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Should inhaled anticholinergics be added to â2 agonists
for treating acute childhood and adolescent asthma?
A systematic review
Laurie H Plotnick, Francine M Ducharme

Abstract
Objectives To estimate the therapeutic and adverse
effects of addition of inhaled anticholinergics to â2

agonists in acute asthma in children and
adolescents.
Design Systematic review of randomised controlled
trials of children and adolescents taking â2 agonists
for acute asthma with or without the addition of
inhaled anticholinergics.
Main outcome measures Hospital admission,
pulmonary function tests, number of nebulised
treatments, relapse, and adverse effects.
Results Of 37 identified trials, 10 were relevant and
six of these were of high quality. The addition of a
single dose of anticholinergic to â2 agonist did not
reduce hospital admission (relative risk 0.93, 95%
confidence interval 0.65 to 1.32). However, significant
group differences in lung function supporting the
combination treatment were observed 60 minutes
(standardised mean difference − 0.57, − 0.93 to
− 0.21) and 120 minutes ( − 0.53, − 0.90 to − 0.17)
after the dose of anticholinergic. In contrast, the
addition of multiple doses of anticholinergics to â2

agonists, mainly in children and adolescents with
severe exacerbations, reduced the risk of hospital
admission by 30% (relative risk 0.72, 0.53 to 0.99).
Eleven (95% confidence interval 5 to 250) children
would need to be treated to avoid one admission. A
parallel improvement in lung function (standardised
mean difference − 0.66, − 0.95 to − 0.37) was noted
60 minutes after the last combined inhalation. In the
single study where anticholinergics were
systematically added to every â2 agonist inhalation,
irrespective of asthma severity, no group differences
were observed for the few available outcomes. There
was no increase in the amount of nausea, vomiting, or
tremor in patients treated with anticholinergics.
Conclusions Adding multiple doses of
anticholinergics to â2 agonists seems safe, improves
lung function, and may avoid hospital admission in 1
of 11 such treated patients. Although multiple doses
should be preferred to single doses of
anticholinergics, the available evidence only supports
their use in school aged children and adolescents with
severe asthma exacerbation.

Introduction
The initial management of acute asthma exacerbations
in children and adolescents focuses on the rapid relief
of bronchospasm with inhaled or nebulised
bronchodilators.1–6 Young people who are not respon-
sive to bronchodilators require the addition of
glucocorticoids.7 8 â2 agonists are the most effective of
the bronchodilators owing to their rapid onset of
action and the extent of achieved bronchodilation.9 10

Anticholinergic agents, such as ipratropium bromide
and atropine sulphate, have a slower onset of action
and weaker bronchodilating effect than â2 agonists but
may relieve cholinergic bronchomotor tone and
decrease mucosal oedema and secretions.11–13 Thus the
combination of inhaled anticholinergics with â2

agonists may yield enhanced and prolonged bron-
chodilation.

Several randomised controlled trials have exam-
ined the efficacy of the addition of anticholinergics to
â2 agonists for treating acute asthma in children and
adolescents.14–17 Conflicting results from these trials
were attributed to differences in the severity of the
asthma, intensity (number of doses) of anticholinergic
treatment, cointervention with glucocorticoids, and
study power. A systematic review of randomised
controlled trials published up to 1992 concluded that
there was a 12% greater improvement in percentage
predicted forced expiratory volume in 1 second (FEV1)
with anticholinergic use but no reduction in hospital
admission.18 As several new trials have been completed
since 1992, the conclusions of the original review may
need revision.19–21 The pooling of a larger number of
randomised controlled trials may provide not only
greater power for detecting group differences in hospi-
tal admission but also better insight into the influence
of patients’ characteristics and treatment modalities on
efficacy of treatment.22–24

