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Pulmonary Critical
Care Problems
Mary Jo C. Grant
Martha A.Q. Curley

as knowledge of the causes and treatment of respiratory
failure.

RESPIRATORY FAILURE
MECHANISMS OF ABNORMAL GAS EXCHANGE
FINAL COMMON PATHWAYS

RESPIRATORY FAILURE

MECHANICAL ALTERATIONS: DISORDERS THAT INCREASE

Respiratory failure is frequently defined simply in terms of
blood gas abnormalities-for example, a Pa02 of less than
50 mmHg and a Paco2 greater than 50 mrnHg in a patient
who is spontaneously breathing room air. Quantifying
respiratory failure in this fashion, however, lacks specificity
and is ultimately inadequate. A child with a congenital heart
defect, for example, may have a Pa0 2 less than 50 mmHg
without respiratory failure. Similarly, a patient with a
diuretic-induced metabolic alkalosis may have an increase
in Paco2 to greater than 50 mmHg; however, this does not
indicate respiratory failure. In addition, in clinical practice,
blood gas tensions are often maintained with supplemental
oxygen. It follows that respiratory failure is more appropriately understood as an inability of the respiratory system
to fulfill its role in transferring oxygen (02) and carbon
dioxide (C0 2) to and from the venous blood in an amount
commensurate with the needs of the patient.
The advantage of this definition is that it emphasizes the
important link that exists between the function of the respiratory system and the metabolic requirements of the tissues.
For example, the infant with chronic lung disease may be
able to meet everyday metabolic demands, but when an
infectious process increases those demands, the child's respiratory reserve may be inadequate and respiratory failure
will ensue. In fact, fatigue from increased work of breathing,
rather than hypoxia, usually precipitates respiratory failure
in infants and children. Respiratory failure is also differentiated from respiratory distress, which is manifested by retractions, tachypnea, nasal flaring, and so on. The latter is a
judgment made by the clinician regarding the patient's work
of breathing or the patient's own perception of dyspnea and
does not necessarily imply respiratory failure. The child in
status asthmaticus, for instance, may have respiratory distress yet be able to meet metabolic needs. Compensatory
mechanisms, involving increased effort and use of addi-

THE WORK OF BREATHING

Upper Airways Disease
Lower Airways Obstructive Disease
Restrictive Disease
Mixed Obstructive and Restrictive Disease
Impairment of Respiratory Muscle Function
CIRCULATORY ALTERATIONS
ALTERATIONS IN CONTROL OF BREATHING
SUMMARY

A

Pproximately 24% of pediatric critical care practice
involves caring for patients with pulmonary problems. 1
Therefore knowledge of respiratory anatomy and physiology as well as familiarity with the common pathologies leading to respiratory failure are essential. This
chapter examines the physiology of the respiratory system
and the means by which physiology is altered by disease.
Respiratory failure is defined and the mechanisms of
abnormal gas exchange are reviewed. A short review of
the basic physiology of the developing respiratory system establishes the final common pathways of respiratory
failure: mechanical, circulatory, and regulatory alterations.
The remaining sections are devoted to specific disorders
associated with these final common pathways in infants
and children, exploring incidence, etiology, treatment,
and nursing management. Whether resulting from chronic
or acute processes, impending respiratory failure can be
extremely frightening for infants, children, and their families. Consequently, sensitivity and attention to the impact of
critical illness on children and their families is as important
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Box 19·1

.

Pediatric ICU Admission Criteria

1. Endotracheal intubation or potential need for emergency
endotracheal intubation and mechanical ventilation.
regardless of etiology.
2. Rapidly progressive pulmonary, lower or upper airway,
disease of high severity with risk of progression to
respiratory failure and/or total obstruction.
3. High supplemental oxygen requirement (FI0 2 0.5) regardless of etiology.
4. Newly placed tracheostomy with or without the need for
mechanical ventilation.
5. Acute barotrauma compromising the upper or lower
airway.
6. Requirement for more frequent or continuous inhaled or
nebulized medications that cannot be administered safely
on the general pediatric care unit.
Adapted from American Academy of Pediatrics Committee on Hospital Care
and Section on Critical Care Pediatric Section and Admission Criteria Task
Force: Guidelines for developing admission and discharge policies for the
pediatric intensive care unit Pediatrics 103:840-842, 1999.

tional respiratory muscles, can retard the development of
respiratory failure, even if it is at an increased energy cost.
In 1999, the American Academy of Pediatrics Committee
on Hospital Care and Section on Critical Care Pediatric
Section Admission Criteria Task Force developed guidelines
for admission and discharge criteria for pediatric intensive
care? For patients with severe or potentially life-threatening
pulmonary or airway disease, the admission criteria include,
but are not limited to, those listed in Box 19-1.

MECHANISMS OF ABNORMAL

GAS EXCHANGE

Mechanisms of impaired gas exchange in the lungs may
include diffusion, hypoventilation, shunt, and ventilationperfusion (\I10J mismatch disorders. Impediments in 02
diffusion do not represent a significant problem in children;
therefore we will concentrate on the remaining three.
Hypoventilation may be defined on the basis of reduced
minute alveolar ventilation [(tidal volume - dead space) x
(respiratory rate)] and inevitably results in an inability to
eliminate CO 2 , Because the increased alveolar CO 2 occupies space, 02 is displaced out of the alveolus and both
alveolar and arterial P0 2 are decreased. Supplemental 02'
however, can overcome this displacement, and restore Pa02
to normal (Fig. 19-1, B).
Normally, a small percentage of right ventricular output
is returned to the left atrium without passing through
ventilated areas of the lung. This represents a physiologic
right-to-Ieft shunt. Additional shunting of blood occurs
when collapsed alveoli continue to be perfused. Because
these alveoli are no longer ventilated, the blood circulating
through them is not oxygenated. This blood is mixed with
oxygenated blood from other ventilated areas, thereby
increasing pulmonary venous admixture, or causing an

abnormal right-to-left shunt. Pa0 2 decreases, but in this case,
supplemental 02 will not entirely abolish hypoxemia
because the shunted blood is not exposed to inspired O 2
(Fig. 19-1, C). Intrapulmonary shunting does not usually
result in an increase in Pac0 2 because the respiratory center
responds to hypoxemia by increasing ventilation.
ViQ mismatching is the most common cause of abnormal
gas exchange. If ventilation and blood flow are unequal in
various regions of the lung, impairment of both O 2 and CO 2
transfer results. Supplemental O 2 will, however, increase the
Pa0 2 to normal (Fig. 19-1, D).

FINAL COMMON PATHWAYS
The principal purpose of the respiratory system is to
exchange gases, O 2 and CO 2 , with the atmosphere. This
process requires the combined function of heart, blood
vessels, and lungs. It may be helpful to view the respiratory
system as a mechanical pump controlled by a complex
feedback system (Fig. 19-2). The pump includes the lung,
the chest wall, and the respiratory muscles (primarily the
diaphragm, but also the intercostal and abdominal muscles),
which, when acting on the chest wall (rib cage and
abdomen), expand and compress the lungs. Respiration is
regulated by the respiratory center in the brainstem. This
center is stimulated directly by CO 2 and hydrogen ions and
indirectly via central and peripheral chemoreceptors. In
addition, mechanoreceptors in the lung and chest wall
convey information about the status of the lungs. The central
nervous system integrates all of the data and acts on the
respiratory center where the respiratory pattern is established and conveyed through peripheral nerves like the
phrenic nerve to the muscles of respiration. The pulmonary
circulation completes the respiratory system by establishing
a close interface between inspired gas and the blood, which
permits delivery of 02 to the blood and removal of CO 2 ,
This conceptual model of the respiratory system also
delineates the three final common pathways of respiratory
failure. These involve mechanical, circulatory, and regulatory alterations. Mechanical (or pump) alterations in pulmonary function can be classified into two major categories:
illnesses that increase the work of breathing, and diseases in
which the respiratory muscles are unable to perform even
the normal amount of work. The former include disorders
that increase airway or pulmonary resistance (obstructive
disease), those that decrease thoracic compliance (restrictive
disease), and mixed disorders resulting in alterations in both
resistance and compliance (e.g., bronchopulmonary dysplasia [BPDl). The diseases that affect the respiratory muscles,
rendering them incapable of normal work, include disorders
of the peripheral nerves (Ouillain-Barre syndrome lOBS]),
the neuromuscular junction (infant botulism or myasthenia
gravis), and the muscle itself (muscular dystrophy). Circulatory alterations involve disturbances in the normal contact between blood and gas within the lungs; pulmonary
embolism (PE) and persistent pulmonary hypertension of
the newborn are characteristic examples. In these conditions, pulmonary circulation is reduced, physiologic dead
space increases, and gas exchange may be impaired. Finally,
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Fig. 19-1 Mechanisms of hypoxemia and effect of increased FlO, in patients with lung disease. In this
schematic representation. the normal lung is composed of two alveolar units with their respective
capillaries. A, While breathing room air, on the left, the FlO, in the alveoli (shown by the level of filling
of the alveolar units in the figure) is only 0.21. The alveolar Po, (PAO,. indicated by the shading inside the
alveoli), however, is sufficiently high to produce a normal Oz hemoglobin saturation in the pulmonary
capillaries (shown by the degree of shading inside the capillaries in the figure). Administration of an FlOz
of 1.0 barely increased the 0, content of the arterial blood. B, In the presence of hypoventilation, PAO, is
reduced in room air, and the capillary blood is poorly saturated. Administration of an FlOz of 1.0 increases
both the PAO, and 0, content of the capillary blood. C, An intrapulmonary shunt allows mixed venous
blood to pass through the lungs without being exposed to alveolar 0,. As a result, the arterial 0, content
is decreased. Supplemental 0, raises only the O2 content of the capillary blood that is not shunted; therefore
arterial 0, content increased only to a limited extent. D, In V/Q inequality, alveolar units that have a
decreased Po, exist in combination with others that have a nonnal P02 . Blood from these two types of units
mixes, resulting in a lower than normal arterial Oz content. Administration of Oz increases the PAO Z in both
hypoventilated and normal units, and the Oz content of the arterial blood increases as well. (Courtesy
J. Julio Perez Fontan, MD, and George Lister, MD, New Haven, Connecticut.)
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Fig. 19-2 Schematic drawing of the respiratory system. In this
schematic representation, the respiratory system consists of a
mechanical pump controlled by a complex feedback system. The
respiratory pump includes the lung. chest wall, and respiratory
muscles. Respiratory control is established by the respiratory
center in the brainstem and conveyed (via peripheral nerves) to the
muscles of respiration. Finally, the pulmonary circulation establishes an alveolar-capillary interface that permits gas exchange.

alterations in the control of breathing include primary or
secondary derangements in the breathing pattern such as
apnea and alveolar hypoventilation syndromes.

MECHANICAL ALTERATIONS:
DISORDERS THAT INCREASE
THE WORK OF BREATHING
Mechanical alterations in pulmonary function in infants and
children are often the result of illnesses that cause airway
obstruction. Because the signs and symptoms of obstruction
depend (in large part) on location, it is helpful to delineate
two categories of airway obstruction: extrathoracic or upper
airways disease (laryngotracheobronchitis, epiglottitis, foreign body aspiration, and pharyngeal obstruction) and
intrathoracic or lower airways disease (asthma, bronchiolitis, and tracheobronchomalacia).
The diameter of an airway is determined by the compliance of the airway wall, coupled with the deforming force
exerted upon it. The latter is the pressure difference between
the gas inside the airway and the tissues surrounding the
airway. This pressure difference, known as the transmural
pressure, varies during inspiration and expiration and differs
for extrathoracic and intrathoracic airways.
The signs and symptoms of obstruction depend on
location (extrathoracic or intrathoracic) and the direction of
airflow (inspiration or expiration). During inspiration, airway pressure becomes progressively more negative as the
alveoli are approached; a pressure gradient is necessary for
airflow to occur inside the airways. On expiration, the pressure within the alveoli becomes positive and the gradient is

reversed with pressures inside the airways being always
positive but diminishing toward the mouth. In contrast, the
influence of inspiration and expiration on the pressure outside the airway depends on whether the airways are extrathoracic or intrathoracic.
Extrathoracic airways (the pharynx, larynx, and a portion
of the trachea) are included in the tissues of the neck, where
the pressure can be considered to be zero or atmospheric.
Because intrathoracic airways are embedded in the chest,
however, the pressure affecting their airway caliber is the
pleural pressure. During inspiration, extrathoracic airways
have a transmural pressure that favors narrowing because
intraluminal pressure decreases, whereas the pressure exerted by tissues outside the airway remains constant. Intrathoracic airways dilate during inspiration as pleural pressure
becomes more negative than intraluminal pressure (i.e.,
transmural pressure decreases). During expiration, the situation is reversed; extrathoracic airways dilate as intraluminal
pressure becomes positive with respect to atmospheric pressure, and intrathoracic airways narrow as the pressure within
those airways decreases with respect to pleural pressure.
Airway obstruction causes an exaggeration of these normal
changes in airway diameter (Fig. 19-3).
Typical clinical manifestations accompany airway obstruction. First, and perhaps foremost, a relatively slow
respiratory rate helps to conserve energy. This can be readily
appreciated by breathing through a straw-it is much more
difficult to breathe rapidly than to breathe slowly. Additional
signs of obstruction include intercostal and/or substernal
retractions, which may be pronounced, and nasal flaring or
the use of accessory muscles of respiration. Based on the
previous discussion of airway dynamics, however, there are
substantial differences between extrathoracic (upper airways) and intrathoracic (lower airways) obstructiondifferences that can be detected by a careful clinical
examination (Table 19- I). Inspiration is prolonged in
extrathoracic obstruction, whereas the duration of expiration
remains unchanged. The opposite is true in intrathoracic
obstruction, in which expiration is prolonged and inspiratory
time unchanged. The adventitious sounds heard on auscultation also differ in extrathoracic and intrathoracic obstruction. Inspiratory stridor occurs in extrathoracic obstruction;
expiratory wheezing occurs in intrathoracic obstruction. Gas
trapping is not a predominant characteristic of extrathoracic
obstruction, but occurs often in intrathoracic obstruction.

Upper Airways Disease
The etiology of extrathoracic airway disease with obstruction may vary considerably, but the dynamic consequences
of the obstruction are the same: to overcome increased
resistance during inspiration, the child must create greater
negative pressure inside the airway segment downstream
from the obstruction. This segment of the airway tends to
collapse, worsening the obstruction and producing a characteristic inspiratory stridor. With extrathoracic obstruction
the child's respiratory rate is relatively low, mainly because
inspiration is prolonged. Suprasternal and subclavicular
retractions occur. In addition, nasal flaring and head bobbing
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Fig.19·3 Effect of the respiratory cycle on upper and lower airway obstruction. Upper airway obstruction
worsens during inspiration as intraluminal pressure decreases and the pressure outside the airways remains
constant (atmospheric pressure). Lower airway obstruction worsens during expiration when positive
pressures outside the airways (pleural pressure) exceed the pressure within the airways downstream from
the obstructiun. (Adapted from Fontan JJP. Lister G: Respiratory Failure. In Touloukian RJ, ed: Pediatric
trauma, 5t Louis, 1990, Mosby.)

TABLE 19-1 Differences Between Upper
and Lower Airway Obstruction on
Physical Examination

f~~espiratory rate

Upper

Lower

Airway

Airway

Slow

Slow

l~uration of inspiration

i

H

!l'Duration of expiration
!@'Stridor

H

i

~l:_

+

~1'Wheezing

+

~1pas trapping

+

I;,

~t Increased;

!lo;i'

H,

unchanged; +, present; -, absent.

(neck extension during inspiration and flexion during
expiration) may serve to keep the airway open during
inspiration. In the pediatric intensive care unit (PlCU),
frequent causes of upper airways obstruction are laryngotracheobronchitis, epiglottitis, bacterial tracheitis, foreign
body aspiration, pharyngeal obstruction, and tracheobronchomalacia.

Laryngotracheobronchitis (Croup)
Etiology. Laryngotracheobronchitis (croup), a viral
illness, is the most commonly occurring upper airway
obstruction in pediatrics. It is characterized by airway
obstruction that is primarily subglottic. The etiologic
organisms are most commonly viral, and they include the
parainfluenza viruses (types 1,2, and 3) and influenza virus
A. Bacterial agents may cause laryngotracheobronchitis,
including Mycoplasma pneulIlotliae and COIynebacterium
diphtheriae; however, a bacterial basis is rarely seen.
Incidence. Laryngotracheobronchitis usually occurs
in late autumn and winter. More prevalent in males (ratio
1.5: I), infants and toddlers 3 months to 3 years old
are primarily affected, with incidence peaking at 9 to
18 months.
Pathogenesis. Children with laryngotracheobronchitis typically present following several days of symptoms
consistent with a viral upper respiratory infection: coryza
(dry inflammation of the nasal mucus membranes), sore
throat, cough, hoarseness, and low-grade temperature. The
child commonly has a low-grade fever, may complain of a
sore throat, but does not appear very ill. A typical "croupy"
cough and stridor develop as a result of swelling of the
airway (glottic and subglottic edema). Laryngotracheobron-
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chitis also affects other areas of the airway, but the
subglottic area is the most narrow air passage in young
children; therefore the clinical manifestations are primarily
related to this region. Older children, however, often have
tracheitis and even bronchitis.
Typically, laryngotracheobronchitis is a mild disease, and
most children can be treated as outpatiellls. Very young
infants appear more acutely ill and are often in more
respiratory distress than older infallls and children because
their airways have a smaller diameter; as a result, a modest
amount of edema produces a grater degree of airway
obstruction. Stridor and retractions even at rest, tachycardia,
restlessness, and cyanosis indicate progressive airway obstruction necessitating close monitoring in a PICU and
possibly airway intervention.
Critical Care Management. A child who presents
with a croupy cough, stridor, and respiratory distress is
carefully evaluated. An anteroposterior neck radiograph
usually depicts subglottic narrowing (referred to as the
"steeple sign"). Treatment for coup is usually symptomatic.
In most instances, treatment with cool-mist 0z is sufficient
to ameliorate symptoms. The efficacy of cool-mist therapy
has not been demonstrated; however, many physicians still
recommend its use.
In more severe cases, nebulized racemic epinephrine delivered using a small-volume nebulizer I: 1000 (0.5 mllkg;
maximum 4 ml) can provide transient reductions in stridor.
A recent meta-analysis of randomized colllrolled trials examined the effectiveness of glucocorticoid treatment in children with laryngotracheobronchitis. 3 •4 The review demonstrated that dexamethasone 0.6 mglkg as an initial dose
followed by 0.15 mg/kg every 6 hours and inhaled budesonide (2 mg) were effective in relieving the symptoms of
laryngotracheobronchitis as early as 6 hours after treatment.
In addition, fewer cointerventions are used and the length of
time spent in the hospital is decreased in patients treated
with glucocorticoids.
Heliox (30% Oz and 70% helium) may be used in
patients without a large Oz requiremelll. Because the density
of helium is lower than the density of air or 0z, helium will
rapidly flow through the narrowed upper airway, decreasing
the work of breathing and fatigue. Stridor scores have been
demonstrated to be lower with helium-Oz than with
0z-supplemented room air in patients with POstextubation
stridor. s In the unlikely event that endotracheal intubation is
required, endotracheal tubes 0.5 to 1.5 mm smaller in
diameter than usual for the child's age are used and are
prone to obstruction with thick secretions.
Nursing management of the child with laryngotracheobronchitis includes limiting activity that may increase
respiratory effort and exacerbate symptoms. The tachypnea
that accompanies agitation, for example, may cause an
increase in transmural pressure and airway turbulence, both
of which lead to further narrowing of the airway. Therefore
it is essential to minimize the child's anxiety. Encouraging
parental presence and participation in care may go a long
way in reducing fears associated with hospitalization.
Sedation should be used judiciously. Decreasing the number
of times the fearful patient is approached by hospital staff

~

19-2 A Croup Scoring System
Based on Four Clinical Signs

TABLE

o
5

o
4

5

o
I
2

Normal
Disoriented
None
With agitation
At rest
Normal
With agitation

At rest

o

Normal

I
2

Markedly decreased

o
I

2
3

Decreased

None
Mild
Moderate
Severe

ro represents the normal state or absence of the sign; the highest
mber represents the most severe distress. The range for each sign is
'ghted to reflect the clinical implications of the most severe form of
sign.

ed with permission from Westly CR, Cotton EK. Brooks lG:
ebulized racemic epinephrine by IPPB for the treatment of croup, Am
Dis Child 132:486. Copyright 1978. American Medical Association.

can minimize anxiety and its associated increase in the work
of breathing.
Close observation and monitoring of the child's respiratory status includes respiratory rate and effort, heart rate,
and Spoz. Use of a croup scoring system (Table 19-2) may
facilitate documentation of the progression or regression of
symptoms, and provide a more objective evaluation of the
efficacy of various interventions. 6 Intubated children are at
high risk for inadvertent extubation because of their young
age, mobility, and the difficulty of taping tubes to the face in
the presence of copious nasal secretions. Nursing vigilance
can minimize the risk by splinting the arms to prevent elbow
flexion and extreme care with tube position and fixation.
Low dose sedation may be useful, but muscle relaxants or
high-dose sedation are generally unnecessary.

