Block 6: Board Review: Pulmonology: Q&A
1. An 18-month-old boy presents to the emergency department with a 2-day history of cough, posttussive emesis, and diminished food intake, although he has been taking liquids. The coughing began after eating some popcorn. His mother explains that he has had no fever or rhinorrhea. He had an episode of bronchiolitis at 3 months of age but has no other history of respiratory illness, chronic cough, or other health concerns. He is the youngest of four children cared for at home. On physical examination, his vital signs are normal, his height and weight are at the 50th percentile for age, and the boy is mouth-breathing with mild nasal flaring. Oxygen saturation is 94% on room air. Auscultation of the chest reveals diffuse rhonchi and wheezes that are markedly louder on the left side of the chest.

Of the following, the MOST likely diagnosis is

A. bronchiolitis

B. community-acquired bacterial pneumonia

C. cystic fibrosis

D. foreign body aspiration

E. reactive airway disease

Preferred Response: D

Cough and wheezing are common presentations in small children and infants. Although the most common causes involve asthma and bronchiolitis, tracheal and esophageal foreign bodies may present with the acute or subacute onset of cough and wheezing, especially in the older infant and toddler. The age, lack of symptoms since age 3 months, and abrupt onset of symptoms after eating a food that could be aspirated, as described for the boy in the vignette, suggest foreign body aspiration rather than the other more indolent causes.

Contrary to popular belief, the aspiration of a small foreign body, including food (such as seeds or nuts) is as common in the left as the right mainstem bronchus in young children because the bifurcation of the trachea remains symmetric until the aortic knob grows larger in later childhood. Typically, a chest radiograph may not disclose air trapping for up to 1 day after the aspiration, despite the initial coughing. A careful history must be obtained for all children who have abrupt onset of cough and wheezing, and children whose histories strongly suggest foreign body aspiration should undergo prompt rigid bronchoscopy.   The child in respiratory distress should not be sent to the radiology department but should have expiratory and inspiratory anteroposterior chest radiography performed in the emergency department.
Children who have aspirated foreign bodies are at high risk for developing secondary bacterial pneumonia.  An esophageal foreign body, most often a coin, also may cause wheezing, but commonly patients also have vomiting or an inability to tolerate solid foods. When the foreign body remains in the upper half of the esophagus, the trachea may be compressed directly in some children, especially infants.  

Although bacterial pneumonia occasionally presents with wheezing (especially in the child who has asthma) and wheezing may be seen with community-acquired pneumonia caused by Mycoplasma and Chlamydia pneumoniae, other findings, such as fever, and bilateral signs upon auscultation of the chest, often are present. Cystic fibrosis should be considered in children who have persistent pulmonary disease, especially in conjunction with failure to thrive or diarrhea.
2. You are demonstrating digital clubbing in a teenage patient at the physical diagnosis course you teach at your local medical school. One of the students asks what condition would predispose an adolescent to this finding.

Of the following, the MOST likely predisposing condition is

A. hypoplastic left heart syndrome after completion of a Fontan procedure

B. pulmonary atresia associated with unrepaired ventricular septal defect

C. tetralogy of Fallot that was repaired in infancy

D. transposition of the great arteries that was repaired at 1 week of age

E. unrepaired atrial septal defect

Preferred Response: B

Hypertrophic pulmonary osteoarthropathy, better known as clubbing of the digits, can be seen in a variety of entities, the most common of which is cyanotic heart disease, such as pulmonary atresia with an unrepaired ventricular septal defect and collateral pulmonary blood flow. Other conditions in which it has been described are chronic lung disease, biliary cirrhosis, and infective endocarditis. Finally, clubbing of the digits can be a normal variant, occurring as a familial trait.
Clubbing initially becomes apparent when the angle between the proximal nail and the soft tissue of the digit is obliterated or filled in, which can be demonstrated by having the patient place the distal phalangeal joints together in a "mirrorlike" fashion. For the individual who has no clubbing, the maneuver creates a diamond-shaped space. In contrast, the patient who has clubbing demonstrates complete occlusion of this space because all aspects of the nail

bed and distal soft tissue directly oppose one another. This finding is referred to as a positive Schamroth sign.
Hypoplastic left heart syndrome is an obstruction of systemic blood flow that typically presents in the first several days after birth as the ductus arteriosus and, thus, the route of systemic blood flow constricts. Palliation of this complex disorder involves difficult surgical anastomoses, including the creation of systemic blood flow from the right ventricle through the native pulmonary valve and artery that has been brought to the aorta. The pulmonary blood flow is delivered through an aortic-pulmonary artery shunt (eg, Blalock-Taussig shunt) or directly from the right ventricle to the pulmonary artery (Sano shunt). The second stage of the palliation usually occurs about midway through the first postnatal year and consists of a superior vena cava-to-pulmonary artery passive shunt such as the Glenn operation. Both the first and second stages of the palliation result in oxygen saturations in the 70% and 80% range, but upon completion of the third stage, which brings the inferior vena cava to the pulmonary arteries, saturations reach the 90% range. Clubbing is not expected in affected patients. 
Similarly, patients who have tetralogy of Fallot may present with or develop cyanosis, but upon complete surgical repair, their oxygen saturations are normal. The same is true of the child who has repaired transposition of the great arteries. The atrial septal defect typically is a left-to-right shunt associated with normal oxygen saturation.

3.  A 2-year-old boy comes to the emergency department because of a barking cough. His mother reports that he has no fever or shortness of breath, but you note a barking, seal-like cough. His respiratory rate is 20 breaths/min, and there is no stridor. His lungs are clear, and other findings on the physical examination are normal.

Of the following, the MOST appropriate treatment is

A. cool mist therapy

B. helium/oxygen mixture

C. nebulized albuterol

D. nebulized racemic epinephrine

E. oral antibiotic

Preferred Response: A

The child described in the vignette has a barking cough but no other respiratory symptoms, which is most consistent with the diagnosis of laryngotracheobronchitis or croup. Croup may be caused by a number of respiratory viruses, including parainfluenza, influenza, respiratory syncytial virus, and adenovirus. Typical features are rhinorrhea and low-grade fever, followed by a barking cough and hoarseness. In severe cases, inspiratory stridor may be noted. 
Children who have croup generally appear well and tolerate oral intake well. Toxic appearance, drooling, and significant respiratory distress should alert the clinician to the possibility of a more serious airway infection, such as bacterial tracheitis or epiglottitis.
The mainstay of therapy for children who have simple viral croup is aerosolized cool mist therapy, which is administered best with the child seated on the parent’s lap. The mist thins and moistens airway secretions to improve clearance. Although a recent review of clinical trials found little benefit of mist over no therapy in children who had acute croup, it is a safe and easily administered therapy that may be soothing to the inflamed mucosa. There is good evidence that administration of steroids, either systemic dexamethasone or nebulized budesonide, improves the clinical course by reducing laryngeal mucosa inflammation, so this could be added to the cool mist for maximum benefit.
Both helium/oxygen and racemic epinephrine have been shown to be beneficial in the treatment of moderate-to severe croup, but the child in the vignette has no evidence of respiratory distress or stridor, so these therapies are not indicated unless the child’s condition worsens. Nebulized albuterol may be helpful if wheezing was present and lower airway bronchospasm was suspected. Oral antibiotics have no role in the management of croup.
4. An 18-month-old girl has been having an intermittent nonproductive cough for the past 6 months. Her parents state that the cough awakens the toddler at night a few times a month and occurs when playing vigorously. During a recent upper respiratory tract illness, her cough worsened and occurred daily for 3 weeks. On physical examination, there is no nasal discharge, and the toddler appears healthy.

Of the following, the MOST likely diagnosis is

A. asthma

B. atypical pneumonia

C. gastroesophageal reflux

D. sinusitis

E. upper airway cough syndrome

Preferred Response: A

The chronic cough that is exacerbated during the night, with activity, and during an upper respiratory tract infection described for the child in the vignette most likely represents asthma.  Chronic cough typically is defined as one that persists for more than 8 weeks. When the patient's chest radiograph appears normal, three causes account for 95% of chronic coughs: asthma, gastroesophageal reflux (GER), and upper airway cough syndrome (UACS) (previously termed postnasal drip syndrome).
Asthma usually develops in early childhood, with 80% of patients reporting symptoms prior to age 6 years. Symptoms may include cough, wheezing, shortness of breath, and chest tightness. The most common trigger for infants and toddlers is a viral upper respiratory tract infection (URI). Fortunately, URI-induced wheezing resolves in most infants by age 6 years (so-called "transient wheezers"). Those who continue to have asthma symptoms after age 6 are at greater risk for persistent asthma.

