Pediatrics—Congenital Heart Disease

Congenital heart disease (CHD) occurs in at least 10 per 1000 live-born children.  The incidence is much higher in stillborn infants and in spontaneous abortion.  Congenital structural defects are the MCC of cardiovascular morbidity and mortality in children.  Congenital heart disease results from maternal problems, genetics, and environmental factors.  Not all congenital lesions present with signs and symptoms immediately – knowledge of fetal circulation is important in understanding the clinical presentation and pathophysiology of CHD
Fetal Circulation (See Diagram)
Essential Understanding:  The fetal lungs are collapsed and non-functional in utero.  The pulmonary blood vessels have a high resistance to flow; however, enough blood will reach the lungs to sustain them for development.

1) The umbilical vein transports oxygen-rich blood and nutrients from the placenta to the fetus.

2) Vein travels along anterior abdominal wall and distributes ½ of blood to the liver into portal circulation

3) Other ½ enters the ductus venosus and continues to the right atrium

4) Blood enters the left atrium via the foramen ovale.  The valve on the left side of foramen ovale has a valve to prevent backward flow of blood.
5) Remaining right atrial blood passes into the right ventricle and out through the pulmonary trunk – a small volume of blood enters the pulmonary circuit.

6) Most blood in the pulmonary trunk bypasses lungs by entering ductus arteriosus that connects to aorta.  

Results – low-oxygen blood bypasses the lungs but is prevented from entering the portion of the aorta that goes to the brain.  High-oxygenated blood enters the left atrium through the foramen ovale and to the left ventricle.  The blood then gets pumped into the aortic arch and into the brain.  Blood also enters the coronary arteries.
1) Blood then passes into umbilical arteries, which branch from the internal iliac arteries and lead to the placenta.  There, the blood is re-oxygenated.  

Changes at Birth

1) ( resistance to blood flow through lungs results in ( blood flow to pulmonary arteries

2) ( blood flows from right atrium to right ventricle and into pulmonary arteries

3) Right ventricle outflow now flows entirely into low resistance pulmonary circulation because the pulmonary vascular resistance is now ( than systemic.  In addition, an ( in volume of blood returns from the lungs to the left atrium, which ( pressure in the left atrium

4) ( left atrial and ( right atrial pressure = forces blood against septum primum.  This completes separation of the heart into two pumps (right and left sides).  The ductus arteriosus closes off in 1-2 days after birth due to ( arterial oxygenation

*Because the ductus arteriosus and foramen ovale do not close completely at birth, they remain patent in certain congenital heart lesions providing a life-saving pathway for blood to bypass the congenital defect
Major Clues to Heart Disease in Infants and Children
1) Cyanosis

2) Arrhythmia

3) Heart murmur – due to turbulence in blood flow at or near a valve and in children at any abnormal communication within the heart.  
4) 40% of infants will have murmurs sometime in their lives.  >70% are innocent murmurs
Classification of Murmurs

1) Systolic – occur between S1 and S2 during ventricular systole.  Include a systolic ejection murmur and holosystolic murmur (beginning with and usually obscuring S1 – example is VSD)

2) Diastolic – occur between S2 and S1 during ventricular diastole.  Subdivided into early, mid, and late-diastolic murmurs.  Mid-diastolic murmurs heard at the apex are caused by excessive blood flow across the mitral and tricuspid valve; heard with large left to right shunts (ASD)

3) Continuous – begins in systole and continues throughout S2 into diastole (PDA)
Intensity Grading of Murmurs

	Grade I
	Faintest murmur audible

	Grade II
	Low intensity murmur

	Grade III
	Louder than II with no associated thrill

	Grade IV
	Loud murmur associated with a palpable thrill

	Grade V
	Very loud murmur heard with stethoscope partially off chest

	Grade VI
	Very loud murmur heard with stethoscope complete off chest


Innocent “Functional” Murmurs 

Innocent “functional” murmurs are common in children and may reappear throughout childhood.  Occur in the absence of valvular pathology, which distinguishes this from a pathological murmur.  Murmur characteristics depend on blood flow velocity and surrounding structures caused to vibrate.  Innocent murmurs become louder if child has fever, anxiety, or anemia.  Determine if a murmur is functional or a manifestation of heart disease by history, absence of cardiac signs and symptoms, normal growth and development, and absence of other findings

