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SUMMARY

Background. Croup is one of the commonest respiratory
complaints among children. There is growing evidence that
Steroids may be an effective treatment.

Aim. To assess the effectiveness of treatment with nebulised
steroid for children with croup.

Method. Systematic review of randomised controlled trials
comparing administration of nebulised steroid with placebo.
Trials were identified from searches of three bibliographic
databases, the Cochrane Controlled Trials Register, corre-
spondence with the manufacturers of nebulised steroid, and
one round of manual citation searching.

Results. Eight randomised controlled trials were identified
including 574 children with mild to severe croup. Overall,
the mean age was 25.2 months and 72% of children were
male. All trials were hospital-based and of good method-
ological quality, with adequate concealment of treatment
allocation and blind outcome assessment. Children treated
with nebulised steroid were significantly more likely to show
an improvement in croup score by five hours (combined rel-
ative risk = 1.48, 95% confidence interval [Cl] = 1.27 to
1.74) and significantly less likely to need hospital admission
after attending the emergency department (combined rela-
tive risk = 0.56, 95% Cl = 0.42 to 0.75) than the placebo
group. The funnel plot indicated the presence of publication
bias, with smaller studies showing the larger effects, but this
could also be owing to less pronounced effects in studies of
older children with milder croup.

Conclusions. Nebulised steroids are effective in the treat-
ment of children attending hospital departments with croup.
A meta-analysis based on individual patient data could clari-
fy to what extent the effect depends on age and severity of
disease. New trials are needed to define the indications for,
and effectiveness of, steroid treatment of croup in the com-
munity.
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Introduction

ACUTE laryngotracheobronchitis, better known as croup, is
one of the commonest respiratory complaints among children
and the most common cause of airway obstruction in children
aged six months to six yeak3 Although most children with
croup recover without specific treatment, up to 15% require hos-
pital admission, and, among those admitted, up to 5% may
require intubatiorf:*

Routine treatment with humidification, although traditional, is
of no demonstrable benefit. Nebulised adrenaline is effective
but has a short duration of action and potentially dangerous side-
effects, and is therefore not recommended for use in the commu-
nity.”*1 Oral and intramuscular steroid treatment, when given in
adequate doses in hospital, has been shown to be effective for
moderate to severe croup in a number of trials and a meta-
analysis®**? It has been suggested that nebulised administration is
superior to the oral or intramuscular route because of a more
rapid onset of action and fewer side-effééts' However, the
effectiveness of nebulised steroid administration continues to be
debated, with some studies showing significant benefit and
others failing to do so. We systematically reviewed all placebo-
controlled randomised trials of nebulised steroid in the treatment
of croup and examined short-term effectiveness and hospital
admission rates.

M ethod
Identification of relevant trials

We searched four electronic databases (MEDLINE, EMBASE,
CINAHL, and the Cochrane Controlled Trials Register) from
their year of inception. The search strategy was not limited by
study design or language. The following terms were used:
‘croup’, ‘laryngotracheobronchitis’, ‘steroid$’, ‘corticosteroid$’,
‘glucocorticoid$’, ‘dexamethasone’, and ‘budesonide’ (‘$’ iden-
tifies all terms with the preceding stem). Bibliographies of the
trials identified by these computerised searches were examined
for further references to relevant randomised trials. Finally,
information on any additional trials was requested from Astra
Pharmaceuticals, the manufacturers of budesonide, who respond-
ed by searching data on file.

Inclusion criteria

We included all studies in which patients with croup (acute
laryngotracheobronchitis or spasmodic) were randomly allocated
to receive either nebulised steroid or saline placebo. Trials were
included irrespective of the study setting, the diagnostic criteria
used, and the severity of the symptoms. From over 300 published
reports, one of the authors (SE) selected the abstracts of trials
that potentially met our inclusion criteria. These abstracts were
then assessed against the inclusion criteria by two pairs of
authors (SG and SE or AFB and JR) independently.