UACS encompasses allergic rhinitis, nonallergic rhinitis, and sinusitis. Allergic rhinitis typically occurs in children older than 3 years of age and is associated with other ocular and nasal symptoms, such as pruritus, sneezing, and rhinorrhea. Sinusitis also is characterized by rhinorrhea and postnasal symptoms.

Atypical pneumonia caused by Mycoplasma pneumoniae and Chlamydophila pneumonia (previously termed Chlamydia pneumoniae ) may present at any age, although it is unusual prior to age 3 years. Characteristic constitutional symptoms include fever, malaise, and headache.  

Cough can represent the sole manifestation of GER, but GER usually becomes symptomatic during the first few postnatal months, improving by 12 months of age. GER may worsen at night during supine positioning, but exercise and URIs are uncommon precipitating factors for GER symptoms.
5.  A 17-year-old boy is applying for entry into military service and requires a complete history and physical examination. During the interview, he states that he is healthy, although he admits to being treated for three cases of pneumonia over the past 10 years. A chest radiograph performed during the last infection showed a left lower lobe pneumonia, and the patient states that the infection is “always on that side.” The only finding of note on the physical examination today is slightly diminished breath sounds over the left lower lobe.

Of the following, the MOST likely cause for this boy’s recurrent pneumonias is

A. bronchogenic cyst

B. congenital cystic adenomatoid malformation

C. congenital lobar emphysema

D. extrapulmonary sequestration

E. intrapulmonary sequestration

Preferred Response: E

The presentation of recurrent unilateral pneumonias should prompt the clinician to consider congenital malformations of the lung, specifically pulmonary sequestration. Pulmonary sequestrations can be classified as intrapulmonary or extrapulmonary. Intrapulmonary sequestrations account for 75% to 90% of all sequestrations. Patients usually present in adolescence or adulthood with cough, wheezing, fever, and recurrent pulmonary infections. Surgical lobectomy generally is curative. 
Although also located on the left side in most cases, extrapulmonary sequestrations usually present prior to 6 months of age and often occur in conjunction with other congenital anomalies such as colonic duplication, pulmonary hypoplasia, or vertebral anomalies. Extrapulmonary sequestration can present similarly to intrapulmonary sequestrations, with cough, dyspnea, and infection, but also can result in feeding difficulty and, in rare cases, congestive heart failure due to increased shunting.
Bronchogenic cysts are the most common cause of a cyst in the lung. Most commonly located near central airway structures, bronchogenic cysts may present with symptoms of airway compression or infection, but they frequently are asymptomatic and discovered incidentally on chest radiography.
Congenital cystic adenomatoid malformation (CCAM) is another common congenital lung anomaly that typically is identified on prenatal ultrasonography. Most CCAMs present in the newborn period with respiratory distress and, depending on the type, may involve an entire lung, be associated with congenital anomalies, or result in fetal hydrops and pulmonary hypoplasia. Affected patients can present during childhood with recurrent pneumonia, but CCAM is less common than intrapulmonary sequestration at the age of the boy in the vignette.
Congenital lobar emphysema (CLE) is the most common neonatal cause of cystic malformation of the lung, and similar to CCAM, typically presents in the neonatal period with respiratory distress and airway obstruction.
6.  You are called to evaluate a 16-year-old girl who was the unrestrained driver in a motor vehicle crash. She reportedly hit the steering wheel but maintained consciousness and now complains of chest pain. On physical examination, she has a heart rate of 110 beats/min, blood pressure of 120/80 mm Hg, and a respiratory rate of 30 breaths/min. Her oxygen saturation by pulse oximetry is 85% while receiving 8 L/min oxygen via a nonrebreathing face mask. As you observe her breathing pattern, you notice that her right chest moves inward with each inspiration. Her chest radiograph demonstrates several significant right-sided findings, including multiple fractures of the 7th, 8th, and 9th ribs; a small apical pneumothorax; and a diffuse opacification consistent with a pulmonary contusion.

Of the following, the MOST appropriate next step is

A. administration of 10 mL/kg of 0.9% normal saline

B. administration of furosemide

C. endotracheal intubation

D. observation

E. surgical fixation of the rib fractures

Preferred Response: C

The pulmonary contusion, multiple rib fractures, and pneumothorax described for the girl in the vignette are consistent with significant thoracic trauma. On physical examination, she has a paradoxic respiratory pattern, as evidenced by inward movement of her right chest during inspiration. This is a result of her multiple rib fractures producing an isolated, unstable area that does not move in the appropriate direction during respiratory efforts, the so-called "flail chest."  The diagnosis of flail chest is primarily clinical. It is less common in young children due to elasticity of the thoracic skeleton, which results in traumatic forces being transmitted more readily to internal organs.

Respiratory distress, as described for this patient, must be addressed urgently. Initial treatment of flail chest generally consists of intubation, mechanical ventilation, and adequate pain control. The associated hypoxemia is due to the underlying pulmonary contusion and is unlikely to improve with a 10-mL/kg fluid bolus, administration of a diuretic, or simple observation.  Surgical fixation of the flail segment 24 to 36 hours after injury is a relatively new technique that has shown initial promise in improving pulmonary function and cosmetic appearance, but it is not part of initial management.

Thoracic injuries account for 5% to 8% of pediatric trauma cases, with mortality rates of 7% to 15%, second only to the mortality of head injuries. Blunt trauma to the chest can produce a variety of injuries, including cardiac tamponade, aortic arch dissection, rib fractures, pulmonary contusion, hemo- and pneumothorax, and diaphragmatic rupture. Patients in whom thoracic injuries are suspected due to the mechanism of injury (eg, motor vehicle or bicycle crashes, falls) or signs and symptoms (eg, respiratory distress, failure to respond to supplemental oxygen, visible wounds to the chest, decreased breath sounds, hyperresonance on chest percussion, distended neck veins) should undergo radiography of the chest and cervical spine.
Focused assessment sonography for trauma (FAST) may be useful to rule out thoracic hemorrhage and cardiac tamponade. Computed tomography scan of the chest should be performed after initial stabilization.

7. You admit a term newborn to the neonatal intensive care unit because of noisy breathing.  Findings on physical examination include mild micrognathia, an intact palate, and inspiratory stridor with suprasternal retractions when the infant is in the supine position that diminish but do not disappear when the infant is prone. Stridor becomes more audible when the infant cries.  When the infant is asleep and prone, the breath sounds are clear and equal bilaterally, with no stridor or wheezing. There is no heart murmur. Pulse oximetry is 94% on room air.

Of the following, the MOST likely cause of this infant’s stridor is

A. cleft lip

B. laryngomalacia

C. tracheal hemangioma

D. tracheomalacia

E. vocal cord polyp

Preferred Response: B

The infant described in the vignette has congenital stridor (noisy inspiratory breathing) and exhibits only mild increased work of breathing when supine and when distressed. Although no immediate intervention is required to maintain airway patency, the clinician examining the patient needs to determine the cause of the stridor. Some have reported a characteristic coarseness of the stridor when due to a supraglottic (laryngeal) disorder, a musical quality associated with glottic (vocal cord) disorders, and more of an expiratory noise or prolonged expiratory phase with a wheeze in subglottic disorders of airway obstruction.
The most common cause of congenital stridor is laryngomalacia, a congenital weakness, or floppiness, in airway laryngeal cartilages (epiglottis, arytenoid cartilages, larynx). A cleft lip does not cause stridor. A tracheal hemangioma may cause airway obstruction, but usually this is associated with expiratory wheezing. Tracheomalacia may complicate prolonged intubation and positive pressure ventilation in preterm infants and typically is associated with expiratory wheezing or inspiratory cessation of airflow with airway collapse unless positive distending pressure is applied. A vocal cord polyp is a rare congenital condition that may be associated with human papillomavirus infection that can cause stridor, which would not be expected to change with position.
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8.  A 6-year-old boy presents to the clinic with a 2-day history of fever and noisy breathing. His mother is concerned because she feels that her son is “going to die.” His past medical history is unremarkable, but he has not yet received his fifth diphtheria-tetanus-acellular pertussis (DTaP) or his second measles-mumps-rubella (MMR) vaccination. On physical examination, the boy appears scared and toxic and has labored respirations and a very harsh cough. He is not drooling and can lie flat while you examine him. His temperature is 103.5°F (39.7°C), respiratory rate is 35 breaths/min, heart rate is 168 beats/min, and blood pressure is 107/68 mm Hg.  Although he has tachypnea, his lungs are clear to auscultation, he has no heart murmur, and findings on his abdominal examination are benign.