Epiglottitis
Etiology and Incidence. Epiglottitis is a bacterial
infection of the laryngeal inlet usually caused by Haemophilus injluenzae type b (Hib). The diagnosis is often confused
with laryngotracheobronchitis because both problems present with inspiratory stridor and respiratory distress. The
patient with epiglottitis is most likely to be between 2 and 4
years of age. Causes of epiglottitis include Pneumococcus
group A, Streptococcus and Staphylococcus aureus, and
Hib. In 1988, Hib conjugate vaccines were introduced for
use in children aged 18 months to 5 years; the Advisory
Committee on Immunization Practices (ACIP) subsequently
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recommended them for routine use in infants in 1990.
Since the introduction of the Hib vaccine in 1988, the
incidence of epiglottitis has fallen dramatically, but the
vaccine does not offer complete protection and the disease can occur in immunized children. In the prevaccine era
(i.e., before 1988), Haemophilus influenzae caused approximately 95% of the Haemophilus influellzae invasive disease
among children aged younger than 5 years. During 1989
through 1995, Hib invasive disease among children aged
younger than 5 years declined 95% nationally. 7
Pathogenesis. There is an acute onset (usually less
than a day) of sore throat, high fever, muffled voice,
dysphagia, and lethargy. Dysphagia rapidly progresses to an
inability to clear oropharyngeal secretions and signs of
obstruction develop, including inspiratory stridor, tachypnea, cyanosis, and retractions. Lying down often increases
the degree of obstruction, so children with epiglottitis adopt
a characteristic posture: sitting forward, drooling, with
minimal head and neck movement. At this point, the child
often appears pale and restless. Because venti lation can be
maintained only in an upright position, the child should not
be forced into a recumbent position.
Critical Care Management. The maintenance of a
patent airway is the primary goal of therapy. Agitation may
precipitate laryngospasm and complete laryngeal obstruction, so no detailed physical examination, blood drawing, or
other invasive procedures are performed immediately on a
child presenting with signs and symptoms suggestive of
epiglottitis. It is especially important to avoid any attempt to
examine the pharynx before the child can be taken to the
operating room for direct visualization of the glottis under
anesthesia. 02 is given as unobtrusively as possible. Before
laryngoscopy, a lateral neck radiograph showing a very
swollen epiglottic shadow is typical and may be helpful in
cases if there is doubt about the diagnosis (Fig. 19-4).
However, radiographic examination should not delay therapy in a child in severe distress. In those instances, the child
is transported directly to the operating room in the parent's
arms. Although respiratory arrest can occur from total
airway obstruction, it is usually the result of a combination
of partial obstruction and fatigue.
The anatomy may be so distorted from inflammation and
edema that the glottic structures will be unidentifiable. As a
result of this extensive edema of the glottis, a wide selection
of endotracheal tubes with a smaller diameter than predicted, but sufficient length, are made available. Once an
appropriate level of inhalation anesthesia is reached, an
intravenous line is placed, and visualization of the glottis
and intubation are accomplished. The most experienced
individual skilled in intubation performs the intubation. In
the event that the examination induces laryngospasm and an
acute airway obstruction, a tracheostomy will be necessary.
Laryngeal and blood cultures are obtained before initiating
antibiotic therapy; third-generation cephalosporins (e.g.,
cefotaxime) are the antibiotics of choice. There is no
evidence to suggest that corticosteroids are helpful in the
treatment of epiglottitis.
Acute pulmonary edema has been described in children
with the relief of airway obstruction. This postobstructive
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Fig. 19·4 Lateral neck radiograph in epiglottitis. To define the
epiglottis, follow the posterior border of the trachea (A) (0 the
epiglottis (8). Instead of its usual sharp appearance, the epiglottis
is swollen. The supraglottic portion of the airway is dilated, while
the air column below the laryngeal level is well preserved (i.e.,
there is no subglottic edema). Please note that a radiograph should
not be obtained in any patient with clear signs and symptoms of
epiglottis.

pulmonary edema manifests itself immediately or within a
few hours of the relief of obstruction. Several mechanisms
have been proposed, including an increased left ventricular
transmural pressure gradient from the negative pleural
pressure generated against the airway obstruction. s
Once the child has been intubated, a primary goal is to
maintain the position and patency of the artificial airway.
Accidental extubation, particularly early in the course of
epiglottitis, is potentially disastrous. The majority of patients with laryngotracheobronchitis or epiglottitis are toddlers or preschoolers in whom egocentricity is prominent,
freedom of movement is essential, and separation from
parents is a major source of fear and stress. Elbow restraints
are necessary to prevent the child from removing the
endotracheal tube but are not used in isolation. Additional
measures to keep the child calm and quiet should also be
taken, including the administration of sedatives, decreasing
noxious or threatening stimuli, and encouraging continued
family presence and participation in care. If accidental
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extubation occurs, positioning the child in an upright
forward sitting position may facilitate air entry. Bag and
mask ventilation may be required if the child is unable to
maintain spontaneous ventilation. The child with epiglottitis
secondary to H. injluenzae will also require droplet precautions until 24 hours after the starl of effective antibiotic
therapy.
Planned extubation of the child is based on revisualization of the supraglottic structures, presence of a leak.
around the endotracheal tube, and clinical status of the
patient. Extubation can usually be accomplished within
48 to 72 hours after antibiotic therapy is started.

Bacterial Tracheitis
Etiology and Incidence. Bacterial tracheitis is
thought to be a complication of laryngotracheobronchitis
and closely resembles laryngotracheobronchitis. Bacterial
tracheitis can produce a complete airway obstruction as a
result of copious, mucopurulent secretions. A recent review
of 46 children admitted with bacterial tracheitis found the
mean age to be 69 months, 57% of whom required tracheal
intubation. 9
Pathogenesis. The child may actually appear to be
improving after an episode of virallaryngotracheobronchitis
when suddenly there is a new onset of stridor. It may be
distinguished from laryngotracheobronchitis because the
patient usually has a high fever and may appear very ill. A
lateral neck film shows subglottic swelling. In children,
predominant organisms include S. aureus and H. injluenzae. 10 Moraxella catarrhalis has been identified in 12 (27%)
of 45 bacterial respiratory cultures, whereas influenza A
virus was recovered from 18 (72%) of 25 viral respiratory
cultures in children with bacterial tracheitis. 9
Critical Care Management. The child who presents
with bacterial tracheitis may have significant respiratory
distress and a septic appearance. Management is focused on
maintenance of a patent airway and treatment of blood
pressure instability with fluids and catecholamines as
necessary. A superimposed bacterial pneumonia may coexist, and this is likely to cause the child to require mechanical
ventilation.
Foreign Body Aspiration
Etiology. A relatively common cause of airway obstruction in children is a foreign body lodged in the
tracheobronchial tree, commonly in the bronchi. Infants
usually inhale radiolucent food items (peanuts, seeds, pieces
of Carlot), whereas toddlers inhale radiopaque items (coins,
teeth, metal or plastic toy parts). The foreign bodies most
commonly found in a review of 639 patients were sunflower
seeds (21.1 %), beans (10.4%), watermelon seeds (10%), and
hazelnuts (9.8%). II
Incidence. Foreign body aspiration may affect any
age, but occurs most frequently in young children ranging in
age from 6 months to 3 years. In a retrospective review of
84 children and 28 adults, the peak incidence of foreign
body aspiration was found to occur during the second year
of life in children and during the sixth decade of life in
adults. 12

Pathogenesis. Signs and symptoms of foreign body
aspiration vary, depending on the location of the object in
the airway. A foreign body will usually lodge at or above the
larynx, in the trachea or a bronchus. Although a foreign
body preferentially lodges in the right bronchial tree in
adults, a central location (but not at all exclusive) with air
trapping is more common in children. 12 Children may also
present with acute asphyxia from tracheal obstruction,
wheezing when a mainstern bronchus is occluded, or they
may complain solely of a chronic cough or bloody sputum
if a smaller or more peripheral airway is involved. Foreign
bodies do not usually cause stridor unless the obstruction is
at or near the larynx. When a foreign body is lodged in a
lobar or segmental bronchus, unilateral physical findings
become prominent. Asymmetric breath sounds, absent air
entry, and unilateral prolongation of expiration may occur.
Critical Care Management. When foreign body
aspiration is suspected, a careful history may reveal a
choking episode several days, weeks, or months before
symptoms began. Ina series of 87 children with foreignbody aspiration, neither clinical signs or symptoms nor
radiology had sufficient diagnostic sensitivity, and especially specificity, on which to rely for the diagnosis. Only
the choking crisis, when present in the history, had good
sensitivity and specificity (respectively, 96% and 76%).13
Although most aspirated objects are radiolucent, diagnosis
may be aided by chest radiographs demonstrating unilateral
hyperinflation, atelectasis, or infiltrate (Fig. 19-5). Unilateral hyperaeration, atelectasis, and unilateral parenchymal
infiltration are the most common radiologic findings. II A
forced expiration radiographic technique often reveals
persistent air trapping in one location, a finding missed on a
conventional chest film because there is increased and
uniform expansion of the lung during inspiration. Fluoroscopy may also demonstrate persistent inflation during both
phases of respiration, indicating airway obstruction and
identifying the location of the foreign body. Even in the
absence of a definitive diagnosis, bronchoscopy under
general anesthesia is the diagnostic test and the treatment of
choice when aspiration of a foreign body below the carina is
suspected. The most frequent procedure in children is rigid
bronchoscopy. 12
The use of less direct methods, such as postural drainage,
may lead to total airway obstruction by freeing an object that
is too large to pass through the larynx. However, when an
exact diagnosis cannot be made and a lobar or segmental
obstruction is suspected, postural drainage and inhaled
bronchodilators may be employed for several days. If there
is no improvement, bronchoscopy is performed. For imminent complete obstruction follow Pediatric Advance Life
Support recommendations for foreign body aspiration. 14
Residual irritation after removal of a foreign body by
bronchoscopy or postural drainage may necessitate continued administration of supplemental 2 , vigorous pulmonary
toilet, and careful monitoring of the child's respiratory status
in the PICU. Parent education is also important to help
prevent future aspirations. This includes instructing parents
that children under 3 years of age are prime candidates for
aspiration accidents and aiding them in recognizing the
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Fig. 19-5 Foreign body chest radiograph. A, This AP chest radiograph reveals complete collapse of the
left lower lobe with partial aeration of the left upper lobe and lingula. The left main bronchus is well
demonstrated containing air through its proximal course where there is an abrupt obstruction to the
bronchial lumen. B, The AP view of the chest was obtained after the removal of bubble gum from the left
mainstem bronchus. Air is now demonstrated throughout the central aspects of the left bronchus including
into the periphery of the left lower lobe, which has undergone partial reexpansion compared with the view
in A. There is partial reexpansion compared with of the upper lobe as well. (Courtesy of Robert Cleveland,
MD, Radiology Department, Children's Hospital. Boston.)

importance of safeguarding their children from objects that
are commonly aspirated.

Pharyngeal Obstruction
Etiology and Incidence. Pharyngeal collapse or
obstruction is a commonly encountered short-term problem
in PICU patients. The largest group of patients at risk for
pharyngeal obstruction in the PICU are patients who are
comatose or are otherwise neurologically impaired. Other
high-risk groups are patients who have been extubated after
general anesthesia but are not yet fully awake, and those
who are heavily sedated. These patients may have little
difficulty maintaining a patent airway when awake, but
develop sonorous respirations and intermittent airway obstruction when permitted to sleep/rest in the supine position.
Pathogenesis. The pharynx, the most collapsible
portion of the extrathoracic airway, is formed by constrictor
muscles posteriorly and laterally and pharyngeal dilators
located predominantly on the anterior and lateral walls of
the pharynx. The constrictor muscles participate primarily in
swallowing, whereas the pharyngeal dilators are believed to
be important in airway maintenance. 15 During states of
decreased consciousness caused by sedati ves, anesthesia, or
primary central nervous system disease, the activity of these
airway muscles and their responses to various stimuli may
be depressed, leading to airway collapse during inspiration.

In addition, muscle relaxation may cause airway obstruction
by passive posterior displacement of the tongue.
Critical Care Management. Pharyngeal obstruction
can usually be overcome simply by side-lying or prone
positioning. Placement of a nasopharyngeal airway may also
be helpful if the child has an extremely flaccid pharynx or
excessive oral secretions. If airway collapse is complete,
endotracheal intubation is required.
Because level of consciousness may vary considerably,
patients recovering from general anesthesia require close
monitoring of both neurologic function and respiratory
status. Monitoring Spo2 ensures adequate oxygenation;
physical examination and arterial blood gases (ABGs)
provide information about the adequacy of ventilation.

Tracheobronchomalacia
Etiology and Incidence. This rare disease of infancy
and childhood is characterized by abnormally high compliance of the tracheal or bronchial wall. Marked delays in the
development of the supportive structures of large airways
precipitates severe airway obstruction during respiratory
maneuvers. The classification of infants with collapsing
airways is based on the anatomic area involved, for
example, tracheomalacia, tracheobronchomalacia, or bronchomalacia. Tracheomalacia without associated abnom1alities is rare. Most cases of abnom1ally compliant airways are
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secondary to tracheoesophageal fistula or external compression of the airways by abnormal vascular structures.
Prematurity, low birth weight, BPD, and prolonged ventilation predispose patients to the most severe symptoms. 16
Whatever its origin, expiratory collapse of the airway occurs
because of inadequate cartilaginous and elastic supporting
structures of the trachea and bronchi.
Pathogenesis. Clinical signs and symptoms depend
on the location and length of the malacic airway and the
severity of the structural abnormality. If the affected
segment encompasses both intrathoracic and extrathoracic
portions of the trachea (as often occurs), the clinical
presentation includes both stridor and wheezing. If the
malacic area is only extrathoracic (larynx and trachea), there
is only stridor. Airway obstruction may be episodic and is
especially pronounced when intrathoracic pressure exceeds
airway pressure, for example during forced expiration with
Valsalva maneuvers, crying, or agitation. Increased respiratory rate (although slower than one would expect with the
degree of respiratory distress), intercostal retractions, and
grunting have been described in infants with severe tracheobronchomalacia. Wheezing and marked cyanotic spells
requiring immediate intervention have also been reported.
During an acute obstructive episode, breath sounds are
markedly diminished and hypoxemia and hypercarbia
develop. 17
Critical Care Management. The diagnosis of tracheobronchomalacia is confirmed by examining the airways
with bronchoscopy and/or fluoroscopy. Many infants with
minor degrees of tracheobronchomalacia and mild or
moderate symptoms require no intervention and improve
with growth. For infants with severe P.1alacia, however, a
tracheostomy is often required. The tracheostomy tube may
stint open a semiflaccid trachea, as long as the cannula
bypasses the affected area. However, a malacic segment
very low in the trachea, or involving the bronchi, will not be
supported by a tracheostomy tube alone. In this instance,
positive airway pressure during expiration (positive end
expiratory pressure [PEEP] or continuous positive airway
pressure [CPAP]) may produce the same effect by increasing airway transmural pressure during the critical expiratory
phase. Infants with acquired tracheobronchomalacia often
benefit from CPAP18 Some patients may require a positive
airway pressure as high as 25 em H2 0 to maintain airway
patency. 19
A tracheotomy with CPAP may be required by 75% of
premature infants and 25% of full-term infants with
tracheobronchomalacia. Seventy-one percent of all patients
will undergo decannulation without any other surgical
intervention. 16 In extreme cases of bronchomalacia, a pneumonectomy or lobectomy may be required because a segmental bronchial resection with end-to-end anastomosis is
not feasible. An alternative treatment for patients is a surgically implanted splint that serves to support the collapsing
bronchus.
Because tracheobronchomalacia is often a difficult problem to diagnose, it is important to carefully monitor and
document episodes that may represent airway collapse.
Agitation and attempts by the infant to forcefully exhale

cause airway collapse and complicate management; sedation and even muscle relaxation may be indicated in some
patients undergoing mechanical ventilation. Unexplained
periods of increased respiratory distress and arterial desaturation (with or without cyanosis) are noteworthy, especially in an infant on long-term ventilation. Documenting
events immediately preceding hypoxic episodes is also
important, because maneuvers that decrease transmural
pressure, for example, crying or straining, may cause a
malacic airway to collapse. When an infant with tracheobronchomalacia has acute respiratory decompensation, slow
hand ventilation with somewhat higher peak inspiratory
pressures than the infant's baseline often relieve the
obstruction. 17

Lower Airways Disease
As with upper airways disease, the respiratory rate of a child
with lower airways disease is relatively low. Other signs of
respiratory distress may also be prominent including retractions, the use of accessory muscles of respiration (sternocleidomastoids and abdominals), and nasal flaring. However, additional clinical findings distinguish intrathoracic
obstruction from its extrathoracic counterpart.
Normally, intrathoracic airways dilate during inspiration
(as transmural pressure decreases), and narrow during
expiration. These changes are exacerbated when there is
obstruction, particularly during expiration, resulting in a
prolonged expiratory phase and expiratory wheezes audible
on auscultation. Variable regional air entry may also be
present. The larger airways tend to collapse during forced
expiration, and the combination of large and small airway
obstruction leads to air trapping and hyperinflation of the
lungs. This may be evidenced by downward displacement of
the diaphragm on chest radiographs and a tympanic chest
on percussion. Two causes of intrathoracic airway obstruction that commonly lead to PICU admission are bronchiolitis and asthma.
Bronchiolitis

