Block 13: Cardiology Board Review: Q & A

1.  A 15-year-old patient is brought to your office with a complaint of chest pain. She had been healthy until 3 days ago, when she developed a fever. The pain is precordial, referred to the epigastrium, and exacerbated by deep breathing and coughing. She refuses to lie down and prefers to sit leaning forward.
Of the following, the MOST likely expected finding on electrocardiography is

A. elevation of the S-T segments

B. first-degree heart block

C. pre-excitation with a delta wave

D. tall peaked T waves

E. T-wave flattening

Preferred Response: A

Chest pain in children and adolescents is a common problem for which patients and parents frequently seek medical care. The causes of chest pain in the pediatric population are varied and can be considered by organ systems: musculoskeletal, respiratory, gastrointestinal, psychological, and cardiac.   Among the musculoskeletal causes are chest wall strain, trauma, costochondritis, and the precordial catch syndrome. Respiratory causes include asthma, pneumonia, pneumothorax, pneumomediastinum, and chronic cough. Chest pain may result from gastritis, esophagitis, or indigestion. Psychogenic processes, including anxiety, fear, and attention-seeking behaviors, may cause or exacerbate chest pain. Perhaps the most common causes of chest pain in pediatrics are those referred to as idiopathic. Such a diagnosis often is given to the patient who presents with a 1- to 2-week history of intermittent, brief, sharp, or stabbing pain that is not associated with exercise or exertion.
The cardiac causes of chest pain are important to recognize because they can be associated with significant morbidity and mortality. Pericardial pain (resulting from inflammation and often associated with pericarditis), angina and myocardial ischemia, arrhythmias, or aortic dissection may cause chest pain. 
The common causes of pericarditis are viral, inflammatory, and rheumatologic. The typical pain of pericarditis frequently is substernal, positional, and can be severe. Patients often prefer to sit leaning forward, as described for the girl in the vignette, and may refuse to lie down. The pain worsens with deep inspiration, coughing, or movement of the upper torso.  Because the pericardium is inflamed, pericardial effusion may occur in affected patients, which may lead to pericardial tamponade. Some, but not all, pericardial effusions in pericarditis have the associated finding of a friction rub noted on auscultation. The absence of a rub does not exclude pericardial effusion or pericarditis.

Electrocardiographic findings can include S-T segment elevation, low voltage, or in cases of large pericardial effusion, electrical alternans. The latter finding is a beat-to-beat variation in voltage that likely results from the pendular motion of the heart in the effusion.
First-degree heart block is not likely in pericarditis. Pre-excitation is seen in patients who have Wolff-Parkinson-White syndrome rather than pericarditis.  Abnormalities of the T waves usually implicate an electrolyte abnormality. Tall, peaked T waves are seen with hyperkalemia, and flattened T waves are a nonspecific finding that may be seen with hypokalemia or certain ventricular strain patterns.

2.  Yesterday, you received a call from the newborn nursery that they were referring to you a term infant who was being discharged at 4 days of age. The female newborn’s birthweight was 3.3 kg and the delivery was by repeat cesarean section. Findings on physical examination at discharge, including heart rate, respiratory rate, and blood pressure, were normal. Her lungs were clear, and no murmurs were noted. She was breastfeeding without difficulty. Today, her mother calls to tell you that she is difficult to awaken, pale, and breathing much more rapidly than she was in the hospital nursery. She has had one wet diaper in the last 12 hours. When you meet them in the emergency department, you note that the infant has cool extremities, weak pulses, and lethargy.
Of the following, the MOST likely cause of this newborn’s condition is

A. aortic coarctation

B. atrioventricular septal (canal) defect

C. tetralogy of Fallot

D. transposition of the great arteries

E. ventricular septal defect

Preferred Response: A

The newborn described in the vignette has had an acute change in behavior, with diminished feeding as well as clinical signs of diminished systemic perfusion and shock. Despite the normal birth history and findings at hospital discharge, congenital heart disease may be a cause of the shock. 
In fact, the presentation is most consistent with a left heart obstructive disorder, such as aortic stenosis, coarctation of the aorta, or hypoplastic left heart syndrome. In such patients, tachypnea is caused by pulmonary congestion that results from decreased filling of the failing left heart. A gallop rhythm may be audible on auscultation, due to filling of the noncompliant left ventricle. The tachypnea exacerbates the poor feeding resulting from the infant’s inability to generate a prolonged suck while maintaining nasal breathing. When coupled with increased losses of water through the respiratory system, such poor intake leads to dehydration and decreased urine output. The lethargy exhibited by the infant in the vignette may reflect decreased perfusion to the brain and may be exacerbated by the metabolic acidosis that results from inadequate tissue perfusion. 
Immediate management of this critically ill patient includes the administration of prostaglandin E to re-establish patency of the ductus arteriosus.  Definitive therapy involves surgery to repair the coarctation.  
Atrioventricular septal (canal) defects and ventricular septal defects are both left-to-right shunting lesions that become apparent after birth when the pulmonary vascular resistance normally begins to decrease. These shunting lesions are characterized by increased blood flow into the pulmonary artery because the direction of shunt is always from the high-resistance circuit to the low-resistance circuit (normally the systemic to pulmonary system). If the shunt volume is large, signs and symptoms of congestive heart failure ensue, but these almost always manifest over the first weeks, if not months, after birth.

Tetralogy of Fallot is the most common of the cyanotic congenital heart diseases and typically presents with the murmur of pulmonary blood flow obstruction. Because the degree of obstruction is progressive, patients may present with normal oxygen saturation or cyanosis resulting from desaturated blood moving right to left at the ventricular septal defect.  Transposition of the great arteries is a cyanotic heart disease that presents within hours of birth in most cases. Neither tetralogy of Fallot nor transposition presents with shock.
3.  A 5-day-old child is brought to the emergency department because he has been difficult to arouse over the last 6 hours. His parents report that he has not been interested in feeding today and that he has been breathing rapidly and with a grunting noise. On physical examination, the infant’s heart rate is 185 beats/min, respiratory rate is 80 breaths/min, and blood pressure is 55/40 mm Hg. A pulse is palpable in the right brachial region, but not in the feet. All of his extremities are cool and mottled, with a capillary refill of more than 2 seconds.
Of the following, the MOST appropriate next step is to

A. arrange for echocardiography at the first appointment in the morning

B. initiate a furosemide infusion

C. initiate a prostaglandin infusion

D. obtain a computed tomography scan of the head

E. obtain a lumbar puncture

Preferred Response: C

The clinical presentation of the newborn described in the vignette suggests left heart obstruction with a closing ductus arteriosus. The discrepancy in pulses is consistent with a critical aortic coarctation.  Appreciation of the importance of the patent ductus arteriosus in maintaining systemic blood flow in the newborn who has severe left heart obstruction such as hypoplastic left heart syndrome (HLHS) and critical aortic coarctation requires a clear understanding of normal fetal shunting patterns. 
In the normal heart, the right atrium and right ventricle deliver desaturated blood to the organ of oxygenation. In the fetus, this organ is the placenta, and its fetal blood supply is via the umbilical artery that arises from the fetal descending aorta. The ductus arteriosus provides a fetal shunting pathway that allows the right side of the fetal heart to deliver desaturated blood to the organ of oxygenation by shunting this blood away from the high-resistance pulmonary arteries and into the descending aorta. This direction of flow occurs in part because fetal pulmonary vascular resistance (with fluid-filled developing lungs) is slightly higher than fetal systemic vascular resistance, and the placenta is a low-resistance circuit.