1) Newborn Murmur – present in 1st few days of life and disappears in 2 weeks.  Vibratory 1-2/6 early systolic murmur heard at lower left sternal border without radiation.  Due to more blood now entering the pulmonary circuit
2) Peripheral Arterial/Pulmonary Stenosis – newborns have small pulmonary vessels since there was little blood flow prior to birth.  At birth blood flow increases causing turbulence.  High pitched 1-2/6 systolic ejection murmur heard equally at upper left sternal border and both axilla.
3) Stills Murmur – most common in early childhood 2-12 years old.  Suspected that young children have healthy elastic hearts that “ring” when they beat.  Also related to child’s faster heart.  Musical, vibratory, short, twanging 2-3/6 early systolic murmur heard best near apex.  Loudest in supine position and diminished with inspiration, standing, or Valsalva
4) Pulmonary Flow Murmur – seen in older kids (>age 3).  Turbulent flow at origin of left and right pulmonary arteries.  Soft-blowing 1-2/6 mid-systolic ejection murmur heard at upper left sternal border, non-radiating.
5) Venous Hum – turbulent blood flow through large veins entering thoracic inlet (returning to heart via jugular veins), venous vibration close to skin surface of neck and upper chest may be audible.  Usually around age 2.  Continuous musical 1-2/6 hum heard in upper right and left sternal borders louder on the right.  Increased by sitting because the murmur is augmented by gravity.  Disappears by turning neck or pressing on ipsilateral JV
6) Innominate of Carotid Bruit – common in older kids/adolescents.  Increased by light pressure on carotid artery.  Long, harsh 2-3/6 systolic ejection murmur heard in right supraclavicular area.  
Congenital Structural Heart Disease

	Cyanotic Defects – right to left shunts
	Acyanotic Defects – left to right shunts

	(Tetralogy of Fallot (TOF)
(Transposition of Greater Arteries (TGA)

(Tricuspid Atresia

(Truncus arteriosus

(Total Anomalous Pulmonary Venous   Return (TAPVR) 
	(Atrial-Septal Defect  (ASD)
(Ventricular-Septal Defect (VSD)

(Patent Ductus Arteriosus (PDA)

(Coarctation of the Aorta (COA)


Signs and Symptoms

1) General – lethargy, poor feeding, poor growth, FTT, irritability, and diaphoresis

2) Shock – hypotension, delayed capillary refill, diminished peripheral pulses, cool and pale extremities

3) Neuro – syncope, TET spells

4) CHF – DOE, edema, hepatosplenomegaly, chest pain, and tachypnea
Congestive Heart Failure – In CHD, CHF is usually caused by:
1) L to R shunting with increased pulmonary blood flow – leads to pulmonary HTN and right ventricular failure

2) Obstructive defects which impeded blood flow from the left ventricle

3) Mixed defects – depending on degree of mixing and pulmonary blood flow (TOF, TGA)
General Treatment

1) Administer prostaglandin E1 (PGE1) to all symptomatic newborns will keep the PDA open – used for any cyanotic CHD.  It promotes the reopening of the ductus arteriosus and provides temporary compensation for up to 2 weeks.  After that, surgery is necessary.  
2) Inotropic support for shock caused by CHD – Dobutamine or Dopamine
3) Administer antibiotics if sepsis or pneumonia is suspected – Ampicillin and Gentamicin 
ACAYNAOTIC DEFECTS
Atrial-Septal Defect (ASD)


Atrial-septal defect (ASD) is an opening between the atria.  In general, it is a left to right shunt.  Degree of symptoms depends on size of shunt.  There is increased right ventricular output and pulmonary blood flow.  A paradoxical embolism can occur, which is a venous thrombus that moves through the ASD and into systemic circulation, causing a CVA.
Signs and Symptoms

1) East fatigability, dyspnea, recurrent respiratory infections, poor weight gain

2) Right ventricular heave – 2-3/6 pulmonic systolic ejection murmur heard at 2nd left ICS; early to mid-systolic rumble
3) Widely split, fixed S2 heart sound

Diagnosis

1) CXR – heart and pulmonary artery enlargement, increased pulmonary vascularity

2) EKG – right axis deviation and right ventricular hypertrophy 
3) Echocardiogram – left to right shunt