Etiology. Bronchiolitis is an acute inflammatory disease of the lower respiratory tract, resulting in obstruction of
small airways. A number of different viral pathogens cause
bronchiolitis. Respiratory syncytial virus (RSV) accounts
for most cases of bronchiolitis in which a specific agent can
be identified. Other viruses that cause bronchiolitis are
rhinovirus, parainfluenza virus type 3, adenovirus, and
influenza virus. Mycoplasma pneumoniae is usually associated with lower respiratory tract disease in older children.
Incidence. RSV is the most common cause of lower
respiratory tract disease in infants and young children
worldwide.2° In temperate climates, RSV infections occur
primarily during annual outbreaks, which peak during
winter months. With inpatient charges of $300 to $400
million per year in the United States, the disease burden of
RSV pneumonia is very high in terms of both morbidity and
economic costs. 20
\
From July 1998 through June 1999, 45 states reported
18,418 positive tests for RSV. In the United States,
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widespread RSV activity began in early November 1998 and
continued for 27 weeks, until late April. Timing of RSV
community outbreaks varied from onset (range: September
II to April 2) to conclusion (range: January 8 to June 18).
Overall, RSV outbreaks were observed earlier in laboratories in the South, later in Northeast laboratories, and latest in
the West. Although most positive tests (91 %) were reported
from the week ending November 27 through the week
ending April 30, RSV was detected throughout the year21
There is no significant difference between using nasal wash
and nasopharyngeal wash methods for collecting specimen
for RSV testing. 22
Severe manifestations of RSV infection (e.g., pneumonia
and bronchiolitis) most commonly occur in infants aged 2 to
6 months, and hospitalization rates for these diagnoses have
been used as an indicator for severe RSV disease among
young children. Secretory immunoglobulin A (IgA) antibody secreted in colostrum may provide a protective factor
in breast-fed babies. In the United States, bronchiolitis
hospitalization rates among children aged less than I year
increased substantially from 12.9 per 1000 in 1980 to
31.2 per 1000 in 1996; the reasons for this increase are
unclear.13 RSV infection among recipients of bone marrow
transplants has resulted in high mortality rates (83%).14
Pathogenesis. Bronchiolitis, an acute inflammatory
disease in the lower respiratory tract, is also a disease of the
lung parenchyma. Whether it is due to alveolar collapse
from obstruction, or to primary involvement of the terminal
airways and alveoli, many infants have a substantial restrictive component, which may predominate, usually causing a
more severe form of the disease. The principal abnormality
in gas exchange is hypoxemia. V/Q mismatching accounts
for arterial desaturation because hypoxemia is typically relieved with a modest amount of supplemental 02'
Most infants, in spite of an increased physiologic dead
space-to-tidal volume ratio, are able to maintain normocarbia by increasing minute ventilation.( VEl. Hypercarbia and
respiratory failure develop when the infant becomes fatigued and VE falls to predicted basal levels. The high VE is
due mainly to the increased respiratory rate, whereas tidal
volume is unchanged or somewhat lower than normal.
Respiratory muscle fatigue is not surprising considering that
most infants increase their work of breathing up to sixfold
during acute bronchiolitis. Tachypnea may represent the
presence of a restrictive component (alveolitis, edema, or
alveolar distension from hyperinflation), an overriding of
the mechanism by the infant's cerebral cortex (because
of agitation), and/or the work of a feedback mechanism
initiated by stretch receptors of the lung and chest wall.
Respiratory distress in bronchiolitis is caused primarily
by obstruction of small airways. This results from peribronchiolar cellular infiltration, interstitial edema, and the effects
of plugging of small airways by sloughed epithelium and
inflammatory exudates. The small size of the developing
airways makes infants particularly vulnerable to obstruction
owing to these mechanisms. Hypoxemia represents the
major abnormality in gas exchange and is the result of
underventilation of regions with relatively normal perfusion, that is, low ventilation to perfusion ratio.
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Respiratory insufficiency results when the infant, exhausted by the increased work of breathing, can no longer
maintain adequate minute VE' At this point, air entry is
greatly diminished, respiratory pauses and/or apnea may
occur, and the infant may develop a respiratory or metabolic
acidosis. Crying, feeding, and agitation may exacerbate
signs of respiratory distress. which include prolonged expiratory time, crackles and/or wheezing, and substernal and
intercostal retractions. Rapidly progressing respiratory distress, increasing O2 requirements, or an altered mental status
are indications for PICU admission and. possibly, assisted
ventilation. Smaller infants may also require PICU monitoring because exudates or edema in their small airways produces a comparatively greater degree of obstruction. Apnea
in RSV bronchiolitis is not due to upper airway obstruction
but rather to a complete absence of respiratory effort?5
Critical Care Management. The management of
infants with bronchiolitis has changed very little in the past
20 years. Therapy is still largely supportive, consisting of
02' mechanical ventilation, bronchodilators, and hydration.
Supplemental 02 is generally required by all infants with
bronchiolitis and generally reverses the hypoxemia caused
by V/Q abnormalities.
Inhaled bronchodilators may be beneficial; their use is
determined by the individual infant's response. Two metaanalyses of bronchodilators in bronchiolitis concluded
bronchodilators may produce modest short-term improvement in clinical features of mild or moderately severe
bronchiolitis 26 .27 Nebulized epinephrine is also commonly
a first-line therapy. Nebulized epinephrine results in significant improvement in clinical scores and airways resistance
in children hospitalized with bronchiolitis, causes acute
improvement in oxygenation, and decreases length of time
in the emergency department and admission rate to the
hospital. 28
Endotracheal intubation is indicated for signs of respiratory failure including worsening respiratory distress, severe
tachycardia. listlessness or lethargy. and poor peripheral
perfusion. It may also be required for increasing hypoxemia
(Pa0 2 less than 60 mmHg or O2 saturation less than 92% in
an F102 of 0.4), hypercarbia with respiratory acidosis,
metabolic acidosis, apnea, or bradycardia. The routine use
of PEEP in infants with bronchiolitis does not consistently
improve passive expiratory pulmonary mechanics and may
increase the risk of barotrauma from gas trapping 29
Nasal CPAP is a reliable alternative to support arterial
oxygenation in patients with respiratory failure who are alert
and vigorous enough to avoid hypercapnia and respiratory
acidosis while breathing spontaneously. In addition, because
the patients are able to speak and thus are capable of
expressing their feelings, the anxiety observed during
respiratory support can be reduced. 30
In a small randomized, double-blind, controlled, crossover study and nonrandomized, prospective study Hollman
and colleagues demonstrated that inhaled heliox improved
the overall respiratory status of children with acute RS V
lower respiratory tract infection 3 ] The beneficial effects of
heliox were most pronounced in children with the greatest
degree of respiratory compromise.
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A randomized placebo-controlled trial of nebulized
corticosteroids in acute RSY bronchiolitis demonstrated no
short- or long-term clinical benefits from the administration
of nebulized corticosteroids 32 A second randomized prospective study in infants hospitalized with acute RSY
infection showed no effect of systemic prednisolone treatment either in the acute state of RSY infection, nor in the
follow-up I month and I year after admission to hospital.
The authors concluded corticosteroid, whether by the
systemic route or by inhalation, should not be prescribed to
infants with RSV infection. 33
Ribavirin is generally indicated only to limit the duration
of viral shedding 34 A recent prospective, double-blind,
placebo-controlled trial of 41 previously well infants who
required ventilation for respiratory distress secondary to
RSY bronchiolitis demonstrated the lack of effectiveness of
aerosolized ribavirin in reducing the length of ventilation
and course of illness in infants with no underlying illness. 35
Because respiratory failure resulting from bronchiolitis
may occur precipitously, it is important to identify high-risk
patients upon hospital admission. Continuous monitoring
includes heart rate, respiratory rate, and O 2 saturation.
Frequent assessment of respiratory effort, breath sounds,
and level of consciousness helps detect subtle changes in
clinical status. The infant's response to interventions, for
example, bronchodilators or chest physiotherapy directs
future therapy and is closely evaluated and carefully
documented. Any activity that increases the infant's work of
breathing is avoided.
Initially, fluid replacement may be necessary to correct
fluid deficits resulting from increased insensible loss and
poor intake. After replacing losses, fluids are restricted to
maintenance requirements or somewhat less to reduce the
risk of developing pulmonary edema and further deterioration in respiratory function. The severely tachypneic infant
may need to be fed by transpyloric feeding tube 36 Before
endotracheal intubation, placing an oroenteric feeding tube
is preferred because a nasoenteric tube will occlude the
infant's naris and may worsen respiratory distress by
increasing airways resistance.
Attempts are made to maximize ventilation, including
elevating the head of the bed and positioning the infant
prone to permit freer diaphragmatic movement. When
mechanical ventilation is required, sedation may also be
necessary to facilitate coordination of the infant's respiratory efforts with the ventilator and minimize coughing
paroxysms.
Prevention. No RSY vaccines are available, although both live attenuated and subunit vaccines have
entered clinical trials. RSV immune globulin intravenous
(RSV-IVIG) and a humanized murine anti-RSV monoclonal
antibody (palivizumab) are recommended as prophylaxis for
some high-risk infants and young children (e.g., those born
prematurely or with chronic lung disease) to prevent serious
RSV disease. 37
Intravenous immunoglobulin is a solution of immunoglobulin containing many antibodies normally present in
adult human blood. It is obtained from plasma-pooled whole
blood of thousands of diverse adult donors, ensuring a broad

spectrum of antibodies. Immune globulin therapy is rapidly
shifting from standard pooled preparations to specific
immune globulin preparations. High-titer specific immune
globulin preparations are prepared by screening or immunizing donors. RSV-IVIG contains high titers of RSV
immune globulin. Concerns about the requirement of
montWy administration, requiring intravenous cannulation
and infusion over several hours and the fluid volume and
protein load have restricted the use of RSY-IYIG.
An examination of the effectiveness of RSV-IVIG in
reducing hospitalization for treatment of RSV in children
with congenital heart disease (CHD) demonstrated a significantly higher frequency of unanticipated cyanotic episodes
and of poor outcomes after surgery among children with
cyanotic CHD in the RSV-IVIG group (22 of 78,28%) than
in the control group (4 of 47, 8.5%; P<.OOl). At this time
RSV-IYIG should not be used for prophylaxis of RSV
disease in children with cyanotic CHD. 38
Efforts have been directed to the development of a
monoclonal IgG antibody and prophylaxis against RSV. The
Food and Drug Administration recently approved the use
of palivizumab, an intramuscularly administered monoclonal antibody preparation. Recommendations for its
use are based on a 1502-patient, randomized study demonstrating paiivizumab prophylaxis resulted in a 55% reduction in hospitalization as a result of RSV (10.6% placebo
versus 4.8% paiivizumab).39 Infants and children with
chronic lung disease, formerly designated bronchopulmonary dysplasia, as well as prematurely born infants without
chronic lung disease experienced a reduced number of
hospitalizations while receiving palivizumab compared with
a placebo (P<.OO I).
Both palivizumab and RSY-IVIG are available for
protecting high-risk children against serious complications
from RSV infections. Palivizumab is preferred for most
high-risk children because of ease of administration (intramuscular), lack of interference with measles-mumps-rubella
vaccine and varicella vaccine, and lack of complications
associated with intravenous administration of human immune globulin products. RSV-IYIG, however, provides
additional protection against other respiratory viral illnesses
and may be preferred for selected high-risk children,
including those receiving replacement intravenous immune
globulin because of underlying immune deficiency or HIV
infection. For premature infants about to be discharged
from hospitals during the RSV season, the American
Academy of Pediatrics recommends considering administering RSY-IVIG for the first month of prophylaxis. 37
RSY infection usually occurs after viral inoculation of
the conjunctivae or nasal mucosa by contaminated hands.
Guidelines developed by the Centers for Disease Control
and Prevention (CDC) addresses common problems encountered by infection-control practitioners regarding the
prevention and control of nosocomial pneumonia in U.S.
hospitals. Sections on the prevention of bacterial pneumonia
in mechanically ventilated and/or critically ill patients,
care of respiratory-therapy devices, prevention of crosscontamination, and prevention of viral lower respiratory
tract infections (e.g., RSV and influenza infections) have
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recently been expanded and updated. Traditional preventive
measures for nosocomial pneumonia include decreasing
aspiration by the patient (transpyloric feedings, elevating the
head of the bed at least 15 degrees), preventing crosscontamination or colonization via hands of personnel.
appropriate disinfection or sterilization of respiratorytherapy devices, use of available vaccines to protect against
particular infections, and education of hospital staff and
patients. 40 The CDC specifically recommends contact precautions for all patients with RSV.
Asthma (Reactive Airways Disease)
Etiology. Asthma (reactive airways disease) is defined
as recurrent, reversible episodes of wheezing, or dyspnea
caused by airway obstruction. It is classified as extrinsic
(an immunologic, allergic response), intrinsic (nonallergic,
often triggered by infection), exercise-induced, and/or
aspirin induced (the last two types being rare during infancy
or childhood).
Asthma is a multifactorial disease that has been associated with familial, infectious, allergenic, socioeconomic,
psychosocial, and environmental factors. Atopy, the genetic
predisposition for the development of an IgE-mediated
response to common aeroallergens, is the strongest identifiable predisposing factor for developing asthma. 41 Decreases in pulmonary functions and exacerbations of asthma
have been associated with ambient air pollutants (e.g.,
ozone, sulfur dioxide, nitrogen dioxide, acid aerosols, and
particulate matter), indoor pollutants (e.g., tobacco smoke),
and allergens (e.g., dust mites). Approximately 25% of
children in the United States reside in areas that exceed the
federal standard for ozone. 42
Incidence. Asthma is the most common chronic
illness in childhood and is characterized by vari.able airflow
obstruction with airway hyperresponsiveness. In the United
States, asthma affects an estimated 14 million to 15 million
persons, including 4.8 million (6.9%) aged younger than 18
years. During 1980 through 1993, asthma accounted for
3850 deaths among persons aged 0 to 24 years. In 1994, the
annual age-specific asthma death rate increased 118% (from
1.7 million to 3.7 per million population) and from 1980 to
1993, the annual hospitalization rate for asthma among
persons aged 0 to 24 years increased 28%.43 Although
asthma-associated mortality has increased among persons
aged less than 25 years, hospitalizations for asthma have
increased primarily among children younger than 5 years of
age. The increase among young children may be related to
changes in diagnostic practices, changes in coding and
reimbursement, or increases in morbidity.44
Pathogenesis. Asthma is a chronic inflammatory
disorder of the airways in which many cells and cellular
elements playa role, in particular, mast cells, eosinophils,
T lymphocytes, macrophages, neutrophils, and epithelial
cells. In susceptible individuals, this inflammation causes
recurrent episodes of wheezing, breathlessness, chest tightness, and coughing, particularly at night or in the early
morning. These episodes are usually associated with widespread but variable airflow obstruction that is often reversible, either spontaneously or with treatment. The inflamma-
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tion also causes an associated increase in the eXlstmg
bronchial hyperresponsiveness to a variety of stimuli. 45
It is hypothesized that airway inflammation can be acute,
subacute, and chronic. The acute inflammatory response is
represented by the early recruitment of cells to the airway.
In the subacute phase, recruited and resident cells are
activated to cause a more persistent pattern of inflammation.
Chronic inflammation is characterized by a persistent level
of cell damage and an ongoing repair process, changes that
may cause permanent abnormalities in the airway.41
Lung cells recovered from symptomatic patients with
asthma generate increased amounts of reactive oxygen
species (ROS). Animal and in vitro studies indicate that
ROS can reproduce many of the features of asthma. The
ability of ROS to produce the clinical features of asthma
may depend on an individual's lung antioxidant defenses.
Patients with asthma are reported to have reduced antioxidant defenses in peripheral blood, but little is known about
the antioxidant defenses of their lung cells. 46
The differences in the anatomy and physiology of the
lungs of infants place them at greater risk for respiratory
failure. These differences include greater peripheral airways
resistance, fewer collateral channels of ventilation, further
extension of airway smooth muscle into the peripheral
airways, less elastic recoil, and mechanical disadvantage of
the diaphragm. 41
Severe acute asthma, so-called status asthmaticus, does
not respond to routine therapy and necessitates hospitalization. Children whose asthma has caused even one episode of
respiratory failure may be more likely to have repeated
episodes of respiratory failure and its catastrophic complications, including hypoxic brain injury and death.
The child in status asthmaticus is usually pale and
restless, has severe wheezing, and is sometimes cyanotic.
Respiratory rate and heart rate are elevated, and a pulsus
paradoxus of more than 15 mmHg may be detected.
Vomiting and abdominal pain and distension are common,
as is dehydration. As airway obstruction increases during an
acute attack, ABGs change through a characteristic series of
stages. Arterial oxygen tension (Pa02 ) is decreased because
of a reduced \110. ratio caused by the simultaneous
occurrence of air trapping and atelectasis. Initially, hypoxemia stimulates the respiratory drive, and the Pac0 2
decreases, with a normal or slightly elevated pH. Eventually,
as muscle fatigue develops and compensatory mechanisms
fail, the Pac0 2 begins to rise, producing respiratory acidosis.
Respiratory rate and breath sounds decrease, and extreme
restlessness is followed by stupor and unconsciousness.
With progression, the Paco z increases even more, pH falls
with a superimposed metabolic acidosis, and Pa02 becomes
markedly reduced.
Critical Care Management. Treatment is directed at
ensuring oxygenation and adequate alveolar ventilation
while reversing the primary airway abnormalities: bronchospasm, mucosal edema, and overproduction of tenacious
secretions. Because patients in status asthmaticus are often
hypoxic, it is essential to provide supplemental O2 by
oxyhood, mask, or nasal cannula. Preexisting \110. imbalances may be worsened by treatment with sympathomimet-
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ics (agents that ablate hypoxic vasoconstriction in the lungs,
thereby increasing venous admixture [see later]); therefore
FI0 2 is adjusted during treatment to maintain a normal Spoz.
To review, sympathomimetics are differentiated by the
type of receptor they stimulate: alpha, beta I' or beta2.
a-Adrenergic receptors are located in the smooth muscles of
all vascular tissue. Stimulation of these receptors results in
constriction of arterial and venous vasculature. ~2-Receptors
are found in the heart. Stimulating these receptors increases myocardial contractility, automaticity, and heart
rate. ~2-Receptors are primarily found in the smooth muscle
of the lungs and skeletal muscle arterioles. Stimulation of
these receptors results in smooth muscle relaxation, causing
bronchodilation in the lungs and increased blood flow in
skeletal muscle. Generally, initial management begins with
administration of continuous nebulized ~z-agonists.
Short-acting inhaled ~2-agonists, such as albuterol and
terbutaline, are indicated for quick relief of acute symptoms.
Mechanism of action is bronchodilation through smooth
muscle relaxation following adenylate cyclase activation
and increase in cyclic adenosine monophosphate (cyclic
AMP) producing functional antagonism of bronchoconstriction. Combining a nebulized ~2-agonist with an anticholinergic (ipratropium bromide) may produce better bronchodilation. 47 Anticholinergics, such as ipratropium bromide,
cause bronchodilation through competitive inhibition of
muscarinic cholinergic receptors, reduce intrinsic vagal tone
to the airways, and may decrease mucous gland secretion.
Ipratropium bromide may provide some additive benefit to
inhaled ~2-agonists in severe exacerbations.
Parenteral corticosteroids are also started immediately.
Steroids act not only as antiinflammatory agents, but
increase the number of ~-adrenergic receptors, enhancing
the response of bronchial smooth muscle to both endogenous catecholamines and exogenous ~2-agonists. Therefore early steroid therapy combined with an adrenergic
agent is significantly more effective than the adrenergic
agent alone, even in infant~ and toddlers. 48 Clinically,
production of the thick tenacio~s sputum peculiar to asthma
is also controlled, and mucosal edema appears to be
decreased. Methylprednisolone (preferred over hydrocortisone because it has less effect on sodium and potassium
metabolism at high doses) is given intravenously in a dose
of I mg/kg per dose every 6 hours (maximum single dose
60 mg/day IV). Serious toxicity or adrenal suppression with
short-term therapy (less than 2 weeks) is unlikely. Patients
in respiratory failure, especially those receiving steroids,
routinely receive prophylactic treatment against stress-ulcer
bleeding.
Intravenous magnesium sulfate is also administered early
in the course. Magnesium sulfate, 25 to 50 mg/kg (up to a
maximum dose of 2 g) is administered in a 2-hour infusion;
specifically, in severe circumstances, the first half of the
dose may be given over the first 15 to 20 minutes, and the
remainder of the dose should be administered over 2 hours.
The maximum rate of infusion is 125 mg/kg per hour. Serum magnesium levels are obtained 12 hours after the infusion (normal serum magnesium levels = 1.9 to 2.5 mg/dl).
The efficacy of intravenous magnesium therapy for moder-

