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Croup is a common childhood disease characterised by 
sudden onset of a distinctive barky cough that is usually 
accompanied by stridor, hoarse voice, and respiratory 
distress resulting from upper-airway obstruction. 
Although most children with croup are deemed to have a 
mild and short-lived illness, the distress and disruption 
that families undergo is well known. Perhaps this upset 
is because of the nature of croup: the presentation is so 
unusual and frightening and predominantly aff ects 
young children, with symptoms that are usually worse 
during the early hours of the morning. Historically, 
before the advent of treatment with corticosteroids and 
racemic epinephrine for severe croup, intubation, 
tracheotomy, and death were typical outcomes. Treatment 
has evolved from barbaric methods including bleeding 
and application of leeches, through mist kettles (pot of 
boiling water), mist rooms, and mist tents, to the current 
evidence-based practice of corticosteroids and 
epinephrine delivered via nebuliser.1

Many unanswered questions linger. Why are croup 
symptoms worse at night? What predisposes some 
children to severe croup and others to a mild barky 
cough? What accounts for the stubbornly predictable 
biannual peak in the occurrence of croup? Is the cause of 
croup evolving as new viral triggers are identifi ed? Is 
bacterial tracheitis a new emerging complication of 
croup? In this Seminar, we summarise the most current 
published work about the epidemiology, diagnosis, and 
management of this important childhood disease and 
propose future research pathways for exploration. 

Epidemiology, clinical course, and 
pathophysiology 
Croup is one of the most frequent causes of acute 
respiratory distress in young children. The disease 
mainly aff ects those aged between 6 months and 3 years 
old, with a peak annual incidence in the second year of 
life of nearly 5%.2 However, croup does occur in babies as 
young as 3 months old and in adolescents.2 Although 
rare, adults can also develop croup symptoms.3 Boys are 
more susceptible than girls to the disorder, with an 
overall male/female preponderance of 1·4/1.2 In North 
America, croup season peaks in late autumn (September 
to December), but cases are recognised throughout the 
year, even during the summer.2 In odd-numbered years, 
the number of children admitted with croup during the 
peak season is about 50% more than during 

even-numbered years,4 which closely correlates with the 
prevalence of parainfl uenza virus infection in the 
community (North America).

Symptom onset is typically abrupt and most usually 
happens at night, heralded by the appearance of a very 
characteristic and distinctive barky cough. Stridor, hoarse 
voice, and respiratory distress are seen frequently, as a 
result of upper-airway obstruction. These symptoms are 
frequently preceded by non-specifi c upper-respiratory-
tract symptoms for 12–48 h before development of the 
barky cough and diffi  culty breathing. Croup symptoms 
are generally short-lived, with about 60% of children 
showing resolution of their barky cough within 48 h.5 
However, a few children continue to have symptoms for 
up to 1 week.5

Croup symptoms nearly always become worse during 
night-time hours, and in our experience they fl uctuate in 
severity depending on whether the child is agitated or 
calm.5 We do not know why croup symptoms tend to 
worsen at night, but a physiologically plausible 
explanation might lie with the known circadian 
fl uctuations in endogenous serum cortisol, concentrations 
of which peak at about 0800 h and reach a trough between 
2300 h and 0400 h.6,7 In asthma, another frequent 
respiratory disease in which night-time symptoms 
generally prevail, postulated mechanisms include 
detrimental eff ects of nocturnal airway cooling, gastro-
oesophageal refl ux, and increased tissue infl ammation 
in addition to the eff ect of endogenous plasma cortisol 
and epinephrine cycling.8 Perhaps similar physiological 
factors are at play in croup. 

The symptoms of croup result from upper-airway 
obstruction caused by an acute viral infection, most 
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Search strategy and selection criteria

We searched the Cochrane Library and Medline with the 
terms “croup”, “acute laryngotracheobronchitis”, “acute 
laryngotracheitis”, and “spasmodic croup”, with no date or 
language restrictions. We included randomised controlled 
trials, original studies, critical reviews, and meta-analyses of 
all treatments for croup. We also referred to commonly 
referenced and important older publications. Additionally, we 
reviewed bibliographies from highly relevant reports 
identifi ed by our original search and from our own 
bibliographic databases. 
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typically parainfl uenza types 1 and 3.4 Other viruses 
implicated in the disorder include infl uenza A, 
infl uenza B, adenovirus, respiratory syncytial virus, and 
metapneumovirus.2,9 In published work, a strong 
association has been described between both human 
metapneumovirus and coronavirus HCoV-NL63 infection 
and croup in children.10,11 Whether or not new pathogens 
are emerging is unknown. However, a likely possibility is 
that the increasing number of viruses seen in association 
with croup is merely a refl ection of improvements in 
methods of detection. Work is ongoing to develop an 
eff ective vaccine against parainfl uenza virus.12,13 

Laryngeal diphtheria is a well-known historical cause 
of croup, the occurrence of which is now very rare in 
immunised populations. However, outbreaks of 
diphtheric croup have been reported in case series from 
Russia14–16 and India.17 Measles remains an important 
cause of croup in non-immunised children. Treatment 
with vitamin A has been assessed and reported to be 
eff ective for prevention of secondary infections, especially 
croup, in children with severe measles.18,19 The rarity of 
croup associated with measles and diphtheria in 
immunised children suggests that substantial progress 
could be made in the developing world with continued 
aggressive immunisation programmes against these 
pathogens.

