Congestive heart failure in pediatrics age groups
Congestive cardiac failure (CCF) is defined as the inability of the heart to maintain an output required to sustain the metabolic needs of the body at rest or during stress (systolic failure) and inability of the heart to receive blood into ventricular cavities at low pressure during diastole (diastolic failure).
Causes of CCF at different ages:
1-Fetus

a. Severe anemia -hydrops fetalis

b. Supraventricular tachycardia

c. Complete heart block
2. Neonate

a. Birth to 1 week
• Hypoplastic left heart syndrome

• Birth asphyxia-hypoxic cardiomyopathy

• Transposition of great arteries (TGA)

• Coarctation of aorta-systemic A-V fistula
b. 1 week to 1 month
• Coarctation of aorta

• TGA

• Endocardial fibroelastosis

• Large shunts (VSD, PDA)

• Viral myocarditis

• Cor pulmonale

• Fluid overload
3. Infant

a. 1-3 months
• TGA

• Endocardial fibroelastosis

• Total anomalous pulmonary venous connection (TAPVC)

• Coarctation of aorta
b. 3-6 months
• Endocardial fibroelastosis

• Supraventricular tachycardia

• Large VSD, PDA

• TGA

c. 6-12 months
• Large VSD, PDA

• Endocardial fibroelastosis

• Pulmonary venous anomaly
4. Toddler

• Supraventricular tachycardia

• Large VSD, PDA

• AV malformation

• Acute hypertensive crisis

• Anomalous origin of left coronary artery (LCA)
5. Older child and adolescent

• Rheumatic carditis

• Infective endocarditis

• Acute glomerulonephritis

• Viral myocarditis

• Dilated cardiomyopathy

• Thyrotoxicosis

• Constrictive pericarditis

• Drugs, e.g. Adriamycin

• Hemosiderosis
Classification:
NYHA

Class I Asymptomatic

No limitation to ordinary physical activity-no fatigue, dyspnea or palpitation.
Class II Mild-limitation of physical activity

Unable to climb stairs.
Class III Moderate-Marked limitation

Shortness of breath on walking on flat surface.
Class IV Severe-Orthopnea-breathless even at rest

No physical activity is possible
Ross Classification:
Heart failure in infants

Mild 

Intake < 3.5 ounces/feed

• Respiratory rate > 50/min.

• Abnormal respiratory pattern

• Diastolic filling sounds

• Hepatomegaly
Moderate 

· Intake < 3 ozs/feed or time taken/feed > 40mins

· Diastolic filling sounds

· Respiratory rate > 60/min

· Moderate hepatomegaly

Severe  

· Heart rate > 170/min

· Decreased perfusion - mottling of hands and feet

· Severe hepatomegaly
CLINICAL FEATURES:
Newborn

1. In newborn infants, CCF manifests with respiratory distress and feeding difficulty.

2. Early onset of poor perfusion—seen as pale, sallow or cyanotic grey complexion.

3. Tachycardia and rhythm disturbances due to hypoxia.

4. Four limb BP measurements—help in confirming or ruling out aortic obstructive lesions, e.g. coarctation of aorta.
5. Critical coarctation or other ductus dependent lesions present between 3-10 days of life as the ductus begins to close, leading on to poor peripheral perfusion.

6. Hyperactive precordium, abnormal heart sounds and murmurs indicate an underlying large shunt leading on to CCF.
Infants

1. Poor feeding with easy fatiguability leading on to failure to thrive, respiratory distress, baseline tachypnea and diaphoresis—features of increased pulmonary flow.

2. Cyanosis, hypotonia and shock—are late manifestations.

3. Slow weight gain—manifesting as facial puffiness, pedal edema.

4. Ventricular septal defect (large)—most common acyanotic heart disease to present in this age group. The two most common models of presentation are:

a. Progressive CCF in early infancy.

b. Recurrent episodes of chest infection.

5. Relatively uncommon causes in later infancy, e.g. TAPVR (unobstructed) and anomalous origins of coronary artery from pulmonary artery—lead onto myocardial dysfunction and ventricular dilatation manifesting with features of CCF.
Children and Adolescents

1. Classical manifestations include—progressive exertional dyspnea, anorexia, easy fatigability, abdominal pain, anasarca and pedal edema.

2. Physical examination—tachycardia, gallop rhythm, tachypnea, elevated JVP, enlarged tender liver, pulsatile precordium, cardiomegaly and presence of basal crepitations in the lungs.
MANAGEMENT
The general aims of management are to achieve increase in cardiac performance, augment peripheral perfusion and decrease pulmonary and systematic venous congestion. The initial therapy is aimed at stabilizing the infant’s condition for diagnostic purposes

Medical Therapy

1. Non-pharmacological and pharmacological.

Non-Pharmacological-General Therapy

1. Counselling—Making parents and patients understand the disease and principles of treatment.

2. Fluid—Fluid intake to be restricted in severe cases of CCF.

3. Salt—High salt content to be avoided, e.g. pickle, chips, papad, etc.

4. All immunizations should be given.

5. Regular exercises—Physiotherapy should be encouraged.

6. Nutrition—Diet

Nutrition has to be emphasized upon, because in chronic CCF failure to thrive and finally growth failure ultimately result because of prolonged undernutrition.

Calorie and Protein Requirement

Caloric requirement is greater than a normal child—120-160 Kcal/Kg/day.

