
THE CONCEPTUAL MODEL FOR CARDIAC FAILURE

has changed radically over the past twenty
years. No longer considered a simple hemody-

namic paradigm of pump dysfunction, cardiac failure
is now characterized as a complex clinical syndrome

with release of many neurohormones1 and cytokines,2

which are believed to be most responsible for pro-
gression of the disease.3 This change in the understand-
ing of the pathophysiology has important therapeutic
implications. Interventions aimed solely at correct-
ing a low cardiac output, or reduced flow of blood,
do not necessarily slow the progression of the cardiac
failure or reduce mortality.3 Cardiac remodelling, as
defined by Mann,4 is now recognised as an impor-
tant aspect of the progression of cardiovascular dis-
ease. It is, therefore, emerging as a therapeutic target
in the setting of cardiac failure due to different 
etiologies.
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Abstract Background: Cardiac remodelling is now recognised as an important aspect of cardiovascular disease
progression and is, therefore, emerging as a therapeutic target in cardiac failure due to different etiologies. Little
is known about the influence of different therapies for cardiac failure on the remodelling seen in infants with con-
genital cardiac disease. Methods: During follow-up of a prospective and randomized trial, we investigated thera-
peutic effects on neurohormonal activation, ventricular function, and myocardial gene expression. We compared
the data from 8 infants with severe congestive heart failure due to left-to-right shunts, who received digoxin and
diuretics alone, to 9 infants who received additional treatment with propranolol. Results: In these infants, 
�-adrenergic blockade significantly reduced highly elevated levels of renin, from 284 � 319 µU/ml compared to
1061 � 769 µU/ml. Systolic ventricular function was normal in both groups, but diastolic ventricular function
was improved in those receiving propranolol, indicated by significantly lower left atrial pressures, lower end-
diastolic pressures, and less pronounced ventricular hypertrophy, the latter estimated by lower ratios of myocar-
dial wall to ventricular cavity areas on average of 42%. Further hemodynamic parameters showed no significant
differences between the groups, except for the lower heart rate in infants treated with propranolol. In those
treated with digoxin and diuretics, there was a significant downregulation of �2-receptor and angiotensin-2
receptor genes, and up-regulation of endothelin A receptor and connective tissue growth factor genes, that were
partially prevented by additional treatment with propranolol. Conclusions: �-blockade is a new therapeutic
approach for congestive heart failure in infants with congenital cardiac disease, producing with significant 
benefits on neurohormonal activation, diastolic ventricular function, and cardiac remodelling.
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Congestive heart failure in infants with congeni-
tal cardiac disease is usually not caused by pump
dysfunction,5 but is characterized by hemodynamic
disturbances due to left-to-right shunts, pulmonary
overcirculation, and volume overload. Recently pub-
lished data in such infants suggest that the “neuro-
hormonal hypothesis”,6,7 as well as the “cytokine
hypothesis”,8 may also be valid in this population.

Corrective cardiac surgery in early infancy seems
to be the most effective therapy with which to reverse
neurohormonal activation, and probably cardiac
remodelling, in these patients.9 Infants with complex
cardiac anomalies, nonetheless, frequently may not
undergo a complete repair in infancy. Instead, they
may require palliative surgery, such as banding of the
pulmonary trunk or creation of an aortic-pulmonary
shunt, which may have a negative impact on their
prognosis.10,11 In these patients, cardiac hypertrophy
seems to be the most important risk factor, for 
example, for a poor outcome of the Fontan opera-
tion.12,13 The hypertrophy seems to be a marker of
cardiac remodelling induced by volume overload and
neurohormonal activation.14

The prospective and randomized CHF-PRO-
INFANT trial, standing for Congestive Heart Failure
in Infants treated with Propranolol, compared the
therapeutic effects of digoxin and diuretics in infants
with severe congestive cardiac failure due to left-
to-right shunts to additional treatment with propra-
nolol. Recently published data obtained during the
first month of this trial showed significant clinical
and neurohormonal benefits due to �-blockade.15

Further measurements of neurohormonal activation,
ventricular function, expression of myocardial genes,
and invasively obtained hemodynamic data, were
performed during the follow-up of the patients in
order to investigate myocardial function and cardiac
remodelling.