At birth, when the lungs expand with air and the placenta is removed from the circulation, pulmonary vascular resistance decreases and systemic vascular resistance increases. This leads to a reversal of flow across the ductus arteriosus (from the system into the pulmonary circuit). Over the subsequent hours and days, the ductus arteriosus begins the process of spontaneous closure.

The foramen ovale is an important fetal shunt that allows the relatively oxygenated blood returning from the placenta to cross from the right atrium into the left atrium prenatally. In so doing, the blood that has the highest oxygen content is directed to the coronary and cerebral circulations. Patency of the foramen in utero results from a slightly higher pressure in the right atrium than the left, because very little blood (~10% of the combined fetal cardiac output) returns to the left atrium from the lungs. The pressure difference “pushes” the flap of the foramen into the left atrium, creating the “hole” and allowing right-to-left blood flow. At birth, when the lungs expand and the entire cardiac output is directed into the lungs, pressure in the left atrium increases, rising slightly above that in the right atrium. When this occurs, the flap of the foramen is pushed back against the atrial septum and the “hole” is closed.
Left heart obstruction in the newborn often has a dramatic presentation that may include shock, cardiovascular collapse, and death if not recognized in a timely manner. HLHS and coarctation of the aorta are the two most common forms of left heart obstructive congenital heart disease that present in the first few postnatal days. HLHS is characterized by underdevelopment of the entire left side of the heart with a small or atretic mitral valve; a small, non-useful left ventricle; and a small or atretic aortic valve. As a result, nearly all of the blood flow returning from the lungs is diverted to the right atrium through the foramen ovale because the left heart simply cannot accommodate it. The right heart then delivers blood to the lungs through the pulmonary arteries and to the system through right-to-left shunting across the ductus arteriosus.

In severe aortic coarctation, the left heart is of sufficient size to handle the cardiac output returning from the lungs, but narrowing in the aortic arch leads to diminished flow to the distribution of the descending aorta and a progressive pressure load on the left ventricle. With patency of the ductus arteriosus, the right heart can provide blood flow to the descending aorta through right-to-left shunting across the ductus. In both HLHS and coarctation of the aorta, perfusion of the aorta with right ventricular output maintains systemic perfusion and minimizes the ischemia and subsequent metabolic acidosis that otherwise would ensue when the ductus arteriosus constricts.

In such cases, patency of the ductus arteriosus can be maintained by prostaglandins such as PGE1 administered as a continuous intravenous infusion. If the patency of the foramen ovale is not sufficient to maintain adequate decompression of the left atrium, a balloon atrial septostomy, a catheter procedure to enlarge the atrial communication, can be performed.

For the patient described in the vignette, the best management is to increase the systemic perfusion by maintaining the ductus arteriosus with the infusion of PGE1. Echocardiography is an important component of the diagnosis and management of patients who have suspected congenital heart disease, but its performance should not delay therapeutic options such as the initiation of the PGE1. Furosemide, a diuretic, has no beneficial role for the infant whose systemic perfusion is limited by a closing ductus arteriosus. Lumbar puncture and computed tomography scan of the head are not indicated as initial management.

4.  You are seeing a 2-week-old girl in your office for a health supervision visit. Her parents report that she is eating well and has good weight gain. On physical examination, you note a strong right brachial pulse, but you cannot feel pulses in the right or left femoral region. As you explain the diagnosis to the parents, they ask you about long-term complications following repair of her condition.

Of the following, the MOST likely long-term complication for this child is

A. frequent pulmonary infections

B. hypertension

C. neurodevelopmental delay

D. poor exercise performance

E. renal dysfunction

Preferred Response: B

The girl described in the vignette has the classic physical findings of coarctation of the aorta: an easily palpable pulse in the right arm (blood flow origin proximal to the obstruction) and an absent pulse in the lower extremities (blood flow origin distal to the obstruction). Coarctation of the aorta refers to an anatomic obstruction or narrowing in the aorta that can be localized as a ridge of tissue, formed as a discrete ring of tissue, or collarlike with length forming a segment of aortic hypoplasia. Less-than-normal blood flow through the aortic arch during fetal life may result in hypoplasia of the arch and promote the likelihood of coarctation developing, which forms the basis for the association between aortic stenosis (and other left heart obstructions) and coarctation.
The incidence of coarctation is approximately 1 in 2,300 live births, making it one of the most common types of congenital heart disease encountered by the pediatrician. It occurs with greater frequency in females who have Turner syndrome (45,X), in whom the incidence may be as high as 15%. Patients who have coarctation have a high incidence of associated congenital heart disease, the most common of which are a patent ductus arteriosus, bicuspid aortic valve, and mitral valve abnormalities.

Physical examination in the patient who has coarctation usually reveals a discrepant pulse quality between the right radial and the femoral or dorsalis pedis. Patients also may come to attention with hypertension noted on examination. A systolic ejection murmur of low intensity is audible at the base and axilla and left interscapular region and usually is loudest over the back.
Neonates who have significant coarctation may present with signs and symptoms of congestive heart failure and inadequate perfusion of the gut and lower body. Ultimately, affected patients can present in cardiogenic shock because the left ventricle is unable to pump against the afterload imposed by the coarctation.

Coarctation that presents in the symptomatic neonate should be repaired surgically.  However, even with aggressive and excellent surgical repair, re-coarctation can occur as the child grows. In addition, patients who undergo surgical repair of aortic coarctation have a higher incidence of hypertension at long-term follow-up and should be followed closely for this complication. In contrast to the long-term risk for hypertension, patients who have undergone an uncomplicated neonatal repair of aortic coarctation do not have an increased rate of pulmonary infections, neuro-developmental delay, or poor exercise performance.  Although congenital heart disease can be associated with renal abnormalities in some cases, routine coarctation and its repair are not associated with the long-term complication of renal dysfunction.

5.  You are evaluating a 15-year-old boy who will be attending sports camp in the summer. He tells you that he is very athletic, has no trouble keeping up with his peers during physical activities, and, in fact, has less fatigue with activities than most of his friends. On physical examination, he is well-developed and comfortable. The first and second heart sounds are normal. There is a systolic click at the upper right sternal border as well as a 3/6 systolic ejection murmur at the upper right sternal border. There is a thrill in his suprasternal notch. Diastole is clear, and his pulses are normal in all extremities.
Of the following, the MOST likely cause of this patient’s signs and symptoms is

A. aortic stenosis

B. atrial septal defect

C. patent ductus arteriosus

D. pulmonary stenosis

E. ventricular septal defect

Preferred Response: A

The patient described in the vignette has the typical findings of aortic stenosis, which often is associated with a systolic click that results from the abnormal structure and function of the valve. The click occurs with opening of the thickened semilunar valve leaflets during systole. In contrast to the normal thin and flexible valve leaflets, those of the stenotic aortic valve have an accentuated sound that is referred to as an opening click. The murmur of aortic stenosis results from systolic blood flow from the left ventricle across the abnormally narrowed orifice of the

aortic valve. The narrowing yields a diminished valve area through which the stroke volume crosses, creating turbulence that is noted during auscultation as a systolic ejection murmur and typically is heard best over the aortic valve and ascending aorta. On the chest wall, these structures lie beneath the right sternal border, with extension up toward the right clavicle. The murmur often radiates into the neck. A thrill may be appreciated in the suprasternal notch, with the turbulent blood flow in the transverse aortic arch being palpable in some patients.

Pulmonary stenosis is associated with a systolic ejection click that does not change with position, but the accompanying murmur is heard best at the upper left sternal border, with radiation into the back and axillae. 
The murmur associated with an atrial septal defect is not from the blood flow across the atrial septum, which usually is not turbulent and at low pressure. Rather, the systolic murmur created by an atrial septal defect is caused by a relative pulmonary stenosis because the left-to-right atrial shunt and resulting increased right ventricular volume must cross the pulmonary valve. In contrast to pulmonary valve stenosis, there is no structural abnormality of the pulmonary valve and, thus, no systolic click.