ate to severe asthma exacerbations in 31 pediatric patients
was evaluated in a randomized, double-blind, placebocontrolled, clinical trial. Children treated with intravenous
magnesium sulfate infusions for moderate to severe asthma
had significantly greater improvement in short-term pulmonary function. 49
When continuous inhaled bronchodilators, steroids, anticholinergics, and magnesium fail to correct hypoxemia and
hypercarbia, intravenous terbutaline may provide a reversal
of bronchoconstriction and avert the need for endotracheal
intubation and assisted ventilation. Terbutaline, a more
selective ~2-agonist, has few toxic effects. A loading dose
of 10 Ilg/kg of intravenous terbutaline is administered
over 5 minutes followed by a continuous infusion of 1 to
3 Ilg/kg/min. This maintenance dose may be increased by
0.5 Ilg/kg per minute as necessary, keeping the heart rate
under 200 beats per minute (bpm).
Leukotrienes are potent biochemical mediators released
from mast cells, eosinophils, and basophils that contract
airway smooth muscle, increase vascular permeability,
increase mucous secretions, and attract and activate inflammatory cells in the airways of patients with asthma.
Leukotriene modifiers, zafirlukast and zileuton, have been
demonstrated to improve lung function and diminish symptoms and the need for short-acti ng inhaled ~z-agonists in
mild to moderate asthma. Zafirlukast, a leukotriene receptor antagonist, or zileuton, a 5-lipoxygenase inhibitor, may
be considered an alternative therapy to low doses of inhaled
corticosteroids or cromolyn or nedocromil for patients older
than 12 years of age with mild persistent asthma.
Heliox has demonstrated mixed results when used during
acute asthma. During status asthmaticus in 18 patients,
inhaled heliox significantly lowered pulsus paradoxus,
increased peak flow, and lessened the dyspnea index 50 In
contrast, in a separate prospective, randomized, doubleblind, cross-over study of II children with status asthmaticus heliox did not show benefit. 5I
Theophylline and aminophylline are not recommended
because they appear to provide no additional benefit to
optimal inhaled ~2-agonist therapy and may increase
adverse effects. 4 I Intravenous isoproterenol is not recommended in the treatment of asthma because of the danger
of myocardial toxicity.52 Antibiotics are also not recommended for asthma treatment and are generally reserved
for patients with fever and purulent sputum or evidence
of pneumonia. 41
Most patients respond well to therapy. However, a small
minority will show signs of worsening ventilation, whether
from worsening airflow obstruction, worsening respiratory
muscle fatigue, or a combination of the two. Signs of
impending respiratory failure include a declining mental
clarity, worsening fatigue, and progressive hypercapnia.
Exactly when to intubate is based on clinical judgment.
Because respiratory failure can progress rapidly and can be
difficult to reverse, early recognition and treatment are
critically important. 4I Clinicians should be aware that
hypotension commonly accompanies the initiation of positive pressure ventilation, close attention should be given to
maintaining or replacing intravascular volume.
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Permissive hypercapnia or controlled hypoventilation is
the recommended ventilator strategy to provide adequate
oxygenation and ventilation while minimizing high airway
pressures and barotrauma. 41 It involves administration of as
high a H02 as necessary to maintain adequate arterial
oxygenation, acceptance of hypercapnia, and treatment of
respiratory acidosis with intravenous sodium bicarbonate.
Adjustments are made to the tidal volume, ventilator rate,
and I:E ratio to minimize airway pressures. Bronchodilators
are continued, and even in ventilated patients, aerosol
delivery is the route of choice. 53
Mechanical ventilation with heliox may improve the
(A-a) gradient in some patients with status asthmaticus.
Although this improvement adds little to routine therapy
with supplemental 2 , it does permit reduction in concentration of inspired 02 to levels that maximize helium
concentration and thus permit full benefits of heliox on lung
mechanics to be realized in even the most severely ill
asthmatics. 54
Until conventional therapy can be optimized, an intubated mechanically ventilated patient in status asthmaticus
may benefit from the use of an inhaled anesthetic that
produces a secondary effect of bronchodilation 55 Isoflurane
(Forane), a fluorinated ether, is one such agent. Isoflurane
has a low blood-gas solubility coefficient so that changes in
the concentration administered will result in an almost
immediate alteration of effect-a desirable feature in the
ICU setting. The dose of inhaled isoflurane dose is 0.5%
(increased in increments of 0.2%). At an inspired concentration of 2%, the hemodynamic side effects (hypotension,
tachycardia) may become pronounced and precipitate the
need for concomitant inotropic support. Potential adverse
reactions are dose dependent and incl ude respiratory depression, hypotension, and junctional dysrhythmias. Management of significant adverse effects includes disconnecting
the patient from the isoflurane and ventilating the patient
with an Fl02 of 1.0. Isoflurane is contraindicated in patients
with a known or suspected genetic susceptibility to malignant hyperthermia.
Before the introduction of this novel therapy in the ICU,
multidiscipl inary standards of care and practice guidelines
are created and additional nursing competencies are validated. Patients receiving an inhalation agent are continuously observed. In addition to standard ICU monitoring,
inspiratory and end-tidal isoflurane concentrations and core
temperatures are continuously monitored and recorded
hourly. End-tidal concentration should, in general, measure
within 0.1 % of the inspired concentration. Before suctioning a patient receiving isoflurane, a suctioning plan that
takes into consideration the almost immediate reversal of
anesthesia and bronchodilation is created, for example,
premedication consisting of lidocaine (I mg/kg) and ketamine (I to 2 mg/kg). Note that peak lidocaine effect is less
than I minute.
The importance of continuously monitoring the patient in
status asthmaticus cannot be overemphasized. Frequent
evaluations are necessary to assess the efficacy of sympathomimetics, and will direct the choice, and frequency of
administration, of inhaled bronchodilators. Respiratory as-
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sessments include respiratory rate and effort, as well as the
quality of air movement on auscultation. A fall in Sp02
below 90% is considered a sign of serious hypoxemia.
ABGs also document progression in respiratory failure with
an increase in Pac02 and acidosis. The child's level of
consciousness is frequently noted because a decrease in
mental status may signal impending respiratory failure.
Assessment of infants is dependent upon physical examination rather than objective measurements. Use of accessory
muscles, paradoxical breathing, cyanosis, a respiratory rate
greater than 60, and Spo2 less than 91 % are key signs of
serious distress. 41 Skilled nursing assessment is necessary
not only to monitor the effectiveness of interventions but
also to detect negative effects of therapy (Table 19-3).
Caring for the child with asthma after endotracheal
intubation presents additional nursing challenges. Routine
maneuvers to maintain airway patency may irritate airway
receptors and trigger bronchospasm and hypoxia. Heavy
sedation and, in some patients, neuromuscular blockade
may be required to achieve adequate ventilation and reduce
the risks of barotrauma caused by positive pressure ventilation. In particular, the risk of developing a pneumothorax,
already increased because of gas trapping, is great in
mechanically ventilated patients with asthma. Pneumothorax should be suspected if there is sudden clinical deterioration with hypoxemia, acidosis, hypotension, or the unilateral absence of breath sounds. Equipment to needle aspirate
extra-alveolar air (a large-bore intravenous catheter, stopcock, and large syringe) should be kept at the bedside, and
equipment necessary for chest tube insertion readily available. Chest physiotherapy is contraindicated during acute
exacerbations because it may aggravate the child and his or
her airways.
Laboratory studies may help detect actual or impending
respiratory failure, however these studies should not delay
initiation of treatment. An ABG is helpful in evaluating
Pac02 in patients with suspected hypoventilation. A complete blood count (CBC) may be appropriate in patients with
fever or purulent sputum; keeping in mind that modest
leukocytosis is common in asthma exacerbations and that
corticosteroid treatment causes a further outpouring of polymorphonuclear leukocytes within I to 2 hours of administration. It may be prudent to measure serum electrolytes in
patients who have been taking diuretics regularly and in
patients with coexistent cardiovascular disease, because frequent J32-agonist administration can cause transient decreased in serum potassium, magnesium, and phosphate.
Chest radiography is not recommended for routine assessment but should be obtained in patients suspected of a complicating cardiopulmonary process, such as pneumothorax,
pneumomediastinum, pneumonia, lobar atelectasis, or congestive heart failure. 41
Once an acute episode is controlled, parent and/or patient
education becomes a nursing priority. This begins with a
careful assessment of the family's understanding of the
disease process and the measures necessary to help prevent
future attacks.
Monitoring reactive disease in children is difficult
because of their inability to cooperate with lung function
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19-3 Actions and Clinically Significant Side Effects of Medications Used in the Treatment
of Asthma

TABLE

~nhaled Ilz,Agonist
~j; Albuterol
c.; (Ventolin)
iii,
Terbutaline
jE;
;I" (Brethine)
Metaproterenol
, ~';;(Alupent)

.

. ,'

·~,.ntichOlingeriC
Agent
bromide

1

:~pratropium

,,,

w

Actions

Side Effects

Bronchodilation (largely resulting from local drug
effect~ in the lungs)
Improve mucociliary clearance
Metaproterenol is somewhat shorter acting and less
selective for p-adrenergic receptors

Tachycardia (less than with systemic drugs)
Tremor and hyperactivity occur infrequently

Blocks the action of acetylcholine at parasympathetic sites in bronchial smooth muscle
causing bronchodilation.

Tachycardia, flushing, nervousness, headache,
drowsiness

Reduce inflammation
i p-adrenergic receptors (enhancing the response
of bronchial smooth muscle to catecholamines)

Gastric ulcerations
Adrenal insufficiency (with long-term therapy)

Bronchodilation via,
- Smooth muscle relaxation
~ Inhibition of antigen-induced release of histamine and other mediators of inflammation
i heart rate, contractility
! peripheral vascular resistance
H or i systolic blood pressure
i cardiac output

Tachycardia, hypertension, dysrhythmias, headache,
seizures, nausea, and vomiting

~~ orticosteroids

".- ethylprednisolone

'i'
.'5ystemic Ilz Agonist
'erbutaline
~T

tests, In the noncritical patient, the 88%-SAT may be
more effective than spirometry for identifying reactive
airways disease in young, uncooperative, or developmentally delayed children. The 88%-SAT consists of continuous measurement of Spoz while the subject breathes a
nonhumidified 12% 0z and nitrogen mixture for 10 minutes or until Spoz decreases to 88%, whichever occurs
first. 56
Prevention. One of the national health objectives for
the year 2000 is to decrease asthma morbidity, as measured
by a reduction in hospitalizations for asthma, among
children younger than or equal to 14 years to no more than
18.3 per 10,000 population. Hospitalizations and mortality
related to asthma can be prevented, in part, by improving
surveillance, diagnostic measures, and patient management;
providing patient education; targeting high-risk populations;
and evaluating interventions in the home environment (e.g.,
reducing levels of house dust mites and exposure to
environmental tobacco smoke)57
Prolonged breast-feeding and avoidance of early introduction of allergenic foods have been reported to reduce
eczema and food sensitization but not to reduce the
prevalence of asthma. 41 However, a report of 2187 6-yearold children indicated that the presence of the diagnosis of
asthma and wheezing occurring 3 times or more since I year
of age were associated with exposure to milk that was not
breast milk before age 4 months. 58
The literature is unclear as to when immunotherapy

should be initiated for childhood asthma. Although there are
suggestions that immunotherapy should be considered for
the child with mild or moderate asthma and dust mite
sensitivity when pharmacotherapy is not efficacious, the
immunomodulatory properties of immunotherapy may actually be more tailored for early intervention in asthma
rather than for use once symptoms have occurred. 41 ,59

Restrictive Disease
Reduced pulmonary compliance is another mechanical
alteration that can produce alterations in pulmonary function
and respiratory pump failure. When pulmonary compliance
is decreased, a greater airway pressure is needed to distend
alveolar units to the same final lung volume; that is, it takes
more pressure (and more work) to deliver normal lung
volumes Lo a stiff lung. To reduce the work of breathing yet
sustain minute alveolar ventilation, children with decreased
thoracic compliance breathe rapidly and shallowly. Diminished compliance also results in intercostal and subcostal
retractions, especially in the supple chest wall of the young
infant.
In addition to increasing the work of breathing, decreased
pulmonary compliance ultimately reduces functional residual capaciL0FRC, the amount of air that remains in the
lungs at the end of normal expiration). This reduction in
FRC may lead to alveolar collapse and result in increased
intrapulmonary shunting and hypoxemia.
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Frequent causes of decreased lung compliance in PICU
patients include pneumothorax, pneumonia, adult respiratory distress syndrome (ARDS), and congenital diaphragmatic hernia.
Pneumothorax

Etiology. A pneumothorax is a collection of air or gas
in the pleural space that may occur spontaneously but more
frequently results from trauma to the lung parenchyma. A
tension pneumothorax exists when air enters the pleural
space at such a rate that pressure in the pleural space
increases enough to produce circulatory and ventilatory
impairment. As extra-alveolar air accumulates, it compresses and shifts the mediastinum toward the unaffected
side. If a significant tension pneumothorax is not treated
promptly, venous return to the heart falls, cardiac output
decreases, and cardiopulmonary arrest ensues. Early detection and timely intervention, however, may prevent this
catastrophic chain of events.
Incidence. Although a spontaneous pneumothorax
during unassisted breathing is rare, alveolar overdistension
then rupture may be seen with the use of use high peak
inspiratory or end-expiratory pressures to achieve adequate
oxygenation and ventilation.
Pathogenesis. Patients who have regional differences
in lung compliance or airways resistance are at risk for the
development of extra-alveolar air. A pneumothorax may
occur, for example, in a child with ARDS when less affected
alveoli are overdistended by the pressure required to inflate
noncompliant areas of the lung. In the child in status
asthmatic us, a pneumothorax may result if airway obstruction during expiration leads to gas trapping and alveolar
hyperinflation.
A pneumothorax may also result from chest trauma. An
open pneumothorax (or sucking chest wound) occurs when
there is a penetrating injury that creates a communication
between the pleural space and the environment. Pleural
pressure and atmospheric pressure immediately equilibrate,
the lung collapses, and the mediastinum shifts toward the
unaffected lung. A small opening in the chest wall that
permits air entry but blocks its exit (or a closed lung injury,
caused by a broken rib, for example) may cause air to
accumulate in the pleural space and result in a tension
pneumothorax .
Once the alveolus ruptures, the gas it contains moves into
the interstitial space where it dissects into other fascial
planes or compartments. This results in air-leak syndrome,
for example, interstitial emphysema, pneumopericardium,
pneumothorax, pneumomediastinum, subcutaneous emphysema, pneumoretroperitoneum, and/or pneumoperitoneum.
Critical Care Management. The primary therapeutic goals are to identify patients at risk, closely monitor for
the signs and symptoms of a pneumothorax, and reduce or
eliminate factors that may contribute to the development of
extra-alveolar air.
A small, stable pneumothorax may go completely undetected until a chest radiograph reveals its presence (Fig.
19-6). If the pneumothorax increases in size, the child may
develop dyspnea, pleuritic chest pain, and tachypnea.

Fig. 19-6 Chest radiograph illustrating pneumothorax with
mediastinal shift.

However, a more dramatic presentation frequently occurs in
the P[CU setting. Commonly, the child undergoing positive
pressure ventilation has a sudden deterioration in oxygenation and ventilation as reflected in noninvasive monitors and
ABGs. The child becomes tachycardic and hypotensive
because of decreased venous return to the heart. A significant pulsus paradox us (a decrease in blood pressure during
inspiration) may also develop as [eft ventricular output is
further compromised by increasing intrathoracic pressures.
An infant who develops a large tension pneumothorax may
rapidly become hypotensive and develops bradycardia from
severe hypoxemia. On physical examination, there may be
decreased breath sounds and hyperresonance to percussion
on the affected side. However, in infants and small children,
breath sounds may be readily transmitted from the unaffected to the affected side, and a decrease in air entry may
not be as apparent. Transillumination with a high-intensity
light may be helpful in these patients; the side of the chest
containing the free air will transmit light well. [n older
patients, there may also be a contralateral shift of the
mediastinum with tracheal deviation toward the unaffected
side and lateral displacement of the cardiac apical impulse.
Occasionally, subcutaneous emphysema and crepitus may
also occur.
To detect the development of a tension pneumothorax, it
is necessary to identify and closely monitor those patients at
higher risk for developing extra-alveolar air. Patients
receiving positive pressure ventilation are assessed frequently to determine the adequacy of their ventilation and
detect untoward events, such as right mainstem intubation or
asynchronous breathing, which may lead to a pneumothorax. Nursing vigilance in these patients can prevent what is
sometimes an iatrogenic complication of treatment.
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A tension pneumothorax is a medical emergency that
requires immediate intervention. Evacuation of pleural air is
attempted whenever a patient has an acute deterioration that
is likely to be the result of tension pneumothorax. Although
a chest radiograph provides the definitive diagnosis, it
should not delay treatment of a suspected pneumothorax in
a patient with rapidly deteriorating circulatory function. In
the absence of a chest radiograph, transillumination or
physical examination can localize a pneumothorax. Initially,
a large-bore needle or catheter, attached by a stopcock to a
large syringe, may be used to rapidly evacuate the pneumothorax. Once the patient's condition has stabilized, a tube
thoracostomy can be performed to permit full reexpansion
of the lung and prevent reaccumulation of pleural air.
When a chest tube is required, assessment of the patient's
respiratory status is followed by a thorough assessment of
the chest tube and drainage system. The chest tube insertion
site is covered with an occlusive dressing and kept dry to
prevent maceration of the skin. Although usually sutured in
at the time of insertion, the chest tube or drainage tubing is
also taped to the child's chest wall to minimize the risk of
dislodgment. The chest tube is then connected to a drainage
system (see Chapter 8).

Pneumonia
Etiology. Most pneumonias in infants and children are
viral in origin. However, bacterial pneumonias are still an
important cause of severe illness in childhood. In the
immunocompetent pediatric patient, the major organisms
causing bacterial pneumonia are pneumococcus, streptococcus, and staphylococcus. Certain infectious agents are more
prevalent in certain age groups: Group B streptococci
predominate in the newborn; pneumococcus in the young
child I month to 6 years of age; and pneumococcus in the
older child. In the immunocompromised patient, Pneumocystis carin ii, fungi, and opportunistic bacteria such as
enteric and atypical mycobacteria are important causative
agents.
Incidence. Pneumonia is the most common Ii fethreatening lung disease in pediatric patients.
Pathogenesis. Pneumonia, an inflammatory process
in the lungs that progresses to alveolar consolidation, occurs
when pulmonary defense mechanisms are altered and an
infective agent invades the lung by aspiration or hematogenous spread. Pneumonia can occur anywhere in the lung.
As lobes or segments become filled with fluid,a;:;d cellular
debris, lung compliance and vital capacity decrease and the
work of breathing increases. Intrapulmonary shunting and
Y/o. mismatch result from continued perfusion of consolidated, airless lung and lead to significant hypoxemia. Signs
and symptoms of respiratory distress may develop, including tachypnea, dyspnea, cough, and intercostal retractions.
Usually, there are localized findings over the affected lung
segment with diminished breath sounds or adventitious
noises.
Patients with endotracheal intubation are particularly
vulnerable to nosocomially acquired pneumonia. Bacterial
colonization of the upper respiratory tract commonly occurs
in these patients and may promote pneumonia through

aspiration of these pathogens. In addition, the child with an
artificial airway may be at particularly high risk for
pneumonia because of impaired mucociliary clearance, the
frequency of airway invasion, and exposure to nosocomial
pathogens.
Aspiration pneumonia is an important phenomenon in the
PICU patient. When normal airway protective mechanisms
are impaired, gastric contents may be aspirated into the
airways. This may occur because of a decreased level of
consciousness or the presence of an endotracheal tube,
which inhibits the child's ability to occlude the larynx.
Critical Care Management. When bacterial pneumonia is suspected, appropriate antibiotic therapy is started
as soon as possible. Antibiotic coverage may be changed or
extended when the causative organism is identified and
antibiotic sensitivities established. Supplemental O 2 is
administered to maintain normal Spo2' If respiratory failure
ensues, endotracheal intubation and mechanical ventilation
are also required.
Nursing care of the patient with pneumonia is largely
supportive. Impaired gas exchange is monitored by following ABGs and SP02' When unilateral intrapulmonary
shunting predominates, patient positioning becomes critically important. Although pulmonary perfusion is predominately located along the dorsal regions, the pattern of lung
inflation depends on how the patient is being ventilated.
Lungs inflate from bottom to top during spontaneous breaths
and from top to bottom during positive pressure breaths.
Optimal position to enhance matching of ventilation to
perfusion in patients with unilateral pneumonia is best
determined at the bedside with the aid of Sp02 monitoring.

Acute Respiratory Distress Syndrome
Etiology. In 1967, Ashbaugh and others first described
a group of patients who, after injuries such as trauma and
sepsis, developed acute dyspnea and hypoxemia that failed
to respond to conservative therapy.60 Today we recognize
ARDS as a syndrome of inflammation and increased
permeability that is associated with a constellation of
clinical, radiologic, and physiologic abnormalities that
cannot be explained by, but may coexist with, left atrial or
pulmonary capillary hypertension 61 Although 63% of
pediatric patients present with more than one ARDS trigger
(an illness that has the potential to cause ARDS),62
precipitating factors include pneumonia (51%), sepsis
(33%), airways disease (18%), pulmonary aspiration (12%),
status-post bone marrow transplant (10%), trauma with
shock and multiple transfusions (8%), and near-drowning
(3%). Sepsis is associated with the highest (40%) progression to ARDS,
To facilitate early recognition and systematic study of
ARDS, the American-European Consensus Conference
on ARDS provided an operational definition for ARDS
in 1994 61 The group acknowledged the wide spectrum
of clinical presentation associated with ARDS. As noted
in Table 19-4, the term "acute lung injury" (ALI) was used
to describe the less severe end of the spectrum while
"ARDS" was used to describe the most severe end of the
speCtrum.
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19-4 .Recommended Criteria for Acute Lung Injury and Acute Respiratory
Distress Syndrome
.

TABLE

Timing

Oxygenation

Chest Radiograph

Acute onset

Pao 21F102 ratio ~3()() mmHg
(regardless of level of
PEEP)
Pao,lFJ02 ratio ~200 mmHg
(regardless of level of
PEEP)

Bilateral infiltrates seen on
frontal chest radiograph

Acute onset

Incidence. Although uncertain, ARDS is thought to
account for 3% of all PICU admissions and 8% of all PICU
days.63 Almost 12% of PICU admissions are admitted with
an ARDS trigger. Although published pediatric ARDS
mortality rates vary, the Pediatric Critical Care Study Group
describe overall mortality as 43%.64 With improvements in
supportive care and treatment, mortality rates appear to be
decreasing. 65 Fackler describes an 18% mortality rate in
extracorporeal membrane oxygenation (ECMO)-eligible
children and a 58% mortality rate in ECMO-ineligible
children. 62 Specifically, patients thought to be ineligible for
ECMO include those with ARDS for longer than 7 days, or
patients with chronic lung disease, compromised immune
systems, left ventricular failure, or profound acute neurologic injury. Of note, most patients who die with ARDS die
of multisystem organ failure-not single organ respiratory
failure.
Pathogenesis. Ware and Matthay reviewed what is
currently known about the biochemical mediators and
products of cellular damage contributing to acute lung
injury and recovery (Fig. 19-7, A and Fig. 19-7, B).65 The
predominant physiologic disturbance is an alteration in the
alveolar-capillary interface, which leads to increased capillary permeability and pulmonary edema. Under normal
circumstances, the permeability of the alveolar epithelium is
relatively constant. Fluid leaves the capillary bed via small
clefts located at the junction of the endothelial cells lining
the capillary walls, and the lymphatic system is capable of
removing excesses. However, when the alveolar capillary
membrane is disrupted, large amounts of fluid and protein
leak first into the interstitial space, overwhelming the
lymphatics, eventually entering the alveolus itself. As a
result of this process, for any given pulmonary capillary
pressure, lung water is greatly increased. Even at normal
pulmonary capillary wedge pressures of 5 to 10 mmHg,
there is fluid accumulation in ARDS. However, because
measures of lung water and gas exchange correlate poorly,
increased lung water is only partially responsible for the
refractory hypoxemia seen in ARDS. Of greater consequence is the YIQ mismatch associated with the multiple
disturbances of pulmonary circulation and alveolar aeration
seen in this disease.