Materials and methods

Study design
The CHF-PRO-INFANT trial was performed as a
prospective, randomized, and open trial in infants with
severe cardiac failure due to left-to-right shunts. The
German Federal Institute for Drugs and Medical
Devices, and the local ethics committee, approved the
protocol, which was conducted in accordance with
the Declaration of Helsinki II and the Note for Guid-
ance on Clinical Investigation of Medicinal Products
in Children. Written informed consent of the parents
was obtained.

We enrolled 20 infants aged up to three months
referred to our hospital with defined clinical symp-
toms of congestive cardiac failure. At the time of

enrollment, all infants were known to suffer from
congenital cardiac disease with significant left-to-right
shunts (Table 1), and showed a heart failure score of
more than 6 points using Ross’s scheme,16 which 
corresponds to classes III and IV in the grading of the
New York Heart Association for adults. All patients
received digoxin and diuretics during the first week
after enrollment, and then were randomized to receive
standard therapy with furosemide, spironolactone and
digoxin alone, or standard therapy plus additional
treatment with propranolol. Patients who were ran-
domized to beta-blockade received incremental doses
of propranolol during a mean titration period of 17
days, starting with 1 mg/kg/day, and aiming for a
final dosage of 2 mg/kg/day. The increase in, and the
final, dosage were determined by the investigator on
the basis of clinical response and heart rate. A flow-
chart of the trial and the time intervals were pub-
lished recently.15

The data of this follow-up study were obtained 
at the time of preoperative cardiac catheterization at
a mean age of five months, with a mean follow up of
3.5 � 2.4 months from enrollment. In one patient,
who developed severe sepsis following resection of
bowel during the early period of titration, receiving
0.45 mg/kg/day propranolol, we stopped the beta-
blockade in the intensive care unit. In 2 patients
receiving standard therapy, there was spontaneous
closure of their ventricular septal defect. They did
not need cardiac catheterization or cardiac surgery. The
data of these patients were excluded from the subse-
quent analysis. Myocardial biopsies from 15 infants
were obtained during cardiac surgery approximately

Table 1. Cardiac diagnoses in the CHF-PRO-INFANT trial.

Propranolol (N � 10) Digoxin/diuretics (N � 10)

VSD VSD
ASD/VSD VSD
AVSD AVSD
ASD/VSD AVSD
AVSD AVSD
AVSD AVSD
AVSD, CoA resection, BPT AVSD, CoA resection, BPT
PVA, RV-PT-Conduit VSD
TA DILV
TA, Ao-PA-Shunt VSD, Ao-PA-Window

Two patients with ventricular septal defect (VSD) in the group 
treated with digoxin and diuretics, and one patient with an 
atrioventricular septal defect (AVSD) in those receiving propranolol,
were excluded from this follow-up study because of spontaneous 
closure or extracardiac complications
Abbreviations: ASD: Atrial Septal Defect; CoA: Aortic Coarctation;
BPT: Banding of the Pulmonary Trunk; PVA: Pulmonary Valve
Atresia; RV-PT-Conduit: Valveless conduit from the Right Ventricle
to the Pulmonary Trunk; Ao-PA: Aortic to Pulmonary
Shunt/Window; TA: Tricuspid Atresia
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one month after cardiac catheterization, having
obtained written consent from the parents.

Clinical parameters
We graded the presence and severity of congestive
cardiac failure using the Ross Score,16 along with a
previously published score6 based on the following
variables: respiratory rate, need for diuretics, weight
gain and degree of perspiration. In contrast to the
Ross Score, this score does not include heart rate,
which was directly influenced by betablockade.