We aimed to determine whether the addition of
inhaled anticholinergics to â2 agonists leads to clinical
improvement and affects the incidence of adverse
effects in children and adolescents with acute asthma
exacerbations. We also wanted to determine whether
the intensity of treatment, severity of the exacer-
bation, and concomitant use of glucocorticoids
influenced the extent of the effect attributable to
inhaled anticholinergics.
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Subjects and methods
Literature search and identification of trials
We used five search strategies to identify potentially
relevant trials. Firstly, we searched Medline (1966-97),
Embase (1980-97), and Cinahl (1982-97) databases
using the following MeSH, full text, and keyword
terms: [asthma, wheez*, or respiratory sounds] and
[random*, trial*, placebo*, comparative study, control-
led study, double-blind, single-blind] and [child* or
infan* or adolescen* or pediatr* or paediatr*] and
[emergenc* or acute*], and [ipratropium* or anti-
cholinerg* or atropin*]. Secondly, we identified
randomised controlled trials by hand searching medi-
cal journals identified through the Cochrane Collabo-
ration, using the same terms. Thirdly, we checked
bibliographies of all trials and review articles identified
from the databases and medical journals to determine
potentially relevant citations. Fourthly, we made inquir-
ies to Boehringer Ingelheim, producer of ipratropium
bromide, regarding other published or unpublished
trials conducted worldwide and supported by the com-
pany or its subsidiaries. Finally, we contacted trialists
working on childhood and adolescent asthma to iden-
tify potentially relevant trials.

Study selection
Criteria for considering trials included: (a) randomised
controlled clinical trials conducted in an emergency
department setting; (b) unprovoked asthma exacerba-
tion in children aged 18 months to 17 years; (c) single
or multiple doses of inhaled short acting anticholiner-
gics combined with â2 agonists compared with â2 ago-
nists alone; (d) admission to hospital as primary
outcome, and change in pulmonary function tests,
need for additional bronchodilator inhalations, relapse
rate, and adverse effects as secondary outcome.

Each citation (title and abstract) identified through
one of the search strategies was reviewed by one
person and classed as a definite, possible, or clearly not
randomised controlled trial. The complete article of all
citations identified as definite or possible randomised
controlled trials was obtained, irrespective of language
of publication. These were assessed independently by
two reviewers to determine if the study met the
inclusion criteria and, if so, to evaluate methodological
quality and extract data. Reviewers were masked to the
authors’ names and affiliations, name of journal, date of
publication, and sources of funding for the study.25

Disagreement between the reviewers was settled by
consensus. When necessary, to verify study method-
ology and extracted information and to provide
additional data, the reviewers contacted the first
author, or all coauthors in cases of non-response, on at
least three occasions by post, fax, or email.

Methodological quality
The methodological quality of each trial was assessed
using Jadad’s instrument.25 This instrument evaluates
the quality of randomisation and blinding and reasons
for withdrawal on a score of 0 (worst) to 5 (best).

Statistical analyses
Treatment effects for dichotomous outcomes were
reported as pooled relative risks with the fixed effect
model26 or, in case of heterogeneity, the random effect

model.27 The Dersimonian and Laird model was used
to estimate the pooled absolute risk reduction and
therefore estimate the number of patients needed to
treat to prevent the adverse outcome of interest.27 For
continuous outcomes, the weighted mean difference or
the standardised weighted mean difference was used to
estimate the pooled effect size.28 The weighted mean
difference was reported for pulmonary function tests
using the same unit of measure: the weighted sum of
each trial’s difference between the mean of the experi-
mental and the control group, reported on the same
scale as the pulmonary function test.28 The standard-
ised mean difference, reported in SD units, was used
when the change in the same pulmonary function test
was reported in different units (change in percentage
predicted FEV1 and percentage change in FEV1): the
weighted sum of each trial’s group mean difference
divided by its pooled SD.29 The contribution of each
trial to the pooled estimate is proportional to the
inverse of the variance.30 Homogeneity of effect sizes
were tested with the Dersimonian and Laird method
with P = 0.10 as the cut off point for significance27;
heterogeneity was reported whenever identified. To
detect possible biases, funnel plot symmetry was exam-
ined for trials contributing data to hospital admission.31

The pooled effect sizes are presented with the 95%
confidence interval.

