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Abstract:

Background: The efficacy and safety of the beta blocker carvedilol in pediatric patients with
chronic heart failure (CHF) has not been fully established till now.

Aim of the Work: To assess the role of carvedilol in the treatment of children with dilated
cardiomyopathy, to demonstrate its efficacy, tolerability and determine the least effective dose.
Patients and Methods: We conducted a double-blind, placebo-controlled study of 53 children
with dilated cardiomyopathy (DCM). Patients were randomly assigned to receive either placebo
(26 patients) or carvedilol (27 patients) added to the standard CHF therapy that consists of
angiotensin-converting-enzyme inhibitor and diuretics. The carvedilol group was further
subdivided into 2 groups according to the received dose of carvedilol. Subgroup I (11 cases)
received carvedilol dose of 0.01-0.09 mg/kg/day and subgroup II (16 cases) received carvedilol
with dose increments every 2 weeks from 0.01-0.2 mg/kg/day. All patients were followed up for
four months after reaching the target dose.

Results: The end results of the study showed that there was a significant improvement in Ross
heart failure class, fractional shortening (F'S), left ventricle end systolic dimension (LVESD) and
left ventricle end diastolic dimension (LVEDD) in patients of the study group which was not
achieved in the control group. On the other hand there was no statistically significant difference
between sub groups I and II regarding the end point. Carvidolol was well tolerated, with no side
effects or drug interaction reported.

Conclusion: Addition of carvedilol to standard anti-failure therapy is of beneficial effect and is
well tolerated in children with CHF on top of DCM. There may be no need for carvedilol dose
up- titration at least for the first months of treatment.

Level of Evidence of Study: ITA (1).

Keywords: Carvedilol; heart failure; cardiomyopathy; pediatric

Abbreviations: ACE: angiotensin-converting enzyme; CHF: chronic heart failure; DCM: dilated
cardiomyopathy; ECG: electrocardiogram; EF: ejection fraction; FS: fractional shortening; LVEDD:
left ventricle end diastolic dimension; LVESD: left ventricular end systolic dimension; MR: mitral
regurgitation.

Introduction

Cardiomyopathies, accounting for only 1% of patients with pediatric cardiac diseases,
remain a major cause of morbidity and mortality (2). The overall mortality in patients with
dilated cardiomyopathy (DCM) has been reported to be as high as > 50% (3, 4). Since the aetiology
of DCM is mostly unknown, specific therapy is not possible and so the treatment of DCM is
essentially that of congestive heart failure including diuretics, vasodilators and inotropes (5).
Many studies on adult patients have suggested that sympathetic activation plays an important
role in the genesis and progression of heart failure (6—8), this has led to the addition of
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sympathetic antagonists to the traditional pharmacologic treatments for heart failure in adults.
Carvedilol is a third generation non-selective beta-antagonist with alpha adrenergic blocking
and anti-oxidant activity (9—13). When combined with diuretics, digoxin and angiotensin-
converting enzyme (ACE) inhibitors, carvedilol has been shown to be effective in decreasing
hospitalization rates and improving survival in adults with chronic heart failure (CHF) (6, 8, 14).
However, limited information is available about its use in children.

While we report our experience with the use of carvedilol in the pediatric population with
cardiomyopathy, this study aims to evaluate its dosing, efficacy as well as safety and tolerability.

Subjects and Methods

We conducted a prospective, randomized, double-blind, placebo-controlled study. The study
included 53 pediatric patients under the age of 14 years with chronic heart failure due to DCM,
recruited from the Cardiomyopathy Clinic of Cairo University Children’s Hospital (CUCH). The
study was approved by the Ethical Committee at Cairo University.