A patent ductus arteriosus typically produces a continuous murmur that is characterized as having a "machinery" quality and usually is loudest at the left infraclavicular area. It is continuous because of the constant flow between the systemic and pulmonary circulation, with the higher systemic than pulmonary vascular resistance throughout the cardiac cycle and no valve to separate the two in the structure of the ductus. 
The murmur of a ventricular septal defect is typically holosystolic because the left-to-right shunt at the ventricular level begins with the onset of systole, even before the aortic and pulmonary valves open. When the ventricular septal defect is small, it produces a high-pitched murmur, heard along the sternal border, and the second heart sound is normal, with no change in its normal physiologic splitting. 

6.  You are evaluating a 2-month-old girl as part of a routine health maintenance visit. Her mother tells you that she has no trouble feeding and is gaining weight like her previous children. Her precordial examination demonstrates a mild lift. The first and second heart sounds are normal.  There is a systolic click at the upper left sternal border as well as a 3/6 systolic ejection murmur at the upper left sternal border with radiation to the axillae. Diastole is clear, and her pulses are normal in all extremities.

Of the following, the MOST likely cause of this patient’s signs and symptoms is

A. aortic stenosis

B. atrial septal defect

C. patent ductus arteriosus

D. pulmonary stenosis

E. ventricular septal defect

Preferred Response: D

The infant described in the vignette has typical findings of pulmonary stenosis, which often is associated with a systolic click resulting from the abnormal structure and function of the pulmonary valve. The click is caused by the opening of the thickened valve leaflets during systole. In contrast to the normal thin and flexible semilunar valve leaflets, those of the stenotic pulmonary valve have an accentuated sound that is referred to as an opening click. The murmur of pulmonary stenosis results from systolic blood flow from the right ventricle across the abnormally narrowed orifice of the pulmonary valve. The narrowing yields a diminished valve area through which the stroke volume crosses, creating turbulence. Such turbulence is noted during auscultation as a systolic ejection murmur and typically is heard best over the pulmonary valve and main pulmonary artery. On the chest wall, these structures lie beneath the left sternal border, with extension cephalad toward the left clavicle. Frequently, the murmur radiates into the back and the axillae as the sound of turbulence follows the course of the branch pulmonary arteries.

Aortic stenosis also is associated with a systolic ejection click that does not change with position, but the accompanying murmur is heard best at the upper right sternal border, with radiation into the neck. 
The murmur associated with an atrial septal defect is not from the blood flow across the atrial septum, which usually is nonturbulent and at low pressure. Rather, the systolic murmur created by an atrial septal defect is the result of a relative pulmonary stenosis as the left-to-right atrial shunt and resulting increased right ventricular volume must cross the pulmonary valve. In contrast to pulmonary valve stenosis, there is no structural abnormality of the pulmonary valve and, thus, no systolic click. 
Patent ductus arteriosus typically produces a continuous murmur characterized as having a "machinery" quality that is usually loudest at the left infraclavicular area. It is continuous because of the constant flow between the systemic and pulmonary circulation resulting from the higher systemic vascular resistance compared with the pulmonary vascular resistance throughout the cardiac cycle and the lack of a valve to separate the two circulations. 
The murmur of a ventricular septal defect typically is holosystolic because the left-to-right shunt at the ventricular level begins with the onset of systole, even before the aortic and pulmonary valves open. When the ventricular septal defect is small, it produces a high-pitched murmur, heard along the sternal border, and a normal second heart sound without a change in its normal physiologic splitting.
7.  You are called to the newborn nursery to evaluate a 2-hour-old male who was born at term. The pregnancy was uncomplicated, but meconium staining was noted at delivery. The baby weighs 3.8 kg, is afebrile, and has a heart rate of 165 beats/min and a respiratory rate of 70 breaths/min. You note tachypnea and hyperpnea with clear breath sounds, no murmurs, and strong distal pulses. His oxygen saturation in room air is 68%. You place a nonrebreather mask to deliver an Fio2 of 1.0. After 5 minutes, the oxygen saturation is 72%.
Of the following, the BEST explanation for the findings of the hyperoxia test is

A. meconium aspiration syndrome

B. persistent pulmonary hypertension of the newborn

C. pneumonia

D. retained fetal lung liquid syndrome

E. transposition of the great arteries

Preferred Response: E

Most commonly, the practitioner is alerted to hypoxemia in the newborn by the finding of a low oxygen saturation value. Among the various causes of abnormal oxygenation in the newborn are pulmonary pathologies, congenital cardiovascular malformations, persistent pulmonary hypertension of the newborn, and disturbances of the hematologic and metabolic systems. Right-to-left shunting can be thought of as a diversion of desaturated blood away from the lungs and to the systemic circulation. This can occur because blood does not perfuse the ventilated portions of the lung (intrapulmonary right-to-left shunting). Intrapulmonary shunting resulting from infection such as pneumonia, pneumothorax, retained fetal lung liquid, and pulmonary prematurity is the most frequently encountered reason for desaturation in a newborn.
Conversely, abnormal oxygenation can result from the situations in which the desaturated blood does not perfuse the pulmonary artery from the heart (intracardiac right-to-left shunting) or is diverted from the pulmonary circuit through the ductus arteriosus (extracardiac right-to-left shunting). Examples of these pathologies include pulmonary atresia, transposition of the great arteries, tricuspid atresia, and pulmonary hypertension.

Whether the cause of the desaturation is intrapulmonary, intracardiac, or extracardiac right-to- left shunting, cyanosis (blue, maroon, or purple discoloration of the skin) is likely to be present. Typically, clinicians discern cyanosis in patients who have oxygen saturations of less than 85%, although it may be apparent to some when the saturation is 90% or less. If cyanosis is suspected in the newborn, cyanotic heart disease must be considered. 
It is reasonable to place the patient in a high-oxygen atmosphere (near FiO2 of 1.0) to determine if the high-dose oxygen can overcome the shunting. If the degree of cyanosis improves and oxygen saturations become normal, the problem likely is intrapulmonary shunting rather than cyanotic heart disease. If hyperoxia does not lead to increased oxygen saturation and higher PaO2 (=150 torr), cyanotic congenital heart disease should be considered and the infant should undergo further cardiac evaluation.

The newborn described in the vignette has cyanosis but no murmurs. His tachypnea and hyperpnea (deep breathing) represent the physiologic response to hypoxemia. His saturation improves slightly with the delivery of high-dose oxygen. Transposition of the great arteries is the best explanation for the infant's hypoxemia. No amount of oxygen delivered to the patient's alveoli can improve oxygenation of the pulmonary blood flow because the pulmonary blood flow in transposition already is well saturated. The neonate remains desaturated until oxygenated blood from the left atrium adequately crosses the atrial septum to be delivered to the system through the aorta. In contrast, the oxygenation defect associated with meconium aspiration syndrome, persistent pulmonary hypertension of the newborn, pneumonia, and retained fetal lung liquid syndrome is improved with high-dose oxygen delivery to the alveoli.

8. You are treating a 4-month-old infant who was born with tetralogy of Fallot. Her mother brings her to the clinic because she has had diarrhea and fever since the previous evening. On physical examination, the infant is irritable and has cyanosis and a heart rate of 180 beats/min.

