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Abstract

Acute airway obstruction is one of the most common causes of acute respiratory failure in
children. Left untreated, it can rapidly progress to cardiopulmonary arrest and death. There
are several important anatomical differences between pediatric and adult patients that ren-
der children more susceptible to acute airway obstruction. In addition, there are several
diseases that can cause life-threatening acute airway compromise. An understanding of the
developmental anatomy and physiology, as well as the myriad diseases that can cause
airway compromise in children is therefore essential for all healthcare personnel that pro-

vide care for critically ill children.
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Introduction

Acute airway obstruction is one of the most common causes
of acute respiratory failure in children. Left untreated, it
can rapidly progress to cardiopulmonary arrest and death.
There are several important anatomical differences between
pediatric and adult patients that render children more sus-
ceptible to acute airway obstruction. In addition, there are
several diseases that can cause life-threatening acute airway
compromise. An understanding of the developmental anat-
omy and physiology, as well as the myriad diseases that can
cause airway compromise in children is therefore essential
for all healthcare personnel that provide care for critically
ill children.
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Developmental Anatomy

The airway is divided into the upper respiratory tract, which
begins with the nose and lips and extends down to the glottis,
and the lower respiratory tract which is the airway below the
glottis. The upper respiratory tract begins with the nasal and
oral cavities, which together comprise the pharynx. The
pharynx is connected to the esophagus and the larynx.
The larynx and its unique anatomy continue into the chest in
the form of a cylindrical structure called the trachea. The
larynx is a unique structure whose primary functions are in
speech production and protection of the airway. It is formed
by cartilaginous, bony, and connective tissue structures. The
glottis is the area around the vocal cords. The subglottis is
the area directly below the vocal cords leading into the tra-
chea. The cords are closed during the end of the expiratory
phase, and they open at the beginning of the inspiratory
phase. The trachea is a cylindrical structure formed by 16-20
U-shaped cartilaginous rings and a muscular/cartilaginous
part that completes the tube.

Though basic principles in the management of the airway
in children are the same as in adults, there are important
developmental characteristics that distinguish the pediatric
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Table 2.1 Major anatomic differences between the airway of infant
vs. adult

Infant Adult
Head Large, prominent occiput Flat occiput
Tongue Relatively larger Relatively smaller
Larynx Cephalad position Opposite to C4-C6
Opposite to C2—C3
Epiglottis Omega-shaped & soft Flat and flexible

Vocal cords Short & concave Horizontal

Narrowest portion Vocal cords
Cartilage

Lower airways

Cricoid ring, below cords
Soft
Smaller, less developed

Firm
Larger, more cartilage

airway from the adult airway (Table 2.1). These affect both
mask ventilation and tracheal intubation. In the neonate and
infant, important anatomic differences include a proportion-
ately larger head and tongue, narrower nasal passages, an
anterior and cephalad larynx, long epiglottis, and a short tra-
chea and neck. These factors contribute to making infants
“obligate” nasal breathers. The cricoid cartilage is the nar-
rowest point of the airway in children younger than 10 years
of age as opposed to the glottis in the adult. Even minimal
edema will have a proportionately greater effect in children
because of their smaller tracheal diameters. In older children,
prominent adenoidal and tonsillar tissue can obstruct visual-
ization of the larynx. Also, there are specific congenital ana-
tomic airway anomalies that occur in children which makes
management of the airway even more complex. As the child
becomes older the airway becomes more comparable to the
adult anatomy, and by 8 or 9 years of age the airway is con-
sidered similar to the adult airway, with the exception of the
size of the airway itself.

All parts of the pediatric airway are very small and
fragile. Even trauma caused during tracheal intubation can
cause significant edema and obstruction of the upper air-
way. For example, 1 mm of circumferential edema can result
in a 16-fold increase in resistance in a 4 mm infant airway
(Fig. 2.1). The narrow caliber of the airway results in greater
baseline resistance. Any process that narrows the airway fur-
ther will cause an exponential rise in airway resistance and
hence a significant increase in the work of breathing. When
the child perceives distress, the resultant increase in respi-
ratory effort will further augment turbulence and increase
resistance.

Because the neonate is primarily a nasal breather, any
degree of obstruction of the nasopharynx may result in a
significant increase in the work of breathing and present
clinically as nasal flaring, tachypnea, and retractions. The
tongue of infants and small children dominates the over-
all capacitance of the oropharynx, so any pediatric patient
who presents with altered mental status will be at risk for
the development of upper airway obstruction secondary to
loss of muscle tone affecting the tongue. Occlusion of the
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Normal Edema A diameter A resistance
150 % T16 x
Infant 4 mm 2mm
125% T3x
Adult 8 mm 6 mm

Fig. 2.1 Age-dependent effects of a reduction in airway caliber on
the airway resistance and airflow. Normal airways are represented on
the left, edematous airways are represented on the right. According to
Poiseuille’s law, airway resistance is inversely proportional to the radius
of the airway to the fourth power when there is laminar flow and to the
fifth power when there is turbulent flow. One mm of circumferential
edema will reduce the diameter of the airway by 2 mm, resulting in
a 16-fold increase in airway resistance (cross-sectional area reduced
by 75 %). In contrast, an equivalent amount (1 mm) of circumferen-
tial edema results in only a 3-fold increase in airway resistance (cross-
sectional area reduced by 25 %) in an adult. Note that turbulent air
flow (such as occurs during crying) in the infant would increase the
resistance by 32-fold

oropharynx by the tongue is not uncommon in this setting,
but tilting of the head, lifting the chin, or insertion of an oral
airway may correct this obstruction (the so-called triple air-
way maneuver).

Older children have tonsillar and adenoidal tissues that
are large in proportion to the rest of the upper airway.
Although these rarely are the cause of an upper airway catas-
trophe, they are vulnerable to traumatization and bleeding
during clinical interventions such as insertion of an oral or a
nasal airway. The pediatric trachea is easily distensible and
compressible due to incomplete closure of semiformed carti-
laginous rings. Any maneuver that overextends the neck will
contribute to compression of this structure and secondary
upper airway obstruction. As the cricoid ring represents the
narrowest portion of the upper airway in children it is often
the site of occlusion in tracheobronchial foreign body
aspiration.

Acute Airway Obstruction

Children are at particular risk for acute airway obstruction
(AAO) due to the anatomic differences between the pediatric
and adult airway discussed above [1, 2]. In fact, children may
appear surprisingly well from a clinical standpoint, despite
being on the verge of cardiorespiratory collapse. Infants have
a high oxygen demand due to a higher metabolic rate relative
to body size and weight. Consequently, in the presence of
apnea or inadequate ventilation, hypoxemia develops more
rapidly in the child than adult, and acute decompensation of
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Table 2.2 Common causes of upper airway obstruction in children

Anatomic
Altered level of consciousness (airway muscle laxity)
Post-extubation airway obstruction
Tonsillar hypertrophy
Subglottic stenosis (acquired or congenital)
Macroglossia
Vocal cord paralysis
External or internal compression
Tumor
Hemangioma
Hematoma
Cyst
Papilloma
Vascular rings and slings
Infectious
Laryngotracheobronchitis (Croup)
Peritonsillar abscess
Retropharyngeal abscess
Bacterial tracheitis
Epiglottitis (“Supraglottitis’)
Infectious mononucleosis
Miscellaneous
Post-extubation airway obstruction
Angioedema
Foreign body aspiration
Airway trauma

cardiorespiratory status may be swift and often difficult to
reverse [3, 4]. Upper airway obstruction (Table 2.2) often
leads to acute respiratory failure and is an important cause of
out-of-hospital cardiopulmonary arrest, in stark contrast to
adults in which primary cardiac disease commonly precipi-
tates cardiopulmonary arrest. Once respiratory arrest pro-
gresses to cardiac arrest, outcome is dismal [5-7], and
prompt recognition of AAO and appropriate, timely inter-
vention is crucial to assure the best possible outcome.

