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Congestive heart failure (CHF) as a result of systemic ventricular 
dysfunction represents the evolution of many heart disorders in 
childhood. Among these, dilated cardiomyopathy and some congenital 
cardiopathies are refractory to the known drug therapy, based on 
digitalic glycosides, diuretics and converting enzyme inhibitors. For 
these cases, the last therapeutic resource frequently remains heart 
transplantation. It is accepted that more than 50% of all children with 
CHF are candidates for transplantation [1]. However, transplantation 
involves many impediments, among which the lack of donors is the 
most important one. If beta-blocking agents were until not long 
ago contraindicated in patients with CHF, the studies carried out 
over the past 10 years show that beta-blocking agents improve left 
ventricular function, the clinical picture of CHF and survival in 
adults with CHF. A recent consensus on CHF in adults [2] currently 
recommends beta-blocking agents as part of the standard therapeutic 
protocol of CHF. This remarkable turn from contraindications to 
consensus recommendations is due to the deeper understanding of the 
pathophysiology of heart failure.

The concept of adrenergic hyperactivity in congestive heart 
failure, the theoretical support of beta-blocking therapy

CHF is a symptomatic entity due to the incapacity of the heart to 
ensure the adequate perfusion and oxygenation of peripheral tissues. 
It manifests by fatigue, dyspnea, and signs of venous congestion. CHF 
is associated with severe ventricular dysfunction and pathological 
ventricular remodeling, changes that result in significant hemodynamic 
alterations. It is not surprising that doctors initially chose a treatment 
intended for these hemodynamic changes. Thus, traditional therapy 
of CHF recommends positive inotropic agents and peripheral 
vasodilators. But, the hemodynamic concept of the pathophysiology of 
heart failure proved to be incomplete. It was demonstrated that drugs 
with positive inotropic effects and phosphodiesterase inhibitors can 
result in the improvement of heart failure symptoms in the short term, 
but in the long term, they decrease survival [3,4]. At present, the concept 
of hemodynamic dysfunction has been associated with the concept of 
adrenergic hyperactivity. The activation of the sympathetic nervous 
system was described as one of the essential pathophysiological changes 
in patients with CHF or as one of the most important mechanisms 
responsible for heart failure progression [5]. In CHF, the activation of 
the adrenergic nervous system results in increased levels of circulating 
catecholamines [6,7], which accelerates the heart rate, increases 
blood pressure and myocardial contractility, effects that are positive 
in the short term. However, in time, adrenergic hyperactivity leads 
to the impairment of hemodynamics in the failing heart [8,9]. Direct 
detrimental effects include myocyte destruction and catecholamine 
induced necrosis [10,11]. The additional adrenergically mediated 
myocyte loss accelerates apoptosis, the programmed cell death process. 
The acceleration of the heart rate and the increase in myocardial 
contractility result in increased myocardial oxygen consumption, in 
increased wall stress and, with time, in the hypertrophy of the heart 
walls, with the alteration of the myocyte and the aggravation of heart 

failure. These physiological links are the theoretical support of the 
beneficial effects of ß-blocking agents that may lead to the prevention 
of chronic heart dysfunction in patients with CHF. Like many other 
classes of medications, beta blockers can be divided into three distinct 
groups. The first group consists of nonselective beta blockers without 
ancillary properties and includes such drugs as propranolol and 
timolol maleate. The second group consists of selective blockers of beta 
receptor subtypes without ancillary properties. This group includes 
metoprolol and atenolol. The third group consists of nonselective beta 
blockers that have the ancillary property of vasodilation. Included in 
this group are labetalol, carvedilol and bucindolol .