Data extraction and outcomes

The following data were extracted from the published reports of
each included trial onto standardised data collection forms inde-
pendently by two authors (SG and SE): setting, patients’ ages,
baseline croup score (rating scales of severity of symptoms and
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signs, such as respiratory rate and degrees of stridor arftbm 3.7 to 8.0, possible range = 0 to 17).

cyanosis, are detailed in Table 1), quality of allocation conceal-

ment, nature of the intervention, sample size, losses to follow-ugyrial quality

and the main outcomes measured in each study. Discrepancig§ eight trials were reported since 1993 and were of good

were resolved by discussion. ) methodological quality. The procedures to ensure adequate allo-
Data on the following outcomes, where available, werecaiion concealment (at randomisation and outcome assessment)

extracted for treatment and placebo groups: the number Qfere well described, groups were well matched at baseline, and

patients responding to treatment at five hours_ (defined as a croygsces to follow-up were few (11.0% overall). Six of the eight
score having decreased by two points or having a croup score gfgies reported sample size calculatitig25.26.28.29

one or less) or at the time of hospital discharge if less than five

hours, and the numbgr of patients requiring hospital inpatierﬁesponseto treatment
treatment after attending the emergency department (defined as - . . .
admission to hospital up to seven days after treatment in t S showr! In Flgure_l, tr|_a|s _produc_ed similar effect SIzes favour-
emergency department). Where data had been collected but wépd_nebulised steroid, with little evidence of heterogenegty=(

presented in a form that did not allow computation of these out{-47.P = 0.41). Children were one-and-a-half times more likely
comes, the original investigators were contacted. to demonstrate a clinically significant improvement within five

hours if treated with nebulised steroid (combined relative risk =
Satigtical methods 1.48, 95% confidence interval [CI] = 1.27 to 1.74).

A summary relative risk was calculated for the two outcomes fro”HospitaI admission

crude (unadjusted) data using a fixed-effects model and a chi-. f th di . d d
square test of between-trial heterogeneity was performed,'V€ Of the studies were set in emergency departments an

i i 28

Denominators for relative risk calculations were the number of Suﬂ_&_}ported _dqta fo_r subsequent hospital aqm|s7s°f6ﬁ. Effect

jects on whom outcome measure data had been collected. We u S exh|b|t¢_ed slightly greater heterog_ene_eny than for_response to
the relative risk rather than the odds ratio because the outcorﬂu{faﬁmem (Flgurze 2) although not achlevmg convgntlpnal levels
(treatment response) occurred frequently and the odds ratio woufll Significance X* = 5.24,P = 0.30). Children were significantly
therefore overestimate the relative A8k The number needed to €SS likely to require admission in the treagment compared with
treat to prevent one hospital admission from the emergency depalfle Placebo group (relative risk = 0.56, 95% CI = 0.42 t0 0.75).
ment was derived from the risk difference for each trial. he number of children needing nebulised steroid treatment in

the emergency department to prevent one hospital admission
Sensitivity analyses and investigation of heterogeneity ranged from 2.8 to 8.4%

The analysis was repeated using a random-effects model to C"’liénsitivity analysis and investigation of heterogeneity
culate overall estimates. A funnel plot was drawn to assess the ) . .
possible influence of publication and location bia&eEhe Use of a random rather than fixed-effects model made little dif-
asymmetry of the funnel plot, and hence the likelihood of biasference to overall estimates. The funnel plot (Figure 3) shows

was quantified using the regression method described by Eggggven trials clustered around the overall estimate of effect size,

et al.77 Finally, a multivariable regression analysis was per-Vith one outlying trial generating significant asymmetry. This
formed to estimate the extent to which age, baseline croup scoi¥@s confirmed by the coefficient from univariable regression

and the standard error of the estimate explained heterogeneity 3jalysis’ (2.95; 95% CI = 1.50 to 4.4 = 0.003). However,
the response to treatméft. when we included age and severity in a multivariable model, this

We used the Cochrane Review Manager softfiaed Stata coefficient was reduced and became non-significant (2.52; 95%
(Stata Corporation, College Station, Texas, USA) for data anal)pl =-1.05106.10P = 0.17).
sis. The test for publication bias was done using the Stata pro-
gram Metabiad? while the regression analysis was done usingDjscussion

the program Metareg. Based on eight randomised controlled trials, this systematic

review indicates that treatment with nebulised steroid in hospital
Results rapidly alleviates symptoms in children with mild to severe