Physiology of Airway Obstruction

The pediatric airway is highly compliant and the cartilagi-
nous support less well-developed compared to the adult air-
way and is therefore more susceptible to dynamic airway
collapse in the presence of airway obstruction. The normal
respiratory dynamics change significantly in the presence of
airway obstruction (Fig. 2.2). A forced inhalation that is
required to generate airflow in the presence of a partial upper
airway obstruction requires a stronger contraction of the dia-
phragm and respiratory muscles, generating a greater
decrease (i.e. more negative relative to atmospheric pressure)
in intra-pleural and intra-luminal airway pressures. The
larger gradient between atmospheric pressure and the airway
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pressure leads to dynamic collapse of the extrathoracic tra-
chea just beyond the level of obstruction. This explains why
obstruction of the extrathoracic airway is worse during inspi-
ration (Fig. 2.3). Conversely, lower airway or intrathoracic
airway obstruction (e.g. aspirated foreign body, asthma,
bronchiolitis, etc) results in a ball-valve effect and subse-
quent air-trapping. Increased respiratory effort during exha-
lation is required, generating an increase in intra-pleural
pressures and leading to dynamic compression of the intra-
thoracic airways. This explains why obstruction of the intra-
thoracic airways is worse during expiration (Fig. 2.4).

The movement of a gas (i.e. air) through a partially closed,
collapsible tube (i.e. airway) obeys the laws of physics.
According to the Venturi effect, the pressure exerted by a gas
(i.e. air) as it flows through a partially closed tube is equal in
all directions except when there is linear movement, which
creates additional pressure in the forward vector with a cor-
responding fall in the lateral vectors. This decrease in lateral
pressure (i.e. the distending pressure keeping the collapsible
tube open) causes the tube to narrow, leading to partial
obstruction. In addition, according to the Bernoulli principle,
the velocity of a gas increases as it flows through a partially
obstructed tube, creating an additional decrease in intralumi-
nal pressure and further exacerbating the obstruction
(Fig. 2.5). This pattern of intermittent flow produces audible
sounds that are characterized (depending upon the level of
partial obstruction) as stertor, gurgling, stridor, wheezes,
rhonchi, and rales. For example, stretor is a snoring or snort-
ing sound that is produced by turbulence within the naso-
pharynx. Gurgling is produced by turbulence within the
oropharynx due to the mixture of air and secretions. Stridor
is the sound produced by turbulent airflow in a partially
obstructed trachea, either due to intrinsic obstruction or
extrinsic compression [1, 2, 8—14].

According to Hagen-Poiseuille’s law, the change in air
flow resulting from a reduction in airway diameter is directly
proportional to the airway radius elevated to the fourth
power:

Q=(APnr*)/(8nL)

where Q is flow, AP is the pressure gradient from one end
of the airway to the other end, r is the radius of the airway,
n is the viscosity of the air, and L is the length of the air-
way. Therefore, increasing the length of the airway (L),
increasing the viscosity of the air (n), or decreasing the
radius of the airway will reduce laminar air flow. Changing
the airway radius, however, has the greatest effect on flow.
Hagen-Poiseuille’s law holds for conditions of laminar flow.
Laminar flow is highly organized, streamlined, and efficient.
Turbulent flow, on the other hand, is highly disorganized,
chaotic, and inefficient (Fig. 2.6). Laminar flow is typically
found in the peripheral airways, while turbulent flow is found



22

Obstruction

Fig. 2.2 (a) Normal Inspiration. At end-expiration, intrapleural pres-
sure is less than atmospheric pressure, so it should maintain airway
patency. In infants the highly compliant chest wall does not provide
the support required. Thus airway closure occurs with each breath.
Descent of the diaphragm and contraction of the intercostals muscles
develop a greater negative intrathoracic pressure relative to intraluminal
and atmospheric pressure. The net result is a longitudinal stretching of
the larynx and trachea, dilation of the intrathoracic trachea and bron-
chi, movement of air into the lungs, and some dynamic collapse of the
extrathoracic trachea due to the increased compliance of the trachea ad
the negative intraluminal pressure in relation to atmospheric pressure.
(b) Normal expiration. Intraluminal pressures are slightly positive
in relation to atmospheric pressure, so air is forced out of the lungs.

in the proximal, upper airways. Importantly, the Poiseuille’s
law assumes conditions of laminar flow. When turbulent flow
is present, as occurs during partial airway obstruction, air-
way resistance is inversely proportional to the radius of the
airway to the fifth power! The Reynolds number can be used
to determine whether conditions favor laminar versus turbu-
lent flow. It is calculated by the following equation:

Re=2Vrp/n

Where Re is the Reynolds number, V is the velocity of flow
of air, r is the radius of the airway, 1 is the viscosity of the air,
and p is the density of the air. Laminar flow is favored when
the Reynolds number is less than 2,000, while turbulent flow
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(c) Extra-thoracic obstruction (obstructed inspiration). Respiratory
dynamics occurring with upper airway obstruction; note the severe
dynamic collapse of the extrathoracic trachea below the level of obstruc-
tion. This collapse is greatest at the thoracic inlet, where the largest
pressure gradient exists between negative intratracheal pressure and
atmospheric pressure. (d) Intra-thoracic obstruction (obstructed expira-
tion). Respiratory dynamics occurring with lower airway obstruction.
Breathing through a partially obstructed lower airway (such as occurs
in bronchiolitis or asthma) results in greater positive intrathoracic pres-
sures, with dynamic collapse of the intrathoracic airways (prolonged
expiration or wheezing) (Reprinted from Zalzal [11]. With permission
from Elsevier)

is favored when the Reynolds number is greater than 4,000.
In other words, the higher the Reynolds number, the more
likely turbulent flow is present. As such, higher velocities
(such as occurs during crying, coughing, agitation, or respi-
ratory distress), larger caliber airways, lower air density, and
lower air viscosity all favor turbulent flow [15, 16].