Infection with a recognised pathogen leads to 
generalised airway infl ammation and oedema of the 
upper-airway mucosa, including the larynx, trachea, and 
bronchi, then epithelial necrosis and shedding.20 
Parainfl uenza virus also activates chloride secretion and 
inhibits sodium absorption across the tracheal 
epithelium, contributing to airway oedema.21 The 
subglottic region becomes narrowed and results in the 
barky cough, turbulent airfl ow and stridor, and chest-wall 
indrawing. Further narrowing can lead to asynchronous 
chest-wall and abdominal movement, fatigue, and 
eventually to hypoxia, hypercapnia, and respiratory 
failure.22,23 

Why do some children develop severe symptoms or 
recurrent episodes of croup whereas others show only 
mild symptoms or can even be asymptomatic when faced 
with the same infection? Perhaps individual anatomy 
plays a part, since some children might have an 
intrinsically narrower subglottic space. Individual 
immune factors could be important too, with a range of 
severity of infl ammatory response to infection. The peak 
incidence of croup at the age of 2 years is also somewhat 
unexplained and could be attributable to increased 
exposure to viral pathogens combined with the toddler’s 
smaller subglottic space, leaving them at greater risk for 
airway narrowing. Current published work on these 
topics does not mention these questions. 

Although the major concern for both clinicians and 
parents is the potential for severe respiratory distress, 
morbidity, and mortality,24 most children have mild 
short-lived symptoms.5 Of all children presenting to 

24 general emergency departments in the province of 
Alberta, Canada, about 85% were classifi ed as having 
mild croup and fewer than 1% as having severe croup 
(unpublished data). Even though most children have 
fairly mild symptoms, the sudden onset of croup 
symptoms during the night causes many parents to bring 
their child to an emergency department.24,25 Consistent 
with these fi ndings, fewer than 5% of children with croup 
are admitted to hospital in population-based studies.25–27 
Of those with croup who are admitted, 1–3% are 
intubated.28–31 Mortality seems to be very rare. By 
extrapolation of data from several sources,28–33 we estimate 
a mortality rate of about 1 in 30 000 cases. 

Diff erential diagnosis
In a child presenting with classic signs and symptoms of 
croup, alternate diagnoses are uncommon (panel). 
However, clinicians must remain vigilant because other 
serious diseases can present with stridor and respiratory 
distress. 

Bacterial tracheitis is a serious, life-threatening bacterial 
infection that can arise after an acute, viral respiratory-tract 
infection.34–37 The child usually has a mild-to-moderate 
illness for 2–7 days but then becomes acutely worse.20 If 
they are febrile, have a toxic appearance (ie, look unwell 
and have reduced interaction with their environment), 
and do not respond favourably to treatment with nebu-
lised epinephrine, bacterial tracheitis should be 
considered.34,35,37,38 Treatment includes close monitoring 
of the airway and broad-spectrum intravenous antibiotics, 
because intubation and respiratory support might be 
needed during the early stages of treatment when thick 
tracheal secretions can occlude the airway. The most 
frequently isolated pathogen is Staphylococcus aureus, but 
others include group A streptococcus, Moraxella catarr-

halis, Streptococcus pneumoniae, and Haemophilus 

infl u enzae.20,35,37,39,40 Anaerobic bacteria have also been 
cultured from tracheal secretions of children with 
tracheitis.41 

A second potentially life-threatening alternate 
diagnosis is epiglottitis. This disease is now seen rarely 
owing to widespread immunisation against H infl uenzae 
B.42–44 The sudden onset of high fever, drooling, 

Panel: Diff erential diagnosis of croup

• Epiglottitis
• Bacterial tracheitis
• Foreign-body aspiration

• Tracheal
• Oesophageal

• Retropharyngeal abscess
• Peritonsillar abscess
• Angioneurotic oedema
• Allergic reaction
• Laryngeal diphtheria
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dysphagia, anxiety, and a preference to sit upright and 
in the so-called sniffi  ng position (ie, sitting forward 
with their head extended) to open the airway should 
prompt consideration of epiglottitis, as should a cough 
that does not have the characteristic barking sound of 
croup.20 In the case of possible epiglottitis or bacterial 
tracheitis, the most important aspect of treatment is 
maintenance of a secure airway by a doctor highly 
skilled in airway management.