Participants

All patients with DCM following-up for more than 6 months were screened. Patients with
poor response to conventional therapy were included in the study. Poor response was defined as:
symptomatic with grade I, II or III heart failure according to the Modified Ross classification
(15); with ejection fraction (EF) < 50%; despite at least two months of treatment with the
standard anti-failure treatment (diuretics in sufficient doses to maintain patients free of edema,
ACE inhibitors, and digoxin). Patients were excluded if they had active myocarditis, uncontrolled
arrhythmia or heart block, systemic arterial hypertension, progressive systemic diseases causing
cardiomyopathy, clinically-important hepatic or renal diseases, severe (grade IV) heart failure,
hemodynamically-unstable, receiving intravenous inotrope or vasoactive drugs, or were on
ventilatory mechanical support.

Methods
After a baseline evaluation that included detailed history taking, general and cardiac

examination, laboratory tests and chest x-ray, echocardiography was performed using a Vivid-5

(GE healthcare, Norway). The following parameters were measured: left ventricular end diastolic

dimension (LVEDD), left ventricular end systolic dimension (LVESD), fractional shortening (F'S)

and ejection fraction (EF). Presence of mitral regurgitation (MR) or intracardiac thrombi were

also recorded. Our fifty three children included in this study were randomly assigned (in the
ratio of 1:1 to receive carvedilol (group A) or placebo (group B). They underwent a double-blind
up-titration phase, in addition to their usual medications:

- Group A included 27 cases, was further subdivided according to the dose of carvedilol into:

Subgroup I (low-dose carvedilol group) included 11 patients who received an initial
dosage of 0.01 mg/kg/day of carvedilol for 2 weeks which was then increased (the dosage
was double) at two-week intervals first to 0.02 mg/kg/day, then to 0.04 mg/kg/day,
proceeding in weekly steps to 0.09 mg/kg/day.
Subgroup II (high-dose carvedilol group) included 16 cases who received carvedilol with
up-titrating its dose every 2 weeks from 0.01 to reach to 0.2 mg/kg/day in 0.04 step ups
over 4 to 5 times. During the up-titration dosage period, patients were evaluated
biweekly after which double-blind therapy was maintained for at least an additional
four months.

- Group B (control group) included 26 DCM cases who received placebo tablets. During this time,
patients were on standard therapy with digoxin, diuretics, and ACE inhibitors. Adjustment in
the standard medical therapy was at the discretion of the physicians. After four months of follow-
up, patients were observed for the occurrence of death for cardiovascular reasons, modified Ross
functional classification, any reported side effects, decrease in the use of conventional medications
and echocardiographic parameters.

Statistical Analysis
SPSS statistical package version 14 was used to analyze the data. Descriptive data were

described in form of frequencies and percentages, mean + standard deviation (or median and
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range if data were not normally distributed). Comparisons of values of modified Ross functional
classification and echocardiographic assessment between cases and controls were done using
Student's t test. Comparison of frequencies among groups were done using Chi square test. A p
value of less than 0.05 was considered significant.

Results

The age at the time of enrollment ranged from 14 months to 5 years (mean 29.12+20.0
months). Twenty five patients (47%) were idiopathic, 12 (23%) were post-myocarditis, 6 (11%)
familial, 5 (9.4%) were associated with metabolic disease, 2 (3.8%) with neuromuscular disease, 1
(1.9%) with each of: renal failure, collagen vascular disease, and post chemotherapy. There were
no significant differences between the 2 groups regarding demographic, clinical, electrocardiogram
(ECG) and echocardiographic parameters at the onset of the study (Table 1), also between the
subgroups I & IT (Table 2).

Table (I): Baseline characteristics of patients in the study and control groups.

