Chapter 12
Tracheal Infections

Amal Isaiah, Kevin D. Pereira, and Armando G. Correa

Introduction

A plethora of epidemics, changes in immunization practices and endotracheal intubation have resulted
in a better understanding of the pathogenesis of tracheal infections. Historic descriptions first appeared
for croup; with the name derived from Anglo-Saxon root kropan referring to a child with a barking
cough. This was first described in print as early as 1854 [1]. Much deliberation ensued concerning the
treatment of this condition, with O’Dwyer being the first physician credited with treatment of acute
croup either by insertion of a modified endotracheal tube [2] or a tracheostomy [3] in separate
instances.

The first reported case of tracheitis was published in 1823 by Pierre Blaud [4]. An increase in inci-
dence was observed during each influenza A virus pandemic—HIN1 during the great Spanish flu
(1918), Asian flu caused by H2N2 (1957), Hong Kong flu resulting from H3N2 (1968), and more
recently the pandemic HIN1 of 2009. Autopsies performed during the 2009 pandemic showed tra-
cheal denudation, maceration, de-epithelialization and other pathologic changes consistent with tra-
cheitis [5]. Bacterial tracheal infections still maintain a low level of presence in infants and children
presenting with symptoms of airway obstruction, requiring ICU admission and potentially endotra-
cheal intubation.

Different diagnostic terms have been used for conditions that affect the larynx and trachea. Although
it is useful to distinguish between supraglottic and subglottic laryngitis, this distinction is often difficult
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when the child is first seen. Laryngotracheitis or croup syndrome is a useful preliminary descriptive
diagnosis until more definitive information is available [6]. “Croup syndrome” also has been used to
emphasize the variety of possible causes and location of laryngotracheal disease. In this chapter,
“croup” is used to refer to subglottic laryngitis or laryngotracheitis, presumably viral. “Epiglottitis” is
an imprecise term often used in place of the better “supraglottitis” as the epiglottis may be minimally
involved in some cases in which most of the swelling is in the aryepiglottic folds. Preferred terms for
tracheal infections are (with the usual terms in parentheses): croup, supraglottitis (epiglottitis), and
suppurative tracheitis, laryngotracheitis, laryngotracheobronchitis, or laryngotracheobronchopneumo-
nitis (bacterial tracheitis), depending on the extent of the bacterial superinfection [6].

Epidemiology

Tracheal infections have a significantly lower incidence compared to infections of the upper respira-
tory tract, with 1-5 % of all children requiring outpatient evaluation for viral croup within the first 3
years of life. Croup also requires hospital admission in about 1.3-5.6 % of all children evaluated for
the same in emergency settings [7, 8].

Viral croup has the highest incidence in the second year of life and is virtually non-existent in the
first 3 months. The incidence is slightly higher in male children (odds ratio=1.43), and is highest in
late fall and early winter [7]. A time-series analysis performed from a large number of children admit-
ted with a principal diagnosis of croup in Ontario suggested a strong component of seasonality, with
a biennial mid-autumn peak and annual summer trough [9]. Of interest, the overall number of hospi-
talizations has continued to decrease in the last 20 years, given the improvement in diagnosis and
treatment. Marx et al. [10] from the Centers for Disease Control (CDC) studied the overall burden of
croup and showed that the mean annual number of croup hospitalizations is about 41,000 (range,
27,000-62,000/year) in the U.S. Ninety-one percent of hospitalizations occur among children <5 years
of age. The authors also reported that minor peaks in croup hospitalizations occurred each year in
February, and major peaks occurred in October of odd-numbered years, which coincides with peak
parainfluenza type 1 activity.

Supraglottitis, in contrast, has no seasonal peak. This disease, almost always caused by Haemophilus
influenzae type b and accompanied by bacteremia, has been virtually eradicated by widespread immu-
nization during infancy. While the peak age frequency for croup is 1-3 years, supraglottitis occurs in
older children, with a peak between 3 and 6 years. Suppurative tracheobronchitis also tends to be a
disease of preschool and school-age children [6].

The reported incidence for bacterial tracheitis in the literature is about 0.1/100,000 [11]. This esti-
mate was based on the combined experience of four pediatric intensive care units. The incidence of
tracheal infections caused by other pathogens such as fungal or mycobacterial origin is exceedingly
low. Over the last two decades, the availability of nebulized epinephrine as well as injectable cortico-
steroids have changed the landscape of serious, life-threatening tracheal infections, with the re-emer-
gence of bacterial tracheitis. Currently, bacterial tracheitis has three times the risk of respiratory
failure associated with it than epiglottitis and viral croup combined [4].

