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Summary Croup is an acute clinical syndrome of childhood characterised by a barking

cough, hoarse voice, stridor and a variable degree of respiratory distress. A meta-
analysis and subsequent controlled trials clearly demonstrate that corticosteroids
are efficacious in the management of croup, with their benefits conclusively
outweighing their risks. In mild to moderate cases of croup either systemic or
nebulised corticosteroids decrease symptoms and need for hospitalisation. Most
reports use IM dexamethasone 0.6 mg/kg, although it is likely that dexamethasone
0.15 mg/kg has a similar effect. In controlled studies nebulised budesonide 2mg
is superior to placebo, and appears to have equivalent efficacy to oral dexameth-
asone. The risk of a single or short course of systemic corticosteroids are minimal,
the only potential significant adverse effect being increased risk of severe vari-
cella infection. Short courses of nebulised budesonide have no major adverse
effects, and thus are likely to cause fewer adverse effects than systemic cortico-
steroids, although this is as yet unproven. On the body of data published to date,
either oral dexamethasone 0.15 mg/kg or nebulised budesonide 2mg are effective
for mild to moderate croup. In severe croup requiring intubation, oral pre-
dnisolone 1 mg/kg every 12 hours decreases the duration of intubation and the
need for re intubation. Unless there are clear contraindications, corticosteroids
are the treatment of choice in mild, moderate and severe croup.
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Croup is an acute clinical syndrome of child-
hood characterised by a barking cough, hoarse
voice, stridor and a variable degree of respiratory
distress. Symptoms of an upper respiratory tract
infection may be present for a day or two prior to
onset. Characteristically the symptoms of croup
are worse at night — often the presentation is the
child (and parents) being woken by respiratory dis-
tress. The aetiology is viral, most commonly a
parainfluenza virus, with parainfluenza virus type
I accounting for half of identified cases. Other
causes include influenza virus, respiratory syncy-
tial virus and Mycoplasma pneumoniae.!!)

A community study conducted in the 1960s to
1970s in the US reported an incidence of croup of
1.8% of children, with the peak incidence between
1 and 2 years of age. The incidence in boys was 1.5
times greater than in girls and 1% of all cases re-
quired hospitalisation.[!! In a recent study in the UK,
the hospitalisation rate was 0.2% per year for all
children less than 14 years of age, with mean age
for hospitalisation of 32 months and an age range
of 3 months to 9 years.?’ Two percent of
hospitalised children will need intubation and me-
chanical ventilation, although this rate is likely to
have fallen with the wider use of corticosteroids in
the management of croup.!’!

Croup must be distinguished from potentially
life-threatening conditions that may present in
children with stridor such as epiglottitis, bacterial
tracheitis and inhalation of a foreign body.
Epiglottitis caused by Haemophilus influenzae
type b is the most important differential diagnosis
because of the high risk of rapid airway obstruction
and death, although the incidence of epiglottitis
has decreased significantly with the introduction
of H. influenzae immunisation.

Although community data are scarce, it is likely
that the majority of patients with croup do not seek
medical advice. Of those who do, most only re-
quire accurate assessment, gentle handling and
general supportive measures.[*l Mist or steam
treatment is frequently recommended and parents
are encouraged to keep the child in a steam filled
bathroom. However, despite anecdotal reports there
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is no hard evidence of the benefits of steam treat-
ment,'5] and potential adverse effects include
scalding of the child due to steaming hot water.

Management in hospital includes the use of neb-
ulised L- or racemic epinephrine (adrenaline). Al-
though clearly effective, the action of epinephrine
is short-lived, and there is a rebound effect.[o!
There is extensive evidence for the beneficial ef-
fect of systemic corticosteroids in croup. A recent
development has been the recognition that nebul-
ised corticosteroids are also efficacious in the treat-
ment of croup.