Of the following, the finding that is MOST consistent with a tetralogy spell is

A. clubbing of the digits

B. hepatomegaly

C. inability to hear a murmur

D. oxygen saturation of 75% in room air

E. S3 gallop rhythm

Preferred Response: C

Tetralogy of Fallot (TOF) is the most common form of cyanotic congenital heart disease, with an incidence of approximately 0.2 in 1,000 live births and accounting for 9% of all congenital heart disease. The four components of TOF are right ventricular outflow/pulmonary stenosis, ventricular septal defect (VSD), overriding aorta, and right ventricular hypertrophy.

The primary lesion is underdevelopment of the pulmonary infundibulum, which has led some to refer to this disease as "monology of Fallot" because all aspects of the tetrad result from this lesion. The result of underdevelopment of the pulmonary infundibulum is deviation of the infundibular septum anteriorly and superiorly, bringing it into the right ventricular outflow tract. This leads to obstructed right ventricular outflow and the commonly seen underdevelopment of the pulmonary valve and pulmonary arteries caused by diminished blood flow through these structures. The underdeveloped pulmonary infundibulum also creates a VSD, which is almost universally large and of the malalignment type. The defect resulting from anterior malalignment of the infundibulum allows the aorta to "override" the ventricular septum. Finally, right ventricular hypertrophy results from exposure to systemic pressures (large VSD and pulmonary stenosis).
Most patients who have TOF do not present with cyanosis in the newborn period, but rather come to medical attention because of a harsh systolic murmur. The murmur results from infundibular stenosis and pulmonary stenosis, not from the VSD. The second heart sound is single. 
Because the degree of pulmonary blood flow obstruction can vary among patients, the degree of systemic oxygen desaturation ranges from mild to severe. Children who have mild obstruction may appear "pink," and those who have severe pulmonary stenosis have significantly reduced pulmonary blood flow and an increase in right-to-left shunting across the VSD into the aorta, leading to more pronounced cyanosis. Furthermore, as pulmonary blood flow decreases with tight pulmonary stenosis, pulmonary venous return to the left atrium decreases, resulting in less highly saturated blood leaving the left ventricle and entering the aorta.  Conversely, mild pulmonary stenosis is associated with more pulmonary blood flow, less right-to-left intracardiac shunting, and less systemic desaturation. In the mildest cases, there is left-to-right shunting across the VSD and near-normal or normal systemic saturation.

A decreased or absent murmur signifies diminished pulmonary blood flow, as occurs in the cyanotic spell or tetralogy spell. Such spells are marked by distress, crying, inconsolability, hyperpnea, and increasing cyanosis, as described for the infant in the vignette. They frequently occur in the morning or at times of dehydration (eg, fever, gastroenteritis). If not treated quickly, cyanotic spells can lead to serious morbidity and even death.

Treatment of cyanotic spells centers on increasing pulmonary blood flow, which is accomplished by several means. The first step is to alter the ratio of relative resistance of pulmonary and systemic beds. Increasing the systemic vascular resistance relative to the pulmonary vascular resistance decreases the right-to-left shunt at the VSD and can be accomplished by placing the patient in a knee-to-chest position or by squatting in older children. Pharmacologic augmentation of the systemic vascular resistance can be achieved with intravenous phenylephrine. Therapy also includes the use of sedation with morphine, which suppresses the sensation of suffocation and can relieve the patient’s fear. The use of high-flow oxygen, which dilates pulmonary vasculature, constricts systemic vasculature and increases Po2 of pulmonary venous return, and generous intravascular fluid administration to increase preload are important therapies for the patient experiencing a tetralogy spell.
Clubbing of the digits can be seen in cyanotic heart disease as well as a variety of other entities, but it is not typical in patients younger than 1 year of age and its presence is not associated with a tetralogy spell. Hepatomegaly is uncommon in the infant who has TOF; its presence suggests right heart failure. Diminished oxygen saturation is a component of a tetralogy spell, although the physical findings and condition of the patient, not the oxygen saturation, define the spell. Finally, an S3 gallop rhythm can be heard in the patient who has myocardial failure but is not expected in a patient who has TOF, particularly with the pronounced tachycardia described for the patient in the vignette.
9.  You are evaluating a 12-year-old girl as part of a sports screening program at the local school.  She tells you that she has trouble keeping up with her friends during gym class and on the soccer field. On physical examination, she appears well and is in no distress. Her precordial examination demonstrates a mild lift. The first heart sound is normal, and the second heart sound is prominently split. There is a 3/6 systolic ejection murmur at the upper left sternal border. Diastole is clear, and her pulses are normal in all extremities.

Of the following, the MOST likely cause of this patient’s signs and symptoms is

A. aortic stenosis

B. atrial septal defect

C. patent ductus arteriosus

D. pulmonary stenosis

E. ventricular septal defect

Preferred Response: B

Recognition of cardiac anomalies in pediatric patients requires a complete history and physical examination. The timing and severity of the presentation often depends on the severity of the underlying condition, such as the size of a ventricular septal defect, the degree of semilunar valve stenosis, or the extent of obstruction to pulmonary blood flow. Many of the congenital cardiac anomalies lead to turbulent blood flow within the heart or great vessels, which produces a murmur. The loudness, timing, location, radiation, and pitch of the murmur can suggest the cause of the anomaly.
The girl described in the vignette has the typical findings of an atrial septal defect. When the left-to-right shunt at the atrial level is significant, the patient may report a history of decreased exercise tolerance when compared with peers. Such decreased tolerance likely is the result of the dilated right ventricle, which receives the normal blood flow returning to the right atrium from the systemic veins as well as the abnormal blood flow that results from the left-to-right shunt of the atrial septal defect.

The murmur in patients who have atrial septal defects is not from the blood flow across the atrial septum because this flow usually is not turbulent and at low pressure. Rather, the systolic murmur results from a relative pulmonary stenosis because the left-to-right atrial shunt and the subsequent increased right ventricular volume are required to cross the pulmonary valve. The valve annulus does not dilate and, therefore, the amount of blood (stroke volume) crossing the valve is increased. The increased flow across the valve per heart beat necessitates an increase in the velocity of that blood flow, resulting in turbulence. It is this turbulence that creates the murmur that is heard best at the upper left sternal border. Because there is no structural abnormality of the pulmonary valve, no click is appreciated in patients who have atrial septal defects. In large atrial septal defects, a murmur also may be noted during diastole due to the increased amount of blood that must cross the tricuspid valve during ventricular filling.

Finally, patients who have atrial septal defects often have a fixed and split second heart sound that most likely results from the relative prolonged time required for the dilated ventricle to empty its contents during systole. In contrast, in the healthy heart, the second heart sound splits variably with respiration. The lack of variation of the split most likely is due to the free communication between the two atria, which allows for equalization of the influence of respiration on both the right and left ventricle.
The murmur of pulmonary stenosis often is associated with a systolic click that results from the abnormal structure and function of the pulmonary valve itself. The normal splitting of the second heart sound occurs because the volume of right ventricular blood and its stroke volume generally are normal.

Similarly, aortic stenosis is associated with an ejection click that does not change with position, and the accompanying murmur is heard best at the upper right sternal boarder, with radiation into the neck. Affected patients usually have a normal second heart sound.  
The patent ductus arteriosus typically produces a continuous murmur that is characterized as having a "machinery" quality and usually is loudest at the left infraclavicular area. The murmur is continuous because the flow between the systemic and pulmonary circulation is constant due to the higher systemic compared with pulmonary vascular resistance throughout the cardiac cycle and the lack of a valve to separate the two in the structure of the ductus.

