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INTRODUCTION and GOALS

Children with respiratory diseases are commonly seen by those caring for
infants, toddlers, children and adolescents in both the outpatient clinic and
inpatient hospital settings. Acute and chronic respiratory diseases account for the
majority of illnesses seen during childhood. This chapter discusses differences
between the adult respiratory system and that of children from infancy through
growth. The diseases and problems most likely to affect children at each stage
of growth and development are introduced. At the end of this chapter you should
be able to:

* Describe how the respiratory system of a young child differs from that of
an adult.

* Understand the pathophysiology of the Infant Respiratory Distress
Syndrome.

* Recognize common respiratory conditions of childhood.

* Know when to suspect Cystic Fibrosis.

PREVALENCE OF CHILDHOOD RESPIRATORY DISEASE

Acute respiratory disease accounts for over 50% of all acute conditions seen in
pediatrics. Chronic lung diseases (including asthma, bronchitis, and cystic
fibrosis) account for two thirds of the chronic diseases seen in children. A normal
child less than five years of age may experience 5-6 upper respiratory infections
(rhinitis and sinusitis) and 1-2 lower respiratory infections (bronchitis,
bronchiolitis, and pneumonia) annually.

The etiology of respiratory difficulties in children is varied, so genetic (e.g., CF),
anatomic (e.g. structural abnormalities like laryngomalacia), iatrogenic (e.g.
oxygen toxicity), immunologic (e.g. immune deficiency), infectious (e.g. viral
croup), and extrapulmonary (e.g. congenital heart disease) variables all need to
be considered when evaluating pediatric patients.

PHYSIOLOGY OF THE YOUNG RESPIRATORY SYSTEM

Infants and young children are particularly susceptible to serious respiratory
disease. Two thirds of the cases of respiratory failure in children occur in the first
year of life. The reason for a preponderance of serious lung problems in infancy
and during childhood are related to factors affecting the developing lung.
Children are not QOniniature adultsO, and there are quantitative as well as
gualitative anatomic and functional differences between the pediatric and adult
lung. Important unique features of the pediatric respiratory system are listed in
Table 19-1
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Table 19-1 Unique Pediatric Features:

Small airway size

Airways lack cartilaginous stability

Decreased airway smooth muscle

Greater mucous gland density

Decreased channels of collateral ventilation

More compliant chest wall

Diaphragm structure different with decreased number of fatigue resistant
fibers

The adult and newborn have the same number of airways. However the
newbornOs airways are one third to one half the diameter of their adult
counterparts. In addition, the airways of infants lack cartilaginous stability and are
therefore less stable and more collapsible.

The infant airways have decreased smooth muscle, which make them less
responsive to medications such as bronchodilators.

Babies have greater mucous gland density when compared to adults. When
mucous glands are stimulated, more mucous within a smaller airway diameter
creates more significant obstruction.

Additional features which render the respiratory system less efficient in children
include a more compliant chest wall and a lack of channels for collateral
ventilation (Pores of Kohn, Canals of Lambert and Martin) in newborns and
toddlers. Increased efforts to breathe during infancy result in deformation of the
compliant chest wall rather than more effective ventilation. The lack of collateral
ventilation increases the likelihood of atelectasis when airway obstruction occurs.
The upper airways of the normal newborn are smaller and less stable, and
therefore more predisposed to obstruction, than in adults.

The diaphragm in adults contracts from a domed position; the insertion in babies
is more horizontal and therefore performs less optimally. The diaphragm in
babies contains less fatigue resistant fibers, and therefore with increased
frequency of contractions (seen with an increased respiratory rate) the
diaphragm will fatigue more quickly in babies.

PULMONARY DISEASES IN THE NEONATAL PERIOD

Pulmonary diseases in the neonatal period result from: (1) abnormal growth or
development (congenital anomolies); (2) incomplete maturation; (3) incomplete
adaptation to extra-uterine life (such as incomplete evacuation of fetal lung fluid);
or (4) perinatal insults including infections and asphysia. Premature delivery will
predispose infants to diseases of incomplete maturation such as infant
respiratory distress syndrome. Other respiratory disorders occurring in the
newborn include apnea of prematurity, aspiration of meconium stained amniotic
fluid, spontaneous pneumothorax, transient tachypnea of the newborn,
pneumonia (Group B beta-hemolytic streptococcus), and disorders related to
congenital malformations (e.g. agenesis of a lung).