Five factors were a priori believed to potentially
influence the extent or direction of the treatment
response: (a) the intensity of anticholinergic treatment,
(b) cointervention with glucocorticoids, (c) severity of
exacerbation, (d) methodological quality, and (e) publi-
cation status. Randomised controlled trials were there-
fore grouped according to the intensity of anticholin-
ergic protocol and, within each group, stratified on the
presence or absence of systemic glucocorticoids.
Whenever reported, the baseline percentage predicted
FEV1 and hospital admission rate in the control groups
were recorded as indicators of severity and examined
for their potential interaction with treatment effect.
Sensitivity analyses were performed to examine the
effect on results of excluding unpublished trials and
those with poor methodological quality. The meta-
analysis was performed with Metaview 3.0.1 (Cochrane
Review Manager, Cochrane Collaboration, Oxford).

Results
A total of 37 studies were reviewed in full text for pos-
sible inclusion; 34 were identified from the literature
search and bibliographies, and three were identified by
contact with trialists. Twenty seven studies were
excluded for the following reasons: studies dealt with
infants (n = 1), adults (n = 5), hospitalised patients
(n = 4), or non-acute asthma (n = 12); non-randomised
controlled trials (n = 4); and anticholinergics alone
were studied (n = 1). A total of 10 randomised control-
led trials were selected for inclusion.

Trials were grouped according to the intensity of
the anticholinergic protocol: trials testing the addition
of a single dose of anticholinergic to â2 agonist inhala-
tions were grouped under single dose protocol, trials
testing multiple doses in a predetermined fixed
regimen were grouped under multiple dose fixed pro-
tocol, while a single trial testing the systematic addition
of anticholinergics to every â2 agonist inhalation,
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leaving the number of inhalations determined by the
patient’s needs, was named multiple dose flexible pro-
tocol (table 1). One trial, which tested two protocols,
contributed to the first two strata.19 With one
exception,14 the anticholinergic agent used was ipratro-
pium bromide. Cointervention with glucocorticoids
was infrequent even in trials focusing on children and
adolescents with severe exacerbations. Most trials con-
sidered children and adolescents with severe exacerba-
tions, one study considered children and adolescents
with mild to moderate asthma,21 and the remainder
failed to describe the baseline severity of their patients.
Two of the largest trials, both of which reported no
beneficial effect from the addition of anticholinergics
to â2 agonists, have not yet been published in full text
(R Peterson, personal communication).21 Methodology
of six of the 10 trials was confirmed by the authors
(Peterson, 1996)14 15 19–21; most were of high quality
(Jadad’s quality score = 5) (table 2). The main outcome
variable was spirometric measurements in seven trials,

all in school aged children; respiratory resistance
measured by forced oscillation was used in the trial of
children and adolescents aged 3-17 years21; clinical
scores were used for the youngest patients in two
trials.14 15 Not all trials considered each outcome. The
reporting of adverse and side effects was variable.
Adverse effects such as hypertension or tachycardia
were reported so infrequently that they could not be
considered in this review. Side effects such as nausea,
vomiting, and tremor, which may interfere with
patients’ compliance, were extracted whenever
reported.

Single dose protocols
Five trials totalling 453 patients examined the efficacy
of adding a single dose of 250 ìg ipratropium bromide
to â2 agonists. No reduction in hospital admission was
observed when pooling the two trials reporting this
outcome (relative risk 0.93, 95% confidence interval
0.65 to 1.32) (fig 1). As these two trials were of high

Table 1 Characteristics of trials included in review. Age in years unless stated otherwise

Trial
No of patients

(age) Baseline severity*

â2 agonist protocol Anticholinergic protocol Systemic
steroids

Admission
rate (%)†

Reported outcomes

Drug Frequency Drug Frequency Admission PFT

Single dose protocol

Ducharme et al
(unpublished)

298 (3-17) Mild-moderate S Every 30 minutes × 2-6 IB × 1 ± 20 + +

Schuh et al19 80 (5-17) <50% FEV1 S Every 20 minutes × 3 IB × 1 − 46 + +

Beck et al32 25 (6-17) <50% FEV1 S Every 20 minutes × 7 IB × 1 NR NR − +

Phanichyakam et al33 20 (4-15) NR T × 1 IB × 1 NR NR − +

Cook et al15 30
(18 months-12)

