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The effectiveness of glucocorticoids in treating

croup: meta-analysis

ABSTRACT @ Objective To determine the effectiveness of glucocorticoid treatment in children with croup.
@ Design Meta-analysis of randomized controlled trials that examine the effectiveness of glucocorticoid
treatment in children with croup. @ Main outcome measures Score on scale measuring severity of croup,
use of co-interventions (epinephrine, antibiotics, or supplemental glucocorticoids), length of stay in the emer-
gency department or the hospital, and rate of hospitalization. @ Results Twenty-four studies met the inclu-
sion criteria. Glucocorticoid treatment was associated with an improvement in the croup severity score at 6
hours with an effect size of 1.0 (95% confidence interval [CI] —1.5 to —0.6) and at 12 hours —1.0 (1.6 to
—0.4); at 24 hours, this improvement was no longer significant (-1.0, —2.0 to —0.1). There was a decrease
in the number of epinephrine treatments needed in children treated with glucocorticoids: a decrease of 9%
(95% CI 2% to 16%) among those treated with budesonide and of 12% (4% to 20%) among those treat-
ed with dexamethasone. There was also a decrease in the length of time spent in the emergency department
(-11 hours, 95% CI —18 to 4 hours) and, for inpatients, hospital stay was reduced by 16 hours (=31 to 1
hour). Publication bias seems to play a part in these results. @ Conclusions Dexamethasone and budes-
onide are effective in relieving the symptoms of croup as early as 6 hours after treatment. Fewer co-inter-
ventions are used, and the length of time spent in the hospital is decreased in patients treated with

glucocorticoids.

Croup (laryngotracheobronchitis) is a common cause of
upper airway obstruction in children and is character-
ized by hoarseness, a barking cough, and inspiratory stri-
dor. These symptoms are thought to occur as a result of
edema of the larynx and trachea triggered by a recent
viral infection. Parainfluenza virus type 1 is the agent most
commonly identified in cases of croup.!

Although croup isa self-limiting illness, it places a large
burden on healthcare systems because of the frequent vis-
its made to doctors and emergency departments and,
when necessary, the hospitalizations. The annual inci-
dence of croup in children younger than 6 years ranges
from 1.5% to 6%.? Admission rates for croup in chil-
dren seen in outpatient settings range from 1.5% to 31%
of cases seen; these figures vary widely, depending on hos-
pital admission practices and the severity of the disease
in the population being assessed.>*

The standard management of croup includes mist
treatment (that is, treatment with humidified air),
although there is little evidence thar it is effective.”
Racemic epinephrine, or L-epinephrine, has been shown
to provide temporary relief to patients with croup but is
not thought to have longer-term benefits.® Since the late
1980s, it has been recognized that glucocorticoids provide
some clinical benefit in children with croup. In 1989,
Kairys et al. published a meta-analysis of clinical trials
examining the benefit of glucocorticoids.” Since then,

Summary points

* Most trials evaluating the treatment of croup are of high
methodological quality and hence have a low risk of bias.

¢ Publication bias seems to be a problem, however, making
the results of this meta-analysis somewhat less certain.

® Glucocorticoids seem to bring about clinical improve-
ment within 6 hours in children with croup.

* Nebulized budesonide or dexamethasone, given either
orally or intramuscularly, is effective in treating croup.

e The use of glucocorticoids is associated with a lower rate
of use of co-interventions and shortens the time spent in
the hospital.

however, a number of randomized trials have been pub-
lished, and there has been increasing interest in the use
of glucocorticoids to treat outpatients with croup. The
objective of our meta-analysis was to provide evidence to
guide clinicians in their treatment of patients with croup,
to examine the effectiveness of glucocorticoids in these
patients, and to identify areas of uncertainty for future
research.

METHODS

Study protocol

A protocol was developed and approved by the Acute
Respiratory Infection Control of the Cochrane Collabora-
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tion and is published in the Cochrane Database of
Systematic Reviews (CDSR). The full review will be pub-
lished in the next issue of CDSR.

