricular baroreceptors are reset 

allowing less inhibition of sympathetic discharge (Figure 2).10-12 This 
results in heightened adrenergic tone. In addition, reduced glomerular 
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blood flow results in release of renin, activating the renin-angiotensin 
system (RAS).13 Both the sympathetic nervous system and the RAS cross 
activate each other as renin release is partially mediated by .B1 stimulation 

of the kidney 14 and angiotensin acts at the pre-synaptic receptor to block 
norepinephrine reuptake.15,16 In the short term, these compensatory 
mechanisms act in concert to retain fluid and inotropically support the 
heart and circulation. Long term, these systems may be detrimental to the 
heart.10,12 Both elevated plasma norepinephrine 17 (a marker of sympa­
thetic nervous system activation) and hyponatremia 12,18 (a marker of RAS 
activation) have been shown to be independent prognostic signs, 
independent of ejection fraction, in patients with heart failure. Figure 3 

shows the relationship of plasma norepinephrine to survival in patients 
with heart failure. Those with the most neurohormonal activation had the 
poorest survival. 
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In addition, the use of angiotensin converting enzyme inhibitors has been 
shown to improve the survival of heart failure patients more than hy­
dralazine and isosorbide dinitrate despite greater improvement in ejection 
fraction and exercise tolerance with the latter agents (Figures 4 and 5).2 
Thus, ACE inhibitors have an effect on survival which exists beyond 
hemodynamic improvement. 
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Finally, both norepinephrine 19-21 and angiotensin II 22 have been shown to 

have direct toxic effects on the heart. While these adverse effects on the 
heart have not been well characterized, it is clear that long term unblocked 
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neurohormonal activation produces progressive myocardial dysfunction. 
This establishes a vicious cycle as the weakened heart thereby further 
activates the sympathetic nervous system and the RAS.lO 

Should we stimulate the heart in the face of hi~ adrener~c tone? 
The search for new agents to treat heart failure lead to the discovery 

of several inotropic agents in the 1970s and 80s. However, B-adrenergic ag­
onists despite some mild initial improvements resulted in patient tolerance 
over time and loss of initial clinical improvement.23-28 As shown in Figure 
6 much of the tolerance to B-agonists is due to progressive downregulation 
of the B-receptors in heart failure, with further downregulation after 
administration of the B-agonist. Thus, the heart becomes subsensitive to B­
stimulation and ejection fraction returns to baseline despite initial 
improvement. 
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Additionally, moderate to high dose B-agonists have been shown to 
increase mortality (Figure 7).29,30 

6 



Placebo 

Probability 
of Survival 0.9 Hazard Ratio 2.54 

confidence Xamoterol 
lnterval1.06 -6.08 

0.8 ~ ..... --.r--~-.---.-.....-.......... -.....--.-
0 1 0 20 30 40 50 60 70 80 90 1 00 

Number of Days 

Figure 7 (from ref. 30) 

Phosphodiesterase inhibitors despite leading to some modest clinical 
and hemodynamic improvement, did not lead to increases in ejection 
fraction. 31 The phosphodiesterase inhibitors also lead to increased 
mortality (Figure 1).1,29 This increase in mortality appears to be due to an 
increase in sudden death. 32 Thus, stimulating the heart in the face of high 
adrenergic tone does not lead to a prolonged salutary effect and may 
increase mortality. 

Two mild inotropes, digitalis 33-36 and visnarinone (OPC 8212) 37-40, 

have shown some benefit in the treatment of congestive heart failure. 
Digitalis, while a mild inotrope 33, probably works in heart failure as it has 
been shown to reduce sympathetic nerve traffic 34, and thus may act to 
some degree as a neurohormonal antagonist. It has also been shown to re­
sult in diastolic improvement 33, an effect which leads to reduced filling 
pressures 41, reduced myocardial stretch, and this ultimately results in 
less sympathetic activation. Thus, digitalis may act more as a neurohor­
monal antagonist than we realize. Visnarinone, while a mild inotrope 37-39, 
has been demonstrated to increase mortality at higher dosages.40 While 
this increase in mortality at higher dosages may be a result of an inotropic 
effect, this has yet to be proven. At lower dosages, visnarinone results in re­
duced mortality.39,40 The reason for this is unknown, but may be due to its 
special antiarrhythmic properties or improved myocardial energetics. 

Thus, in general, excessive stimulation of the heart, in the face of 
high adrenergic tone, results in adverse effects on survival and little long 

term benefit. 
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Benefits of neurohormonal anta~nism-

By contrast, when neurohormonal antagonists, such as ACE in­
hibitors, are administered, long term functional and hemodynamic benefit 
results (Figure 4).2,6-9,35 In addition, there is a clear benefit in terms of 
survival in moderate to severe congestive heart failure 2,5,42 (Figures 5, 8 

and 9), and a clear effect on hospitalization for recurrent heart failure in 
patients who have minimal to no symptoms of heart failure.43 
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However, ACE inhibitors only deactivate the RAS and incompletely 
deactivate the sympathetic nervous system.44-46 Thus, the long term toxic 
effects of post-synaptic norepinephrine continue even after the 
administration of an ACE inhibitor. This was recently demonstrated in the 
V-HeFI' IT trial (Figure 10). 
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The recently completed Metoprolol in Dilated Cardiomyopathy (MDC) 
trial demonstrated that when 8-blocking agents are given to patients with 

heart failure, there is a reduction in the combination of mortality and need 
for transplantation (Table 1).47 

Table 1: Metoprolol in Dilated Cardiomyopathy (MDC) Trial 

Death 
Need for Transplant 
Total Morbidity/Mortality 

Metoprolol Plarebo 

(n=194) (n=189) 
Z3 19 

2 19 

25* 38 

*p=0.058 vs placebo 

In addition, retrospective analysis of a post myocardial infarction trial 48 
and two small prospective trials 49,50 have suggested a survival benefit 
when these agents are used. As seen in Figure 11, a retrospective analysis 
of the Beta-Blocker Heart Attack (BHAT) Trial demonstrated a survival 
benefit of 8-blockers in all patients, and most especially in those patients 
with heart failure. 8-blockers conferred a 4 7% reduction in sudden death in 
patients with heart failure. 
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13-blockers have been shown to raise ventricular fibrillation threshold 51-53 

and their use in the CAST trial lead to a reduction in sudden death and 

episodes of ventricular fibrillation.54 While a survival benefit of 13-
adrenergic blockers used in heart failure patients has yet to be proven in a 
prospective trial, these data provide substantial evidence to suggest either a 

beneficial effect or at worst, no effect. It is difficult to imagine, based upon 

the above data, that 13-blockers when used judiciously produce an increase 

in mortality in patients with impaired ventricular function. This is 
especially true as 13-blockers improve ejection fraction over time (see below) 

and ejection fraction is an independent predictor of mortality in congestive 

heart failure. A prospective, randomized, double-blind survival trial has 
been approved within the Veterans Administration and is under 

consideration at the NHLBI-NIH. This trial known as the Beta-blocker 

Evaluation of Survival Trial (BEST) will probably begin enrolling patients in 
1994. 

