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Abstract 
Our first intention to treat infants’ heart failure with beta blockers was to im-
prove the clinical condition as shown in our prospective randomized trial. 
We only use non-selective beta blockers in these infants, carvedilol in those 
with left ventricular dysfunction and propranolol in those with congenital 
heart disease without ventricular dysfunction. Despite a significant improve-
ment of Ross’s heart failure score, we could not convince most colleagues 
within the last 25 years if the concept of neurohumoral activation in heart 
failure is not well-established pediatric cardiology. Recently, Honghai Liu et 
al. published that cardiomyocyte cytokinesis failure was increased in conge-
nital heart disease. Inactivation of the beta adreno receptors genes and ad-
ministration of the beta-blocker propranolol increased cardiomyocyte divi-
sion in neonatal mice, which increased the number of cardiomyocytes (en-
dowment) and conferred benefit after myocardial infarction in adults. We 
currently realize that propranolol in infants with congenital heart disease not 
only decrease highly elevated NT-Pro-BNP values but also decrease cardiac 
troponin T values that may indicate myocardial injury due to neurohumoral 
activation. We reproduce this observation, primarily seen in infants with 
congenital heart disease, in an infant with Duchenne muscular dystrophy. 
These observations were in good accordance with current data from H. Liu et 
al., who showed that treatment with non-selective beta blockers early after 
birth might rescue cytokinesis defects and prevent heart dysfunction in 
adulthood in a mouse model. 
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1. Introduction 

Recently, H. Liu et al. showed that treatment with non-selective beta blockers 
early after birth might rescue cytokinesis defects in infants with congenital heart 
defects and prevent heart dysfunction in adulthood in a mouse model [1].  

The efficacy of beta blockers for the treatment of adult heart failure is well es-
tablished. However, there are currently no guidelines for the use of beta block-
ers, such as propranolol, to treat heart failure in infants with congenital heart 
disease despite significant supporting evidence for the clinical use [2].  

Based upon 25 years’ experience with beta blocker treatment in infants with 
heart failure due to congenital disease, I will now discuss three clinical cases that 
show that myocardial protection in early infancy with propranolol and carvedi-
lol treatment may prevent myocardial injury in infants with heart failure due to 
congenital heart disease or Duchenne muscular dystrophy. 

2. Methods 

2.1. Processing and Analysis of 24-Hour-Holter Recordings 

The infants are routinely monitored with our Dräger Infinity MonitorsTM (Dräger; 
Germany). For analysis of heart rate variability we export the monitor data to 
the PathfinderTM ECG Software using a network connection. All Holter record-
ings were reviewed by an experienced cardiologist and were edited to validate 
the system’s QRS labeling in order to exclude artifacts. Measures of heart rate 
variability were calculated employing only normal to normal intervals. The Hol-
ter ECG’s were analyzed as average values from the entire 24 hours of analyzable 
data. For this publication, we only use frequency domain measures if the time 
domain measures have very low values in neonates and cannot differentiate the 
changes of the autonomic tone. 

2.2. Frequency Domain Measures 

Measurement and physiological interpretation of heart rate variability parame-
ters were performed according to the standards of the Task Force of the Euro-
pean Society of Cardiology and the North American Society of Pacing and Elec-
trophysiology. Beat-to-beat fluctuations were transformed to the frequency do-
main using Fast Fourier Transformation. Spectral power was determined over 
three frequency regions of interest: very low frequency power (VLF, 0.004 - 0.04 
Hz), low frequency power (LF, 0.04 - 0.15 Hz) and high frequency power (HF, 
0.15 - 0.4 Hz). High frequency power reflects mostly vagal tone.  
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3. Case 1: Pre- and Postoperative Management of an Infant 
with Severe Heart Failure Due to a Truncus Arteriosus 
Communis 

This case is illustrated in Figure 1. This neonate suffered from severe heart fail-
ure due to pulmonary over circulation of cause a truncus arteriosus communis 
despite a pharmacotherapy with metoprolol, spironolactone, and hydrochloro-
thiazide. Cardiac surgeons refused immediate operation because of low birth 
weight of 2400 g but despite nasogastric tube there was no weight gain. We de-
cide to change the cardio selective beta blocker metoprolol (0.5 mg/kg) to 2 
mg/kg propranolol. Further we introduce digoxin and observe an improvement 
of heart rate variability indicated by the power spectrum of the Fast Fourier 
Analysis and a further decrease of average heart rate to the target heart rate of 
125 bpm. Due to improved weight gain she had successful cardiac surgery with 
3.5 kg bodyweight. Highly elevated NT-BNP and cardiac cTnT drop down after 
changing from metoprolol to propranolol. After corrective surgery she suffers 
from severe heart failure again, treated with sildenafil, frusemide, hydrochloro-
thiazide, spironolactone, and digoxin. We switched again to propranolol step by 
step and could exclude all other drugs. Again NT-BNP and cardiac cTnT de-
crease and heart rate variability increase. The complete recovery is illustrated by 
the steep increase of heart rate variability after 75 days. The clinical improve-
ment is clearly shown by a decrease of highly elevated NT-Pro-BNP and cardiac 
Troponin (CTnT) values. 