Study identification

We searched MEDLINE from January 1966 to August
1997, exploring glucocorticoid treatment (and each of the
terms for corticosteroids) and croup; we restricted the
search to randomized controlled trials using a previously
validated strategy (see Appendix 1 on the BMJ’s website,
www.bmj.com). We searched Excerpta Medica and
Embase from January 1974 to August 1997 (Appendix 1).
The Controlled Trials Register of the Cochrane Library
was also searched; it includes studies identified by the
Acute Respiratory Infection Review Group through the
hand-searching of key journals. We also sent letters to
the authors of trials published in the past 5 years to inquire
whether they knew of any other published or unpublished
trials. Two researchers (T.PK., M.A.) then selected the
studies that were potentially relevant, based on a review
of the titles and abstracts, if available. The complete text
of these studies was then retrieved.

All studies that had been retrieved were reviewed
independently by two reviewers (A.S., T.PK.). To be eli-
gible for inclusion in this review, a study had to meet all
of the following criteria: it had to have studied patients
with croup; an intervention with glucocorticoid had to
have been compared with either placebo or any other
active treatment; clinically relevant outcome measures
had to have been used, such as the clinical score, hospi-
talization rate (in outpatient studies only), length of time
in hospital, or additional interventions used; and patients
had to have been randomly assigned to treatment groups.
Studies written in any language were eligible for inclu-
sion. The weighted K score was used to measure inter-
rater agreement. Differences over which studies should
be included were resolved by consensus reached after
discussion.

Data extraction

Once we identified studies as being relevant for review,
they were masked by obscuring the authors’ names and
institutions, the locations of the studies, reference lists,
and any other potential identifiers. The masking was done
by an independent research assistant who was not
involved in the abstraction of data. Data were extracted
using a structured form that captured patient status (inpa-
tient or outpatient), the intervention and its control, the
name of the drug, the route of administration, and the
dose. Additionally, data were collected on the primary out-
come measure; clinical croup score at baseline and at any
subsequent assessment times; length of stay in the hos-
pital or the emergency department, expressed in hours;
whether the patient had improved (coded yes or no); and
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the use of additional interventions such as epinephrine,
supplemental glucocorticoids, mist treatment, intuba-
tion, or antibiotic treatment. Data were extracted by one
reviewer (M.A.) and checked for accuracy by a second
reviewer (T.PK.).

Quality assessment of trials

We assessed quality using empirically derived items. We
used the previously validated Jadad five-point scale to
assess randomization (0-2 points), double blinding
(0-2 points), and withdrawals and dropouts (0-1
point).® For component assessment, concealment of
allocation was described either as adequate, inadequate,
or unclear.? Sponsorship of studies was coded as either
pharmaceutical company, other sources, or not men-
tioned.”® Two observers independently assessed quality
(M.A.,].D.K.), and inter-rater agreement was measured
by the intraclass correlation.™ Differences were resolved
by consensus.

Data analysis

All comparisons were performed between treatmentand
control groups, thus preserving randomization. The
main outcome measure was the difference between treat-
ment groups in the mean change from croup score at
baseline. We derived the outcome measures from cross-
sectional summaries (for example, at baseline, 6 hours,
and 12 hours) in cases in which outcome measures were
not reported directly. The variance of an effect size was
derived from the common variance of a single croup
score, assuming a correlation of 0.5 between pretreat-
ment and posttreatment scores. Other variance impu-
tations were performed according to the work of
Follman et al.** Variances of a single score were derived
from the P values of the Mann-Whitney test"®*9**3 and
from the measurement of confidence intervals."
(References starting with “w” will be found on the BM]
website.)

The croup score was reported inconsistently because
of the different scales used in each study, hence trial effect
sizes were used in the pooled estimates.” A treatment
effect divided by its measurement variation (for exam-
ple, a pooled standard deviation) gives an effect size. To
aid in the interpretation of pooled results reported by
standardized effect size, we converted the effect size scale
back to the croup score, using a subset of trials in which
such scores were available. Another way to express the
croup score is by determining a clinically important
change in the score in the individual patient and then
calculating the proportion of patients who had signifi-
cant improvement among the patients treated with glu-
cocorticoids or placebo.