Bilateral infiltrates seen on
frontal chest radiograph

Pulmonary Artery Wedge
Pressure

mmHg when measured
or DO evidence of left
atrial hypertension
~18 mmHg when measured
or no evidence of left
atrial hypertension
~18

The noncardiogenic pulmonary edema of ARDS results
in decreased lung compliance (C L ); that is, it takes more
pressure (and more work) to deliver normal tidal volumes
because the lungs are stiffer. If the force required to inflate
the lungs cannot be maintained, overall lung volume decreases, leading eventually to alveolar collapse and a net
reduction in FRC. As alveoli collapse, intrapulmonary
shunting occurs and hypoxemia develops. Ordinarily, the
pulmonary vessels constrict in the face of alveolar hypoxia,
a phenomenon called reflex hypoxic vasoconstriction. But in
ARDS, reflex hypoxic vasoconstriction may not be intact
and poorly ventilated areas continue to be perfused. Collapsed alveoli that remain perfused create a right-to-Ieft
shunt, increasing pulmonary venous admixture and causing hypoxemia. The opposite also occurs in the lungs
with ARDS; some alveoli may remain ventilated but are
not perfused. This may be the result of vasoconstriction,
emboli, or destruction of the capillary structure by the disease process. Such areas behave as dead space and may
increase Pac02 .
Although mechanical ventilation provides an indispensable tool for providing adequate gas exchange and resting
respiratory muscles in many disease states, in patients with
ALII ARDS the ventilator strategy required to maintain
adequate gas exchange may exacerbate lung injury and
cause ventilator-induced lung injury (VIU). In patients with
ALIIARDS, computed tomographic scanning has shown
marked heterogeneity in the pattern of lung injury along the
vertical axis (Fig. 19-8). Intrapleural pressures become less
negative along the vertical axis; speci fically, nondependent
alveoli are exposed to the greatest transalveolar pressure
(alveolar pressure-pleural pressure) so are largest in size,
whereas dependent alveoli are exposed to the least transalveolar pressure so are smallest in size. Gattinoini identified
three lung zones: responsive, nonresponsive, and recruitable
zones. The nondependent lung regions are considered
responsive in that they usually remain continuously open to
ventilation. The dependent lung regions are considered
unresponsive zones in that they usually become consolidated and/or atelectatic. The regions in-between the nondependent and dependent zones are considered recruitable
depending on the venti lation strategy.
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Fig. 19-7 A, The normal alveolus (left-hand side) and the injured alveolus in the acute phase of ALI
and the ARDS (right-hand side). In the acute phase of the syndrome (right-hand side), there is sloughing
of both the bronchial and alveolar epithelial cells, with the formation of protein-rich hyaline membranes
on the denuded basement membrane. Neutrophils are shown adhering to the injured capillary endothelium
and marginating through the interstitium into the air space, which is fi lied with protein-rich edema
fluid. In the airspace, an alveolar macrophage is secreting cytokines, interleukin-l, -5, -8, and -10 (IL-l,
IL-5, IL-8, and IL-IO) and tumor necrosis factor-a (TNF-a), which can act locally to stimulate
chemotaxis and activate neutrophils. Macrophages also secrete other cytokines, including IL-I,
IL-6, and IL-IO. IL-I can also stimulate the production of extracellular matrix by fibroblasts.
Neutrophils can release oxidants, proteases, leukotrienes, and other proinflammatory molecules, such as platelet-activating factor (PAF). A number of antiinflammatory mediators are also present
in the alveolar milieu, including IL-l-receptor antagonist, soluble tumor necrosis factor receptor, autoantibodies against IL-8, and cytokines such as IL-IO and IL-II (not shown). The influx of
protein-rich edema fluid into the alveolus has led to the inactivation of surfactant. MIF. Macrophage
inhibitory factor. (From Ware LB, Matthay MA: The acute respiratory distress syndrome, N Engl J
Med 342: 1339, 2000.)
. Conrinued
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B

Fig. 19-7, cont'd B, Mechanisms important in the resolution of ALI and the acute respiratory distress
syndrome ARDS. On the le,ft side of the alveolus, the alveolar epithelium is being repopulated by the
proliferation and differentiation of alveolar type II cells. Resorption of alveolar edema fluid is shown at the
base of the alveolus, with sodium and chloride being transported through the apical membrane of type II
cells. Sodium is taken up by the epithelial sodium channel (EnaC) and through the basolateral membrane
of type II cells by the sodium pump (Na+/K+-ATPase). The relevant pathways for chloride transport are
unclear. Water is shown moving through water channels, the aquaporins, located primarily on type I cells.
Some water may also cross by a paracellular route. Soluble protein is probably cleared primarily by
paracellular diffusion and secondarily by endocytosis by alveolar epithelial cells. Macrophages remove
insoluble protein and apoptotic neutrophils by phagocytosis. On the right side of the alveolus, the gradual
remodeling and resolution of intraalveolar and interstitial granulation tissue and fibrosis are shown. (From
Ware LB, Matthay MA: The acute respiratory distress syndrome, N Engl J Med 342: 1339, 2000.)

With marked heterogeneity, providing a noninjurious
mode of mechanical ventilation can be difficult. In addition
to oxygen toxicity, three types of ventilator-induced lung
injury (VILI) have been described: volutrauma, atelectrauma, and biotrauma. Volutrauma, stretch-induced alveolar injury, results from modes of ventilation that allow

end-inspiratory alveolar over distension. Atelectrauma,
shear-induced alveolar injury, results from modes of ventilation that allow end-expiratory alveolar collapse. 8iotrauma, nonpulmonary organ injury, results from end-organ
exposure to the pulmonary inflammatory mediators released
in response to an injurious mode of mechanical venti la-
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Fig. 19-8 Chest computed tomography images of a 4-year-old girl who developed acute lung injury after
laparotomy for gastric perforation. Note the dependent distribution of consolidated lung. (From Doctor A.
Arnold J: Mechanical support of acute lung injury: options for strategic ventilation. New Horizons 7:361, 1999.)

tion. 66 Evidence for the development of multisystem organ
failure secondary to VILI is building. Recently, Ranieri and
others were able to document that mechanical ventilation
could lead to an increase in cytokine levels in the lung as
well as the systemic circulation and that limiting recruitment/derecruitment and overdistention could limit the
inflammatory response. 67 They were able to document that
the concentration of inflammatory mediators in both blood
and bronchial alveolar lavage fluid was significantly lower
in the lung-protective strategy group.
Gattinoini and others have also described differences in
respiratory mechanics between ARDS originating from
pulmonary disease (direct lung injury, for example, pneumonia) and that originating from an extrapulmonary disease
(indirect lung injury, for example, sepsis).68 In patients with
direct ARDS they note a prevalence of pulmonary consolidation, stiffer lungs within a highly compliant chest wall,
moderate lung recruitment with PEEP, and a tendency to
overdistended alveoli placing the patient at risk for barotrauma. In contrast, in patients with indirect ARDS they note
a prevalence of pulmonary edema and collapse, compliant
lung within a stiffer chest wall, improved compliance and
major lung recruitment with PEEP placing the patient at risk
for hemodynamic compromise.
After the pulmonary insult, there may be a lag time of
several hours to several days before respiratory distress
develops. Then, dyspnea develops; the symptom is subjecti ve and can be reported only by an older child. In an infant,
increasing respiratory difficulty may be manifested as
agitation, sometimes progressing to somnolence. Tachypnea, with intercostal and substernal retractions in smaller
children and infants, may persist even after 02 administration, reflecting the need for increased minute ventilation.
Chest auscultation, which can be normal initially, eventually
reveals course rales and bronchial breath sounds. The fine,

basilar rales of congestive heart failure are often absent in
ARDS. Wheezing may also occur because of narrowing of
the terminal airways by peribronchial edema, decreased
lung volume, or secretions. The majority of patients require
intubation and mechanical ventilation.
Critical Care Management. The treatment for
ARDS remains largely supportive. 69 All patients require
supplemental oxygen. Although the extent to which the
condition is made worse by oxygen is unknown, oxygen
toxicity may occur after prolonged exposure to high
concentration of F102. In addition, the nitrogen present in an
FI02 less than 0.5 serves as an intra-alveolar splint. With
higher concentrations of 02' decreasing amounts of residual
gas remain in the alveoli, and reabsorption atelectasis may
occur. Therefore it is prudent to reduce FI02 as much and as
rapidly as possible. The goal is to maintain a Pa0 2 of 55 to
80 mmHg, Sp02 88% to 95%, in an FI0 2 less than 0.6.
As illustrated in Fig. 19-9, the pressure-volume curve of
the respiratory system in early ALIJARDS has been
described as sigmoid shape with a lower inflection point
(Pflex) representing the pressure required to reopen a
collapsed lung and an upper inflection point thought to
correspond to overdistention of open units. 70 Restated, the
lower inflection point represents a sudden increase in
compliance induced by recruiting alveoli that are open while
the upper inflection point represents a sudden decrease in
compliance induced by alveolar overinflation. The goal of
ventilator support in ALIIARDS is to "open" the lung and
keep it open during end-expiration while avoiding overinflation during end-inspiration. Optimal PEEP will obliterate
the lower inflection point and the use of tidal volume
(Vt)/pressure-limited ventilation will prevent an upper
inflection point. Although two conflicting studies exist
(Amato and colleagues and Stewart and co-workers), it
appears that this ventilation strategy improves oxygenation,
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Fig. 19·9 Pressure-volume relationships in ARDS. Intrapleural pressures become less negative along the
vertical axis; nondependent alveoli are exposed to the greatest transalveolar pressure so are largest in size.
whereas dependent alveoli are exposed to the least transalveolar pressure so are smallest in size. The
nondependent lung regions are considered responsive in that they usually remain continuously open to
ventilation, The dependent lung regions are considered unresponsive zones in that they usually become
consolidated and/or atelectatic. The regions in between the nondependent and dependent zones are
considered recruitable depending on the ventilation strategy, The compliance of each region varies as
reflected by its location on the pressure-volume curve.
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pulmonary compliance. weaning success, the incidence of
barotrauma, and 28-day mortality.71.72 It should be noted
that in day-to-day clinical practice, pressure-volume curves
are difficult to construct with the standard super syringe
technique and clinicians typically optimize end-expiratory
volume by targeting a change in tidal compliance. 73
PEEP is considered the mainstay of ARDS treatment.
When an optimal level of PEEP is added to positive pressure
ventilation, alveoli remain open throughout all phases of the
respiratory cycle to continually participate in gas exchange.
Without PEEP, alveoli collapse on end-exhalation and are
forced open during inspiration, causing alveolar atelectrauma. PEEP increases FRC by augmenting the volume of
expanded alveoli and by recruiting collapsed units reducing
intrapulmonary shunt. PEEP does not remove lung water but
improves arterial oxygenation by increasing the number of
ventilated alveoli. The implication for nursing is the need to
be certain that prescribed levels of PEEP are maintained,

including during endotracheal suctioning, after turning the
child, and so on.
As outlined in Table 19-5, the National Institutes of
Health (NIH) ARDS Network made recommendations on
appropriate PEEP-Flo 2 combinations in their low Vt
study74 When PEEP is increased in an attempt to recruit
collapsed alveoli, nondependent alveoli may become overdistended. The proportion of nonoxygenated blood increases
as the capillaries surrounding these overdistended areas are
compressed, increasing intrapulmonary shunting and hypoxemia. Dead space is increased in the overdistended units
and Paco 2 may climb. Daily chest radiographs in patients
with ARDS are necessary during the acute phase of the
disease, not so much to follow the pulmonary edema but to
evaluate potential complications of therapy. Complications
include pulmonary hyperinflation and air-leak syndrome
(barotrauma), Finally, PEEP may cause a decrease in cardiac
output primarily in patients with extra-pulmonary ARDS by
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decreasing systemic venous return to the heart. Myocardial
support may be necessary, including both the judicious use
of volume to increase preload and the administration of
inotropic agents.
As discussed, the traditional approach to mechanical
ventilation in the patients with ALUARDS was the use of
high Vt (10 to 15 ml/kg). This approach is thought to
contribute to the development of VILI, specifically, alveolar
volutrauma. Recently, the ARDS network compared this
traditional approach (Vt 12 ml/kg of predicted body weight,
plateau pressure of 50 cm H2 0 or less) to a low Vt strategy
(Vt 6 ml/kg of predicted body weight, plateau pressure of
30 cm H2 0 or less).74 The primary outcome variables were
death and the number of days without ventilator use from
day I to day 28 (ventilator-free days). The multicenter,
randomized trial was stopped after 861 patients were
enrolled because mortality was 22% lower in the low Vt
group (31 % versus 40%). The low Vt group also experienced more ventilator-free days (12 versus 10 days) and,
suggesting less lung inflammation, the low Vt group also
had a greater reduction in IL-6 concentrations. It was
concluded that in patients with ALIIARDS, mechanical ventilation with a lower Vt than traditionally used
results in decreased mortality and an increase in ventilationfree days.
Low Vt strategies will precipitate hypercapnia and a
compensated respiratory acidosis. In 1990, Hickling and
colleagues first proposed the importance of limiting positive
inspiratory pressures (PIP) by reducing Vt even if it resulted
in short-term hypercapnia and a deterioration of oxygenation. 75 In a prospective study, Hickling and others demonstrated decreased ARDS mortality using a low-volume,
pressure-limited ventilation with permissive hypercapnia
strategy.76 In this study, the mean maximum Paco z was 66.5
mrnHg (range 38 to 158) with a mean arterial pH of 7.23
(range 6.79 to 7.45).
In the low Vt study (described above) the ARDS network
study attempted to keep the patient's arterial pH between
7.3 and 7.45 with the use of increased respiratory rates,
decreased ventilator dead space, and the use of NaHCO).74
Potential side effects associated with the use of pernlissive
hypercapnia include decreased myocardial contractility,
cerebral vasodilation, decreased seizure threshold, and
hyperkalemia. Although there are no absolute contraindications to permissive hypercapnia, extremes in Paco z levels
should be modi fied in patients with concomitant cerebral
hypertension.
High-frequency oscillatory ventilation (HFOV) is an
alternative mode of ventilation that accomplishes the open
lung approach desirable in the management of patients with
ALI/ARDS (see Chapter 8). Although questionable, HFOV
is often reserved for those who fail conventional mechanical
ventilation; for example, when a patient requires a PIP
greater than 35 em H2 0, plateau pressures greater than 30
cm HzO, Paw greater than 18 em HzO despite permissive
hypercapnia or when chemical paralysis is required. Doctor
and Arnold reviewed the advantages for using HFOV,
specifically, (I) poorly compliant lungs can be aggressively
recruited and maintained, (2) the small Vt and pressure

swings may attenuate VILI, and (3) the different flow
delivery characteristics may improve V/Q matching. 77
When pediatric patients with ALIIARDS are ventilated
using HFOV, an optimal lung volume strategy is used;
specifically, Paw are initially set 5 to 8 cm H20 over what
was necessary on conventional therapy then adjusted in an
effort to decrease FiO z < 0.6. Compared with conventional
mechanical ventilation, Arnold and colleagues demonstrated
significant improvements in oxygenation with an optimal
lung volume HFOV strategy and, despite the use of a higher
Paw, HFOV was associated with a lower frequency of
barotrauma and improved clinical outcomes. 78
When conventional measures fail and the patient with
ARDS sti II has the potential for a good clinical outcome
than ECMO may be considered (see Chapter 8). To date,
more than 1700 children have been supported on ECMO for
respiratory failure with an overall survival rate of 55%.79
Although the technical aspects of ECMO are the same, the
duration of ECMO support for a pediatric patient with
ARDS is usually quite long-up to 2 months.
Considering the volume recruitment priority in ALII
ARDS, endotracheal suctioning (see Chapter 8) should be
performed only when clinically indicated. Specifically when
there is an increase in airways resistance, a decrease in
dynamic compliance, a decrease in delivered Vt, or an
increase in PIP with a widening of the PIP-Plateau pressure
difference. Recruitment maneuvers, for example the use of
higher PIPs or larger Vts breaths with longer inspiratory
times are necessary after the suctioning procedure to help
rerecruit unstable lung units that collapse with suctioning.
Although controversies abound regarding fluid requirement and restriction in ARDS, it is generally advisable to
keep patients relatively fluid restricted. The ultimate goal of
fluid therapy is to maintain an adequate cardiac output while
keeping microvascular pressures as low as possible. Diuretics may be helpful in shifting extravascular water into the
intravascular space if volume overload has occurred.
Furosemide is known to be effective in cardiogenic pulmonary edema by virtue of both its diuretic and nondiuretic
vascular properties. By lowering central filling pressures
through immediate vasodilation (independent of the later
diuresis), furosemide can reduce pulmonary shunting and
lung water in high permeability pulmonary edema as well.
Other treatment measures include attempts to maximize
O 2 delivery. The majority of O 2 is carried by hemoglobin;
therefore hemoglobin concentration and 0z saturation are
the important determinants of 02 content. Maintaining the
hemoglobin at normal levels optimizes O 2 carrying capacity
without increasing viscosity and limiting tissue perfusion.
Continuous Spo2 monitoring can prove invaluable in
monitoring pulmonary perfusion changes that occur during
various nursing interventions that may alter VIQ matching.
Blood pressure is a relatively poor index of cardiac output,
which may be measured directly when a pulmonary artery
catheter is in place. Noninvasive techniques for measuring
cardiac output, such as those based on ultrasound results,
provide a valuable alternative. To maximize the availability
of 0z at the cellular level, attempts are made to correct
factors that negatively influence oxyhemoglobin dissocia-
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tion, that is, shift the oxyhemoglobin dissociation curve to
the left and impair the release of oz to the tissues. Here
normothermia is again important, as is the avoidance of
metabolic or respiratory alkalosis.
Because hypoxemia is a primary feature of ARDS,
measures to reduce 0z consumption (Voz) are critically
important. In patients with very large intrapulmonary
shunts, fever, anxiety, and physical activity can increase
oxygen demand. This in turn decreases the Poz of mixed
venous blood (Pvo z), and ultimately lowers Paoz. Therefore
treatment of fever, reduction of anxiety, and sedation
are important. Muscle relaxants may be used, not so much
to reduce Voz (neuromuscular blockade will not reduce
Voz beyond that achieved by adequate sedation 8o ) but to
overcome desynchrony of the child's respiratory efforts
with mechanical breaths and prevent the complications that
may bring, for example, barotrauma (pneumothorax or
pneumomediastinum).
Hypercarbia is not a predominant feature of ARDS
except in severe cases. Here, noninvasive end-tidal COz
monitoring may not be as useful except in providing
trending information, because the difference between arterial COz and end-tidal values widens with severe V/0.
mismatching. What is ultimately important, however, is not
just the Paoz but the total amount of oxygen transported to
the tissues.
Prone positioning, as first suggested by Bryan in 1974,
is a relatively simple maneuver that improves oxygenation and lung mechanics in adults with severe impairments of gas exchange. 81 ,8z Data suggest that improved
oxygenation in the prone position is associated with
less variability in end-expiratory lung volume from the
dorsal to the ventral regions, resulting in a more even
regional inflation/ventilation along the vertical axis, in the
absence of a gravity perfusion distribution. 83 A preliminary study did show that pediatric patients improved
their oxygenation without serious iatrogenic injury after
early, repetitive and prolonged prone positioning. 84 The
improved oxygenation resulting from prone positioning
allows a reduction in the intensity of ventilator support
that may decrease VILI and facilitate patient recovery.
However, no randomized, controlled trial has evaluated the
safety and effectiveness of early and repeated prone
positioning on the clinical outcomes of pediatric patients
with ALI/ARDS.
Box 19-2 contains a nursing procedure on prone positioning. Candidates for prone positioning include patients
with ALI/ARDS. Patients not considered candidates for
prone positioning include those who are experiencing
symptomatic hypotension, patients supported on ECMO, or
patients with the following clinical problems: cerebral
hypertension, spinal instability, unstable long bone fracture,
or a nonpulmonary conditions that may be exacerbated by
the prone position (e.g., osteogenesis imperfecta or severe
skeletal deformities). For maximum lung protection, patients should be positioned prone early in their course of
illness for at least 16 to 20 hours/day. Patients are considered
"responders" to prone positioning if they experience a
20-mmHg or more supine-to-prone increase in the Paoz!F102
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ratio. Prone positioning is discontinued when the patient is
actively weaning from mechanical ventilation.
Patients who require neuromuscular blockade present
additional nursing challenges. Although the child may
appear calm after neuromuscular blocking agents have been
administered, sensory perception and level of consciousness
are not altered. Neuromuscular blocking agents have no
sedative or analgesic effects; therefore sedatives and/or
anxiolytics are always administered. Older children and
adolescents require reassurance that the paralysis is drug
induced and reversible. If painful procedures are to be
performed, or if the child's underlying condition or its
treatment is inherently painful, analgesics are also administered. Every effort should be made to reduce noxious
auditory stimuli around the child, scheduling care to permit
quiet time for sleep. The child's response to these interventions can be assessed by monitoring the physiologic
consequences of anxiety or pain, that is, tachycardia,
hypertension, and pupillary dilatation.
Periodically, the neuromuscular blockade is permitted to
wear off to perform at least a summary neurologic evaluation, as well as to determine the need for continued
blockade. At times, it may be impossible to allow the patient
a honeymoon period from neuromuscular blockade, for
example, in the patient who requires high ventilator
pressures who immediately has decompensation during
dysynchronous breaths. In these cases "train-of-four"
monitoring, that is, peripheral nerve stimulation, provides a
valuable alternative (see Chapter 8). Several researchers
suggest that the consequences of prolonged muscle disuse
brought about by neuromuscular blockade in young infants
may be more severe than in adults. Reports of microscopic
evidence of skeletal muscle growth failure with prolonged
use of neuromuscular blockade in preterm infants and
residual muscle weakness in newborns after receiving
pancuronium for several weeks raise issues relating to the
normal growth and development of muscle in the face of
prolonged paralysis. 85 It becomes obvious that neuromuscular blockade is used judiciously, especially in infants.
When neuromuscular blockade is necessary, extreme
vigilance is required to avoid tissue breakdown from
immobility. Chapter 16 provides a review of essential skin
and eye care required of the immobilized patient.
Several pharmacologic interventions (inhaled nitric oxide, surfactant, and steroids) have been suggested to help
manage ALI/ARDS. Nitric oxide is produced by many cell
types in the lung and plays an important physiologic role in
the regulation of pulmonary vasomotor tone by several
known mechanisms. Nitric oxide stimulates soluble guanyIyl cyclase, resulting in increased levels of cyclic guanosine
monophosphate (GMP) in lung smooth muscle cells. The
gating of K+ and Ca2+ channels by cyclic GMP binding is
thought to playa role in nitric oxide-mediated vasodilation.
Nitric oxide may also regulate pulmonary vasodilation by
direct activation of K+ channels or by modulating the
expression and activity of angiotensin II receptors. Administration of nitric oxide by inhalation (iNO) has been shown
to acutely improve hypoxemia associated with pulmonary
hypertension in humans and animals. 86 In addition, iNO will
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Box 19·2