Of the following, the MOST likely diagnosis is

A. bacterial tracheitis

B. bronchitis

C. epiglottitis

D. foreign body aspiration

E. laryngotracheobronchitis

Preferred Response: A

The boy described in the vignette has bacterial tracheitis, a complication of a primary viral illness caused by a secondary bacterial infection of the upper airway (excluding the epiglottis).  Staphylococcus aureus, Moraxella catarrhalis, nontypeable Haemophilus influenzae, and oral anaerobes all have been implicated as common causative agents. Mucosal swelling at the cricoid cartilage plus thick purulent secretions are responsible for the respiratory distress. The affected child typically has a high fever, appears toxic, and has a “brassy” cough.  Treatment of bacterial tracheitis includes broad-spectrum antimicrobial agents that have antistaphylococcal coverage and may require placement of an artificial airway until the airway swelling and copious purulent secretions improve.
The patient who has epiglottitis usually cannot lay flat, drools, and has dysphagia. In parts of the world where the H influenzae type b vaccine is used, bacterial tracheitis occurs more frequently than epiglottitis. Most patients who have laryngotracheobronchitis improve with the administration of racemic epinephrine, are not highly febrile or toxic-appearing, and are younger than 3 years of age. Although acute bronchitis commonly is preceded by a viral upper respiratory tract infection, it is characterized by frequent dry hacking cough in an otherwise nontoxic-appearing patient. Similarly, patients who have aspirated foreign bodies usually are not febrile and toxic-appearing.
9. You are caring for an 8-month-old infant in the pediatric intensive care unit. She has been hospitalized for 1 week with respiratory syncytial virus bronchiolitis. In discussions with the mother, she reports that the child has very frequent, large, foul-smelling stools. Physical examination of the child reveals a temperature of 37.0°C, heart rate of 140 beats/min, respiratory rate of 35 breaths/min on the ventilator, and blood pressure of 80/40 mm Hg. Her oxygen saturation is 90%, and her most recent arterial blood gas shows a pH of 7.25, Paco2 of 70 mm Hg, and Pao2 of 70 mm Hg. Her weight is 7 kg, and she appears malnourished, with decreased muscle development. No obvious congenital abnormalities are apparent. Her chest appears hyperinflated, she has no heart murmur, her pulses are equal and strong, and her abdomen is protuberant with normal bowel sounds. Computed tomography scan of her chest was obtained earlier today to evaluate enlarging cystic-appearing lesions on her chest radiograph.

Of the following, the MOST likely underlying diagnosis in addition to bronchiolitis is

A. Clostridium difficile infection

B. congenital lobar emphysema

C. cystic adenomatoid malformation

D. cystic fibrosis

E. pulmonary sequestration

Preferred Response: D

The child described in the vignette was admitted to the pediatric intensive care unit for bronchiolitis, but her history of failure to thrive and malabsorption as well as cystic lesions on radiologic imaging are consistent with cystic fibrosis. Cystic fibrosis can have a variety of presentations, including failure to thrive, delayed passage of stool, abnormal stools, rectal prolapse, and electrolyte abnormalities, but acute or chronic respiratory symptoms account for more than 50% of all presentations. Cough frequently is the first respiratory symptom, but progression to wheezing, shortness of breath, and recurrent pneumonia is common. Infants younger than 1 year of age can have bronchiolitis with wheezing, as described for the child in the vignette. Radiographic findings include hyperinflation, bronchial thickening, and patchy atelectasis. Progressive disease is evidenced by cyst formation, bronchiectasis, and lobar atelectasis. Severe complications of pulmonary disease that may be life-threatening can include development of pneumothoraces, cor pulmonale, and hemoptysis.
Congenital disorders of the lung such as congenital cystic adenomatoid malformation, congenital lobar emphysema, or pulmonary sequestration may present as respiratory distress during infancy, but they generally are not associated with malabsorption or failure to thrive. Clostridium difficile infection, which usually develops following antibiotic usage, can cause foul-smelling diarrhea, but failure to thrive is not a characteristic finding.
10.  A mother brings in her 3-month-old boy because he has had a worsening cough over the past 2 days. She reports that he has been afebrile but not feeding as well as he normally does. You note a few coarse breath sounds, rare wheezing, and intermittent subcostal retractions on physical examination. His respiratory rate is 56 breaths/min and temperature is 101.5°F (38.6°C). There is a family history of asthma. A trial of albuterol results in minimal improvement in his chest findings. His oxygen saturation is 89% on room air.

Of the following, the next BEST course of action is to

A. arrange for home administration of albuterol

B. hospitalize the boy for intravenous steroid and antibiotic administration

C. hospitalize the boy for observation and supportive care

D. order a complete blood count

E. refer the boy to a pulmonologist

Preferred Response: C

The child described in the vignette clearly exhibits tachypnea for age and has clinical examination findings consistent with respiratory distress. The indications for hospital admission for a child who has bronchiolitis are similar to those for any child who has any lower respiratory tract disorder. Respiratory distress that is indicated by tachypnea or hypoxemia; signs of accessory muscle use; poor feeding or inability to maintain the airway; signs of respiratory failure such as cyanosis, listlessness, or fatigue; and dehydration necessitate immediate hospitalization.
At the age of 3 months, the boy is at risk for dehydration and poor feeding due to his inability to suck and swallow from breast and bottle in conjunction with the reported signs and symptoms.

A trial of bronchodilator did not improve his condition, which is not unusual in acute bronchiolitis. For the minority of children (<35%) who do respond to albuterol, a trial in the home with very close follow-up and revisit might be considered. Although nebulized racemic epinephrine has been found to be effective in some children who have bronchiolitis, home use never has been shown to be safe or effective.

Viral bronchiolitis has a natural course of worsening over the first 3 to 5 days, which represents an additional concern for the child in the vignette.  The use of antibiotics has not been proven to be helpful in viral bronchiolitis, and the use of steroids is controversial and not clearly efficacious. For children who have classic signs and symptoms of bronchiolitis, such as described for this child, a complete blood count is not indicated.

Most cases of viral bronchiolitis resolve without sequelae, although there is some suggestion of an increased risk for future development of recurrent wheezing in affected children. Bronchiolitis alone is not an indication for a pediatric pulmonary consultation unless the child fails to improve or exhibits other signs of underlying pulmonary disease. 
Once a decision has been made to admit a child who has bronchiolitis, whether the child should be admitted to an observation, inpatient, or intensive care unit depends on local or practice preference. There is evidence that the sequential use of respiratory scoring systems may allow for early discharge or the use of observation units.
11. You are evaluating a 2-year-old girl in your office who suffered a near-drowning accident at 1 year of age that left her ventilator-dependent. She receives feeding via a gastrostomy tube and has a seizure disorder that is well-controlled by medications. Her mother reports that the child sometimes seems to choke after her tube feeding and that she has developed a fever and an increased oxygen requirement. On physical examination, the girl’s tracheostomy tube site is clean and dry, her temperature is 39.0°C, her heart rate is 140 beats/min, and her respiratory rate is 48 breaths/min. You obtain a chest radiograph.