Evidence for a beneficial effect on ventricular function and functional class-
To date 10 metoprolol (548 patients) 47,50,55-61, 6 bucindolol (265 pa­

tients) 62-67, and 1 carvedilol heart failure studies (12 patients) 68 have been 

completed. This represents a collective experience of over 500 patients who 

have received 13-blockers for the treatment of congestive heart failure (Table 

2). The results of these trials provide undeniable evidence of a hemody­

namic benefit of these agents. Every 13-blocker study of 3 or more months 
duration has shown an improvement in left ventricular ejection fraction 

and a reduction in symptoms.lO While improvement in exercise tolerance 
has been difficult to demonstrate 10, most studies to date have used maxi­

mal exercise instead of modified submaximal exercise as criteria for im­
provement. As 13-blockers blunt maximal exercise tolerance in both normal 

and sick patients 69, improvement in maximal exercise is not a fair 

assessment of improvement, especially as daily activities represent sub­

maximal exertion. In studies where submaximal exercise is used, 13-block­

ers have shown a beneficial effect corroborating more subjective functional 

improvement noted in these studies. 66 
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For many years we have been told that 13-blockers are negative 
inotropes. Thus, the finding of an increase in ejection fraction in patients 
with heart failure 10 has left some to wonder if 13-blockers are somehow un­
loading the heart by reducing vascular resistance. Studies from our labora­
tories has clearly demonstrated an increase in relatively load independent 
indices of contractility with bucindoloi.62 More recently, we have completed 
a prospective, randomized, double-blind, placebo-controlled trial of metopro­
lol in 24 patients with dilated cardiomyopathy. We found an increase in 
ejection fraction (Figure 12) and peak+dP/dt (Figure 13) only in the patients 
on active drug. 
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Figure 12 
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Figure 13 

These data provide evidence that .B-blockers when titrated carefully are 
"positive inotropes" not negative inotropes (although their initial effect is a 
negative inotropy). This relatively heretical viewpoint is further strength­
ened by the finding that patients with heart failure who are withdrawn 
from .B-blockers often experience decompensation and deterioration. 56,70 In 
addition, we have demonstrated that .B-blockade with bucindolol or metopro­
lol results in improved myocardial relaxation and a reduction in left ven­
tricular end-diastolic pressure.62 As long term improvements in relax­
ation in patients with heart failure are closely related to reductions in left 
ventricular end-diastolic pressure 41 (and as .B-blockers have been shown to 
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not significantly increase end-diastolic pressure on therapy initiation 71 ), 

this improvement in relaxation may be a very beneficial effect. Finally, our 
laboratory has demonstrated that metoprolol improves stroke work and 
minute work (stroke work times heart rate) while reducing myocardial 
oxygen consumption. Thus, metoprolol makes the failing heart more effi­
cient (Table 3). Based on these current data, we must abandon our tradi­
tional thinking concerning these agents. 

Tab1e3 
Baseline left ventricular characteristics before and after therapy with metoprolol or placebo. 

Measurement Pre Treatment Post Treatment p value (M vs P) 

Heart Rate (min-1) p 84±10 83±19 

M 83±17 68±17§ 0.014 

End-systolic p 61±6 60±7 

Pressure (mmHg) M 62±14 77±19* 0.023 

Stroke work Index p 17.0±5.0 20.7±10.9 

(g-m/m2) M 18.7±7.8 32.9±17.5§ 0.064 

Minute Work Index p 1.4±0.4 1.6±0.7 

(kg-m/m2) M 1.5±0.6 2.1±0.8* 0.25 

Coronary Sinus Blood p 146±102 201±136 

Flow (m1/min) M 178±88 115±71 0.026 

Myocardial Oxygen p 16.8±9.2 22.1±12.5 

Consumption (m1/min) M 22.3±11.3 13.1±7.6 0.035 

Myocardial Efficiency p 7.9±3.8 9.2±6.7 

(%) M 8.5±5.6 18.5±10.9* 0.10 

Coronary Sinus p 730±445 1114±727 

Norepinephrine (pglml) M 569±426 433±357 0.025 

*p<0.05 vs pre; § p<0.005 vs pre; t p<0.05 vs placebo pre treatment. 

L VEDP = left ventricular end-diastolic pressure. M = metoprolol. P = placebo. 
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We have recently examined the time course of ventricular improve­
ment with B-blockade using serial echocardiography. As is evident in 
Figure 14, left ventricular function worsens mildly in the first month, only 

to improve substantially between months 1 and 3. These data explain why 
the two studies of B-blockade 61,72 which were 1 month in duration both had 
negative results. 

Ejection 
Fraction 

Baseline 1 Day 1 Month 3 Months 

Time 

Figure 14 
While a clear survival benefit has not been shown for these agents, 

an adverse effect on mortality is unlikely given all the retrospective 48,49,54 

and small prospective trials 47,50 done to date. Thus, as these drugs produce 
hemodynamic and functional improvement 10, even if they produce no effect 
on mortality, they would be beneficial in heart failure due to their hemody­
namic effects. Should they prove to prolong survival in heart failure pa­
tients, they would become standard of care. As the Food and Drug 
Administration has recently made a policy decision to allow drugs for the 
treatment of heart failure which have hemodynamic benefits and have pos­
sible adverse or unknown effects on survival, the consideration of B-blockers 
as investigational agents should soon be challenged. Their lack of proper 
acceptance has been linked to both the reluctance of physicians to acknowl­
edge a proven but counterintuitive therapy and the reluctance of any phar­
maceutical company to pursue research on agents which they feel would 
not gain widespread acceptance. 

