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Abstract

Given the heterogenous etiology of pediatric heart failure (pHF), evidence-based studies improving pHF are unlikely. A
paradigm shift towards updated medicine-based evidence is therefore necessary. In view of the life expectancy of children,
cardiac regeneration strategies are required. Therefore, age- and disease-related differences in myocardial (receptor) physiol-
ogy require individualized precision medicine. First-line diuretic therapy, adopted from the treatment of adults with HF with
no chance for recovery, should be questioned in the treatment of pHF with potential for recovery. Inadequate use of diuretics
is a common reason for additional stimulation of the neurohumoral axis. Consecutive intravascular volume depletion led to
an inadequate treatment with B-blocker and renin—angiotensin—aldosterone antagonists. Given the age-related catecholamine-
driven cardiovascular (patho-) physiology, highly selective p1-blockers (bisoprolol) protect against f1-(noradrenaline)-related
myocytic apoptosis and necrosis, but allow p2-receptor-mediated myocardial regeneration. Based on its high safety—efficacy
profile with rarely seen adverse effects but easily monitorable efficacy by the surrogate of heart rate (reduction), bisoprolol
is our first-line drug in infancy. Reduced heart rate economizes the heart and full body oxygen consumption and extends
the diastolic filling and coronary perfusion time. Based on our many years of institutional experience, physicians should be
encouraged to use pf1l-selected blockers in infants with dilated cardiomyopathy and hypoplastic left heart syndrome after
stage-1 procedure, but also to treat ventricular septal defects with a significant left-to-right shunt. In summary, individual-
ized pHF therapy is the prerequisite for a causal treatment to improve HF symptoms, but above all for the most functional
regeneration possible.

Key Points Based on the review article by Weisert et al. [1] and critical
reading of other recently published articles [2, 3], evaluat-
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a paradigm shift from ‘evidence-based medicine’ to heart failure (pHF) led me to ask “but, how concretely can
‘medicine-based evidence’. pHF therapy be improved?”” These reviews nicely summarize

cardiovascular drugs that are currently available or will be
approved in the near future. However, the works also show
why little progress has been made in drug therapy for pHF
in recent decades. Drugs with cardioprotective properties
such as the differentiated use of pf-blockers and ACE inhibi-
tors are questioned for their use in children due to a lack
of evidence. However, the same does not apply to first-line
therapy with diuretics, despite the fact that evidence has
always been lacking. Therefore, in the interests of especially
young HF patients, a paradigm shift from the fixation on
‘evidence-based medicine’ (EbM) to updated ‘medicine-
based evidence’ (MbE) is urgently needed. There is no time
to wait any longer for pediatric EbM data. They will almost
never become available and if they do, then ultimately only
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view, clinicians need detailed instructions for individualized
or personalized treatment based on current pathophysiology
and pharmacology knowledge. This is particularly impor-
tant when treating young patients with heterogeneous pHF
diseases but with a chance of recovery [4]. The effective-
ness of drugs that counteract the neurohumoral response in
HF, in particular the catecholamine cascade by p-blockers
(BB), has long been known [5]. A detailed treatment strat-
egy with BBs, which would correspond to sophisticated use
as cardioprotective and regeneration promoting agents, has
been neglected or even questioned. Therefore, knowledge
is already available for more than just a differentiated use
of fBs [6, 7].