Prone Positioning Procedure

Preparation for Turning

Create individually sized head, chest, pelvic, distal femoral,
and lower limb cushions using egg crate material (Eggcrate;
Span American Medical Systems, Greenville, SC) to allow
the patient's abdomen to be unrestrained from the
patient's bed and to provide skin protection,
L The chest cushion should measure slightly less than the
right-to-Ieft greater tubercle of the upper arm; equal to
the patient's anterior-posterior width; and wide enough to
cover the patient's sternum when compressed.
2. The pelvic cushion should measure slightly smaller than
the right-to-Ieft iliac crest and be slightly smaller than the
patient's anterior-posterior width.
3. The head pillow should allow the patient's head to be
slightly higher than his or her chest.
4. A small cushion should be placed under the distal femur
to elevate the patient's knees off the bed.
5. The lower limb cushion should elevate the patient's toes
off the bed.
Transpyloric enteral feed tube is inserted and checked for
placement.
The security of the endotracheal tube (ETT), vascular lines,
and Spo2 probe is assessed (by applying gentle traction)
and reinforced as necessary. The ETT is taped to the upper
lip on the side of the mouth that will end in the "up"
position. A protective layer of plastic tape is placed over
the ETT white adhesive tape to help prevent oral secretions from loosening the white adhesive tape while
prone.
If the patient is receiving a chemical paralytic ageIll, eye
protection is provided. Specifically, both eyes are
cleansed, lubricated, and covered with plastic wrap.
• If the patient is supported on high-frequency oscillatory
ventilation, a transparent film dressing is placed over the
anterior bony prominences to protect the skin from a
friction injury.
EKG electrodes are moved to the lateral aspects of the upper
arms and hips.
• The patient's oropharynx is sllctioned.
Nonessential vascular Jines and the patient's nasogastric tube
are temporarily capped. The start and end point of everything that is left attached to the patient is reviewed.
• The patieIll is premedicated with comfort medications.
Preplanning the Turn

Preplanning includes delineation of who is responsible
for what patient aspect (e.g., head/ETT: respiratory

improve V/Q matching by vasodilating the pulmonary
vascular bed associated with a ventilated alveoli.
Depending on the study, 40% to 60% of patients with
ALUARDS who receive iNO respond by improving their
oxygenation but the effect is rarely sustained over the course
of several days. In addition, patients receiving iNO have not
demonstrated an improvement in overall survival. Bohn
cautions against universal adoption of iNO in ARDS

therapist; chest/arms: Nurse I; hipsflegs: Nurse 2), and technique (smaller patients: levitate up, turn 45 degrees, pause,
then gently turn prone, place cushions after patient positioned prone; larger patients: using a draw sheet-gently
reposition the patieIll at the edge of the bed away from the
ventilator, tum 45 degrees, pause, position chest and
pelvic cushions then position patient prone on cushions).
During the tum the patient's head is kept aligned with his
or her body by the respiratory therapist-hyperextension
is avoided. The patient's arms are contained next to their
torso. Legs are supported so that the toes of the upper leg
point in the direction of the turn.
Patients are turned toward the ventilator without disconnecting the patient from the ventilator. The patient is talked
through the turn. If the patient requires ETT suctioning,
turning is delayed until the patient is suctioned and has
returned to presuctioning ventilator settings.
Immediately After the Turn

• The security and patency of all tubesflines is reassessed.
Capped off lines/nasogastric tube are uncapped!
reattached.
Position the patient:
I. Turn head to side and cushion head and ear with pressure
relieving material.
2. Cushion the upper chest, and pelvis using either a rolled
Eggcrate or foam pad-allowing the abdomen to protrude.
3. Flex amlS up.
4. Position knees and feet off bed using an appropriate sized
roll under the distal femur and lower leg.
Maintenance

Reevaluate oropharyngeal and endotracheal suctioning
routine.
Skin protection:
1. Use the skin care and pressure ulcer algorithm (see
Chapter 16).
2. Make slight adjustments to the patient's position at least
every 2 hours; when in the lateral prone pOSition the
dependent arm should be down at the patient's side and
nondependent arm should be flexed at the elbow up
toward the patient's head.
3. Consult with skin care nurse and physical therapy on all
patients as soon as possible after their first turn to assist
with skin protection and optimal positioning.
Elevate head of bed at least 15 degrees.
Chest films are obtained in the prone position.

because little is known about its biologic effects; in fact, he
notes that it may be time for a moratorium on human studies
87
while more bench research is done.
Potential toxicities to iNO include (l) methemoglobinemia, from the intravascular binding of nitric oxide to
hemoglobin and (2) nitric dioxide lung injury, produced
from the reaction of iNO with oxygen. Methemoglobin
levels are assessed and a level greater than 5% is
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considered toxic. Both iNO and N0 2 levels are monitored
during administration. N0 2 levels greater than 5 parts
per million (ppm) are considered toxic. High levels are
managed by increasing gas flow and/or blending the iNO
and oxygen gases closer to the point to delivery to decrease
exposure time.
Considering that one of the hallmarks of ALUARDS is
endogenous surfactant depletion and inactivation, many
have considered the potential impact of surfactant repletion
in its acute care management. Willson conducted a multisite,
prospective, unblinded, randomized controlled study to
describe the use of an exogenous calf lung surfactant
(Infasurf) in pediatric respiratory failure. 88 Forty-two patients with acute hypoxemic respiratory failure received
intratracheal surfactant (80 mllm 2 in four equal aliquots in
rotating positions, repeated once 12 hours later) within 24
hours of intubation. Patients who received the natural
surfactant early in the course of their illness showed rapid
improvement in oxygenation, were extubated 4.2 days
sooner, and spent 30% fewer days in the PICD than control
patients. In addition, there were no difference in mortality or
overall hospital stay and no serious adverse effects. A
definitive study is currently underway.
Steroids have long stimulated interest for their antiinflammatory properties. In patients with ARDS, data
regarding steroid use are contradictory. Several studies
indicate no benefit in the use of pharmacologic doses of
steroids even early in the course of the disease except in
specific instances-radiation pneumonitis and fat embolism
syndrome. As for treatment with high-dose steroids, no
improvement in survival rates have been demonstrated and
mortality may be higher because of an increase in the
number of secondary infections. 89
Recently Meduri and colleagues hypothesized that, if
administered before the development of end-stage fibrosis,
methylprednisolone could be effective in improving lung
function and outcome in patients with unresolving ARDS. 90
They conducted a randomized, double blind, placebocontrolled trial involving 24 adults with severe ARDS who
failed to improve by the seventh day of respiratory failure.
In an effort to contain the host defense response, the
experimental group (after demonstrating that they were not
infected by bronchoalveolar. lavage) received methylprednisolone. The initial dose was 2 mglkg per day and was
slowly titrated over 32 days. They were able to document improvement in lung injury, multiorgan dysfunction
scores, and mortality in the group receiving prolonged
methylprednisolone.
ARDS is not a disorder of the respiratory system
alone. Other organs may be adversely affected by the
primary disease process (e.g., sepsis), altered oxygen
transport, or alteration in organ function directly. Monitoring of various organ function is therefore crucial. The
brain may be negatively affected by inadequate O2
delivery leading to altered levels of consciousness, for
example, confusion, combativeness, or coma. Other organs
may be involved because, in a more limited way, they
undergo the same endothelial injury as the lungs. Therefore disseminated intravascular coagulation (DIC), acute
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renal failure (ARF), and hepatic dysfunction are common
in ARDS.
Mechanical ventilation may be necessary for weeks or
months, during which nutritional/caloric needs may greatly
exceed maintenance requirement. Nutritional adequacy is
established early in the development of ARDS because
sustained malnutrition can result in abnormalities in pulmonary defense mechanisms and pulmonary structure and
function and may limit the child's ability to wean from
mechanical ventilation. 91 See Chapter 12 for transpyloric
enteral nutrition.
Because the child's prognosis is frequently uncertain and
the intensive care course may be long and fraught with
multiple setbacks, parents of the child with ARDS require a
tremendous amount of nursing support. It is important to
develop a therapeutic relationship with the family early on,
to provide consistent and accurate information about their
child, and to involve the family in nurturing behaviors.
Congenital Diaphragmatic Hernia
Etiology. Congenital diaphragmatic hernia occurs
when the fetal diaphragm fails to develop normally, leaving
an opening between the thorax and the abdomen. This
permits the abdominal contents to enter the thoracic cavity,
interfering with normal development of the lungs.
Incidence. Congenital diaphragmatic hernia occurs in
approximately I in 2000 births and is the most common
cause of pulmonary hypoplasia in the newborn.
Pathogenesis. The diaphragm forms during the
eighth to tenth week of fetal life and separates the abdominal
and thoracic cavities. Because the left posterior aspect of the
diaphragm is usually the last to close, the most common
type of diaphragmatic hernia involves this area of the
muscle (foramen of Bochdalek). While the diaphragm is
forming, the midgut is developing within the umbilical
pouch. If the diaphragm has not completely closed when the
midgut returns to the abdominal cavity (about the tenth
week of gestation), abdominal structures can enter the
thoracic cavity-the stomach, large and small intestines in a
left-sided defect, or part or all of the liver in the less
common right-sided defect. The herniated gut then compresses the developing lung buds, arresting their growth on
both the ipsilateral and, to a lesser degree, the contralateral
side. As a result, the number of airways and alveoli is
markedly reduced. The number of pulmonary arteries is also
decreased and their distribution is abnormal. In addition, the
amount of smooth muscle in pulmonary arterioles is greater
than normal. 92 Therefore infants with congenital diaphragmatic hernia have both lung hypoplasia and increased
pulmonary vascular resistance.
At birth, the infant with a significant diaphragmatic
hernia is tachypneic and has marked intercostal and substernal retractions. Breath sounds are decreased or absent on the
affected side, and the point of maximum impulse (PMI) and
heart sounds are shifted to the unaffected side. Typically, the
infant's chest diameter is increased and the abdomen is
scaphoid. Gas-filled loops of bowel may be evident within
the chest on radiograph. Because the hypoplastic pulmonary
vascular bed is unable to accommodate the normal increase
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in postnatal right ventricular output, pulmonary hypertension develops. Blood is shunted right to left across the foramen ovale and patent ductus resulting in refractory hypoxemia and cyanosis.
Critical Care Management. Treatment of infants
with congenital diaphragmatic hernia involves the measures
used in initial resuscitation of the newborn, ventilatory
support, and surgical repair of the lesion. More aggressive
support includes the use of ECMO.
Not long ago, it was believed that immediate surgical
repair of acutely symptomatic congenital diaphragmatic
hernias would permit expansion of the lungs and improve
ventilation. However, rather than improving pulmonary
mechanics, Sakai and co-workers found that early repair
often decreases lung compliance 93 They attribute this
deterioration to postoperative distortion of the diaphragm
and chest wall and abdominal distension. Additional clinical
data now support a strategy of delaying surgical repair of the
defect until the infant's cardiovascular status is more
stable 94 . 96 Cardiovascular stability is attained by correcting
the acidosis, hypoxia, and hypotension that are often present
in these critically ill infants. Preoperative stabilization may
improve the infant's ability to tolerate surgery.
Often, infants with congenital diaphragmatic hernia are
diagnosed prenatally by ultrasound technique, and maternal
transport and delivery can be planned at a center equipped
to manage the critically ill newborn. Because bag-and-mask
ventilation may force air into the gastrointestinal tract and
further compromise ventilation, endotracheal intubation is
performed immediately after birth. 97 Achieving adequate
oxygenation (postductal Pa02 greater than 100 mmHg) and
purposefully producing a metabolic alkalosis may help
reduce pulmonary vascular resistance. A metabolic alkalosis
can be induced with an infusion of sodium bicarbonate or
tromethamine (THAM). This approach may be preferable to
aggressi ve hyperventilation, which poses the risk of barotrauma and pulmonary air leaks. 98 Commonly, sedation and,
as a last resort, neuromuscular blockade are necessary to
achieve adequate ventilation. For a more thorough discussion of pulmonary hypertension see Persistent Pulmonary
Hypertension of the Newborn (PPHN) later in this chapter.
Umbilical arterial and venous access is immediately
established to permit monitoring of ABGs and pH and blood
pressure and permit the administration of fluids and
medications. Hemodynamic support may include crystalloids, transfusions, and/or inotropic agents as needed to
maintain adequate peripheral perfusion.
Once the infant's condition has stabilized, the hernia is
surgically reduced. A primary repair is attempted, but if this
proves impossible, a prosthetic patch is used to close the
defect.
If maximal medical measures fail to support ventilation,
the infant is placed on ECMO (see Chapter 8). The defect is
then repaired after several days of stabilization on ECMO. 99
In large part, nursing care for the infant with a congenital
diaphragmatic hernia focuses on avoiding conditions that
increase pulmonary vascular resistance and is discussed
within the context of PPHN. Conditions that may increase
pulmonary vascular resistance are prevented, including

hypoxemia, acidosis, hypothermia, and hypoglycemia. For
the same reason, environmental stressors such as noise,
excessive light, and invasive procedures are also minimized.
Weaning mechanical ventilation in the infant with a
congenital diaphragmatic hernia presents many of the
challenges encountered in infants with BPD and is discussed
more thoroughly later. Reductions in ventilatory support
occur slowly, but steadily, while the infant's cardiopulmonary status is closely monitored. 97
The infant's hydration and nutritional status are carefully
monitored by evaluating the infant's intake and output, urine
specific gravity, liver size, skin turgor, weight, and growth
curve. A positive fluid balance may result in worsening
respiratory status, which may improve with judicious use of
diuretics. Nutritional adequacy promotes healing and
growth and decreases the risk of infection, which may
prolong the need for ventilatory support. 97
The infant born with a diaphragmatic hernia typically has
a lengthy hospital course that may include extremely
intimidating, highly technical interventions. Parents, who
may have begun anticipatory grieving at the time of an
antenatal diagnosis, require considerable support and are
encouraged to verbalize their questions and concerns. The
nurse at the bedside can intervene to help parents cope with
the sometimes-frightening PICU environment and permit
them to connect with their critically ill child.

Mixed Obstructive and Restrictive Disease
For the purpose of more clearly understanding mechanical
alterations in pulmonary function, various illnesses are
classified by their effect on airways resistance (obstructive
disease) or pulmonary compliance (restrictive disease).
However, characteristic abnormalities in BPD include both
increased airways resistanceloo.lo2 and decreased compliance. 102.103 Therefore BPD is truly a "mixed" disorder, that
is, both obstructive and restrictive in nature.
Bronchopulmonary Dysplasia (BPD)
Etiology. BPD, a term originally coined by Northway
and colleagues, represents a form of unresolved lung injury
of infancy. 104 Clinically defined as oxygen dependency at
I-month postnatal age, BPD most cornrnonly follows severe
hyaline membrane disease, but may also occur after meconium aspiration, pulmonary hemorrhage, congesti ve heart
failure, or severe neonatal pneumonia. Although disagreement exists regarding its primary cause, factors contributing
to the development of BPD may include O2 toxicity, positi ve
pressure ventilation and resultant mechanical lung injury,
chronic inflammation, and overhydration.
Incidence. Although not limited to the preterm infant,
BPD is most cornrnonly associated with prematurity and
occurs in up to 40% of mechanically ventilated infants
weighing less than 1500 g at birth. 105 Recovery is slow and
hospital readmission common, usually because of recurrent
respiratory tract infections or the development of significant
reacti ve airway disease. 106
Pathogenesis. Infants with BPD have both increased airways resistance and decreased compliance. These

