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ABSTRACT

Background In children with croup, treatment
with nebulized budesonide decreases symptoms, but
it is uncertain how budesonide compares with dexa-
methasone, the conventional therapy for croup, and
whether either reduces the rate of hospitalization.

Methods We performed a double-blind, random-
ized trial involving 144 children with moderately
severe croup. The children were treated with racepi-
nephrine and a single dose of 4 mg of nebulized
budesonide (48 children), 0.6 mg of intramuscular
dexamethasone per kilogram of body weight (47
children), or placebo (49 children). The children were
assessed before treatment and then hourly for five
hours after treatment. Physicians who were unaware
of the treatment assignments determined the chil-
dren’s need for further treatment and hospitalization.

Results The characteristics of the groups were
similar at base line, including the types of viruses
identified, the types of croup, and the clinical sever-
ity of the illness. The overall rates of hospitalization
were 71 percent in the placebo group (35 of 49 chil-
dren), 38 percent in the budesonide group (18 of 48
children), and 23 percent in the dexamethasone
group (11 of 47 children) (unadjusted P=0.001 for the
comparison of budesonide with placebo, P<0.001
for the comparison of dexamethasone with placebo,
and P=0.18 for the comparison of budesonide with
dexamethasone). Children treated with budesonide
or dexamethasone had a greater improvement in
croup scores than those given placebo (P=0.03 and
P<0.001, respectively), and those treated with dexa-
methasone had a greater improvement than those
treated with budesonide (P=0.003).

Conclusions In children with moderately severe
croup, treatment with intramuscular dexamethasone
or nebulized budesonide resulted in more rapid clin-
ical improvement than did the administration of
placebo, with dexamethasone offering the greatest
improvement. Treatment with either glucocorticoid re-
sulted in fewer hospitalizations. (N Engl J Med 1998;
339:498-503.)
©1998, Massachusetts Medical Society.

ACH year croup is diagnosed in 3 of every
100 children under six years of age,! and ap-
proximately 1 percent of children with croup
are hospitalized.! As a result, it accounts for
a substantial proportion of all pediatric hospitaliza-
tions (2 percent at Alberta Children’s Hospital). A
treatment that substantially reduced the hospitaliza-
tion rate in children with croup would therefore be
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expected to decrease health care costs and the social
burden of the disease.

Klassen et al. found that among children with
croup who were treated in an emergency department,
those who received nebulized budesonide were less
likely to be hospitalized than those who received
placebo.2 Though their results suggest that gluco-
corticoids act rapidly enough to reduce the likeli-
hood of hospitalization, they studied only 54 chil-
dren, and the difference in hospitalization rates
between the two groups was marginal (P=0.05).
Another study of nebulized dexamethasone, which
included 55 children and had a similar design, found
no significant reduction in the rate of hospitaliza-
tions.? Thus, it remains uncertain whether glucocor-
ticoid therapy can reduce the need for hospitaliza-
tion in children with croup.

Numerous studies have demonstrated that inhaled
budesonide decreases the symptoms of croup more
rapidly than does placebo.2#-¢ However, it is unclear
how treatment with budesonide compares with con-
ventional therapy with parenteral or oral dexameth-
asone.” In one study fewer patients were hospitalized
at 24 hours in the oral-dexamethasone group than
in the nebulized-budesonide group, but the differ-
ences between groups were not significant.*

We designed a randomized, double-blind, placebo-
controlled trial to determine whether the adminis-
tration of glucocorticoids to children with moderately
severe croup evaluated in an emergency department
reduces the rate of hospitalization and to compare
nebulized budesonide and intramuscular dexameth-
asone.