Moderately severe F × 1 IB × 1 − NR − −

Multiple dose (strict) protocol

Qureshi et al20 90 (6-18) <50% FEV1 S Every 30 minutes × 3 IB Every 60 minutes × 2 + 31 + +

Reisman et al16 24 (5-15) <55% FEV1 S Every 20 minutes × 7 IB Every 40 minutes × 3 − 23 + −
Schuh et al19 81 (5-17) <50% FEV1 S Every 20 minutes × 3 IB Every 20 minutes × 3 − 46 + +

Watson et al17 31 (6-17) 30-70% FEV1 F Every 60 minutes × 2 IB Every 60 minutes × 2 − NR + +

Peterson et al
(unpublished)

163 (5-12) <70% FEV1 S Every 15 minutes × 2-3 IB Every 45 minutes × 2-3 ± 30 + +

Multiple dose (flexible) protocol

Guill et al14 31
(13 months-12)

NR M Every 20-30 minutes × 1-3 AS Every 20-30 minutes × 1-3 − NR − −

PFT=pulmonary function test; S=salbutamol; T=terbutaline; F=fenoterol; M=metaproterenol; IB=ipratropium bromide; AS=atropine sulphate, NR=not reported; ±=variable; +=yes; −=no.
*FEV1 is percentage predicted forced expiratory volume in 1 second.
†In control group.

Table 2 Methodological quality of included trials. Numbers represent quality score values

Randomisation* Blinding Withdrawal/dropout

Quality score
Method not
described

Appropriate
method

No blinding
reported

Double blind;
means not
reported

Double blind;
means

appropriate
Not

described Described

Single dose protocol

Ducharme et al
(unpublished)

— 2 — — 2 — 1 5†

Schuh et al19 — 2 — — 2 — 1 5†

Beck et al32 1 — — — 2 0 — 3

Phanichyakam et al33 1 — 0 — — 0 — 1

Cook et al15 — 2 — — 2 — 1 5†

Multiple dose strict protocol

Qureshi et al20 — 2 — — 2 — 1 5†

Reisman et al16 1 — — — 2 0 — 3

Schuh et al19 — 2 — — 2 — 1 5†

Watson et al17 1 — — 1 — — 1 3

Peterson et al
(unpublished)

— 2 — — 2 — 1 5†

Multiple dose flexible protocol

Guill et al14 — 2 — — 2 — 1 5†

*All trials scored 0 for non-reported randomisation.
†Methodology confirmed by authors.
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methodological quality, this factor did not influence
the results. Exclusion of the unpublished study, which
focused exclusively on children and adolescents with
mild to moderate exacerbations, did not alter the con-
clusion. There was no evidence of systematic bias iden-
tified by the measure of funnel plot asymmetry
(intercept 1.5, − 25 to 30).

Four trials examined response to treatment using
pulmonary function tests. In the two trials reporting
the percentage change in FEV1, a difference of 16.10%
(5.54% to 26.66%) between group means (weighted
mean difference) was documented at 60 minutes and
of 17.49% (4.46% to 30.53%) at 120 minutes after the
inhalation of anticholinergics, both favouring anti-
cholinergic use.32 33 When combining the three trials
reporting change in lung function, either as change in
percentage predicted FEV1 or percentage change from
baseline FEV1, significant improvement, equivalent to
half a SD in change, was still apparent at 60 minutes
(standardised mean difference − 0.57, − 0.93 to − 0.21)
and at 120 minutes ( − 0.53, − 0.90 to − 0.17) after the
dose of anticholinergics (fig 2).19 32 33 In the single trial
examining the intervention in children with mild to
moderate exacerbations, the absence of group
difference observed at 60 minutes (0.10, − 0.13 to 0.33)

and at 120 minutes (0.02, − 0.36 to 0.40) confidently
ruled out any important change in respiratory
resistance due to treatment (fig 2).21 No reduction in
relapse rate (1.17, 0.56 to 2.45) was observed. The
addition of a single dose of anticholinergics was not
associated with increased vomiting (0.66, 0.30 to 1.44)
or tremor (0.98, 0.88 to 1.10), but there was an appar-
ent reduction in nausea (0.55, 0.33 to 0.91).

