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INTRODUCTION
Heart failure occurs when there is failure of ventricular filling
associated with a failure to eject blood from the ventricles.
Heart failure may be due to pump dysfunction, volume overload
(preload) and pressure overload (afterload).(1)
Causes of heart failure in children differ to causes seen in
adults.(2) The most common cause of heart failure in children
with a structurally normal heart is cardiomyopathy.(3) Most
studies in the management of heart failure, including clinical
trials, have been done in adults. Management of children with
heart failure is therefore based on adult studies.(2)
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whereas in congenital heart disease, this may occur much later
and may be experienced in adulthood (Table. I).(2)
Volume overload can be seen in patients born with congenital
heart lesions with left to right shunting. This dysfunction can
also be seen in patients with valvular insufficiency.
Pressure overload is seen in patients with congenital heart
defects with obstruction to the left ventricular outflow tract.(2)
These include discrete sub-aortic stenosis, aortic valve stenosis,
supra-valvular aortic stenosis, aortic arch hypoplasia, aortic
interruptions of various types and coarctation of the aorta of
various types.

EPIDEMIOLOGY
In the United States of America, heart failure accounts for
14 000 admissions annually, and in-hospital mortality ranges
between 7 and 11%.(4) The incidence of cardiomyopathy in the
US is 1.13 cases/100 000 population.(3) The most common
subtype is dilated cardiomyopathy, followed by hypertrophied
cardiomyopathy and then restrictive cardiomyopathy. About
40% of paediatric patients with symptomatic cardiomyopathy
will be submitted for a cardiac transplant, or succumb within
the first 2 years of life.(5)

PATHOPHYSIOLOGY
Heart failure may result from ventricular pump dysfunction,
volume overload with preserved pump function, and pressure
overload with preserved pump function.(2) Ventricular pump
dysfunction may be seen in both acquired and congenital heart
disease. In acquired heart disease, this occurs early in childhood,
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Ventricular dysfunction
Structurally normal heart
Cardiomyopathy
Causes of ventricular dysfunction are presented in Table I.(2)
Myocarditis may present with acute heart failure and is usually
caused by a viral insult.(6) It may then progress to chronic heart
failure in patients that develop dilated cardiomyopathy as a
complication.
Myocardial ischaemia may be due to anomalous origin of the
left coronary artery from the pulmonary artery (ALCAPA).(7)
This may present with heart failure associated with left ventri-
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TABLE 1: Causes of heart failure in infants and children.

enough to provide for the body’s needs.(8,9) Atrial arrhythmias,
like supraventricular tachycardias or junctional or ventricular
arrhythmias, may cause ventricular dysfunction.(10)

Ventricular pump dysfunction
Structurally normal heart
Primary cardiomyopathy
• Dilated
• Hypertrophic
• Restrictive
• Non-compaction
• Arrhythmogenic right ventricular dysplasia (ARVD)
Secondary cardiomyopathy
• Myocarditis
• Myocardial infarction/ischaemia
• Anomalous left coronary artery arising off the pulmonary artery (ALCAPA)
Arrhythmogenic
• Complete heart block with bradycardia
• Supraventricular or ventricular tachycardia
Drug/toxin exposure
• Anthracycline
Noncardiac causes
• Sepsis
• Renal failure
Congenital heart disease
• Complex congenital heart defect with concurrent ventricular
dysfunction
• Complex congenital heart defect, surgically corrected with late
ventricular dysfunction (“burnt-out” congenital heart disease)

Toxic drugs may cause ventricular dysfunction or failure. In
paediatrics, this is often due to chemotherapy, in particular
anthracyclines.(11)
Sepsis may cause ventricular dysfunction that results in heart
failure due to release of cardiotoxic cytokines.(12)
Complex congenital heart disease may degenerate into
ventricular dysfunction with heart failure before or following
surgical intervention, presenting with “burnt-out” myocardium.(13) This may occur quite early or much later in the
management of these patients with single ventricle aberrations.

Volume overload
Conditions associated with volume overload and preserved
ventricular function include ventricular septal defects, patent
ductus arteriosus, atrioventricular septal defects, aortopulmonary window, single ventricle with unobstructed pulmonary blood flow and rarely atrial septal defects.(2) Volume
overload becomes more pronounced in the first 6 - 8 weeks
after delivery as a result of a physiologic decline in pulmonary
artery pressures. At this stage, patients may present for the first
time with heart failure.

Preserved ventricular pump function
Volume overload (increased preload)
Left-to-right shunting
• Ventricular septal defect
• Patent ductus arteriosus
• Atrial septal defect (rare)
• Aortopulmonary window
• Atrioventricular septal defect
• Single ventricle physiology with unobstructed pulmonary blood flow
Valvular insufficiency
• Aortic regurgitation
• Mitral regurgitation
• Pulmonary regurgitation
Pressure overload (increased afterload)
Left-sided lesions
• Aortic stenosis
• Aortic coarctation
Right-sided lesions
• Pulmonary stenosis

Valve incompetence may lead to volume overload. This would
include mitral, aortic and pulmonary valve incompetence.
Pulmonary valve incompetence is usually seen in patients with
tetralogy of Fallot following repair.(14)

Pressure overload
Conditions causing ventricular outflow obstruction result in
pressure overload. It is usually severe outflow obstruction that
presents with acute heart failure in infancy.
Moderate or severe outflow obstruction may also cause heart
failure from chronically elevated filling pressures. The obstructive
lesions associated with heart failure include aortic valve stenosis,
coarctation of the aorta and pulmonary valve stenosis, amongst
others.(2) Systemic hyper-tension may also lead to pressure
overload.(15)

Modified from: Hsu DT, Pearson GD. Heart failure in children: Part I: History, etiology,
and pathophysiology. Circ Heart Fail 2009;2:63-70.

CLASSIFICATION OF HEART FAILURE

cular dysfunction as the pulmonary pressures decrease postdelivery.

Heart failure can be classified according to its natural progression or stage following exposure to a risk factor or based on
severity of clinical progression.(16-21) Heart failure staging in
infants and children is presented in Table II.(16)

Arrhythmias
Neonatal complete heart block due to either congenital
heart disease or maternal autoimmune disease may lead to
heart failure if the junctional escape rhythm is not adequate

Classification of heart failure severity may include the New York
Heart Association (NYHA) classification which is applicable
only to adults and adolescents(17) (Table III); the Ross
Classification which is applicable to children of all ages and
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TABLE 1I: Paediatric heart failure staging and recommended
therapy.(16)
Stage
A

B

C

D

Definition
Increased
risk of developing
heart failure, but
preserved cardiac
function and
chamber size.