Carvedilol Placebo P
(Group A, n=27) (Group B, n=26) value
Mean = SD Mean +SD
Age (mo) 29.12+20.0 36.12+26.12 0.3
Gender (M/F) 17/10 7/19 0.4
Weight (kg) 12.7+4.2 13.2+5.6 0.7
Chest infection episodes no. (%) 13 (48%) 10 (39%) 0.3
Ross functional classification
Class I 7 (26%) 4 (15%)
Class II 18 (67%) 19 (73%) 0.7
Class III 2 (7%) 3 (12%)
LVEDD (mm) 43.7+5.3 43.5+9.2 0.9
LVESD (mm) 34.6+5.2 34.1+9.5 0.9
Fraction shortening (%) 20.243.7 20.0+8.1 0.9
Mitral regurgitation (%)

None 5 (18.5%) 2 (17%)
Grade I 5 (18.5%) 3 (25%)
Grade II 10 (37%) 2 (17%) 0.2
Grade III 6 (22%) 4 (33%)
Grade IV 1 (4%) 1 (8%)

LVEDD: left ventricle end diastolic dimension; LVESD: left ventricular end systolic dimension.

ECG revealed sinus rhythm in all enrolled patients. Sixty percent of the cases had evidence
of left ventricular enlargement by voltage criteria; and in six non-specific ST-T changes were
present. None of the cases showed abnormal q waves in precordial or limb leads. There were no
statistically significant differences of ECG findings between different groups. Chest radiograph
showed cardiomegaly in all cases, cardiothoracic ratio ranging from 0.55 to 0.75 (mean = 0.65).
Pulmonary congestion was seen in 53% cases; mild in 20% and moderate in 33%.

After four months of follow-up, patients were observed for the occurrence of death for
cardiovascular reasons, modified Ross functional classification, decrease in the use of
conventional medications and echocardiographic parameters. The modified Ross class was used
as a direct measure of the clinical progression. No related side effects were reported throughout
the study period. In the study group A there was a significant decline in modified Ross class: 63%
of patients with class IT at the onset of the study were shifted to class I at the end of the study;
50% of the patients with class III improved to class I; while only 14% of patients with class I
worsened to class IT by end of the study. That improvement in modified Ross classes was
statistically-significant compared to the control group (Table 3). Dividing group A to two
subgroups showed no significant difference in end-point parameters reached at the end of the
study period (Table 4).
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Table 2: Baseline characteristics of patients in subgroups (I) and (II).

Subgroup 1 Subgroup II
(n=11) (n=16) P value
Mean + SD Mean +SD
Age (mo) 29.12+15.12 29.12+23.12 0.9
Gender (M/F) 6/5 11/5 0.5
Weight (kg) 12.843.0 13.4+4.7 0.3
Chest infection episodes (%) 5 (45%) 8(50%) 0.5
Modified Ross Heart Failure Class

Class I 2 (18%) 5 (35%)

Class IT 8 (73%) 10 (63%) 0.7
Class III 1 (9%) 1 (12%)

LVEDD (mm) 45.1+6.8 42.4+2.9 0.2
LVESD (mm) 36.1+6.5 33.1+3.0 0.2
Fraction shortening (%) 18.5+3.4 21.343.0 0.06

Mitral regurgitation no. (%)

None 0 5 (31%)

Grade I 3 (27%) 2 (13%)

Grade II 4 (37%) 6 (37%) 0.2
Grade III 3 (27%) 3 (19%)

Grade IV 1 (9%) 0

LVEDD: left ventricle end diastolic dimension; LVESD: left ventricular end systolic dimension.

Regarding the echocardiographic cardiac functions, there was a significant improvement in
patients of the study group A, whereas they deteriorated significantly among patients in the
control group B (Figure 1).
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Figure 1: Echocardiographic data of patients in the carvedilol group and in the control group
(at the onset and the end of the study).

Discussion

With advancement in medical therapy, the mortality has declined and quality of life
improved in DCM patients. In recent studies, improvement of outcome has been observed on
follow up in 45-52%; stationary course in 31-42% and death in 5-20% (4, 16). Improved survival
has been reported in adults with use of spironolactone, ACE inhibitors and beta-blockers (14, 17—
21); however, in children there is no uniform guideline for the use of beta-blockers in patients
with CHF secondary to DCM.