Other very rare causes of stridor that should be 
considered in children presenting with atypical croup 
symptoms include foreign-body aspiration in the upper 
airway or oesophagus, peritonsillar or retropharyngeal 
abscess, angio-oedema, and laryngeal diphtheria.45 In the 
case of foreign-body aspiration, onset is usually sudden 
with no prodrome or fever (unless secondary infection 
occurs). Hoarseness and barking cough are usually 
absent. Dysphagia could be present and stridor is noted 
variably. Children who have stridor secondary to the 
presence of a foreign body usually present with a clear 
history of ingestion.20 Peritonsillar or retropharyngeal 
abscess could present with dysphagia, drooling, stridor, 
dyspnoea, tachypnoea, neck stiff ness, and unilateral 
cervical adenopathy, and a lateral neck radiograph can 
show posterior pharyngeal oedema and retrofl exed 
cervical vertebrae.46 Acute angioneurotic oedema or 
allergic reaction can present at any age and with rapid 
onset of dysphagia and stridor and possible cutaneous 
allergic signs such as urticarial rash. Children might 
have a history of allergy or previous attack.20 Laryngeal 
diphtheria has arisen historically in people of all ages, 
and a record of inadequate immunisation can be seen. 
Usually, a prodrome of pharyngitis symptoms is noted 
and onset is gradual over 2–3 days. Low-grade fever is 
present, hoarseness and barking cough occur along with 
dysphagia and inspiratory stridor, and the characteristic 
membranous pharyngitis is seen on physical 
examination.20 

Diagnosis and ancillary testing
Croup is a clinical diagnosis. Key features include acute 
onset of a seal-like barky cough, stridor, hoarseness, and 
respiratory distress.20 Children might have fever, 
occasionally reaching a temperature as high as 40°C;47 
however, they should not drool nor appear toxic. 
Laboratory tests are not needed to confi rm the diagnosis 
in a child presenting with the typical clinical features of 
croup, but if tests are judged necessary they should be 
deferred if the child is in respiratory distress.48 Notably, 
rapid antigen tests and viral cultures do not aid in the 
routine acute management of a child with croup.48 

Similarly, radiological studies are not recommended in 
a child who has a typical history of croup and who 
responds appropriately to treatment.48 Radiographs are 
not indicated if there is a clinical picture of epiglottitis or 
bacterial tracheitis. In children in whom the diagnosis is 
uncertain, however, an anteroposterior and lateral 

soft-tissue neck radiograph can be helpful in supporting 
an alternative diagnosis.49 If radiographs are obtained, 
however, epiglottitis is suggested by a thickened epiglottis 
and aryepiglottic folds.49,50 A retropharyngeal abscess is 
indicated by bulging soft tissue of the posterior pharynx.50 
Bacterial tracheitis can manifest as a ragged tracheal 
contour or a membrane spanning the trachea.34,35,50–52 
However, radiographs can also be completely normal in 
children with these diagnoses.53 If radiographs are 
justifi ed by an atypical clinical picture, the child must be 
closely monitored during imaging by skilled personnel 
with appropriate airway management equipment, 
because airway obstruction can worsen rapidly. 

Cardiorespiratory monitoring, including continuous 
pulse oximetry, is indicated in children with severe croup 
but it is not necessary in mild cases.48 Also, children 
without severe croup could occasionally have low oxygen 
saturation, presumably as a result of intrapulmonary 
involvement of their viral infection; thus, ongoing 
assessment of overall clinical status is important.54–56 

Assessment of severity
Determination of disease severity relies on clinical 
assessment. Various proposed methods for objective 
assessment of respiratory distress in children with croup 
are either impractical or insensitive to change across the 
full range of disease severity.23,57–59 Consequently, in 
clinical trials of treatment eff ectiveness, outcome 
measures have mainly included clinical scores and 
health-care use.60,61 Although such scores are useful for 
research studies, none has been shown to enhance 
routine clinical care, at least in part, because they are not 
reliable when used by a wide range of clinicians.62 
Features useful in routine clinical assessment of children 
with croup as outlined in the fi gure. 

General care
General consensus is that children with croup should be 
made as comfortable as possible, and clinicians should 
take special care during assessment and treatment not to 
frighten or upset them because agitation causes substantial 
worsening of symptoms.48 Sitting the child comfortably in 
the lap of a parent or caregiver is usually the best way to 
lessen agitation.48 

Although we could not fi nd any published evidence 
that oxygen should be administered to children who are 
showing signs of respiratory distress, widespread 
consensus indicates that oxygen treatment is benefi cial 
in this circumstance.48,63–67 Oxygen can generally be 
administered without causing the child to be agitated via 
a plastic hose with the opening held within a few 
centimetres of the nose and mouth (referred to as blow-by 
oxygen).48