The murmur of a ventricular septal defect typically is holosystolic because the left-to-right shunt at the ventricular level begins with the onset of systole, even before the aortic and pulmonary valves open. When the ventricular septal defect is small, it produces a high-pitched murmur, heard along the sternal border, and the second heart sound is normal, with no change in its normal physiologic splitting.
10.  You are conducting a preparticipation evaluation of a 14-year-old girl who is trying out for her school volleyball program. She is athletic and has never had any health problems. On physical examination, her height is at the 90th percentile and weight is at the 50th percentile for her age.  Her lungs are clear, and cardiac examination reveals a systolic click and an apical systolic murmur that is late systolic and graded at 2/6 with radiation to the left axilla.

Of the following, the MOST likely diagnosis is

A. anemia with high-output state

B. aortic valve stenosis

C. atrial septal defect

D. mitral valve prolapse

E. small midmuscular ventricular septal defect

Preferred Response: D

Normally, the mitral valve closes very early in systole as pressure in the ventricle increases with the onset of contraction. The anterior and posterior leaflet of the valve come together to provide complete and straight apposition, thereby protecting the left atrium from the pressure and content of the left ventricle. In mitral valve prolapse (MVP), the mitral valve moves backwards (prolapses) into the left atrium during systole. The anterior or posterior leaflet does not achieve straight apposition; rather, one or both of the leaflets billows into the space of the left atrium as pressure in the left ventricle increases. If there is retrograde leakage of left ventricular blood into the left atrium, the MVP is associated with mitral regurgitation. 
The prolapse may result from either abnormality of one or both of the mitral valve leaflets (eg, redundancy, “floppy”, myxomatous) or of the supporting apparatus (chordae tendineae, papillary muscles). MVP may occur primarily as an intrinsic abnormality of the mitral valve or its apparatus or it can occur secondarily from acquired disease such as rheumatic heart disease, myocarditis, or cardiomyopathy. Primary MVP is more common in females than males (2:1), and the disorder may be diagnosed in any age group.
The diagnosis of MVP is based on physical findings; patients can present with auscultatory findings that include a mid-systolic click that is believed to occur from the snapping of the mitral valve in the closed position during ventricular systole similarly to a sail catching wind. This timing of the click during systole may change, depending on patient position and the relative volume of the left ventricle during the examination. Squatting fills the left ventricle and may make the click occur later; standing reduces the left ventricular volume and may move the click to an earlier portion of systole. If there is regurgitation across the mitral valve, a late systolic murmur may be audible at the cardiac apex, with radiation to the left axilla.
The patient described in the vignette has physical findings indicative of MVP. The murmur associated with anemia typically is ejection, located along the left sternal boarder with radiation to the base, and not associated with a click. Aortic stenosis is associated with an ejection click that does not change with position, and the accompanying murmur  is best heard at the upper right sternal boarder with radiation into the neck. An atrial septal defect typically creates a murmur of relative pulmonary stenosis as the left-to-right atrial shunt leads to increased right ventricular volume that subsequently must cross the pulmonary valve. The murmur is heard best at the upper left sternal border. Because there is no structural abnormality of the valve, no click is appreciated in patients who have atrial septal defects. The murmur of a small muscular ventricular septal defect is high-pitched, heard along the sternal border, and not associated with a systolic click.

11.  You are evaluating a 14-year-old girl in the clinic. She has had a fever for nearly 2 weeks, which she has attributed to a "cold," although she has not had cough or upper respiratory tract symptoms. She is concerned about some "spots" that she has noticed on her palms and soles.  On physical examination, you note splenomegaly and erythematous, nontender macules on her fingers, palms, and soles of her feet. Additionally, she has lost 8 lb since her visit 6 months ago.
Of the following, the MOST appropriate next study for evaluation of this patient is

A. antinuclear antibody

B. echocardiography

C. Lyme titers

D. ophthalmologic examination

E. tuberculin skin test

Preferred Response: B

The fever, Janeway lesions (erythematous, nontender macular lesions on the fingers and soles), splenomegaly, and weight loss reported for the girl in the vignette strongly suggest infective endocarditis. Infective endocarditis describes an infection involving the endocardial surface of the heart that can occur in individuals who have structurally normal hearts, although it is more common in children who have congenital heart disease. The most common sites are the cardiac valves, but infection also may occur on the margins of a ventricular septal defect, along the chordae supporting the atrioventricular valves, or along vascular grafts or foreign material such as a prosthetic valve. Although a relatively rare occurrence in the pediatric population, infective endocarditis continues to be a major source of morbidity and even mortality. Viridans streptococci (eg, S mitis, S bovis) as well as Staphylococcus aureus are the most common bacterial pathogens causing endocarditis in children.
The clinical manifestations of infective endocarditis are many and can present variably in affected individuals. The most common is fever, which may be associated with shaking chills.  Constitutional nonspecific manifestations include anorexia, weight loss, malaise, night sweats, arthralgias, myalgias, and splenomegaly. In addition, a number of extracardiac manifestations are associated with infective endocarditis, including petechiae and splinter hemorrhages seen under the nails, hematuria, and glomerulonephritis. Roth spots are retinal hemorrhages that have a clear center and can be seen on ophthalmologic examination. Janeway lesions may be evident on the fingers, palms, or soles. Osler nodes are small, raised erythematous or purple nodules on the pads of the digits that typically are very painful.

Among the cardiac manifestations of infective endocarditis is a murmur, which is heard in nearly 50% of affected patients. Such murmurs typically result from valvular insufficiency, and the left heart valves are affected far more commonly than the right heart valves. Regurgitation of the mitral valve produces a holosystolic murmur typically heard best at the cardiac apex, with radiation to the left axilla. Regurgitation of the aortic valve produces a diastolic murmur that generally is heard best at the mid-left or right sternal border with the patient in the sitting position, leaning forward. If the regurgitation is severe, congestive heart failure also can be present.
The causative pathogen of infective endocarditis can be identified with blood cultures.  Imaging of cardiac valves and evaluation of myocardial function by echocardiography are important parts of an assessment that can help guide management of valvular regurgitation and congestive heart failure, if present. An ophthalmologic examination is an important component of the evaluation, but it is not diagnostic and will not affect treatment. With a presentation such as that of the girl described in the vignette, it is important to rule out other possible causes of systemic disease such as lupus erythematosus, Lyme disease, and tuberculosis, but such diagnostic tests do not have the same urgency or impact on management as echocardiography in a patient who clearly has infective endocarditis.
12.  You are evaluating a 15-year-old boy in the emergency department who presents with fever, chills, malaise, and blood in his urine. On physical examination, he appears comfortable and alert and has a temperature of 102.7°F (39.3°C), a blood pressure of 110/40 mm Hg, no rashes, and clear breath sounds. He has a diastolic murmur heard best in the sitting position.  You elicit no abdominal or flank tenderness. 

Of the following, the BEST next step in the management of this patient is 

A. administration of broad-spectrum antibiotics

B. blood cultures

C. renal ultrasonography

D. transesophageal echocardiography

E. urine culture

Preferred Response: B

The patient described in the vignette has history and physical examination findings that are highly suggestive of infective endocarditis. These include symptoms of chills and malaise; a history of fever; and the findings of hematuria, a new murmur, and fever. 
Typically, the diagnosis is confirmed by isolation of the offending organism from blood cultures. Blood cultures from three to five sites should be obtained prior to initiation of antibiotic therapy. Because the bacterial shedding is constant, the practitioner should not wait until the patient is febrile to obtain blood cultures. Viridans streptococci (eg, S bovis, S mitis) as well as Staphylococcus aureus are the most common bacterial pathogens causing endocarditis in children. However, clinicians must be concerned about organisms such as Enterococcus, coagulase-negative Staphylococcus, fungi, and a group of bacteria referred to as the HACEK organisms (Haemophilus sp, Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae).  The HACEK organisms are gram-negative oral and pharyngeal flora that are fastidious and slow-growing, often requiring growth factors and carbon dioxide to be isolated in cultures.  
Treatment of endocarditis depends on the isolated organism. In general, long-term antibiotic treatment (4 to 6 weeks) is undertaken in an effort to eradicate completely the bacteria that have been sequestered in a nonvascular vegetation. Surgery is reserved for patients who develop severe congestive heart failure from severe valve regurgitation or deterioration.