Etiology

Acute laryngotracheitis, considered to be the most common cause for croup, is almost exclusively caused
by viral organisms. Both bacteria and viruses may be responsible for infections with collateral compo-
nents, such as laryngotracheobronchitis, and the more general laryngotracheobronchopneumonitis.
In 1958, the first evidence for association between croup and two newly isolated myxoviruses,
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parainfluenza virus types 1 and 2, resulted in separation of two categories of cases—mild, requiring only
outpatient follow up, and severe, requiring hospitalization [12]. Parainfluenza is a RNA paramyxovirus
that actively replicates in respiratory epithelial cells and is comprised of four major serotypes.
Parainfluenza type 3, more commonly associated with bronchiolitis or bronchopneumonia, can also
produce severe croup in an endemic pattern, while type 4 is rarely seen. Parainfluenza 1 and 2, account
for >65 % of all causes of croup. A large series studied 6165 instances of lower respiratory tract infec-
tions (LRIs) wherein approximately 75 % of all isolates were identified as parainfluenza viruses. Of
these, parainfluenza type 1 accounted for about 60 %. Conversely, the propensity of the various organ-
isms to produce symptoms of croup reached 60 % for both parainfluenza 1 and 2. For parainfluenza type
3, the number dropped to about 30 %, whereas all the other microorganisms accounted for about 5—15 %.
Thus, parainfluenza viruses were the most common cause for all age groups; whereas respiratory syncy-
tial virus (RSV) caused croup in infants and the influenza viruses and M. pneumoniae were significant
causes of croup only in children older than 5 years of age. Summertime croup may be due to enterovi-
ruses, adenovirus, or parainfluenza type 3.

Among other important viral pathogens causing tracheal infections, RSV was studied in isolates
from sentinel practices in England and Wales from 1975 to 1990, during which an increase in mortal-
ity, by as much as 60—80 %, was observed in comparison with parainfluenza and influenza viruses
[13]. Prematurity is associated with an increased risk for mortality, with factors such as a decrease in
gestational age, increased perinatal oxygen requirements and discharge within 3 months of the RSV
season increasing the likelihood for hospitalization [14]. Among the rare viral causes, measles, by
virtue of immunosuppression, leads to a bacterial superinfection that results in a condition termed
measles-associated bacterial tracheitis (MABT), which carries an increased risk for need of artificial
airway and intensive care admission [15].

Bacterial tracheitis is much less common when compared to that of viral origin. Previous reports
have shown that the most consistent organism is S. aureus, followed by S. pneumoniae and M.
catarrhalis [4]. Due to the universal immunization against H. influenzae type b, the incidence has
dropped significantly. Similarly, immunization against C. diphtheriae has restricted the incidence of
diphtheritic tracheitis to unimmunized children only. Reports of this are largely limited in modern
literature, compared to the beginning of the century when tracheostomy was a routine practice to
circumvent acute airway obstruction due to formation of pseudomembranes [16].

Fayon et al. [17] studied independent risk factors for development of bacterial tracheitis in a large
series of children admitted to the PICU (n=955), and found that the incidence of bacterial nosocomial
tracheitis in that population was about 1.8 %. The pathogens isolated in this series were in agreement
with other studies of bacterial tracheitis, comprising Staphylococcus aureus and gram-negative bacte-
ria, and sometimes, mixed flora. In this population, tracheitis was attributed to young age, with small-
sized airways in which thick secretions and mucosal inflammation being blamed for impairment of air
flow and increased stasis. Head trauma, neuromuscular blockade and mechanical ventilation were
independent variables that increased the risk of infection, but the last two risk factors may be physi-
ologically collinear, given that most patients who were administered neuromuscular blockade were
intubated, and vice versa.

Given the evolution of design features of modern day endotracheal tubes as well as enhanced
monitoring of cuff pressures, reports of laryngotracheitis induced by indwelling endotracheal tubes
have largely been limited to historic data [18]. Modern endotracheal tubes use materials that intrinsi-
cally inhibit or are coated with substances such as micronized silver to reduce bacterial growth by
providing less scaffolding for colonization [19, 20].