In addition to funnel plots, we used the rank corre-
lation test' and a graphical method" for the detection



of publication bias.'® Adjustment for publication bias
in the pooled estimates was performed using the graph-
ical method,” a selection model approach,” and the
trim and fill method."® We used more than one method,
because the relative merits of the various methods are not
well established. Tests of homogeneity were performed
with the % statistic for between-study variation.”® For
the analyses of croup scores and secondary outcomes,
fixed effect models were used to combine treatment
effects if there was no evidence of heterogeneity across
studies; otherwise, the more conservative estimates from
random effect models were reported. For binary data
(such as improvement in signs and symptoms and the
presence of various additional interventions), rate dif-
ferences and the number needed to treat were derived.
For the number needed to treat, we inverted the differ-
ences in the proportions improved and their 95% con-
fidence intervals.

Heterogeneity between studies was explored using
sensitivity and subgroup analyses performed on the pri-
mary outcome of the change in croup scores from base-
line at 6 hours. Westley scores were the scores most
commonly used in the trials." Westley scores use a 17-
point scale to assess air entry (2 points), stridor (2
points), intercostal retractions (drawing in of the chest
wall between the ribs on inspiration) (3 points), cyanosis
(5 points), and level of consciousness (5 points).
Treatment differences in Westley scores were calculat-
ed in place of effect sizes to provide an approximate
conversion between the two scales. Differences between
estimates derived from Westley and other scores were
assessed.

A trial effect size was defined as the difference
between the two treatments in the mean change from
croup score at baseline. We derived effect sizes from
cross-sectional summaries (for example, at baseline, 6
hours, and 12 hours) for trials not reporting effect sizes
directly. The standardized effect size (that is, an effect size
divided by the common standard deviation of the
change from baseline) was used to combine trials report-
ing different versions of the croup score. Sensitivity
analyses were based on the type and dose of glucocorti-
coid administered. The quality score of the included
trials was incorporated into the pooled estimates, using
the method proposed by Moher et al.*° In addition, the
impact of the concealment of treatment allocation on
the pooled estimates was assessed.’

RESULTS

Study identification and characteristics
Ninety-seven studies were identified as potentially rel-
evant and thus retrieved. Two of these studies were in
press at the time of data extraction and have since been
published."*"*3 Forty-four studies were excluded
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because they were reviews or commentaries. Twelve did
not study croup. Nine had inadequate randomization
strategies. Four were retrospective studies, two had no
control group, one had no outcome of interest, and one
was a duplication. Therefore, 24 studies were included
(references and full details of these studies can be found
in Table A on the BM] website). The weighted K score
between two reviewers was 0.89, indicating substantial
agreement.

Twenty-two of the included studies had been pub-
lished in English, one in French, and one in Spanish.
Dexamethasone was evaluated in 17 trials, budesonide
in 9, and methylprednisolone in 3. Some studies exam-
ined more than one drug. Five of the trials compared
active treatments; 19 were placebo-controlled. The
mean age of the children in the different studies ranged
from 13 months to 45 months; the minimum age was
4 months and the maximum age was 12 years. Fourteen
trials were conducted on inpatients; 10 were conduct-
ed on outpatients. Studies tended to be small, howev-
er, with a median of 40 participants (interquartile range
36 to 60). The pooled baseline rates using fixed effect
models were reported.

Quality assessment of trials

The intraclass correlation between two reviewers was
0.63 for the Jadad scale, 0.98 for allocation conceal-
ment, and 1.0 for sponsorship, indicating at least sub-
stantial agreement in all cases. The median Jadad score
was 3 (interquartile range 2.75 to 4) or 60% (55%
to 80%) for the best quality of reporting. Allocation
concealment was adequate in 11 (46%) of the studies,
inadequate in 1 (4%), and unclear in 12 (50%).
Pharmaceutical sponsorship was identified in 3 (13%)
studies, support came from other sources in 3 (13%),
and support sources were not mentioned in 18 (75%).
Overall, the quality of studies was better than has been
observed for other diseases.®>***

Croup score

The most frequent outcome utilized in 13 studies was
the clinical croup score, based on a 17-point ordinal scale
developed by Westley.® Other scoring systems, none of
which have been validated, were utilized in five studies;
in six studies, no clinical score was reported.