The boy in the vignette requires intravenous antibiotic treatment, but blood cultures should be obtained before therapy is begun. He also should undergo echocardiography, which may be performed from the transesophageal approach to improve the sensitivity, but similar to renal ultrasonography, such a study is performed after blood cultures have been obtained. The absence of vegetation at the time of echocardiography does not rule out a diagnosis of infective endocarditis. Patients who have infective endocarditis may exhibit hematuria from the deposition of immune complexes resulting in glomerulonephritis. Although fever and hematuria may be associated with urinary tract infection, the presence of a diastolic murmur and absence of urinary symptoms make such a diagnosis unlikely.

13.  A 3-day-old infant who was born at 29 weeks’ gestation and weighed 1,200 g has experienced respiratory distress syndrome and is receiving assisted ventilation. This morning, you note a grade III/VI holosystolic murmur, hyperdynamic precordium, and widened pulse pressures.

Of the following, the MOST appropriate next step is to

A. administer ibuprofen treatment

B. administer indomethacin prophylaxis

C. increase maintenance fluids

D. obtain echocardiography

E. reduce the ventilator settings

Preferred Response: D

The 29-weeks’ gestation very low-birthweight infant described in the vignette, who has respiratory distress syndrome, is at risk for a persistent patent ductus arteriosus (PDA). Closure of the ductus arteriosus often is delayed in such infants, but its patency may be of variable hemodynamic or clinical significance. Symptoms or signs resulting from a PDA typically appear between the third and seventh postnatal day, although they can appear later.

The significance of the PDA for the infant in the vignette is suggested by the presence of the murmur, a widened pulse pressure, and a hyperdynamic precordium. Such findings are indicative of a left-to-right shunt of blood from the descending aorta through the PDA into the pulmonary circulation. This condition may volume overload the right heart, contributing to the hyperdynamic precordium. As the shunt continues, pulse pressures widen and the overall adequacy of cardiac output to distal circulatory beds may be jeopardized, resulting in systemic hypotension, metabolic acidemia, oliguria, and potential gastrointestinal compromise. Untreated, the condition may result in pulmonary congestion with reduced pulmonary compliance, congestive heart failure, and hepatomegaly.
Diagnosis of a PDA is made both clinically and echocardiographically. The hemodynamic significance of a PDA is determined echocardiographically by assessing the size of the left atrium, the aortic outlet, the PDA, and the right ventricle as well as the presence of reversed enddiastolic blood flow in the proximal aortic arch. 
Judicious fluid management (<150 mL/kg per day) in the first week after birth may reduce the likelihood of clinically significant PDA. However, once the PDA is diagnosed, fluid restriction is a mainstay of treatment. The use of positive end-expiratory pressure (PEEP) also may help reduce pulmonary overcirculation in the ventilated patient. Pharmacologic management consists of intravenous indomethacin or ibuprofen-lysine, usually administered in three successive doses. If the PDA fails to close with these pharmacologic measures, surgical ligation may be warranted.

Treatment with ibuprofen may follow confirmation of the PDA but should not be initiated presumptively due to potential complications and adverse effects. A single dose of intravenous indomethacin may be administered prophylactically in the first 12 to 24 hours after birth, but the window for prophylaxis has passed for the infant in the vignette. Increasing fluids might worsen cardiopulmonary congestion in the setting of a PDA. Reducing ventilator settings (PEEP, inspiratory time, or pressure) can result in a reduction in mean airway pressure, which allows for an increase in left-to-right shunting.
14.  You are evaluating a 2-year-old girl for fever and fatigue. Her parents report that she has had a fever for 3 days, a progressive degree of fatigue, loss of appetite, and irritability. On examination, she has a temperature of 102.3°F (39.1°C), a heart rate of 160 beats/min, a respiratory rate of 40 breaths/min, and a blood pressure of 90/60 mm Hg. She has dry mucous membranes, mild intercostal retractions, and a 3/6 holosystolic murmur at the cardiac apex. Her liver is palpable 3 cm below the costal margin. Her pulses are weak but palpable in all extremities.

Of the following, the MOST likely cause of this patient’s clinical presentation is

A. dehydration from viral illness

B. Kawasaki disease

C. meningitis

D. myocarditis

E. rheumatic fever

Preferred Response: D

Myocarditis involves inflammation of the myocardium that causes some degree of tissue damage or necrosis. Causes may be infectious, the result of toxic exposures, or associated with connective tissue diseases. Numerous viral and bacterial agents have been associated with myocarditis, but Coxsackievirus B is the most common causative viral pathogen. Infants and young children are affected more commonly than older children, and there may be a seasonal distribution of cases, with occurrence in the spring and summer being more common.
Myocarditis is suspected when there is a new murmur, sudden cardiac failure, arrhythmia, or some combination of these following a flulike illness. Symptoms may be subtle, with subclinical changes in the myocardial performance, or severe, with cardiovascular collapse and shock.  Most affected infants have the signs and symptoms of congestive heart failure, the typical result of significant myocardial inflammation. Young children may appear pale, diaphoretic, and irritable.  With increasingly diminished cardiac output, there can be somnolence and lethargy. 
Findings on physical examination in infants typically include tachycardia and tachypnea as well as a holosystolic  murmur of mitral regurgitation on auscultation, which is believed to result from distortion of the mitral valve supporting structure as the left ventricle dilates. Pulses and perfusion may be diminished, depending on the degree of myocardial dysfunction.  Hepatomegaly may result if there is increased filling pressure in the atria.  

The child described in the vignette has fatigue, anorexia, irritability, and a fever. Her clinical examination findings are most consistent with moderate congestive heart failure, and her new murmur of mitral regurgitation suggests the diagnosis of myocarditis. Dehydration and meningitis are not associated with hepatomegaly or a new cardiac murmur. Kawasaki disease and rheumatic fever may be associated with myocarditis, but both are systemic diseases that require the presence of other findings for diagnosis.
15.  Included in your rounds today is a 36-hour-old boy who was born at term by normal, spontaneous vaginal delivery. His respiratory rate is 80 breaths/min and heart rate is 168 beats/min. He has easily palpable, bounding pulses in all four extremities, and his blood pressure is 72/30 mm Hg. Precordial examination reveals a lift and a 3/6 systolic ejection murmur at the upper left sternal border. You also note a murmur over the anterior fontanelle.
Of the following, the MOST likely diagnosis is

A. aortic coarctation with congestive heart failure

B. aortic insufficiency

C. large ventricular septal defect with congestive heart failure

D. left-to-right extracardiac shunting with congestive heart failure

E. right-to-left extracardiac shunting with right heart failure

Preferred Response: D

Systemic arteriovenous malformations constitute an extracardiac left-to-right shunt (system to venous). Blood flow always moves from high to low resistance when given the opportunity.  When an arteriovenous communication occurs, as might be seen in the brain or in the liver, blood from the high-pressure, high-resistance systemic circulation can move directly into the low-pressure, low-resistance venous circulation, bypassing the capillary bed of the affected organ.
In so doing, the volume of blood entering the venous system is increased, as is the oxygen content of the blood because the tissues have not been exposed to the oxygenated blood. With the passage of time and decreasing blood viscosity as physiologic anemia of the newborn ensues, the volume of blood “shunted” through the arteriovenous malformation becomes greater. Such excess blood flow “loads” the venous pool, which is delivered to the right atrium.