Chapter 19

changes in pulmonary mechanics are most likely the result
of inflammation, atelectasis, overdistension, infiltration,
increased mucus secretion, and fibrosis, all of which are
known to occur in BPD.I07.108 Although minute ventilation
can be increased by breathing rapidly, this respiratory
pattern has the disadvantage of increasing dead space
ventilation. l07 These disturbances in pulmonary function,
along with an abnormal distribution of ventilation and
perfusion (V/Q mismatch), lead to characteristic hypoxemia
and hypercarbia.
Infants with BPD typically breathe rapidly and shallowly.
Increased work of breathing is evidenced by intercostal and
substernal retractions. Eventually, respiratory muscle fatigue may lead to episodes of apnea and bradycardia.
Crackles and bronchial sounds (sometimes associated with
wheezing and decreased air entry when bronchospasm
predominates) may be heard on auscultation. Both on
physical examination and radiographically, the infant's chest
is hyperinflated. Atelectasis also commonly occurs because
of inadequate clearing of secretions and airway obstruction. 107 With prolonged respiratory failure, pulmonary
hypertension develops, with signs of right-sided heart
failure including cardiomegaly, hepatomegaly, and fluid
retention. 107 Blood gas abnormalities include marked hypoxemia and hypercarbia.
Critical Care Management. Management of BPD
includes ensuring adequate oxygenation, optimizing ventilation, and maximizing the infant's nutritional intake. Oxygen,
although perhaps initially contributing to the development
of BPD, is the most important medication for the infant with
significant disease. Supplemental O 2 to maintain an Sp02 of
92% to 97% ensures adequate tissue oxygenation and prevents the pulmonary hypertension and cor pulmonale that
can result from chronic hypoxemia. 109 Improved growth has
also been demonstrated in infants with BPD treated with
oxygen during recovery. I10 However, because exposure to
high concentrations of oxygen may contribute to lung microvascular and cellular injury, hyperoxia is avoided.
Oxygen therapy, however, is not enough; 02 delivery to
the tissues is also optimized. A hemoglobin of 12 to 15 g/dl
maximizes 02-carrying capacity, and blood transfusions
may be necessary to maintain this level. In addition, factors
that impair the release of O2 to the tissues by negatively
affecting oxyhemoglobin dissociation, that is, hypothermia
and metabolic or respiratory alkalosis, are corrected or
avoided. Persistent CO2 retention results in a compensatory
rise in serum bicarbonate concentration that may be further
exaggerated by the use of diuretics; this requires close
monitoring of serum electrolytes.
The infant with BPD has bronchiolar smooth muscle
hypertrophy and hyperreactive airways. III Therefore bronchospasm, a condition in which constriction of smooth
muscle in the distal airway restricts airflow in and out of the
alveoli, commonly occurs in these infants, especially during
acute respiratory infections. Bronchodilators may be useful
in these circumstances. Theophylline may also increase
diaphragmatic strength and diuresis in infants with BPD. 112
Aerosolized beta agonists (e.g., metaproterenol, terbutaline,
or albuterol) are also commonly used in the treatment of
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bronchospasm in BPD.IOO.1I3-IIS (See previous discussion
on asthma for more detailed information regarding the
treatment of reactive airways.) In addition, diuretics may
relieve airway obstruction and improve compliance, probably because of a reduction in interstitial pulmonary
edema. 100
Because the infant with BPD is typically very slow to
wean from ventilatory assistance, management of mechanical ventilation becomes a central issue. Attempts to rapidly
reduce mechanical ventilation often meet with acute decompensation 24 to 48 hours later when the infant tires and
Pac02 climbs. Therefore it is important to move slowly and
allow adequate time for the infant to adjust to decreased
ventilator settings. In the infant with BPD, tachypnea with a
compensated respiratory acidosis may be "nonnal." Readiness for weaning from mechanical ventilation may best be
demonstrated by a persistent reduction in the infant's
baseline spontaneous respiratory rate and Paco2, accompanied by a sustained weight gain. 116
When the need for prolonged assisted ventilation is
anticipated, a tracheostomy may be considered. A tracheostomy decreases anatomic dead space and permits care to be
delivered outside of a critical care setting (at home in some
instances), and may prevent the development of subglottic
stenosis.11 7 However, decannulation may not be accomplished for 12 to 24 months even after assisted ventilation is
no longer needed.
In the face of increased work of breathing, caloric intake
as high as 170 to 200 KcaUkg per day may be required for
growth in BPD. 117 Nutritional needs are difficult to meet in
these infants, not only because of increased calorie demands, but also because of poor feeding tolerance and the
need for fluid restriction. Therefore nasogastric, nasojejunum, or gastrostomy tube feeding using concentrated
formulas and diuretic therapy to prevent fluid overload are
often necessary.
Nursing responsibilities in the care of infants with BPD
include ensuring adequate oxygenation and ventilation,
monitoring the efficacy of various interventions, and promoting growth and development. To appropriately adjust
FI02 and treatment regimens, it is especially important to
follow Sp02 during periods of stress (such as feeding), and
while administering various treatments. Wheezing or bronchospastic episodes, so-called BPD spells, are treated
promptly. Clinicians should document the frequency and
precipitating events when spells occur and assess the need
for additional 02' ventilatory support, and/or bronchodilators and the effect of each. Airway obstruction in BPD is, in
part, reversible with bronchodilators, provides an opportunity for early intervention during the course of the disease
and may possibly reduce its progression. 107
Minimizing agitation, and the hypoxemia and bronchospasm that often accompany it, is a primary goal. The
infant's individual temperament and sensitivities direct
nursing measures to reduce stress. These measures may
include controlling environmental noise and light, providing
therapeutic touch, permitting nonnutritive sucking, and
positioning for comfort. At times, sedation may also be
required; however, sedation should be administered only
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after determining that agitation is not the result of inadequate ventilatory support or airway obstruction. Necessary
procedures are spaced throughout the day to permit time for
recovery, and unnecessary interventions are avoided. For
example, clinical assessment and auscultation of breath
sounds, not time alone, guide the frequency of chest
physiotherapy and suctioning.
The nurse at the bedside may be in the best position to
assess the infant's response to reductions in ventilatory
support. Once readiness is established, weaning occurs
slowly, but on a regular schedule; this is true during the
infant's nursery course, and is also frequently necessary
when mechanical ventilation is required for respiratory
insufficiency later in life. Documenting the infant's respiratory rate and effort, response to activity, ETc02, and Spo2
after ventilator changes permits objective evaluation of how
well weaning is tolerated.
Infants with BPD are at high risk for growth failure into
at least their second year and, ironically, growth is the key
to recovery.IJ8 Nutritional assessment includes trending
weights, head circumference, and length (and plotting of the
infant's growth against a normal curve). Complicating the
task of providing sufficient caloric intake is the feeding
intolerance frequently experienced in infants with BPD.
Nasogastric feedings administered continuously or intermittently may be used, depending in part on the infant's
respiratory status. If gastric distension further compromises
chest expansion, a continuous infusion is preferred. An
intermittent feeding schedule and the use of a pacifier during
feedings, however, may help stimulate gastric motility and
reduce gastric residuals in some infants. Gastroesophageal
reflux and aspiration may also occur and can be minimized
by prone positioning with the head elevated to a 30- to
45-degree angle during and immediately after feedings.
Infants with BPD are often described as disorganized
feeders unable to coordinate sucking, swallowing, and
breathing. 119 In the chronically ill hospitalized infant, longterm use of tube feedings or parenteral nutrition can contribute to this behavior and may eventually lead to feeding
resistance. 119.120 Helping parents assume the responsibility
for feeding their infant and recognizing the social and emotional features of feeding, as well as the technical aspects, is
an important part of discharge planning. 120
Careful monitoring and early intervention are important in detecting and preventing developmental delay in
the chronically ill infant. Parental involvement is important in establishing a routine for their infant and providing appropriate stimulation. Resources for ongoing care
include child life, occupational, physical, and speech
therapy.

Impairment of Respiratory Muscle Function
Impairment of respiratory muscle function is another
mechanical alteration affecting the respiratory pump. In this
case, diminished respiratory muscle function results in
respiratory failure despite normal lung mechanics. GuillainBarre syndrome (GBS) is one example of the numerous rare
illnesses in which the chest wall and lungs are mechanically

sound, but a failure of the respiratory muscles driving the
pump leads to respiratory failure.
Guillain-Barre Syndrome
Etiology. GBS is an acute immune-mediated inflammatory disorder of the peripheral nerves and nerve roots
characterized by progressive paresis, paralysis, paresthesia,
and pain. Paralysis often involves the respiratory muscles.
Based on electrophysiologic and pathologic observations,
GBS is divided into demyelinating and axonal subtypes. The
acute motor axonal neuropathy (AMAN) involves predominantly motor nerve fibers with a physiologic pattern
suggesting axonal damage, whereas the acute inflammatory
demyelinating polyneuropathy (AIDP) involves both motor
and sensory nerve fibers with a physiologic pattern suggesting demyelination. 121
Incidence. Approximately I to 1.5 cases occur annually per 100,000 population with a mortality rate of 4% to
5%.122 Although GBS affects all ages (the youngest reported
case is a 4-month-old infant I23 ), children appear to recover
more quickly than adults.
Pathogenesis. Criteria necessary to establish the diagnosis of GBS are well established and are summarized in
Table 19-6. Typically, symptoms occur within 4 weeks of an
infectious process. The antecedent illness is often nonspecific, such as a mild respiratory infection or diarrhea.
Campylobacter jejulli, a major cause of bacterial gastroenteritis worldwide, is the most common antecedent pathogen.
It is likely that immune responses directed toward the
infecting organisms are involved in the pathogenesis of GBS
by cross-reaction with neural tissues. 124
Symmetric weakness usually begins in the lower extremities, although it can rapidly ascend to the upper extremities,
the trunk, and even the muscles innervated by the cranial
nerves. Autonomic dysfunction also occurs frequently in
children with GBS, involving the sympathetic and parasympathetic systems. Signs and symptoms of autonomic neu-
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19-6 Criteria for Diagnosis
of Guillain-Barre Syndrome

TABLE

~Features required

f::

for diagnosis

ii~":

fi1:
~;>

Progressive motor weakness
of more than one limb
Areflexia or marked hyporeflexia

""';:

~':Features strongly
~:.

~:
~~:~

I:;~.
t::~

i:~"

lit"

supporti ve of the
diagnosi s

Rapidly developing motor
weakness, but no progression
by 4 weeks into illness
Mild sensory signs or symptoms
Cranial nerve involvement
Onset of recovery 2-4 weeks
after halt of progression
Autonomic dysfunction
Initial absence of fever

Eipata from Asbury AK, Amason BG. Karp HR et al: Criteria for
~_diagnosis of Guillain-Barre syndrome, Ann Neurol 3:565-567, 1978.
." .
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ropathy include orthostatic hypotension, hypertension, pupillary disturbances, diaphoresis, cardiac dysrhythmias,
constipation, and urinary retention.
Approximately 30% of patients require mechanical
ventilation, and these patients are often hospitalized for
months before regaining the ability to walk. 122 When
respiratory muscle weakness occurs, the child breathes
shallowly and is unable to sigh. FRC is reduced, which leads
to atelectasis, hypoxemia, and eventually CO 2 retention.
Pooling of secretions with an absent or ineffective cough
further contributes to alveolar collapse and respiratory
compromise. Airway obstruction results from involvement
of the pharyngeal muscles, leading to airway collapse during
inspiration, passive posterior displacement of the tongue, or
an inability to swallow oral secretions. Evaluating cranial
nerves IX and X can assess pharyngeal muscle function.
When these nerves are involved, there is a decreased ability
to swallow or cough, decreased voice volume, and a
depressed gag reflex.
Critical Care Management. Supportive treatment is
the mainstay of therapy. In the early stages of the illness,
frequent careful assessments are necessary to detect impending respiratory failure, the most serious complication of
muscle weakness. Respiratory function can be monitored in
older children by measuring forced vital capacity (FVC).
When FVC falls to 15 mUkg, intubation and mechanical
ventilation are usually necessary. Although some children
are not dyspneic at this level of ventilatory compromise, the
risk of aspiration, atelectasis, and pneumonia is minimized
by early intervention. Ventilatory support is also indicated
whenever there is an increased risk of airway obstruction.
Specific therapy remains a topic of controversy. Because
of the inflammatory nature of the disease, corticosteroids
were evaluated in a single prospective randomized trail,
which failed to show beneficial effects. 125 Immunomodulation is used to improve the recovery rate and shorten
hospital stays. Plasma exchange was shown to be effective
in improving recovery time in GBS in several controlled
trials during the 1980s. Intravenous immunoglobulin (IVIg)
therapy has been shown to be equally effective for therapy
of GBS and its variants. Although the precise mechanisms
of immunomodulation by IVlg are unknown, it probably
directly inactivates specific antimyelin antibodies and indirectly inhibits their production. IVIg offers some advantages
over plasma exchange by being better tolerated in some
patients and being easily administered without special
equipment. However, because of the possibility of progression, the treatment of GBS patients requires qualified
neurologic and supportive care. 122 Intravenous immunoglobulin (lVlg) therapy in children with very severe GBS
was recently evaluated by Singhi and colleagues. 126 In the
IVlg group, onset of recovery of muscle power was
significantly earlier (day 14.8 of illness versus day 20.9,
P <.05) and the length of PICD stay significantly shorter
(20.5 days versus 50.5 days, P <.01).126
For older children with rapidly progressive disease,
plasmapheresis is now the accepted therapy. Plasmapheresis
involves the separation of plasma from cellular components
of the blood by centrifugation or filtration. The plasma is
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replaced with a crystalloid and albumin mixture added to the
blood cells and is returned to the body. Three controlled
studies of patients over 12 years old have demonstrated that
plasmapheresis decreases the severity and improves the
outcome of patients with GBS. 127- 129 In addition, Epstein
and Sladky retrospectively analyzed data from 9 children treated with plasmapheresis, comparing them with
14 similarly affected historical controls. l3o The time to
achieve independent ambulation was significantly shorter in
the treated patients and there were no significant complications from plasmapheresis. Therefore plasmapheresis is
generally recommended for children with severe and
worsening disease. 131 The recommended protocol is an
exchange of 200 to 250 ml of plasma per kg body weight
over 7 to 14 days. 128.132 Why plasmapheresis is helpful is
not known. It may be that antibodies such as antiperipheralnerve antibody or other myelinotoxic or immunopathogenic
factors are removed by pheresis.
When there is evidence of progressive disease and
significant muscle weakness, the child is moved to the
PICD, where frequent monitoring of respiratory status is
possible. This is especially true for younger children in
whom objective assessment of respiratory function is
difficult. 133 Respiratory assessments include respiratory
rate, pattern, and effort, as well as the quality of air entry on
auscultation. Oxygen saturations are monitored continuously by pulse oximeter. Once the child has been successfully weaned from ventilatory support, swallowing and
diaphragmatic function is assessed before removal of the
endotracheal tube. In a cooperative child, serial measurements of FVC are obtained at least every 4 hours while
muscle weakness is progressing. ABGs also document
progression toward respiratory failure with an increase in
Pac0 2 and acidosis. Swallowing ability is also evaluated, as
well as the strength of the child's cough and voice. The
child's gag reflex is tested periodically. Estimates of
peripheral muscle strength are valuable in tracking the
course of the illness to detemline whether muscle weakness
is worsening, has reached a plateau, or strength is returning.
Because autonomic dysfunction is possible, cardiac
monitoring is initiated and blood pressure carefully documented. Additional signs of excessive or inadequate activity
of the parasympathetic or sympathetic systems are noted
and treated as necessary (e.g., placement of a drainage
catheter in the case of urinary retention). Hypotension may
be especially problematic during plasmapheresis, but it is
generally responsive to intravascular volume expansion.
Pain and paresthesias are also commonly present. The
most common pain syndrome, present in 83% of 29 children
under the age of 6 years, was back and lower limb pain. 134
Lower back pain because of irritation of the nerve roots may
be relieved with the careful application of heat, although
more severe pain requires the use of analgesics. Successful
pain control in adult patients with GBS includes the use of
epidural morphine. 135 . 136
Because both sensory and motor losses occur, it is
important to turn and reposition the child at least every
2 hours. Therapeutic pressure-reducing devices may aid in
maintaining skin integrity, but they do not eliminate the
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need for a routine turning schedule. Passive range of motion
is also performed to prevent contractures.
Nutritional adequacy is established early in the course of
the illness to avoid excessive muscle wasting. Weakness and
dysphagia may necessitate the use of transpyloric feedings
and parenteral nutrition.
Especially during the sometimes frightening progression
of paralysis, it is important to reassure patients and their
families that a near complete, if not full, recovery is
expected.
Botulism
Etiology and Incidence. Infant botulism was first
recognized as a distinct clinical entity in 1976. Of all forms
of human botulism (food borne, wound, and infant), infant
botulism is now the most common in the United States.
More than 90% of reported cases come from the United
States, and within the United States, more than half of the
cases come from California, Utah, and southeast Pennsylvania. This is likely a consequence of high concentrations of
Clostridium botulinum spores in the soil of these regions. 137
Since 1973, a median of 24 cases of food-borne botulism,
3 cases of wound botulism, and 71 cases of infant botulism
have been reported annually to the CDC. New vehicles for
transmission have emerged in recent decades, and wound
botulism associated with black tar heroin has increased
dramatically since 1994. Recently, the potential terrorist use
of botulinum toxin has become an important concern. 138 It
is universally recommended that honey and corn syrup not
be fed to infants younger than I year of age to prevent the
occurrence of infant botulism.
Pathogenesis. C. botulinum is a ubiquitous grampositive, spore-forming, obligate anaerobe with soil and
dust as its natural habitat. Infant botulism typically affects
previously well infants within the first 4 to 6 months of life
(median 10 weeks) and is caused by ingestion of spores of
C. botulinum that germinate and produce toxin in the
gastrointestinal tract. The toxin irreversibly blocks the
peripheral cholinergic synapses throughout the body, most
importantly at the neuromuscular junction. The toxin does
not cross the blood-brain barrier.
Constipation is characteristically an early sign, followed
by signs of listlessness and progressi ve weakness. Symmetric descending paralysis is the rule; the cranial nerves
are the first so be affected. Infantile botulism is characterized by poor feeding, difficulty in handling secretions,
a weak cry, constipation, and generalized hypotonia. The
diagnosis is confirmed by detection of the organism or its
toxin in the infant's stool and supportive ancillary testing
to rule out other causes of neurologic dysfunction that
mimic botulism, such as stroke, the GBS, and myasthenia
gravis.
Critical Care Management. Treatment includes
supportive care and trivalent equine antitoxin, which reduces mortality if administered early. 138 Aggressive respiratory and nutritional care is the mainstay of treatment.
Many infants require intubation and prolonged mechanical
ventilation. Physical and occupational therapies are crucial
in maintaining range of motion and functional positioning of

patients. Prognosis for complete recovery is excellent with
meticulous supportive care. Infant botulism is a self-limited
illness lasting a total of 2 to 6 weeks with progressive
symptoms.