METHODS
Study Subjects

Trained study nurses were notified of children with acute onset
of audible stridor who were seen between 3 p.m. and 6 a.m. at
the emergency departments of the Hospital for Sick Children in
Toronto from September 1993 through May 1996 and Alberta
Children’s Hospital in Calgary from October 1995 to May 1996.
Children were enrolled in the study if they were three months to
nine years of age, had been given a diagnosis of croup (defined
as acute onset of inspiratory stridor associated with a “seal-like”
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TABLE 1. THE CROUP SCORING SYSTEM.*

TotAL
CUMULATIVE
SympTom SCORE SCORE
Stridor
None 0
When agitated
At rest 2 2
Retractions
None
Mild
Moderate
Severe
Air entry
Normal
Decreased
Markedly decreased
Cyanosis while breathing
room air
None
With agitation
At rest
Level of consciousness
Normal
Disoriented
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*The scoring system of Westley et al.8 was used.

barking cough), and had persistent, moderately severe respiratory
distress, defined as a croup score of 3 to 6 (Table 1) after treat-
ment with humidified oxygen for 30 minutes.® Exclusion criteria
included symptoms or signs suggesting another cause of stridor,
such as epiglottitis, bacterial tracheitis, or supraglottic foreign
body?; inability of the patients’ parents to speak English well
enough to understand and give informed consent; or a history of
chronic pulmonary disease, severe systemic disease, immune dys-
function,? stridor or intubation for more than one month, or
glucocorticoid therapy in the four weeks before study entry.

The study was approved by the institutional review boards at
each hospital. Written informed consent was obtained from each
patient’s parents before enrollment.

Study Design

Eligible children were randomly assigned to reccive a single
dose of nebulized budesonide (4 mg; Pulmicort Nebuamp, Astra
Pharma, Mississauga, Ont.), intramuscular dexamethasone (0.6
mg per kilogram of body weight; Decadron Injection, Merck
Sharp & Dohme Canada, Kirkland, Que.), or placebo. All pa-
tients received 0.5 ml of 2.25 percent racepinephrine (Vapo-
nefrin, Rhéne-Poulenc Rorer Canada, Ville St. Laurent, Que.)
and normal saline combined with either the budesonide or place-
bo suspension (total volume, 8 ml). The suspension was delivered
by means of a nebulizer (model 1700 Up-draft Neb-U-Mist, Hud-
son, Temecula, Calif.) with oxygen from a wall outlet at a rate of
6 to 7 liters per minute through a face mask held tightly to the
patient’s face over a period of 20 minutes. Study nurses closely
supervised nebulizer treatments to ensure compliance.

The placebo suspension, prepared by Astra, was slightly clearer
than the budesonide suspension. To make the nebulized study
drugs indistinguishable from each other, they were packaged in
opaque containers and discharged directly into a colored nebuliz-
er with the racepinephrine and normal saline. For ethical reasons,
only children who were randomly assigned to dexamethasone
received injections. To maintain masking, the study nurse tempo-
rarily took the parents away from their child while an emergency
staff nurse not otherwise involved in the care of the child injected
the dexamethasone into the child’s thigh, placed a bandage over

the injection site (all children received a bandage whether or not
they received dexamethasone), and initiated nebulization. The
nurse was instructed not to inform anyone, including other emer-
gency staff members, about the treatment delivered. At the com-
pletion of the observation period for each child, the adequacy of
masking was assessed.

Randomization

A blocked randomization code was produced by random-num-
ber—generating software (Astra) and provided only to the phar-
macy at each hospital. The pharmacies prepared sequential patient
packets containing study drugs that were sealed and were identi-
cal in appearance and weight. The code was not broken until after
the study ended and all decisions regarding data analysis were
finalized.

Viral Cultures and Assessment of the Type of Croup

Cultures of nasopharyngeal secretions were obtained at each
hospital with the use of standard procedures to test for parainflu-
enza virus, influenzavirus, and respiratory syncytial virus. The chil-
dren were classified as having spasmodic croup, acute laryngotra-
cheitis, or a mixed presentation. Patients with sudden onset of
stridor (<2 hours before presentation), with no fever (temperature,
<38.0°C) or upper respiratory tract infection, were considered to
have spasmodic croup. Patients with a prodromal upper respiratory
tract infection (>12 hours before the onset of stridor) and fever or
a history of fever were considered to have acute laryngotracheitis.
Patients with symptoms that did not meet either of the previous
definitions were considered to have a mixed presentation.!