Abnormalcardiac
morphology or
function, with no
past or present
symptoms of heart
failure.

Structural or
functional heart
disease, and past or
current symptoms
of heart failure.

End-stage heart
failure requiring
specialised
interventions.

Example

Therapy

Exposure to
cardiotoxic drugs,
family history of
hereditary
cardiomyopathy,
congenital single
ventricle,
l-transposition of
the great arteries.

None

Aortic regurgitation
with dilated left
ventricle, history of
anthracycline
exposure with left
ventricular systolic
dysfunction.

Angiotensin
converting enzyme
inhibitors for
patients with
systemic ventricular
dysfunction.

Cardiomyopathy or
congenital heart
defect with
ventricular pump
dysfunction.

Angiotensin
converting enzyme
inhibitors,
mineralocorticoid
receptor
antagonists
and beta blockers
for remodeling
reversal; low dose
digoxin and
diuretics for
symptom control.

Marked symptoms
at rest despite
maximal medical
therapy.

based on a history of feeding intolerance, growth problems,
exercise intolerance and physical signs of heart failure.(18-20)
Classification of heart failure in the paediatric population may
also include The New York University Paediatric Heart Failure
Index.(21) Like the NYHA classification, the Ross classification
of severity of heart failure in children and infants has 4 classes
as follows:
Class I:

Asymptomatic.

Class II: Mild tachypnea or diaphoresis with feeding in infants.
Dyspnea on exertion in older children.

Intravenous
diuretics and/or
inotropes, positive
pressure ventilation,
mechanical
circulatory support,
heart transplantation.

Modified from: Rosenthal D, Chrisant MR, Edens E, et al. International Society for
Heart and Lung Transplantation: Practice guidelines for management of heart
failure in children. The Journal of Heart and Lung Transplantation. 2004 Dec 1;
23(12):1313-33.

TABLE III: The New York Heart Association classification of
heart failure.(17)

Class III: Marked tachypnea or diaphoresis with feeding in
infants.
Prolonged feeding times with growth failure.
Marked dyspnea on exertion in older children.
Class IV: Symptoms like tachypnea, retractions, grunting, or
diaphoresis at rest.

Diagnosis
Signs and symptoms of heart failure are a reflection of the
inability of the heart to produce adequate cardiac output.

History
Symptoms of heart failure are different at different age groups,
as follows:(22)
Infants: This age group commonly presents with tachypnea and
diaphoresis during feeds, decreased amount of feeds, irritability,
easy fatigability and poor weight gain.
Young Children: In this group, the symptoms may simulate
common childhood illnesses like gastroenteritis, reflux, asthma
or even behavioral problems. These may be abdominal pain,
nausea, vomiting, poor appetite, failure to thrive, easy fatigability
and recurrent or chronic cough with wheezing.
Older Children: This age group may present with both cardiacspecific and cardiac non-specific symptoms such as exercise
intolerance, anorexia, abdominal pain, wheezing, dyspnea,
oedema, palpitations, chest pain or syncope.

Physical examination
Class D

NYHA Functional Classification
Patients with cardiac disease without resulting limitations of
physical activity.

II

Patients with cardiac disease resulting in slight limitation of
physical activity.

III

Patients with cardiac disease resulting in marked limitation of
physical activity.

■ Hypotension

IV

Patients with cardiac disease resulting in inability to carry on
any physical activity without discomfort.

■ A thrill that may be heard in congenital heart lesions or
a heave with a displaced apex may be detected in
cardiomyopathies.

Symptoms of cardiac insufficiency may be present even at rest.
Modified from: Hurst JW, Morris DC, Alexander RW. The use of the New York Heart
Association's classification of cardiovascular disease as part of the patient's complete
Problem List. Clinical Cardiology. 1999 Jun 1;22(6):385-90.
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The physical findings depend on severity of heart failure and its
complications like pulmonary congestion.

I

The clinical signs may include the following:(23)
■ Tachycardia
■ Poor peripheral perfusion due to reduced cardiac output.

■ Gallop rhythm due to either pump failure, volume overload
or both.
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■ Pulmonary oedema, manifesting as respiratory distress and
other features of respiratory distress like grunting and nasal
flaring in infants, retractions and use of accessory muscles,
wheezing or rales (in older children).
■ Features of systemic congestion, which include hepatomegaly, jugular venous distension (not generally observed
in infants and young children) and peripheral oedema.
■ Features suggestive of aetiology of heart failure, which
include: proximal hypertension in coarctation of the aorta,
cardiac murmurs seen in congenital heart defects with left
to right shunting, cardiomyopathies or regurgitant valves.

INVESTIGATIONS
The diagnosis of heart failure requires radiological and
laboratory studies.

Chest Roentgenogram
The chest X-ray assists in the diagnosis of cardiomegaly,
pulmonary oedema, and in monitoring clinical improvement
whilst the patient is on heart failure medication.
In left to right shunts, cardiomegaly suggests a moderate to
large lesion, volume overload with, or without, dysfunction and
atrial and/or ventricular enlargement. Cardiomegaly may also
be noted in dilated cardiomyopathy more than myocarditis.
Right ventricular dilation may be seen in patients with pulmonary
hypertension and Arrhythmogenic Right Ventricular Hyperplasia. Restrictive cardiomyopathy may present with features
in keeping with bi-atrial enlargement.