Carvedilol: a non-selective beta-blocking agent, with antioxidant 
properties 

Carvedilol is a nonselective beta-adrenoreceptor antagonist and 
an alpha1-adrenoreceptor antagonist[12-15]. Carvedilol is a racemic 
mixture with nonselective beta-adrenergic blocking activity produced 
by the S(-) enantiomer and alpha(1)-adrenergic blocking activity 
provided by both the R(+) and S(-) enantiomers in equal potency. It 
has no intrinsic sympathomimetic activity. Beta-adrenergic blocking 
agents are believed to improve cardiac failure by reducing circulating 
catecholamine concentrations. High levels of catecholamines, while 
useful in the short-term to increase cardiac output, result over time in 
increased cellular necrosis, increased myocardial oxygen consumption, 
ventricular hypertrophy, and fibrosis. By reducing catecholamines, 
beta-adrenergic blocking agents improve systolic function, decrease 
fibrotic remodeling of dilated ventricles, improve clinical symptoms, 
and have been associated with decreased hospitalization and mortality. 
It has been suggested that these agents also reduce QT dispersion, 
reducing the potential for sudden death from arrhythmia. Although 
documented in adults, this effect has not been demonstrated in 
children. Carvedilol provides the additional benefits of systemic arterial 
vasodilation through its alpha-blocking activity, anti-oxidant, and 
anti-endothelin effects.It has no intrinsic sympathomimetic activity. 
Bucindolol and carvedilol produce less “inverse agonism” than most 
other beta blockers. Inverse agonism is the ability of a beta blocker to 
inactivate active state receptors. The beta blockers with the most inverse 
agonism, like propranolol, produce the greatest negative chronotropic 
and inotropic effects. Thus, bucindolol and carvedilol produce relatively 
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fewer negative chronotropic and inotropic effects when compared with 
beta blockers like propranolol. The beta-blocking actions of carvedilol 
are generally evident in humans within one hour of administration, 
and the alpha-mediated vasodilatory effects, manifested by decreased 
peripheral resistance and decreased blood pressure, are evident 
within about 30 minutes of administration. The clinical significance 
of alpha blockade in conjunction with beta blockade in the treatment 
of CHF is not known. The use of alpha blockers alone, however, does 
not appear to reduce mortality in patients with symptomatic CHF. 

At high dosages, carvedilol exerts calcium channel blocking activity. 
It also has significant antioxidant properties. Carvedilol inhibits the 
generation of oxygen free radicals and prevents low-density lipoprotein 
(LDL) oxidation, which, in turn, reduces the uptake of LDL into the 
coronary vasculature. This antioxidant activity may contribute to 
carvedilol’s cardioprotective effects. In fact, compared with captopril, 
carvedilol has demonstrated similarly favorable effects on the lipid 
profiles of hypertensive patients with dyslipidemia [13-15]. In normal 
subjects and patients with hypertension, carvedilol is rapidly and 
completely absorbed after oral administration, achieving peak plasma 
concentrations within one to two hours.The volume of distribution is 
about 1.5 to 2 liters per kilogram of body weight, indicating substantial 
distribution into extravascular tissues. Absorption is delayed an 
additional 60 to 135 minutes when the drug is administered with 
food. Carvedilol undergoes extensive stereoselective first-pass hepatic 
metabolism. In plasma, 98 percent of the drug is bound to plasma 
proteins, predominantly to albumin. The terminal elimination half-life 

of carvedilol ranges from 7 to 10 hours in most subjects. Carvedilol 
is cleared by aromatic-ring oxidation and glucuronidation in the 
liver. The oxidative metabolites are then conjugated with glucuronide 
and sulfate,and the resulting conjugates are excreted in the bile and 
eliminated in the feces; only 16 percent is excreted in the urine. Some 
of the metabolites of carvedilol have beta-adrenoreceptor–antagonist 
activity, and one 4-hydroxyphenyl metabolite is approximately 13 
times as potent as carvedilol in this regard. The metabolites also have 
weak vasodilator activity, but the clinical importance of this property 
is unknown. The metabolism of carvedilol is affected by genetic 
polymorphism of cytochrome P-450 2D6 activity, in that patients 
with low activity have higher plasma concentrations of R-carvedilol, a 
stereoisomer that has both alfa- and beta-adrenoreceptor–antagonist 

activity.Drugs that inhibit cytochrome P-450 2D6 activity, such as 
quinidine, paroxetine, fluoxetine, and propafenone, may also increase 
plasma carvedilol concentrations. Thus, patients taking these drugs 
may be at particularly high risk of hypotension due to excessive 
-adrenoreceptor blockade. In contrast, plasma concentrations of 
S-carvedilol, which has only beta-adrenoreceptor–antagonist activity, 
are increased only slightly in patients with low cytochrome P-450 2D6 
activity[13-15].Clearance of carvedilol is delayed in patients over 65 
years of age. On average, their plasma carvedilol concentrations are 