Of the following, the MOST likely diagnosis is

A. aspiration pneumonia

B. congenital lobar emphysema

C. pneumothorax

D. pulmonary hemorrhage

E. viral pneumonia

Preferred Response: A

The care of the technology-dependent child represents a considerable challenge for families and clinicians. The exact number of such children is unknown, but recent estimates suggest that they represent up to 20% of patient discharges from tertiary children’s hospitals.
Anatomic abnormalities, impaired neurologic status, loss of normal oromotor coordination, gastroesophageal reflux, and the presence of devices such as nasoenteric tubes and tracheostomies can lead to recurrent aspiration of gastric or upper airway secretions among such children. Aspiration can lead to a variety of respiratory problems, including wheezing, coughing, apnea, laryngospasm, and recurrent pneumonias.
Tracheostomy tubes, even cuffed tubes, do not prevent aspiration and, in fact, may increase the risk in some patients due to desensitization of the larynx and loss of protective reflexes in combination with uncoordinated laryngeal closure. The child described in the vignette has a history of coughing with feedings and now has signs of an acute respiratory infection that include fever, tachypnea, and increased respiratory rate. Her chest radiograph demonstrates a diffuse right upper lobe infiltrate in a location consistent with aspiration pneumonia and no evidence of a pneumothorax.

Congenital lobar emphysemas typically present with respiratory distress by 6 months of age. Radiographic findings include hyperinflation of the affected lobe with resultant atelectasis of adjacent lobes and shifting of the mediastinum away from the lesion. Chest radiography in viral infection typically shows hyperinflation with bilateral interstitial infiltrates and peribronchial cuffing, and pulmonary hemorrhage is characterized by diffuse consolidation with a "ground glass" appearance.

12.  You admit a 39 weeks’ gestation male who has respiratory distress to the intensive care nursery. His mother had a negative group B Streptococcus screening culture and did not receive antibiotics in labor. She did not have chorioamnionitis or prolonged rupture of the fetal membranes. However, the amniotic fluid was meconium-stained at the time of delivery, and the infant required tracheal intubation, with resultant meconium suctioned from below the vocal cords. Apgar scores were 3 and 7 at 1 and 5 minutes, respectively. On physical examination, he has marked work of breathing with tachypnea and retractions and episodic cyanosis when agitated. Breath sounds are coarse and equal. There is no heart murmur. While receiving hood oxygen at an FiO2 of 0.50, his oxygen saturation by pulse oximetry is 85%. You obtain a chest radiograph.

Of the following, the radiographic findings MOST expected for this infant are

A. air bronchograms, diffusely hazy lung fields, and low lung volume

B. cardiomegaly, hazy lung fields, and pulmonary vascular engorgement

C. fluid density in the horizontal fissure, hazy lung fields with central vascular prominence, and

normal lung volume

D. gas-filled loops of bowel in the left hemithorax and opacification of the right lung field

E. patchy areas of diffuse atelectasis, focal areas of air-trapping, and increased lung volumes

Preferred Response: E

The infant described in the vignette, who was born at term following exposure to meconium-stained amniotic fluid (MSAF), has respiratory distress and hypoxemia. Radiographic evidence of meconium aspiration syndrome (MAS), atelectasis and hyperinflation, is seen on CXR (item E).
Meconium aspiration may follow in utero fetal gasping and aspiration of MSAF in the fetus that has intrauterine growth restriction or asphyxia or after delivery of the newborn who has meconium in the oropharynx, nasopharynx, or trachea. If respiratory distress follows, the condition often is described as MAS.
The prevalence of MAS among infants born following MSAF is less than 10%, but tends to rise beyond 40 weeks' gestation, especially in cases of nonreassuring fetal heart rate monitoring or perinatal asphyxia. Affected infants present with clinical manifestations of impaired pulmonary compliance and hypoxemia. The chest radiograph is essential in confirming the diagnosis. In the classic case of MAS, a diffuse pneumonitis ensues, the lung often is hyperinflated, and there are patchy infiltrates and opacification of the pulmonary parenchyma. Complication with air-leak syndromes such as pneumothorax or pneumomediastinum is not uncommon.
In some cases, chest radiography demonstrates pulmonary hypoperfusion without any apparent infiltrates or air leaks, and these cases generally represent hypoxia-mediated pulmonary vascular reactivity and pulmonary hypertension that may have been initiated in utero.
Air bronchograms in diffusely hazy low volume lungs are most consistent with surfactant deficiency-related respiratory distress syndrome in preterm infants. The same findings in a term infant might be seen in congenital pneumonia. Cardiomegaly with hazy lung fields and pulmonary vascular engorgement is seen in left-sided obstructive cardiac disease states or infants who have pulmonary overcirculation (eg, truncus arteriosus, aortic stenosis, anomalous pulmonary venous return, transposition of the great arteries). Fluid densities in the horizontal fissure with hazy lung fields, normal lung volumes, and central vascular prominence are seen in retained fetal lung fluid, otherwise known as transient tachypnea of the newborn . When gas-filled loops of bowel are seen in the chest,

diaphragmatic hernia is the diagnosis.
13.  A 4-year-old boy presents with a 2-year history of persistent bilateral nasal congestion. His parents are worried because at night he snores loudly and has had pauses in his breathing. His symptoms occur daily and have not improved with the administration of oral decongestants, nasal corticosteroids, oral antihistamines, or antibiotics. The boy denies ocular pruritus, sneezing, or rhinorrhea. On physical examination, a low-pitched inspiratory noise is audible, and there is “cobblestoning” of his posterior pharynx. Findings on the remainder of the physical examination, including the tonsils, nose (by nasal speculum examination), and neck, are unremarkable.

Of the following, the MOST likely diagnosis is

A. adenoidal hypertrophy

B. allergic rhinitis

C. choanal atresia

D. chronic sinusitis

E. juvenile nasopharyngeal angiofibroma

Preferred Response: A

Chronic nasal congestion that is bilateral and persistent in children 2 to 5 years of age should prompt evaluation for an obstructive cause, specifically adenoidal hypertrophy.  Typical symptoms of adenoidal hypertrophy are chronic mouth breathing, snoring, nasal obstruction, and hyponasal speech; more severe symptoms include obstructive sleep apnea syndrome and recurrent infections (eg, sinusitis, otitis media). Because the adenoidal tissue is located at the posterior aspect of the nasopharynx, it cannot be seen in the usual nasal speculum examination; nasal rhinoscopy or a lateral neck radiograph is required.  Further, although enlarged tonsillar tissue may indicate enlarged adenoid tissue, a direct correlation is not always true.
Allergic rhinitis may be seasonal or perennial and can produce symptoms of rhinorrhea and nasal obstruction. Allergic rhinitis usually does not occur until 5 to 10 years of age. The absence of sneezing or rhinorrhea, and the lack of improvement with usual allergy medications (eg, nasal corticosteroids, oral antihistamines) described for the boy in the vignette also make allergic rhinitis unlikely.
Choanal atresia and choanal stenosis are rare congenital structural malformations of the nose that can result in nasal congestion and obstructive sleep apnea syndrome. Obstruction may be unilateral or bilateral and may not present until later in infancy if not complete or bilateral. However, symptoms often are noted at birth because of difficulty during feedings.
Chronic sinusitis can present at any age because the maxillary and ethmoid sinuses are present at birth. Typical symptoms may include chronic rhinorrhea (clear or discolored) and nasal obstruction. The lack of improvement with oral antibiotics for the boy in the vignette suggests that sinusitis is unlikely, but if the evaluation for adenoidal hypertrophy was negative, sinus imaging should be considered.
Juvenile nasopharyngeal angiofibroma has been described in children as young as 2 years, but typically it presents with profuse epistaxis and a nasal mass during puberty.
Other causes of obstructive sleep apnea syndrome include certain glycogen storage diseases, hypothyroidism, Down syndrome, achondroplasia, laryngomalacia, and Pierre Robin anomaly. In younger children and infants, central causes of apnea include myelomeningocele, hydrocephalus, and Arnold-Chiari malformation. Children who have central apnea lack the ability to sense hypercapnia. Finally, a mixed apnea pattern may be present that combines the aspects of central and obstructive causes.