The combined search strategies identified nine randomised triaf§OUP and prevents subsequent hospital admissions, with one
involving nebulised steroi#?:3One of the trials did not meet the admission prevented for every three to eight children treated in
inclusion criteria as it evaluated nebulised budesonide againdt€ émergency department. Trials were generally of good quality
nebulised adrenaline rather than plac&®he two pairs of with adequate concee}lment of treatment allocation and bllnd.out-
authors independently selected the same eight trials for inclusidfPMe assessment. Five out of eight trials showed a statistically
in the meta-analysis (Table 1). One trial had been published asSignificant effect on symptom scores. _
conference abstract; however, the authors provided the required TN croup scores tha'gevgtlare used in the trials have been shown
additional dat&® All eight trials meeting the inclusion criteria 0 be valid and reliabl&,**tyet they differ in the clinical para-
could thus be included. Unpublished data were also obtained féfeters assessed and hence may vary in sensitivity and respon-
the trials by Goddéfiand Johnsof? siveness. It is un_Ilker_that thls_ k_)laseq our findings as scores
In aggregate, a total of 527 children not recently treated witi{Vere assessed blindly in the original trials; also, they were not
steroids were randomly allocated to nebulised steroid or nebiSed directly in this review but were re-coded into a clinically
lised saline treatment. The overall mean of average ages wigevant response to treatment.
25.2 months (range = 3 to 116); 72% were male. Entry criteri L .
were broadly similar across studies, with all children being fred ublication and related biases
from serious heart or lung complaints. Cases were defined oBystematic reviews and meta-analyses based on a few small tri-
clinical grounds, the severity of croup ranging from mild to als should be interpreted with cautigriNegative’ trials show-
severe (average baseline croup score in the control group ranged no significant treatment effect are less likely to be published
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Table 1. Characteristics of trials included in the meta-analysis

Randomisation and Losses to Main outcome
Reference  Setting allocation concealment Inclusion criteria? Exclusion criteria n follow-up Intervention measures
Husby?? Hospital Random numbers, Age = 0.25-4.9 years Foreign body, 37 1 1000 mg Change in croup
1991 paediatric double-blind at (median = 1.1, range = bronchiolitis, nebulised score (stridor, cough,
department, intervention and 0.4-4.2), moderate to severe asthma, steroid, budesonide, retractions, dyspnoea,
Denmark outcome assessment croup, score >5 (median = 8, or adrenaline repeated after cyanosis) and overall
range = 6-12, possible treatment 30 minutes disease severity
range = 0-17) after 2 hours
Klassen®®  Emergency Random number Age 0.25-5 years Epiglottitis, chronic 54 0 2000 mg Croup score
1994 department, tables in blocks (mean = 2.2, SD = 1.4), airway disease nebulised (stridor, retractions,
Children’s of 10 by pharmacy, mild to moderate except asthma, budesonide air entry, cyanosis,
Hospital, double-blind at croup, score =2 and <8 steroid treatment conscious level),
Ontario, intervention and (median = 4, 1QR = 3-5, within 2 weeks general condition
Canada outcome assessment possible range = 0-17) (Likert scale), duration
(opaque nebules) of stay in emergency
department
Geelhoed?* Emergency Method of Age >0.25 years Pre-existing upper 57 9 2000 mg Duration of
1995 department, randomisation (mean = 2.5, SD = 1.92), airway condition, nebulised hospitalisation, use of
Children’s not specified, moderate croup, poor English, budesonide nebulised adrenaline,
Hospital, double-blind score 23 (mean = 3.8, no telephone, croup score (stridor,
Perth, at intervention possible range = 0-6) steroid treatment retractions)
Australia within 1 week, severe
croup, admitted to ITU
Johnson®  Emergency Randomised in blocks (Median age = 1.42 years, Steroid treatment 55 0 (2 hours) 10 mg (<8 kg Croup score (stridor,
1996 department, of 10 by pharmacy, IQR = 0.75 to 1.83). Mild to within 1 week, 17 (4 hours) body weight) retractions, air entry,
Children’s double-blind at moderate croup, score = 2.5-5 adrenaline within 15 mg (8-12 kg) cyanosis, conscious
Hospital, intervention and (median = 4, IQR = 3-4, 4 hours, spasmodic 20 mg (>12 kg) level) at 4 hours,
Ontario, outcome assessment possible range = 0-17) croup, severe asthma, nebulised hospital admission
Canada (opaque nebules) congenital stridor, dexamethasone
intubation for >1 month
Klassen®  Emergency Random number tables Age = 0.25-5 years (mean = Epiglottitis, 50 1 (at Oral Proportion with 2-point
1996 department, in blocks of 10 by 1.2, SD = 0.7), mild to chronic airway disease 1 week) dexamethasone decrease in croup score
Children’s pharmacy, double-blind ~ moderate croup, score 23 except asthma, (0.6 mg/kg) to both  (stridor, retractions,
Hospital, at intervention and and <8 (mean = 4.4, SD = 1.1, steroid treatment groups + 2000 mg  air entry, cyanosis,
Ontario, outcome assessment possible range = 0-17) within 2 weeks nebulised conscious level)
Canada (opaque nebules) budesonide within 4 hours,
hospital admission
Godden®”  Hospital Randomised by Ward admissions (mean age Steroid treatment 95 13 2000 mg Croup score (oxygen
1997 paediatric manufacturer, = 3.12 years, range = 0.58-7.8) within 1 week, nebulised saturation, stridor,
ward, Poole,  double-blind at (mean croup score = 5.15, SD  bronchodilator budesonide, cough, recessions,
England intervention and = 3.7, possible range = 0-17) treatment, 1000 mg given respiratory distress),
outcome assessment 12-hourly length of hospital stay