Multiple dose fixed protocols
Five trials, totalling 366 children, examined the effect of
multiple doses of combined ipratropium bromide and
â2 agonists in a fixed protocol. Pooling of the four trials
contributing data to this outcome showed a 30%
reduction in hospital admission rate in favour of the
combination treatment (0.72, 0.53 to 0.99; fig 1) (R
Peterson, personal communication).16 19 20 Eleven (95%
confidence interval 5 to 250) patients would need to be
treated with a multiple dose fixed protocol to prevent a
single admission. Exclusion of the two smaller trials
with lower quality scores16 17 did not affect the
reduction in hospital admission rate attributable to
combination treatment (0.72, 0.52 to 0.99) due to their
small weights in the summary estimate. Similarly,
exclusion of the unpublished trial did not affect the
extent of reduction in hospital admission rate,
although the significance level was affected (0.70, 0.47
to 1.05). There was no evidence of systematic bias iden-
tified by the funnel plot (intercept 0.22, − 0.35 to 0.80).
No group difference in relapse rate was observed (0.68,
0.31 to 1.51).

A difference in group means (weighted mean
difference) of 9.66% (95% confidence interval 5.65% to
13.68%) was observed when improvement was
reported as change in percentage predicted FEV1 (R
Peterson, personal communication)17 19 20; a difference
of 6.97% (1.60% to 12.34%) was observed in trials
reporting the percentage change in FEV1.

17 20 When
combining all studies a significant improvement in
spirometry, exceeding half a SD in change, favoured
combination treatment (standardised mean difference
− 0.66, − 0.95 to − 0.37). The limited spectrum of
baseline severity of patients enrolled in these five trials
did not permit a meaningful analysis of tendency to
examine the potential influence of baseline severity on
extent of response. There was no significant group dif-
ference in the occurrence of side effects such as nausea
(0.59, 0.30 to 1.14), vomiting (1.03, 0.37 to 2.87), and
tremor (1.02, 0.63 to 1.64).

Multiple dose flexible protocol
Analysis of the single trial in which multiple
inhalations of combined atropine sulphate and â2 ago-
nist were given to 31 patients until a satisfactory clini-
cal response was achieved did not show any significant
difference in the few reported outcomes.14 There was
no apparent impact on the number of inhalations
required before discharge (one inhalation: relative risk
0.67, 0.27 to 1.66; two inhalations: 1.25, 0.57 to 2.75;
three inhalations: 2.82, 0.12 to 64.39), although there
was a tendency towards more inhalations in the inter-
vention group. There was no group difference in the
occurrence of tremor (0/15 versus 0/16).

Single dose protocol

Trial

Glucocorticoids
  Ducharme et al (unpublished)
  Subtotal

No glucocorticoids
  Ducharme et al (unpublished)
  Schuh et al 199519

  Subtotal

21/86

2/70
17/39

17/85

7/57
19/41

Total
  Heterogeneity χ2 test = 4.05 (df = 2), P>0.10

Treatment
group

No/total

Control
group

No/total

39

18
43

100

Weight
(%)

1.22 (0.69 to 2.15)

0.93 (0.65 to 1.32)

0.73 (0.46 to 1.17)

Relative risk
(95% CI)

Relative risk
(95% CI)

Hospital admission

Multiple dose protocol
Glucocorticoids
  Qureshi et al 199720

  Subtotal

No glucocorticoids
  Reisman et al 198816

  Schuh et al 199519

  Watson et al 198817

  Subtotal

9/36

2/11
15/40
0/16

14/31

3/13
19/41
0/15

Total
  Heterogeneity χ2 test = 0.80 (df = 3), P>0.10

24

5
30
0

0.55 (0.28 to 1.10)

0.81 (0.49 to 1.32)