Respiratory distress in the newborn is manifested by tachypnea, retractions,
decreased air exchange, grunting, nasal-flaring, and cyanosis. Though often
there is a pulmonary etiology producing these symptoms, the differential
diagnosis must also include cardiac, anatomic, infectious, hematologic, and
metabolic disorders.
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Infant Respiratory Distress Syndrome

Infant respiratory distress syndrome, the most common pulmonary disorder of
the newborn infant, occurs after the onset of breathing and is associated with an
insufficiency of pulmonary surfactant. RDS develops in 30-60% of infants
between 28 and 32 weeks gestation.

A deficiency of pulmonary surfactant results in atelectasis, decreased functional
residual capacity, arterial hypoxemia and respiratory distress. Surfactant
synthesis may be reduced as a result of hypovolemia, hypothermia, acidosis,
hypoxemia, and rare genetic disorders of surfactant synthesis. Surfactant
deficiency-induced atelectasis causes alveoli to be perfused but not ventilated,
resulting in pulmonary shunt and hypoxemia. As atelectasis increases, lung
compliance decreases due to the lungs becoming increasingly difficult to expand.
Retractions of the chest wall occur because the chest wall of premature infants is
very compliant. Decreased lung compliance and chest wall retaractions lead to
poor air exchange, increased physiologic dead space, alveolar hypoventilation,
and hypercapnia. The cycle of hypoxia, hypercapnia, and acidosis, acts on type Il
cells to reduce the synthesis of surfactant and, in some infants, acts on the
pulmonary arterioles to produce pulmonary hypertension.

As above, infants at greatest risk for Respiratory Distress Syndrome are those
who are premature. Additional risk factors include maternal diabetes,
hypothermia, fetal distress, asphyxia, male gender, being second born of twins,
delivery by C-section without labor, and delivery of a previous infant with RDS.
RDS often develops immediately after birth in infants who are 26-30 weeks of
gestation. More mature infants (>34 weeks gestation) may not show symptoms
until 3-4 hours after birth.

Symptoms of RDS include tachypnea, chest wall retractions, grunting, nasal
flaring, and cyanosis. Chest X-Rays show a @round glassOor reticulogranular
appearance of the lung parenchyma with air bronchograms (air-filled bronchi).

Over the first 72 hours, infants typically have increasing respiratory distress and
hypoxemia. Those with severe RDS may develop edema, apnea, and respiratory
failure requiring mechanical ventilation. Less severe cases often show
spontaneous and continuing improvement after the 72 hour mark. Complications
of RDS include pneumothorax, PDA (patient ductus arteriosus), and
bronchopulmonary dysplasia (BPD).

Prevention of RDS revolves around preventing prematurity, neonatal cold stress,
birth asphyxia, and hypovolemia. If premature delivery is unavoidable, the
administration of corticosteriods to the mother (and therefore the fetus)
stimulates production of fetal lung surfactant. This ideally entails multiple doses
given over 48 hours. After birth, administration of intratracheal exogenous
surfactant, oxygen and mechanical ventilation may all be necessary.

Bronchopulmonary Dysplasia (BPD)

BPD is a clinical diagnosis defined as oxygen dependency at 36 weeks post
conceptual age. Failure of RDS to improve after 2 weeks, the need for prolonged
mechanical ventilation, and oxygen requirements at 36 weeks post conceptual
age are associated with the development of BPD. BPD may also develop in tiny
premature infants requiring mechanical ventilation for poor respiratory drive. It is
thought that oxygen toxicity, barotrauma (related to mechanical ventilation) and
inflammation all contribute to the development of BPD. PDA, pulmonary
interstitial emphysema, and pulmonary and/or systemic infections are also
thought to play a role.
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The clinical manifestations of BPD include oxygen dependence, hypercapnia,
compensatory metabolic alkalosis, pulmonary hypertension, poor growth, fluid
retention, and often the development of right sided heart failure. The radiographic
appearance of BPD may initially include lung opacification followed by the
development of cysts, and areas of over-distension and atelectasis, which some
describe as a Oponge likeOGappearance.