(opaque nebules)

aAge and baseline croup scores are for placebo group. IQR = interquartile range (continued on next page).
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in indexed journalg? less likely to be published in Englihand
g gv % less likely to be cited by other authdtsThese trials are there-
-2 E £T0 Tg fore also less likely to be identified for, and included in, system-
25 o L=0o § . - T ’ o '
s %9 g S22 g ;g% atic reviews. Such publication, language, or citation biases are
2 © R g3 8 5 < 2 g§ £ more likely to affect small studies rather than larger multi-centre
So| 886~ ‘28 % s g £ © C—.qg’ trials, which tend to be published in English and cited irrespec-
3¢ 30925 E3 98 £2 %_ tive of their results. Small trials also tend to be of lower method-
ca %8 8¢ 823 =592t ological quality, which has been shown to be associated with
S 5325550 2885852 larger effect$® The asymmetrical funnel plot, with the largest
SE| OLTooc2c IcofS8acno _ h i ¢
. trials?28 producing the smallest effects, indicates that bias may
2 . 2 have distorted our review. However, seven of the eight studies
2 o ®© 2o roduced similar effects (relative risks from 1.22 to 1.90), and
2 = o = e NS = 0Q . . . .
c|l 82 S o2 2o Sa279 differences between the trials with outlying results other than
g o= S o £55223 £g sample size could also explain the asymmetry. The trial with the
g| E 2% 3 £E 83288 o E5 oldest childre® produced a much smaller effect than the trial
g| 86T &< 0 3ET 5808 XT with the youngest, which also included children with a high
E| ]aoY cSFTSEBSEDT @2 This i t i ; the cl lati hi
= = = =0 = croup scoré? This is not surprising given the close relationship
=% = between age, airway diameter, and croup symp#aisn mul-
Lol 57 o tivariate analysis it became evident that the variation between tri-
w2 a8 P~ . : , . -
Sz 2 - g}:(: als in the subjects’ ages and croup severity may indeed account
§ 5 gf@ @,% for the apparent effect of sample size. A meta-analysis based on
. individual patient data could more precisely examine to what
extent treatment effects depend on age and disease séVerity.
o 3
c © ~— . .
Choice of steroid
co - An earlier meta-analysi$,a subsequent tridf,and the present
IS % oy So oo £ systematic review indicate that both oral and nebulised steroid
s c.0 o] 2L 245 . .
8| c35 O£ §5 SEQD=3 therapy are effective. Some authors have argued that nebulised
g| £33 § $S28 T £ é 2 2 %% i steroid may work more quickly than the oral version (which is
= = N 17} - . A .
5 2S5 § % g g P S35 "ESSS supported by animal studi®s and has fewer systemic side-
S| 8B E5 S £ ‘g = gg q;'§ T2 ¢ effects’®14 although such side-effects are ratéHowever, few
3| 85885 SEcc3R5002 studies have directly compared different steroids and routes of
3] ::‘D;-C.Q"DCD hel cOnoHooO .. X .
5| EZ35285 8755522885 administration. A small trial that compared oral dexamethasone
and nebulised budesonide found no significant differences in
short-term response and duration of hospitalisa&tién.another
= © . .
ol ) study, children who received oral dexamethasone appeared to
- m . e . .
cofuo - benefit from additional treatment with nebulised budesoffide.
$®8F2 B oo A .
SN 2o . The results from the most recent trial indicate that intramuscular
é (0] » — 0O | [0 . . .
” 3 g g En1guo o dexamethasone reduces croup scores and hospital admissions
| g Soyg 23353 <|1|) g more effectively than nebulised budesortitle.
2 £ 28 cji‘; b ?s g < 2 = The previous meta-analysis also demonstrated a dose-response
= ° b 1 8o & T ° Tlﬁ o g relationship for systemic glucocorticoit)sThis was not evident
s| g Tasl! TcEcs g in this review of trials of nebulised treatment. Neither adminis-
I 2 o o @ o o g 3 g § £ tration of 400Qug rather than 200Qg of budesonide, nor repeat-
2 c R £ I ed treatment every 12 hours, were associated with increased
I = <N » = < = = Q o« . y y
@ a effect sizes.
pat 2 oo S We are not aware of any trials that were conducted in primary
5| ot é g S 5 < care, hence the optimal treatment strategy for general practice
5| 53| 535 Ew B. o @ 2 remains unclear. Family doctors may be more comfortable usin
=] [ © O % [ »n O = [ _8 . . A
S 62| £38§ 83 E5¢ g S o3 g a topical treatment to which they have ready access, for what, in
o | 8 8 § gg sge £88% g zE° g the majority, of cases is likely to be a self-limiting illness. On the
S| € 5| € E‘ﬁ b= g 2 <§ 2 § ;g g % 2 5 other hand, a distressed child may be more comfortable with the
5 '§ 8 § osg 2% & 22525¢¥ © oral versiort* Another consideration is cost: nebulised steroid is
| 82| 8- 2259 o-553-2¢2 © considerably more expensive than the oral or intramuscular ver-
Oo|CfCw| oo EO= MO3CET®T= 4 . -
B ) 5 sions (200Qug of budesonide costs £4.48).
[0) ° %) o @
= >F c . e
8 2 g, o g E, €03 _ CBL Generalisability
5= © S =gS0o Q . . . . .
£ 2 223 O€ o008 £ S € S All the studies took place in the hospital setting where croup is
o £ §30°B S82c8aw 2 i i ids i oth
. o| 20T 3 £ I £ now routinely treated with steroids in one form or anoth&to
= n| £ Hes5082C8° S ; : ;
S =0 © =~ § sgch consensus exists for general praétwg;l, although children
K gl g 2 Q with relatively mild croup and correspondingly low croup scores
< sl e S g were included in three of the trials, the evidence presented sug-
= ko %g £9 o gests that the effect may be more pro_nounced in moderately
e | 22 S g severe and severe cases. The appropriate threshold for steroid
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Klassen (1996)
Johnson (1996)
Johnson (1998)
Klassen (1994)
Roberts
Geelhoed