Clinical Manifestations of Airway Obstruction
Careful assessment of the time in the respiratory cycle in

which stridor predominates may provide valuable diagnostic
clues in determining the site of airway obstruction [2, 8—15].
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Fig. 2.3 Endoscopic appearance of the larynx in patient with dynamic
airway compression secondary to laryngomalacia. (a) Severe laryngo-
malacia during expiration. (b) Same patient during inspiration with

For example, according to the principles discussed in the
preceding paragraph, partial obstruction of the extrathoracic,
supraglottic airway usually manifests as inspiratory stridor
(i.e. occurring during the initial phase of inspiration). Partial
obstruction of the intrathoracic, subglottic airway, on the other
hand, usually manifests as biphasic (inspiratory AND expira-
tory) stridor. Changes in the severity of stridor may suggest
the presence of an expanding lesion, such as a papilloma or
congenital cyst. Wheezing, on the other hand, is produced by
partial obstruction in the smaller, peripheral airways.
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Variable Extrathoracic
Airway Obstruction

Normal Airway Resistance

total collapse of the airway. (¢) Flow-volume loops further demonstrat-
ing evidence of worsening extrathoracic airway obstruction during
inspiration

Initial attention should focus on the child’s overall
appearance and cardiorespiratory status, as this will influ-
ence subsequent decision-making with respect to the nec-
essary speed and sequence of subsequent diagnostic and
therapeutic actions [1, 2, 8, 9]. The child’s level of con-
sciousness should be assessed immediately, as an obtunded
or unconscious child may require immediate control of the
airway. Restlessness, anxiety, diaphoresis are usually signs
of air hunger and hypoxemia. Drooling or the inability to
handle oral secretions results from an inability to swallow
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Fig. 2.4 Endoscopic appearance of the trachea in a patient with
dynamic airway compression secondary to tracheomalacia. (a) Normal
trachea. (b) Child with severe tracheomalacia demonstrating total col-

secondary to pain or swelling of affected tissues and is typi-
cally seen with supraglottic pathology (e.g. supraglottitis,
retropharyngeal abscess). Accessory muscle use is an addi-
tional sign of increased work of breathing and is indicative of
compromised gas exchange.

During quiet breathing, airflow is laminar and resistance
to airflow is inversely proportional to the fourth power of the
airway radius as stipulated by Poiseuille’s law. When airflow
is turbulent (e.g., during crying) resistance to airflow is
inversely proportional to the fifth power of radius such that

Variable Intrathoracic
Airway Obstruction

Normal Airway Resistance

lapse of the airway during inspiration. (¢) Flow-volume loops further
demonstrating evidence of worsening intrathoracic airway obstruction
during expiration

even a minor reduction in the cross-sectional area of the air-
way will result in a marked increase in airflow resistance and
work of breathing. For these reasons, the infant or child with
airway obstruction should be kept calm and as quiet as pos-
sible to prevent generation of turbulent airflow, increased
airway resistance, and worsening respiratory distress. In
general, any child in severe respiratory distress will assume a
position that maximizes oxygenation and ventilation and
should be allowed to remain in this position of comfort. For
example, the child with supraglottitis will sit erect with the
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head tilted forward in the sniffing position, whereas a child
with a retropharyngeal abscess will assume a head tilt or
opisthotonus posture because of spasm of the muscles sup-
porting the cervical spine [1, 2, 8, 9].
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Fig. 2.5 TIllustration of the Venturi effect and Bernoulli’s principle
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Fig.2.6 Laminar versus turbulent air flow

Table 2.3 Infectious causes of upper airway obstruction

Croup Epiglottitis
Onset Gradual Rapid onset
Viral prodrome 6-12h
1-7 days
Typical age at onset 6 months—4 years 2-8 years

Seasonal occurrence Late fall to winter Throughout the year

Causative agents Parainfluenza, respiratory

syncytial virus, influenza A

Haemophilus influenzae type
b (classically), Streptococcus
pneumoniae, GABHS
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Infectious Disorders of the Pediatric Airway

The clinical spectrum of infectious causes of upper airway
obstruction has changed dramatically in the last few decades,
especially following the introduction of vaccines against diph-
theria and Haemophilus influenzae. Many of the infectious
causes of upper airway obstruction pose less of a threat today
as a result of advances in prevention, early diagnosis, and
treatment. Nevertheless, infectious causes of upper airway
obstruction remain a common cause of upper airway obstruc-
tion as well as an important source of morbidity and potential
mortality in the pediatric age group [17-19] (Table 2.3).

Viral Laryngotracheobronchitis (“Croup”)

Viral laryngotracheobronchitis, or croup, is the most common
infectious cause of upper airway obstruction in children with
an annual incidence of 18 per 1,000 children in the United
States [20]. Croup primarily affects children between the ages
of 6 months and 4 years with a peak incidence between 1 to
2 years of age. While sporadic cases may be seen throughout
the year, the peak incidence occurs during early fall and win-
ter. Males are affected slightly more commonly than females
[17-21]. Croup is caused by an inflammation affecting the
subglottic tissues, occasionally affecting the tracheobronchial
tree as well, usually due to a viral infection. Croup is most
commonly caused by parainfluenza virus type 1, though para-
influenza virus types 2 and 3, influenza A and B, respiratory
syncytial virus (RSV), human metapneumovirus, adenovirus,
rhinovirus, coronavirus, enterovirus, and Mycoplasma pneu-
moniae are commonly implicated as well [21-25].

Bacterial tracheitis Retropharyngeal abscess

Viral prodrome followed by
rapid deterioration

Viral prodrome followed
by rapid deterioration

6 months—8 years <5 years

Fall to winter Throughout the year

Anaerobic bacteria,
GABHS, Staphylococcus
aureus

Staphylococcus aureus
(classically), GABHS,
Streptococcus pneumoniae

Pathology Subglottic edema Inflammatory edema of thick, mucopurulent, Abscess formation in the
supraglottis membranous tracheal secretions deep cervical fascia

Fever Low-grade High fever High fever High fever

Cough “Barking” or “seal-like” None Usually absent Usually absent

Sore throat None Severe None Severe

Drooling None Frequent None Frequent

Posture Any position Sitting forward, mouth open, Any position Sitting forward, mouth
neck extended (“tripod open, neck extended
position”) (“tripod position”)

Voice Normal or hoarseness Muffled Normal or hoarseness Muffled

Appearance Nontoxic Toxic Toxic Toxic
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Fig. 2.7 Typical radiographic
appearance of croup
demonstrating symmetric
narrowing of the subglottic region
(“steeple sign”) (a) Normal
anatomy (left) (v vestibule, p
pyriform sinuses), (b) Subglottic
narrowing (arrow) consistent with
croup (right)

Most children with croup can be managed in the outpa-
tient setting, though between 1 % to 30 % of children require
hospitalization and 2 % of hospitalized children require tra-
cheal intubation and mechanical ventilatory support [26-28].
Children with croup typically present with several days of
viral prodromal symptoms (cough, coryza, rhinorrhea, low-
grade fever) with progressively worsening hoarseness, the
classic “seal-like” or barky cough, and stridor (most com-
monly inspiratory in nature, though biphasic stridor is indic-
ative of more severe degree of airway obstruction). The
absence of drooling (i.e. dysphagia and inability to handle
oral secretions) can help differentiate children with croup
from those with a more serious bacterial illness, such as
supraglottitis. Conversely, children with high fevers, drool-
ing, absence of a cough, and/or a toxic appearance are more
likely to have a more serious infection such as bacterial tra-
cheitis, retropharyngeal abscess, or supraglottitis [29]. The
classic harsh cough or bark may progress to inspiratory stri-
dor and frank dyspnea in severe cases, and various scales
have been devised to quantify the severity of stridor and
document the progression of the illness and subsequent
response to therapy [30-33].