Based on our more than 15 years of institutional expe-
rience [7-11], it is time to recommend physicians prefer-
entially use selective f1-blocker therapy in three clinical
scenarios of HF in infants with (a) ventricular septal defect
(VSD) with a significant left-to-right shunt; (b) hypoplas-
tic left heart syndrome (HLHS) during the interstage after
stage 1 procedure (S1P); and (c) dilative cardiomyopa-
thy (DCM), also in connection with the application of a
pulmonary arterial banding (PAB) for forcing functional
regeneration of left ventricular (LV)-DCM if right ven-
tricular (RV) function is preserved. The extent of heart rate
reduction to the lowest effective level is an important indi-
cator of the effect on ventricular function and myocardial
and whole-body economization. Thereby, it can be easily
monitored. The only contraindications to BB are cardio-
genic shock, symptomatic bradycardia and second/third
degree heart block. The benefits of comprehensive dis-
ease-modifying therapies, particularly for young patients
with HF with reduced ejection fraction (EF), are summa-
rized as a practical example (Fig. 1). For decision mak-
ing in infants with DCM referred for end-stage treatment,
or inquiries as to whether PAB is an option for treating
the affected young child with DCM, the following basic
information is required: a brief summary of the patient’s
medical history (age, weight, functional class); cardiac
morphology and function (LV-EF, left ventricular end-
diastolic diameter [LVEDD] with z score, extent of mitral
valve regurgitation, if present, and residual RV function);
and some hemodynamic data, especially heart rate under
the current overall treatment, not just the heart-specific
drug therapy. It remains a mystery why such a simple and
well established medical strategy as summarized in Fig. 1
is so problematic to establish. Also, the risk of placing
a PAB is low because it is inversely correlated with the
patient’s age. There was no procedural mortality at any
of the participating centers in the LV-DCM registry [11].
Infants can grow into the PAB, there is also no need to
make the PAB too tight. However, if you consider that
the regenerative potentials decrease dramatically, every
week counts. Waiting for a spontaneous recovery makes no
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Fig. 1 Echocardiographic (ECHO) four-chamber view of a 4-month-
old infant with left ventricular dilated cardiomyopathy and preserved
right ventricular function is shown. The consecutive pathophysiol-
ogy can easily be deduced. Briefly, the four-chamber view is from a
4-month-old infant (4.9 kg body weight) who was referred for heart
transplantation, but also with the question about being a candidate
for pulmonary arterial banding (PAB). The medication for the infant,
who was intubated and continuously ventilated at this time, consisted
of continuous infusion of epinephrine (0.075 pg/kg/min), milrinone
(1 pg/kg/min), nitroprusside-natrium (15 pg/kg/min) and intermit-
tent applications of furosemide (6 X 4 mg), hydrochlorothiazide
(2 X 5 mg), spironolactone 2 X 5 mg. The resting heart rate was 170/
min. Interpretation of the ECHO image (banana-shaped RV, collapsed
inferior caval vein, non-congestive LA) immediately revealed that
the young patient was overtreated with intubation, ventilation, seda-
tion, diuretics and catecholamines. Upon recommendation, epineph-
rine and nitroprusside were discontinued after a volume challenge
of at least 50 mL (10 mL/kg) Ringer® solution to avoid hypotension.
After extubation, oral treatment was given with bisoprolol (B) in
a single dose of 1 X 0.6125 mg (1/4 of 2.5-mg tablet) followed by
lisinopril (L) in the same dose of 1 X 0.615 mg when volume deficit
was definitively ruled out. Spironolactone (S) was administered once
daily at a non-diuretic dosage of 1 X 6.25 mg. Clonidine 3-6 Xx/day
(1-2 pg/kg per dosage) was continued orally due to weaning from
previous continuous analgo-sedation and its additional heart rate
lowering effect. Oral feeding of the spontaneously breathing baby
became possible. Upon admission at our center, the resting heart rate
was < 120/min. Continuous infusion of milrinone and oral applica-
tion of B-L-S were maintained. After decision to PAB, levosimendan
(0.1 pg/kg/min) without a loading dose was additionally infused for
24 h, beginning 12 h prior to PAB placement. This is consistent with
our institutional protocol [9], including differential use of cardiovas-
cular drugs in DCM-induced pHF in infancy [7, 12]. The indication
for PAB was based on age, normal RV function (TAPSE 12 mm)
and the distinct left-right displacement of the interventricular septum
shift by the ‘apple-shaped’ dilated left ventricle (LV) with a z score
of the LVEDD > 5. In relation to the low chance (< 10%) of sponta-
neous DCM regeneration, infants in high-income countries are listed
for heart transplantation (HTX) with or without the additional use of
an assist device [13]. Here, the patient showed a functional regenera-
tion after 6 months of follow-up care. IAS interatrial septum, LA left
atrium, LV left ventricle, LV-DCM left ventricular dilated cardiomyo-
pathy, LVEDD left ventricular end-diastolic diameter (z score), rASD
restrictive atrial septum defect, RV right ventricle, TAPSE tricuspid
annular plane systolic excursion

sense if the LVEDD has already exceeded a certain level
(z score + 5). Therefore, the protective and regenerative
aspects of pHF treatment in infancy should be considered
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when cardiomyocytes are at their peak in mitosis and
cytokinesis [14]. Reducing B-adrenergic signaling is a
cornerstone to avoid cytokinesis failure [15]. In addition,
the adrenergic receptors of an insufficient heart must be
re-differentiated, at least from the point of view of age and
disease [16, 17]. The f1 and B2 adrenoceptor distribution,
the expression pattern and in particular receptor-specific
stimulatory and inhibitory signaling pathways should be
taken into account. From a clinical point of view, this is
most possible on the basis of MbE. It is therefore also a
matter of perspective how ‘end-stage’ is defined in pHF.
Patients with ventriculo-ventricular interaction (RV com-
pression) caused by LV-DCM, as shown in Fig. 1, are
almost typical for infants and quite different from older
children and young adults. However, the chances of recov-
ery are so enormous that it is time to integrate the peculi-
arities of age and disease [18] into a thoughtful treatment
strategy that includes concomitant drug treatment [7-13].
‘Heart failure’ is not a syndrome, but a sequence of symp-
toms. The continued goal of obtaining data analogous to
large cohort studies in adults remains unrealistic for pHF,
especially if a single drug is to be analyzed with regard to
an endpoint such as mortality.