The studies that suggested a possible beneficial effect of beta-blockers are limited by small
sample size and lack of randomization (5, 22—26). Whilst a large randomized controlled trial failed
to identify clinical effectiveness of carvedilol in children and adolescents with heart failure (27).
Carvedilol is a third-generation beta-blocker that has an alpha-blocking action as well, thus
causing peripheral vasodilatation (9—13). Carvedilol may have other potential beneficial effects in
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heart failure as anti-oxidant and an anti-proliferative agent (9).We tried in this study to assess
prospectively the effects and the tolerability of carvedilol in the treatment of DCM children with
CHF in our Egyptian tertiary care center, and to determine the minimal effective dose.

Table 3: Data of patients included in the study and control groups at the end of the study.

Variable Carvedilol Control Group
Group A (n=27) B (n=26) P value
Modified Ross Heart Failure Class
class 1 19 (70%) 9 (35%)
class IT 7 (26%) 13 (50%) 0.03*
class III 1 (4%) 4 (15%)
Outcome
Improvement 13 (48%) 5 (19%)
No change 13 (48%) 18 (69%) 0.07
Deterioration 1 (4%) 3 (12%)
Mitral regurgitation no. (%)
10 (37%) 1 (8%)
Grade I 5 (19%) 4 (33%)
Grade II 9 (33%) 1 (8%) 0.2
Grade IIT 3 (11%) 5 (42%)
Grade IV 0 1 (8%)
FS (%) 22.7+6.5 19.1 +8.3 0.04*
LVEDD (mm) 41.5+6.8 45.4 +9.2 0.2
LVESD (mm) 31.5 +6.7 33.9+9.6 0.2

FS: Fractional shortening; LVEDD: left ventricle end diastolic dimension; LVESD: left
ventricular end systolic dimension.

Table 4: Data of patients included in the subgroups I and II at the end of the study.

Variable Su(l;lgzrﬂl)p I Su?f:itég) II P value
Modified Ross Heart Failure Class
class I 6 (55%) 13 (81%)
class II 4 (36%) 3 (19%) 0.2
class III 1 (9%) 0
Outcome
Improvement 5 (45.5%) 8 (50%)
No change 5 (45.5%) 8 (50%) 0.2
Deterioration 1 (9%) 0
Mitral regurgitation no. (%)
None 2 (18%) 8 (560%)
Grade I 2 (18%) 3 (19%)
Grade II 4 (36%) 5 (31%) 0.5
Grade III 3 (28%) 0
Grade IV 0 1 (8%)
FS (%) 19.8 +7.3 24.7+5.2 0.08
LVEDD (mm) 42.3 +8.7 40.7 +4.3 0.6
LVESD (mm) 32.9+17.0 30.2 +4.0 0.3

FS: Fractional shortening; LVEDD: left ventricle end diastolic dimension; LVESD: left
ventricular end systolic dimension.

During a treatment period of 4 months after reaching target dose, patients with mild-
moderate CHF in the carvedilol group were more likely to show symptomatic improvement and
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were less likely to experience clinical deterioration than patients in the placebo group. In their
study, Bajcetic and colleagues study on children with idiopathic DCM also reported a significant
improvement in modified Ross class in 80% of children (p < 0.001) at 12 months (28). Our results
agree with most of other reports in the literature but most of these had a small sample size with
lack of randomization; only two were only two placebo-controlled studies. Most of these reports
showed improvement in Ross class and ejection fraction compared to untreated controls, that
trended toward delaying time to transplant or death (24-26, 29).