While radiographic examination is useful to rule out other
important causes of airway obstruction (e.g. supraglottitis,
foreign body, retropharyngeal abscess, etc), the classic stee-
ple sign (Fig. 2.7) may be absent in as many as half of chil-
dren with croup [21, 34-36]. When visible, the subglottic
narrowing is dynamic and is more accentuated during inspi-
ration, because of the more negative intraluminal airway
pressure during inspiration [37]. Children with a longstand-
ing history of stridor or those under 4 months of age should

be carefully evaluated for anatomical airway obstruction,
such as laryngeal cyst or papillomatosis, vocal cord paresis,
extrinsic airway compression (e.g. vascular ring), or laryngo-
tracheal stenosis.

Croup is generally self-limited and frequently requires
only supportive care. Humidification with continuous cool
mist has been the standard accepted treatment for many
years [34, 38-40]. The mechanism by which humidified
cool mist improves symptomatology is not well understood,
and probably reflects a placebo effect [38—40]. In addition,
recent studies suggest that continuous cool mist therapy is
not effective for croup [40, 41]. Nebulized racemic epi-
nephrine rapidly reduces airway edema and improves
symptoms, though the effect is transient and disappears
within 2-3 h of administration [32, 42—48]. Both the race-
mic and L-isomer form of epinephrine appear to be safe and
effective, however racemic epinephrine has not been shown
to decrease the need for either tracheal intubation or trache-
otomy in children with croup [42, 44, 45]. Rebound or
worsening of airway obstruction after the drug effect wears
off may occur with the use of racemic epinephrine, and for
this reason, treated patients should be observed for 4-6 h
after administration [48].

Several studies have shown substantial improvement
in symptoms following administration of corticosteroids.
Administration of corticosteroids appears to improve symp-
tomatology, shorten the duration of hospital stay, and reduce
the need for racemic epinephrine [26, 46, 49-55]. A sin-
gle dose of dexamethasone is usually adequate for mild to
moderate croup. The dose of dexamethasone ranges from
0.15 mg/kg of oral preparation to 0.6 mg/kg of parenteral
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preparation. Nebulized corticosteroids appear to be effec-
tive as well, especially when administered in combination
with racemic epinephrine [46, 55-62]. Children with severe
croup who are managed in the PICU setting may require
a more prolonged course of corticosteroids. Although few
adequately controlled, randomized studies exist to suggest
any benefit to prolonged administration of corticosteroids in
critically ill children with acute respiratory failure secondary
to croup, the wealth of anecdotal experience would suggest
this to be a reasonable practice. Corticosteroids appear to be
advantageous in relieving upper airway obstruction regard-
less of the route of administration [63—-66]. While the pre-
cise mechanism of action of corticosteroids in croup is not
readily known, the rapid response observed following cor-
ticosteroid administration suggests that decreased capillary
permeability and peripheral vasoconstriction plays an impor-
tant role [63]. The anti-inflammatory effects of corticoste-
roids (via inhibition of pro-inflammatory gene expression)
require 6—12 h for maximal effect [63—-66].

The use of helium-oxygen mixtures may be beneficial in
some children with croup. Helium-oxygen mixtures create
conditions that favor laminar flow as opposed to turbulent
flow. Recall that airway resistance is inversely proportional
to the airway radius to the fifth power (r3) under conditions of
turbulent air flow (versus airway radius to the fourth power
when laminar flow is present). Helium is a colorless, odor-
less gas with the lowest density of any gas except hydro-
gen. In addition, helium is more viscous than ambient air. As
such, helium will reduce the Reynolds number and change
a turbulent flow pattern to a laminar flow pattern, resulting
in lower airway resistance and improved bulk flow [15, 16,
67]. Helium-oxygen gas (Heliox) mixtures have been shown
to improve the work of breathing and gas exchange in chil-
dren with croup [67-79]. Heliox has few side effects and is
easy to administer by face mask, hood, high-flow nasal can-
nula, or via a tracheal tube in children on mechanical ventila-
tory support [74]. In order to minimize the risk of asphyxia
secondary to administration of 100 % helium, helium-oxy-
gen mixtures should only be administered from pre-mixed
helium-oxygen cylinders. Currently, 80:20 helium-oxygen
and 70:30 helium:oxygen mixtures are available. Therefore,
children with a high oxygen requirement are unlikely to
benefit (and may actually worsen) from heliox administra-
tion. The beneficial effects of helium are reduced with lower
ratios of helium-to-oxygen, though it appears likely that
helium will have at least some therapeutic value even at low
concentrations [16, 68, 75].

Until the airway inflammation resolves, severe upper air-
way obstruction may develop and occasionally necessitate
tracheal intubation. Prior to the introduction of corticosteroid
therapy, tracheal intubation was required in approximately
2 % of children hospitalized with croup [8, 17-19]. Tracheal
intubation is now commonly limited to those children who
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either have pre-existing airway abnormalities or who have
been tracheally intubated in an outside facility prior to trans-
fer. Generally, tracheal intubation with a tube smaller than
what would be normally predicted for age and weight should
be used in the minority of children requiring tracheal intu-
bation and mechanical ventilatory support. Extubation can
usually be accomplished within 2—-3 days once an air leak
has developed around the tracheal tube. Bronchoscopy is
reserved for children who fail to develop an air leak after 7
days, or in children less than 6 months of age, who have a
high likelihood of congenital malformations of the airway
[8, 17-19]. Although the etiologies of many infections of
upper respiratory tract are viral, bacterial superinfection may
occur. However, uncomplicated croup is viral in origin and
should not be treated with antibiotics. Antibiotic therapy
may be considered in those children who fail to improve or
who require tracheal intubation.

Supraglottis (“Epiglottitis”)

Epiglottitis is a true emergency, though the term is some-
what misleading as the supraglottic structures are most
severely affected. Supraglottitis is perhaps more appropri-
ate for this reason and classically affects children between
the age of 2 and 8 years [8, 17-19]. Historically, supraglot-
titis was most commonly caused by Haemophilus influenzae
type B. Streptococcus pneumoniae, group A p-hemolytic
Streptococcus (GABHS), and Staphylococcus aureus are
reported more commonly in the post-Hib vaccination era
[80-86]. Since the development and widespread use of the
conjugated HIB vaccine, there has been a significant decrease
in the incidence of supraglottitis. The incidence of supraglot-
titis in children <5 years of age has decreased from 41 cases
per 100,000 in 1987 to 1.3 cases per 100,000 in 1997 [87].
The incidence of supraglottitis appears to have stabilized at
around 1.3 cases per 100,000 children, primarily due to low
or incomplete vaccination coverage in localized populations,
as well as cases of supraglottitis caused by microorganisms
other than Haemophilus influenzae type b [88].
Supraglottitis requires a high index of suspicion, especially
now in the post-Hib vaccination era when many physicians
have never seen a child with true supraglottitis. In addition,
especially now in the post-Hib vaccination era, epiglottitis
may present with atypical features, especially in children
under 2 years of age [81, 89, 90]. Children classically pres-
ent with rapidly progressive signs and symptoms, including
high fever, irritability, drooling, and respiratory distress (the
“4 D’s” include drooling, dysphagia, dyspnea, and dyspho-
nia). These children are toxic in appearance and prefer to rest
in the tripod position. Stridor is relatively late and ominous.
There is usually no viral prodrome. By the time that affected
children present for medical attention, they are generally
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Fig. 2.8 Typical radiographic
appearance of supraglottitis.