4) Cardiac catherization – increased O2 saturation in right ventricle, quantifies shunt, and measures pulmonary vascular resistance
Treatment

1) Smaller ASD can resolve spontaneously.  Larger ASD require surgery

2) Endocarditis prophylaxis is NOT required unless associated mitral regurgitation is present

Ventricular-Septal Defect (VSD)


Ventricular-septal defect (VSD) is an opening between the ventricles, leading to a left to right shunt.  Most common congenital heart disease.  A small defect has no change in pulmonary dynamics.  A large defect is pulmonary HTN and obstruction.  Eisenmenger’s complex is reversal of the shunt; a right to left shunt occurs and cyanosis occurs.
Signs and Symptoms
1) Small VSD is asymptomatic 

2) Pansystolic murmur heard best at left sternal border.
3) Large VSD without significant pulmonary HTN – FTT, DOE, CHF symptoms, recurrent pulmonary infections

4) Large VSD with significant pulmonary HTN – reversal of shunt, dyspnea, and chest pain
Diagnosis

1) CXR – heart and pulmonary artery enlargement, increased pulmonary vascularity
2) EKG – both right and left ventricle hypertrophy with RVH predominant
3) Echocardiogram – evaluate the size of heart chambers, size of defect, and direction of shunt
4) Cardiac catheterization – increased O2 saturation in right ventricle
Treatment

1) Small VSD resolve on their own.  Large VSD require surgery.
2) Pharmacological management of CHF – Digoxin and Lasix

3) Surgical repair within the first 2 years of life to prevent Eisenmenger’s complex
4) Endocarditis prophylaxis is required
Coarctation of Aorta (COA)

Coarctation of aorta (COA) is a localized narrowing of the aortic arch distal to the origin of the left subclavian artery.  Results in an increase in afterload.  Associated with Turner’s syndrome, Marfan’s syndrome, berry aneurysms, and bicuspid aortic valves.
Clinical Manifestations

1) Increased pressure proximal to defect – head and upper extremities
2) Decrease pressure distal to defect – body and lower extremities
3) Bounding pulses in arms

4) Decreased BP and pulses in lower extremities

5) Cool lower extremities, ashen skin color, skin mottling

6) Harsh systolic murmur at left upper sternal border, radiating to the back.
7) In infants with significant COA – CHF with a rapid progression of acidosis and hypotension
8) With milder degree of coarctation, defect might not be diagnosed until it begins to produce symptoms – headache, dizziness, claudication of the lower extremities, syncope, and epistaxis.  
9) Some children are not diagnosed until adolescence
Diagnosis

1) CXR – cardiomegaly (RVH predominant), increased pulmonary vascularity, rib notching (lucency over the ribs due to establishment of collateral blood flow – notches are intercostal arteries).  
2) EKG – left axis deviation due to LVH
3) Echocardiogram – localization of the coarctation

4) Cardiac catheterization – measuring pressure gradient proximal and distal to coarctation
Treatment

1) All patients will be eventually be surgically treated because the mortality rate is 90% by age 50 if left untreated – mortality due to CHF, intracranial bleeding, and endocarditis

2) Balloon angioplasty and/or stenting

3) Surgical repair – complete resection of the coarctation with an end-to-end anastomosis
4) Requires endocarditis prophylaxis
Patent Ductus Arteriosus (PDA) 


Patent ductus arteriosus (PDA) is the failure of fetal ductus arteriosus to close.  It is a left to right shunt.  Causes right ventricular hypertrophy and pulmonary HTN.
Signs and Symptoms

1) Asymptomatic in small PDA

2) PDA may be kept open in large cyanotic heart defects
3) Recurrent pulmonary infections

4) Continuous machinery murmur
5) Wide pulse pressure with bounding pulse
Diagnosis

1) CXR – biventricular hypertrophy and increased pulmonary markings
2) EKG – left ventricular or biventricular hypertrophy
3) Echocardiogram – left to right shunt
4) Cardiac catherization – increased O2 saturation in pulmonary artery
Treatment
1) Fluid restriction

2) Treatment of CHF
3) Indomethacin (prostaglandin inhibitor)