Electrocardiogram
The electrocardiogram (ECG) may show sinus tachycardia, a
feature of heart failure (reduced cardiac output).(24) Varying
degrees of heart block may be observed in rheumatic heart
disease, systemic lupus erythematosus and Lyme disease.
Features of atrial enlargement (restrictive cardiomyopathy) and
atrial enlargement associated with ventricular enlargement
can be seen in dilated and hypertrophied cardiomyopathies,
and in significant left to right shunts. Ventricular enlargement
may be diagnosed based on QRS Axis deviation together with
voltage criteria.
Decreased voltage amplitude can be seen in pericardial
oedema, muscle oedema and some forms of myocarditis.
T wave changes and ST elevation or depression can be noted
in various forms of cardiomyopathy and myocarditis.
A deep q wave in inferior and lateral leads (I, aVL, and V5 - V6)
with ST segment and T wave changes is a classic finding in
infants with anomalous left coronary arising from the pulmonary
artery (ALCAPA).(25)

Echocardiography
This is a fundamental diagnostic tool to ascertain whether the
heart is structurally normal, whether there is a congenital heart

disease, and whether the heart is enlarged with or without
ventricular (pump) dysfunction. In a patient with congenital
heart disease, the echocardiogram may further define cardiac
anatomy, arterial and venous connections, presence and
amount of shunting, presence and amount of valvular stenosis
and regurgitation, atrial and ventricular size, diastolic function,
estimation of right ventricular and pulmonary artery pressures.
The use of echocardiogram in establishing the cause of heart
failure and assessing the clinical status of the patient is illustrated
in the following examples:
■ Demonstration of the origin of coronary arteries from the
aortic root and diagnosis of anomalous origin of the left
coronary artery from pulmonary artery (ALCAPA).(26) The
affected infants often have severe left ventricular dysfunction
and mitral regurgitation at presentation, the latter due to
papillary muscle infarction. Reversal of colour flow in the
left coronary artery is highly suggestive of the diagnosis.
■ Diagnosis of non-compaction cardiomyopathy, which is a
rare type of cardiomyopathy, and derives its name from the
echocardiographic appearance of left ventricular endocardial
surface which, instead of being smooth, has deep trabeculations and multiple deep inter-trabecular recesses
communicating with the ventricular cavity.(27)
■ In patients with myocarditis and dilated cardiomyopathy,
echocardiogram may provide accurate assessment of left
ventricular dilation, mass and function. Left atrial and
ventricular size may be helpful in determining chronicity, as
their dilation and ventricular wall-thinning usually suggest
long-standing dilated cardiomyopathy rather than acute
myocarditis.(24)

Magnetic resonance imaging (MRI)
The information from echocardiography may be inadequate.
Cardiac MRI provides accurate and detailed information about
cardiac anatomy, ventricular function, myocardial inflammation
(in myocarditis), and infiltration by fat and fibrous tissue.(28-30)
It is particularly helpful in distinguishing restrictive cardiomyopathy from constrictive pericarditis.

Cardiac catheterisation
Cardiac catheterisation may be indicated for haemodynamic
studies in patients with congenital heart lesions needing surgery,
or those in need of heart transplant. A combination of cardiac
catheterisation and myocardial biopsy is the gold standard in
tissue diagnosis of myocardial disease. Angiography may be
indicated in the diagnosis of congenital coronary abnormalities.

Laboratory investigations
Initial laboratory investigations
Complete blood count: The presence of anemia may
contribute to heart failure in a predisposed patient (e.g. severe
ventricular septal defect) or exacerbate the severity of failure in
a patient with preexisting heart failure. In addition, an elevated
white blood cell count may be indicative of infection, which
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may also contribute to heart failure or be seen in patients with
septic shock (who may present with similar symptoms to those
of patients with heart failure).(24)
Urea and electrolytes: Serum electrolytes, blood urea nitrogen
and creatinine may be indicated to check for hyponatremia
which is seen in patients with severe heart failure.(16) Renal
impairment may be a contributing factor for heart failure or
may exacerbate preexisting failure.

■ to discriminate children with heart failure from those with
primary pulmonary disease among those presenting with
respiratory distress.(35)
■ to discriminate children with and without a significant
cardiovascular disease among those referred to a cardiologist.(36)
■ to discriminate serious from non-serious disease among
children with newly diagnosed cardiac disease.(37)

Liver function tests: The activity of liver enzymes can be
elevated due to liver congestion as a result of heart failure.

Also, BNP and NT-proBNP levels are higher in children with
newly diagnosed heart failure or those with acute exacerbations
of chronic heart failure; higher BNP levels predict poor
prognosis; improved BNP levels suggest improved ventricular
function; following complex heart surgery, BNP is predictive
of heart failure and BNP might be helpful as a marker of
anthracycline induced myocardial toxicity.(38-43)

Additional blood tests

Other studies

Creatinine kinase and Troponin

Anti-streptolysin O-titre and antinuclear antibody are indicated
for rheumatic fever and lupus. Further investigations may
include thyroid function tests, carnitine levels and organic
acids in patients with cardiomyopathy. Blood and Urine studies
may also be indicated to determine infectious causes of
cardiomyopathy.

Baseline electrolytes are needed prior to initiating therapy with
diuretics or angiotensin-converting enzyme inhibitors to avoid
potential side effects of these drugs.

These are markers of myocardial injury. Elevated Troponin C
among children presenting with left ventricular dysfunction
may suggest acute myocarditis rather than dilated cardiomyopathy.(31)

Inflammatory markers
Elevated C-reactive protein and erythrocyte sedimentation
rate (ESR) may be elevated in myocarditis and may help in
differentiating this from dilated cardiomyopathy.(24)

Genetic testing
About 30% of cardiomyopathies may be due to a genetic
cause (especially hypertrophied obstructive cardiomyopathy).
All patients with cardiomyopathy need a clinical geneticist
review and directed testing for a genetic cause.(32)