Neurohormonal activity
Venous blood for determination of plasma neuro-
hormonal levels was drawn from non-sedated infants
by an experienced pediatrician during a routine collec-
tion of blood.

Levels of norepinephrine and epinephrine were
measured by a high-performance liquid chromatogra-
phy with fluorescence detection. Determinations for
concentrations of immunoreactive renin-, and aldo-
sterone, were performed with commercially available
immunoradiometric assays (Nichols Institute Diag-
nostika GmbH, Bad Nauheim, Germany). Levels of
endothelin levels were obtained using a commercially
available assay (Immundiagnostik GmbH, Wien,
Austria).

Hemodynamic parameters and ventricular function
Hemodynamic data were compared with those
obtained at the preoperative cardiac catheterization.
Systemic and pulmonary flows were calculated by
the Fick principle, using a measured consumption of
oxygen (Deltatrac™ II, HOYER Medizintechnik,
Bremen, Germany). Right atrial pressure, pulmonary
arterial pressure, and mean systemic arterial pressure,
were measured invasively. Left atrial pressure was
measured directly, or estimated from the pulmonary
capillary wedge pressure. The indexes of systemic and
pulmonary vascular resistance were calculated from
the differences in pressure, and the specific flows, in
the corresponding circulations. Ejection fraction, and
end-diastolic left ventricular volume, was determined
by bi-plane volumetric measurements from cineangio-
cardiograms made in the systemic ventricle. Data that
depend on body surface area were indexed.

To elucidate the left ventricular contractile state
and function, we used a noninvasive assessment of
wall stress that related the velocity of circumferen-
tial fiber shortening as a modification of the original
method of Colan and colleagues.17 For noninvasive
evaluation of this parameter, we utilized an algorithm
to derive the endsystolic pressure in the ascending
aorta from oscillometric measurements of blood

pressure.18 The degree of myocardial hypertrophy was
estimated by deriving the ratio of the myocardial
wall during systole to the area of the ventricular cavity
area as measured in the short axis cross-sectional
echocardiographic view.

Expression of myocardial genes
Myocardial tissue was obtained from right atrium
during cardiac surgery after connection with the
heart-lung-machine, and was immediately frozen on
dry ice and stored at �80°C. Ribose nucleic acid was
extracted with RNAzol™ (Lorei � Pasel, Germany)
and subjected to a deoxyribonuclease digest. Yields
of ribose nucleic acid before and after the deoxyribo-
nuclease digest were comparable in all groups (data not
shown). From each sample, 250 ng of ribose nucleic
acid was reverse transcribed with random hexamers
and SuperScript™ (Gibco™, Germany). To control
the efficient digestion of deoxyribonucleic acid, all
samples were run after digestion in a polymerase
chain reaction with the specific primers used before
reverse transcription. Primers for angiotensin2-, endo-
thelin A-, ß1- and ß2-adreno-receptor, transforming
growth factor ß, connective tissue growth factor, 
cardiotrophin-1, collagen-1, fibronectin, angiotensin
converting enzyme, glyceralaldehyde-3-phosphate
dehydrogenase, and 18S r-ribose nucleic acid, were
designed using Dnasis version 2.1™ and the Primer-
Express Software™ (PerkinElmer Applied Biosystems,
Germany). Sequences of all oligonucleotides used as
forward primers, reverse primers and fragment length
are available on demand from the corresponding
author.

All polymerase chain reactions had efficiencies of
about 1.9. The reaction and measurements were 
performed in quatriplets with the GeneAmp5700
Sequence Detection system (PerkinElmer Applied
Biosystems) or Light Cycler™ instrument (Roche,
Germany). In both systems, the specifity of the reac-
tion was evaluated by performing a melting reaction.
A “hot start” polymerase chain reaction procedure
(TaqStart antibody) with SYBR Green I™ was used.
SYBR Green I™ signals from each probe were related
to a standard curve in each assay (50 ng, 25 ng, 12.5 ng,
6.25 ng and 3.125 ng of total ribose nucleic acid from
equal amounts of ribose nucleic acid from pooled
samples). The expression of the target gene was nor-
malised to the expression of 18S r-ribose nucleic acid
or glyceralaldehyde-3-phosphate dehydrogenase by
using the delta-delta-ct-method.