Humidifi ed air 
Treatment of croup with humidifi ed air is not eff ective, 
despite its long history of use. Humidifi cation of air is 
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neither completely benign nor does it improve respiratory 
distress.48,63,67–73 A systematic review of fi ndings of three 
randomised controlled trials of humidifi ed air treatment 
in emergency settings in a total of 135 children with 
mild-to-moderate croup concluded that there was no 

diff erence in croup score after such treatment.74 This 
systematic review did not include a later randomised 
controlled trial of 140 children with moderate-to-severe 
croup in a paediatric emergency department who were 
randomised to three arms: traditional standard humidi-
fi ed blow-by oxygen; 40% humidifi ed oxygen; or 
100% humidifi ed oxygen, with a particle size generated to 
target the larynx.70 Measurement of humidifi ed blow-by 
oxygen showed that this technique did not raise humidity 
above that of ambient room air, thus eff ectively serving as 
a placebo arm. The fi ndings showed no diff erence in 
croup score, treatment with epinephrine or dexa-
methasone, or admission to hospital or additional medical 
care between the three groups.70

Apart from the lack of noted benefi t, several potential 
diffi  culties with administration of humidifi ed air have 
been identifi ed. Hot humidifi ed air can cause scald 
injuries;75 mist tents can disperse fungus and moulds 
into the environment unless they are properly cleaned;68 
and most importantly, mist tents are cold and wet and 
separate the child from the parent, which usually causes 
them to be agitated and worsens their symptoms.73 

Heliox
Helium is an inert low-density gas with no inherent 
pharmacological or biological eff ects. Administration of 
helium-oxygen mixture (heliox) to children with severe 
respiratory distress can reduce their degree of distress 
since the lower density helium gas (vs nitrogen) 
decreases airfl ow turbulence through a narrow airway. 
Heliox was compared with racemic epinephrine in a 
prospective randomised controlled trial of 29 children 
with moderate-to-severe croup who had received 
treatment with humidifi ed oxygen and intramuscular 
dexa methasone.76 Clinical outcomes included a clinical 
croup score, oxygen saturation, and heart and respiratory 
rates. Both heliox and racemic epinephrine were 
associated with similar improvements in croup score 
over time.76 Findings of a second prospective, 
randomised, double-blind controlled trial in 15 children 
with mild croup presenting to an emergency department 
indicated a trend towards greater improvement in a 
clinical croup score in the heliox group versus the 
oxygen-enriched air group, although the scores did not 
diff er signifi cantly.77 

However, since heliox has yet to be shown to off er 
greater improvements than standard treatments and can 
be diffi  cult to use in unskilled hands, there is insuffi  cient 
reason to recommend its general use in children with 
severe croup.76–83 Furthermore, there are practical 
limitations to heliox use, including limited fractional 
concentration of inspired oxygen in a child with 
signifi cant hypoxia. 

Pharmacotherapy
In this next section, we will review the use of two 
conventional treatments, corticosteroids and epinephrine, 

Mild
(without stridor or significant
chest-wall indrawing at rest)

May discharge home without
further observation

Give oral dexamethasone
(0·6 mg/kg of bodyweight)
Educate parents
• Anticipated course of illness
• Signs of respiratory distress
• When to seek medical attention

Minimise intervention
• Place child on parent’s lap
• Provide position of comfort

Minimise intervention
(as for moderate croup)
Provide “blow-by” oxygen
(optional unless cyanosis is
present)

Nebulise epinephrine
• Racemic epinephrine 2·25%

(0·5 mL in 2·5 mL saline)
or

    L-epinephrine 1:1000 (5 mL)
Give oral dexamethasone

(0·6 mg/kg of bodyweight);
may repeat once

    If vomiting, consider
administering budesonide
(2 mg) nebulised with
epinephrine

    If too distressed to take oral
medication, consider
administering budesonide
(2 mg) nebulised with
epinephrine

Observe for improvement

Give oral dexamethasone
(0·6 mg/kg of bodyweight)

No or minimal
improvement
by 4 h
Consider admission
(see below)

Patient improves as evidenced
by no longer having:
• Chest-wall indrawing
• Stridor at rest
Educate parents
(as for mild croup)
Discharge home

Good response to nebulised
epinephrine

Poor response to nebulised
epinephrine

Repeat nebulised epinephrine

Contact paediatric intensive-care
unit for further management

Recurrence of severe
respiratory distress
Repeat nebulised
epinephrine
If good response
continue to
observe

Consider admission (general ward) if:
Received steroid  ≥4 h ago
Continued moderate respiratory distress (without agitation or lethargy)
• Stridor at rest
• Chest-wall indrawing
(If the patient has recurrent severe episodes of agitation or lethargy
contact paediatric intensive-care unit)

Observe for 2 h

Discharge home

Persistent mild symptoms
No recurrence of:
• Chest-wall indrawing
• Stridor at rest
Provide education
(as for mild croup)

Moderate
(stridor and chest-wall indrawing
at rest without agitation)