For the purposes of this risk-benefit assessment,
we performed computer literature searches on sev-
eral electronic medical databases from 1960 to the
present day. Further studies were revealed using
author searches from seminal papers, conference
abstracts and from citations. Relevant English lan-
guage publications were identified including case
reports of the complications of steroid use.

1. Systemic Corticosteroids in the
Management of Moderate to
Severe Croup

The evidence for the efficacy of corticosteroids
in the management of croup is stronger now than
at any time in the past 20 years. Corticosteroids are
now more commonly used in the initial manage-
ment of patients requiring hospitalisation for
croup,!® and many authors recommend that intra-
muscular or intravenous dexamethasone 0.6 mg/kg
be given in the emergency room to those patients
with viral croup requiring hospital admission.!”!

Early studies were unsatisfactory with small
numbers of randomised patients and had insuffi-
cient statistical power to distinguish small but
meaningful benefits of systemic corticosteroids. In
1989, Kairys et al.[®) performed a meta-analysis of
9 methodologically sound randomised controlled
trials®!7! including some 1126 patients. Clinical
improvement 12 and 24 hours after treatment was
evaluated, as was the need for endotracheal intuba-
tion. This analysis indicated that the use of corti-
costeroids in children hospitalised with croup was
associated with a greater proportion of children
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whose symptoms were improved at 12 hours [odds
ratio (OR) = 2.25, 95% confidence interval (CI) =
1.66 to 3.06] and 24 hours (OR = 3.19, 95% CI =
1.70 to 5.99) and a reduced incidence of intubation
(OR =0.21, 95% CI = 0.05 to 0.84). Higher initial
doses of corticosteroids, i.e. cortisone at dosage of
more than 125mg or hydrocortisone at dosage of
more than 100mg, were associated with a greater
proportion of children whose symptoms had im-
proved at 12 hours. This study supported the use of
corticosteroids in the management of croup for the
hospitalised child.

Subsequent studies have reinforced the benefi-
cial effect reported by Kairys and colleagues. Su-
per et al.l'8) in a randomised controlled trial of 29
children hospitalised for croup reported that a sin-
gle injection of intramuscular dexamethasone (0.6
mg/kg) resulted in significant improvements in
croup score compared to saline placebo. 12 hours
after treatment the children who received dexa-
methasone had a statistically significant decline in
median croup score from 4.5 to 1.0 (p <0.001),
whereas the patients receiving the placebo did not.
By 24 hours, 85% of the children who received
dexamethasone had a decrease of 2 or more points
in the croup score group compared with 33% of the
children who received placebo (p = 0.027). During
this same period, only 19% of patients receiving
dexamethasone required 2 or more racemic epi-
nephrine treatments compared with 62% of pa-
tients who received the placebo (p < 0.05).

In addition, there is accumulating evidence for
the use of systemic corticosteroids in patients with
milder disease who are able to be managed as out-
patients. Cruz et al.!! reported a randomised com-
parison of intramuscular dexamethasone 0.6 mg/kg
or saline placebo in the outpatient management of
croup in 38 children aged 6 months to 5 years. Se-
verity of illness was significantly decreased in 84%
of the dexamethasone-treated children within 24
hours after treatment compared with 42% of the
placebo-treated children (p = 0.03). Four placebo-
treated children sought medical attention in the
subsequent 48 hours compared with 1 of the dexa-
methasone-treated children, although none required
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hospitalisation. It is likely that a lower dose of
dexamethasone would have been sufficient, as
Geelhoed and colleagues have demonstrated sim-
ilar efficacy for oral dexamethasone at doses of
0.15 mg/kg, 0.3 mg/kg and 0.6 mg/kg in children
with mild croup.?9] They have since reported a
randomised comparison of a single dose of oral
dexamethasone 0.15 mg/kg and placebo in 100
children aged 4 months to 10 years attending an
emergency department for mild croup.!?!) None of
the children who received dexamethasone required
further medical attention compared with 8 of the
children who received placebo.