CIRCULATORY ALTERAnONS
The pulmonary circulation establishes the interface between inspired gas and the blood, thereby permitting delivery of O2 to the blood and removal of CO 2 , The second
final common pathway of respiratory failure involves
alterations in this circulation. Circulatory alterations disturb the normal contact between blood and gas within
the lungs. PE and PPHN are characteristic examples. In
these conditions, pulmonary circulation is reduced, physiologic dead space increases, and gas exchange may be
impaired.
Pulmonary Embolism
Etiology. PE occurs when materials traveling in the
bloodstream become impacted in the pulmonary arterial
bed. Although uncommon in childhood, PE may occur after
trauma or surgery, and may complicate a number of iJlnesses
and treatments. Thromboembolism is the most commonly
occurring form of PE and appears when a blood clot travels
from a peripheral vessel through the right side of the heart
and lodges in the pulmonary arterial bed. Pulmonary
thromboembolism may complicate sickle cell anemia,
rheumatic fever, and bacterial endocarditis, or may occur
with sepsis or severe dehydration. Risk factors in children
include presence of a central venous catheter, immobility,
heart disease, ventriculoatrial shunt, and trauma. 139
Incidence. PE is infrequently diagnosed in children,
although clinicians should always have a high index of
suspicion, especially when treating a child with the acute
onset of respiratory distress or cardiovascular shock. The
:incidence of PE in children has been estimated to be 3.7%
on postmortem examinations. 139
Pathogenesis. The degree of cardiopulmonary disturbance observed in PE depends on two elements: the
previous functional status of the heart and lungs and the
severity of the pulmonary vascular occlusion. 14o A major
pathophysiologic consequence of acute PE is increased
alveolar dead space. This increase occurs because lung units
continue to be ventilated despite diminished or absent
perfusion. Pulmonary infarction is an uncommon sequela of
PE owing to the fact that the lung has three sources of
oxygen: pulmonary arteries, the airways, and bronchial
arteries. 140
Hypoxemia is common in acute PE. Regional bronchoconstriction and atelectasis result in '11/0. inequality and
intrapulmonary shunting. Because the right ventricle has
poor tolerance for an increase in afterload, cardiac output
may become inadequate, and mixed venous saturations fall.
If pulmonary hypertension develops and there is a patent
foramen ovale (or septal defect), right-to-left shunting
within the heart also contributes to hypoxemia.
The child's increased respiratory rate usually compensates for the increase in physiologic dead space produced by
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the arterial occlusion. The Pac02 typically falls below 35
mmHg. However, Pac0 2 rises in children who cannot
adequately increase their minute ventilation (e.g., those with
restrictive lung disease, those with neuromuscular disorders,
or those receiving chemical paralyzing agents).
The child with a PE is dyspneic, tachypneic, and may
complain of acute chest pain. Breath sounds may be clear or
there may be scattered crackles. Radiographic findings are
nonspecific and may include atelectasis, localized infiltrates,
or a pleural effusion. Fever is also often present without
other signs of infection. Supportive radiographic tests
include a pulmonary angiogram and V/Q scan. Pulmonary
function tests may give abnormal results, but they are again
nonspecific. 140
Critical Care Management. Treatment consists of
02' hemodynamic support, anticoagulation, and thrombolytic therapy. The treatment of PE goes beyond attempts to
lyse the thrombus. In patients with acute respiratory failure,
endotracheal intubation and mechanical ventilation is instituted to ensure adequate tissue oxygenation and CO2
removal. High PEEP may be necessary to achieve oxygenation; however, this may impair venous return to the heart in
an already hemodynamically compromised patient. 140
Once the diagnosis is established, heparin therapy is
initiated to prevent further thrombosis. Heparin is given
for 7 to 10 days, and is usually initiated by a loading dose
of 50 units/kg followed by a continuous infusion of 10 to
25 units/kg/hr, and adjusted according to the child's
activated partial thromboplastin time (aPTf). A clotting
time of 1.5 to 2.0 times the normal mean aPTT value
(usually 50 to 70 seconds) is therapeutic. Approximately
24 to 48 hours after heparin therapy is initiated, warfarin
(Coumadin) is begun so that there is an overlap of at least
5 days. Because heparin does not dissolve the clot, a
thrombolytic agent such as streptokinase may also be used,
although its efficacy in PE is questionable.
Nursing priorities in caring for the child with a
PE include maintaining supplemental O2 (and ventilatory support, if it becomes necessary), evaluating the
child's cardiopulmonary status, and assessing the effects of
therapy.
Sp02 monitoring helps ensure adequate oxygenation. The
adequacy of ventilation can be determined by evaluating the
child's respiratory rate and effort and periodically measuring
ABGs. In addition, cardiovascular assessment including
heart rate, blood pressure, strength of peripheral pulses,
warmth of extremities, and adequacy of urine output helps
determine the need for inotropic support or volume
expansion.
Because hemorrhage is the major complication of
heparin (an untoward effect that may be compounded by
thrombolytics), it is especially important to carefully
monitor coagulation studies. Initially, aPTT values are
measured and the infusion rate adjusted frequently. Daily
monitoring is sufficient when a steady dose is achieved. The
child is also monitored for signs of bleeding including
petechiae, bloody emesis, stools, or gastric aspirates;
hemoptysis; and hematuria. Invasive procedures are avoided
or minimized.
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Persistent Pulmonary Hypertension
of the Newborn
Etiology. Persistent pulmonary hypertension of the
newborn (PPHN) is a condition in which the highresistance, low-flow pulmonary circulation of fetal life
persists after birth. It is characterized by systemic or
suprasystemic pulmonary artery pressures, with significant
right-to-left shunting through the ductus arteriosus or
foramen ovale. Desaturated venous blood is mixed with
saturated arterial blood, resulting in arterial hypoxemia and
tissue hypoxia. Right-to-Ieft atrial shunting may be caused
by diastolic dysfunction of the less compliant fetal right
ventricle or dysfunction of the tricuspid papillary muscle,
which causes tricuspid regurgitation.
Delayed relaxation of the pulmonary vascular bed is a
feature of many neonatal pulmonary problems, including
lung hypoplasia caused by mechanical compression (e.g.,
congenital diaphragmatic hemia), meconium aspiration
pneumonia, perinatal asphyxia, bacterial pneumonia, and
sepsis. It may also occur in the absence of obvious
triggering diseases, presumably because of abnormal muscularization of pulmonary arterioles or transient defects in
endothelial function. 141
It is possible that PPHN is a process that starts well
before birth; therefore birth history may be helpful in
identifying those at greatest risk for developing PPHN.
Typically, the infant is born at term or postterm, is
appropriate in size for gestational age, and had meconium
staining or birth asphyxia at the time of delivery.
Incidence. The incidence of PPHN is 1.9 per 1000
live births with a mortality rate of 11%.142
Pathogenesis. Manifestations of PPHN often involve
dysfunctional pulmonary vasoregulation, with suprasystemic pulmonary vascular resistance causing extrapulmonary shunting, pulmonary parenchymal disease causing intrapulmonary shunting, and systemic hemodynamic
deterioration.
Typically, the infant with PPHN develops tachypnea and
cyanosis soon after birth. Other signs of respiratory distress
also appear including grunting, nasal flaring, and intercostal
retractions. The quality of breath sounds depends upon the
underlying clinical condition; adventitious sounds are prominent in meconium aspiration, for example, but may be
absent in neonatal asphyxia. eonates with PPH also
demonstrate a wide spectrum of myocardial abnormalities,
ranging from mild dysfunction to severe biventricular
congestive failure.
The physical examination may be of limited value. A
finding of the presence or absence of a murmur is not
helpful. Neonates with PPHN may have the murmur of
high-velocity tricuspid regurgitation. The chest radiograph
may document the parenchymal disease, which is the
triggering factor for PPHN. Preductal and postductal blood
gas measurements have been used to differentiate PPHN
from structural heart disease. Right-to-Ieft shunting through
the ductus arteriosus and foramen ovale results in hypoxemia, which often proves refractory to supplemental 02'
Neonates with PPHN may have nearly normal preductal
(right arm, head) oxygen tension and oxygen saturation
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while the postductal (umbilical artery, left arm, lower limbs)
right-to-Ieft shunt causes lower oxygen tension and saturation. 141 Echocardiography can usually provide a definitive
structural diagnosis. In severe PPHN, hypoxemia is followed rapidly by the development of hypercarbia and
acidosis. Hypoxia and acidosis perpetuate the vicious cycle
of pulmonary vasoconstriction, pulmonary artery hypertension, and right-to-left intrapulmonary and intracardiac
shunting (Fig. 19-10).
Critical Care Management. Treatment in PPHN is
aimed at decreasing the ratio of pulmonary to systemic
vascular resistance, thereby reducing or eliminating rightto-left shunting. Historically, this has been accomplished by
hyperoxygenation, hyperventilation, and the use of nonspecific vasodilators. However, mortality in infants with PPHN
remained high, perhaps in part because of the complications
of such aggressi ve therapy, that is, pneumothorax, pneumomediastinum, barotrauma, and chronic lung disease. Various
therapies currently in use include oxygenation, alkalinization, high frequency ventilation, nitric oxide, and ECMO.
Hypoxemia causes reflex pulmonary vasoconstriction in
fetal sheep and adult dogs, and may well contribute to the
pathophysiology of PPHN. Therefore, in an attempt to
reverse pulmonary hypertension, infants with PPHN usually
receive high levels of supplemental 02' the most potent
pulmonary vasodilator available.
Through mechanisms that are unclear, an increase in pH
also decreases pulmonary vascular resistance. By increasing
arterial pH to a ..critical level" at which there is a fall in
pulmonary artery pressures, a reversal of right-to-left
shunting and an increase in Pa02 appear to be achieved in
many cases. The degree of respiratory alkalosis necessary to
reverse right-to-Ieft shunting sometimes cannot be achieved
with mechanical hyperventilation because of severe lung
disease or the development of a metabolic acidosis. There is
evidence to suggest, however, that respiratory alkalosis and
metabolic alkalosis are equally effective in attenuating
hypoxia-induced pulmonary vasoconstriction 98 However,

Hypoxia and Acidosis

Pulmonary Artery
Vasoconstriction

R --> L Shunting

Pulmonary Artery
Hypertension

Fig. 19-10 The vicious cycle of persistent pulmonary hyperten.
sion of the newbom.

no randomized, controlled trials of hyperventilation versus
conservative management are available. An infusion of
sodium bicarbonate may produce the desired degree of
alkalosis while avoiding the complications of aggressive
mechanical hyperventilation; however, serum sodium levels
are followed closely. Generally, an infusion of sodium
bicarbonate is begun and adjusted to maintain a pH of
7.45 to 7.50. Alternatively, THAM may be used if CO 2
retention or hyponatremia are a problem. A more conservative approach to mechanical ventilation can then be
pursued. To prevent the complications of mechanical
ventilation, the lowest PIP possible is used to achieve the
therapeutic goals.
Because hypoxemia may put the infant with PPHN at risk
for cerebral hypoxia, monitoring the infant's neurologic
status is important. In a study of 19 infants with PPHN (the
majority of whom had birth asphyxia), nine suffered
cerebral infarctions. '43 Furthermore, eight of the nine
infants with infarction had seizures detected by electroencephalogram (EEG) during periods of neuromuscular blockade. Routine EEGs may be warranted in these patients.
High-frequency ventilation is an alternative approach
used in some centers, primarily as a rescue treatment when
conventional therapy fails. In high-frequency ventilation,
extremely small tidal volumes and high rates are used to
provide gas exchange.
The recent discovery of the role of nitric oxide as the
endothelium-derived relaxing factor has delivered hope for
a selective agent to modulate the neonatal pulmonary
vascular resistance. 141 (For a description of iNO, see ARDS
on page 679.) Inhaled nitric oxide also reduces the extent to
which ECMO is needed in neonates with hypoxemic
respiratory failure and pulmonary hypertension. l44 However, again, long-term benefits to these infants have been
difficult to demonstrate.
ECMO (see Chapter 8) has been used to support patients
with PPHN in whom conventional medical management has
failed. The institution of ECMO permits correction of
hypoxemia and acidosis. National ECMO experience
(through July 2000) derived from ELSO (Extracorporeal
Life Support Organization) Registry reported 2227 patients
with the primary diagnosis of PPHN have been treated with
ECMO with an overall survival rate of 79%.'45 Once the
infant is placed on ECMO, ventilator support is reduced to
a minimum to avoid any further barotrauma or oxygen
toxicity to the lung. '45
An evaluation of treatment methods used in 12 Level 1II
neonatal intensive care units (before the widespread use of
iNO) demonstrated wide variations in practice. Hyperventilation was used in 65% of centers, with a range from
33% to 92%; continuous infusion of alkali was used in 75%
of centers, with a range of 27% to 93% of neonates. Other
commonly used treatments included sedation (94%; range:
77% to 100%), paralysis (73%; range: 33% to 98%), and
inotrope administration (84%; range: 46% to 100%).
Vasodilator drugs, primarily tolazoline, were used in 39%
(range: 13% to 81%) of neonates. 142
The nursing care of the infant with PPHN is directed
toward avoiding conditions thaI increase pulmonary vascu-
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lar resistance, detecting complications of therapy, and
whenever possible, minimizing those complications.
As stated earlier, hypoxemia results in increased pulmonary vascular resistance. In an infant in an unstable
condition with PPHN, even small reductions in FIOz can lead
to profound hypoxemia. Therefore consistent delivery of O 2
is assured. In the acutely ill infant during the first 24 hours,
or in infants exhibiting wide fluctuations in oxygenation,
attempts are made to maintain Pa02 at approximately 100
mmHg. Furthermore, maneuvers that cause hypoxemia, for
example, endotracheal suctioning, are avoided unless absolutely necessary. It is not uncommon for these infants to be
exquisitely sensitive to any type of tactile stimulation,
responding with precipitous drops in Sp02146 Prohibiting
unnecessary handling will help limit episodes of hypoxemia; therefore routine care (e.g., bathing or weighing the
infant) is inappropriate. Finally, sedation is used to minimize
agitation and its negative effect on pulmonary vascular
resistance.
Cold stress, hypoglycemia, and hypoxemia may all
result in acidosis that will increase pulmonary vascular
resistance. These conditions are avoided by carefully
controlling and monitoring the infant's environment and
response to therapy. Because ready access to the critically
ill infant is necessary, providing a neutral thermal environment is often not possible. Heat loss can be minimized,
however, with a radiant warmer. Frequent bedside monitoring of blood glucose is also performed. Preductal and
postductal Sp02 is monitored continuously and blood gases
followed to monitor acid-base status, especially when
alkalosis is being employed to reduce pulmonary vascular
resistance.
Careful assessments of oxygenation and systemic perfusion accompany changes in ventilator settings. In the neonate, a tension pneumothorax may present as sudden
hypotension, bradycardia, and hypoxemia and requires immediate needle aspiration and eventual placement of a chest
tube. In addition, excessive PEEP may cause an increase in
pulmonary vascular resistance. This may increase right-toleft shunting and decrease pulmonary venous return and
further reduce systemic flow of oxygenated blood.
Systemic blood pressure must be higher than pulmonary
artery pressure to reverse right-to-Ieft shunting; therefore
maintenance of adequate systemic blood pressure is essential to correct hypoxemia in PPHN. Intravascular volume is
assessed frequently by monitoring heart rate, blood pressure, liver size, capillary refill time, and warmth of
extremities. Hydration status can be further evaluated by
assessing fluid intake and urine output, urine specific
gravity, skin turgor, mucous membranes, and fontanels. As
stated earlier, infants with PPHN may have a variable degree
of myocardial dysfunction, therefore myocardial depressants such as hypoglycemia, acidosis, and hypocalcemia are
avoided. In addition, dopamine may be given to improve
cardiac contractility.
The infant undergoing high-frequency ventilation presents additional nursing challenges. These are usually the
most critically ill infants in whom conventional mechanical
ventilation appears to be failing, or whose course has been
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complicated by pulmonary interstitial emphysema, pneumothorax, or pneumomediastinum.
The initial PIP used in high-frequency jet ventilation is
based on the infant's requirements while on conventional
mechanical ventilation. Ordinarily, PIP is set 20% to 33%
below the pressure required during conventional treatment. 147 Some infants with severe pulmonary hypertension, however, may have acute deterioration when highfrequency jet ventilation is initiated at lower inflating
pressures. Therefore some clinicians suggest that PIP not
be lowered initially in infants with PPHN, but should be
gradually decreased as determined by the infant's response
to therapy (SP02 and ABGs).148 Ventilatory frequency can
be adjusted to deliver 300 to 540 cycles per minute (6 to
9 Hz), and is usually started at a rate of 420 cycles per
minute (7 Hz).
The infant receiving high-frequency jet ventilation requires continuous monitoring of heart rate, blood pressure,
and transcutaneous O 2 and CO 2, Although vibration of the
chest and body make monitoring of the infant's respiratory
rate impractical, absence of vibration may signal tube
obstruction or displacement, or a decrease in C L , for
example, with a tension pneumothorax. 147 Breath sounds
are also altered by the ventilator, but subtle changes can be
detected with frequent, careful examination.
As with any artificial airway, maintaining airway patency
is a primary nursing responsibility. It is possible to suction
the endotracheal tube through its main port while maintaining high-frequency jet ventilation. However, some clinicians
suggest that this practice may create shearing forces in the
trachea (produced by the combination of negative pressure
suction and high-frequency positive pressure breaths),
which may contribute to the development of necrotizing
tracheobronchitis. 148 This particular complication, a severe
airway injury that results in sloughing of the tracheal
mucosa, is reported with varying frequency and may result
from inadequate humidification of inspired gases, shearing
forces in the airway, or other factors that have yet to be
identified.

ALTERATIONS IN THE CONTROL
OF BREATHING
The last final common pathway of respiratory failure
includes disorders resulting from abnormalities or deficiencies in the control of breathing, resulting in hypoventilation.
This category includes alterations in the neuromuscular
control of upper airway patency and abnormalities in
respiratory drive that result in alveolar hypoventilation.
Apnea, both central and obstructive, and alveolar hypoventilation syndromes are considered.
Apnea
Etiology. Apnea is generally defined as the cessation
of breathing for more than 20 seconds or for a shorter period
when associated with hypoxemia or bradycardia. Central
apnea is characterized by a respiratory pause. In contrast,
respiratory efforts continue, sometimes quite vigorously, in
obstructive apnea, but there is an absence of airway flow
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caused by airway obstruction. A mixed picture of central and
obstructive apnea may also be observed.
Incidence. The prevalence of apnea of prematurity
varies inversely with gestational age. In all births the
incidence is 1%. 149 The prevalence of obstructive sleep
apnea is 0.7% to 2.9%; peak age of presentation is 2 to
4 years.ISO.151
Pathogenesis. Apnea of prematurity is most commonly central in origin, but obstructive apnea and mixed
disorders also occur. 152 Although the cause is unknown,
apnea of prematurity is thought to be related not only to an
immaturity of the central nervous system, but also to an
increase in chest wall compliance. More respiratory work is
required to generate a constant tidal volume when the chest
wall is highly compliant. Within this context, apnea may
represent a strategy to avoid fatigue.
Although central apnea is the classic apnea of prematurity, it occurs in a number of other conditions in which the
central nervous system is somehow altered. Sepsis, hypoglycemia, hypothermia, drug intoxication, trauma, and brain
tumors may result in apnea. In addition, because their
ventilatory response to hypoxia and sensitivity to CO 2 are
already depressed, young infants may be especially vulnerable to periods of apnea when they receive narcotics and
other respiratory depressants.
In obstructive apnea, upper airway collapse occurs
because of poor coordination of the muscles responsible for
airway maintenance. Obstructive apnea usually happens
during sleep and, in children, it is most often caused by
hypertrophy of the tonsils and adenoids. Although sleep is
the most common functional condition predisposing to
obstructive apnea, other factors that may depress airwaymaintaining activity include narcotics, sedatives, alcohol,
and some brainstem lesions, particularly those associated
with Arnold-Chiari malformation.
Central apnea is evidenced by a cessation of respiratory
activity and may be accompanied by a fall in Sp02 and heart
rate. In the preterm infant, respiratory pauses occur more
commonly in active sleep and often within the context of
periodic breathing. Frequently, these infants also have an
obstructi ve component to their apnea. 152
Critical Care Management. Physical examination
of the sleeping child with obstructive apnea reveals sonorous respirations, retractions, and breathing pauses that may
be associated with hypoxemia and bradycardia. Often,
vigorous movement occurs during sleep in an attempt to
overcome the airway obstruction. Brouillette and coworkers report serious sequelae, including cor pulmonale,
failure to thrive, permanent neurologic damage, and behavioral disturbances, hypersomnolence, or developmental
delay, in cases in which obstructive sleep apnea had gone
untreated. 153
Although it is unclear what effect apneic periods may
have on the preterm infant, frequent episodes accompanied
by hypoxemia are usually treated because they may lead to
additional neurologic complications. Nasal CPAP may help
by preventing lung deflation and chest distortion. Pharmacologic approaches include the use of theophylline or
doxapram hydrochloride to increase central respiratory

drive and/or improve CO2 sensitivity. 154 Although caffeine
has been used to treat apnea, Henderson-Smart and Steer
reported the results of a meta-analysis of two studies
examining a total of 104 infants receiving prophylactic
caffeine. 155 There were no meaningful differences between
the caffeine and placebo groups in the number of infants
with apnea, bradycardia, hypoxemic episodes, use of
ventilation or side effects in either of the studies. Alternatively, a loading dose of 6 mg/kg of theophylline is followed
by a dose of 2 mg/kg given two to three times a day to
maintain a serum theophylline level of 8 to 12 mglL.
Doxapram hydrochloride, an analeptic drug, is considered in
patients unresponsive to theophylline. To decrease toxic side
effects (seizures, hypertension, hyperglycemia, hypothermia) a loading dose of 3 mg/kg is administered over
15 minutes followed by a continuous IV infusion of
I mg/kg/hr.
Because adenotonsillar hypertrophy is the predominant anatomic cause of obstructive sleep apnea in childhood, tonsillectomy and adenoidectomy often provide the
cure. 153.156 Nasal CPAP may effectively relieve obstructive
sleep apnea in preterm infants 157 but has rarely been used in
children. 158 Tracheostomy is seldom required.
The primary nursing responsibilities in caring for the
infant or child with apnea are early detection of the event
and monitoring of the effects of treatment. All patients at
risk for central or obstructive apnea have continuous cardiac
and Spo2 monitoring. Careful observation and documentation of apneic episodes is essential in establishing the
etiology and guiding a treatment plan.

Alveolar Hypoventilation Syndromes
Etiology and Incidence. Alveolar hypoventilation
syndromes are rare conditions in which there is no upper
airway obstruction, but an insufficient respiratory drive
result in hypoventilation. These respiratory control deficits,
which originate within the central nervous system, may be
congenital (known as Ondine's curse) or acquired, and are
characterized by progressive hypoxemia and hypercarbia
during sleep, particularly quiet sleep.
Pathogenesis. The severity of hypopnea in congenital hypoventilation syndromes varies widely. The most
severe form, central hypoventilation syndrome, is usually
diagnosed soon after birth and may be associated with some
degree of hypoventilation even during wakefulness.
Alveolar hypoventilation may also be acquired following
a brainstem injury. Birth asphyxia can result in central
hypoventilation syndrome, as can encephalitis, tumors, and
brainstem trauma. 159-161
The child with alveolar hypoventilation usually has a
normal respiratory rate but breathes very shallowly (hypopnea). The respiratory rate is relatively fixed and does not
increase in response to progressive hypoxemia or hypocarbia. This phenomenon occurs during quiet sleep when the
child is totally dependent on automatic respiratory control
systems.
Critical Care Management. Theophylline may be
helpful in milder forms of the disorder. A number of other
respiratory stimulants have been evaluated in children with
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hypoventilation, but none has been uniformly effective. In
severe cases, ventilatory assistance with positive pressure
ventilation or phrenic pacing may be necessary.

SUMMARY
Caring for the patient with pulmonary dysfunction is
inherent to the practice of pediatric critical care nursing.
This chapter presents the pulmonary illnesses common to
pediatric critical care. Within the final common pathway
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framework of mechanical, circulatory, and regulatory failure, emphasis is placed on nursing and collaborative
interventions intended to both support the critically ill
patient and prevent iatrogenic injury. Much pediatric
specific nursing research is needed to help guide practice related to the care of this vulnerable population and
their families. Sensitivity and attention to the impact of
critical illness on children and their families is as important
as knowledge of the causes and treatment of respiratory
failure.
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