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~—ABSTRACT ~
Heart failure in children presents important characteristic features different from adult congestive
failure, from a pathophysiological and mostly from an etiopathogenic point of view. Heart failure in
children is, in most cases, a consequence of congenital structural cardiac abnormalities that remained
unoperated, underwent a palliative operation or presented post-surgery complications, or of cardiomy-
opathy. Based on the nature of the clinical presentation, new onset heart failure can be differentiated
from transient heart failure and chronic heart failure. Chronic heart failure may occur in children with
biventricular circulation (systolic or diastolic dysfunction), in cardiac structural abnormalities with a
right systemic ventricle and in the so-called univentricular heart. Acute heart failure can appear as acute
heart failure at onset or as an aggravation of heart failure on the background of acute decompensated

chronic heart failure.
- J
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INTRODUCTION SYSTOLIC VS. DIASTOLIC HF

eart failure (HF) is a complex he majority of the patients with HF have

clinical syndrome, with multiple

etiologies, resulting from the in-

capacity of the heart to pump

the blood amount required for
the metabolic needs of the body, including
adequate oxygen and nutrient intake (1). HF
can evolve with systolic dysfunction, diastolic
dysfunction or both.

both systolic and diastolic dysfunction du-
ring exercise and/or at rest. Patients with dia-
stolic HF have symptoms and/or signs of HF
and preserved left ventricular ejection fraction
(higher than 45-50%). The difference between
the two types of HF is related to the fact that
the main anomaly is the incapacity of the ven-
tricle to contract normally and eject a sufficient
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EnorocicaL PEcULARITIES IN PEDIATRIC HEART FAILURE

1. Cardiac disorders with an intact myocardium (intact myocardial
muscle fiber)

2. Cardiac disorders with an affected myocardium (damaged
myocardial muscle fiber)

3. Pericarditis (cardiac tamponade — hypodiastolic cardiac failure,
heart failure with diastolic dysfunction)

4. Intricate causes

TABLE 1. Etiological classification of HF in children.

blood amount (systolic failure) or the incapacity
to relax and fill normally (diastolic failure). The
main clinical manifestations of systolic HF are
the consequence of low cardiac output, with
the appearance of fatigue, a decrease in tole-
rance to exercise and other symptoms related
to hypoperfusion, while clinical manifestations
in diastolic failure are mainly due to an increase
in the filling pressure. Diastolic HF can be
caused by an increase in resistance to ventricu-
lar filling, as well as a decrease in the diastolic
capacity of the ventricle (constrictive pericardi-
tis, restrictive and hypertrophic cardiomyopa-
thy), by an impairment of ventricular relaxation
(hypertrophic cardiomyopathy).

HF has a significant incidence in the adult
population and a low incidence in the pedia-
tric population (2). The differences between
adults and children are not only related to the
incidence of HFE. There are significant differ-
ences particularly in etiological circumstances
(3). The most important causes of HF in adults
are represented by: ischemic heart disease
(40%), dilated cardiomyopathy (32%), valvular
heart disease (12%), hypertension (11%), other
causes such as myocarditis or arrhythmia (5%).

In the pediatric population, the causes of
HF are very different, as it will be shown in
what follows. HF is a major health problem in
some countries. An annual incidence of 1.13
cardiomyopathies in 100.000 children was
suggested by data of the American Pediatric
Cardiomyopathy Registry (4), with mortality
rate at 2 years from diagnosis is 13.6% in dila-
tive cardiomyopathy forms (5). The great ma-
jority of statistical data refers to adults, because
in children, the field of application of the pro-
blem is less well defined. Thus, it should be
mentioned that there is no gold standard ap-
proach to the diagnosis of HF in children. Fre-
quently, there is an ambiguity regarding the use
of the term HF for children with structural con-
genital cardiac lesions (uncorrected by surgery)
with left-to-right shunt with preserved systolic
function, which is very different from HF asso-
ciated with myocytic dysfunction. However, all
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classifications include some congenital cardiac
malformations in the etiology of pediatric HF
(6, Table 1).

Depending on the onset age of the clinical
picture of HF, certain etiological conditions are
more frequent at certain ages.

In older children, HF is more frequently
correlated with surgically uncorrected or pallia-
tively corrected congenital cardiac malforma-
tions, rheumatic carditis, viral myocarditis, bac-
terial endocarditis. In the same age group, HF
can be secondary in renal diseases with arterial
hypertension, thyrotoxicosis, hemosiderosis,
cardiomyopathy secondary to chemotherapy
of neoplasms.