1 6 



Possible mechanisms of action-

Part of the reluctance of physicians to accept this therapy has been 
the lack of a mechanism to explain how these agents work. For several 
years the general thinking about how these agents work was based on the 
observation that .fh cell surface receptors are downregulated in heart fail­

ure. 73-77 This is probably a result of chronic norepinephrine stimulation 
73,75,78 of the heart and a feedback mechanism that allows the heart to 

"protect" itself from the toxic effects of norepinephrine long-term. 
Upregulation of these receptors (Figure 15) 56,59 and restored 
responsiveness to .B-agonist stimulation (Figure 16) 59 has been 
demonstrated after .B-blockade. 

B-receptor density after B-blocker therapy 
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While .B-receptor upregulation may explain improved submaximal exercise 
responsiveness, it cannot explain the improvements in resting left 
ventricular function for several reasons: a) despite an increase in con­
tractility, heart rate usually falls.10,56,59,62-64 If improved resting 

ventricular function were due to heightened sensitivity to agonist 
stimulation, then heart rate should increase, not decrease with increased 
contractility. b) Upregulation of beta-receptors occurs temporally more 
quickly than improved ventricular function (i.e the two events are 
temporally disparate). 79 c) Some beta-adrenergic blocking agents have been 
shown to improve ventricular function in the absence of beta-receptor 
upregulation.80 Thus, other theories must be put forth to explain this 
phenomenon. 

It has been previously documented in animals and man that cate­
cholamines are deleterious to the heart,l9-21 However, the etiology of this 
deleterious effect is unclear. It has long been known that fatty acids and 
glucose provide the major substrates for myocardial energy metabolism 
and that excess utilization of free fatty acids by the heart increases myocar­
dial oxygen consumption.81-83 Fatty acid substrate utilization by the heart 
is therefore less efficient than glucose (as more oxygen is used per amount 
of mechanical work performed).81-85 In the oxygen limited heart, high 
concentrations of free fatty acids depress myocardial performance.81,84 
When oxygen consumption is increased by atrial pacing or stress, 
myocardial oxygen consumption is increased disproportionately in the 
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presence of infused lipids and heparin as compared to a control state.85 
Catecholamines stimulate release and utilization of fatty acids 81,85, and 

inhibit insulin-induced glucose transport by skeletal muscle. 86 Conversely, 

propranolol increases insulin sensitivity while increasing blood free fatty 
acids in diabetic rat skeletal muscle.86 This suggests .B-adrenergic stimu­

lation plays a role in substrate utilization in heart failure. As congestive 
heart failure is a state of increased adrenergic stimulation, with elevated 

sympathetic . nerve traffic and increased plasma norepinephrine levels 
11,12,17 • 78,87,88, lipolysis and glycogenolysis are both stimulated. 82,85,89 In 

the dog, myocardial oxygen consumption which is increased by beta-agonist 
stimulation, is further increased by a beta-stimulated increase in (i.e. a 
shift to) fatty acid utilization.82 We have recently examined the relation 
between neurohormonal activation as reflected by coronary sinus 

norepinephrine and substrate utilization as manifest by transmyocardial 
respiratory quotient. As can be seen in Figure 17, we found a relation 
between the change in coronary sinus norepinephrine and change in 
transmyocardial respiratory quotient over a 3 month period of metoprolol or 
placebo therapy. These data support our theory that neurohormonal 
activation may affect the ratio of carbohydrate to fatty acids utilized by the 
heart. 
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As myocardial work does not change or decreases when there is a 
shift from glucose to fatty acid utilization, this shift represents a reduction 
in myocardial efficiency.82 Indeed, a relation between degree of neurohor­

monal activation and substrate utilization has been established in patients 
with dilated cardiomyopathy.90 Thus, the institution of .B-adrenergic block­

ade may reduce fatty acid utilization and shift substrate utilization to glu­
cose and pyruvate, which are more efficient fuels. Support for this hypoth­
esis comes from one of the early .B-blocker trials where lactate extraction in­
creased with .B-blocker therapy.91 Lactate uptake increases when pyruvate 
is being preferentially used for oxidative phosphorylation. It has been pre­
viously documented that both angina 92 and congestive heart failure 93 can 
be treated by dichloroacetate (an agent which activates pyruvate dehydroge­
nase, stimulates glucose metabolism, and inhibits fatty acid oxidation) in­
travenously. After dichloroacetate, stroke work and minute work are 
increased while myocardial oxygen consumption is reduced. This is the 
result of improved myocardial efficiency. Beta-blockers may improve 
ventricular function in a manner similar to dichloroacetate. 

Other theories include: 1) Inhibition of sympathetically mediated 
vasoconstriction via prostaglandins and reduced renin release.94 In addi­
tion, angiotensin IT may have some direct cardiotoxic properties 22, which 
would be diminished by the ability of .B-blockers to reduce renin-angiotensin 
activation. As angiotensin (and perhaps norepinephrine) may have some 
potential for inducing protein synthesis and myocardial hypertrophy 95, the 
long term effect of .B-blockers on ventricular remodeling has yet to be eluci­
dated. 2) Improved protein synthesis, message expression, and function 
within the mitrochondria and sarcoplasmic reticulum. 3) Improved 
calcium transport within the myocyte 4) Inhibition of other "toxic" effects of 
norepinephrine on the myocyte. 5) Finally, endothelin has been postulated 
to play a role in patients with congestive heart failure .96-99 Endothelin is a 
powerful vasoconstrictor and has been shown to correlate with pulmonary 
artery pressures and pulmonary vascular resistance.98 In addition, 
endothelin is known to stimulate proliferation of rat vascular smooth 
muscle cells, fibroblasts, glomerular mesangial and human carcinoma 
cells with the expression of protooncogenes c-myc and c-fos.lOO Thus, some 
mitogenic actions regulating cell proliferation and fibrosis may exist, 
which in concert with angiotensin II may alter the structure of the 
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myocardium. Endothelin is released by several factors including 
norepinephrine.97 Thus, a reduction in endothelin may occur by 6-
adrenergic blockade, although this has yet to be proven. 