Reference values of expression were estimated in
myocardial biopsies of 10 infants with cyanotic car-
diac defects with less severe heart failure and a Ross
Score below five points, who underwent surgery at
our institution.
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Analysis of data
In our analysis, we used data from 8 infants, who
were randomized to standard therapy, in comparison
to 9 infants, who received additional treatment with
propranolol up to the time of cardiac surgery. Statis-
tical differences between the groups were analysed by
the nonparametric, unpaired Student’s t test, using the
Mann-Whitney test when the data did not conform
to a Gaussian distribution.

Results

Clinical and neurohormonal parameters
Cardiac diagnoses were comparable between the two
groups (Table 1). Infants treated with propranolol
(Table 2, Fig. 1) underwent cardiac surgery at an older
age, and a higher bodyweight, due to their improved
clinical condition as assessed by the two scores for
cardiac failure. It proved possible to stop treatment
with Furosemide in 8 of the 9 infants who received
propranolol, while all patients on standard treatment
continued to require furosemide up to the time of their
cardiac surgery.

Neurohormonal data at the time of cardiac catheter-
ization, displayed in Table 3, showed a significant acti-
vation of the renin-angiotensin-aldosterone system in
those treated with digoxin and diuretics. This acti-
vation was related in time to the beginning of treat-
ment (Fig. 2), and paralleled increasing values of
creatinine and hyponatremia. Levels of norepineph-
rine and endotheline were elevated in both groups,
albeit with no significant differences.

Hemodynamic parameters and ventricular function
Hemodynamic data (Table 4) showed significant pul-
monary hypertension, and reduced systemic cardiac

indexes, with pulmonary overcirculation, in both
groups. Some patients had a decrease in pulmonary
flow during the study period, leading to the high
standard deviations in the ratio of pulmonary to sys-
temic flows. The mean uptake of oxygen, and pul-
monary vascular resistances, were normal, and mean
systemic saturation of oxygen was slightly reduced
in both groups. Heart rate was significantly lower in
those treated with propranolol.
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Table 2. Preoperative characteristics and drug therapy of patients
in follow up study.$

Digoxin/
Propranolol diuretics 
(N � 9) (N � 8) p-value

Characteristic
Age [month] 6.0 � 1.1 4.1 � 1.6 0.01
Sex [M/F] 4/5 3/5
Weight [kg] 5.4 � 0.9 4.2 � 0.8 0.002

Heart failure score 2.6 � 1.8 6.6 � 2.5 0.002
(Buchhorn)

Heart failure score (Ross) 2.9 � 2.1 6.2 � 4.2 0.1

Drug therapy
Digoxin [nmol/l] 0.9 � 0.2 1.1 � 0.3 0.2
Furosemide [mg/kg/d] 0.2 � 0.6 2.2 � 1.3 �0.001
Spironolactone [mg/kg/d] 1.9 � 1.2 2.8 � 0.7 0.07
Propranolol [mg/kg/d] 1.9 � 0.5 – –

$� values are means � SD
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Figure 1.
Clinical signs of cardiac failure measured by the Ross Score during
the CHF-PRO-INFANT trial. There is a slight decrease of the Ross
Score during the first week after starting treatment with digoxin
and diuretics, but a more pronounced decrease at the end of the titra-
tion of propranolol in this group (�). The Ross Score remained
higher in those receiving digoxin and diuretics (�) up to the time 
of their preoperative evaluation.