2. Systemic Corticosteroids in the
Management of Patients with Croup
Who Require Intubation

Croup requiring intubation is clearly at the se-
vere end of the spectrum, and intubation and me-
chanical ventilation even in the most experienced
centres is not without risk. Researchers who con-
ducted a retrospective analysis of 2623 children
with croup who were admitted to the Royal Chil-
dren’s Hospital, Melbourne, Australia, reported
that 416 patients (16%) were admitted to the inten-
sive care unit, of whom 176 required intubation. Of
the intubated children, 117 patients were success-
fully extubated at the first attempt and 59 needed
reintubation. Of the patients who were reintubated,
35 were given corticosteroids prior to subsequent
extubation attempts. Only 1 patient who had re-
ceived corticosteroids failed extubation, while
59% of those who did not receive corticosteroids
required reintubation.??)

The same unit has subsequently clearly demon-
strated the efficacy of oral corticosteroids for chil-
dren intubated because of severe croup.!23! In a pro-
spective placebo-controlled study Tibballs et al.[?3!
investigated the effect of 1 mg/kg prednisolone ev-
ery 12 hours by nasogastric tube until 24 hours af-
ter extubation on the duration of intubation and the
need for reintubation. Children under 6 months or
those with congenital airway anomalies or previous
intubations were excluded. Only 2 (5%) of the pre-
dnisolone-treated children required reintubation
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after accidental or elective extubation compared
with 11 (34%) of the placebo-treated children
(p = 0.004). Survival analysis with log-normal re-
gression showed that the duration of intubation
was shorter with corticosteroid therapy (p < 0.003)
and increasing age (p < 0.02). The median duration
of intubation was 138 hours (95% CI =118 to 160)
in children who received placebo compared with
98 hours (95% CI = 85 to 113) in the prednisolone

group.

3. Risks of Short Term Systemic
Corticosteroid Therapy

Compared with cortisol, the synthetic cortico-
steroids such as prednisone, prednisolone or beta-
methasone have more potent anti-inflammatory
activity, a reduced mineralocorticoid effect and a
longer biological half life. In school age children
as little as Smg of prednisolone per day for 2 weeks
can result in impaired short-term growth.[?*] The
documented adverse effects of oral corticosteroids
in childhood include adrenal suppression,?] de-
creased bone mineralisation!?®! and cataracts.[?”]
However, the evidence for a significant effect on
any of the above due to short term use of systemic
corticosteroids is scant.

Use of systemic corticosteroids has been asso-
ciated with severe varicella. In a case-control
study, Dowell and Bresee!?8! compared corticoste-
roid exposure in 35 children with severe varicella
and 10 000 control individuals. 26% of the children
with severe varicella had received corticosteroids
within 30 days prior to the onset of their rash com-
pared with 20 (0.2%) of the control individuals
(OR =178,95% CI=59 to 541). Of the 13 patients
with severe varicella whose dosage was recorded,
7 had received less than the equivalent of 2 mg/kg
per day of prednisone. The timing of the cortico-
steroid use in those who had severe varicella clus-
tered within the incubation period for the virus.
Thus, in this study systemic corticosteroids sub-
stantially increased the risk of severe or fatal vari-
cella.

Potential local adverse effects of intramuscular
corticosteroids include subcutaneous atrophy!?*! in
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adults. Although the condition is often reversible,
instances of long term disfigurement are well doc-
umented.