Either the pHF patients included are too heterogenous
in term of diseases, age and functional class or the number
of homogeneous and comparably severely diseased patient
cohorts is too small. A randomized, double-blind study
design alone cannot form the basis for EbM. The inclusion
of a clearly defined homogenous patient group is a must
for an EbM study. If, despite a random design, the results
of an incomplete, non-homogeneous ‘evidence’ design
are negative or indifferent, as shown in the carvedilol or
enalapril studies [19, 20], this is particularly problematic
because the studies are permanently classified as EbM.
The results of the two pediatric randomized studies led
to an exaggerated ‘discrediting’ of the two drug groups
investigated, -blockers for the treatment of severe pHF
and enalapril in failing single ventricle after stage-II or
stage-11I surgery [21]. Based on these data, it has been
postulated that adult data cannot be extrapolated from
adults to children [22]. This may apply to some pharma-
cokinetic aspects, but not to the indication for blocking the
neurohumoral overreaction, which is also and especially
evident with pHF. In addition, the indication for targeted
drug treatment to support cardioprotective, age-related and
possibly even cardio-regenerative goals is made. With sig-
nificant heart failure in children, it is almost impossible
that one drug class alone could alter mortality, whether
due to the blockade of the adrenergic, the renin-angioten-
sin or neuropeptide system. However, it becomes problem-
atic when such protective drugs are not used, but drugs are
tested in children [23] with unanswered questions about
possible long-term side effects, such as the inhibition of

neprilysin, an important enzyme that prevents f-amyloid
deposits in the brain [24].

Nevertheless, an answer is needed for the current pHF
patients who are being treated now. Especially in the field of
pediatric cardiology, the switch from EbM to updated MbE
is long overdue. The necessary age- and disease-specific
physiological and pharmacological knowledge has existed
for a long time and is constantly being expanded. An inter-
national platform that enables the exchange of knowledge
and data as a basis for MbE strategies could serve as control.
Experience in pediatric cardiac surgery is a strong example
[25]. The history of surgery for congenital heart defects is
based on risk-taking innovations. The lineage of survivalism
largely goes back to pioneers such as Blalock, Lillihei, Gib-
bon, Senning, Mustard, Jatene, Rastelli, Fontan, Norwood,
Castaneda etc., who made sophisticated surgery a success
story. Today it could be summarized as an MbE strategy or
personalized medicine. They realized that the risk of doing
nothing was unbearable for the suffering patients. Gradual
success was based on experience and mastery of a variety
of surgical procedures.

After all, what would be the consequence if pediatric
EbM studies were to confirm the effectiveness of pf-blockers,
ACE inhibitors or mineralocorticoid-receptor blockers
again, and in principle for children as well as adult stud-
ies? Nevertheless, a targeted design of drug therapy with
regard to the disease, age and the individualized therapeutic
goal that depends on it, as shown in Fig. 1 for an infant
with DCM, would still be absolutely necessary. The ques-
tion also remains open as to whether a palliative measure
(organ replacement) or an accompanying strategy for func-
tional regeneration should be the goal of the pHF therapy,
and whether a drug should be used for prophylactic purposes
or to protect against harmful side effects, as is the case with
transient myocardial stimulating treatment with catechola-
mines in DCM.

In conclusion, given the dominant physiological cardio-
vascular regulation by circulating catecholamines, particu-
larly in newborns and young infants, and the role of the
neurohumoral response in pHF, triple D therapy (diuretics,
digoxin, with fluid restriction, diet) should no longer be
first-line use in chronic treatment. It is time to implement
age- and disease-specific differentiated p-blocker therapy
for all forms of pHF. In addition, ACE-inhibitor treatment
promises to work additively and even synergistically with
B-blocker therapy; monotherapy in infants, on the other
hand, is not recommended [26]. Taking drug-specific con-
traindications into account, combination therapy is efficient
in young patients with symptomatic dilated cardiomyopathy
or in HLHS patients in the interstage after S1P, both as a
drug to preserve the myocardium and to balance pulmonary
to systemic blood flow, and in infants with a hemodynami-
cally relevant ventricular septal defect [27, 28]. The pediatric
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cardiologist might even take on a pacemaker role by focus-
ing the individualized pHF treatment on the exceptional
regenerative potential of the (young) heart, rather than fol-
lowing adult strategies by using diuretics as first-line drugs,
particularly for chronic pHF therapy.
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