Other Treatments and Hospitalization

Emergency physicians made all decisions regarding the need for
further treatment with racepinephrine and hospitalization on the
basis of their clinical judgment. No treatment or admission crite-
ria were imposed, except that physicians were asked not to admin-
ister glucocorticoids unless they decided to admit the child to the
hospital after the five-hour observation period. All children re-
ceived mist therapy throughout the observation period. At the
Hospital for Sick Children, mist was administered through a plas-
tic hose held by the parents to the child’s face, and at Alberta
Children’s Hospital, mist was administered by a bedside humidi-
fier before the study treatment and with a mist tent thereafter.

Follow-up

Study nurses telephoned the parents of children who were not
hospitalized 72 hours after they had been discharged from the
emergency department to ascertain whether the children had
been reevaluated. Children who remained symptomatic were fol-
lowed up every 72 hours until they were free of symptoms.

Outcome Measures

The hospitalization rate was the primary outcome measure, and
the change in croup score (from base line to five hours after treat-
ment) and the number of additional racepinephrine treatments
administered (two to five hours after treatment with the study
drug) were chosen as secondary outcome measures. A single
nurse determined the croup score in each child when the child
was in a quiet, alert state, before treatment and then hourly for
five hours after treatment or until the child was sent home from
the emergency department (Table 1). The nurse also measured
oxygen saturation while the child was breathing room air, respi-
ratory rate, heart rate, and blood pressure at these times. The
nurses were trained by the principal investigator to use the croup
scoring system, and the results were validated throughout the en-
rollment period by having study physicians independently deter-
mine the children’s scores at the same time that the nurses made
their assessments. Physicians and nurses were unaware of each
other’s assessments. The respiratory rate was counted for one
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minute; the heart rate and oxygen saturation were measured by
pulse oximetry while the child was breathing room air.

Statistical Analysis

On the basis of previous experience,® we estimated that the
hospitalization rate in the control group would be approximately
65 percent. In order to allow the detection of a 40 percent re-
duction in the proportion of children who were hospitalized, we
planned to enroll 210 children, with an interim analysis after the
enrollment of approximately 150 children. A biostatistician who
was not otherwise involved in the study performed the interim
analysis using the primary outcome variable, hospitalization rate.
The criterion for stopping the study was the finding in an overall
test for differences between the three treatment groups of a P value
of less than 0.005. To maintain an overall type I error of 0.05,
we adjusted the alpha level for the final analysis to 0.048.11

The data were analyzed with SAS software (version 6.08) and
VMS/VAX software (version 6.1). The normality of the distribu-
tion of variables was assessed by the Wilk—Shapiro test.!1213 Pro-
portional variables were analyzed without adjustment by Fisher’s
exact test and with adjustment for covariates by multiple logistic-
regression analysis. The latter analysis allowed us to explore the
effect of several base-line prognostic factors (base-line croup
score, study center, study nurse, type of croup, and viral-culture
results) on the primary and secondary outcome measures.!314
Continuous variables were analyzed without adjustment by one-
way analysis of variance and with adjustment by an analysis of
covariance with the same covariates that were used in assessing
proportional variables.!516 All statistical tests were two-tailed.

An intention-to-treat analysis was performed, in that all chil-
dren who were randomly assigned to a treatment group were in-
cluded in the full analysis. In addition, an analysis was performed
of all children who completed the study except those with an
unintentional deviation from the study protocol.