(a) Normal lateral neck X-ray
showing normal epiglottis,

(b) Lateral neck X-ray showing
the classic appearance of
supraglottitis: (1) loss of cervical
lordosis; (2) thick, rounded
epiglottis (“thumb sign”); (3) loss
of the vallecular air space; and
thickening of the aryepiglottic
folds

toxic and have inspiratory stridor [8, 17-19]. The voice tends
to be muffied, rather than hoarse as in children with croup.
Affected children assume a characteristic sniffing position in
an attempt to maintain optimal airway patency. These chil-
dren are usually anxious, which is a strong indication that
their airway is significantly compromised.

When supraglottitis is suspected, intraoral examination
and lateral neck radiograph should be deferred and only per-
formed if equipment and personnel are available to secure
the airway immediately. Excessive manipulation of the child
and his airway should be avoided to minimize the risk of
acute exacerbation of airway obstruction. The appearance
on a lateral neck radiograph obtained with hyperextension
of the neck is classic (Fig. 2.8), though diagnosis is usually
confirmed by direct inspection of the airway in the operat-
ing room. When a diagnosis of supraglottitis is entertained
based upon initial history and physical examination, the
child should be accompanied by a physician skilled in air-
way management to the operating room. The child should be
allowed to remain in his or her “position of comfort” and all
anxiety-provoking procedures (e.g. phlebotomy, oral exami-
nation, etc) should be deferred. Direct laryngoscopy under
anesthesia should be performed while maintaining spontane-
ous breathing [8, 17-19, 91-94]. Cultures of the supraglottic
region should be obtained, and the trachea should be intu-
bated. Treatment with broad-spectrum antibiotics effective
against P-lactamase-producing microorganisms is initiated
once cultures have been obtained (e.g. a second- or third-
generation cephalosporin such as cefuroxime or ceftriaxone,
or alternatively, ampicillin/sulbactam) [8, 17-19, 95, 96].
Antibiotic therapy should be tailored to the pathogenic organ-
ism, and the duration of antibiotic therapy is determined by
the clinical response. Generally, symptomatic improvement
and the development of an audible air leak around the tra-
cheal tube occurs within 24-48 h [97]. Despite the virtual
elimination of invasive HIB infection, it is important for
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pediatric intensivists to understand the management issues
surrounding patients with supraglottitis to avoid disastrous
outcomes.

Recent studies suggest that a less conservative approach
than the one described above (i.e., direct visualization of the
airway and tracheal intubation in the operative room set-
ting) may be feasible in select patients [86, 98-101].
Whether this reflects a changing spectrum of disease is not
known at this time. It should also be noted that most of the
studies describing this less conservative approach to man-
agement are retrospective in nature and limited to the adult
population. It is likely that the management of this once
common malady of childhood will continue to evolve in the
years to come.

Bacterial Tracheitis

Bacterial tracheitis, also known as pseudomembranous
croup, is a relatively uncommon, but potentially life-
threatening cause of infectious upper airway obstruction
in children [8, 17-19]. It is characterized by thick, muco-
purulent, membranous tracheal secretions that do not clear
with cough, which have the potential to occlude the airway.
Bacterial tracheitis is more insidious compared to supraglot-
titis and affects children between the ages of 6 months and 8
years with a peak incidence during fall and winter [8, 17-19,
102-104]. Children frequently present with a viral prodrome
of several days duration, accompanied by low-grade fever,
cough, and stridor (similar to croup). The viral prodrome is
followed by rapid clinical deterioration characterized by a
high fever and upper airway obstruction. Affected children are
more toxic in appearance compared to children with croup.
Radiographic examination often is indistinguishable from
that of croup (steeple sign), and in fact, the noted similarities
between these two disorders have led some authors to suggest
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that bacterial tracheitis represents a bacterial superinfection
of croup.

Historically, bacterial tracheitis is most commonly sec-
ondary to Staphylococcus aureus, though Streptococcus
pneumoniae, GABHS, Hemophilus influenzae, Moraxella
catarrhalis, anaerobic bacteria, and viruses have been impli-
cated as well [102-112]. Infection with the parainfluenza
virus has been implicated as the prodromal infection in many
cases, further lending credence to the suggestion that bacte-
rial tracheitis represents a bacterial superinfection of croup.
Children with bacterial tracheitis are managed using the epi-
glottis management algorithm described above [107, 111].
Direct inspection of the airway under anesthesia should be
performed in the operating room, and usually reveals subglot-
tic edema with ulcerations, erythema, and pseudomembrane
formation in the trachea. Removal of pseudomembranes and
dead tissue from the airway at diagnosis, tracheal intubation,
and administration of broad-spectrum antibiotics, directed
against staphylococcal and streptococcal species are the cor-
nerstone of treatment. Empiric therapy should be broadly
directed against both gram-positive and gram-negative organ-
isms until culture results are available. Staphylococcal cov-
erage is of obvious importance. Anaerobic organisms may
be treated with clindamycin. Extubation may be attempted
following clinical improvement and the development of an
air leak around the tracheal tube, usually within 35 days [8,
17-19, 107, 111].

Retropharyngeal Abscess

Retropharyngeal abscess has been called “the epiglottitis
of the new millennium” [113]. The retropharyngeal space
is comprised of a loose network of connective tissue and
lymph nodes that drain the nasopharynx, paranasal sinuses,
middle ear, teeth, and facial bones. Infection and abscess for-
mation in this area generally result from lymphatic spread
of infection or direct spread from the nasopharynx, parana-
sal sinuses, or middle ear. These lymph nodes atrophy dur-
ing early childhood, thereby decreasing the risk of disease
in older children and adolescents [8, 17-19, 114-116]. For
this reason, trauma (e.g. from placing a pencil or stick in the
mouth) and foreign body ingestion account for the majority
of cases in older children and adolescents. Most cases of ret-
ropharyngeal abscess occur in children less than 5 years of
age, so there is a significant overlap in the affected age range
compared to supraglottitis and bacterial tracheitis [8, 17-19].