Babies with BPD may require mechanical ventilation for many months. In order to
keep the baby comfortable, encourage development and decrease the risk of
subglottic stenosis, a tracheostomy may be recommended. Ventilator settings
are set with the goals of reducing the risks of oxygen toxicity and barotrauma
while maintaining adequate ventilation.

Dexamethasone therapy may be used to reduce airway inflammation, improve
pulmonary function, and encourage weaning of the ventilator settings. There
have been concerns raised that Dexamethasone may increase the risk of
cerebral palsy or other neuromotor problems.

Older children with BPD may exhibit hyperinflation, airway reactivity and may
also have developmental delay.

LUNG DISEASES IN INFANCY AND EARLY CHILDHOOD

The most common reason for lung disease in infancy and early childhood,
excluding newborns, is respiratory infection. The most common respiratory
desease necessitating hospitalization in this age group is bronchiolitis. Other
conditions which occur more commonly in childhood include croup
(laryngotracheobronchitis), epiglottitis, and foreign body aspiration.

Bronchiolitis

Bronchiolitis refers to inflammation of the bronchioles and is usually associated
with a viral respiratory infection. The term is generally clinically used for first-time
wheezing associated with a viral respiratory infection. Peak age for
hospitalization is 2-3 months of age, likely as a consequence of narrow airway
diameter and an immature immune system. The most common etiology for
bronchiolitis is Respriatory Syncytial Virus (RSV), followed in frequency by
human metapneumovirus, parainfluenza  viruses, influenza  viruses,
adenoviruses, and rhinoviruses. In older children and adults, RSV generally is
associated with rhinitis and not lower airway disease.

Children with bronchiolitis have a history of mild upper respiratory symptoms for
several days (with rhinorrhea and coryza) and then develop cough, wheeze,
chest wall retractions and respiratory distress. As a result of increased work of
breathing, they may stop feeding. Fever may or may not be present. Chest films
reveal air trapping, peribronchial thickening, subsegmental consolidation, and
rarely, lobar collapse.

Treatment of viral infections producing bronchiolitis is largely supportive.
Supportive measures include supplemental oxygen to minimize hypoxemia,
reducing anxiety, providing intravenous fluids to maintain adequate hydration
status, and antipyretic therapy to minimize fever. Therapies that have not been
shown to provide benefit include antibiotics, mist inhalation, and chest
physiotherapy. Temporary use of bronchodilators may improve wheezing and
respiratory distress.

Some children with bronchiolitis will go on to develop asthma. Many of those with
documented RSV bronchiolitis will have recurrent wheezing over the next five
years. It remains unclear whether children who develop asthma first develop
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bronchiolitis in infancy (as the first manifestation of their asthma) or whether
bronchiolitis produces airway injury leading to airway hyper-reactivity and
asthma.

Croup (Laryngotracheobronchitis-LTB)

Two major etiologies of acquired upper airway obstruction in children are
laryngotracheobronchitis (LTB) and epiglottitis.

Laryngotracheobronchitis, commonly known as croup, is a syndrome consisting
of inspiratory stridor, barking or brassy cough, and hoarseness and represents a
process involving the extra-thoracic upper airway. The term croup most
commonly refers to viral infections producing subglottic edema. The most
common causes of croup are parainfluenza (types 1, 2, and 3) and RSV. The
incidence of croup varies from year to year depending upon the respiratory viral
epidemic. Croup is most common in children ages 6 months to 3 years.

Children with croup generally develop their symptoms during the winter months.
They have a history of upper respiratory infection for 2-3 days, and then develop
barky cough and stridor. They do not often have fever or appear toxic. They do
not complain of significant sore throat or drooling (in contrast to children with
epiglottitis).