RESULTS
Characteristics of the Patients

Among 4075 children with a discharge diagnosis
of croup during the enrollment period, 3857 were
not approached for enrollment in the study. The rea-
sons for exclusion were as follows: disease that was
too mild (3206 children); disease that was too severe,
stridor that was not due to croup, or the presence of
a disqualifying disecase (229); previous treatment
with glucocorticoids (121); wrong age (19); parents
could not speak English well enough to give consent
(7); evaluation outside of the study hours of 3 p.m.
to 6 a.m. (176); refusal of physician to allow enroll-
ment of child (7); and miscellaneous reasons — for
example, the study nurse was not contacted (92).
The parents of the remaining 218 eligible children
were approached for consent, and 145 consented.
All 145 enrolled children were randomly assigned to
treatment and evaluated, except for 1 child who had
a febrile seizure immediately after informed consent
was obtained. A total of 49 children were randomly
assigned to the placebo group, 48 to the budesonide
group, and 47 to the dexamethasone group. The
numbers of children who were evaluated at base line,
three and five hours after treatment, and after dis-
charge from the emergency department (among
those who were not hospitalized) are shown in Table
2. As planned, an interim analysis was performed
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TABLE 2. FOLLOW-UP OF ENROLLED CHILDREN.

DEXA-

PLACEBO BUDESONIDE METHASONE

GRroupr GRroup Groupr ToTAL
TIME OF EVALUATION (N=49) (N=48) (N=47) (N=144)

no. of children

Base line 49 48 47 144
Three hr after treatment 49 47 46 142
Five hr after treatment 39 23 20 82
After discharge from 16 31t 39 86

emergency department*

*The children’s parents were contacted by telephone.

tThe parents of one child were not reached.

TABLE 3. REASONS FOR DEVIATIONS FROM THE PROTOCOL
IN THE CASE OF 25 CHILDREN.

TREATMENT No. oF
DEVIATION ASSIGNMENT CHILDREN*
Treatment with dexamethasone before Placebo, 1; 2

need for hospitalization determined budesonide, 1
Failure to meet inclusion criteria 3
Treatment with dexamethasone Budesonide, 1
<4 wk before study
History of trachecomalacia
Enrolled twice

Budesonide, 1
Dexamethasone, 1

Treatment with dexamethasone in Budesonide, 9; 17
emergency department after decision dexamethasone, 3;
was made to discharge child placebo, 5

Unmasking of treatment assignment by ~ Budesonide, 1; 7
study nurse or emergency depart- dexamethasone, 4;
ment physician placebo, 2

*Some of the 25 children had more than one protocol deviation.

after approximately 150 children had been enrolled.
The study was terminated because the results of an
overall test for differences in the hospitalization rate
among the three treatment groups exceeded the pre-
established stopping criteria (P<<0.001).

Of the 144 randomized children, 25 had an unin-
tended deviation from the protocol (Table 3). The
results of a subanalysis of children with each type of
protocol deviation and those without it were quali-
tatively similar to the results of the intention-to-treat
analysis. Therefore, only the results of the latter anal-
ysis are reported.

There were no significant differences between
treatment groups with regard to demographic or clin-
ical variables, including the types of viruses identi-
fied and the types of croup (Table 4). There were 100
boys and 44 girls; the mean (=SD) age was 24*+18
months; and the mean weight was 12.9+4.5 kg.

The viral cause, study center, and type of croup
did not qualitatively alter the differences between
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TABLE 4. BASE-LINE CHARACTERISTICS OF THE CHILDREN.*

PLAcEBO BUDESONIDE  DEXAMETHASONE
CHARACTERISTIC (N=49) (N=48) (N=47)
Classification of croup — no.
Acute laryngotracheitis 18 20 18
Mixed presentation 28 26 28
Spasmodic croup 3 2 1
Viral culture — no. 45 45 43
Parainfluenza 1 10 9 10
Parainfluenza 2 4 3 3
Parainfluenza 3 2 3 2
Influenza A 1 2 0
Influenza B 0 0 0
Respiratory syncytial virus 2 0 2
Previous croup — no. 16 14 10
Prior treatment with 8 9 9
racepinephrine — no.
Duration of symptoms —
hrt
Fever 8 (0-26) 17 (0-36) 10 (0-36)
Cough 24 (12-48) 29 (15-42) 24 (12-48)
Stridor or respiratory 7 (3-16) 8 (4-21) 6 (3-18)
distress
Temperature — °C 37209 37.4*0.9 37.1x1.1
Croup score 3.8%0.8 3.8£0.9 4.0+0.9
Heart rate — beats/min 144.3+23.9 148.4+209 144.4+239
Respiratory rate — 34.18.6 34.9+8.0 35.0+8.0
breaths/min
Oxygen saturation — %3 95.7%2.7 95.4+2.6 95.8+25