4. Inhaled Corticosteroids in Croup

Inhaled or nebulised corticosteroids appear an
attractive alternative to systemic corticosteroids in
the treatment of airway disorders. The corticoste-
roids are delivered directly to the site of inflamma-
tion, thus it is possible to reduce the dose required
and potentially to decrease treatment-associated
adverse effects. Inhaled corticosteroids via a meter
dose inhaler are well established in the treatment
of childhood asthma, resulting in a decrease in ad-
verse effects compared with oral corticoste-
roids.1301

All reports to date on the use of inhaled cortico-
steroids in croup have used nebulised budesonide.
Use of nebulised corticosteroids results in de-
creased dose of oral corticosteroids in pre-school
children with corticosteroid-dependent viral as-
thma and viral-associated wheezing.l*!! However,
unlike inhaled corticosteroids via a meter dose in-
haler, there are no head-to-head comparisons be-
tween the adverse effects of nebulised and sys-
temic corticosteroids in croup or in any respiratory
indication. Thus, although theoretically attractive,
there is no direct evidence of a decrease in adverse
effects with nebulised corticosteroids compared
with systemic corticosteroids.

There is a large variation in the performance
characteristics of nebulisers in terms of particle
size and aerosol output,13?! and the efficacy of neb-
ulised budesonide in croup could be influenced by
the type of nebuliser used. As little as 10% of the
administered dose of nebulised budesonide is ac-
tually inhaled by the infant.[33] Unlike diseases in-
volving the small airways, such as asthma, where
it is desirable for a nebuliser to generate respirable
particles (< Spum), it is possible that the generation
of larger particles, which are more likely to be de-
posited in the upper airway, is desirable in the treat-
ment of croup. As the systemic bioavailability of
inhaled corticosteroids is dependent on the propor-
tion deposited in the intra-pulmonary airways,>¥!
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Table I. Controlled trials of inhaled corticosteroids in the management of croup

Reference Protocol Comparison Nebuliser No. of Outcome Resuilt
patients
Husby et allBel y db, pc PLAvs ‘Parinebuliser 36 Croup score and clinical BUD > PLA
BUD 1mg x 2 CR 60’ 8 L/min impression after 2h

Klassen et r, db, pc PLA vs ‘Updraft’ 54 2 point decrease in BUD > PLA

al.’7 BUD 2mg 6 L/min croup score at 4h
Discharge from BUD > PLA
emergency room?

Fitzgerald et r, db, pc EPI4mg vs BUD 2mg N/A 66 Croup scores 0.5 to 24h  BUD = EPI

al.?8 after hospitalisation

Geelhoed & r,db,ddc  PLA vs DEX 0.6mg/kg Airflow® mask 80 Time to croup score <2 BUD = DEX > PLA

MacDonald®?! vs BUD 2mg 8 L/min Duration of
hospitalisation BUD =DEX > PLA
Time to use of
epinephrine nebuliser BUD = DEX > PLA
<1h

Klassen et r,db, pc DEX plus BUD 2mg or ‘Updraft’ 50 2 point decrease in BUD > PLA

al 140l PLA 5-6 L/min croup score at 4h

a Not a priori outcome measure.

Abbreviations and symbols: BUD = budesonide; db =double-blind; ddc =

double dummy controlled; DEX = dexamethasone; EPI = epinephrine

(adrenaline); N/A = not applicable; pc = placebo-controlled; PLA = placebo; r = randomised; > = greater effect; == equivalent effect.

so the generation of smaller particles would
theoretically result in decreased upper airway
deposition (leading to decreased efficacy) and
increased systemic bioavailability (leading to
increased adverse effects). However, in prac-
tice it is unlikely that the type of nebuliser is
of paramount importance.

A potential weakness in the interpretation of in-
tervention studies of nebulised corticosteroids in
the management of croup is the lack of objective
measures of severity. Oxygen saturation is a poor
marker of severity.33! Consequently changes in
croup score, based on pre-determined clinical find-
ings, are used as study endpoints. Most studies are
in mild to moderate croupt3®-*%! using a Westley-
type score where the combination of stridor (0 to
2), retraction (0 to 3), air entry (0 to 2), cyanosis (0
to 5) and conscious state (0 to 5) to gives a total
score of 17, with loading of the score towards cy-
anosis and conscious state at the more severe
end.[*!1 Croup scores are used as inclusion criteria,
and as outcome measures. The entry severity of
cases has differed from a score of 317! through to
6.136.38] Although the reported interobserver repeat-
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ability of croup scores is excellent in milder
cases, 36401 it is worth noting that the only publish-
ed validation of croup scores was for need for ad-
mission to an intensive care unit.[?] To date there
are 4 published studies plus 1 in abstract form of
nebulised budesonide in croup (see table 1)[36-401 _
either placebo-controlled studies or comparisons
with oral dexamethasone or nebulised epinephrine.