Caloric density has to be increased to 24-36 Kcal/ounce. This can be achieved by adding corn oil and sugar to the milk or formula in phases. If the patient is not able to accept feeds, then nasogastric feeding may have to be resorted to. Because of its long half life, serum pre-albumin is a more reliable parameter of nutritional status compared to albumin. The children should be advised to avoid the use of extra salt and high sodium containing foods.
The management of CCF consists of a “four pronged attack” for the orrection of inadequate cardiac output.

1. Augment myocardial contractility.

2. Improve myocardial performance by reducing the heart size.

3. Reduce cardiac work and thus improve cardiac function.

4. Correct the underlying cause.

Augment myocardial contractility.
Inotropic drugs improve the myocardial contractility in an acute crisis by the use of dopamine or dobutamine. In a chronic situation using digoxin is an important component of CCF management. Digitalis has been demonstrated to be superior to captopril in improving the quality of life.
Digitalis

The digitalis group of drugs acts by the inhibition of Na- K ATPase which in turn leads to an increase in intracellular sodium which is exchanged for Ca by the sarcolemmal membrane resulting in better excitation-contraction coupling. Digoxin augments myocardial contractilty, reduces preload, afterload and also myocardial O2 consumption. It is useful in controlling heart rate in paroxysmal atrial tachycardia and atrial fibrillation. Digoxin has half-life of 36 hours and the initial effect is after 30 minutes. Though rapid digitalization is considered safe in children, slow digitalization may be considered in a less sick child whereby 7 to 10 days would be required to achieve the desired levels by daily maintenance dosing. Special care needs to be taken when administering digoxin with diuretics as hypokalemia induced by loop diuretics precipitates digitalis toxicity. Anorexia, nausea and vomiting are amongst the earliest signs of digitalis intoxication. The most frequent arrhythmia caused by digitalis is premature ventricular beats. First-degree heart block in the form of prolongation of P-R interval necessitates withdrawal of the drug. Any new arrhythmias developing on the drug should be considered to be digoxin related, until proved otherwise. When tachyarrythmias develop from digitalis intoxication, withdrawal of the drug and treatment with oral potassium, phenytoin and lidocaine are indicated.
Sympathomimetic Agents

Dopamine and dobutamine are the most effective of the sympathomimetic amines used in the management of CCF especially with a view to tide over an acute crisis in patients with compromised peripheral perfusion. Dopamine is a naturally occurring precursor of norepinephrine with actions on dopaminergic and adrenergic receptors. At doses of 1 to 2 μg/kg/min it dilates the renal and mesenteric blood vessels causing an increase in renal blood flow and sodium excretion. At doses of 10 μg/kg/min, it has an inotropic effect on the heart whereas at doses of 10 to 20 μg/kg/min peripheral vasoconstrictive action dominates raising the blood pressure. Higher doses cause generalized vasoconstriction and hence are not useful. A major problem with all sympathomimetics is that of progressive loss of responsiveness which may become evident within 8 hours of continuous infusion. Dobutamine is a synthetic catecholamine with a potent inotropic but poor vasoconstrictive action. It is given in continuous infusions of 2.5 to 10 μg/kg/min and is considered especially useful in cardiogenic shock as it causes no increase in the afterload.
Phosphodiesterase Inhibitors

These drugs combine inotropism with peripheral vasodilatation
· Amrinone 
· Milrinone: 30-50 times more potent than amrinone and useful in treating those patients who are refractory to standard therapy.
· Levosimendan
Reducing the Heart Size
By reducing the circulating blood volume, the venous return is decreased causing a reduction in the preload and the ventricular end-diastolic volume. It must be kept in mind, however, that the decrease in blood volume by diuretics leads to decreased renal perfusion. If this is achieved vigorously it may result in hypotension and increase in blood urea nitrogen.
The commonest diuretics being used are:

Loop diuretics

• Furosemide (Lasix): It does not reduce renal flow. It can be used alone or in combination with a potassium sparing diuretic like spironolactone or amiloride.

• Side effects—hyponatremia, hypokalemia and hypochloremic alkalosis.

• Bumetanide—an analogue of furosemide.

The thiazide diuretic metolazone, administered in conjunction with a loop diuretic (Furosemide/

Torsemide) can be uniquely successful in effecting a diuresis in edematous or diuretic resistant patients.

Angiotensin Converting Enzyme Inhibitors (ACE-inhibitors)
The vasodilators also redistribute the blood flow to regional beds. Reduced hospitalization and mortality has been shown with ACE-1 as vasodilator therapy. ACE inhibitors produce their effects through at least three mechanisms; inhibition of the angiotension-converting enzyme, inhibition of norepinephrine release from sympathetic nerve endings. ACE-1 are at present considered to be the first line of therapy in mild, moderate, severe or very severe CCF and can be used in monotherapy in mild congestive heart failure. In pediatric practice, patients of CCF showing adequate response with diuretics and digoxin should receive ACE-l as the third drug. Uncommonly, dry irritating cough can be a significant and troublesome side effect of ACE-1 therapy. ACE-inhibitors are contraindicated in renal vascular disorders, e.g. renal artery stenosis, coarctation of aorta and aorto-arteritis.
Beta Adrenergic Antagonists

These drugs are carvedilol, bisoprolol, metoprolol XL and they are reserved for those patients who are clinically stable on ACE inhibitors, diuretic and digitalis.
Device Therapy

· Intra-aortic balloon pump

· Cardiac resynchronization-Biventricular Pacing
· Implantable cardiac defibrillator