On exam, they may have increased inspiratory effort associated with stridor.
When croup is severe, intercostal reactions, cyanosis and mental status changes
may develop. Laboratory and imaging studies may be helpful. Anteroposterior
radiographs of the neck often reveal the classic Oseeple signOrepresenting
diagnostic subglottic narrowing. Routine lab studies are generally not particularly
useful. Leukocytosis is uncommon in croup and may suggest bacterial tracheitis
or epiglottitis.

For children with significant stridor and respiratory distress, use of aerosolized
racemic (D-and L-) or L-epinephrine reduces subglottic edema and temporarily
produces marked clinical improvement. Improvement peaks in 10830 minutes but
fades within 2 hours. Steriods have been found to reduce the need for
hospitalization and shorten hospital stays.

LUNG DISEASES IN CHILDHOOD
Epiglottitis

Epiglottitis generally occurs in children between 1 and 5 years of age and is a
medical emergency because of the high risk of sudden airway obstruction. H. flu
type B (HiB) has historically been the primary causative agent, but with the HiB
vaccine, there has been a marked reduction in HiB infections.

Stridor is common in epiglottitis, but can be distinguished from croup by its
sudden onset and rapid progression. Other features typical of epiglottitis include
high fever, muffled (rather than hoarse) voice, dysphagia and drooling, refusal to
eat, drink or sleep, a preference for sitting (often in the Osiff positionQ and high
anxiety.

Diagnosis is made by the appearance of a thickened and bulging epiglottis
(OhumbOsign) and thickened aryepiglottic folds on a lateral neck radiograph.
Diagnosis is confirmed by direct observation of a swollen, red epiglottis and
inflamed supraglottic structures, which should occur only in a well staffed
operating room including a competent surgeon and anaesthesiologist.

195



Epiglottitis requires endotracheal intubation and antibiotics, generally for 48-72
hours. The outcome for those who undergo intubation prior to significant hypoxia
is excellent.

Foreign Body Aspiration

Aspiration of foreign bodies into the tracheobronchial tree occurs most commonly
in children between 6 months and 4 years of age. Young children may put
virtually anything in their mouths and momentarily be out of sight of even the
most diligent caretaker. Younger children most commonly aspirate food, small
toys, balloons or other small objects. Coins generally end up in the esophagus,
although rarely they will be found in the trachea. Although many children who
aspirate a FB will have a history of choking (or withessed aspiration), some will
have a negative history as the event has gone unobserved or unrecognized.

Physical findings may include cough, localized wheezing, unilateral absence of
breath sounds, stridor, cyanosis or dyspnea. If a FB remains in the lung for a
prolonged period, symptoms may include cough, fever, sputum production, or
chest pain. In children who present with persistent wheezing despite therapy,
persistent atelectasis, recurrent or persistent pneumonia, or persistent cough, the
possibility of FB aspiration should be considered.

Because the right mainstem bronchus is a more direct continuation of the
trachea, foreign bodies often enter the right lung preferentially. However some
foreign bodies such as nuts or seeds may migrate from place to place and some
are trapped in the larynx, causing total airway occlusion.

Radiographic studies may reveal a radiopaque object, but this is rare. Air
trapping on exhalation on the side of the FB may be seen on an assisted
expiratory or lateral decubitus chest film. Occasionally atelectasis is seen.

If there is evidence of foreign body aspiration (by history, physical exam or chest
X-Ray) the patient should undergo rigid bronchoscopy.

The best approach to prevention is to educate parents and caregivers. Before
molar teeth have developed, infants and young children should not be given
foods such as nuts or uncooked carrots. Additionally, tiny toys or objects should
not be given to very young children. Balloons can also be aspirated with severe
consequences in very young children.

Asthma

Asthma is the most common chronic disease diagnosed during childhood,
impacting nearly 5 million children in the U.S. under 18 years of age. It is a
leading cause of school absenteeism, clinic and emergency department visits,
and hospitalization. Despite improvements in therapy, the mortality rate for
asthma has continued to climb over the last two decades.