4.1 Placebo-Controlled Studies

There are 2 published placebo-controlled stud-
ies of nebulised budesonide in croup. Husby et
al.3% reported the effect of 2 doses of lmg
budesonide 30 minutes apart or saline placebo in
36 infants and children aged 5 months to 5 years
hospitalised for croup. A modified Westley score
was used based on stridor, cough, retractions, dys-
pnoea and cyanosis, and entry criteria was an initial
croup score of 6 or more. In addition the overall
clinical impression was evaluated (0 to 100). Two
hours after treatment, the croup score in the
budesonide treated group had decreased from 8 to
4.5, while the croup score in the placebo group re-
mained unchanged at 8 (p < 0.01). The overall

Drug Safety 1997 Jan; 16 (1)



Risk-Benefit Assessment of Corticosteroids in Croup

clinicalimpressionassessment score decreased in
the budesonide-treated group from 50 to 25,
whereas it remained constant in the placebo group
(p <0.01). When the individual symptoms of the
croup score were compared, only cough and stridor
were significantly decreased, there being no signif-
icant differences in retractions, dyspnoea, or cya-
nosis.

Klassen et al.37] reported the effect of a single
2mg dose of budesonide or saline placebo on 54
children aged 3 months to 5 years attending an
emergency room for croup. The entry criteria was
a Westley score of 2 to 7 out of a possible 17 and
the a priori end-point was the proportion of chil-
dren showing a 2 point decrease in croup score
within 4 hours. The median croup score at entry
into the study was 4 in both groups. After 4 hours
the median croup score was significantly lower in
the budesonide-treated children than in the pla-
cebo-treated children (1 v 3, p = 0.005). In addition
the budesonide-treated children were discharged
from the emergency department significantly ear-
lier than the placebo-treated children (Kaplan-
Meier p = 0.002). One week after enrolment, 21 of
27 children who received placebo had required
dexamethasone treatment, as compared with 15 of
27 children who received budesonide (p = 0.10),
and 7 patients who received placebo had been
hospitalised, compared with 1 patient who re-
ceived budesonide (p = 0.05).

4.2 Comparison with
Epinephrine (Adrenaline)

There is only 1 published comparison of
budesonide and epinephrine in croup and this is
only available as an abstract. Fitzgerald et al.[38]
compared the effect of a single 2mg dose of nebul-
ised budesonide with a single 4mg dose of adren-
aline in 66 children aged 6 months to 6 years. The
entry criteria were a Husby croup score (see sec-
tion 4.1) of 6 or above, and croup scores were pe-
riodically assessed over a 24 hour period. The
study was designed to detect a 2 point difference
between treatments with 95% power. All the chil-
dren responded to treatment and there was no sig-
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nificant difference in croup score between the
budesonide- and epinephrine-treated children at
any of the assessments.

4.3 Controlied Comparisons with
Dexamethasone

There are 2 published studies of budesonide
with dexamethasone — one where budesonide is di-
rectly compared with oral dexamethasone or
placebo,l*®! and another where budesonide and
placebo are compared in addition to oral dexa-
methasone.[*?l Geelhoed and MacDonald**! com-
pared the effects of a single dose of oral dexameth-
asone 0.6 mg/kg with a single 2mg dose of
nebulised budesonide or placebo in a double-blind,
double-dummy study of 80 children aged 5 months
to 15 years attending an emergency department
with croup.