Which 6-blocker should be used? 
Currently, it is unclear which is the best 6-blocker to use for the 

treatment of heart failure. Three beta-adrenergic blocking agents have been 
used extensively for the treatment of congestive heart failure, metoprolol, 
bucindolol, and carvedilol. The latter two have mixed actions with primar­
ily beta-blocking effects and some vasodilator effects. Both of these agents 
(bucindolol and carvedilol) are non-Food and Drug Administration ap­
proved for any indications and are thus investigational agents. 

Metoprolol is a beta-1 selective antagonist without vasodilator or ago­
nist action. It is the most widely studied beta-blocker with over 500 heart 
failure patients in 10 completed studies placed on this agent.47,50,55-61 

Bucindolol hydrochloride is a phenoxypropanolamine with potent 
non-selective 6-antagonist and mild vasodilatory properties.101,102 
Bucindolol has equipotent 61 and 62 antagonist actions as propranoloi.102 

Although mild intrinsic 6-sympathomimetic activity has been demon­
strated in rats and dogs 103-105, no intrinsic sympathomimetic activity has 
been found in human ventricular myocardium.102 While bucindolol (and 
carvedilol) exhibit an "agonist" binding site modulated by guanine nu­
cleotides in human myocardium, this does not confer agonist (adenylate cy­
clase) activity.80,106 In addition, bucindolol possesses weak a1-antagonist 
101,102,107,108, weak serotonin antagonist (in animals)103,108, and mild 

vasodilator action102,103,108,109, As compared to labetolol, the vasodilator 
action is not modulated by its weak a1 antagonist action.80,108,109 It is the va-

sodilator action of bucindolol which most likely makes it well tolerated in 
patients with congestive heart failure. 

Carvedilol is a less selective 6-blocker than metoprolol, but is more 
selective for 61 receptors than bucindolol (i.e. carvedilol has less 62 antago-

nism than bucindolol but more than metoprolol).101,106 This is shown in 

Table 4 below where selectivity ratios of various 6-blocking agents are 
shown (Data based on 125[J] ICYP cold ligand competition curves in 
presence of 30 ~ Gpp(NH)p: 106 
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Table4: 
Agent Ks (fit> KL<S..V Selectivity fit ill2 

(nM) (nM) 

Metoprolol 45.6±31.0 3345±1789 T.3 
Carvedilol 3.37±0.75 105±6.0 31 
Bucindolol 3.83±1.14 3.83±1.14 1 

Propranolol 4.42±1.53 4.42±1.53 1 

In addition, carvedilol has moderate vasodilator activity (as compared to 
bucindolol's mild vasodilator activity).80,101,102 

As both carvedilol and bucindolol possess the atypical feature of gua­
nine nucleotide modulatable binding 80,106,110, and as they do not upregu­
late B-receptors in the same fashion as metoprolol 80,106,110, they may offer 
superior "protection" from the adverse long-term effects of norepinephrine 
on the heart. However, as bucindolol has been shown to increase contractil­
ity and relaxation, lower plasma norepinephrine, non-selectively antago­
nize both the B1 and B2 receptors, not upregulate B-receptors, and is well 

tolerated on therapy initiation, it may well provide the perfect combination 
of "myocardial protection" and hemodynamic improvement. By contrast, 
metoprolol, does not block the B2 receptor, upregulates B1 receptors 59, and 

does not significantly lower plasma norepinephrine (Table 3). These effects 
may lead to a lack of reduction in sudden death (Table 1) 4 7 despite 
improvements in hemodynamics (Figures 12 and 13; Table 3).60 These data 

suggest bucindolol is the superior agent, although a head-to-head 
comparison needs to be performed. 

Titration of 13-blockin~ agents-
Despite the fact that these agents increase myocardial contractility 

over the long-term, they still act as negative inotropes during therapy 
initiation and titration. Thus, caution must be observed during titration. 
No patient should be started on B-blockers who shows signs of 
hypoperfusion, significant pulmonary or systemic edema, or recent acute 
decompensation. In such patients, intravenous diuretics with or without 
short-term inotropic support should be used to bring the patient back into a 
compensated state. After the patient is compensated B-blockade can be 
initiated. Most of the intolerance to B-blocker therapy occurs at the time of 

22 



therapy initiation, not at the higher (target) doses. The starting dose should 
be determined by the severity of the heart failure. For the very ill class IV 
patient who has recently been on inotropic support, or who has signs of 
right sided failure (ascites and jugular venous distension), a lower starting 
dose is recommended. Metoprolol 2 or 3 mg of the intravenous solution or 
labetolol 3 to 5 mg of the intravenous solution can be placed in juice and 
given twice daily. For less sick patients, metoprolol 6.25 mg (1/8 of a 50 mg 
tablet) or labetolol 12.5 mg (118 of a 100 mg tablet) can be given twice daily as 
initial dosages. J3-blockers can then be increased every 5 to 7 days as 
tolerated, usually doubling the dose. A target dose of 50 mg BID of 
metoprolol or 50-100 mg BID of labetolol can be used. Labetolol may be 
slightly easier to titrate due to its alpha antagonist (vasodilating) properties. 
However, this has not been proven and its efficacy has yet to be fully 
established. During titration, the patient must be watched carefully for 
signs of weight gain, worsening edema and fatigue. If fluid retention 
occurs, titration can be slowed and diuretics increased. Both the physician 
and patient must be patient with titration, and not deem the treatment a 
failure if early fluid collection occurs. The patient should be warned in 
advance that improvements may take 6-8 weeks to occur and that he/she 
may actually worsen some during titration. In addition, as this therapy is 
still considered investigational by the Food and Drug Administration, 
informed consent may be necessary. 

Future Directions-
A mortality study to determine if J3-blocking agents prolong survival 

in heart failure is being planned (J3-Blocker Evaluation of Survival Trial, 
BEST) as a VA-NIH cooperative trial. This study will hopefully answer the 
question as to whether J3-blocking agents improve survival in patients with 
advanced heart failure. Other questions for the future include the 
differential effects of selective versus non-selective J3-blockade. In addition, 
the significance of guanine nucleotide modulatable binding has not been 
completely defined. It is also not clear who will best respond to this therapy 
and when is the optimal time for initiation of J3-blocking agents (i.e. Is there 
a benefit for the asymptomatic or mildly symptomatic patient?) Finally, the 
mechanism(s) of benefit of these agents have not been fully defined. These 

questions will be answered in the next few years. 
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Summary-

.B-adrenergic blocking agents have been demonstrated to benefit 
ventricular systolic and diastolic function, improve functional class, and 
reduce neurohormonal activation in patients with congestive heart failure. 
Their effects on mortality while still unknown are unlikely to be adverse 
and more likely to be favorable based on prior studies. Thus, these agents 
are slowly gaining acceptance as a novel treatment modality for patients 
who have congestive heart failure. 