Brain Natriuretic Peptide (BNP) and N-Terminal proBrain Natriuretic Peptide (NT-proBNP)
BNP and NT-proBNP derive from pro-BNP which is produced
by the dilated atria.
Whilst BNP and NT-proBNP have been widely studied in
adults with heart failure, the role of these markers has not been
elucidated in the paediatric age group. This is due to the fact
that the paediatric cardiac myocardium reacts differently to
heart failure compared to the adult myocardium. Also, there
are no standard norms and values that have been determined
in paediatrics.
However, BNP and NT-proBNP levels have been shown:
■ to correlate with the presence and amount of shunting
through a patent ductus arteriosus in premature babies.(33)
■ to discriminate serious cardiovascular causes from noncardiac causes in newborns admitted with respiratory
distress to an intensive care unit early after birth.(34)
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Overview
Heart failure is very common, with numerous studies on its
management including randomised clinical trials performed in
adults, rather than in children (as mentioned earlier).
Management of heart failure in children is therefore extrapolated from adult studies. The management plan is directed or
depends on etiology and stage of heart failure.(16,44) In patients
with volume overload and preserved ventricular function
(e.g. large ventricular septal defect, atrioventricular septal defect
or regurgitant aortic or mitral valves), the management modality is either cardiac catheterisation or surgical intervention.(44)
In patients with pressure overload but preserved ventricular
function (e.g. aortic valve stenosis or hypertrophic cardiomyopathy), the management approach is cardiac or surgical
intervention as well. Medical therapy can be given for
symptomatic relief whilst patients await definitive therapy. In
patients with ventricular pump dysfunction, with either
structurally normal hearts or with congenital heart disease, the
drug choice depends on severity. Diuretics, aldosterone
antagonists, angiotensin converting enzyme inhibitors (ACEIs),
angiotensin II receptor blockers (ARBs), digoxin and beta
blockers (carvedilol) are used routinely in the treatment of
heart failure in children.(16) In patients with advanced heart
failure that is refractory to medical therapy, positive pressure
ventilation, inotropic support, mechanical circulatory support
and heart transplantation may be indicated. Other therapies
are directed at reducing risk or to treat complications like
thromboembolism, arrhythmias and ventricular dyssynchrony.
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Non-pharmacologic therapy may also include stem cell transplantation, optimisation of nutrition and exercise rehabilitation.(16)

Pharmacologic therapies
Diuretics, digoxin, angiotensin-converting enzyme inhibitors
(ACEIs), and angiotensin II receptor blockers (ARBs) are
effective in symptomatic relief of heart failure. Beta-blockers,
ACEIs, ARBs and mineralocorticoid receptor antagonists
(MRAs) or aldosterone antagonists have been shown to
prolong patient survival. ACEIs, ARBs, beta-blockers and
aldosterone antagonists have been shown to improve left
ventricular function, reverse left ventricular dilation and
remodeling. Additional drug therapy for chronic heart failure
may include Nesiritide, and more novel drugs like angiotensin
receptor blocker and neprilysin inhibitors (ARNIs) and
Ivabradine.(45-48)
Intravenous inotropes and diuretics may be given in patients
with acute decompensated heart failure or end-stage heart
failure awaiting heart transplant.

What’s old?

morbidity and mortality in such patients. Digoxin has been
shown not to effect improvement of heart failure in paediatric
patients with left to right shunts and preserved systolic function.(50) Common side effects of digoxin include arrhythmias,
digitalis toxicity, particularly in patients with renal impairment
or if used with amiodarone.

Angiotensin converting enzyme inhibitors
Heart failure leads to activation of the renin-angiotensinaldosterone system (RAAS) and increased sympathetic tone.
ACEIs inhibit RAAS by inhibiting the formation of angiotensin II,
a potent vasoconstrictor that also promotes myocyte
hypertrophy, fibrosis and aldosterone secretion. Thus, ACEIs
benefit patients in heart failure first by reducing afterload,
improving cardiac output and, on chronic use, by mediating
reversal of left ventricular remodeling.(16)
ACEIs improve survival and slow progression of heart failure.
Based on current evidence from adult trials and paediatric
studies, ACEIs are used in children with ventricular pump
dysfunction (stage B or C heart failure). Blood pressure and
renal function should be closely monitored, especially if ACEIs
are prescribed in neonates.(58)

Diuretics
Diuretics are preload reducers.
They include loop diuretics, thiazides and mineralocorticoid
receptor antagonists.(49-54)
Different types of diuretics, their mechanism of action, their
short and long term effects and their common side effects are
presented in Table IV.
In addition, loop diuretics have a shorter duration of action than
thiazides. Although they act synergistically, combined use of
these diuretics may potentiate adverse effects.(55)
MRAs also inhibit left ventricular remodeling by inhibiting
myocardial fibrosis.(54)

Digoxin
The mechanism of action of digoxin is by inhibiting sodiumpotassium ATPase and increasing intracellular calcium (positive
inotropic effect). Digoxin slows atrial conduction as well,
thereby resulting in a negative chronotropic effect.(56)
It is indicated for treatment of patients with stage C heart
failure because of its physiologic benefit and symptom relief. It
is no longer necessary to give high and frequent loading doses
of digoxin (“digitalising”) as the effects of digoxin are realised
with smaller doses (through levels on 0.5 - 1ng/mL). Digoxin
use has not been shown to reduce mortality though.(57)
Digoxin is not indicated in patients with asymptomatic left
ventricular dysfunction, as it has not been shown to improve

TABLE 1V: Diuretic classes, with their mechanisms of action,
short and long term effects and common adverse effects.(49-54)
Diuretic
class

Mechanism
of action

Effects

Common
adverse
effects

Loop diuretics
• Furosemide
• Bumetanide
• Torasemide

Inhibit sodium
and water
re-absorption in
the thick
ascending loop
of Henle.

Decongestion,
improve
exercise
capacity, reduce
mortality,
reduce risk of
hospitalisation.

Hypokalemia,
metabolic
alkalosis, renal
insufficiency,
nephrocalcinosis
and ototoxicity
(with chronic
use).

Thiazides
• Hydrochlothiazide
• Bendroflumethiazide
• Metolazone
Indapamide

Inhibit
reabsorption of
sodium and
chloride ions in
the distal
convoluted
tubules of
kidneys.

Decongestion,
improve
exercise
capacity, reduce
mortality,
reduce risk of
hospitalisation.

Hypokalaemia,
hyponatraemia,
nocturia.

Mineralocorticoid
Receptor
Antagonists
• Spironolactone
• Eplerenone
• Amiloride
• Triamterene

Block
aldosterone
receptor with
decrease in
sodium
reabsorption
and potassium
excretion
(potassiumsparring) in the
collecting ducts
of the kidneys.

Decongestion,
reduction in
hopitalisations
and mortality.

Hyperkalaemia,
gynaecomastia.
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Beta blockers
The beta blockers counteract the maladaptive effects of chronic
sympathetic activation of the myocardium.(59-62) In adults, they
improve patient survival, reverse left ventricular remodeling and
decrease myocardial fibrosis. The only trial of beta blockers in
children showed no benefit of therapy but the trial was
underpowered and studied a heterogenous population.(80)
They are indicated for use in the treatment of stage C heart
failure. Beta blockers are usually added to an established
regimen of diuretics, digoxin and ACEIs. Side effects usually
include dizziness, fatigue, hypotension, bradycardia, bronchospasm and hypoglycemia.
It is recommended that beta-blockers are discontinued in
patients with decompensated heart failure (stage D).