Severe
(stridor and indrawing of the
sternum associated with
agitation or lethargy)

Figure: Algorithm for management of croup in the outpatient setting
Reprinted from reference 48 with permission.
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and several other categories of drugs, such as antipyretics, 
analgesics, antibiotics, β agonists, and decongestants. 
The rationale for review of this latter group of drugs is 
that, although these treatments are not recommended, 
they are sometimes used in children with croup.84 

Corticosteroids
Corticosteroids have a long history of use in children 
with croup; evidence for their eff ectiveness for treatment 
of croup is now clear (tables 1–4). Children with severe 
croup and impending respiratory failure who are treated 
with corticosteroids have about a fi vefold reduction in 
the rate of intubation;86 if they are intubated, they remain 
ventilated for about a third less time and have a sevenfold 
lower risk for reintubation than patients not treated with 
these drugs.89 In moderate-to-severe croup patients who 
are treated with corticosteroids, an average 12-h reduction 
in the length of stay in the emergency department or 
hospital, a 10% reduction in the absolute proportion 
treated with nebulised epinephrine, and a 50% reduction 
for both the number of return visits and admissions for 
treatment.60 

Compared with children not treated with corticosteroids, 
those with mild croup who are treated with these drugs 
are 50% less likely to return for medical care because of 
ongoing symptoms and lose 30% less sleep during the 
course of their illness, and their parents report less stress 
than do parents of children not treated with 
corticosteroids.87 Treatment with these drugs also yields 
small but clinically important societal economic benefi ts 
(family and health-care system), resulting in a total saving 
of CAN$21 per child.87 The benefi ts of treating children 
with mild croup arise irrespective of the duration of the 
child’s symptoms or severity of illness.87

To date, no adverse eff ects have been associated with 
use of corticosteroids in children with croup.63 However, 
diffi  culties arise when attempting to identify and prove 
that rare adverse eff ects arise with any drug treatment; 
thus, remaining vigilant about this possibility is 
important. 

Route of administration
The best route of administration of corticosteroids in 
children with croup has been investigated extensively. 

Studies 
(n)

Patients 
(n)

Treatment Outcomes Results* 

Griffi  n (2000)85 8 574 Nebulised 
corticosteroid 

Primary: change in clinical croup score 5 h 
after treatment
Secondary: admission

Improvement (RR 1·48 [1·27–1·74])
Reduction (RR 0·56 [0·42–0·75])

Kairys (1989)86 10 1286 Oral or intramuscular 
corticosteroid

Primary: proportion of patients improved 
at 12 h and 24 h post-treatment
Secondary: incidence of endotracheal 
intubation

Improvement at 12 h (OR 2·25 [1·66–3·06])
Improvement at 24 h (OR 3·19 [1·70–5·99])
Reduction (OR 0·21 [0·05–0·84])

Russell (2004)60 31 3736 Oral, intramuscular, 
or nebulised 
corticosteroid

Primary: change in clinical croup score 6 h 
after treatment
Secondary: return to medical care; length 
of stay in emergency department or 
hospital; nebulised epinephrine treatment

Improvement (weighted mean diff erence –1·2 
[–1·6 to –0·8])
Reduction (RR 0·5 [0·36–0·70])
Reduction (weighted mean diff erence 12 h [5–19])
Reduction (risk diff erence 10% [1–20])

*Data are relative risk (RR), odds ratio (OR), with 95% CI, unless otherwise stated.

Table 1: Meta-analyses of the eff ectiveness of corticosteroid treatment versus placebo in croup

Patients 
(n)

Croup severity Setting Route of administration and 
medication

Primary outcome Results

Bjornson (2004)87 720 Mild Emergency 
department

Oral dexamethasone vs 
placebo

Return to medical care 
within 7 days

Reduction (7% vs  
15%, p<0·001)

Geelhoed (1996)88 100 Mild Emergency 
department

Oral dexamethasone vs 
placebo

Return to medical care 
within 7–10 days after 
study treatment

Reduction (0% vs 17%, 
p<0·01)

Johnson (1998)47 144 Moderate to 
severe

Emergency 
department

Nebulised budesonide or 
intramuscular dexamethasone 
vs placebo

Rate of admission Reduction (35% vs 
67%, p<0·001)

Tibballs (1992)89 70 Respiratory failure 
or intubated

Intensive-care unit Oral prednisolone vs placebo Duration of intubation Reduction (median 98 
vs 138 h, p<0·003)

Geelhoed (1995)90 80 Moderate to 
severe

Admitted children Nebulised budesonide or oral 
dexamethasone vs placebo

Duration of admission Reduction (12/13 h vs 
20 h, p<0·03)

Klassen (1994)91 54 Mild to moderate Emergency 
department

Nebulised budesonide vs 
placebo

Clinical croup score at 4 h Improvement (18% vs 
6%, p=0·005)