Infectious agents such as Mycobacterium tuberculosis and fungi have been previously reported to
have caused isolated instances of tracheal infection with a picture of long-term respiratory failure
requiring a tracheostomy during the course of treatment that may be prolonged [21]. Chronic aspira-
tion as well as gastroesophageal reflux (GERD) may accelerate laryngotracheal injury facilitating the
development of tracheitis in those children.
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Clinical Presentation

Despite the narrow spectrum of pathogens isolated from the plethora of tracheal infections described,
these can have varied presentations, and typically differ in the outpatient vis-a-vis inpatient setting.

Acute viral croup manifests in the form of a viral prodrome characterized by clear rhinorrhea, low-
grade fever, sore throat (in older children) and cough [22]. This usually lasts about 1272 h, and typi-
cally progresses to hoarseness and the pathognomonic croupy cough that has a bark-like character.
Rarely, febrile convulsions can occur. Nighttime symptoms are usually worse which frequently
prompts the parents to seek care in the emergency room.

The typical course of progression goes through stridor that is inspiratory in nature but may also be
associated with an expiratory component that results from unique features of the larynx in young
children [23]. The infant larynx is narrowest in the subglottic segment, and inflammation of this area
results in a fixed obstruction that leads to expiratory stridor. Children presenting multiple times with
acute viral croup may have a masked presentation of subglottic stenosis wherein the already narrowed
subglottic larynx is further reduced in diameter due to croup-related inflammation [24]. Hoarseness
results from edema of the true vocal cords, often reducing their mobility. Wheezing is infrequently
present. With increased severity, suprasternal and intercostal retractions may be present, and tachycar-
dia and tachypnea are relatively common. It is important to note that reduction in the intensity of
stridor in a sick-appearing child may be sign of impending respiratory failure as airflow may be
reduced to the point where stridor may not be present.

When an infectious cause is not present in croup, the clinical course is abbreviated, with the notice-
able absence of the viral prodrome. This condition is frequently referred as “spasmodic croup”,
although episodic croup is a more appropriate term as it is typically triggered by an allergic etiology
and often recurs [25]. Pediatric angioedema shares features with croup, but is often associated with
facial or neck swelling that is acute in onset [26]. Rarely, an undetected foreign body may masquerade
as acute croup. Although a viral prodrome may be absent, an unsuspecting physician may be drawn
into an acute airway emergency due to commonality of symptoms [27].

The severity of viral croup may be assessed using one of the many scoring systems available. The
most well-known of these, the Westley Croup Score [28], utilizes key clinical signs including chest
retractions, stridor, cyanosis, level of consciousness and air entry to obtain a composite score that is
predictive of the need for intubation. As croup is primarily a clinical diagnosis, the utility of the
Westley Score, as with other stratification systems, such as the Alberta Clinical Practice Guideline
Working Group [29], may be limited to use in a research scenario. For example, using the Westley
Score, Johnson et al. [30] showed that >85 % of children present with symptoms of generally mild
croup, and less than 1 % were diagnosed with severe croup.

Peltola et al. [31] studied the clinical courses of croup caused by parainfluenza and influenza
viruses to highlight the differences in morbidity caused by the different viral strains in hospitalized
children. In general, there were no significant differences in the patterns of clinical features due to
infections with the three parainfluenza subtypes, except that parainfluenza 3 was associated with
wheezing. However, children with croup due to microbiologically-confirmed influenza virus tended
to be hospitalized for longer (4 days vs. 2 days for parainfluenza). In addition, the rates of readmission
were higher for influenza due to the relapsing course of respiratory distress during the few days fol-
lowing discharge. The requirements for corticosteroids as well as supplemental oxygen also tended to
be higher for those caused by influenza virus, emphasizing its enhanced virulence.

Notwithstanding the generally predictable course of viral croup, it is important to differentiate it
from other acute disorders of the pediatric airway. Rapidity in progression to high fever, odynophagia,
anxiety and relative aphonia should always alert the practitioner to supraglottitis (epiglottitis), which
is a rare occurrence following introduction of universal immunization against Hemophilus influenzae
type b. Posturing in the upright position and extension of the neck with drooling in an anxious-appear-
ing child mandates the need to secure the airway in a controlled setting such as the operating room.
Care should be taken to not agitate the child for that may precipitate respiratory collapse. If there is
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history to suggest incomplete immunization, laryngeal diphtheria should be considered. This condi-
tion tends to have a slower progression, and has historically been associated with the presence of
exudative membranes in the oropharynx.