There was no significant difference in median
duration of hospitalisation between the dexameth-
asone- and budesonide-treated children (12 and 13
hours, respectively), but median duration of
hospitalisation was significantly shorter for both
than placebo (20 hours, p < 0.03). Similarly, croup
scores were not significantly different between the
dexamethasone- and budesonide-treated children
at any time, while both groups achieved croup
scores of 1 or less in a shorter period (2 and 3 hours,
respectively) than the placebo group (8 hours,
p < 0.01). Furthermore, 6 of the 30 placebo-treated
children (20%) required nebulised epinephrine af-
ter the first hour compared with none of the corti-
costeroid-treated children (p < 0.02).

In comparison, Klassen et al.[*0l compared the
addition of a single 2mg dose of nebulised
budesonide or placebo to the effect of a single dose
of oral dexamethasone 0.6 mg/kg in 50 children
aged 3 months to 5 years attending an emergency
department for croup. As in their previous study,?!
the entry criteria was a Westley score of 2 to 7 out
of a possible 17, and again the a priori end-point
was the proportion of children showing a 2 point
decrease in croup score within 4 hours. There was
a significant difference between the budesonide-
and placebo-treated children, with 21 (84%) of the
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budesonide-treated children showing a 2 point
decrease in croup score within 4 hours compared
with 14 (56%) of the placebo-treated children
(p < 0.03). They estimated that after treatment with
oral dexamethasone, 4 patients with mild to mod-
erate croup would need to be treated with nebulised
budesonide for one patient to have a 2 point im-
provement in croup score. However, there was no
significant difference in subsequent doses of dex-
amethasone or hospitalisation rate between the
budesonide- and placebo-treated children.

5. Risks Associated with Inhaled
Corticosteroids in Croup

Budesonide has a short plasma half-life of ap-
proximately 3 hours in adults.3# There is extensive
first-pass metabolism with only 10% of an orally
administered dose reaching the systemic circula-
tion.34 Although the data are scanty, nebulised
budesonide appears to confer no significant risks
to children in general. No adverse effects were de-
tected in any of the published studies!3>-37-3940] and
no conclusions can be drawn on potential adverse
effects from the Fitzgerald abstract.38 The only
potentially adverse effect was that 3 of the 50 chil-
dren vomited their dexamethasone within 30 min-
utes in the study reported by Klassen and col-
leagues.[40]

It is difficult to assess the potential adverse ef-
fects of long term nebulised budesonide due to the
paucity of published studies in children. Ilangovan
etal.3! reported that regular nebulised budesonide
significantly reduced the requirement for treatment
with oral corticosteroids in a controlled study of 36
pre-school children with severe asthma, with no
significant adverse effects. Although inhaled
budesonide via a meter dose inhaler appears to
have an admirable safety profile,[3*! the significant
differences in drug delivery and dose preclude di-
rect comparison.

6. Conclusions

Controlled trials demonstrate that corticoste-
roids are of clear benefit in the management of
croup, with their benefits conclusively outweigh-
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ing their risks. The risks associated with a single
dose or a short course of systemic corticosteroids
are minimal, the only potential significant adverse
effect being an increased risk of severe varicella
infection if corticosteroids are administered at the
time of exposure.

For patients with severe croup, oral corticoste-
roids decrease the duration of intubation and de-
crease the need for reintubation. In patients with
less severe croup, corticosteroids decrease symp-
toms and need for hospitalisation. There appear no
significant differences in therapeutic effect be-
tween systemic and nebulised corticosteroids, al-
though there is preliminary evidence that use of
both concurrently may be of benefit in the short
term. Nebulised corticosteroids are considerably
more expensive than systemic corticosteroids and
require specialist equipment, but are less painful to
administer than an intramuscular injection. It is
likely that nebulised corticosteroids have fewer ad-
verse effects that systemic corticosteroids, al-
though this assertion is still unproven.