24 



1) Packer M, Carver JR, Chesebro JH, et al: Effect of milrinone on mortality 
in severe chronic heart failure. The prospective randomized milrinone 
survival evaluation (PROMISE). N Engl J Med 325: 1468-75, 1991. 

2) Cohn JN, Johnson G, Ziesche S, et al: A comparison of enalapril with 
hydralazine-isosorbide dinitrate in the treatment of chronic congestive 
heart failure. N Engl J Med 325: 303-310, 1991. 

3) Cohn JN, Archibald DG, Ziesche S, et al: Effect of vasodilator therapy on 
mortality in chronic congestive heart failure. Results of a Veterans 
Administration Cooperative Study. N Engl J Med 314: 1547-1552, 1986. 

4) Packer M, Nicod P, Khandheria BR, et al: Randomized multicenter, 
double-blind, placebo-controlled evaluation of amlodipine in patients with 
mild-to-moderate heart failure. JAm Coli Cardiol 17: 274A, 1991 (abstr). 

5) The SOLVD investigators: Effect of enalapril on survival in patients with 
reduced left ventricular ejection fractions and congestive heart failure. N 
Engl J Med 325: 293-302, 1991. 

6) Chatterjee, K, Rouleau, J, Parmley, WW: Captopril in congestive heart 
failure: Improved left ventricular function with decreased metabolic cost. 
Am Heart J 104: 1137-1146, 1982. 

7) The Captopril Multicenter Research Group: A cooperative multicenter 
study of captopril in congestive heart failure: Hemodynamic effects and 
long-term response. Am Heart J 110: 439-447, 1985. 

8) Sharpe, DN, Murphy, J, Coxon, R, et al: Enalapril in patients with 
chronic heart failure: A placebo-controlled, randomized, double-blind 
study. Circulation 70: 271-278, 1984. 

25 



9) Packer M, Lee WH, Yushak M, Medina N: Comparison of captopril and 
enalapril in patients with severe chronic heart failure. N Engl J Med 315: 
84 7-853, 1986. 

10) Eichhorn EJ: The Paradox of 6-adrenergic Blockade for the 
Management of Congestive Heart Failure. Am J Med 92: 527-538, 1992. 

11) Leimbach WN, Wallin BG, Victor RG, et al: Direct evidence from intra­
neural recordings for increased central sympathetic outflow in patients 
with heart failure. Circulation 73: 913-919, 1986. 

12) Packer M, Lee WH, Kessler PD, et al: Role of neurohormonal 
mechanisms in determining survival in patients with severe chronic heart 
failure. Circulation 75 (Suppl IV): IV-80-92, 1987. 

13) Cody RJ, Laragh JH: The role of the renin-angiotensin-aldosterone 
system in the pathophysiology of chronic heart failure. In Cohn JN (ed.): 
Drug Treatment of Heart Failure. New York, Yorke Medical Books, 1983. 

14) McLeod AA, Brown JE, Kuhn C, et al: Differentiation of hemodynamic, 
humoral and metabolic responses to 61- and 62-adrenergic stimulation in 
man using atenolol and propranolol. Circulation 67: 1076-1084, 1983. 

15) Hughes J, Roth RH: Evidence that angiotensin enhances transmitter re­
lease during sympathetic nerve stimulation. Br J Pharmacol41: 239-255, 
1971. 

16) Zimmerman BG, Gomes SK, Liano JC: Action of angiotensin on vascu­
lar nerve adrenergic endings: Facilitation of norepinephrine release. Fed 
Proc 31: 1344-1350, 1972. 

17) Cohn JN, Levine TB, Olivari MT, et al: Plasma norepinephrine as a 
guide to prognosis in patients with chronic congestive heart failure. N Engl 

J Med 311: 819-823, 1984. 

26 



18) Lee WH, Packer M: Prognostic importance of serum sodium concentra­
tion and its modification by converting-enzyme inhibition in patients with 

severe chronic heart failure. Circulation 73: 257-267, 1986. 

19) Rona G, Chappel CI, Balazs T, et al: An infarct-like myocardial lesion 
and other toxic manifestations produced by isoproterenol in the rat. Arch 
Pathol67: 443-455, 1958. 

20) Reichenbach DD, Benditt EP: Catecholamines and cardiomyopathy: The 
pathogenesis and potential importance of myofibrillar degeneration. 
Human Pathology 1: 125-149, 1970. 

21) Haft JI: Cardiovascular injury induced by sympathetic catecholamines. 
Prog in Cardiovasc Dis 17: 73-85, 1974. 

22) Tan LB, Jalil JE, Pick R, et al: Cardiac myocyte necrosis induced by an­
giotensin II. Circ Res 69: 1185-1195, 1991. 

23) Lambertz H, Meyer J, Erbel R: Long-term effects ofprenalterol in pa­
tients with severe congestive heart failure. Circulation 69: 298-305, 1984. 

24) Roubin GS, Choong CY, Devenish-Meares S, et al: .B-adrenergic 
stimulation of the failing left ventricle: a double blind, randomized trial of 
sustained oral therapy with prenalterol. Circulation 69: 955-962, 1984. 

25) Weber KT, Andrews V, Janicki JS, et al: Pirbuterol, an oral beta­
adrenergic receptor agonist in the treatment of chronic cardiac failure. 
Circulation 66: 1262-1267, 1982. 

26) Currie PJ, Kelly MJ, Middlebrook K, et al: Acute intravenous and 
sustained oral treatment with the beta-1 agonist prenalterol in patients 
with severe cardiac failure. Br heart J 51: 530-538, 1984. 

27) Dahlstrom U, Areskog M, Wranne B, et al: Prenalterol as long-term 
therapy for chronic congestive heart failure: a randomized cross-over trial. 
Acta Med Scand 216: 199-207, 1984. 

27 



28) Colucci WS, Alexander RW, Williams GH, et al: Decreased lymphocyte 

beta-adrenergic receptor density in patients with heart failure and toler­
ance to the beta-adrenergic agonist pirbuterol. N Engl J Med 305: 185-190, 
1981. 