Bacterial tracheitis typically is a secondary infection following a primary viral respiratory infection
due to a cascade of events resulting from tracheal mucosal injury, impaired phagocytic function and
cytopathic effects of the viral infection. This condition usually is recognized after reasonable efforts to
treat viral croup have failed. Children with bacterial tracheitis are acutely ill, with symptoms to sug-
gest dehydration and organ failure in the presence of other host factors such as immunodeficiency.
Often seen in an inpatient setting in children admitted to the ICU with respiratory failure, bacterial
tracheitis can have a variable presentation in the absence of pathognomonic clinical signs [32].

The cardinal initial signs of bacterial tracheitis include cough, stridor and a rapidly changing
course of illness that progresses to respiratory failure quickly. Children affected are usually older
(>5 years). Other symptoms on admission may include choking episodes, dyspnea, dysphagia, neck
pain, dysphonia and agitation. In one study by Bernstein et al. [33], children younger than 5 years of
age were twice as likely to be intubated, compared to older children. The same study compared chang-
ing figures for mortality —prior to the 1940s, the mortality rate for bacterial tracheitis approached
40 %, but with advances in mechanical ventilation and airway management, that figure has dropped
to 0-20 % in more recent series.

Diagnostic Tests

From the majority of studies, it is clear that the diagnosis of acute viral croup is chiefly based on clini-
cal examination and does not necessitate laboratory testing. That said, if there is suspicion for a con-
current lower respiratory tract infection, white blood cell count with differential, as well as routine
postero-anterior/lateral chest and neck radiographs may be indicated. In viral croup, the white count
is often at the high end of normal, and may be higher in approximately 50 % of hospitalized children
[34]. Administration of corticosteroids may cause leukocyte demargination, which can lead to spuri-
ously elevated counts during the course of treatment.

Plain film radiography often is utilized to evaluate laryngotracheal edema in croup, but has incon-
sistent results. The typical picture is that of narrowing of laryngeal air column in the subglottic seg-
ment, approximately for ~5—10 mm below the level of the vocal cords, resulting from mucosal edema
[35]. This has been historically referred to as the steeple sign (Fig. 12.1), but is observed only in
~50 % of instances [23]. This, coupled with reduced sensitivity for differentiating between viral
croup, epiglottitis and bacterial tracheitis undermines the usefulness of routine radiographs for diag-
nosis. However, some investigators such as Mills et al. [36], have reported sensitivity and specificity
of >90 % respectively. The best practice in these circumstances is to consider radiographs in those
children in whom the clinical presentation is atypical and whose respiratory status is stable enough to
undergo positioning prior to obtaining the films [23].

Alveolar gas exchange is usually not affected by viral croup, unless there is concurrent presence of
laryngotracheobronchitis, asthma or pulmonary insufficiency [23]. Thus, pulse oximetry and respira-
tory rate have been shown to have poor correlation with clinical status or hypoxia due to artifacts [37].
Evidently, the uncompromised standard is clinical observation with pulse oximetry as a useful adjunct
in instances wherein the lower airway is also affected.

In cases where operative control of the airway is required, telescopic tracheobronchoscopy, aided
by the ventilating bronchoscope provides the gold standard for assessment of the airway in severe
croup, or when alternate pathology, such as supraglottitis, is suspected. In the ambulatory setting,
children who present with recurrent croup should be examined for concurrent abnormalities. Chun
et al. [38] evaluated 30 children who were previously diagnosed with recurrent episodes of croup. A
third of these children were found to have synchronous lesions such as subglottic stenosis, edema and
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Fig. 12.1 Antero-posterior
view of a plain film
radiograph showing a long
segment of subglottic and
tracheal inflammation in a
child with croup

cysts. In the same study, abnormal rigid endoscopic findings were more likely to be seen in children
under the age of 3 years, highlighting the need for a higher index of suspicion and lower threshold for
performing airway endoscopy in this age group.