Angiotensin II receptor blockers
The ARBs also inhibit RAAS, like ACEIs, by inhibiting the
angiotensin II receptor. ARBs are usually reserved for patients
unable to tolerate ACEIs due to cough or angioedema. There
is limited use of ARBs in the paediatric age group.

Nesiritide
Nesiritide, which is a recombinant Brain Natriuretic Peptide,
reduces preload and after load by diuresis, natriuresis, and
arterial and veno-dilation, suppression of the renin-angiotensinaldosterone system (RAAS), thereby improving cardiac
output without a direct inotropic effect on the myocardium.(45)
Its mechanism of action is via activation of cyclic Guanalyl
Monophosphate (c-GMP). The most common side effect is
hypotension. Nesiritide is not recommended in acute
decompensated heart failure.

Pulmonary vasodilators
Sildenafil: Sildenafil is a phosphodiesterase type 5 inhibitor.(63)
Its use in patients with heart failure is associated with improved
left ventricular function, functional capacity, and quality of life in
adults with systolic left ventricular dysfunction and secondary
pulmonary hypertension.

Non-pharmacologic therapies
Positive pressure ventilation
Ventilation is indicated for advanced heart failure.(68) Noninvasive
positive pressure ventilation like continuous positive airway
pressure or biphasic positive airway pressure assists in reducing
pulmonary oedema and alveolar recruitment. They also reduce
left ventricular preload and after load in adults. There are no
studies in children that have looked at using these modes of
ventilation in patients with advanced heart failure.

Heart transplantation
This is usually recommended for end-stage heart failure that is
refractory to medical therapy (stage D).(69) It may be considered
in patients with less severe heart failure (stage C) if it is associated with severe limitation of activity, significant growth failure,
intractable arrhythmias or restrictive CMO.
Survival in paediatric heart transplant recipients at 1, 5, and 10
years after heart transplantation is approximately 90%, 80% and
60%, respectively.(70)
Early referral to a paediatric heart failure and transplant centre
should be considered to optimise medical therapy and the
timing of listing for the heart transplant.
Decision to pursue transplantation should be based upon the
expected survival with medical therapy, quality of life, alternative options for treatment, and estimation of survival posttransplantation.

Nutrition
Malnutrition is seen in 25% of patients with CMO. Nutritional
status correlates positively and independently with survival.(71)
Daily calorie intake of greater than 120kcal/kg for optimal
growth is recommended, as there are increased metabolic
demands in patients with heart failure. Salt and fluid intake to be
discouraged.

It has also been shown to improve symptoms of heart failure
in 13 children with failing Fontan physiology.(64) Sildenafil use in
the treatment of heart failure with ventricular dysfunction
remains under investigation.

Exercise rehabilitation

Drug therapy for advanced heart failure

What’s new?

Inotropes: Inotropes are used for acute exacerbation of heart
failure in patients awaiting heart transplant. Their effects are
mediated through higher intracellular cyclic adenylate monophosphate (cAMP) levels, either by increased production
(catecholamines) or by decreased degradation (phosphodiesterase III inhibition).(65,66)
Inotropes in use include milrinone used in combination with
dobutamine or dopamine.
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Milrinone is the preferred choice for inotropic support as it
improves contractility and reduces after load. It has been given
on outpatient basis for patients awaiting transplant.(67)

Cardiovascular rehabilitation shows promising results. However,
there is limited data in children.(72)

Angiotensin Receptor blocker and Neprilysin Inhibitors
(ARNIs)
LCZ696 is a first-in-class of ARNIs. LCZ696 results in systemic
exposure to AHU377, a neprilysin inhibitor pro-drug, and
valsartan, an ARB.(46) AHU377 is then rapidly metabolised by
non-specific esterases to the active neprilysin inhibitor LBQ657.
LCZ696 causes dose-dependent increases in ANP, plasma and
urinary cGMP, plasma renin activity, and angiotensin II, which
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are effects that are consistent with activation of the NPR-A
receptor and blockade of the angiotensin II type 1 receptor. In
adult studies, ARNIs have been shown to reduce mortality and
eliminate side effects associated with ACEIs like angioedema
and hold much promise for the treatment of chronic heart
failure.(46,47) There are no published paediatric data available for
this drug but a study in children is underway.

Ivabradine
Ivabradine works by selectively blocking the sinus node, thereby
reducing the heart rate.(48) This has resulted in improved
morbidity and mortality in patients suffering from chronic heart
failure. This mode of therapy warrants consideration in
symptomatic patients (New York Heart Association functional
class II - IV) in sinus rhythm, with left ventricular ejection fraction
of ≤35%, and a heart rate ≥70b/min despite optimal treatment with a beta-blocker, ACEI, ARB, and a mineralocorticoid
receptor antagonist.(73) Ivabradine has been shown to improve
clinical outcomes and quality of life and to reduce the risk of
death from heart failure or cardiovascular causes. Ivabradine
has also been shown to be well tolerated and safe, even at
maximal recommended doses. At this stage, experience in this
therapy remains limited to adult patients.

Mechanical circulatory support
Mechanical circulatory support (MCS) includes extracorporeal
membrane oxygenation (ECMO) and ventricular assist devices
(VADs) and may be indicated in patients with decompensated
heart failure with low cardiac output syndrome that is
unresponsive to medical therapy.(74)
It may be used as a bridge to recovery following acute
decompensation as seen in myocarditis or post-cardiac surgery
(ECMO), or as a bridge to transplant: (ECMO to VAD). The
International Society of Heart and Lung Transplant (ISHLT),
reported that 25% of children received MCS before heart
transplant.
ECMO was instituted in patients with post-cardiotomy shock
following cardiac surgery and acute myocarditis with a 38 - 45%
survival rate. Mechanical circulatory support should be used as
long term therapy, particularly in countries where there is no
heart transplant programme.

Stem cell transplant
Stem cell transplantation is a newer modality of treatment of
heart failure due to myocardial dysfunction. The therapy has
been shown to promote cardiac regeneration by potentially
replacing diseased tissue, enhancing endogenous cellular repair
and by improving cardiac function.(75)
The stem cells that have been widely studied are bone marrowderived mononuclear stem cells (BMMSCs) and mesenchymal
stem cells (MMCs).(75) A meta-analysis of 50 Clinical Trials (in
adults) reported that BMMCs improved left ventricular function
and survival in recipients.