29) Katz, A: Potential deleterious effects of inotropic agents in the therapy of 
chronic heart failure. Circulation 73 (Suppl III): III-184-III-190, 1986. 

30) The xamoterol in severe heart failure study group: Xamoterol in severe 
heart failure. Lancet 336: 1-6, 1990. 

31) Wood MA, Hess ML: Review: Long-term oral therapy of congestive heart 
failure with phosphodiesterase inhibitors. Am J Med Sci 297: 105-113, 1989. 

32) Packer M, Francis GS, Abrams J, Cobb FR, Eichhorn EJ, Giles TD, Kahl 
FR, Tandon PK.: Oral milrinone increases the risk of sudden death in severe 
chronic heart failure: The PROMISE trial. Circulation 84: 11-310, 1991 
(abstr). 

33) Eichhorn EJ, Willard JE, Alvarez L, et al: Are contraction and 
relaxation coupled in patients with and without congestive heart failure? 
Circulation 85: 2132-2139, 1992. 

34) Ferguson DW, Berg WJ, Sanders JS, et al: Sympathoinhibitory 
responses to digitalis glycosides in heart failure patients. Direct evidence 
from sympathetic neural recordings. Circulation 80: 65-77, 1989. 

35) The captopril-digoxin multicenter research group: Comparative effects 
of therapy with captopril and digoxin in patients with mild to moderate 
heart failure. JAMA 259: 539-544, 1988. 

36) Dibianco R, Shabetai R, Kostuk W, et al: A comparison of oral 
milrinone, digoxin, and their combination in the treatment of patients with 
chronic heart failure. N Engl J Med 320: 677-683, 1989. 

28 



37) Feldman AM, Becker LC, Llewellyn MP, et al: Evaluation of a new 
inotropic agent, OPC-8212, in patients with dilated cardiomyopathy and 

heart failure. Am Heart J 116: 771-776, 1988. 

38) Asanoi H, Sasayama S, Iuchi K, et al: Acute hemodynamic effects of a 
new inotropic agent (OPC-8212) in patients with congestive heart failure. J 
Am Coli Cardiol9: 865-871, 1987. 

39) Feldman AM, Baughman KL, Lee WK, et al: Usefulness ofOPC-8212, a 
quinolinone derivative, for chronic congestive heart failure in patients with 
ischemic heart disease or idiopathic dilated cardiomyopathy. Am J Cardiol 
68: 1203-1210, 1991. 

40) Feldman AM, Bristow MR, Parmley WW, et al: Results of a multi­
center study of OPC-8212 in chronic congestive heart failure. Circulation 86 
(Suppl I): I-374, 1992 (abstr). 

41) Eichhorn EJ, Hatfield B, Marcoux L: Determinants of end-diastolic 
pressure in patients with congestive heart failure. Circulation 86 (Suppll): 
I-379, 1992 (abstr). 

42) The CONSENSUS trial study group. Effec~ of enalapril on mortality in 
severe congestive heart failure: results of the Cooperative North 
Scandanavian Enalapril Survival Study ( CONSENSUS). N Engl J Med 
1987;316:14~1435. 

43) The SOLVD Investigators: Effect of enalapril on mortality and the devel­
opment of heart failure in asympatomatic patients with reduced left ven­
tricular ejection fractions. N Engl J Med 327: 685-691, 1992. 

44) Mettauer B, Rouleau JL, Bichet D, et al: Differential long-term 
intrarenal and neurohormonal effects of captopril and prozosin in patients 
with chronic congestive heart failure: importance of initial plasma renin 
activity. Circulation 73: 492-502, 1986. 

29 



45) Francis GS, Cohn JN, Johnson G, Rector TS, Goldman S, Simon A for 
the V-HeFT VA Cooperative Studies Group. Circulation 87: VI-40-48, 1993. 

46) Francis GS, Rector TS, Cohn JN: Sequential neurohormonal measure­
ments in patients with congestive heart failure. Am Heart J 116: 1464-1468, 
1988. 

4 7) The MDC Trial Study Group: Metoprolol in dilated cardiomyopathy. 
Multicenter randomized placebo-controlled trial. Circulation 86 (Suppl 1): 1-
118, 1992 (abstr). 

48) Chadda K, Goldstein S, Byington R, et al: Effect of propranolol after 
acute myocardial infarction in patients with congestive heart failure. 
Circulation 73: 503-510, 1986. 

49) Swedberg K, Waagstein F, Hjalmarson A, et al: Prolongation of survival 
in congestive cardiomyopathy by beta receptor blockade. Lancet 1: 1374-76, 
1979. 

50) Anderson JL, Lutz JR, Gilbert EM, et al: A randomized trial of low-dose 
beta-blockade therapy for idiopathic dilated cardiomyopathy. Am J Cardiol 
55: 471-475, 1985. 

51) Muller CA, Hamm CW, Opie LH, et al: Bucindolol, a new beta­
antagonist effective against ventricular fibrillation (VF) associated with 
myocardial ischemia in pigs. Circulation 68 (Suppl III): 111-391, 1983 
(abstr). 

52) Pratt C, Lichstein E: Ventricular antiarrhythmic effects of beta adren­
ergic blocking drugs: a review of mechanism and clinical studies. J Clin 
Pharmacal 22: 335-34 7, 1982. 

53) Menken U, Wiegand V, Bucher P, et al: Prophylaxis of ventricular 
fibrillation after acute experimental coronary occlusion by chronic beta 
adrenergic blockade with atenolol. Cardiovasc Res 13: 588-594, 1979. 

30 



54) Kennedy HL, Barker A, Brooks MM, et al: Beta-blocker therapy and 
mortality in the cardiac arrhythmia suppression trial (CAST). Circulation 
86 (Suppl I): I-403, 1992 (abstr). 

55) Engelmeier RS, O'Connell JB, Walsh R, et al: Improvement in 
symptoms and exercise tolerance by metoprolol in patients with dilated 
cardiomyopathy: a double-blind, randomized, placebo-controlled trial. 
Circulation 72: 536-546, 1985. 

56) Waagstein F, Caidahl K, Wallentin I, et al: Long term .6-blockade in 
dilated cardiomyopathy. Effects of short- and long term metoprolol treatment 
followed by withdrawal and readministration of metoprolol. Circulation 80: 
551-563, 1989. 