50 percent higher than in younger patients. Patients with liver disease 
also have high plasma carvedilol concentrations, but the half-life of the 
drug is unchanged. Patients with renal disease have slightly increased 
plasma carvedilol concentrations; the pharmacokinetics of carvedilol 
are not altered in patients undergoing hemodialysis. Drugs that 
increase cytochrome P-450 activity, such as rifampin, can accelerate 
the clearance of carvedilol. Hydrochlorothiazide does not influence the 
pharmacokinetics of carvedilol,and the pharmacokinetics of warfarin 
are not affected by carvedilol. Plasma digoxin concentrations rise slightly 

in patients given carvedilol. Patients with heart failure (particularly 
patients with New York Heart Association [NYHA] functional class 
IV heart failure) have higher plasma carvedilol concentrations than 

normal subjects of the same age, but the values overlap considerably 
between the two groups. The increase is higher for S-carvedilol than 

for R-carvedilol. Heart failure, by causing intestinal edema, may also 
reduce absorption of the drug. Since heart failure causes reduced 
cardiac output, depressed hepatic perfusion, and hepatic congestion, 
it could interfere with hepatic drug metabolism; these factors could 
influence the pharmacokinetics of carvedilol. However, in one study 
that assessed the pharmacokinetics of carvedilol in patients with heart 
failure, the stereoselective disposition of the drug was proportional to 
the dose over the therapeutic range (6.25 to 50 mg per day).