Table 2: Selected randomised controlled trials of corticosteroid versus placebo in the treatment of croup
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The oral or intramuscular route is either equivalent or 
superior to inhalation.47,90,92,100,101 The addition of inhaled 
budesonide to oral dexamethasone in children admitted 
with croup did not confer any additional advantage.102 

In two trials in which oral and intramuscular 
administration of dexamethasone were compared, no 
diff erence was recorded in resolution of croup 
symptoms,93 return for medical care,93,94 admission to 
hospital,93,94 or further treatment with corticosteroid or 
epinephrine.94 Findings of a study comparing 
intramuscular dexamethasone to oral betamethasone 
noted no diff erence in reduction of croup score after 
treatment, hospital admission, time to symptom 
resolution, or return for medical care.95 

Studies in which corticosteroids have been administered 
orally have mainly incorporated dexamethasone. Two 
comparator studies have been published of oral agents in 
the treatment of croup. In the fi rst, one oral dose of 
prednisolone was compared with dexamethasone, and the 
fi ndings showed superiority of dexamethasone in reducing 
rates of return for medical care.103 In the second study, oral 
dexamethasone was compared with oral prednisolone; no 
diff erence was noted in reduction of croup score or rates 
of return for medical care.96 A more practical consideration 
could be that oral dexamethasone is associated with less 
vomiting than oral prednisone, a substantial advantage.104 

Practical issues should also be considered. For instance, 
for a child with persistent vomiting, the inhaled or 
intramuscular route for drug delivery might be preferable. 
In cases of severe respiratory distress, oral administration 
could be more diffi  cult for the child to tolerate than an 
intramuscular dose. In a child with hypoxia, decreased 
gut and local tissue perfusion can impair absorption via 
the oral or intramuscular route, respectively. In these 
cases, the inhaled route should be considered and would 
also allow for administration of oxygen or racemic 
epinephrine concurrently. The cost of each treatment 
route should also be thought about. 

Drug dosing
With respect to dosing of corticosteroids, two important 
questions should be asked. First, is one dose of 
dexamethasone suffi  cient or will several be required? 
Second, what is the appropriate size of dexamethasone 
dose: 0·15 mg/kg, 0·30 mg/kg, or 0·60 mg/kg? 

We did not fi nd any randomised trials via our literature 
search in which single and multiple doses of 
corticosteroids were compared. Published randomised 
trials of the eff ectiveness of corticosteroids are roughly 
split in terms of using either one dose or several. 
Theoretically, since most children’s croup symptoms 
resolve within 72 h, and the speculated duration of 

Patients 
(n)

Croup 
severity

Setting Route of administration Primary outcome Results

Nebulised vs oral or intramuscular administration

Geelhoed (1995)90 80 Moderate to 
severe

Admitted 
children

Nebulised budesonide
Oral dexamethasone

Duration of 
admission 

No diff erence between budesonide (13 h) 
and dexamethasone (13 h vs 12 h)

Johnson (1998)47 144 Moderate to 
severe

Emergency 
department

Nebulised budesonide
Intramuscular dexamethasone

Rate of admission No diff erence between dexamethasone 
and budesonide (17% vs 35%; p=0·18)

Klassen (1998)92 198 Moderate Emergency 
department

Oral dexamethasone vs nebulised budesonide vs oral 
dexamethasone vs nebulised budesonide

Clinical croup score 
at 4 h 

No diff erence between groups (p=0·70)

Oral vs intramuscular administration

Rittichier (2000)93 277 Moderate Emergency 
department

Intramuscular vs oral dexamethasone Return to medical 
care 

No diff erence between groups 
(intramuscular 32%, oral 25%, p=0·198)

Donaldson (2003)94 96 Moderate to 
severe

Emergency 
department

Intramuscular vs oral dexamethasone Croup symptom 
resolution at 24 h

No diff erence between groups 
(intramuscular 2%, oral 8%)

Amir (2006)95 52 Mild to 
moderate

Emergency 
department

Intramuscular dexamethasone vs oral betamethasone
(note: investigator aware of study treatment)

Clinical croup score 
at 4 h

No diff erence between groups (p=0·18)

Table 3: Selected randomised controlled trials of corticosteroid treatment of croup by route of administration 

Patients 
(n)

Croup 
severity

Corticosteroid and dose Route of 
administration

Primary outcome Results

Fifoot (2007)96 99 Mild to 
moderate

Dexamethasone 0·15 or 0·6 mg/kg, 
or prednisolone 1 mg/kg

Oral Change in clinical 
croup score at 4 h

No diff erence between groups 
(p=0·4779)

Geelhoed (1995)97 120 Moderate Dexamethasone 0·15, 0·30, or 
0·60 mg/kg

Oral Median duration of 
admission

No diff erence between groups 
(9 h in 0·15 mg/kg, 7 h in 
0·30 mg/kg, 8 h in 0·6 mg/kg)

Alshehri (2005)98 72 Moderate Dexamethasone 0·15 or 
0·60 mg/kg

Oral Change in clinical 
croup score at 12 h

No diff erence between groups 
(p=0·15)

Chub-Uppakarn 
(2007)99

41 Moderate to 
severe

Dexamethasone 0·15 or 
0·60 mg/kg

Intravenous Change in clinical 
croup score at 12 h

No diff erence between groups 
(p=0·40)

Table 4: Comparison of dosing in selected randomised controlled trials of corticosteroid treatment of croup
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anti-infl ammatory eff ect of dexamethasone is 2–4 days,105 
the necessity of a second dose would seem unlikely in 
most children with the disorder. 