4. Case 2: Pre-Operative Management of an Infant with 
Down’s Syndrome and Severe Heart Failure Due to a  
Ventricular Septal Defect and Left Ventricular  
Dysfunction 

This case is illustrated in Figure 2. We started carvedilol in this neonate with 
Down’s syndrome and ventricular septal defect with a very high NT-Pro BNP 
value of 101,000 pg/ml (Figure 2 was illustrated with NT-BNP in ng/ml) who was 
treated with dobutamine due to left ventricular dysfunction. We could stop do-
butamine after 24 hours while HRV increase to normal values within one week 
and NT-Pro BNP decrease rapidly. Myocardial injury was indicated by cTnT le-
vels up to 125 ng/ml who drop down to normal after the switch to carvedilol. 
The baby could be quickly weaned from ventilator and complete breastfeeding 
was established at the time of admission after 2 weeks. Ventricular dysfunction 
recover to normal measured by echocardiography. Up to the successful operation 
while treated with 0.7 mg/kg carvedilol, he was free of clinical heart failure with 
normal weight gain. The baby was successfully operated at the age of six month.  

5. Case 3: Neonatal Heart Failure Due to Duchenne’s  
Muscular Dystrophy 

This case is illustrated in Figure 3. The boy was born with muscle weakness and 
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heart failure and need gastric tube feeding. Based upon elevated NT-BNP and 
cTnT values, we anticipate a neonatal myocarditis and start treatment with car-
vedilol after one week and observed a quick improvement of his clinical condi-
tion. However, later we receive the genetic results that show Duchenne’s muscu-
lar dystrophy. We decide for ongoing carvedilol treatment for myocardial pro-
tection of cause ongoing elevated cTnT values. At the age of 4 years, he is in an 
optimal clinical condition. 
 

 
Figure 1. Pre- and postoperative management of an infant with severe heart failure due 
to a truncus arteriosus communis. 

 

 
Figure 2. Pre-operative management of an infant with Down’s syndrome and severe 
heart failure due to a ventricular septal defect and left ventricular dysfunction. 
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Figure 3. Neonatal heart failure due to Duchenne’s muscular dystrophy. 

6. Discussion 

Elevated cardiac troponin T (cTnT) is a specific marker of myocardial injury not 
only in most of all adults with myocardial infarction but also in patients with 
heart failure and congenital heart disease, even in newborns [3]. However, 
healthy neonates have higher cTnT values up to 100 pg/ml [4] compared to 
healthy adults (<14 pg/ml). 

CTnT has been investigated as a prognostic marker and is a strong and inde-
pendent predictor of all-cause and cardiovascular mortality, and of hospitaliza-
tion for cardiovascular causes in patients with chronic heart failure [5]. Two re-
cently published studies confirm the prognostic value of elevated cTnT level in 
children with congenital heart disease [6] [7]. 

The reason for elevated cTnT in infants with congenital heart disease is un-
known, but it seems to be related to neurohormonal activation as shown by 
highly elevated norepinephrine values [8]. 

Beta blockers have protective effects against myocardial injury in patients with 
congestive heart failure [9] and protect these patients against elevated cTnT [10]. 
In infants with congenital heart disease, propranolol treatment improves dias-
tolic ventricular function, indicated by significantly lower left atrial pressures, 
lower end-diastolic pressures, and less pronounced ventricular hypertrophy. The 
latter is estimated by lower ratios of myocardial wall to ventricular cavity areas 
on average of 42% [11]. In those infants treated with digoxin and diuretics, there 
was a significant down-regulation of beta2-receptor and angiotensin-2 receptor 
genes, and up-regulation of endothelin a receptor and connective tissue growth 
factor genes, which were partially prevented by additional treatment with pro-
pranolol. These data from the prospective CHF-Pro-Infant trial indicate a bene-
ficial cardiac remodeling in propranolol treated infants as published in 2003 
[13]. 

Furthermore, cTnT is further chronically elevated in patients with skeletal 
myopathies [12] and may be used for accurate evaluation of Duchenne cardi-
omyopathy [13]. Time course of cTnT elevations in children with Duchenne 
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muscular dystrophy in comparison to myocarditis are published [14]. 
Our first intention to treat infants’ heart failure with a beta blocker was to im-

prove the clinical condition as shown in a prospective randomized trial [2]. We 
only use non-selective beta blockers in these infants, carvedilol in those with left 
ventricular dysfunction and propranolol in those with congenital heart disease 
without ventricular dysfunction. As shown in the three cases, we now realize that 
non-selective beta blockers but not metoprolol (see case 1) additionally decrease 
elevated cTnT values in infants with heart failure. We do not know if cTnT levels 
decrease of cause improving heart failure indicated by lower NT-BNP values or 
due to a direct myocardial protection against the cardiotoxic effects of highly 
elevated norepinephrine levels. However, the current data published from H. Liu 
et al., who showed that treatment with non-selective beta blockers early after 
birth might rescue cytokinesis defects and prevent heart dysfunction in adult-
hood in a mouse model, strongly support our therapeutic approach to prevent 
the loss of myocardium due to early life stress by propranolol or carvedilol 
treatment. 

We wonder why 33 years after RD Ross report about highly elevated norepi-
nephrine levels in children with congenital heart disease [8], 22 years after our 
first report of an clinical improvement after propranolol in infants with severe 
heart failure [15] and 19 years after DJ Evans report about the impact of elevated 
norepinephrine levels on neurodevelopmental outcome in preterms [16], no 
further study proof if beta blockers may protect the heart and/or the brain 
against early life stress induced damages [17]. 

In conclusion, the recently published data about the impact of propranolol on 
increased cytokinesis failure in congenital heart disease from H. Liu et al. [1] to-
gether with our data who show myocardial protection by the decrease of cTnT 
after propranolol or carvedilol treatment are very important to increase the ac-
ceptance of early beta blocker therapy in infants with heart failure and other in-
fants who suffer from early life stress to improve longtime cardiovascular health. 
The decrease of highly elevated cTnT after carvedilol in an infant with Du-
chenne muscular dystrophy may eventually prevent the cardiomyopathy that 
have a high impact on prognosis. 
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