The use of carvedilol in pediatric patients

In 2001, the first two articles documenting the use of carvedilol in 
children were published and others followed up [12,16-24]. Bruns et 
all reported the experiences of 6 centers who had treated a total of 46 
children between 3 months and 19 years of age [16]. Thirty-seven of 
the patients had a dilated cardiomyopathy, while nine had congenital 
heart disease. Therapy was initiated at a dose of 0.08 mg/kg given 
twice daily, and titrated as needed to an average dose of 0.46 mg/kg 
(0.92 mg/kg/day). After three months of therapy, 67% of the patients 
had an improvement in their modified New York Heart Association 
(NYHA) class. Mean shortening fraction improved from 16.2% to 
19%. While the majority of the patients improved or remained stable, 
30% were considered to have adverse outcomes (death or the need for 
transplantation or a ventricular-assist device) despite treatment. The 
authors concluded that carvedilol was a useful adjunct to standard 
therapy for pediatric cardiac failure. Gachara et al. published their 
experience with carvedilol in eight infants with dilated cardiomyopathy 
[17]. All patients were receiving digoxin, diuretics, and captopril. The 
average age at the start of therapy was 11 + 6.8 months. An initial dose 
of 0.1 mg/kg was given twice daily. The dose was titrated every 24 hours 
as needed, with an average maintenance dose of 1.08 + 0.4 mg/kg/
day. At follow-up (4.5 + 2.2 months), the patients showed significant 
improvement over baseline, with an increase in left ventricular 
ejection fraction (LVEF) from 24.4 + 5% to 38.5 + 11%. Five of the 
patients became asymptomatic, and two had only mild symptoms.
In 2002, Azeka and colleagues conducted a prospective, randomized, 
double-blind, placebo-controlled trial of carvedilol in 22 children with 
refractory heart failure [18]. Carvedilol was initiated with a low dose of 
0.01 mg/kg/day and increased as needed up to a target dose of 0.2 mg/
kg/day. At six months, there was a significant increase in LVEF in the 
carvedilol group (from 17.8% at baseline to 34.6%). Modified NYHA 
class improved in 9 of the 14 patients, allowing them to be removed 
from the transplant waiting list. Patients in the placebo group showed 
no improvement; two died and two required transplantation. Laer et 
al. reported the results of an open-label trial of carvedilol in 15 patients 
(6 weeks to 19 years of age) with cardiac failure who failed traditional 
management [19]. Ten had dilated cardiomyopathy, and five had 
congenital heart disease. Carvedilol was started at 0.09 mg/kg twice 
daily and titrated at 2-week intervals to a maximum of adult dose of 
50 mg/day. The target maintenance dose was 0.7 mg/kg/day. Twelve 
patients completed the 6-month trial, with a significant improvement 
in LVEF from 36% to 54%. Clinical symptom scores also showed 
statistically significant improvement. Mean arterial pressure declined 
from 75 mm Hg to 60 mm Hg and heart rate decreased from 116 beats/
min to 96 beats/min. During their open-label trial, Laer et al. compared 
the pharmacokinetic profile of carvedilol in the 15 children enrolled 
with nine healthy adults. In their study, the children exhibited higher 
maximum serum concentrations (average 16.9 ng/ml in children versus 
11.2 ng/ml in adults), although AUC values were similar. Elimination 
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half-life was significantly shorter in the pediatric patients than in the 
adults (2.9 versus 5.2 hours). When the pediatric patients were further 
divided into two groups (those <3.5 years and those older), the average 
elimination half-life was 2.2 hours in the younger children versus 
3.6 hours in the older patients (2,11). Williams et al. conducted a 
retrospective review of their experience with carvedilol and metoprolol 
in 12 children with left ventricular systolic dysfunction [20]. All patients 
had remained symptomatic on traditional therapy. Six patients were 
given metoprolol (0.4-2.4 mg/kg/day) and six received carvedilol (0.4-
0.9 mg/kg/day). At six months, there was a significant increase in both 
shortening fraction (from 13 + 4% to 21 + 8%) and LVEF (from 26 + 8% 
to 41 + 17%). There were no significant differences between the patients 
given metoprolol and those given carvedilol. An early response to beta-
adrenergic blocker therapy was associated with increased survival and 
reduced need for transplantation. In 2003, Giardini et al. [21] studied 
the effects of carvedilol in nine children with dilated cardiomyopathy 
over a one-year period. Therapy was initiated at 0.05 mg/kg/day 
and increased every 1-2 weeks to a target dose of 0.8 mg/kg/day. At 
12-month follow-up, plasma concentrations of norephinephrine, 
dopamine, and aldosterone were significantly reduced compared to 
baseline. Positive effects on ventricular remodeling were noted, with 
significant reductions in end-diastolic and end-systolic diameters, 
and an increase in LVEF. Maunoury et al. demonstrated a similar 
benefit in 17 children (average age 39±57 months) given carvedilol 
[22]. Treatment was initiated with a dose of 0.01 mg/kg/day and 
titrated to 0.2 mg/kg/day. After 6 months, LVEF increased from 26 
+ 11% to 43 + 17%, with 13 of the patients exhibiting more than a 
10% improvement. In addition, the study showed a 38% increase in 
cardiac uptake of iodine-123 metaiodobenzylguanidine, representing 
a significant improvement in cardiac adrenergic neuronal function. 
In 2003, Ratnapalan and colleagues studied the interaction in eight 
children.Digoxin clearance declined from 153.0 + 92.3 ml/min/1.73m2 
to 80.6 + 23.9 ml/min/1.73m2 after four days of concomitant carvedilol 
administration [23]. All patients had an increase in serum digoxin 
concentrations, with two patients having levels above the therapeutic 
range. Based on their observations, the authors recommend reducing 
the dose of digoxin by 25% in children receiving carvedilol. Rusconi 
et al. reported their experience over a 3-year period [24]. Carvedilol 
was added to standard therapy in patients with a persistent LVEF 
≤40%. The review included 24 children between 1 day and 16.5 years 
of age. The average initial and final doses were 0.15 + 0.09 mg/kg/day 
and 0.98 + 0.26 mg/kg/day, respectively. Two patients discontinued 
therapy, one for asthma and the other for worsening cardiac failure. In 
the remaining patients, there was a significant increase in LVEF from 
24.6 + 7.6% to 42.2 + 14.2%. Fifteen patients (68%) had improvement 
in their NYHA functional class. One patient died and 3 received 
transplants. In addition to these reports, a multicenter trial of carvedilol 
in children with heart failure is currently underway (Shaddy). With an 
expected enrollment of 150 children, this placebo-controlled study has 
been designed to address a composite of clinical outcomes including 
mortality, hospitalization, and symptomatic improvement, as well as 
measuring indices of ventricular function [1].

The integrated aspects of pharmacokinetics, metabolic drug 
interactions and clinical efficacy of carvedilol therapy in infants 
and children are important aspects for a better understanding and 
management of the pharmacotherapy in pediatric population. By the 
way it is important to elucidate other aspects of these essential steps in 
order to optimise the therapy in children. 
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