14. A 16-year-old girl who has moderate persistent asthma presents to the emergency department with coughing, wheezing, and increasing dyspnea. She states that she was feeling fine until she was exposed to cologne that one of her classmates was wearing. An ambulance was called after her symptoms did not improve following administration of two puffs of her beta2 agonist inhaler. On physical examination, the teenager has a respiratory rate of 30 breaths/min, heart rate of 90 beats/min, and pulse oximetry of 98% on room air. She has difficulty completing a sentence and points to her neck, saying it is "hard to get air in." Her lungs are clear to auscultation, and rhinolaryngoscopy demonstrates adduction of one of the vocal cords during inspiration. Pulmonary function testing shows a blunted inspiratory loop.

Of the following, the MOST likely cause for this patient’s symptoms is

A. allergic rhinitis

B. asthma exacerbation

C. habit cough

D. sinusitis

E. vocal cord dysfunction

Preferred Response: E

The teenager described in the vignette has signs and symptoms consistent with vocal cord dysfunction (VCD), a condition that can mimic or coexist with asthma. In contrast to an asthma exacerbation, the key features of VCD exhibited by this girl include a normal room air pulse oximetry reading, failure to improve with her beta2 agonist inhaler, clear lungs, and difficulty with inspiration instead of expiration. A blunted inspiratory loop on spirometry also is supportive of VCD, although affected patients usually have normal spirometry readings when not experiencing symptoms. Triggers for VCD can include viral upper respiratory tract infections, chemicals,

fumes, pollution, emotional changes, laughing, exercise, gastroesophageal reflux (GER), and cold air.

GER can cause cough and be a trigger for asthma. It may worsen during exercise, eating, or when supine. Although GER is a cause of chronic cough, the patient in the vignette does not admit to GER symptoms, making this diagnosis unlikely.
Postnasal drip syndrome, now termed upper airway cough syndrome, can result in coughing due to allergic rhinitis, nonallergic rhinitis, or sinusitis. The lack of nasal congestion, rhinorrhea, or postnasal drip for this girl makes this an unlikely cause of her acute symptoms.
Psychogenic cough, also called habit cough syndrome, is a well-described chronic cough that may begin after a viral upper respiratory tract infection. The cough usually is nonproductive and does not occur during sleep. Teenagers who have asthma may use coughing as a method to avoid school (factitious or malingering), but the girl in the vignette is not having symptoms during a specific class or time of day.

15. You are called to the emergency department to evaluate a 1-year-old girl who was rescued from a house fire by paramedics. She was found unconscious at the scene and had soot around her nares. On arrival to the emergency department, she is able to open her eyes but still appears sleepy. Her temperature is 37.0°C, heart rate is 150 beats/min, respiratory rate is 30 breaths/min, and blood pressure is 90/60 mm Hg. Her oxygen saturation by pulse oximetry is 97% on 100% oxygen administered at 8 L/min via a nonrebreathing facemask. The nurse asks if you would like to reduce the oxygen because the girl’s oxygen saturation is greater than 95%. You explain to the nurse that the pulse oximetry findings are unlikely to be reliable in this patient.

Of the following, the MOST likely reason for inaccurate pulse oximetry results in this patient is

A. elevated concentration of carboxyhemoglobin

B. elevated concentration of fetal hemoglobin

C. elevated concentration of methemoglobin

D. the inability of pulse oximetry to discriminate values greater than 90%

E. the presence of hypotension and shock

Preferred Response: A

Pulse oximetry has gained widespread acceptance, often is considered the "fifth vital sign," and has proven extremely useful in recognizing hypoxemia and decreasing critical airway events. Pulse oximetry uses red and infrared light to measure the level of oxygenated and deoxygenated hemoglobin. The amplitudes of the light signals are measured and mathematically calculated to express the percentage of oxygen saturation.
Despite its enormous value, pulse oximetry has not been demonstrated to reduce mortality and has several key limitations. First, it does not measure ventilation and may falsely reassure clinicians about the adequacy of the patient’s overall respiratory status. In addition, pulse oximetry can yield falsely low saturations in critically ill patients who have vasoconstriction, poor perfusion, hypothermia, or arrhythmias. Inaccurate readings also may result from ambient light interference or patient movement, inability to discriminate values below 70% accurately, interference by venous pulsations with tricuspid regurgitation, and the presence of abnormal hemoglobin such as carboxyhemoglobin and methemoglobin. Arterial blood gases with cooximetry measurements should be obtained when the pulse oximetry reading does not correlate with clinical findings.
The child described in the vignette does not demonstrate any evidence of shock or impaired cardiac performance. She has been rescued from a house fire and, therefore, is at high risk of carbon monoxide poisoning. Pulse oximetry cannot distinguish carboxyhemoglobin from oxyhemoglobin, resulting in a falsely high reading. 
Methemoglobinemia usually is caused by drug exposure or congenital enzymatic defects. Because methemoglobin is read as both oxyhemoglobin and deoxyhemoglobin by pulse oximeters, the saturation reading is generally around 85%. Fetal hemoglobin has little effect on the accuracy of pulse oximetry. In addition, the child in the vignette is 1 year of age and would be expected to have a trivial concentration of fetal hemoglobin. Finally, pulse oximetry does discriminate values greater than 90% accurately, but at higher values (>95%), large fluctuations in Pao2 can occur with only small changes in oxygen saturation.

16. You are asked to consult on a 9-month-old boy who has been hospitalized five times for wheezing. His history reveals occasional coughing with feedings, but results of a pH probe performed during his last admission were normal. His weight and height are at the 50th percentile. Except for scattered wheezes with good aeration bilaterally, results of his physical examination are normal.

Of the following, the test that is MOST likely to reveal the cause of his recurrent wheezing is

A. chest computed tomography scan

B. immunoglobulin panel

C. inspiratory and expiratory chest radiographs

D. pulmonary function testing

E. videofluoroscopic swallow study

Preferred Response: E

Recurrent wheezing can be caused by many diseases, including reactive airway disease, cystic fibrosis, extrinsic airway compression, and aspiration with and without gastroesophageal reflux.  The history of coughing with feedings described for the boy in the vignette should alert the clinician to the possibility of swallowing dysfunction, with aspiration as the cause of his recurrent symptoms. Accordingly, a videofluoroscopic swallow study is the best diagnostic procedure to reveal the cause of his wheezing.
Gastroesophageal reflux is a common cause of recurrent aspiration, but swallowing dysfunction without gastroesophageal reflux also can occur and cause significant recurrent respiratory symptoms. Several types of swallowing dysfunction are seen in infants.  Laryngeal penetration without aspiration describes the entry of food particles into the airway down to the level of the vocal cords. Aspiration is defined as the entry of food below the level of the vocal cords, and nasopharyngeal backflow or reflux is the entry of food posterior or superior to the soft palate. 
One study of infants referred for swallowing study due to recurrent respiratory difficulty showed that all had some degree of swallowing dysfunction and silent aspiration. The dysfunction resolved in all of the infants by age

9 months. Another study showed that of infants who had swallow studies, 50% showed laryngeal penetration, aspiration, or nasopharyngeal regurgitation. Most of these infants did not cough to clear their airway, which should remind the clinician that absence of cough with feedings does not eliminate the possibility of silent aspiration. 
If a fluoroscopic swallow study reveals swallowing dysfunction, thickening formula or human milk and feeding in the upright position may improve symptoms. In some cases, cessation of oral feedings and placement of a nasojejunal or gastrostomy tube may be indicated for a period of time.

Chest computed tomography scan may be indicated to rule out a structural anomaly if an infant has recurrent localized wheezing, but it probably would not be helpful for assessing recurrent diffuse wheezing. An immunoglobulin panel can aid in ruling out immunodeficiency, but in an infant who has no recurrent infections and is growing well, immunodeficiency is not likely.  Inspiratory and expiratory chest radiographs and pulmonary function testing are technically difficult in infants and would not be of benefit in the evaluation of this child.
17. A 5-year-old boy has been receiving mechanical ventilation in the pediatric intensive care unit for 1 week due to complicated adenoviral pneumonia. Over the past several days, he has developed markedly increased oxygen requirements and progressive opacification of his bilateral lung fields on chest radiography (Item Q169). He now meets the clinical criteria for acute respiratory distress syndrome (ARDS). His parents ask about the prognosis.