Table 3. Neurohormonal data and clinical laboratory of patients
in follow up study.§

Digoxin/
Propranolol diuretics 

Variable (N � 9) (N � 8) p-value

Neurohormonal data
Norepinephrine [ng/l] 609 � 391 1288 � 1316 0.32
Epinephrine [ng/l] 127 � 75 257 � 265 0.81
Renin [µU/ml] 284 � 319 1061 � 769 0.02
Aldosterone [pg/ml] 667 � 493 1246 � 537 0.04
Endotheline [fmol/ml] 2.5 � 3.3 2.8 � 3.1 0.84

Clinical laboratory
Sodium [mmol/l] 138.0 � 1.3 135.9 � 4.3 0.28
Creatinine [mg/dl] 0.32 � 0.09 0.45 � 0.08 0.01

§� values are means � SD
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Systolic ventricular function was normal in all
patients, measured by echocardiography and angio-
graphy. Wall stress related velocity of circumferential
fiber shortening was within the normal range, both
at baseline and preoperatively, in both groups (Fig. 3).
A significant difference was noted in endsystolic wall
stress, however, paralleled by an increase of myocar-
dial hypertrophy, in those treated with digoxin and
diuretics compared to the decrease in hypertrophy
seen in those receiving propranolol (Table 4). End-
diastolic left ventricular pressures, and mean left
atrial pressures, were also higher in those having
standard treatment compared to those also receiving
propranolol (Table 4).

Expression of myocardial genes
Due to the lack of normal values, we compared expres-
sion in the two groups of patients with findings in a
group of 10 children with cyanotic heart defects with-
out severe congestive cardiac failure. Expression of
�-receptor genes was reduced in those treated only
with digoxin and diuretics, but only genes for �2-
receptors showed a significant downregulation, that
was not seen in those receiving propranolol (Table 5).
Genes for angiotensin receptors and endothelin A
receptors were upregulated only in those treated with
digoxin and diuretics, no significant differences being
found in those receiving propranolol, who showed a
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Figure 2.
Levels of renin during the CHF-PRO-INFANT trial. The 
levels became highly elevated during the first week of treatment 
with digoxin and diuretics, and remained elevated in those only
receiving these drugs (�) up to the time of preoperative evaluation.
There is a significant decrease in the levels in those also receiving
propranolol (�).

Table 4. Preoperative hemodynamics and ventricular function.§

Digoxin/
Propranolol diuretics 

Variable (N � 9) (N � 8) p-value

Cardiac catheterization
Heart rate [1/min] 122 � 11 137 � 12 0.04
EF [%] 68 � 6 70 � 6 0.5
EDVI [% of normal] 155 � 66 142 � 43 0.5
LAP [mmHg] 6.4 � 2.5 9.5 � 3.0 0.04
LVedP [mmHg] 7.7 � 2.6 10.4 � 3.1 0.09
VO2 [ml/min/m2] 134 � 20 131 � 31 0.6
Qp/Qs 3.5 � 3.9 3.9 � 2.5 0.3
Qs [l/min] 2.6 � 0.7 2.5 � 0.7 0.8
SaO2 [%] 89 � 10 92 � 7 0.5
PAP [mmHg] 27 � 13 31 � 11 0.5
MAP [mmHg] 61 � 6 58 � 14 0.7
PVRI [Um2] 2.8 � 0.8 2.7 � 1.7 0.5

Echocardiographic measurements
VcFc [s�0.5] 1.0 � 0.1 1.1 � 0.3 0.1
ESSm [kdyn/cm2] 65 � 18 45 � 17 0.04
MyF/ESF 1.9 � 0.8 3.3 � 1.7 0.03