As a result, the right atrium and right ventricle become dilated, and congestion may occur. If such congestion is significant, jugular venous distension and hepatomegaly may become evident on physical examination.  Other signs of the right heart volume overload include a prominent precordial lift on palpation and a systolic ejection murmur  or relative pulmonary stenosis as the excess blood from the right heart makes its way across the pulmonary valve. The murmur is termed “relative” because the pulmonary valve annulus does not dilate despite dilation of the right ventricle.  However, because more blood is ejected from the right ventricle, it must travel with greater velocity as it crosses the pulmonary valve, leading to turbulence, which produces the audible murmur on auscultation. The excess right heart output enters the pulmonary vascular bed, often leading to some level of congestion, with the resulting sign of tachypnea on examination.
Similarly, because arterial blood has a “run-off” into the low-pressure veins, there is a pronounced pulse pressure with a typically low diastolic pressure that produces bounding pulses on examination. In some patients, a continuous murmur can be heard over the area of the arteriovenous malformation, such as the fontanelle, as in the patient described in the vignette, or the liver.

The newborn described in the vignette has physical findings and blood pressure that suggest a run-off lesion from the aorta, which could be significant aortic insufficiency, a large-volume ductus arteriosus, or an arteriovenous malformation. There is no diastolic murmur to suggest aortic insufficiency, and at 36 hours of age, a ductus arteriosus would not be expected to lead to symptoms. Similarly, a large ventricular septal defect might present with a holosystolic murmur and rarely leads to symptoms in the first few days after birth. Coarctation often leads to narrowed blood pressure and is associated with a pressure load on the left ventricle rather than a volume load, as in this patient. Right-to-left extracardiac shunting can occur only when pressure in the venous (right) vessel exceeds that in the arterial (left) vessel. This is a situation that does not exist.

16.  You care for a 6-month-old boy who was born with pulmonary atresia and ventricular septal defect. He received a modified Blalock-Taussig (systemic-to-pulmonary artery) shunt 5 days after birth. His oxygen saturations have ranged between 70% and 84% at office visits over the past 2 months. During a health supervision visit, you record a hematocrit of 57% (0.57).
Of the following, this child’s polycythemia puts him at INCREASED risk for

A. acute leukemia

B. bacteremia

C. cerebrovascular accident

D. congestive heart failure

E. necrotizing enterocolitis

Preferred Response: C

Cyanosis is the term given to the observation of a blue, maroon, or purple discoloration of the skin. A number of clinical conditions can lead to this finding, and cyanotic congenital heart disease is an important cause in the pediatric age group. Heart diseases that limit effective pulmonary blood flow or allow for shunting of desaturated blood from the right to left side result in desaturation and cyanosis. Until the underlying condition is corrected or palliated, the desaturation of arterial blood can cause increased erythropoietin secretion from specialized cells in the kidney, resulting in increased erythrocyte production and polycythemia.
Polycythemia leads to an increase in blood viscosity that has a direct relationship to vascular blood flow resistance. In addition, polycythemia increases oxygen-carrying capacity because of greater numbers of red blood cells (RBCs) and a greater concentration of hemoglobin. Because of the increased resistance to blood flow and oxygen-carrying capacity, blood flow at rest is reduced in those who have polycythemia.

Polycythemia is associated with significant clinical morbidity, particularly as the hematocrit increases to values well beyond normal. Complications may involve virtually any organ, but the infant, child, and adolescent typically present with headache, lethargy, irritability, joint pain, anorexia, and dyspnea. More serious complications can include thrombosis of the lungs, kidneys, or the brain. Thus, the balance of the benefit from the increased oxygen-carrying capacity and the risk from increased blood viscosity for the patient who has cyanotic heart disease is precarious. If the underlying congenital heart disease cannot be corrected, consideration should be given to partial volume exchange transfusion as the hematocrit exceeds 65% or at lower values if signs and symptoms are present.
The patient described in the vignette is at risk for a cerebrovascular accident because he has developed polycythemia and its attendant hyperviscosity as a result of his pulmonary atresia with a ventricular septal defect (VSD). As he outgrows his Blalock-Taussig shunt, his oxygen saturations will decrease further because he will have decreased pulmonary blood flow and continued right-to-left shunting at the VSD. If not corrected, this can lead to more pronounced polycythemia and greater risk for its complications. Polycythemia does not increase the risk for acute leukemia, bacteremia, congestive heart failure, or necrotizing enterocolitis.
17.  A 1-week-old infant presents to the emergency department with a 1-day history of poor feeding, pallor, diaphoresis, and increasing somnolence. She was born at term, and the delivery was uncomplicated. On physical examination, her heart rate is 180 beats/min, respiratory rate is 90 breaths/min, and blood pressure is 50/30 mm Hg. Her breath sounds are shallow, and cardiac evaluation reveals no murmurs but a gallop rhythm. Her liver is palpable at 3 cm below the costal margin. Her extremities are cool, pale, and mottled, and she has poor distal pulses. After you administer normal saline at 20 mL/kg, her heart rate is 194 beats/min.
Of the following, the MOST appropriate next step is

A. adenosine infusion at 50 mcg/kg

B. computed tomography scan of the head

C. dopamine infusion at 10 mcg/kg per minute

D. lumbar puncture followed by antibiotics

E. normal saline infusion at 20 mL/kg

Preferred Response: C

The newborn described in the vignette has the clinical signs and symptoms of diminished systemic perfusion and shock. Causes of shock in the neonate may include hypovolemia, sepsis, metabolic imbalance, and cardiogenic problems. The tachypnea described for the child likely results from pulmonary congestion caused by decreased filling of the failing left ventricle.
The auscultatory corollary is the presence of the gallop rhythm caused by the abnormal filling of the noncompliant left ventricle. Abnormal filling of the left ventricle results from the chamber’s inability to eject contents adequately, which may be caused by an acute afterload (left heart obstruction with a closing ductus arteriosus) or a cardiomyopathy (genetic, metabolic, or intrinsic). As filling of the left ventricle diminishes, pressure increases in the left atrium and subsequently the pulmonary veins, capillaries, and arteries. This pressure is transmitted back to the right ventricle, which becomes progressively hypertensive and may begin to fail. When right ventricular failure occurs, the systemic veins must drain at higher pressure into the failing right heart, which leads to hepatic congestion and enlargement, with the liver edge becoming palpable well below the costal margin, as described for the infant in the vignette.

The tachypnea exacerbates the poor feeding that results from the infant’s inability to generate a prolonged suck while maintaining nasal breathing. When poor intake is coupled with increased water losses through the respiratory tree, hypovolemia, dehydration, and decreased urine output ensue. Lethargy may reflect decreased perfusion to the brain and may be exacerbated by the metabolic acidosis that results from inadequate tissue perfusion. The tachycardia is often compensatory to maintain cardiac output (cardiac output = heart rate x stroke volume). As the ability to maintain cardiac output fails, the blood pressure falls, as reported for this infant, and the compensated shock becomes uncompensated.
Administration of colloid or crystalloid often improves the cardiac output of patients who have shock due to hypovolemia or sepsis by allowing for increased stroke volume as the patient’s “tank” becomes filled. The tachycardia may begin to resolve following initiation of this therapy. 