Children with retropharyngeal abscess present with a non-
specific constellation of symptoms that progress to high fever,
sore throat, and neck stiffness. Fever, sore throat, dysphagia,
drooling, muffled voice, and limited neck movement or tor-
ticollis are the most common presenting symptoms. Airway
symptoms include stridor or stretor and difficulty in breath-
ing. Symptoms often mimic those of supraglottitis. However,

29

Fig. 2.9 Typical radiographic appearance of a peritonsillar abscess. A
retropharyngeal space measured from the most anterior aspect of C2 to
the soft tissues of the posterior pharyngeal wall >7 mm (normal
3—6 mm) or a retrotracheal space >14 mm is suggestive of RTA. Normal
prevertebral spaces are as follows: Anterior to C2: less than or equal to
7 mm; Anterior to C3—C4: less than 5 mm or less than 40 % of the AP
diameter of the C3 and C4 vertebral bodies. A good rule of thumb to
remember is that the upper pre-vertebral soft tissue should be no wider
than one vertebral body width. NOTE: Adequate hyperextension of the
head and neck is necessary in order to properly interpret the film. If the
head and neck are not properly positioned, the pre-vertebral space will
appear widened. In addition, crying can cause rapid changes in the size
of the retropharyngeal space. If there is any doubt, repeat radiographic
examination with either more hyperextension of the neck, fluoroscopy,
or CT imaging is indicated

in contrast to supraglottitis, children with retropharyngeal
abscess normally have a sore throat and cough for several
days before showing symptoms of fever and respiratory dis-
tress. The neck stiffness may mimic that seen in children with
meningitis, such that these children are often evaluated for
meningitis. Physical examination may reveal the presence of
a bulging unilateral neck mass. Additional physical findings
commonly include diffuse erythema, tonsillar exudates, and
swelling or bulging of the involved tonsillar region. Cervical
adenopathy appears to be greatest on the side of the neck
where deep infection is most involved [8, 17-19, 117-119].
The diagnosis of retropharyngeal abscess is confirmed by
the presence of an abnormally increased pre-vertebral space
on lateral neck radiographs (Fig. 2.9). Additional radio-
graphic findings include the presence of gas or air fluid lev-
els in the retropharyngeal space and the loss of the normal
cervical lordosis. Computed tomography (CT) with contrast
confirms the presence of abscess, determines its extent, and
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identifies its relationship to the airway [119-123]. While
blood cultures are generally negative, culture of the abscess
often yields anaerobic microorganisms such as Prevotella,
Porphyromonas, Fusobacterium and Peptostreptococcus
spp, as well as Staphylococcus aureus, GABHS, and
Haemophilus influenzae [124, 125].

Treatment with broad spectrum antibiotics and close
observation is highly effective, with drainage of the abscess
recommended in children refractory to antibiotic therapy.
Complications are rare with early recognition and appropri-
ate treatment, though complications include spontaneous
rupture into the pharynx leading to aspiration or spread of the
infection laterally to the side of the neck or dissection into
the posterior mediastinum through the facial planes and the
prevertebral space. While rare, death can occur from aspi-
ration, upper airway obstruction, erosion into major blood
vessels, or extension to the mediastinum with mediastinitis.
Tracheal intubation is often necessary to protect the patient
from aspiration of the purulent content [8, 17-19, 119].

Peritonsillar Abscess (“Quinsy” Tonsillitis)

Peritonsillar abscess (PTA) rarely requires admission to the
PICU, but can lead to significant airway obstruction and respi-
ratory compromise if not recognized and left untreated [126].
PTA, also known as “quinsy” tonsillitis is the most common
deep space head and neck infection in children and is thought
to result from the direct contiguous spread of infection from
the tonsils. Older children and adolescents appear to be most
commonly affected, with no seasonal predilection. Children
with PTA present with sore throat, neck pain, odynophagia or
dysphagia, and fever. Physical examination typically reveals
enlargement of the cervical lymph nodes, uvular deviation,
and a muffled voice. Treatment options include broad spec-
trum antibiotics, needle aspiration of the abscess, incision and
drainage, and tonsillectomy [127-129]. Complications
include extension of the infection, acute upper airway obstruc-
tion (rare), and rupture of the abscess with aspiration of puru-
lent material and subsequent pneumonia [127-129].

Recurrent Respiratory Papillomatosis

Recurrent respiratory papillomatosis (RRP) is the most com-
mon benign laryngeal neoplasm in children, and is usually
caused by perinatal transmission of HPV-6 or HPV-11. RRP
is characterized by the proliferation of squamous epithelial
cells in the upper respiratory tract, which occasionally form
lesions that cause severe to life-threatening airway obstruc-
tion. Affected children are usually between the ages of 2 and
5 years and typically present with stridor and voice changes.
The classic triad consists of a first-born child delivered vagi-
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nally to an adolescent mother. The diagnosis of RRP is based
upon endoscopic observation of characteristic lesions.
Because any region of the upper aerodigestive tract is involved
laryngoscopy, bronchoscopy, and careful inspection of oro-
pharynx and nasopharynx should be performed [17-19, 130].

The primary goal of treatment is to prevent airway obstruc-
tion while the lesions are in the proliferative phase and mini-
mize any complications of therapy. The mainstay of treatment
for RRP is surgical debulking of the lesions in the operating
room by one of several methods, including physical debride-
ment with forceps and/or CO, laser vaporization, as often as
weekly to assure a safe airway. Adjuvant medical therapies to
control aggressive papillomatosis include topical chemother-
apy, corticosteroids, podophyllin, tetracycline, autogenous
vaccine, immune stimulators, acyclovir, isotretinoin, inter-
feron, and cidofovir [131-133]. Tracheotomy should be
avoided if at all possible, though tracheotomy is occasionally
required due to acquired tracheal stenosis [17-19, 130-133].

Infectious Mononucleosis

Acute airway obstruction secondary to enlargement of the
tonsils and adenoids is a well-recognized complication of
infectious mononucleosis. Fortunately, this complication is
exceedingly rare and appears to occur primarily in younger
children. Parenteral corticosteroids are recommended, based
primarily upon case reports and retrospective series [134—
138]. Tracheal intubation may be required if airway obstruc-
tion is severe, and in such cases tonsillectomy is generally
recommended [139, 140].

Non-infectious Disorders of the Pediatric
Airway

Obesity

The prevalence of childhood obesity has increased dramati-
cally in recent years. Obesity is associated with decreased
upper airway patency, principally related to increased fat
deposition in the lateral walls of the pharynx [141] and is a
common cause of obstructive sleep apnea syndrome (OSAS)
in children [142, 143]. Adenotonsillectomy is a commonly
performed surgical procedure in this population, and children
with OSAS secondary to obesity frequently develop compli-
cations that monitoring and care in the PICU [144—149].

Angioedema

Angioedema is an immunologically mediated, nonpitting
edema that frequently results in acute airway obstruction. It
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is caused by a kinin- and complement-mediated increase in
capillary permeability that leads to edema, usually affecting
the head and neck, face, lips, tongue, and larynx. Angioedema
is most often due to ingestion (either food or medication),
upper respiratory tract infection, and insect envenomation
[18].

Angioedema represents a type 1 anaphylactic reaction
and results from immunoglobulin E (IgE)-mediated acti-
vation of mast cells leading to the release of histamine
and other mediators. Signs and symptoms typically occur
approximately 15 min after exposure to an allergen and
may lead to respiratory and circulatory collapse. Early
symptoms include itching of the eyes, nose, and throat
associated with facial flushing and a tightening sensation
in the throat. Tachycardia, bronchospasm, urticaria and a
“feeling of impending doom” are other features sugges-
tive of an anaphylactic reaction. Respiratory distress is
secondary to edema of the larynx, trachea, and even
hypopharynx. The type 1 reaction may also lead to a
“late” allergic response causing airway obstruction that
appears several hours after exposure to the allergen, such
as food or medications. Children with angioedema rap-
idly improve with intravenous corticosteroids, antihista-
mines, and subcutaneous epinephrine, which are the
mainstay of treatment. The airway should be secured in
any child demonstrating signs and symptoms of acute air-
way obstruction, such as stridor and respiratory distress
[18].