§Plus–minus values are means � SD
Abbreviations: EF: ejection fraction of systemic ventricle; 
EDVI: enddiastolic volume index of systemic ventricle; LAP: mean
left atrial pressure; LVedP: left ventricular enddiastolic pressure; 
VO2: oxygen uptake; Qp/Qs: ratio of pulmonary to systemic flow;
Qs: systemic cardiac index; SaO2: systemic oxygen saturation;
PAP: mean pulmonary artery pressure; MAP: mean arterial pressure;
PVRI: pulmonary vascular resistance index; SVRI: systemic 
vascular resistance index; VcFc: circumferential fiber shortening;
ESSm: ventricular endsystolic wall stress; MyF/ESF: myocardium wall
to cavity area in echocardiographic short axis of the left ventricle
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Figure 3.
Left ventricular contractile state and function during the CHF-
PRO-INFANT trial. Wall stress related velocity of circumferential
fiber shortening (VcFc) was assessed non-invasively using a modifi-
cation of the original method of Colan and colleagues. VcFc is 
normal or slightly elevated on enrollment (�, �) and at preoperative
evaluation (�, �), not only in those receiving digoxin and diuretics
(�, �), but also in those treated with propranolol (�, �). End-
systolic wall stress decreased in those treated only with digoxin and
diuretics, but increased in those receiving additional propranolol.
These changes are related to a progressive myocardial hypertrophy
measured by the ratio of myocardial wall to cavity in those treated
with digoxin and diuretics.
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trend to lower myocardial expression of angiotensin
converting enzyme.

Connective tissue growth factor was significantly
upregulated in both groups, but more pronounced in
those treated with digoxin and diuretics. Due to high
standard deviations, higher expression of fibronectin
and collagen 1 in these infants did not reach statisti-
cal significance (Table 5). Expression of transform-
ing growth factor � and cardiotrophin-1, and of the
reference genes glyceralaldehyde-3-phosphate dehydro-
genase and 18 S r-ribose nucleic acid, was not signifi-
cantly different between the groups.

Discussion

The CHF-PRO-INFANT trial compared two differ-
ent therapeutic strategies in infants with severe car-
diac failure due to congenital cardiac disease, based
on two different pathophysiologic models of under-
standing cardiac failure. Digoxin and diuretics should
optimize systolic ventricular function and reduce ven-
tricular preload according to the hemodynamic model.
The second therapeutic strategy, based on the neu-
rohormonal model,1 attempted to reduce the highly
activated neurohormonal systems by the use of the
betablocker propranolol, with a cautious use of loop
diuretics, that seems to be responsible for an addi-
tional activation of the renin-angiotensin-aldosterone
system. In our first publication about the CHF-PRO-
INFANT trial,15 we demonstrated during the first
month a beneficial effect of increasing doses of 

propranolol on elevated levels of renin and clinical
symptoms measured by the Ross score for heart fail-
ure. We now report the results of a second evaluation
at the time of cardiac surgery, comparing differences
of invasively measured hemodynamic data, ventri-
cular function, and expression of myocardial genes
between the two groups in order to explain the patho-
physiologic effects of additional �-blockade.

Systolic ventricular function was normal in all
patients during the whole course of the study, and was
not a problem.5 Despite giving therapeutic doses of
furosemide in those treated also with digoxin, mean
left atrial pressures were significantly higher compared
to those also receiving propranolol, who received lower
doses of furosemide. The different mean atrial pres-
sures seemed to be related to different end-diastolic
pressures in the left ventricle as evidence for impaired
diastolic ventricular function in those treated with
digoxin and diuretics. This observation is in accor-
dance with recent studies of �-adrenergic blockade
on the properties of left ventricular diastolic relax-
ation in patients with dilated cardiomyopathies.19,20

Impaired diastolic ventricular function may also be
related to more pronounced ventricular hypertro-
phy, indicated by significantly higher ratios of myo-
cardial wall thickness to the area of the ventricular
cavity in those receiving digoxin and diuretics. The
ventricular hypertrophy, and impaired diastolic ven-
tricular function, seen in these infants may be due, 
in part, to neurohormonal activation,14,21 indicated
by highly elevated levels of renin-, aldosterone-, and
norepinephrine.