The improvement in the Westley croup score at 6
hours was 2.8 (95% confidence interval [CI] 2.2 to
3.5) for dexamethasone or budesonide versus 1.0 (0.3
to 1.7) for placebo. The difference in improvement in
the Westley score between treatment arms at 6 hours
was 1.6 (1.1 to 2.2). The pooled standardized effect
size was 1 (0.6 to 1.5) at 6 hours and 1 (0.4 to 1.6) at
12 hours. From our data, a standard effect size of 1.2
(0.7 to 1.7) corresponded with an improvement of 1.6
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Treatment
compared

Budesonide
v placebo

Dexamethasone
v placebo

Budesonide or
dexamethasone
v placebo

Time

6
12
6

12

24

No of studies/
(hours) No of patients

Effect size
(95% CI)

5/327  -0.9 (-1.4t0-0.4)
2/142  -0.7(-1.1t0-0.3)
8/739 -1.1 (-1.8 t0 -0.5)
5/339  -1.2(-2.1t0-0.3)

4/189 -1.1 (-2.6 t0 0.4)

13/1066  -1.0 (-1.5 t0 -0.6) ——
7/481 -1.0 (-1.5 t0 -0.6)
5/256 -1.0 (-2.0t0 0.1) —_——f
-3 -2 -1 0 1

Corticosteroid better

Croup score effect size

Figure 1 Pooled effect sizes (95% confidence intervals) of glucocorticoid treatment for croup versus
placebo. All estimates had significant heterogeneity among trials.

(1.1 to 2.2) in a Westley score (see Figure 1; also see
Appendix 2 on the BMJ website for a list of included
trials). This change was not significant at 24 hours;
fewer patients were evaluated at 24 hours, however,
and hence the lack of significance may be a reflection
of a lack of statistical power. The magnitude of change
of —1 is similar to that seen at earlier evaluation points,
but the 95% confidence interval crosses zero. A decrease
in effect size of one from baseline is thought to be a
clinically important change.

At 6 hours, the difference in risk was 15% (95% CI
2% to 28%) with a number needed to treat of 7 (4 to
50). The baseline rate of clinical improvement was 41%
(32% to 50%). At 12 hours, the risk difference was 21%
(9% to 33%) with a number needed to treat of 5 (1 to
11). The baseline rate of clinical improvement was 68%
(58% to 77%). At 24 hours, the risk difference was 12%
(3% to 22%) with a number needed to treat of 8 (5 to
33). The baseline rate of clinical improvement was 83%
(75% to 91%). Although not all studies contributing to
the effect size expressed their results as improved versus
not improved, the degree of benefit of a number needed
to treat of 5 to 7 patients (at different assessment times)
would be sufficient to support the use of glucocorticoids
over placebo.

Additional interventions

There was no significant increase in the use of antibiotics
among those treated with glucocorticoids as compared
with those treated with placebo when expressed as the dif-
ference in risk. This result was consistent for the dexa-
methasone group (4%, —20% to 27%) and the budesonide
group (2%, —17% to 13%). There was a significant
decrease noted in the use of epinephrine in the glucocor-
ticoid groups, with a difference in risk of ~9% (~16% to
—2%) in the budesonide group (number needed to treat
10; baseline rate 16%) and ~12% (—20% to —4%) in the
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dexamethasone group (number needed to treat 8; base-
line rate 23%). There was no significant impact on the
use of supplemental glucocorticoids among either those
treated with dexamethasone (4%, 4% to 13%) or those
treated with budesonide (—15%, —32% to 2%).

When any glucocorticoid was compared with placebo
(11 studies, 1150 patients), there was no significant change
in the rate of difference of intubation or tracheotomy —2%
(~14% to 10%; baseline rate 3.2%, 2.9% to 3.5%).

Hospitalization

Overall, asignificantly shorter time was spent in the emer-
gency department when children were treated with a glu-
cocorticoid as compared with placebo (5 studies, 596
patients); the weighted mean difference was 11 (18 to
4) hours. For inpatients, the difference was —16 (=31 to
1) hours.