*Plus—minus values are means *SD.
tMedian values are given, with the interquartile ranges in parentheses.

1Oxygen saturation was measured while the patients were breathing
room air.

treatment groups for any of the primary or second-
ary outcomes. Consequently, none of these variables
were included in the adjusted analyses as covariates.

Hospitalization

The rates of hospitalization after treatment were
highest in the placebo group (33 of 49 children, 67
percent), intermediate in the budesonide group (17

of 48 children, 35 percent), and lowest in the dexa-
methasone group (8 of 47 children, 17 percent).
The need for hospitalization was determined by the
time of the five-hour assessment or shortly thereafter
in the case of most children (88 percent). Four chil-
dren, all of whom were in the placebo group, were
admitted to the intensive care unit. No child was in-
tubated. Six children who were initially sent home
were subsequently hospitalized (two in the placebo
group, one in the budesonide group, and three in
the dexamethasone group).

The final rates of hospitalization were significantly
lower in both glucocorticoid groups than in the pla-
cebo group (Table 5). The unadjusted rates of hos-
pitalization in the dexamethasone and budesonide
groups were not significantly different from one an-
other (P=0.18). Logistic-regression analyses that in-
cluded adjustment for base-line croup score and study
nurse yielded P values ranging from 0.03 to 0.12.

Clinical Assessments

Study nurses and physicians concurrently deter-
mined the croup score in 33 children. The agree-
ment between raters was high (weighted kappa value,
0.9; 95 percent confidence interval, 0.8 to 1.0). The
mean changes in the croup score were significantly
greater in both glucocorticoid groups than in the
placebo group, and the change in the dexametha-
sone group was significantly greater than that in the
budesonide group before adjustment for covariates
(Table 5). Adjustment for covariates did not qualita-
tively alter any of these findings.

The changes in heart rate and respiratory rate
from base line to the last assessment in each of the
treatment groups mirrored the changes in the croup
scores. The placebo group had the smallest mean
change in heart rate (—8*25 beats per minute) and
respiratory rate (—5%10 breaths per minute), with
intermediate changes in the budesonide group

TABLE 5. FINAL HOSPITALIZATION RATES AND CHANGE IN CROUP SCORE.*

PLAcEBO COMPARISON OF
GRour BUDESONIDE
VARIABLE (N=49) WITH PLACEBO
Hospitalization — no. (%) 35 (71)
Odds ratio for differences 0.2 (0.1 to 0.6)
between treatments (95% CI)
D value 0.001
Mean (£SE) change in croup —-1.3+0.2
scoref

Estimate of differences between
treatments (95% CI)
D value

0.6 (~1.2to —0.1)

0.03

BUDESONIDE COMPARISON OF  DEXAMETHASONE ~ COMPARISON OF
GRroupP DEXAMETHASONE GRoupP DEXAMETHASONE
(N=48) WITH BUDESONIDE (N=47) WITH PLACEBO
18 (38) 11 (23)
0.5 (0.2 t0 1.2) 0.1 (0.1 to 0.3)
0.18 <0.001
—-2.0%0.2 —-29%0.2

—0.9 (-1.5 to —0.3) 1.5 (=21 to0 —1.0)

0.003 <0.001

*QOdds ratios and P values are unadjusted. P values are shown for the pairwise comparison of differences between treatments. CI denotes

confidence interval.