57) Andersson B, Blomstrom-Lundqvist C, Hedner T, et al: Exercise he­
modynamics and myocardial metabolism during long term beta-adrenergic 
blockade in severe heart failure. JAm Coli Cardiol18: 1059-1066, 1991. 

58) Fisher ML, Gottlieb SS, Hamilton B, et al: Beneficial effects ofmetoprolol 
in CHF associated with coronary artery disease: A randomized trial. 
Circulation 84 (Suppl II): ll-312, 1991 (abstr). 

59) Heilbrunn SM, Shah P, Bristow MR, et al: Increased .6-receptor density 
and improved hemodynamic response to catecholamine stimulation during 
long-term metoprolol therapy in heart failure from dilated cardiomyopathy. 
Circulation 79:483-490, 1989. 

60) Sachdev V, Moore CK, Das SK, et al: Effects of beta-blocking therapy on 
left ventricular systolic function in heart failure. Circulation 86 (Suppl 1): 1-
119, 1992 (abstr). 

61) Currie, PJ, Kelly, KJ, McKenzie, et al: Oral beta-adrenergic blockade 
with metoprolol in chronic severe dilated cardiomyopathy. J Am Coli 
Cardiol 3: 203-209, 1984. 

31 



62) Eichhorn EJ, Bedotto JB, Malloy CR, et al: Effect of beta-adrenergic 
blockade on myocardial function and energetics in congestive heart failure: 

Improvements in hemodynamic, contractile, and diastolic performance 
with bucindolol. Circulation 82: 4 73-483, 1990. 

63) Woodley SL, Gilbert EM, Anderson JL, et al: 13-blockade with bucindolol 
in heart failure due to ischemic vs idiopathic dilated cardiomyopathy. 
Circulation 84: 2426-2441, 1991. 

64) Gilbert EM, Anderson JL, Deitchman D, et al: Chronic .a-blocker­
vasodilator therapy improves cardiac function in idiopathic dilated car­
diomyopathy: A double-blind, randomized study of bucindolol versus 
placebo. Am J Med 88: 223-229, 1990. 

65) Pollock SG, Lytash J, Tedesco C, et al: Usefulness of bucindolol in 
congestive heart failure. Am J Cardiol 66: 603-607, 1990. 

66) Bristow MR, Gilbert EM, French WJ, et al: Dose response of beta blocker 
therapy in heart failure: a multicenter, randomized trial of bucindolol 
versus placebo. Circulation 82 (Suppl Ill): III-674, 1990 (abstr). 

67) Anderson JL, Lutz JR, Gilbert EM, et al: A randomized trial of low-dose 
beta-blockade therapy for idiopathic dilated cardiomyopathy. Am J Cardiol 
55: 471-475, 1985. 

68) DasGupta P, Broadhurst PA, Raftery EB, et al: Value of carvedilol in 
congestive heart failure secondary to coronary artery disease. Am J Cardiol 
66:1118-1123,1990. 

69) Sweeney ME, Fletcher BJ, Fletcher GF: Exercise testing and training 
with .a-adrenergic blockade: role of the drug washout period in 
"unmasking" a training effect. Am Heart J 118: 941-946, 1989. 

70) Swedberg K, Hjalmarson A, Waagstein F, et al: Adverse effects of beta­
blockade withdrawal in patients with congestive cardiomyopathy. Br Heart 

J 44: 134-142, 1980. 

32 



71) Haber HL, Gimple LW, Simek CL, et al: Why do patients with congestive 

heart failure tolerate the initiation of beta blocker therapy? Circulation 86 
(Suppl I): I-17, 1992 (abstr). 

72) Ikram, H, Fitzpatrick, D: Double blind trial of chronic oral beta blockade 
in congestive cardiomyopathy. Lancet 2:490-493, 1981. 

73) Feldman AM, Bristow, MR: Adrenergic neuroeffector mechanisms in 
the failing human heart. In Braunwald E (ed.): Heart Disease (Update). A 
textbook of cardiovascular medicine, edition 3 .. Philadelphia, W.B. 
Saunders Co., 1990. 

74) Bristow, MR, Ginsburg, R, Umans, et al: .B1- and .B2-adrenergic-receptor 

subpopulations in nonfailing and failing human ventricular myocardium: 
Coupling of both receptor subtypes to muscle contraction and selective .B1-

receptor down-regulation in heart failure. Circ Res 59: 297-309, 1986. 

75) Bristow MR, Port JD, Sandoval AB, et al: .B-adrenergic receptor 
pathways in the failing human heart. Heart Failure 5: 77-90, 1989. 

76) Bristow, MR, Ginsburg, R, Minobe, et al: Decreased catecholamine 
sensitivity and .B-adrenergic receptor density in failing human hearts. N 
Engl J Med 307: 205-211, 1982. 

77) Fowler, MB, Laser, JA, Hopkins, GL, et al: Assessment of the .B­
adrenergic receptor pathway in the intact failing human heart: progressive 
receptor down-regulation and subsensitivity to agonist response. 
Circulation 74: 1290-1302, 1986. 

78) Bristow MR, Sandoval AB, Gilbert EM, et al: Myocardial a- and .a­
adrenergic receptors in heart failure: Is cardiac-derived norepinephrine 
the regulatory signal? Eur Heart J 9 (Suppl H): 35-40, 1988. 

33 



79) Packer M: Pathophysiological mechanisms underlying the effects of B­

adrenergic agonists and antagonists on functional capacity and survival in 
chronic heart failure. Circulation 82 (suppl 1): 1-77-1-88, 1990. 

80) Minobe W, Larrabee P, Bristow MR: Mechanism of action of carvedilol 
in human ventricular myocardium. J Am Coli Cardiel 17: 250A, 1991 
(abstr). 

81) Vik-Mo H, Mjos, OD: Influence of free fatty acids on myocardial oxygen 
consumption and ischemic injury. Am J Cardiel 48: 361-365, 1981. 

82) Mjos OD: Effect of inhibition of lipolysis on myocardial oxygen consump­
tion in the presence of isoproterenol. J Clin Invest 50: 1869-1873, 1971. 

83) Bing RJ, Siegal A, Ungar J, et al: Metabolism of the human heart. II. 
Studies on fat, ketone and amino acid metabolism. Am J Med 16: 504-515, 
1954. 