The conventional dose of dexamethasone is deemed 
to be 0·60 mg/kg. Alternatively, doses of 0·30 and 
0·15 mg/kg have been proposed. Confl icting evidence 
for dose size is provided by a meta-analysis and the 
fi ndings of four randomised trials. In the meta-analysis 
of six studies of children admitted to hospital, the 
higher the dose of hydrocortisone equivalents used the 
higher the proportion of children who responded to 
corticosteroid treatment compared with placebo.86 
However, since the design of all included studies 
diff ered, the possibility of bias exists. On the other 
hand, four other studies in which diff erent doses of oral 
dexamethasone were compared have been published; a 
range of croup severity and both inpatient and outpatient 
settings were included (table 4).96–99 None of the trials 
was designed as a non-inferiority study and all had 
small sample sizes; none of the four studies showed a 
signifi cant diff erence in primary outcome measures 
between corticosteroid dose sizes. The fi ndings of these 
four randomised controlled trials suggest a dose of 
0·15 mg/kg might be adequate whereas the systematic 
review meta-analysis of six studies indicates a higher 
dose could provide greater benefi t in children with 
more severe disease.86

Risks of corticosteroids
Although steroid treatment of children with croup is 
generally known to be safe, potential concerns exist with 
respect to possible adverse events. First, children treated 
with steroids after exposure to varicella virus can have an 
increased risk of developing complications of varicella, 
such as disseminated disease or bacterial superinfection. 
Published case-control studies addressing this issue 
have yielded confl icting results. Whereas in one study, 
an increase in risk of complicated varicella in 
immunocompetent children treated with steroids was 
noted,106 in another this fi nding was not seen.107 The US 
Food and Drug Administration, the American Academy 
of Pediatrics, and the American Academy of Allergy and 
Immunology advise caution in the use of steroids in 
children who have been exposed to varicella virus.108–111 
On a related issue, there is potential concern that 
corticosteroid use could prolong viral shedding; however, 
we were unable to fi nd evidence that addresses this 
issue. 

With steroid treatment, potential complications that 
have yet to be proven include bacterial tracheitis,36,37 
pneumonia, and gastrointestinal bleeding.86,112–114 Bacterial 
tracheitis has been proposed to be related to previously 
unsuspected immune dysfunction.115 With respect to 
pneumonia, in a retrospective case review of 
3577 immune-suppressed stem-cell transplant re cipi-
ents, the most important factor associated with 
development of parainfl uenza pneumonia was dose of 

corticosteroid at the time of infection acquisition.116 
Gastrointestinal bleeding would seem to be unlikely in 
otherwise healthy children, but it could be more of a 
concern in a child with severe disease who requires care 
in the intensive-care unit, endotracheal intubation, and 
repeated high doses of steroids.114 

Epinephrine
In children with moderate-to-severe croup, treatment 
with epinephrine via a nebuliser has a long history and 
has been well studied (table 5). Using historical 
comparisons, the administration of epinephrine in 
children with severe croup has been reported to have 
reduced the number needing intubation or trache ot omy 
by a substantial amount.120 Nebulised racemic epi-
nephrine (2·25%), compared with placebo, improved 
croup scores within 10–30 min of initiation of treatment 
in three randomised controlled trials.117–119 In a fourth 
placebo-controlled trial, a clear benefi t was not recorded; 
however, this trial was not well-designed nor 
well-reported.121 Objective pathophysiological measures 
of severity have also shown substantial improvement 
after epinephrine treatment in fi ve prospective cohort 
studies.57–59,72,122 Clinical eff ect is sustained for at least 
1 h,57–59,117,119,121,123 but it is essentially gone within 2 h of 
administration.119 Reassuringly, as the eff ect of 
epinephrine wears off , the patient’s symptoms return—on 
average—to their baseline severity and do not seem to 
worsen.118,119 Combined data from fi ve prospective clinical 
trials in outpatients treated with epinephrine and 
dexamethasone (or budesonide) who were observed for 
2–4 h are also reassuring. Of 253 children, only 12 (5%) 
who were discharged home returned for care within 
48–72 h and only six of these were admitted to 
hospital (2%). No children had adverse outcomes.47,124–127 
This prospectively derived data along with fi ndings of 
two retrospective cohort studies provide favourable 
support for children to be safely discharged home after 
treatment with epinephrine, as long as their symptoms 
have not recurred within 2–4 h of treatment.128,129 