1The change in scores from base line to the assessment at five hours (or the last assessment for children who were sent home before five

hours) is shown.
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(—16*23 beats per minute and —7=*7 breaths per
minute, respectively), and the largest changes in the
dexamethasone group (—26=*23 beats per minute
and —9*8 breaths per minute, respectively). How-
ever, the only significant differences between treat-
ments on pairwise comparisons were the change in
heart rate for the comparison of dexamethasone
with placebo (P<<0.001) and for the comparison of
dexamethasone with budesonide (P=0.005) and the
change in respiratory rate for the comparison of dex-
amethasone with placebo (P=0.03). The changes in
oxygen saturation and blood pressure were similar in
all groups.

Other Treatments

In addition to receiving mist therapy, eight chil-
dren received an additional racepinephrine treatment
within two hours after the administration of the study
drug (four in the placebo group, three in the bude-
sonide group, and one in the dexamethasone group).
Two to five hours after treatment, 29 children re-
ceived one or more additional racepinephrine treat-
ments: 16 in the placebo group, 9 in the budesonide
group, and 4 in the dexamethasone group. The un-
adjusted differences between groups were as follows:
P=0.16 for the comparison of budesonide with pla-
cebo, P=0.005 for the comparison of dexametha-
sone with placebo, and P=0.23 for the comparison
of budesonide with dexamethasone. Logistic-regres-
sion analyses that included adjustment for the base-
line croup score and study nurse yielded P values
ranging from 0.03 to 0.09 for the comparison of
budesonide with placebo and from 0.05 to 0.13 for
the comparison of budesonide with dexamethasone.

Adverse Effects

No child had gastrointestinal bleeding or bacterial
tracheitis.?

DISCUSSION

In our randomized, double-blind, placebo-con-
trolled trial involving children with moderately se-
vere croup, the hospitalization rate among those
treated with glucocorticoids was less than half that
among those given placebo. Although the differenc-
es in the rates could be due to factors other than the
drug therapy, those factors should have been distrib-
uted evenly among the treatment groups. Further-
more, the consistency in the differences between
groups for all clinical outcomes — croup score,
heart and respiratory rates, doses of epinephrine,
and admissions to the intensive care unit — suggests
that the differences in the rates of hospitalization
were due to glucocorticoid therapy.

The rate of hospitalization in the placebo group
in our study was substantially higher than that re-
ported by Klassen et al. (71 percent vs. 22 percent),?
even though we used a similar croup scoring system.8
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The most likely explanation for the difference is that
our clinical assessments were carried out when the
children were quiet and alert, which resulted in the
enrollment of sicker children than those in their
study.

Treatment with intramuscular dexamethasone led
to a significantly greater clinical improvement, as
measured by the croup score, than did treatment
with nebulized budesonide. It was surprising that
dexamethasone was apparently more effective, be-
cause the concentration of budesonide in respiratory
tissue increases much more rapidly after nebulized
administration than does the concentration of dexa-
methasone after intramuscular administration.!” How-
ever, this finding is unlikely to be due to inadequate
delivery of budesonide. The administration of bu-
desonide with racepinephrine should not have signif-
icantly affected delivery.!$ Also, the children were
closely observed to ensure compliance, the dose was
twice that administered in previous studies,2#:6.19.20
and the low flow rate and type of nebulizer used
should have provided reasonably adequate delivery
to the upper airway.2122

There were some deviations from the study pro-
tocol. A majority, however, involved the administra-
tion of dexamethasone, which, if anything, should
have biased the results toward the null hypothesis —
i.e., that there was no difference between the treat-
ment groups. In contrast, the unmasking of the
treatment assignment might have biased the results
toward finding a difference. However, when we ex-
cluded these children from the analysis, the results
were qualitatively similar to those obtained with the
intention-to-treat analysis.

Another noteworthy aspect of our study design
was the identification of viral causes and the type of
croup. Several reviews have suggested that the failure
to identify these factors was a major methodologic
flaw in previous studies.23:2+
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