Of the following, the MOST accurate statement regarding the natural history of ARDS is that

A. complete resolution usually occurs by 1 month

B. development of other organ failure significantly increases the mortality rate

C. mortality is unrelated to the underlying cause

D. the major cause of death is unremitting respiratory failure

E. the overall mortality rate in children is 80%

Preferred Response: B

Acute respiratory distress syndrome (ARDS) represents the severe end of the acute lung injury spectrum. Classically, ARDS is defined as a syndrome of lung inflammation with increased vascular permeability characterized by an acute onset, bilateral infiltrates on chest radiography, absence of left atrial hypertension, and a PaO2/FiO2 of less than 200 mm Hg. The exact incidence of ARDS in the pediatric population has been difficult to quantify because of changes in disease definition and limitations of epidemiologic studies (both in methodology and

age ranges studied). Most experts agree that ARDS accounts for 2% to 4% of pediatric intensive care unit admissions. It has been estimated that affected patients account for 8% of total patient days and 33% of deaths in the pediatric intensive care unit.
Historically, risk factors for development of ARDS included sepsis, trauma, aspiration, pneumonia, near-drowning, and multiorgan dysfunction. ARDS normally progresses through several phases. The initial exudative phase is characterized by pulmonary edema, profound hypoxemia, and atelectasis. Some patients recover in 3 to 7 days, but others progress to the fibroproliferative stage, which is characterized by persistent hypoxemia, decreased lung compliance, and development of pneumothoraces. The final recovery phase consists of resolution of hypoxemia and improved lung compliance. Complete resolution may take 6 to 12 months, and some patients develop lifelong restrictive lung disease, lung cysts, or decreased exercise tolerance.
Overall mortality in ARDS has been reported to be 30% to 40%, although exact rates in pediatric patients remain uncertain. Patients rarely die solely from lung failure; multiorgan system failure or withdrawal of life support is the most common cause of death. Mortality rates vary, depending on the underlying disease process, even when corrected for severity of illness.
Patients who develop ARDS following trauma, for example, tend to have much better survival rates than those who develop ARDS following bone marrow transplantation or gram-negative sepsis.
18. A previously healthy 3-year-old boy presents to the emergency department (ED) with a 5-day history of a "barky" cough and low-grade fever (temperature no greater than 38.4°C. Yesterday his temperature increased to 39.5°C, he developed increased hoarseness, and he refused to eat. In the ED, his temperature is 39.4°C, he appears toxic, he exhibits stridor and intercostals retractions, and his oxygen saturation is 91% on room air.

Of the following, the MOST appropriate next step is to

A. administer dexamethasone intramuscularly

B. endotracheally intubate the child

C. obtain a lateral neck radiograph

D. perform an emergency tracheostomy

E. perform pulmonary function testing

Preferred Response: B

The sudden deterioration and development of toxicity 5 days after the onset of an apparent crouplike illness described for the boy in the vignette is most consistent with development of bacterial tracheitis. The stridor, retractions, and decreased oxygen saturation all are consistent with this diagnosis. The rapidity of symptom progression and potential for increased purulent secretions to obstruct the airway mandate early endotracheal intubation to maintain and clear the airway. Parenteral antibiotic therapy, including coverage for Staphylococcus aureus, is another appropriate component of treatment. Of note, bacterial tracheitis is a potential complication of measles infection. A prolonged period of intubation may be necessary until the secretions clear with antimicrobial therapy.
Although dexamethasone may be indicated for treatment of viral croup, the duration of illness and acute deterioration described for this boy argue for an alternative diagnosis. A lateral neck radiograph and pulmonary function testing are not helpful in the diagnosis of bacterial tracheitis and might be dangerous in a potentially critically ill patient by delaying antibiotic therapy and airway control. An emergency tracheostomy is not indicated if endotracheal intubation can be accomplished successfully. However, a tracheostomy may be necessary and possibly lifesaving in the presence of a fixed obstruction in the upper airway, such as epiglottitis, to bypass the lesion. 
Epiglottitis typically presents acutely, with rapid progression over hours from onset of symptoms to toxicity and impending airway obstruction. Fortunately, the advent of the conjugate Haemophilus influenzae type b vaccine has made acute epiglottis an extremely rare entity.

19. You are evaluating a 3-day-old 1,300-g infant who was born at 30 weeks’ gestation. He did not have early respiratory distress. He has been receiving intravenous nutrition and slowly started enteral feedings yesterday. Today he has several episodes of apnea lasting 20 to 30 seconds that are associated with cyanosis (pulse oximetry reading of 75%) and bradycardia (heart rate of 75 beats/min). He has responded to tactile stimulation and blow-by oxygen. Physical examination after one such episode reveals good color, perfusion, tone, and reactivity. The lungs are clear, and the chest wall is stable. There is no heart murmur. The abdomen is soft and nontender, with normal bowel sounds.

Of the following, the MOST likely cause of the apnea episodes in this infant is

A. anemia of prematurity

B. apnea of prematurity

C. hypoglycemia

D. necrotizing enterocolitis

E. sepsis

Preferred Response: B

Central apnea represents a total cessation of respirations and is mediated through mechanisms that affect the neural integration of sensory input (stretch receptors, chemoreceptors, and baroreceptors) and the central nervous system’s efferent signaling for inspiration. By definition, such cessations of respiration last 20 seconds or longer or if they are less than 20 seconds in duration, are associated with cyanosis or bradycardia. The newborn described in the vignette displays central apnea with cyanosis and bradycardia. Apnea of prematurity, a form of central apnea, is considered a diagnosis of exclusion, and other potential contributing factors must be ruled out. It is treated effectively and safely with the methylxanthine caffeine.
Central apnea is a common respiratory disorder among very low-birthweight preterm infants, typically appearing in the first 2 weeks of postnatal life. It must be evaluated within the context of the individual newborn’s medical history and clinical setting. In addition, it must be distinguished from obstructive apnea, which is often due to neck flexion with positioning; gastroesophageal reflux with reflex glottic closure and cessation of airflow; and mechanical obstruction of the trachea or larynx. 
Numerous conditions may lead to central apnea:

- Sepsis, meningitis, or necrotizing enterocolitis

- Prolonged hypoxemia (lung disease, patent ductus arteriosus, profound anemia)

- Central nervous system depressant effects of certain medications (opioids, barbiturates,and benzodiazepines)

- Intracranial hemorrhage (including intraventricular, subdural, or subarachnoid hemorrhage)

- Hydrocephalus (including posthemorrhagic hydrocephalus)

- Electrolyte abnormalities

- Hypoglycemia

- Temperature instability (hypothermia or hyperthermia)

- Prematurity and immature respiratory drive
Anemia of prematurity may contribute to apnea when it is profound (hemoglobin characteristically <7 g/dL [70 g/L]), but this is a late phenomenon (occurring after 2 to 4 weeks of postnatal age). Because the infant is receiving intravenous alimentation and some enteral feeding, it is unlikely that he is experiencing hypoglycemia. Necrotizing enterocolitis is very uncommon in the first 3 days after birth, and its association with apnea characteristically is in the context of a systemic illness, presenting with shock and lethargy. Sepsis may cause apnea, but the newborn described in the vignette does not exhibit any other clinical signs of sepsis.

20. A white couple has come to you for preconceptional genetic counseling. A review of their family histories reveals that the man has two full siblings who have cystic fibrosis (CF) and one full sibling who is unaffected. He is healthy. The woman does not know of anyone in her family who has CF, and the remainder of their family histories is noncontributory.

Of the following, the likelihood that the man is a CF carrier is CLOSEST to

A. <1/100

B. 1/20

C. 1/4

D. 1/2

E. 2/3

Preferred Response: E

Cystic fibrosis (CF) is an autosomal recessive condition. Mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene on chromosome 7 cause CF. The condition is "recessive" because both copies of the CFTR gene must be altered for the condition to occur.  Individuals who have a mutation in only one copy of the gene are "carriers," and they are healthy.
Each of the parents of the man in the vignette carries a CFTR mutation because they have two affected children. For such a couple, each time they have a child, there are four possible outcomes related to the CFTR gene mutation:

1) They could each pass on the normal copy of their gene, and their child would neither have CF nor be a carrier.