Inflammatory cells, chemical mediators, and chemotactic factors (discussed in
the OashmaO chapter in your syllabus) all contribute to the underlying
inflammation found in asthmatic airways. Inflammation contributes to airway
hyper-responsiveness or hyper-reactivity, which results in the tendency of
airways to constrict in response to viral infections, allergies, irritants, and
exercise. Inflammation also leads to airway edema and increased lung mucus
production. Chronic inflammation may result in airway remodeling which may
lead to irreversible structural changes and progressive airway obstruction.

Children with asthma may present with cough, wheeze, shortness of breath,
increased respiratory rate, and/or chest tightness. History should include
frequency and severity of symptoms, and evidence of precipitating factors such
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as the presence of URI symptoms, exposure to allergens or irritants (e.g. pets or
cigarette smoke), exercise, emotions, and change in weather or humidity.
Sinusitis, gastroesophageal reflux, and sensitivity to nonsteriodal anti-
inflammatory agents (e.g. aspirin) may exacerbate asthma in children.

During acute asthma exacerbations, the physical exam may reveal cough,
wheeze, tachypnea, tachycardia, and a prolonged expiratory phase. However,
physical findings may be subtle, especially when a child is seen in a non-acute
phase. Wheezing is not always present. During more severe asthma attacks,
diminished air exchange, use of accessory muscles, retractions, cyanosis,
agitation, inability to speak and diaphoresis may be present.

In evaluating acute and chronic or persistent asthma, pulmonary function testing
is most useful and can generally be performed by children older than 5 or 6 years
of age. Pulmonary function testing for younger children is still in development.
Allergy skin testing is recommended in children with persistent asthma, a strong
history of allergic triggers, and/or in children with a strong family history of
allergy.

Chest X-Rays may be performed with the first episode of asthma. They should
be performed for recurrent episodes of undiagnosed cough or wheeze. Children
with a history of asthma do not require repeat CXR with each episode. However,
if these children should develop additional symptoms such as high fever and
productive cough (suggesting pneumonia) or localized persistent wheezing
(suggesting foreign body aspiration), a chest radiograph should be obtained.

Treatment for asthma in children involves environmental control (avoiding
allergens and irritants), pharmacologic therapy (well outlined in the G\sthmaO
Chapter in your syllabus), and patient and family education. Development of self-
management skills in older children and adolescents is paramount in treating this
disease.

Cystic Fibrosis (CF)

CF, an autosomal recessive disorder, is the most common life-limiting recessive
genetic disease in whites. In the U.S., 1 in 3,200 white newborns is born with CF.
It occurs, but is much less common in African Americans, Asians, Hispanics, and
other non-white populations. For a full and complete discussion of this disease,
see Chapter 20 Cystic Fibrosis.

For your future reference, infants, children, or adolescents presenting with the
following symptoms should be evaluated for CF:

Respiratory

Chronic or recurrent cough

Chronic or recurrent pneumonia

Recurrent bronchitis

Recurrent or persistent atelectasis

Hemoptysis

Staphylococcal pneumonia

Pseudomonas aeruginosa in the respiratory tract (in the absence of
tracheostomy or prolonged intubation)

Mucoid form of Pseudomonas aeruginosa in the respiratory tract
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Gastrointestinal

Meconium ileus

Neonatal intestinal obstruction (meconium plug, atresia)

Steatorrhea, malabsorbtion

Hepatic cirrhosis in childhood (including any manifestations such as
esophageal varices or portal hypertension)

Pancreatitis

Rectal Prolapse

Viamin deficiency states (A, D, E, K)

Prolonged, direct-reacting neonatal jaundice

Miscellaneous

Digital clubbing

Failure to thrive

Family history of cystic fibrosis (sibling or cousin)

Salty taste when kissed; salt crystals on skin after evaporation of sweat
Heat prostration, especially under seemingly inappropriate circumstances
Hyponatremic alkalosis in infants

Nasal polyps

Recurrent sinusitis

Aspermia

Absent vas deferens

FURTHER READING and RESOURCES

Nelson Essentials of Pediatrics, Fifth Edition
Editors: Kleigman RM, Marcdante KJ, Jenson HB, Behrman RE
Elsevier/Saunders, Philadelphia PA, 2006
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