Microbiologic investigations to determine etiology are increasingly being performed due to the
availability of molecular and standard virologic methods. These tests are usually not recommended
for diagnosis in mild cases of croup, but may be warranted in children hospitalized and/or requiring
mechanical ventilation. Real-time polymerase chain reaction (RT-PCR) and viral cultures are also
indicated with atypical courses of the infection, as described by reports of novel pathogenic strains for
viral croup, e.g. coronavirus NL63 detected in samples isolated from Europe [39]. An improved panel
based on an RT-PCR assay has been developed for influenza A and B viruses, RSV and parainfluenza
1, 2, 3 and 4. According to one study, the application of PCR increases the sensitivity of respiratory
viral diagnosis, with results being made available within 6 h, thus increasing clinical relevance [40].
With claimed sensitivity of ~80 % and specificity approaching 100 %, several authors have increas-
ingly validated their cost-effectiveness [41]. As mentioned earlier, the routine use of these tests in
mild croup is unsubstantiated.

In children undergoing rigid endoscopy or endotracheal intubation for bacterial tracheitis and other
serious airway infections, routine contact bacterial cultures and broncho-alveolar lavage with cultures
may be obtained to facilitate culture-directed therapy. Jones et al. [42] first described laryngoscopi-
cally-directed cultures in bacterial tracheitis from copious mucopurulent material obtained from the
subglottis, which grew S. aureus in most instances (Fig. 12.2). Plain film radiographs in these instances
are consistent with progression of an inflammatory response (Fig. 12.3). These results have been rep-
licated from a number of other centers [32, 43, 44].

Treatment

The treatment of tracheal infections has evolved over the course of the twentieth century, from initial
descriptions of primitive endotracheal intubation to tracheostomy performed for acute airway distress
secondary to laryngeal diphtheria [1-3]. The first recognized form of treatment was the use of mist
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Fig. 12.2 Endoscopic photographs of (a) early bacterial tracheitis, with increase in exudates seen in the subglottis
without overt purulence, (b) crusting and purulence seen that progressed to (c) erythema, pseudomembranes and overall
inflamed-appearing tracheal mucosa

Fig. 12.3 Lateral plain firm
radiograph showing marked
haziness in the air column
within the trachea, signifying
ongoing inflammation.
Arrows point to anatomical
changes that can be due to
ongoing tracheal
inflammation

(humidified aerosol) produced by hot water, historically reported by keeping children close to a run-
ning tub with the door closed, leading to accumulation of mist. Discovery of therapeutic benefits from
the use of corticosteroids and racemic epinephrine have revolutionized the manner in which croup is
treated, and advanced in mechanical ventilation as well as development of rigid telescopes have
improved treatment of tracheal infections of bacterial origin as well. These therapeutic strategies are
summarized below.

Use of Humidified Air

Croup kettles were first introduced in the late nineteenth century to provide aerosolized mist to allevi-
ate the symptoms of viral croup [45]. Later, cool mist was observed to have the same degree of thera-
peutic benefit as warm mist, and this avoids the risk of burns. There are at least three postulated
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mechanisms, which include (i) a soothing effect on inflamed mucosa, (ii) reduced viscosity of tracheal
secretions and (iii) activation of laryngeal mechanoreceptors leading to reduction of turbulence [23].
However, humidity may also trigger bronchospasm, thus the duration of therapy should be carefully
monitored. Recent studies have, however, shown that the benefits offered by mist treatment may be
overemphasized. Three separate studies, that did not include untreated controls, determined that the
efficacy of aerosolized mist may not be proportional to the degree of mist saturation, for e.g. the
effects of humidity at three different levels (100 %, 40 % and 33 %) remained the same [46]. In yet
another study, the effect of nebulized saline was identical to mist. Lastly, a recent Cochrane review of
data concluded that the benefit of mist therapy remains unproven [47].

Use of Corticosteroids

Despite the various recommendations for dosages, routes and drugs for use of corticosteroids, a num-
ber of large-scale studies have exemplified their therapeutic efficacy. Their mechanism of action is
related to the reduction of vascular permeability, resulting in a reduction of laryngeal and tracheal
mucosal inflammation. Russell et al. [48] in a Cochrane Collaboration reviewed 38 studies and showed
that corticosteroids resulted in a rapid improvement of Westley score, fewer return visits and/or read-
missions, reduction of stay in the emergency room as well as the overall need for concurrent use of
epinephrine. The benefits are not readily apparent in children with mild croup as the symptoms begin
to resolve in about the same time taken for steroids to show treatment benefit.