Godden

Combined

Steroid 4/20 ]
Placebo 4/16

Steroid 21/25 _]
Placebo 14/25

Steroid 20/28 _]
Placebo 10/27

Steroid 30/48 _]
Placebo 25/49

Steroid 19/27 ]
Placebo 10/27

Steroid 18/41 _]
Placebo 10/37

Steroid 21/27 _]
Placebo 13/30

Steroid 32/44 ]
Placebo 23/38

Steroid 175/260 |
Placebo 109/249

Favours placebo

Favours steroid

s

0.5

T T
1 2

Relative risk of response to treatment with 95% CI — log scale

T T
5 10

Figure 1. Relative risk of response to treatment (individual trials are plotted on the y-axis in order of decreasing average age of children at
baseline).

Trial

Klassen (1996)

Johnson (1996)

Johnson (1998)

Klassen (1994)

Geelhoed

Combined

Steroid 2/25 _|
Placebo 5/25

Steroid 13/27 _]
Placebo 15/25

Steroid 18/48 _]
Placebo 35/49

Steroid 1/27 _]
Placebo 7/27

Steroid 5/27 _]

Placebo 15/30

Steroid 39/154 _|

Placebo 77/156

Favours steroid

Favours placebo

 —

T
0.01

T T
0.1 0.5
Relative risk of hospital admission

1 2 5

Figure 2. Relative risk of hospital admission.

treatment for croup in general practice is not known. It is possibleeed to be assessed against, not only the immediate costs, but also
that steroid treatment at an early stage in the community maggainst the risk of medicalising croup in the long térifand the
attenuate the course of the condition in some children and ultiisks of management at home without access to respiratory sup-
mately reduce costs to the child, the family, and the health servigsort. A randomised trial is needed to answer these questions and
by preventing hospital admissions. However, any such benefitsform the use of steroid treatment for croup in general practice.
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Figure 3. Funnel plot of relative risks of response to treatment

against number of children in trial.