From the body of data published to date, it ap-
pears that either oral dexamethasone 0.15 mg/kg or
nebulised budesonide 2mg are effective for mild to
moderate croup, while oral prednisolone 1 mg/kg
every 12 hours is effective for croup requiring in-
tubation. Unless there are clear contraindications,
corticosteroids are the treatment of choice in mild
to moderate, and severe croup.

References

1. Denny FW, Murphy TF, Clyde Jr WA, et al. Croup: an 11-year
study in a pediatric practice. Pediatrics 1983; 71: 871-6

2. Jacobs S, Shortland G, Warner J, et al. Validation of a croup
score and its use in triaging children with croup. Anaesthesia
1994; 49: 903-6

3. Geelhoed GC. Croup in hospitalised children: impact of steroids
[abstract]. Am J Respir Crit Care Med 1996; 153: A497

4. Couriel J. Management of croup. Arch Dis Child 1988; 63:
1305-8

5. Bourchier D, Dawson KP, Fergusson DM. Humidification in
viral croup: a controlled trial. Aust Paediatr J 1984; 20: 289-91

6. Taussig LM, Castro O, Beaudry PH, et al. Treatment of
laryngotracheobronchitis (croup): use of intermittent positive
pressure breathing and racemic adrenaline. Am J Dis Child
1975; 129: 790-3

7. Barkin RM, editor. Pediatric emergency medicine: concepts and
clinical practice. St Louis Moseby Yearbook Inc, 1992: 1002

Drug Safety 1997 Jan; 16 (1)



Risk-Benefit Assessment of Corticosteroids in Croup

8. Kairys SW, Olmstead EM, O’Connor GT. Steroid treatment of
laryngotracheitis: a meta-analysis of the evidence from
randomised trials. Pediatrics 1989; 83: 683-93

9. Koren G, Frand M, Barzilay Z, et al. Corticosteroid treatment
of laryngotracheitis vs spasmodic croup in children. Am J Dis
Child 1983; 137: 941-4

10. James J. Dexamethasone in croup. Am J Dis Child 1969; 117:
511-6

11. Skowron PN, Turner JAP, McNaughton GA. The use of corti-
costeroid (dexamethasone) in the treatment of acute laryngo-
tracheitis. Can Med Assoc J 1966; 94: 528-31

12. Leipzig B, Oski FA. A prospective randomised study to deter-
mine the efficacy of steroids in the treatment of croup. J Pedi-
atr 1979; 94: 194-6

13. Muhlendahl KE, Kahn D, Spoor HL, et al. Steroid treatment in
pseudo-croup. Helv Paediatr Acta 1982; 37: 431-6

14. Eden A, Larkin VP. Corticosteroid treatment of croup. Pediat-
rics 1964; 33: 768-9

15. Eden A, Kaufman A, Yu R. Corticosteroid and croup. JAMA
1967; 200: 403-4

16. Sussman S, Grossman M, Magoffin MD, et al. Dexamethasone
(16 alpha-methyl, 9 alpha-flouroprednisolone) in obstructive
respiratory tract infection in children. Pediatrics 1964; 34:
851-5

17. Martensson B, Nilson G, Torbjar J. The effect of corticosteroids
in the treatment of pseudo-croup. Acta Otolaryngol (Stockh)
1960; 158: 62-9

18. Super DM, Cartelli NA, Brooks LIJ, et al. A prospective
randomised double-blind study to evaluate the effect of dex-
amethasone in acute laryngotracheitis. J Pediatr 1989; 115:
323-9

19. Cruz MN, Stewart G, Rosenberg N. Use of dexamethasone in
the outpatient management of acute laryngotracheitis. Pedi-
atrics 1995; 96: 220-3

20. Geelhoed GC, Macdonald WBG. Oral dexamethasone in the
treatment of croup: 0.15 mg/kg versus 0.3 mg/kg versus 0.6
mg/kg. Pediatr Pulmonol 1995; 20: 362-8

21. Geelhoed GC, Turner J, Macdonald WBG. Efficacy of small
single dose of oral dexamethasone for outpatient croup: a
double blind placebo controlled clinical trial. BMJ 1996; 313:
140-2