Following adoption of corticosteroids as a standard first line of therapy in acute viral croup, overall
hospitalization and the burden of the disease on healthcare systems worldwide began to fall. This was
acknowledged following the guidelines formulated by the Canadian Pediatric Society that encouraged
the use of intravenous dexamethasone as initial treatment of croup [9]. Among steroids, dexametha-
sone is used in a dose of 0.6 mg-Kg™! body weight given either orally or by the intramuscular route.
As dexamethasone is a potent steroid with a prolonged half-life, repeat doses are often unnecessary.

Other investigators have shown that orally administered dexamethasone is as efficacious as paren-
teral formulations. The choice of route should hence be determined based on cost and availability. Yet
another study failed to show differences in therapeutic benefit between three different doses (0.15, 0.3
and 0.6 mg-Kg™) of dexamethasone, so a single dose (0.6 mg-Kg™'. maximum of 8 mg) may be suf-
ficient in the outpatient setting [49]. A double-blind, randomized control trial compared three different
treatment strategies that included placebo, nebulized budesonide and oral dexamethasone [50]. In this
study, the overall rates of hospitalization were much less in the group treated with dexamethasone
(23 %), compared with budesonide (38 %) and far less compared with placebo (77 %). Other studies
have also advocated for the use of aerosolized budesonide given the rapidity of its action and effec-
tiveness comparable to that of nebulized epinephrine [51, 52].

Use of Epinephrine

The primary benefit offered by the use of aerosolized/nebulized epinephrine is the reduced need for
intubation. Early studies showed immediate clinical benefit with use of 2.25 % racemic epinephrine,
and the more recent studies demonstrated the same amount of benefit for L-epinephrine at a ratio of
1:1000 used with 5 mL saline [53]. Initial studies represented a major paradigm shift in management
of children with severe croup, obviating the need for endotracheal intubation or tracheostomy [54].
The therapeutic effects of epinephrine are mediated via a-adrenergic receptors that results in constric-
tion of capillary arterioles and reduced inflammation. Unfortunately, although the effects are almost
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immediate, they only last approximately 2 h, and hence the child should be watched for a reasonable
period of time prior to discharge. This therapy may be suitable even in the outpatient setting if the
observation period is adequate, although lack of improvement at about an hour following treatment
may convert an outpatient encounter to hospitalization [55]. When conditions such as tetralogy of
Fallot, tachycardia or ventricular outlet obstruction co-exist, epinephrine should be used cautiously
[23]. With the peak effect occurring between 30 and 60 min, the child should be carefully monitored
for the rebound effect—which usually occurs 3 h after treatment. The recommended dose is thus
2.25 % (0.25 mL in 3.75 mL of saline) for children <6 months of age and 0.5 mL for infants and chil-
dren >6 months. Substituting isotonic with hypertonic saline (3 %) may enhance the effect by absorb-
ing water from the submucosa.

Other Therapies

When respiratory failure is impending (cyanosis, severe retractions with lack of airflow, and persistent
desaturations), endotracheal intubation is indicated until laryngeal edema resolves. This is usually
transient and rarely evolves into a need for long-term mechanical ventilation, In children treated with
steroids during the course of intubation, the time to extubation is shortened and the need for reintuba-
tion also is reduced [56]. Use of the physiologic leak test, by either vocalization around the cuff, or
sustained difference in inspiratory and expiratory tidal volumes serves as a guide for extubation in
these children.

Since its description in 1979, use of helium as a carrier for oxygen (heliox) has beneficial effects
in reducing eddy currents that interact with each other and thereby reduce turbulent flow. Heliox is
routinely used in children with post-extubation stridor to reduce the risk of re-intubation. As an appre-
ciable number of children with severe croup progress to respiratory failure needing an artificial air-
way, using heliox can reduce the work of breathing by easing the delivery of oxygen to the lower
airway past the site of obstruction. Assessments with Croup Scores and blood gas analyses reaffirm
the beneficial role of heliox as a useful adjunct to potentially circumvent the need for endotracheal
intubation [57]. A randomized trial showed benefit comparable to racemic epinephrine in moderate to
severe croup [58].