2) The mother could pass on her mutated gene, the father could pass on his normal copy, and their child would be a carrier and healthy.

3) The father could pass on his mutated gene, the mother could pass on her normal copy, and their child would be a carrier and healthy.

4) They could each pass on their mutated gene, and their child would be affected.
Three of these outcomes result in a child who does NOT have CF. Of these three outcomes, two individuals are carriers for CF. Therefore, the likelihood that this healthy man is a CF carrier is 2/3.

To calculate the couple’s risk of having a child affected by CF, the man’s risk to be a carrier (2/3) is multiplied by the woman’s risk (1/29 in the white population), and that result is multiplied by the likelihood that two carriers would have an affected child (1/4). Therefore, the risk to this couple is 1 in 174. When determining recurrence risk for autosomal recessive conditions, it is important to recognize that carrier frequency may vary with ethnicity.

21. An 18-month-old girl is brought to the emergency department by her mother, who reports that the girl has had a high fever and difficulty breathing for 1 day. She has had a barking cough for the last 3 days but had been afebrile and breathing comfortably until today. Her immunizations are up to date. Her temperature is 104ºF (40°C), her respiratory rate is 50 breaths/min, she exhibits inspiratory stridor and a brassy cough, and she appears ill. Lung examination reveals decreased breath sounds bilaterally with transmitted upper airway sounds. An anterior neck radiograph shows subglottic narrowing and a ragged tracheal air column.

Of the following, the MOST likely diagnosis is

A. acute viral laryngotracheitis

B. angioneurotic edema

C. bacterial tracheitis

D. epiglottitis

E. retropharyngeal abscess

Preferred Response: C

Bacterial tracheitis is a serious infection causing significant upper airway obstruction. It typically occurs as a secondary staphylococcal infection following viral laryngotracheobronchitis, but it also may develop as a primary infection without preceding symptoms of croup. Clinical features include a toxic appearance, with high fever, tachypnea, and brassy cough, as described for the girl in the vignette. Airway obstruction can be pronounced due to purulent airway secretions, and lower airway disease such as wheezes or rales also may be present. Neck radiographs often reveal a ragged air column or subglottic narrowing, and peripheral white blood cell counts frequently are elevated. Treatment consists of intravenous antibiotics and airway control. Endotracheal intubation frequently is required until the infection is treated and the severity of secretions improves.
Acute viral laryngotracheitis typically causes a barking cough with occasional inspiratory stridor, but affected children usually do not have high fevers or appear ill. Angioneurotic edema is a response to histamine release with an allergic reaction and often is accompanied by urticaria. Upper respiratory tract mucosae become edematous, so inspiratory stridor may be present, but fever is unlikely. Children who have epiglottitis appear toxic and have significant airway compromise and inspiratory stridor due to the swollen epiglottis. Cough is rare. Lateral neck radiograph reveals an enlarged epiglottis (“thumb sign”) rather than a ragged air column. Further, epiglottitis is unlikely in a child whose immunizations are up to date. A retropharyngeal abscess can develop with pharyngitis, and inspiratory stridor and respiratory distress with high fever is typical. The lateral neck radiograph reveals widening of the prevertebral tissues, and computed tomography scan of the neck can confirm the presence of the abscess.
22.  You are evaluating a 2-year-old girl whose parents report that she choked while eating peanuts 1 hour ago. The choking was relieved by her father pounding on her back. Her vital signs are: temperature of 37.5°C, heart rate of 120 beats/min, respiratory rate of 30 breaths/min, and blood pressure of 80/50 mm Hg. Her oxygen saturation is 94% by pulse oximetry on room air. The child is in mild respiratory distress and has bilateral wheezing. Her parents state that she has no history of asthma.

Of the following, the BEST test to confirm a foreign body aspiration is

A. arterial blood gas

B. bronchoscopy

C. computed tomography scan of the chest

D. fluoroscopy of the chest

E. inspiratory and expiratory chest radiographs

Preferred Response: B

All children who have a witnessed choking episode followed by coughing, wheezing, or inspiratory stridor should undergo evaluation for a foreign body aspiration. Physical findings can include tachypnea, retractions, wheezing, stridor, decreased unilateral breath sounds, or cyanosis. Bronchoscopy remains the gold standard for both diagnosis and management.  Removal of the foreign body using rigid bronchoscopy is safe (complication rates of <1%) and has helped reduce mortality. Flexible bronchoscopy may be helpful for diagnosis in equivocal cases but generally should be not used for removal of the object.  

Because only 20% of foreign bodies are radiopaque, standard radiography and fluoroscopy are used only to evaluate for indirect signs of foreign body aspiration, such as unilateral hyperinflation, atelectasis, mediastinal shift, or pneumomediastinum. Expiratory chest radiographs are more sensitive for detection than inspiratory chest radiographs, but 50% of radiographs of patients who have tracheal foreign bodies appear normal within the first 24 hours of the event. Fluoroscopy may increase the sensitivity due to its ability to assess diaphragmatic and mediastinal motion.
Computed tomography scan of the chest is of little additional benefit for acute aspirations.  However, such imaging may prove useful for objects that have been present for a sufficient period of time to induce granulation and can provide useful information such as location, size of object, and degree of granulation prior to attempted extraction. Arterial blood gas analysis, although useful for judging the adequacy of oxygenation and ventilation, is not helpful in determining the presence of a foreign body.

Mortality associated with foreign body aspiration has been reduced, likely due to better public awareness and improved safety standards. However, the overall incidence of such aspiration has not decreased, necessitating prompt recognition and management. Children younger than 3 years of age are at the highest risk and account for almost 75% of pediatric foreign body aspirations. Although a variety of objects are aspirated, one third are nuts, with peanuts predominating.

23.  You are evaluating a 2-month-old infant who has stridor. His mother states that the stridor is worse during and immediately after feeding. She has thickened his feedings, and he has been prescribed antireflux medications. On physical examination, he appears comfortable and in no distress. His respiratory and cardiac examination findings are benign. As you observe his feeding, he develops stridor.

Of the following, the MOST appropriate next step in this patient’s evaluation is

A. barium swallow

B. computed tomography scan of the chest

C. electrocardiography

D. radiography of the neck

E. sweat test

Preferred Response: A

A number of clinical entities are responsible for stridor in children, but when stridor accompanies feeding, as described for the infant in the vignette, vascular ring is an important potential cause. Vascular rings occur when the vascular structures of the aorta and pulmonary artery completely encircle the trachea and the esophagus . 
Virtually every vascular ring can lead to a similar set of clinical findings. For most affected patients, the intracardiac anatomy, physiology, and hemodynamics are normal. When symptoms do occur, they typically result from compression of the trachea or the esophagus. The most common symptoms related to tracheal compression are stridor, wheezing, and dyspnea, all of which may be exacerbated by feeding. The age of onset and type of symptoms depend on the anatomic type and severity of the vascular ring. If the anomaly is unrecognized, patients may have recurrent pneumonia and progressive difficulty with feeding.
Radiography of the chest may be helpful and often can identify the sidedness of the aortic arch, which is defined by the mainstem bronchus that it crosses. However, barium swallow is the most useful study. When a vascular ring is suspected, both the posterioranterior and lateral views should be obtained, and fluoroscopy should be considered.

Computed tomography scan can be a useful diagnostic study for the patient who has stridor and a vascular ring, but it exposes the young patient to a much higher amount of ionizing radiation than does barium swallow. Because most patients who have vascular rings have normal intracardiac anatomy, electrocardiography is not helpful in determining the cause of the stridor. Radiography of the neck and the sweat test are not diagnostic for a vascular ring.

24.  A 2-year-old girl presents to your office with a 3-week history of a “barky” cough. According to her mother, the girl has had no fever or upper respiratory tract infection symptoms, but she has complained intermittently of a sore throat for the past 2 weeks. On physical examination, the child appears well and playful. Her throat is nonerythematous, and her lungs are clear to auscultation. Because of the persistence of her symptoms, you obtain chest radiograph.