Adenotonsillar Hypertrophy

Adenotonsillar hypertrophy is usually the result of infection.
The majority of the children with adenotonsillar hypertro-
phy present with symptoms of chronic airway obstruction,
especially at night time; however a small group will pres-
ent suddenly during an acute viral upper respiratory tract
infection that causes additional swelling. Infectious mono-
nucleosis commonly causes enlargement of lymphoid tis-
sue and may precipitate acute obstruction in rare situations
(see preceding paragraphs). Children with underlying cra-
niofacial abnormalities such as Down’s syndrome [150,
151] and children with hypotonia are more susceptible to
acute episodes of obstruction from adenotonsillar swelling.
Careful questioning of caregivers will often elicit a history
of preceding chronic airway obstruction, especially at night
time with loud snoring, obstructed and irregular breathing,
and even brief periods of apnea. During an acute infection,
these symptoms become more severe. Severe, long-stand-
ing airway obstruction may progress to cor pulmonale and
right heart failure. Therefore, failure to respond to medi-
cal therapy is usually an indication for tonsillectomy and
adenoidectomy.
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Acquired Subglottic Stenosis

A history of previous tracheal intubation dramatically
increases the incidence of subglottic injury [152-155].
Subglottic stenosis may be congenital (see chapter on airway
malformations) or acquired. Prior to 1965 and before the
advent of neonatal intensive care, acquired subglottic stenosis
more commonly affected older children and adults following
either trauma or infection (particularly supraglottitis, diphthe-
ria, and tuberculosis). Acquired subglottic stenosis in these
cases was frequently observed as a complication following
tracheotomy, and not prolonged tracheal intubation. Significant
advances in pediatric critical care medicine, vaccination, and
antimicrobial therapy has decreased the incidence of trache-
otomy in this age group [152—155], and since 1965 the major-
ity of cases of acquired subglottic stenosis involve children
who develop subglottic stenosis following prolonged tracheal
intubation due to preterm delivery. Early studies in this age
group suggested that acquired subglottic stenosis occurs in
1.8 % of infants less than 1,500 g and one in 678 of infants
greater than 1,500 g [153]. Given the significant advances in
neonatal intensive care (especially with regards to the use of
surfactant and non-invasive positive pressure ventilation), the
incidence of acquired subglottic stenosis in this age group is
likely lower. Regardless, even in the absence of newer data,
acquired subglottic stenosis remains a significant complica-
tion following prolonged tracheal intubation.

Affected children generally present with feeding diffi-
culty, changes in voice, stridor (usually biphasic), and respi-
ratory distress. The feeding problems are so severe that
failure to thrive is common. Occasionally affected children
will present with recurrent croup or asthma which is refrac-
tory to medical therapy. The mainstay for diagnosis of sub-
glottic stenosis is rigid bronchoscopy under general
anesthesia. Flexible bronchoscopy may help to identify the
level of airway collapse. CT or MRI scan may be necessary
in order to rule out the possibility of extrinsic vascular
compression. Finally, affected children should undergo a
thorough evaluation for swallowing dysfunction, gastro-
esophageal reflux, and pulmonary function prior to surgical
correction. Surgical options include an anterior cricoid spilt,
tracheotomy, and laryngotracheoplasty [152, 156-161].

Laryngeal Neoplasms and Mediastinal Masses

With the exception of laryngeal papillomatosis, laryngeal
tumors are rare in children. Some of the rapidly develop-
ing malignant mediastinal masses (e.g. lymphomas, certain
type of acute leukemias) may impinge upon the intratho-
racic trachea and lead to severe respiratory compromise.
Aggressive medical therapy should be commenced immedi-
ately to decrease the size of tumor mass. Tracheal intubation
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should only be considered for severe respiratory compro-
mise as these masses may also impinge on the bronchial
tree distal to the tip of the endotracheal tube and will not
improve with positive-pressure ventilation. A stepwise and
carefully planned, multi-disciplinary approach is clearly
warranted here. In addition, less invasive diagnostic algo-
rithms to avoid the need for general anesthesia, as well as
the use of adjuncts such as non-invasive positive pressure
ventilation and helium-oxygen mixtures should also be con-
sidered [162-170].

Airway Trauma

Damage to the upper airway can occur from multiple causes,
including foreign body aspiration, thermal or chemical
injury, and direct trauma to the airway itself, either blunt or
penetrating.

Post-extubation Stridor

Tracheal intubation, although vital to facilitate mechanical
ventilation in the intensive care and operating room setting,
is associated with the potential development of glottic or
subglottic edema (Fig. 2.10) resulting in stridor on extuba-
tion [171]. Post-extubation stridor is an inspiratory stridor
that occurs within 24 h of extubation and is associated with
tachypnea, increased work of breathing, and occasionally the
need for re-intubation. Post-extubation stridor is relatively
common problem and occurs in as may as 37 % of critically
ill children [172]. Postextubation stridor may prolong length
of stay in the intensive care unit, particularly if airway
obstruction is severe and reintubation proves necessary.
Reactive edema develops in the glottic or subglottic mucosa
due to pressure necrosis and often worsens upon removal of
the endotracheal tube [171-173].

Historically, cuffed tracheal tubes have not been generally
recommended for children less than 8 years of age. Using an
uncuffed tracheal tube, for example, does allow a tube of
larger internal diameter to be used, minimizing resistance to
airflow and the work of breathing in the spontaneously
breathing child. A prolonged period of tracheal intubation
and a poorly fitted tracheal tube are significant risk factors
for damage to the tracheal mucosa regardless of whether the
tracheal tube is cuffed or uncuffed. Cuffed tracheal tubes may
have significant advantages over uncuffed tracheal tubes,
including better control of air leakage and decreased risk of
aspiration and infection in mechanically ventilated children.
Therefore, cuffed tracheal tubes are being used with greater
frequency in this age group [174, 175], especially when high
inflation pressures are required to provide adequate oxygen-
ation and ventilation in the setting of severe acute lung dis-

Fig. 2.10 Endoscopic appearance, subglottic edema from prolonged
tracheal intubation

ease. The available data suggests that there is no difference
in the incidence of post-extubation stridor in children who
were tracheally intubated with cuffed tubes as compared to
those who received uncuffed tubes [174-181].

There are several factors associated with post-extubation
stridor, including age, size of endotracheal tube, and type of
injury [171-173, 182—184]. Patients suffering from burn and
trauma appear to be at particularly significant risk. As dis-
cussed previously above, children with trisomy 21 are also at
significant risk of developing post-extubation stridor.
Children with trisomy 21 have smaller airways than other
children due to an overall decrease in the diameter of the
tracheal lumen. Tracheal intubation should therefore be
performed with an endotracheal tube at least two sizes
smaller than would be used in a child of the same age with-
out trisomy 21 in order to avert potential trauma to the air-
way [183].