We show that adding carvedilol to the traditional anti-failure therapy is beneficial not only
in the functional classification, but the echocardiographic parameters as well. Our study group
had significant reduction in LVEDD (p=0.0001); in LVESD (p=0.0001) and a significant increase
in FS (p=0.002). These results are similar to a couple of studies carried out in last decade by
Maunoury et al. (30) and Gerson et al. (31). Saucedu and colleagues also showed significant
improvement in the FS% to the extent that the myocardial performance index was normalized in
five patients at the end of the 8 months follow-up period (32). Gardini et al. proposes the beneficial
in ventricular function and clinical condition through modulation of the neurohormonal activity
which led to a significant reduction in LVEDD (p=0.004) and LVESD (p=0.009) and a significant
increase in the FS (p=0.001) (393).

We compare our results with two other placebo-controlled studies: Azeka et al. (24) studied
a total of 22 children with severe left ventricular dysfunction listed for cardiac transplantation (8
placebo patients and 14 patients received carvedilol at 0.01mg/kg/day titrated up to 0.2mg/kg/day)
that were followed-up for six months, showed significant benefit of using carvedilol; while the very
well-designed randomized control study by Shaddy et al (27) ended with results that oppose our
study: they failed to show beneficial effect on a heterogeneous group of children and adolescents
with CHF (including 95 with DCM and 66 with and congenital heart disease). However, a
subgroup analysis indicated a differential effect were a beneficial trend in patients with a systemic
LV (p=0.02) in contrast to a non-beneficial trend in patients where the LV was not the systemic
ventricle, thus there may be a differential effect of carvedilol based on ventricular morphology.

Functional mitral regurgitation, caused by papillary dysfunction, is a poor prognostic marker
in the setting of heart failure (34, 35). We found that severity of mitral regurgitation in the
carvedilol group decreased from entry point to end of follow-up in comparison to placebo group; in
five cases mitral regurgitation disappeared completely in the carvedilol group. This improvement
in severity of mitral regurgitation has been described in a retrospective study by Saxena et al.
which included 33 DCM patients with moderate to severe ventricular dysfunction (29).

It was previously thought that the efficacy and benefits of beta-blockade could not be obtained
during the first several weeks of treatment. That old thought was disapproved by a study done by
Krum et al which proved that carvedilol challenged that belief during both initiation and up-titration
periods. Patients treated with carvedilol in that study did not show increased risk of worsening CHF,
pulmonary edema, cardiogenic shock or other serious cardiovascular events including death (36). We
similarly show in our present study that carvedilol benefits are obtained from the first few weeks
with no remarkable adverse effects during the initiation and up-titration period of carvedilol therapy.
The dose of carvedilol and the way of its up-titration that we followed among the cases of the
subgroup Il is similar to which is used by Azeka and colleagues (24). The period of follow-up in our
study was 4 months: we report no adverse effects noted in these patients that necessitated
discontinuation of carvedilol therapy at any point, but rather progressive clinical improvement was
noted in this subgroup of patients during the period of up-titration.

Our study advocates that up-titration of carvedilol dose is not necessary in the pediatric age,
at least during the initial months of treatment, based on similar clinical and echocardiographic
outcomes for the two subgroups I and II (33). This was disapproved by the study of Bristow that
reported a dose-related improvement in LV function and survival in adult patients (37). We also
debate with the more recent work by Sexana and colleges where carvedilol was started at a low
initial dose of 0.1-0.2 mg/kg/d (mean 0.14+0.03 mg/kg/d), up-titrated to a final maintenance dose
of 0.3-0.6 mg/kg/d (mean 0.46+0.14 mg/kg/d), and concluded that therapy with carvedilol is best
initiated in small doses and very slowly titrated over several weeks to the maximum tolerated
dose (29).
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This study was limited by the relatively short-term period of follow-up, longer follow-up
could infer more about optimum dosing and the potential benefit in survival. Also the number of
candidates did not allow the break-down of subgroups according to the etiology or duration of
cardiomyopathy.

Conclusion

Carvedilol is beneficial in symptomatic and functional improvement of pediatric patients
with heart failure due to cardiomyopathy, when added to the regular antifailure medications. Up-
titrating the dose is equally effective to the low-dose treatment.
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