In infants and young children, HF occurs in
congenital cardiac malformations with volume
overload by shunt at the level of the great ves-
sels (common arterial trunk, persistent araterial
duct, aortopulmonary window), or by shunt at
ventricular level (ventricular septal defect with
massive left-to-right shunt, ventricular septal
defect with transposition of the great arteries,
ventricular septal defect with tricuspid atresia,
atrioventricular duct) or shunt at atrial level (to-
tal anomalous pulmonary venous return). It is
also found in myocardial anomalies such as fi-
broelastosis, metabolic cardiomyopathies, viral
myocarditis, Kawasaki disease or it may be se-
condary in renal diseases with arterial hyper-
tension, hemolytic-uremic syndrome, hypothy-
roidism, sepsis. HF with onset in the neonatal
period involves myocardial dysfunction sec-
ondary to severe asphyxia at birth, sepsis, hy-
poglycemia. A number of severe congenital
cardiopathies in the first days of life that are
characterized by pressure overload such as aor-
tic stenosis, aortic coarctation, hypoplastic left
heartsyndrome, or by volume overload through
shunt at the level of the great vessels such as
patent arterial duct, common arterial trunk,
aortopulmonary window are other causes of
HF in the newborn. Equally important in the
etiology of HF during the neonatal period are
cardiac malformations with significant shunt at
ventricular level such as ventricular septal de-
fect, single ventricle with pulmonary stenosis,
atrioventricular duct, and arteriovenous fistu-
las. To the above, the following are added: ex-
treme tachyarrhythmias such as supraventricu-
lar tachycardia, atrial flutter, atrial fibrillation or
severe bradyarrhythmias such as congenital
complete atrioventricular block and other
atrioventricular blocks.



Sometimes, there are etiological circum-
stances for the onset of HF since intrauterine
life. These are represented by severe anemia in
hemolytic disease secondary to Rh sensitisa-
tion, or congenital cardiopathies with volume
overload through atrioventricular valve regurgi-
tation (atrioventricular duct), tricuspid regurgi-
tation (severe Ebstein disease) or arteriovenous
fistulas. Due to fetal circulation peculiarities,
many disorders that overstrain the heart are
relatively well tolerated in the fetal period. The
time of onset of HF is frequently the key ele-
ment in etiological diagnosis (Table 2).

Congenital cardiac malformations that de-
compensate during the neonatal period are
duct-dependent, i.e. their hemodynamics
worsens with the (physiological!) closure of the
arterial duct.

According to the HF Guide published by
the Working Group of the European Society of
Cardiology in collaboration with the Heart Fai-
lure Association of European Society of Cardio-
logy, a useful classification of HF in adults,
based on the nature of the clinical presentation
differentiates new onset HF from transient HF
and chronic HF (7). Transient HF refers to
symptomatic HF for a limited time period, al-
though long-term treatment may be indicated.
In children, chronic HF and acute HF are rec-
ognized.

CHRONIC HF in children can develop in
disorders with biventricular circulation (with

EnoLocicaL PEcuuAriTiES IN PEDIATRIC HEART FAILURE

There are no published estimates of the preva-
lence of diastolic dysfunction in the pediatric
population. The conditions that cause diastolic
dysfunction are varied and include pericardial
and myocardial etiologies.

It should be mentioned that there is no gold
standard approach for the diagnosis of HF in
children. There is frequently an ambiguity re-
garding the use of the term HF for children
with structural cardiac lesions (uncorrected by
surgery), with left-to-right shunt (10), with pre-
served systolic function (11), whose expression
is extremely different from HF associated with
myocyte dysfunction.

2. Chronic HF in the case of systemic right
ventricle

The morphological right ventricle may be-
come the systemic ventricle when it is connect-
ed to the aorta, so it pumps the blood into the
greater (systemic) circulation. There are two
main groups of patients with biventricular cir-
culation in which the right ventricle is the sys-
temic ventricle: 1) patients with transposition
of the great vessels with atrial switch surgery
and 2) patients with congenitally corrected
transposition of the great vessels (12).

In order to better understand the situation,
it should be said that in the case of the D- trans-

Age of onset of

Etiological circumstances

. . . . heart failure
systolic or diastolic dysfunction), structural car- Tricuspid regurgitation secondary to Ebstein
diac abnormalities in which the systemic ven- disease
tricle is the right ventricle and univentricular Severe mitral insufficiency in the
heart. Fetus atrioventricular duct
1. Chronic HF in biventricular circulation S SN . _
develop through mvocvte dvsfunction Paroxysmal supraventricular tachycardia
may .ev.e QP . 8 _y Y Y Atrioventricular block
(e.g. in idiopathic cardiomyopathy) (8) or Myocardial dysfunction secondary to
because of congenital cardiac abnormalities asphyxia, hypoglycemia, sepsis.
with volume or pressure overload. At pre- . Tricuspid insufficiency determined by
sent, these congenital cardiac malforma- First day of life papillary muscle dysfunction secondary to

hypoxia or Ebstein disease
Arterial duct-dependent congenital cardiac

malformations (see below)
Arterial duct-dependent congenital

tions are usually — but not invariably — ap-
proached by surgery or in the catheteriza-
tion laboratory.