Of the following, a TRUE statement about this patient’s condition is that

A. complications include bronchiectasis and pneumonia

B. immediate removal is recommended for foreign bodies retained >24 hours

C. spontaneous passage of foreign bodies located at the thoracic inlet is likely to occur

D. the majority of patients who have retained foreign bodies are asymptomatic

E. the most likely location for a foreign body to lodge is at the gastroesophageal junction

Preferred Response: B

Each year, more than 90,000 cases of ingested foreign bodies are reported to poison control centers in the United States. Most of the foreign bodies are coins, and most pass into the lower gastrointestinal tract without incident. Approximately 30% of ingested foreign bodies remain in the esophagus for hours to days, and many of these require removal. Although less than 1% of esophageal foreign bodies cause significant morbidity, complications have been reported, including esophageal erosion and perforation, esophageal stenosis, aortoesophageal or tracheoesophageal fistula, and death. 
Because most of the complications have been noted when foreign bodies are retained for more than 24 hours, current guidelines recommend removal of most foreign bodies within this time frame. Button batteries or sharp objects should be removed immediately, as should any foreign body in a significantly symptomatic patient (eg, respiratory distress, persistent retching, pain). Extra caution should be used in identifying and removing button batteries because of the potential for erosion due to corrosive electrolytic effects. In some cases, button batteries may be difficult to distinguish from coins.
Most children who have retained esophageal foreign bodies are symptomatic, although the symptoms often are nonspecific, and in 40% of cases, there is no history of ingestion. Common symptoms include drooling, chest pain, gagging, dysphagia, and refusal to eat as well as cough, stridor, or wheezing. 
A high clinical index of suspicion should prompt appropriate evaluation of such patients that includes anteroposterior and lateral radiographs of the neck and chest and an upright abdominal film. The use of metal detectors for localizing metallic ingested foreign bodies has been reported and can be of use in identifying those that are below the diaphragm and, therefore, require no further intervention. Esophageal foreign bodies most commonly are retained at the thoracic inlet, at the level of the aortic arch, and at the lower esophageal junction. Of these three locations, the thoracic inlet is the site in more than 60% of cases.

Spontaneous passage has been reported in about one third of esophageal foreign bodies.  Objects retained at the lower esophageal sphincter are most likely to pass within 24 hours of ingestion.
25. You are evaluating a 2-month-old girl who has suspected infantile botulism. On physical examination, she has a weak cry, poor head control, dilated pupils, and a markedly decreased gag reflex. Her respiratory rate is 30 breaths/min, and she has decreased breath sounds bilaterally at her lung bases. Her oxygen saturation on room air is 85%, but has increased to 90% on 3 L/min of oxygen administered by nasal cannula. An arterial blood gas evaluation on 3 L/min oxygen shows a pH of 7.24, a Paco2 of 60 mm Hg, and a Pao2 of 70 mm Hg.

Of the following, the MOST appropriate immediate step is

A. intubation with mechanical ventilation

B. oxygen administration via a nonrebreathing face mask

C. oxygen administration via a high-flow nasal cannula

D. placement of a nasal trumpet

E. serial measurements of negative inspiratory force

Preferred Response: A

The patient described in the vignette demonstrates respiratory failure, which is defined as the inability to maintain adequate oxygenation (hypoxemia, as defined by a PaO2 less than 60 mm Hg) and ventilation (hypercarbia, as defined by a PaCO2 greater than 50 mm Hg). Although her oxygen saturation has improved with oxygen administration, findings of her neurologic examination include decreased tone, impaired airway protection, and decreased aeration in the setting of a progressive neurologic disease. In addition, her elevated PaCO2 reflects her inadequate respiratory effort with subsequent impaired ventilation. Impending respiratory failure in pediatric patients typically is characterized by tachypnea, increased use of accessory muscles, or retractions. Hypoxemia, grunting, and fatigue are late signs and worrisome for respiratory collapse.
Oxygen should be administered to patients who have evidence of impending respiratory failure in their position of comfort with a goal of maintaining the oxygen saturation at greater than 90%. A variety of factors, including the cause of the respiratory failure, speed of progression, patient age, associated morbidities, and anticipated procedures such as the need for imaging studies or transport, can guide the clinician in managing respiratory failure and deciding whether to proceed with intubation. The impending respiratory failure seen for the patient in the vignette mandates placement of an endotracheal tube and assistance with ventilation.

Careful monitoring is imperative for patients experiencing respiratory failure, especially those who may have chronic respiratory failure and an impaired respiratory drive, although the first priority is correction of the hypoxemia. Administration of oxygen to patients who have chronic respiratory failure should be at the lowest concentration needed to maintain an oxygen saturation of 90%, with frequent arterial blood gas monitoring to ensure that their PaCO2 is not rising.
Failure to respond to oxygen administration indicates the need for more aggressive intervention. Bag-valve-mask ventilation can support the oxygenation and ventilation needs of most pediatric patients while appropriate personnel trained in endotracheal intubation are assembled. Patients who have underlying or acute neurologic or  neuromuscular processes that interfere with their ability to protect their airways or generate adequate tidal volumes are candidates for early intubation.

Serial negative inspiratory force measurements are an excellent method of following respiratory effort in patients who have underlying neuromuscular disorders, but they normally require a cooperative patient of at least 5 years of age. Administration of higher concentrations of oxygen (eg, by high-flow nasal cannula or nonrebreathing face mask) has the potential of increasing the patient's oxygenation but would not improve the ventilation. Placement of a nasal trumpet is indicated for patients who have an intact respiratory drive and evidence of upper airway obstruction.
26.  You are evaluating a 15-month-old boy for cough and fever of 5 days’ duration. His parents report that he is producing blood-tinged sputum with coughing. His family is new to the area.  Review of his medical record demonstrates three previous episodes of right lower lobe pneumonia. In response to your questions, his parents state that he tires easily. On physical examination, the boy’s weight is 8.5 kg, temperature is 39.0°C, heart rate is 140 beats/min, respiratory rate is 40 breaths/min, blood pressure is 88/55 mm Hg, and oxygen saturation is 92% by pulse oximetry on room air. He is in mild respiratory distress, and you can hear crackles in the upper right lung and decreased aeration of the right lower lung. Chest radiography demonstrates multiple large cysts in the right lower lobe. Some of the cysts contain air-fluid levels.

Of the following, the MOST appropriate next step in the treatment in this patient is

A. administration of amoxicillin and follow-up in 2 weeks

B. aortography

C. computed tomography scan of the chest

D. referral for pH probe

E. thoracentesis

Preferred Response: C

Congenital malformations of the lung usually present during the first 6 postnatal months, but symptoms can be identical to more common pediatric conditions, such as asthma, viral infections, or bacterial pneumonias. Congenital lung malformations include pulmonary hypoplasia (reduction in bronchiole number and alveoli), pulmonary agenesis (absence of vasculature and lung tissue), pulmonary aplasia (presence of rudimentary bronchus but absence of vasculature and lung tissue), congenital cystic adenomatoid malformation (dysplastic lung tissue), congenital lobar emphysema (idiopathic hyperinflation of one or more lobes), and pulmonary sequestration (lung tissue that has a systemic arterial supply instead of pulmonary arterial supply and generally lacks bronchial communication).

The boy described in the vignette has a classic presentation of pulmonary sequestration, which accounts for 6% of all congenital lung malformations, occurs more commonly in the left lower lobe, and has a male predominance. Sequestrations are classified as either intrapulmonary or extrapulmonary, according to their presence inside or outside the visceral (inner) pleura. Affected infants and children often present with chronic cough and recurrent respiratory infections in the same anatomic location. Physical examination findings include dullness to percussion, with decreased aeration over the affected area. Crackles frequently are audible during infection. Patients who have large systemic arterial-to-venous shunts may present with a systolic murmur and exercise intolerance. Radiographs demonstrate consolidation of the affected area, but often show air-filled cystic lesions during active infections.
Computed tomography scan is used to establish the diagnosis and plan surgical treatment, if indicated. Aortography may be useful to determine vascular supply, but computed tomography with angiography is preferable and is the initial step in the evaluation. Administration of amoxicillin with future follow-up is neither curative nor appropriate. Thoracentesis is not helpful in establishing the diagnosis. The child does not have symptoms consistent with gastroesophageal reflux and, therefore, a pH probe is not indicated.