There was a nonsignificant decrease of ~16% (-39%
to 6%) in the rate of hospitalization for patients treated
with budesonide versus patients treated with placebo (base-
line rate 32%, 24% to 39%). This was also true for patients
treated with dexamethasone as compared with patients
treated with placebo (—2%, —31% to 5%) or if any glu-
cocorticoid was compared with placebo (~14%, —12% to
5%). The more conservative random effects model was
used to derive the overall estimate of the difference in hos-
pitalization rates, because there was significant hetero-
geneity between studies. If the fixed effects model estimate
was used, there was a significant decrease in hospital admis-
sions between patients treated with budesonide and those
treated with placebo (—15%, —20% to —10%).

Sensitivity and subgroup analyses

The sensitivity analysis showed that the method of scor-
ing the severity of croup was important (see Figure 2).
An effect size of —1.2 (1.7 to —0.7) was identified when
the Westley croup score was used (9 studies, 569 patients),
as compared with an effect size that was 50% smaller (a
size that was no longer significant) when other croup
scores were used (4 studies, 497 patients; 0.6, -1.5 to
0.3). The Westley score is the only method that has under-
gone validation and reliability testing and been shown to
be sensitive to important changes in a patient’s clinical sta-
tus. The smaller treatment effect noted with non-Westley
scores could reflect either sensitivity to change or a greater
degree of variability caused by low reliability.

We were unable to compare the route of administra-
tion of glucocorticoids in a meaningful way because of
the lack of standardization of scores between studies. The
quality weighting of the effect size did not change the
estimate or the width of the 95% confidence interval;
this result is in part explained by the high methodologi-
cal quality of the studies. The estimate derived from stud-
ies in which allocation was adequately concealed was —1.2



(=1.9 to —0.5), and for the studies in which it was inad-
equately concealed or in which it was unclear, it was —0.9
(~1.4 to -0.3). These differences are probably not clini-
cally or statistically significant.

Publication bias

We identified a marked publication bias. There is also
the possibility that small studies showing that glucocor-
ticoids had no effect were suppressed from publication.
There was a significant correlation between treatment
effect and sample size (for example, rank correlation test
P=0.013; graphical method P=0.004). The Dear-Begg
estimate of this correlation was 0.29. Pooled effect size
at 6 hours, calculated using the simple graphical method,
was —1.1 (—1.5 to —0.8); with the selection model, it was
—1.2 (-2.4 t0 —0.01); and with the trim and fill method,
it was —0.2 (0.8 t0 0.4). The trim and fill method sug-
gested that seven small trials were suppressed because their
results were not significant.

DISCUSSION

Efficacy of steroids

This meta-analysis has shown that treatment with gluco-
corticoids is effective in improving symptoms of croup
in children by as early as 6 hours, and for up to at least
12 hours, after treatment. This is shown by the signifi-
cant improvement in scores of croup severity, by shorter
hospital stays, and by the fact that epinephrine was used
less often as an additional intervention. Although the
decrease in the rate of hospitalization was not significant,
this outcome criterion varies from hospital to hospital, and
the direction of the change was toward effectiveness. The
degree of benefit identified would merit the use of glu-
cocorticoids, since from five to seven patients would need
to be treated with glucocorticoids for one patient to expe-
rience a significant improvement in symptoms.

This finding did not change when the quality of the
studies included was incorporated into our pooled esti-
mate. We found a significant improvement, even though
almost half of the patients included were assessed using
scoring tools that have not been validated and may be
less sensitive to important changes in the patient’s clini-
cal status.

Publication bias

Of more importance is the fact that publication bias seems
to be a modifier of this result, and it is likely that our
analysis did notinclude smaller studies that had statistically
negative results. Publication bias is an important threat
to the validity of systematic reviews and is difficult to com-
bat except through the registration of all randomized con-
trolled trials on human participants. The existence of this
bias suggests that this meta-analysis may overestimate the
effectiveness of treatment with glucocorticoids. The results
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No of studies/  Effect size
No of patients  (95% Cl)