Most of the patients with HF have evidence malformations _
of both systolic and diastolic dysfunction during  First week of life Persll)Stent aviranizll dluei dn flne prsnziine
newbporn

exercise and/or at rest. Diastolic dysfunction is
a clinical HF syndrome with preserved systolic
function, in which the alteration of diastole is
the unique or primary cause of HFE Patients
with diastolic HF have signs (9) and symptoms
of HF and a left ventricular ejection fraction
maintained at values higher than 45-50%.

Adrenal insufficiency through genetic
enzymatic deficiencies
Congenital cardiac malformations that become

After the 2™ week of symptomatic because of reduced pressure in
life the pulmonary artery: persistent arterial duct,

ventricular septal defect — at 6-8 weeks.
TABLE 2. Etiology of HF in the newborn, depending on the age of
onset.
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position of the great arteries, if arterial switch
(an anatomical correction consisting of the
transposition of the aorta and pulmonary ar-
tery) has not been performed in the neonatal
period, atrial switch is performed at a later
stage. This is a physiological (not anatomical!)
correction that consists of atrial reversal by di-
recting systemic and pulmonary venous return
so that the right atrium becomes the systemic
atrium (taking over pulmonary venous return
and channeling it through the tricuspid valve to
the right ventricle and from there, to the aorta),
and the left atrium becomes the atrium for pul-
monary circulation (taking over systemic ve-
nous return from the venae cavae and channel-
ing it through the mitral valve to the left
ventricle and from there, to the pulmonary ar-
tery). Atrial switch can be followed by compli-
cations that may result in HF (rhythm and con-
duction disorders, obstruction of systemic or
pulmonary venous return, right ventricular dys-
function).

The congenitally corrected transposition of
the great arteries is a double atrioventricular
and ventriculoatrial transposition resulting in a
physiological correction of circulation. The
clinical evolution of patients with congenitally
corrected transposition of the great arteries is
determined by the associated malformations
(ventricular septal defect, pulmonary stenosis)
or by the associated electrophysiological ano-
malies (atrioventricular block). HF develops
with aging. The studies releved that 25% of pa-
tients with congenitally corrected transposition
of the great arteries without associated anoma-
lies and 67% of patients with associated anom-
alies have HF at the age of 45 years (13).

The mechanism of right ventricular systemic
dysfunction is controversial. Various theories
include: a) suboptimal arrangement and me-
chanics of myocardial fibers in the right ventri-
cle, b) adverse pattern and reduced heteroge-
neity of ventricular strain, c) tricuspid insu-
fficiency, d) myocardial fibrosis secondary to
prolonged hypoxemia during the waiting peri-
od for atrial switch.

3. Chronic HF in univentricular circulation

There are some etiological conditions that
fall under the name of univentricular heart
(14), which have in common the presence of a

single functional ventricle, of right or left mor-
phology. The second ventricle (when present) is
hypoplastic (15), making surgical biventricular
correction impossible to perform. The single
functional ventricle must support both the sys-
temic and the pulmonary circulation (16).

Congenital cardiac malformations that are
part of the univentricular heart fit into:

1. the ventricle has a univentricular atrio-
ventricular connection (17), the two atrioven-
tricular valves open into a dominant ventricle,
usually of left morphology: double inlet left
ventricle;

2. absence or severe stenosis of the right or
left atrioventricular connection, almost con-
stantly associated with severe hypoplasia of the
corresponding ventricle: tricuspid atresia and
pulmonary atresia with an intact septum (18);
mitral valve atresia and hypoplastic left heart
syndrome (19);

3. marked right or left ventricle hypoplasia,
under the conditions of normal atrioventricular
connections or abnormal atrioventricular or
ventriculoarterial connections that prevent bi-
ventricular correction; common atrioventricu-
lar canal with unbalanced ventricles (20), com-
plex forms of transposition of the great vessels
and double outlet right ventricle (21).

ACUTE HF is defined as the appearance of
HF manifestations or the rapid alteration of the
signs and symptoms of chronic HF requiring
emergency treatment (22). Consequently, it
can appear as HF at onset or as an aggravation
of HF on the background of acute decompen-
sated chronic HF (23). The patient with acute
HF will present with one of the following clini-
cal categories: a) Aggravation or decompensa-
tion of chronic HF; b) Acute pulmonary ede-
ma; ¢) Cardiogenic shock; d) Hypertensive HF;
h) Isolated right HF

In conclusion, pediatric HF has many cha-
racteristics that differentiates it from adult HF
and in the first place, it has particular etiologi-
cal circumstances correlated with the presence
of congenital cardiac malformations. Etiological
peculiarities also depend on the various stages
of childhood.
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