The air-leak test prior to extubation is a poor predictor
of extubation success, though it may predict the presence
of post-extubation stridor with some degree of accuracy
[184-186]. Several treatment options for post-extubation
stridor exist, though known have been shown to prevent
subsequent re-intubation in severe cases. The vasocon-
strictive properties of racemic epinephrine and its proven
efficacy in the treatment of croup have led to its routine
immediately following extubation in many neonatal and
pediatric ICUs [42-47, 187, 188]. The use of corticoste-
roids in the prevention and/or treatment of post-extubation
stridor are advocated by many pediatric intensivists, though
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Fig. 2.11 Radiopaque foreign body (coin) in the esophagus. (a) AP Chest view, (b) Lateral Neck view

there is very little evidence to support the universal use of
corticosteroids at this time. Dexamethasone at a dose of
1-1.5 mg/kg/day divided every 6-8 h (maximum daily dose
40 mg/day) has also been administered in an attempt to
interrupt the progressive cycle of inflammation that results
in edema of injured tissue following extubation. Again, the
evidence that this therapy prevents re-intubation is limited
[189-196], though one meta-analysis suggested a possible
benefit [193]. Regardless, in a national survey of pediatric
critical care fellowship program directors, 66 % of those
surveyed continue to rely on the air leak test and use corti-
costeroids to prevent post-extubation stridor and extubation
failure. Further, the majority stated that they would delay
extubation and administer corticosteroids in the presence
an air leak of >30 cm H,O [194]. Finally, helium-oxygen
mixtures (see preceding discussion) have also been used in
several studies [195-201]. Heliox should be viewed only
as a temporizing measure until either the aforementioned
therapies become effective or the disease process naturally
resolves. In the majority of cases, post-extubation stridor is
self limited, though re-intubation is occasionally required.
Unfortunately, re-intubation further exacerbates the reac-
tive airway edema. Ideally, a smaller tracheal tube (gen-
erally one size smaller) than previously used should be
placed with the hope of causing less airway injury. The
new tracheal tube is generally left in place until air-leak

is observed 24-48 h later. Anatomic airway problems like
subglottic stenosis, tracheal compression, etc should be
considered if post-extubation stridor persists following the
second attempt at extubation.

Foreign Body Aspiration

Foreign body aspiration is an important cause of accidental
death in infants and young children, compounded by the fact
that infants seem to place almost any object in their mouths
[202]. While most foreign bodies pass through the vocal cords
and lodge in the lower airways, laryngeal foreign bodies are not
uncommon and are immediately life-threatening. The clinical
presentation depends upon the location of the foreign body as
well as the degree of obstruction. Importantly, the actual aspira-
tion event is not always identified and a high index of suspicion
is required. Foreign bodies that are lodged in the glottic or sub-
glottic airway (extrathoracic obstruction) often produce symp-
toms that mimic croup such as sudden onset of stridor and
respiratory distress. In contrast, foreign bodies lodged in the
distal trachea (intrathoracic obstruction) tend to produce
coughing and wheezing, mimicking asthma or bronchiolitis.
The most commonly aspirated foreign bodies include veg-
etable matter like peanuts, grapes, and popcorn [202]. Large
objects that are lodged in the proximal esophagus and apply
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Fig. 2.12 Foreign body aspiration. Inspiratory and expiratory chest
radiographs demonstrate hyperinflation due to a peanut fragment in
the left mainstem bronchus. (a) The inspiratory film appears relatively

pressure to the posterior larynx may also produce stridor and
signs of upper airway obstruction. Coins are the most common
foreign bodies ingested (Fig. 2.11) [203, 204]. Coins are radio-
opaque and usually easy to remove via rigid esophagoscopy.
Children with a history of choking and respiratory distress
should undergo immediate rigid bronchoscopy, which is both
diagnostic and therapeutic. Radiographs may be helpful if the
child is otherwise stable. Most distal tracheal or bronchial for-
eign objects can often be identified on inspiratory/expiratory
films, lateral decubitus films, or chest fluoroscopy. Lateral neck
radiographs are helpful if the foreign body is radio-opaque
(Fig. 2.11). However, most aspirated foreign bodies are not
radiopaque and lodge in the bronchi. The presence of atelec-
tasis (i.e. distal to a bronchus that is completely occluded by a
foreign body) or air trapping and hyperinflation (i.e. distal to a
partially-obstructing foreign body), which are viewed best on
expiratory films, are findings that are highly suggestive of for-
eign body aspiration (Fig. 2.12) [205, 206]. However, a recent
study questioned the utility of this additional test [207]. Basic
life support maneuvers should be initiated in the field, whenever
possible. Rigid bronchoscopy is the gold standard for diagnosis
of foreign body aspiration and is the treatment of choice [202].
Occasionally, tracheotomy is required. If bronchoscopic extrac-
tion is unsuccessful, pulmonary lobectomy may be necessary.
Foreign bodies often elicit a local inflammatory response,
which is generally self-limited. Racemic epinephrine and sys-
temic corticosteroids may be beneficial in this scenario.

-

normal except for a slight mediastinal shift to the right. (b) In expira-
tion, the left lung remains overaerated (i.e., ball-valve mechanism), and
the mediastinum moves far to the right

Inhalational Injury

Life-threatening airway obstruction may develop as a result
of inhalational injury, laryngeal burns, or caustic ingestions.
Any child with a scald injury to the face or neck should be
evaluated for potential inhalational injury. Inhalational injury
should also be suspected in children with any of the following
signs or symptoms: evidence of soot in sputum or vomitus,
burns of the face, singed nasal hairs, lip burns, wheezing,
stridor, or the presence of severe burns. An aggressive
approach with early endoscopic evaluation in the operating
room suite and management of the airway with either tra-
cheal intubation or tracheotomy is recommended.

Direct Trauma

Although direct trauma resulting in serious injury to the cra-
niofacial skeleton and larynx is relatively uncommon, the
types of injuries sustained are likely to be significant and
potentially life threatening. The anatomic features of the
pediatric airway (e.g. cephalad position of the larynx, etc)
may explain the relative infrequency of airway injuries in
children versus adults. However, while the pediatric larynx is
soft, pliable, and less likely to fracture, the ligamentous and
soft tissue support is less well-developed such that laryngo-
tracheal separation is not uncommon [208-214].
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Blunt trauma to the airway appears to be more common in
children compared to penetrating trauma and is more common
in the adolescent age group [208-214]. The most frequent
causes of injury are motor vehicle accidents or direct blows to
the larynx. Edema and hematoma formation frequently lead
to acute upper airway obstruction. Although less common
compared to adults, laryngeal fractures occasionally occur.
Laryngotracheal separation, while relatively uncommon, is
potentially life-threatening. The severity of airway obstruc-
tion dictates the extent of the initial evaluation and manage-
ment. An unstable airway should be immediately secured
using the flexible bronchoscope. Tracheal intubation without
endoscopic evaluation is best avoided. If immediate surgical
intervention is required, tracheotomy is preferable to cricothy-
rotomy. If the airway is stable, radiographic evaluation should
include chest radiograph (to look for associated injuries, such
as pneumothorax, pneumomediastinum, or subcutaneous
emphysema), lateral neck radiograph (to evaluate the cervical
spine), and CT. A barium swallow may be helpful to rule out
the possibility of esophageal tear or laceration [208-214].
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