References

o g A~ wh B

10.

11.
12.

13.
14.

15.
16.

17.

140

Doull I. Corticosteroids in the management of cr@@iJ 1995;

311: 1244.

Skolnik N. CroupJ Fam Pract 1993;37: 165-170.

Skolnik NS. Treatment of croup. A critical revietm J Dis Child
1989;143: 1045-1049.

Anonymous. Inhaled budesonide and adrenaline for cBnyg,

Ther Bull 1996;34: 23-24.

Bourchier D, Dawson KP, Fergusson DM. Humidification in viral
croup: a controlled trialust Paediatr J 1984;20: 289-291.
Geelhoed GC. Sixteen years of croup in a Western Australian teach36
ing hospital: Effects of routine steroid treatme¥in Emerg Med
1996;28: 621-626.

Taussig LM, Castro O, Beaudry Pédal. Treatment of laryngotra-

cheobronchitis (croup). Use of intermittent positive-pressure breath- 38.

ing and racemic epinephrinémJ Dis Child 1975;129: 790-793.
Westley CR, Cotton EK, Brooks JG. Nebulized racemic epinephrine
by IPPB for the treatment of croup: a double-blind stédy.J Dis 39
Child 1978;132: 484-487.

Kristjansson S, Berg-Kelly K, Winso E. Inhalation of racemic adrena-
line in the treatment of mild and moderately severe croup. Clinical

treatment effectsActa Paediatr 1994;83: 1156-1160.
Kuusela AL, Vesikari T. A randomized double- blind, placebo-con-
trolled trial of dexamethasone and racemic epinephrine in the treat-

ment of croupActa Paediatrica Scandinavica 1988;77: 99-104. 43.

de Boeck K. Croup: a reviewur J Pediatr 1995;154: 432-436.

Kairys SW, Olmstead EM, O’Connor GT. Steroid treatment of laryn-
gotracheitis: a meta-analysis of the evidence from randomized trials.
Pediatrics 1989;83: 683-693.

Smith DS. Corticosteroids in croup: a chink in the ivory tower?
Pediatr 1989;115: 256-257.

Cherry JD. The treatment of croup: continued controversy due to

18.
19.
4 20.
21.
22.

23.
24,
25.
4 26.
27.
28.
29.
30.
31.

32.
33.

34.
35.

37.

40.
symptom score and oxygen saturation measurements for evaluation d%-

Thompson S, Sharp S. Explaining heterogeneity in meta-analysis: a
comparison of methodStat Med 1999;18: 2693-2708.

Update SoftwardRevman. Version 3.0 for Windows. Oxford: Update
Software, 1996.

Steichen TJ, Egger M, Sterne J. sbel9.1: Tests for publication bias in
meta-analysistata Technical Bulletin 1998;44: 3-4.

Sharp S. she23: Meta-analysis regres&iaita Technical Bulletin
1998;42: 16-22.

Husby S, Agertoft L, Mortensen S, Pedersen S. Treatment of croup
with nebulised steroid (budesonide): A double blind, placebo con-
trolled study Arch Dis Child 1993;68: 352-355.

Klassen TP, Watters LK, Feldman MEal. The efficacy of nebu-

lized budesonide in dexamethasone-treated outpatients with croup.
Pediatrics 1996;97: 463-466.

Geelhoed GC, Macdonald WB. Oral and inhaled steroids in croup: a
randomized, placebo-controlled triediatr Pulmonol 1995;20:
355-361.

Johnson DW, Schuh S, Koren G, Jaffe DM. Outpatient treatment of
croup with nebulized dexamethasoAech Pediatr Adolesc Med
1996;150: 349-355.

Klassen TP, Feldman ME, Watters lékal. Nebulized budesonide

for children with mild-to-moderate group.Engl J Med 1994;331:
285-289.