As the etiology of croup is not bacterial, there is no role for routine use of antibiotics. In the past,
inappropriately prescribed antibiotics have been reported to cause superinfections, prolongation of
hospital stay as well as general increase in costs [29]. However, when the diagnosis of bacterial tra-
cheitis is strongly suspected, the management changes wherein culture-directed antibiotic therapy is
the gold standard of treatment. Empiric therapy with coverage that includes S. aureus, S. pyogenes, S.
pneumoniae and H. influenzae is indicated. In an era when both hospital-acquired and community-
acquired methicillin-resistant S. aureus (MRSA) are prevalent, the combination of vancomycin and a
third generation cephalosporin (such as cefotaxime or ceftriaxone) is a reasonable choice until identi-
fication and susceptibility of the causative organism is established. In an intubated patient, tracheal
aspirates should be obtained. A very useful adjunct to anti-microbial therapy is the use of frequent
pulmonary toilet and debridement of tracheal pseudomembranes under bronchoscopic guidance [59].
In the presence of other co-morbidities such as immunosuppression, mortality increases. Reported
complications of bacterial tracheitis include pneumomediastinum, sepsis and multi-organ failure,
bronchospasm and impaired gas-exchange due to the burden of pseudomembranes with toxic shock
syndrome [60]. Severe croup caused by influenza viruses as a part of epidemics may require treatment
with neuraminidase inhibitors [61].

With the increasing number of options to treat croup, an algorithm is useful to stratify the burden
of the disease and dictate an appropriate protocol. This is shown in Fig. 12.4.
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Mild Moderate Severe
l |
Give oral or intramuscular Give oral or intramuscular Minimize situations that may
dexamethasone, 0.6 mg/kg dexamethasone, 0.6 mg/kg cause distress in child, such
Discuss with parents likely course| Minimize situations that may as separation from parents
of illness and when to seek cause distress in child, such and unnecessary examination
additional care if further as separation from parents Provide “blow-by" oxygen if
respiratory distress occurs and unnecessary examination cyanosis is present
Obseve for improvement Give oral or intramuscular
for 1-4 hr dexamethasone, 0.6 mgfkg
1 T Administer epinephrine by
‘ l ne_bul;z:t_hnf'zisi;r :;Eemliu_:
. inephrine , 0.5 mlin
Discharge home ;.ps ml of saline, or L-epineph-
If patient improves — | |If no or minimal improve- rine, 1:1000 dilution in 5 mi
as evidenced by no ment after 4 hr, consider of saline
stridor at rest and no hospitalization T
chest-wall indrawing — l l
then discuss with of
rents likely course
P iliness angwhen to If good response to I poor response, repeat
seek additional care “for 2hr if poor :es'pon'se to
l second tr t, admit
child for ICU care and
probable workup for LTB,
Discharge home LTBP, and secondary
bacterial infection
If only mild symptoms If severe respiratory
persist (i.e., croupy distress recurs, repeat
cough) and there is nebulized epinephrine
no recurrence of stridor
at rest or of chest-wall
indrawing, then discuss
with parents when to

seek additional care

l

Discharge home
If good response, If poor response to
obsewve for 2 hr; if second treatment with
only mild symp bulized epinephrine,
persist and there is admit child for ICU care
no recurrence of stridor and probable workup
at rest or of chest-wall for LTB, LTBP, and
indrawing, then discuss secondary bacterial
wiith parents when infection
to seek additional care

!

Discharge home

Fig. 12.4 Algorithm to treat croup in the outpatient setting. (From The New England Journal of Medicine. Cherry JD,
Clinical practice. Croup. Vol. 358, pp. 384-91 [62]. © 2008 Massachusetts Medical Society. Reprinted with permission
from the Massachusetts Medical Society.)
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Conclusions

Despite the relative commonality of laryngotracheal infections, there are no clearly defined guidelines
by national organizations for their treatment. The clinical picture can be often frightening to the par-
ents who bring the child to the emergency room. Fortunately, the vast majority of children show signs
of rapid improvement after initiation of treatment using steroids and racemic epinephrine. Only a very
small proportion of children require hospitalization and an even smaller proportion require intubation
and mechanical ventilation. Complications are rare exceedingly rare. In contrast, bacterial tracheitis
may have varied presentations and often requires endotracheal intubation and debridement in the
operating room. Mortality is higher but early institution of culture-directed therapy is known to reduce
the severity of disease and the incidence of complications. It is important for the astute clinician to
recognize the symptoms of croup and maintain a high index of suspicion for conditions that masquer-
ade as croup, such as a foreign body, supraglottitis (epiglottitis), subglottic stenosis and other ana-
tomic abnormalities.
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