The administration of one dose at a time of nebulised 
epinephrine to children has not been associated with any 
adverse eff ects nor a clinically signifi cant increase in either 
heart rate or blood pressure.76,99,117,118,123,130 The conclusions of 
a critical review of seven clinical trials of 238 children 
treated with nebulised epinephrine (1/1000, with 
184 patients receiving doses of 3 mL or greater) for either 
croup or acute bronchiolitis noted that epinephrine was a 
safe treatment and identifi ed only mild side-eff ects, 
including, most frequently, tachycardia and pallor.131 One 
case report has been published of a previously healthy 
child with severe croup who developed ventricular 
tachycardia and myocardial infarction after treatment with 
three doses of epinephrine via nebuliser within 1 h.132 

Racemic epinephrine has traditionally been used to 
treat children with croup. However, epinephrine 1/1000 
is as eff ective and safe as the racemate form, as shown by 
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fi ndings of a randomised trial in 31 children aged 
6 months to 6 years with moderate-to-severe croup.130 In 
most studies, the same dose has been used in all children 
irrespective of size (0·5 mL of 2·25% racemic epinephrine 
or 5·0 mL of epinephrine 1/1000). Data derived from use 
of aerosolised medications in lower-airway disease 
supports this approach, in that the eff ective dose of drug 
delivered to the airway is regulated by every individual’s 
tidal volume.133–136 

Analgesics, antipyretics, antibiotics, antitussives, 
decongestants, and short-acting β2 agonists
We retrieved no controlled trials of the eff ectiveness of 
any of these drugs in the treatment of croup with our 
literature search. The use of analgesics or antipyretics is 
reasonable for the benefi t of reduction of fever or 
discomfort in children with croup.48,63–67 Most types of 
croup have a viral cause. Although so-called 
superinfections, such as bacterial tracheitis and 
pneumonia, are described, the rare frequency (<1 per 
1000 cases of croup) makes use of prophylactic antibiotics 
unreasonable.48,63–67 No physiologically rational basis exists 
for use of antitussives or decongestants, and they should 
not be administered to children with croup.48,63–67 Similarly, 
in view of the pathophysiology of croup as an upper-airway 
disease, there is no clear reason to use short-acting β2 
agonists for treatment of the disease.48,63–67

Indications for admission and discharge from 
medical care
Although most children with croup can be managed 
safely as outpatients, little published evidence is available 
to guide clinicians as to which individuals should be 
admitted to hospital.48,137,138 Data from a retrospective 
cohort of 527 children admitted to Royal Children’s 
Hospital, Melbourne, for persistent stridor at rest (before 
routine treatment with corticosteroids) showed that those 
with persistent sternal indrawing at presentation to an 
emergency department had a 6% risk for endotrachael 
intubation, whereas those without sternal and chest-wall 
indrawing recovered rapidly without any specifi c 
treatment.138 In a study comparing dexamethasone with 
placebo,47 recorded reductions in admissions in the 
dexamethasone-treated group were fi rst noted 3 h later, 
with increasing diff erences shown up to 10 h after 

treatment. The rate of admission in the dexamethasone-
treated group was half that of those given placebo. This 
fi nding suggests that observation in an emergency 
deparment for at least 3 h, and ideally up to 10 h after 
treatment with corticosteroid, would reduce admission 
rates, presumably as the benefi cial eff ects of 
corticosteroids become evident with time. In a published 
report looking at length of stay in the emergency 
department and admission, a substantial reduction was 
recorded in admissions after implementation of a clinical 
pathway mandating 6 h of observation in the emergency 
department after corticosteroid treatment before a child 
with croup was admitted to hospital.137 Based on this 
evidence and combined with expert opinion, the Alberta 
Medical Association clinical pathway committee has 
developed and implemented the management algorithm 
outlined in the fi gure.48 

Conclusion
After 50 years of controversy, corticosteroids have been 
fi rmly established as the treatment of choice for children 
with croup. Although comparatively fewer reports have 
been published on epinephrine, suffi  cient data exist to 
support the drug’s role in short-term symptom relief 
until corticosteroids take eff ect. Conversely, after more 
than a century of use, defi nitive evidence is available to 
show the ineff ectiveness of mist. Apart from heliox, no 
new therapeutic interventions are on the horizon. 
Nonetheless, corticosteroids and epinephrine have 
greatly reduced health-care use and enhanced outcomes 
in children with croup. 

Although eff ective treatment for croup is 
well-established, several mysteries remain unexplained 
with respect to the cause and pathophysiology of the 
disease. Exploration of these questions could ultimately 
yield novel and even more eff ective treatments or 
vaccines. 
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