Godden CW, Campbell MJ, Hussey M, Cogswell JJ. Double blind
placebo controlled trial of nebulised budesonide for créugh Dis

Child 1997;76: 155-157.

Johnson DW, Jacobson S, Edney &@l. A comparison of nebu-

lized budesonide, intramuscular dexamethasone, and placebo for
moderately severe croud.Engl J Med 1998;339: 498-503.

Roberts GW, Master VV, Staugas REal. Repeated dose inhaled
budesonide in the treatment of croup versus plackBaediatr

Child Health 1999;35: 170-171.

Fitzgerald D, Mellis C, Johnson l,al. Nebulized budesonide is as
effective as nebulized adrenaline in moderately severe croup.
Pediatrics 1996;97: 722-725.

Corkey CW, Barker GA, Edmonds & al. Radiographic tracheal
diameter measurements in acute infectious croup: an objective scor-
ing systemCrit Care Med 1981;9: 587-590.

Easterbrook PJ, Berlin JA, Gopalan R, Matthews DR. Publication
bias in clinical research.ancet 1991;337: 867-872.

Egger M, Zellweger-Zahner T, Schneiderdvial. Language bias in
randomised controlled trials published in English and German.
Lancet 1997;350: 326-329.

Gotzsche PC. Reference bias in reports of drug t&&18.1987;

295: 654-656.

Schulz KF, Chalmers I, Grimes DA, Altman DG. Assessing the qual-
ity of randomization from reports of controlled trials published in
obstetrics and gynaecology journalAMA 1994;272: 125-128.

Sinha V, Sinha S. Acute laryngotracheitiglian Pediatr 1995;32:
821-825.

Cressman WR, Myer Il CM. Diagnosis and management of croup
and epiglottitis Pediatr Clin North Am 1994;41: 265-276.

Oxman AD, Clarke MJ, Stewart LA. From science to practice. Meta-
analyses using individual patient data are neetiddA 1995;74:
845-846.

Miller-Larsson A, Brattsand R. Topical anti-inflammatory activity of
the glucocorticoid budesonide on airway mucosa. Evidence for a ‘hit
and run’ type of activityAgents Actions 1990;29: 127-129.
AnonymousMims. London: Haymarket Medical Ltd, 1998.

Thomson AH. Commentarjrch Dis Child 1997;76: 155-158.

Little P, Williamson |, Warner Gg al. Open randomised trial of
prescribing strategies in managing sore thidkt] 1997;314:

722-727.

Little P, Gould C, Williamson Ekt al. Reattendance and complica-
tions in a randomised trial of prescribing strategies for sore throat:
the medicalising effect of prescribing antibiotiBs4J 1997;315:
350-352.

Acknowledgements
We are grateful to Professor Mike Campbell for providing data to allow

failure of recognition of historic, ecologic, etiologic and clinical per- calculation of effect sizes for the Godden trial, Dr Greg Roberts and col-

spectivesJ Pediatr 1979;94: 352-354.
Davies HTO, Crombie IK, Tavakoli M. When can odds ratios mis-
lead?BMJ 1998;316: 989-991.

leagues and Dr David Johnson for providing additional information from
their respective studies, and Dr Catherine Emmas and Isobel Brooks at
Astra Pharmaceuticals Ltd for searching data on file. Dr Griffin received

Zhang J, Yu KF. What's the relative risk? A method of correcting thesupport from a Wellcome Trust Training Fellowship in Health Services

odds ratio in cohort studies of common outcondaMA 1998;280:
1690-1691.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical #/%st) 1997;315: 629-
634.

Research, and Ms Ellis received travel expenses from the University of
Southampton Medical School. We thank Dr Paul Little, Professor John
Davis, Professor Ann-Louise Kinmonth, and the anonymous referees for
helpful comments on the final manuscript.

British Journal of General Practice, February 2000



S Griffin, S Ellis, A Fitzgerald-Barroret al

Review article

Conflict of interest

Astra (manufacturers of budesonide) supported a pilot study in the com-
munity by providing randomised nebules for the authors and nebulisers for
participating general practitioners.

Addressfor correspondence

Dr Simon Griffin, General Practice and Primary Care Research Unit,
Department of Public Health and Primary Care, Institute of Public Health,
University Forvie Site, Robinson Way, Cambridge CB2 2SR. E-mail:
sjgd9@medschl.cam.ac.uk

British Journal of General Practice, February 2000

141