In paediatrics, the studies are limited to case series, with mixed
results. There are no clinical trials reporting use of stem cells in
children.

MANAGING COMPLICATIONS OF HEART
FAILURE

What’s old?
Thromboembolism
In patients with heart failure and moderate ventricular
dysfunction, Acyl Salicylic Acid (Aspirin) is recommended and
in children with severe ventricular dysfunction, Warfarin or
Enoxaparin may be used.(76) In children with restrictive CMO
with atrial dilation, Aspirin is recommended.

Arrhythmias
These may present as the underlying cause of ventricular
dysfunction. Ablation therapy has a role in patients who might
have chronic atrial tachyarrhythmias.(44) Implantable cardioverter defibrillatory (ICD) therapy may be used in a select
group of patients at risk for sudden cardiac death due to
ventricular tachycardia (VT) and/or ventricular fibrillation. The
indications for ICD placement include aborted sudden cardiac
death, unexplained syncope, and recurrent, sustained VTs.

What’s new?
Ventricular dyssynchrony
Intraventricular conduction delay or left bundle branch block
(LBBB) may worsen heart failure by causing ventricular
dyssynchrony. Cardiac resynchronisation therapy (CRT) uses
biventricular pacing to minimise ventricular dyssynchrony in
patients with heart failure with prolonged QRS duration
(LBBB).(77)
In the paediatric population, there is limited data. One
retrospective, multicentre analysis of 103 children and young
adults with congenital heart disease and prolonged QRS
duration showed that CRT was associated with improvement
of ventricular ejection fraction from 26 - 40%.(78)

Prognosis
The outcome in heart failure in children depends on the
underlying cause, severity or stage of heart failure and whether
the stage is reversible or not. In the 1980s, 1 year mortality
rates were 20 - 30%, reaching 40% by 5 years in the first
world.(79) This has changed due to active transplant programmes. Heart transplant remains unavailable in the developing
countries resulting in high heart failure related mortality.

Conflict of interest: none declared.

13

HEART FAILURE IN INFANTS AND CHILDREN
REFERENCES

1.
2.
3.
4.

5.
6.
7.

8.

9.
10.

11.

12.
13.
14.

15.

16.

17.

18.
19.

20.

21.

22.
23.
24.

14

Madriago E, Silberbach M. Heart failure in infants and children. Paediatr Rev
2010;31:4.
Hsu DT, Pearson GD. Heart failure in children: Part I: History, etiology, and
pathophysiology. Circ Heart Fail 2009;2:63-70.
Lipshultz SE, Sleeper LA, Towbin JA, et al. The incidence of paediatric cardiomyopathy in 2 regions of the United States. NEJM 2003;348:1647-1655.
Rossano JW, Kim JJ, Decker JA, et al. Prevalence, morbidity, and mortality of
heart failure-related hospitalisations in children in the United States: A
population-based study. J Card Fail 2012;18:459-470.
Lipshultz SE. Ventricular dysfunction clinical research in infants, children and
adolescents. Prog Paediatr Cardiol 2000;12(1):1-28.
Canter CE, Simpson KP. Diagnosis and treatment of myocarditis in children
in the current era. Circul 2014;129:115-128.
Alexi-Meskishvili V, Berger F, Weng Y, et al. Anomalous origin of the
left coronary artery from the pulmonary artery in adults. J Card Surg 1995;
10:309-315.
Jaeggi E T, Hamilton R M, Silverman E D, et al. Outcome of children
with fetal, neonatal or childhood diagnosis of isolated congenital atrioventricular block: A single institution’s experience of 30 years. JACC
2002;39(1):130-137.
Baschat A A, Gembruch U, Knöpfle G, et al. First-trimester fetal heart block:
A marker for cardiac anomaly. Ultra in Obs & Gyn 1999;14(5):311-314.
Nerheim P, Birger-Botkin S, Piracha L, et al. Heart failure and sudden
death in patients with tachycardia-induced cardiomyopathy and recurrent
tachycardia. Circul 2004;110(3):247-252.
Raj S, Franco VI, Lipshultz SE. Anthracycline-induced cardiotoxicity: A review
of pathophysiology, diagnosis, and treatment. Curr Treat Options Cardiovasc
Med 2014;16(315):1-4.
Rudiger A, Singer M. Mechanisms of sepsis-induced cardiac dysfunction.
Crit Car Med 2007;35(6):1599-1608.
Book WM. Heart failure in the adult patient with congenital heart disease.
J Card Fail 2005;11(4):306-312.
Vliegen HW, van Straten A, de Roos A, et al. Magnetic resonance imaging to
assess the haemodynamic effects of pulmonary valve replacement in adults
late after repair of tetralogy of Fallot. Circul 2002;106(13):1703-1707.
Shimizu G, Hirota Y, Kita Y, et al. Left ventricular midwall mechanics in
systemic arterial hypertension. Myocardial function is depressed in pressureoverload hypertrophy. Circul 1991;83(5):1676-1684.
Rosenthal D, Chrisant MR, Edens E, et al. International Society for Heart and
Lung Transplantation: Practice guidelines for management of heart failure in
children. J Heart Lung Transpl 2004;23(12):1313-1333.
Hurst JW, Morris DC, Alexander RW. The use of the New York Heart
Association's classification of cardiovascular disease as part of the patient's
complete Problem List. Clinical cardiology. 1999;22(6):385-390.
Ross RD, Bollinger RO, Pinsky WW. Grading the severity of congestive heart
failure in infants. Paediatr Cardiol 1992;13(2):72-75.
Reithmann C, Reber D, Kozlik-Feldmann R, et al. A post-receptor defect of
adenylyl cyclase in severely failing myocardium from children with congenital
heart disease. Eur J Pharmacol 1997;330(1):79-86.
Läer S, Mir TS, Behn F, et al. Carvedilol therapy in paediatric patients with
congestive heart failure: A study investigating clinical and pharmacokinetic
parameters. Am Heart J 2002;143:916-1922.
Connolly D, Rutkowski M, Auslender M, et al. The New York University
Paediatric Heart Failure Index: A new method of quantifying chronic heart
failure severity in children. J Paediatr 2001;138:644-688.
Kay JD, Colan SD, Graham TP. Congestive heart failure in paediatric patients.
Am Heart J. 2001;142(5):923-928.
Akagi T, Benson LN, Lightfoot NE, et al. Natural history of dilated
cardiomyopathy in children. Am Heart J. 1991;121:1502-1506.
Kearney MT, Cotton JM, Richardson PJ, et al. Viral myocarditis and dilated
cardiomyopathy: Mechanisms, manifestations, and management. Postgrad
Med J. 2001;77(903):4-10.