22. Freezer NJ, Butt W, Phelan P. Steroids in croup: do they increase
the incidence of successful extubation. Anaesth Intensive
Care 1990; 18: 224-8

23. Tibballs J, Shann FA, Landau LI. Placebo-controlled trial of
prednisolone in children intubated for croup. Lancet 1992;
340: 745-8

24. Wolthers OD, Pedersen S. Short term linear growth in asthmatic
children during treatment with prednisolone. BMJ 1990; 301:
145-8

25. Zora JA, Zimmerman D, Carey TL, et al. Hypothalamic-pitu-
itary-adrenal axis suppression after short term, high dose

© Adis International Limited. Al rights reserved.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

55

glucocorticoid therapy in children with asthma. J Allergy Clin
Immunol 1986; 77: 9-13

Wolthers OD, Riis BJ, Pedersen S. Bone turnover in asthmatic
children treated with oral prednisolone or inhaled budeson-
ide. Pediatr Pulmonol 1993; 16: 341-6

Rooklin AR, Lampert SI, Jaeger EA, et al. Posterior subcapsular
cataracts in steroid requiring asthmatic children. J Allergy
Clin Immunol 1979; 63: 383-6

Dowell SF, Bresee JS. Severe varicella associated with steroid
use. Pediatrics 1993; 92: 223-8

Jacobs MB. Local subcutaneous atrophy after corticosteroid
injection. Postgrad Med 1986; 80: 159-60

Godfrey S, Konig P. Treatment of childhood asthma for 13
months and longer with beclomethasone dipropionate aero-
sol. Arch Dis Child 1974; 49: 591-6

Ilangovan P, Pedersen S, Godfrey S, et al. Treatment of severe
steroid dependent pre-school asthma with nebulised budeson-
ide solution. Arch Dis Child 1993; 68: 356-60

Loffert DT, Ikle D, Nelson HS. A comparison of commercial jet
nebulizers. Chest 1994; 106: 1788-93

Lodrup Carlsen KC, Nikander K, Carlsen K-H. How much neb-
ulised budesonide reaches infants and toddlers? Arch Dis
Child 1992; 67: 1077-9

Brogden RN, McTavish D. Budesonide: an updated review of
its pharmacological properties and the therapeutic efficacy in
asthma and rhinitis. Drugs 1992; 44: 375-407

Stoney PJ, Chakrabarti MK. Experience of pulse oximetry in
children with croup. J Laryngol Otol 1991; 105: 295-8

Husby S, Agertoft L, Mortensen S, et al. Treatment of croup
with nebulised steroid (budesonide): a double blind, placebo
controlled study. Arch Dis Child 1993; 68: 352-5

Klassen TP, Feldman ME, Watters LK, et al. Nebulized
budesonide for children with mild-to-moderate croup. N Engl
] Med 1994; 331: 322-3

Fitzgerald D, Johnson M, McCrossin T, et al. Nebulised
budesonide as efficacious as nebulised adrenaline in moder-
ately severe croup [abstract]. J Paediatr Child Health 1995;
31: A7

Geelhoed GC, MacDonald WBG. Oral and inhaled steroids in
croup: A randomised placebo controlled trial. Pediatr
Pulmonol 1995; 20: 355-61

Klassen TP, Watters LK, Feldman ME, et al. The efficacy of
nebulized budesonide in dexamethasone treated outpatients
with croup. Pediatrics 1996; 97: 463-6

Westley CR, Cotton EK, Brooks JG. Nebulised racemic epi-
nephrine by IPPB for the treatment of croup: a randomised
double blind study. Am J Dis Child 1978; 132: 484-7

Correspondence and reprints: Dr Iolo Doull, Southampton
General Hospital, Tremona Road, Southampton SO16 6YD,
England.

Drug Safety 1997 Jan; 16 (1)