These neurohormonal effects likely have led to
significant differences in expression of myocardial
genes. Selective upregulation of the cardiac endothe-
lin system has recently been described in an animal
model with increased pulmonary blood flow.22 In
accordance with these data, we observed significant
upregulation of the endothelin A receptor, that was
prevented by beta-blockade. These data may be of
functional importance if it holds true that an upreg-
ulation of the endothelin and angiotensin receptor
are a specific type of gene expression in isolated dias-
tolic cardiac failure.23

Additional treatment with propranolol, which was
introduced for infants with left-to-right shunts because
of its beneficial effect on clinical symptoms and 
neurohormonal activation,15 may prevent downregu-
lation of beta-receptors. The difference in expression
of myocardial �1 and �2-receptors between those
treated and untreated with propranolol, however, is
low, and significant only for the �2-adrenoceptor.
Further studies are needed to confirm the effective-
ness of preoperative medical treatment with antag-
onists of �-adrenoceptors on the downregulation 
of receptors, and to evaluate possible benefits on
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Table 5. Expression of myocardial genes.§

Digoxin/
Control# Propranolol Diuretics 

Gene (N � 10) (N � 7) (N � 8)

�1-receptor 0.11 � 0.03 0.10 � 0.01 0.08 � 0.02
�2-receptor 0.11 � 0.02 0.13 � 0.02 0.07 � 0.01⇓
AT2-receptor 0.6 � 0.09 0.88 � 0.21 0.98 � 0.1 ⇑
ACE 0.91 � 0.18 0.67 � 0.06 0.93 � 0.13
ETA-receptor 0.55 � 0.08 0.65 � 0.05 1.17 � 0.19 ⇑
CTGF 0.36 � 0.1 0.6 � 0.08 ⇑ 3.36 � 2.51 ⇑
Fibronectin 1.01 � 0.34 0.77 � 0.12 2.05 � 1.19
Collagen 1 0.85 � 0.22 0.69 � 0.10 2.25 � 1.32
TGF-� 0.68 � 0.1 0.71 � 0.06 0.98 � 0.39
Cardiotrophin 1 1.08 � 0.13 0.85 � 0.04 0.87 � 0.07
GAPDH 11.6 � 2.7 9.8 � 2.1 8.1 � 1.7
(reference gene)

§Plus–minus values are means � standard error of mean; #patients
with cyanotic heart defects; Results of student’s t test study group
versus control: ⇑/⇓ p � 0.01–0.05
Abbreviations: AT2-receptor: Angiotensin2 receptor; ACE:
Angiotensin Converting Enzyme; ETA-receptor: Endothelin A 
receptor A; CTGF: Connective Tissue Growth Factor; TGF-�:
Transforming Growth Factor �; GAPDH: Glyceralaldehyde-3-
Phosphate Dehydrogenase
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postoperative recovery after surgical repair for con-
genital cardiac disease.24

Downregulation of �2-receptors has not been
observed in adults with congestive cardiac failure from
systolic dysfunction, but has been seen in adults with
volume overload.25 Wu et al26 investigated the den-
sity of �-adrenergic receptors in the lymphocytes of
infants with left-to-right shunts, and demonstrated
significantly lower values in patients with cardiac
failure than in those without. There is evidence that
�2-receptors in neonatal myocytes are coupled differ-
ently from those in adult cells.27,28

Agents that block beta-adrenergic receptors are
now considered to represent the standard of care for
the treatment of chronic congestive cardiac failure 
in adults, with increasing acceptance for use in chil-
dren.29,30 In infants with congenital cardiac disease,
�-adrenergic blockade has beneficial effects on the
activated renin-angiotensin-aldosterone and sympa-
thetic systems that may possibly promote better
diastolic ventricular function and less pronounced
ventricular hypertrophy. Expression of myocardial
genes in our infants treated with digoxin and diur-
etics showed significant downregulation of �2-
receptors and connective tissue growth factor, along
with upregulation of endothelin A- and angiotensin2-
receptors that was partially prevented by treatment
with propranolol.
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