Conversely, those who suffer from cardiogenic causes of shock may not improve with the addition of volume, which may exacerbate further congestion in the pulmonary circuit and volume in the already dilated left ventricle. The Frank-Starling mechanism, which relates cardiac muscle fiber shortening to left ventricular end-diastolic volume, demonstrates that beyond a certain volume, when the heart is significantly dilated, the addition of volume may lead to diminished fiber shortening and reduced function and stroke volume. This can be characterized by an increase in tachycardia as attempts continue to maintain cardiac output in the face of the diminished stroke volume. The increase in heart rate after the administration of fluids reported for the patient in the vignette signals a cardiogenic cause for her shock.
Immediate management of this critically ill infant includes the administration of inotropic medications to improve cardiac muscle fiber shortening, thereby increasing stroke volume and cardiac output. Dopamine is an excellent drug for patients who have cardiogenic shock with hypotension. Dopamine has both inotropic effects on the heart and vasoconstrictive properties that can help to maintain or improve systemic blood pressure.

Adenosine, a fast-acting atrioventricular node blocker, is used to treat supraventricular tachycardia, commonly characterized in infants by heart rates greater than 240 beats/min.  Administering more intravenous fluids can lead to progression of the cardiac failure.  Transporting a patient such as the one described in the vignette for computed tomography scan or placing her in the positions necessary for lumbar puncture may lead to further hemodynamic compromise. Administering empiric antibiotics in such cases and obtaining cultures as the shock is being treated is appropriate.
18.  A 7-month-old female has undergone the second stage of surgical palliation (Glenn operation) for hypoplastic left heart syndrome. She was discharged from the hospital 1 week ago, and her mother brings her to the office because of irritability that began this morning. On physical examination, the infant is awake and irritable, with a heart rate of 150 beats/min and a respiratory rate of 50 breaths/min. She has cyanosis of the face and mucosal surfaces and swelling of the arms and head.
Of the following, the BEST explanation for this patient’s clinical presentation is

A. polycythemia

B. postpericardiotomy syndrome

C. protein-losing enteropathy

D. superior vena cava syndrome

E. thoracic duct injury

Preferred Response: D

The child described in the vignette has had surgery involving her superior vena cava, which has been sewn by an end-to-side anastomosis to her right pulmonary artery (Glenn operation). She is at risk for stenosis at the surgical site, thrombosis within the superior vena cava, and altered hemodynamics if the pulmonary vascular resistance (and, thus, the pulmonary artery pressure) increases, which raises the pressure against which the venous drainage must occur. Her symptoms and physical findings are consistent with superior vena cava syndrome, and she should undergo an aggressive evaluation and rapid institution of treatment.
Obstruction of the systemic venous return may result from one of three primary causes: extrinsic compression of either the superior or inferior vena cava, intrinsic obstruction of systemic return, or abnormal hemodynamics with significantly elevated right atrial pressures.  The systemic veins are thin-walled vascular structures that typically drain at low pressure into the superior and inferior vena cavae. Normally, these large veins drain into the right atrium at low pressure. Flow in any system moves from high to low pressure, and the cardiovascular system

is no exception. The right atrium in the healthy individual typically has a pressure of less than 10 mm Hg, often less than 5 mm Hg. Mechanisms that facilitate venous drainage to the right atrium include gravity for the vessels of the upper body and muscular contraction of the lower extremities, which serves to "push blood up" the valved veins of the caudal portion of the body.  As long as the pressure in the right atrium ("downstream") remains lower than the pressures in the veins, forward flow ensues. Any process that increases the pressure in the right atrium raises the pressure needed to ensure forward drainage of the systemic veins. 
Similarly, any obstruction of the superior or inferior vena cava raises the pressure "upstream" and may limit normal venous drainage.  Extrinsic compression can result from a mediastinal mass or tumor that physically compresses the vena cava, thereby raising the pressure needed to pass blood through the narrowing and into the right atrium. Intrinsic obstructions can result from surgical anastomotic sites, baffle stenosis, thrombosis (eg, from an indwelling catheter), or cardiac tumors that physically obstruct blood return through the vena cava.
When blood return from the superior vena cava into the right atrium is obstructed significantly, patients may demonstrate signs of superficial venous distention, venous congestion, and facial and upper body edema, as described for the infant in the vignette. As the venous pressure increases proximal to the obstruction, the venous drainage of the brain may become engorged, leading to discomfort, irritability, and seizure and brain injury.

Polycythemia (elevated hemoglobin concentrations) might lead to sluggish blood flow through the small capillaries, but would not cause the findings described in this child.  Postpericardiotomy syndrome, which can occur in children who have had cardiac surgery, generally presents with fever and systemic symptoms. Protein-losing enteropathy is a serious complication that can occur in patients who have increased pressure in the venous drainage of the gut, including those who undergo single ventricle palliation. Such patients typically present with diarrhea and edema of the entire body, not localized to the upper compartments, as in this patient. Thoracic duct injury can occur in any patient undergoing cardiac surgery and often leads to a chylothorax.
19.  You are evaluating a 12-year-old boy who has been fatigued for 2 weeks. His mother reports that he had an upper respiratory tract infection 2 weeks ago, and his appetite has been decreased since then. On physical examination, he is afebrile and has a heart rate at rest of 110 beats/min. His respiratory rate is 22 breaths/min. His lungs are clear, and he has a gallop rhythm without murmurs on cardiac auscultation. You discern hepatomegaly and mild jugular venous distention.
Of the following, the MOST likely diagnosis is

A. anemia

B. dilated cardiomyopathy

C. Kawasaki disease

D. primary pulmonary hypertension

E. pulmonary embolism

Preferred Response: B

The gallop rhythm, hepatomegaly, and jugular venous distention described for the boy in the vignette support the diagnosis of congestive heart failure (CHF), most likely due to myocardial dysfunction associated with dilated cardiomyopathy. Generally, CHF is a clinical syndrome that reflects the inability of the myocardium to meet the metabolic requirements of the body, including those for growth. The presentation in the older child differs from that of the young infant. In the former, CHF usually presents with signs and symptoms of fatigue, particularly with exercise or activity. In addition, children may present with shortness of breath, palpitations, diaphoresis, and

in the most acute cases, extremis. Almost invariably, the left ventricle is affected, and as its systolic and diastolic function diminishes, its filling pressures increase. Clinically, this may manifest during auscultation as a gallop rhythm. The increased left ventricular filling pressures results in rising pressures in the pulmonary veins, pulmonary capillaries, pulmonary arteries, right ventricle, and right atrium. When the right-sided filling pressures increase, the systemic veins that drain into the right atrium, including those of the hepatic system and the jugular system, become congested. Congestion of the former leads to hepatomegaly and that of the latter may manifest with jugular venous distention discernible on examination.
Laboratory support for the myocardial failure seen in patients who have CHF can be demonstrated by an elevation in the brain natriuretic peptide value. Results of this test almost always are abnormal in patients who have significant CHF.  Among the many causes of CHF are large-volume left-to-right shunts with pulmonary overcirculation, pressure load on the myocardium, inadequate blood flow to the myocardium, infection or infiltration of the myocardium, or genetic or idiopathic diseases of the myocardium. 

CHF from large-volume shunting lesions is seen almost exclusively during infancy. The other causes may manifest any time throughout infancy, childhood, or adolescence. Anemia can lead to a "high-output" state but does not present with the right heart failure demonstrated by the patient in the vignette. Although Kawasaki disease can present in some cases with CHF due to acute myocarditis, the patient in the vignette has no other physical findings to support this diagnosis. Primary pulmonary hypertension is seen more typically in females during adolescence or adulthood and includes the presence of a loud second heart sound with or without a gallop rhythm. Pulmonary embolism typically presents more acutely with chest pain, hypoxemia, and tachypnea in addition to the findings of acute right heart failure.