25. Chang RK, Alladarid V. Electrocardiographic and echocardiographic features
that distinguish anomalous origin of the left coronary artery from pulmonary artery from idiopathic dilated cardiomyopathy. Paediatr Cardiol.
2001;22(1):3-10.
26. Salzer-Muhar U, Proll E, Kronik G. Intercoronary collateral flow detected
by Doppler colour flow mapping is an additional diagnostic sign in children
with anomalous origin of the left coronary artery from the pulmonary artery.
Brit Heart J. 1993;70(6):558-559.
27. Jenni R, Oechslin E, Schneider J, et al. Echocardiographic and pathoanatomical
characteristics of isolated left ventricular non-compaction: A step towards
classification as a distinct cardiomyopathy. Heart 2001;86(6):666-671.
28. Attili AK, Parish V, Valverde I, et al. Cardiovascular MRI in childhood. Arch
Dis Child 2011;96:1147.
29. Gagliardi MG, Bevilacqua M, Di Renzi P, et al. Usefulness of magnetic
resonance imaging for diagnosis of acute myocarditis in infants and
children, and comparison with endomyocardial biopsy. Am J Cardiol
1991;68(10):1089-1091.
30. Tandri H, Castillo E, Ferrari VA, et al. Magnetic resonance imaging of
arrhythmogenic right ventricular dysplasia: Sensitivity, specificity, and
observer variability of fat detection versus functional analysis of the right
ventricle. JACC 2006;48(11):2277-2284.
31. Soongswang J, Durongpisitkul K, Nana A, et al. Cardiac troponin T: A marker
in the diagnosis of acute myocarditis in children. Paediatr Cardiol 2005;26:45.
32. Pierpont ME, Basson CT, Benson DW, et al. Genetic basis for congenital
heart defects: Current knowledge a scientific statement from the american
heart association congenital cardiac defects committee, council on
cardiovascular disease in the young: Endorsed by the American Academy of
Paediatrics. Circul 2007;115(23):3015-3038.
33. Holmström H, Hall C, Thaulow E. Plasma levels of natriuretic peptides and
haemodynamic assessment of patent ductus arteriosus in preterm infants.
Acta Paediatr 2001;90(2):184-191.
34. Ko HK, Lee JH, Choi BM, et al. Utility of the rapid B-type natriuretic peptide
assay for detection of cardiovascular problems in newborn infants with
respiratory difficulties. Neonatol 2008;94(1):16-21.
35. Koulouri S, Acherman RJ, Wong PC, et al. Utility of B-type natriuretic peptide
in differentiating congestive heart failure from lung disease in paediatric
patients with respiratory distress. Paediatr Cardiol 2004;25(41):341-346.
36. Law YM, Hoyer AW, Reller MD, et al. Accuracy of plasma B-type natriuretic
peptide to diagnose significant cardiovascular disease in children: The Better
Not Pout Children! Study. JACC 2009;54(15):1467-1475.
37. Maher KO, Reed H, Cuadrado A, et al. B-type natriuretic peptide in
the emergency diagnosis of critical heart disease in children. Paediatr
2008;121(6):e1484-1488.
38. Fried I, Bar-Oz B, Perles Z, et al. N-terminal pro-B-type natriuretic peptide
levels in acute versus chronic left ventricular dysfunction. J Paediatr
2006;149(1):28-31.
39. Price JF, Thomas AK, Grenier M, et al. B-type natriuretic peptide predicts
adverse cardiovascular events in paediatric outpatients with chronic left
ventricular systolic dysfunction. Circul 2006;114(10):1063-1069.
40. Auerbach SR, Richmond ME, Lamour JM, et al. BNP levels predict outcome
in paediatric heart failure patients: post hoc analysis of the Paediatric
Carvedilol Trial. Circ Heart Fail 2010;3(5):606-611.
41. Nasser N, Perles Z, Rein AJ, et al. NT-proBNP as a marker for persistent
cardiac disease in children with history of dilated cardiomyopathy and
myocarditis. Paediatr Cardiol 2006;27(1):87-90.
42. Law YM, Ettedgui J, Beerman L, et al. Comparison of plasma B-type
natriuretic peptide levels in single ventricle patients with systemic ventricle
heart failure versus isolated cavopulmonary failure. Am J Cardiol 2006;
98(4):520-524.
43. Aggarwal S, Pettersen MD, Bhambhani K, et al. B-type natriuretic peptide as
a marker for cardiac dysfunction in anthracycline-treated children. Paediatr
Blood Cancer 2007;49(6):812-816.