84) Kjekshus JK, Mjos OD: Effect on inhibition of lipolysis on myocardial 
oxygen consumption in the presence of isoproterenol. J Clin Invest 51: 1767-
1776,1972. 

85) Simonsen S, Kjekshus JK: The effect of free fatty acids on myocardial 
oxygen consumption during atrial pacing and catecholamine infusion in 
man. Circulation 58: 484-491, 1978. 

86) Bostrom M, Nie Z, Goertz G, et al: Indirect effect of catecholamines on 
development of insulin resistance in skeletal muscle from diabetic rats. 
Diabetes 38: 906-910, 1989. 

87) Francis GS, Goldsmith SR, Olivari MT, et al: The neurohormonal axis 
in congestive heart failure. Ann Intern Med 101: 370-377, 1984. 

34 



88) Levine TB, Francis GS, Goldsmith SR, et al: Activity of the sympathetic 
nervous system and renin-angiotensin system assessed by plasma 
hormone levels and their relation to hemodynamic abnormalities in 
congestive heart failure. Am J Cardiol 49: 1659-1666, 1982. 

89) Neely J, Morgan H: Relationship between carbohydrate and lipid 
metabolism and energy balance of the heart. Ann Rev Physiol 36: 413-459, 
1974. 

90) Eichhorn EJ, Barnett J, Alvarez LG, et al: Relationship of neuro­
hormonal activation to substrate utilization in heart failure. Circulation 86 
(Suppl 1): 1-666, 1992 (abstr). 

91) Waagstein F, Hjalmarson A, Swedberg K, et al: Beta-blockers in dilated 
cardiomyopathies: they work. Eur Heart J 4 (Suppl A): 173-178, 1983. 

92) Wargovich TJ, MacDonald RG, Hill JA, et al: Myocardial metabolic and 
hemodynamic effects of dichloroacetate in coronary artery disease. Am J 
Cardiol 61: 65-70, 1988. 

93) Bersin R, Kwasman M, Wolfe C, et al: Improved hemodynamic function 
in congestive heart failure with the metabolic agent sodium dichloroacetate 
(DCA). J Am Coli Cardiol 15: 157 A, 1990 (abstr ). 

94) Alderman J, Grossman W: Are .6-adrenergic-blocking drugs useful in 
the treatment of dilated cardiomyopathy? Circulation 71: 854-857, 1985. 

95) Aceto JF, Baker KM. [Sarl] angiotensin II receptor-mediated stimula­
tion of protein synthesis in chick heart cells. Am J Physiol 258: H806-H813, 
1990. 

96) Cody RJ: The potential role of endothelin as a vasoconstrictor substance 
in congestive heart failure. Eur Heart J 13: 1573-1578, 1992. 

97) Stevenson LW, Fonarow GC: Endothelin and the vascular choir in heart 
failure. J Am Coli Cardiol 20: 854-857, 1992. 

35 



98) Cody RJ, Haas GJ, Binkley PF, et al: Plasma endothelin correlates with 
the extent of pulmonary hypertension in patients with chronic congestive 
heart failure. Circulation 85: 504-509, 1992. 

99) Lerman A, Kubo SH, Tschumperlin LK, et al: Plasma endothelin 
concentrations in humans with end-stage heart failure and after heart 
transplantation. J Am Coli Cardiol 20: 849-853, 1992. 

100) Weber KT, Anversa P, Armstrong PW, et al: Remodeling and 
reparation of the cardiovascular system. J Am Coli Cardiol 20: 3-16, 1992. 

101) Eichhorn EJ: Effects of bucindolol in heart failure. Am J Cardiol 71: 
1C-6C, 1993. 

102) Hershberger RE, Wynn JR, Sundberg L, et al: Mechanism of action of 
bucindolol in human ventricular myocardium. J Cardiovasc Pharm 15: 
959-967' 1990. 

103) Deitchman D, Perhach JL, Snyder RW: .B-adrenoceptor and cardiovas­
cular effects of MJ 13105 (bucindolol) in anesthetized dogs and rats. Eur J 
Pharm 61: 263-277, 1980. 

104) Stanton HC, Dungan KW: In vitro effects of beta adrenoceptor agonists 
and antagonists on the rat ovarian suspensory ligament. J Pharm Exp 
Ther 239: 591-596, 1986. 

105) Leff AR, Garrity ER, Munoz NM, et al: Selectivity of the intrinsic 
sympathomimetic activity of the .B-adrenergic blocking drug bucindolol. J 
Cardiovasc Pharm 6: 859-866, 1984. 

106) Bristow MR, Larrabee P, Minobe W, et al: Receptor pharmacology of 
carvedilol in the human heart. J Cardiovasc Pharmacal 19 (Suppl 1): S68-
S80, 1992. 

36 



107) Brodde OE, O'Hara NO: Affinity of bucindolol to a- and 6-adrenoceptor 

subtypes as evaluated by radio-ligand binding studies. Proc Brit Pharm Soc 
81 (Suppl): 173, 1984. 

108) Marwood JF, Stokes GS: Bucindolol has serotonin and a-adrenoceptor 

blocking properties. J Cardiovasc Pharm 7 (Suppl 7): S67-S69, 1985. 

109) Rimele TJ, Aarhus LL, Lorenz RR, et al: Pharmacology of bucindolol 
in isolated canine vascular smooth muscle. J Pharm Exp Ther 231: 317-325, 
1984. 

110) Bristow MR, Handwerger D, Klein J, et al: Down regulation of cardiac 
61-adrenergic receptors by "atypical," 6-blocking agents. Circulation 86 
(Suppl I): I-646, 1992 (abstr). 

111) Waagstein F, Hjalmarson A, Varnauskas E, et al: Effect of chronic 
beta-adrenergic receptor blockade in congestive cardiomyopathy. Brit Heart 
J 37: 1022-1036, 1975. 

112) Anderson JL, Gilbert EM, O'Connell JB, et al: Long-term (2 year) 
beneficial effects of beta-adrenergic blockade with bucindolol in patients 
with idiopathic dilated cardiomyopathy. JAm Coli Cardiol 17: 1373-1381, 
1991. 

113) Wisenbaugh T, Katz I, Davis J, et al: Long-term (3 month) effects of a 
new beta-blocker (nebivolol) on cardiac performance in dilated 
cardiomyopathy. JAm Coli Cardiol21: 1094-1100, 1993. 

37 