Main analysis 13/1066  -1.0 (-1.5 t0 -0.6)
Quality assessment
Quality weight 13/1066 -1.0 (-1.4t0 -0.7)
Allocation concealment
Adequate 7/410  -1.2 (1.9 t0 -0.5)
Inadequate or unclear 6/656  -0.9 (-1.4t0-0.3)
Version of croup scale
Westley (effect size) 9/569  -1.2 (-1.7t0-0.7)
Others 4/497  -0.6 (-1.5t00.3)
Westley (natural units) 9/569  -1.6 (-2.2t0-1.1)
Publication bias
Simple graphical method 13/1066 -1.1(-1.5 t0 -0.8)
Selection model 13/1066  -1.2 (-2.4 t0 -0.01)
Trim and fill method 13/1066 -0.2 (-0.8t0 0.4)
Subgroup analysis
Dexamethasone 0.15 mg/kg v 0.30 mg/kg 1/60 -0.3 (-0.8t0 0.2)
Dexamethasone 0.30 mg/kg v 0.60 mg/kg 1/60 0.1 (-0.5 t0 0.6)
Dexamethasone v budesonide 1/134 0.1(-0.3t00.4)

Dexamethasone v budesonide + dexamethasone 2/183  -0.2 (-0.5 to 0.1)

Corticosteroid better

Figure 2 Sensitivity aud subgroup analyses of change in croup score from baseline at 6 hours. Negative

effect sizes indicate relative improvement with glucocorticoid treatmen.

indicate that, to experience improvement, the number
needed to treat at 12 hours is five patients for one patient.
If publication bias exists and has exaggerated the benefit
of treatment, then the number needed to treat would be
greater. Thus clinicians will have to decide whether it is
still worth treating patients for croup. Considering the
comparative safety and low cost of dexamethasone, it prob-
ably makes sense to continue using glucocorticoids. In
cases in which the effect of adopting treatment with glu-
cocorticoids has been examined, there has been evidence
for a decline in hospital admission rates, fewer admissions
to the intensive care unit, and shorter lengths of stay.***3

The small numbers of patients in each study and con-
founding variables make it difficult to express definitive
recommendations regarding the superiority of any glu-
cocorticoid, dose, or route of administration. In the
absence of further evidence, an oral dose of dexametha-
sone, probably 0.6 mg/kg, should be preferred because
of its safety and efficacy. In a child who is vomiting, neb-
ulized budesonide or intramuscular dexamethasone
might be preferable.

Our results are mostly consistent with those of the
meta-analysis by Kairys et al., which found that gluco-
corticoids are beneficial in patients with croup,” but there
are some important differences. Because of the lower
probability of bias in such studies, we included only ran-
domized controlled trials; hence some studies that were
included by Kairys et al. were not included in our meta-
analysis. These excluded studies tended to be older and
used techniques of quasi-randomization, such as alter-
nate allocation.?* 2 Additionally, 15 randomized con-
trolled trials on this topic have been published since 1989,
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many of them outpatient trials examining the effective-
ness of budesonide or dexamethasone. The differences
berween inclusion criteria in our meta-analysis and that
by Kairys et al. may account for Kairys’ finding that glu-
cocorticoids significantly decrease the risk of intubation,
which we did not observe.

Study quality

The quality of the studies included was good. The medi-
an Jadad score in our study was three; in other studies,
the median is often two or less.*** In 46% of the trials,
allocation was adequately concealed; in most other stud-
ies, about 10% to 15% of the trials being assessed have
adequate concealment.®*° Although quality assessment
and methods of its incorporation into systematic reviews
are controversial, we have recently shown the importance
of such assessments in detecting bias and have proposed
a method of quality weighting.*

Outcome measures

Outcome measures are important in detecting signifi-
cant change in a patient’s clinical status. It is important
that this measure is valid (that it measures what it ought
to) and responsive (that it is sensitive to change).?” This
meta-analysis supports the importance of using valid and
responsive outcome measures, since the magnitude of
the effectiveness of the treatment in this study was
dependent on which scoring method was used. We have
shown that the Westley score is valid, responsive, and a
reliable measure.”® Although further validation and
modification could be made to the Westley score, it
should remain the primary outcome measure in trials
currently being conducted.

Future trials may want to explore which dose of dexa-
methasone is most effective: is 0.15 mg/kg really as effec-
tive as 0.6 mg/kg? This meta-analysis supports the use of
glucocorticoids to treat any patient with croup who has
any signs of respiratory distress.
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