Volume 14 Number 1

2017
44. Hsu DT, Pearson GD. Heart failure in children: Part II: Diagnosis, treatment,
and future directions. Circ Heart Fail 2009;2(5):490-498.
45. Mahle WT, Cuadrado AR, Kirshbom PM, et al. Nesiritide in infants and
children with congestive heart failure. Paediatr Crit Care Med 2005;6(5):
543-546.
46. Macdonald PS. Combined angiotensin receptor/neprilysin inhibitors: A
review of the new paradigm in the management of chronic heart failure.
Clinic Therap 2015;37(10):2199-2205.
47. McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin inhibition
versus enalapril in heart failure. NEJM 2014;371(11):993-1004.
48. Swedberg K, Komajda M, Böhm M, et al. SHIFT Investigators. Ivabradine and
outcomes in chronic heart failure (SHIFT): A randomised placebo-controlled
study. The Lanc 2010;376(9744):875-885.
49. Lueder TG, Atar D, Krum H. Diuretic use in heart failure and outcomes.
Clinical Pharmacology & Therapeutics. 2013;94(4):490-498.
50. Schranz D, Voelkel NF. “Nihilism” of chronic heart failure therapy in children
and why effective therapy is withheld. European journal of paediatrics.
2016;175(4):445-455.
51. Engle MA, Lewy JE, Lewy PR, et al. The use of furosemide in the treatment
of edema in infants and children. Paediatr 1978;62(5):811-818.
52. Kantor PF, Mertens LL. Clinical practice: heart failure in children. Part II:
Current maintenance therapy and new therapeutic approaches. Eur J
Paediatr 2010;169:403-410.
53. Hobbins SM, Fowler RS, Rowe RD, et al. Spironolactone therapy in infants
with congestive heart failure secondary to congenital heart disease. Archives
of disease in childhood. 1981;56(12):934-938.
54. Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone on morbidity
and mortality in patients with severe heart failure. Randomised Aldactone
Evaluation Study Investigators. NEJM 1999;341(10):709-717.
55. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure: The Task Force
for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J 2016.
56. Shaddy RE. Optimising treatment for chronic congestive heart failure in
children. Crit Care Med 2001;29(10):S237-240.
57. Digitalis Investigation Group. The effect of digoxin on mortality and morbidity
in patients with heart failure. NEJM 1997;336(8):525-533.
58. Lindle KA, Dinh K, Moffett BS, et al. Angiotensin-converting enzyme inhibitor
nephrotoxicity in neonates with cardiac disease. Paediatr Cardiol 2014;
35(3):499-506.
59. Shaddy RE, Tani LY, Gidding SS, et al. Beta-blocker treatment of dilated
cardiomyopathy with congestive heart failure in children: A multi-institutional
experience. J Heart Lung Transplant 1999;18(3):269-274.
60. Bruns LA, Chrisant MK, Lamour JM, et al. Carvedilol as therapy in paediatric
heart failure: An initial multicenter experience. J Paediatr 2001;138(4):
505-511.
61. Azeka E, Franchini Ramires JA, Valler C, et al. Delisting of infants and children
from the heart transplantation waiting list after carvedilol treatment. JACC
2002;40(11):2034-2038.
62. Rusconi P, Gómez-Marín O, Rossique-González M, et al. Carvedilol in
children with cardiomyopathy: 3-year experience at a single institution.
J Heart Lung Transplant 2004;23(7):832-838.
63. Guazzi M, Vicenzi M, Arena R, et al. PDE5 inhibition with sildenafil improves
left ventricular diastolic function, cardiac geometry, and clinical status in
patients with stable systolic heart failure: results of a 1-year, prospective,
randomised, placebo-controlled study. Circ Heart Fail 2011;4:8.
64. Reinhardt Z, Uzun O, Bhole V, et al. Sildenafil in the management of the
failing Fontan circulation. Cardiol Young 2010;20(5):522-525.
65. Schweigmann U, Meierhofer C. Strategies for the treatment of acute heart
failure in children. Minerva Cardioangiol 2008;56(3):321-333.
66. Wessel DL. Managing low cardiac output syndrome after congenital heart
surgery. Crit Care Med 2001;29:S220.

67. Hoffman TM, Wernovsky G, Atz AM, et al. Efficacy and safety of milrinone
in preventing low cardiac output syndrome in infants and children after
corrective surgery for congenital heart disease. Circul 2003;107(7):996-1002.
68. Tkacova R, Rankin F, Fitzgerald FS, et al. Effects of continuous positive
airway pressure on obstructive sleep apnea and left ventricular afterload in
patients with heart failure. Circul 1998;98(21):2269-2275.
69. Canter CE, Shaddy RE, Bernstein D, et al. Indications for heart transplantation in paediatric heart disease: A scientific statement from the American
Heart Association Council on cardiovascular disease in the young; the
councils on clinical cardiology, cardiovascular nursing, and cardiovascular
surgery and anesthesia; and the quality of care and outcomes research.
interdisciplinary working group. Circul 2007;115(5):658-676.
70. Kirk R, Dipchand AI, Edwards LB, et al. for Heart IS. The registry of the
International Society for Heart and Lung Transplantation: Fifteenth paediatric
heart transplantation report – 2012. The Journal of Heart and Lung Transplantation. 2012;31(10):1065-1072.
71. Azevedo VM, Albanesi Filho FM, Santos MA, et al. The impact of malnutrition on idiopathic dilated cardiomyopathy in children. J Paediatr 2004;
80(3):211-216.
72. Rhodes J, Curran TJ, Camil L, et al. Impact of cardiac rehabilitation on the
exercise function of children with serious congenital heart disease. Paediatr
2005;116(6):1339-1345.
73. Urbanek I, Kaczmarek K, Cygankiewicz I, et al. Risk-benefit assessment of
ivabradine in the treatment of chronic heart failure. Drug, healthcare and
patient safety. 2014;6:47-54.
74. Adachi I, Fraser CD Jr. Mechanical circulatory support for infants and small
children. Semin Thorac Cardiovasc Surg Paediatr Card Surg Annu
2011;14(1):38-44.
75. Selem SM, Kaushal S, Hare JM. Stem Cell Therapy for paediatric dilated
cardiomyopathy. Curr Cardiol Rep. 2013;15(6):1-13.
76. Kavey REW, Allada V, Daniels SR, et al. Cardiovascular risk reduction in
high-risk paediatric patients a scientific statement from the American Heart
Association expert panel on population and prevention science; the councils
on cardiovascular disease in the young, epidemiology and prevention,
nutrition, physical activity and metabolism, high blood pressure research,
cardiovascular nursing, and the kidney in heart disease; and the interdisciplinary working group on quality of care and outcomes research. Circul
2006;114(24):2710-2738.
77. Pahl E, Sleeper LA, Canter CE, et al. Incidence of and risk factors for sudden
cardiac death in children with dilated cardiomyopathy: a report from the
Paediatric Cardiomyopathy Registry. JACC 2012;59(6):607-615.
78. Dubin AM, Janousek J, Rhee E, et al. Resynchronisation therapy in paediatric
and congenital heart disease patients: an international multicenter study.
JACC 2005;46(12):2277-2283.
79. Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart 2007;
93(9):1137-1146.
80. Shaddy RE, Boucek MM, Hsu DT, et al. Carvedilol for children and
adolescents with heart failure. A randomised controlled trial. JAMA. 2007;
298(10):1171-1179. doi:10.1001/jama.298.10.1171.

15