4) Surgical closure – PDA ligation done via thoracotomy 
5) Endocarditis prophylaxis for1 year after duct is successfully closed
CYANOTIC HEART DISEASE 

Tetralogy of Fallot


Tetralogy of Fallot has four defects: pulmonary stenosis (biggest problem), right ventricular hypertrophy, VSD, and overriding aorta.  These four defects combine to allow blood to bypass lungs and enter the left side of the heart, sending unoxygenated blood to systemic circulation.  Right to left shunt.  
Signs and Symptoms – degree of clinical manifestations and symptoms will depend of the degree of pulmonic stenosis
1) Cyanosis

2) DOE or at rest

3) FTT

4) Clubbing of fingers/toes

5) Polycythemia

6) Palpable thrill

7) Loud systolic ejection murmur in pulmonic region

8) TET spells – A TET spell is a hypercyanotic spell when there is an increase in right to left shunting of blood.  May be precipitated by crying, defecation, and feeding.  Treatment including putting the child in a knee-chest position to increase blood flow to upper extremities, administration of IVF, morphine and O2, and beta-blockers (decrease spasm of right ventricle infundibulum)

9) Holosystolic murmur at left sternal border radiating to the back 
Diagnosis

1) CXR – “Boot-shaped” heart secondary to right ventricular hypertrophy and small pulmonary arteries
2) EKG – right ventricular and right atrial hypertrophy
3) Echocardiogram – visualization of all four defects
Treatment

1) Oxygen administer

2) Correct metabolic acidosis and electrolyte disturbances

3) Infusion of prostaglandin E1 to keep PDA open to allow for mixing of blood

4) Blalock taussig shunt to allow mixing of blood – surgically made PDA
5) Resection of pulmonary stenosis

6) Requires endocarditis prophylaxis 
Transposition of the Greater Arteries (TGA)


In transposition of the greater arteries (TGA), the greater vessels positions are switched – the pulmonary artery leaves the left ventricle and the aorta leaves the right ventricle.  Seen in big, blue boys.  Must be an additional defect PDA or VSD to allow for mixing of unoxygenated and oxygenated blood or neonate will not receive any oxygenated blood into circulation.  In TGA, pulmonary blood flow is decreased.
Signs and Symptoms

1) Metabolic acidosis

2) Cyanosis

3) Very low or absent murmur

4) Tachypnea

Diagnosis

1) CXR – “egg on a string” 
2) ABG – very low pO2 (venous blood) 
Treatment

1) Patency of the PDA must be maintained with an infusion of prostaglandin E1
2) Emergency procedure if child is too unstable for repair or if duct is closing – artificial opening is made between the atria via balloon septostomy.  

3) Arterial switch – aorta and pulmonary artery must be resected at the level of their valve and re-implanted to the level of their proper position.
Truncus Arteriosus 


Truncus arteriosus is when the pulmonary artery and the aorta never separate; they arise from one trunk.  The baby may even be born with a single ventricle.  Associated with pulmonic stenosis.  When the ventricles contract, blood is sent out into the aorta; the lungs are bypassed, leading to cyanosis
Signs and Symptoms

1) Early CHF and mild cyanosis 

2) Continuous murmur with ejection click

Diagnosis

1) CXR – clear lung fields due to decreased pulmonary lung flow
Treatment

1) Patency of PDA maintained with infusion of prostaglandin E1
2) Surgical repair with grafting
Total Anomalous Pulmonary Venous Return


Total anomalous pulmonary venous return is when the pulmonary veins are not incorporated into the left atrium.  Only presents with cyanosis if there is a coexisting obstruction due to alternate drainage pathways in the IVC and portal vein.  Infants must have a PDA or patent foramen ovale.  
Diagnosis

1) CXR – small to normal heart size, pulmonary venous congestion, and edema
Treatment

1) Surgery

Tricuspid Atresia


Tricuspid atresia is the absence of the tricuspid valve with no continuity between the right atria and the right ventricle.  Venous blood returning to the right atrium can exit only by an intra-atrial communication.  Because of obligatory right to left shunt at the level of the atria, saturation of the left atrial blood is diminished, whereas that of the right atrium is normal.  
Signs and Symptoms

1) Cyanosis

2) CHF

3) Growth failure
Treatment

1) Surgery