Glucocorticoid use variable
  Peterson et al (unpublished)
  Subtotal

19/82 25/81 41

100

0.01 0.1 1 10 100

0.75 (0.45 to 1.25)

0.72 (0.53 to 0.99)

Favours
β2 agonists

Favours
anticholinergics
and β2

 agonists

Fig 1 Pooled relative risk of hospital admission comparing addition of single and multiple
doses of ipratropium bromide to â2 agonists in trials reporting data relative to hospital
admission: one trial (Watson et al) not included in overall estimate of multiple dose protocol
as absence of event in both groups prevented estimation of relative risk. Trials stratified
according to concomitant administration of systemic corticosteroids. Width of horizontal line
represents 95% confidence interval around point estimate (black square). Size of point
estimate represents relative weight (% weight) of each trial in the pooled summary estimate
(diamond). Vertical line is line of no effect (relative risk 1.0)
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Discussion
The intensity of anticholinergic treatment protocol
influenced the extent of treatment response in terms of
reduction in hospital admission. Whereas no group
difference was observed in patients treated with a
single dose of anticholinergics, a 30% reduction in
hospital admission was observed in patients treated
with multiple doses. However, important differences
other than the intensity of anticholinergic treatment
exist between trials to explain these apparent divergent
conclusions. Therefore trials’ characteristics should be
carefully considered before generalising results to all
children and adolescents with acute asthma.

Single dose protocols
Trials examining the effect of the addition of a single
dose of anticholinergics to â2 agonists differed in
several characteristics including age, severity of

exacerbation, and cointervention with glucocorticoids.
These differences may explain the apparent diver-
gence of individual trial results regarding hospital
admission. Furthermore, the incomplete reporting of
hospital admission and the use of various pulmonary
function tests reduced the effective sample size of
patients that could be pooled. Interpretation of results
obtained from pooling trials under the single dose
protocol must therefore be made with caution and be
limited to children and adolescents with characteristics
similar to those enrolled in the trials. The single study
which examined children and adolescents (age range 3
to 17 years) with mild to moderate asthma ruled out,
with a narrow confidence interval, any meaningful
improvement in respiratory resistance attributable to
anticholinergic use.21 In contrast, trials that examined
school aged children with severe asthma showed a sig-
nificant improvement in FEV1 60 minutes after the

Single dose protocol

Multiple dose protocol

Trial

Change in spirometry

No glucocorticoids
  Schuh et al 199519

  Subtotal
41 15.00 (13.80)

Total
  Heterogeneity χ2 test = 1.68 (df = 2), P>0.10

No Mean (SD)

65

Weight
(%)

-0.48 (-0.93 to 0.04)

Standardised mean
difference
(95% CI)

Standardised mean
difference
(95% CI)

Lung function

22.10 (15.30)

Mean (SD)

Treatment group Control group

39

Glucocorticoid use variable
  Beck et al 198532

  Phanichyakam et al 199033

  Subtotal

12
10

4.10 (6.20)
22.00 (38.30)

18
17

-0.74 (-1.35 to -0.12)

100 -0.57 (-0.93 to -0.21)

20.40 (19.50)
36.40 (36.00)

13
10

Change in respiratory resistance

Glucocorticoids
  Ducharme et al (unpublished)
  Subtotal

39 0.26 (0.21)

Total
  Heterogeneity χ2 test = 0.81 (df = 1), P>0.10

24
-0.09 (-0.56 to 0.39)

0.28 (0.26)31

No glucocorticoids
  Ducharme et al (unpublished)
  Subtotal

100 0.30 (0.16) 76
0.16 (-0.10 to 0.43)

100 0.10 (-0.13 to 0.33)

0.27 (0.20)124

Change in spirometry

Glucocorticoids
  Qureshi et al 199720

  Subtotal
45 24.10 (14.60)

Total
  Heterogeneity χ2 test = 0.21 (df = 2), P>0.10

45
-0.72 (-1.15 to -0.29)

33.60 (11.30)45

No glucocorticoids
  Schuh et al 199519

  Watson et al 198817

  Subtotal

38
16

13.20 (13.30)
80.00 (14.00)

39
16

-0.61 (-0.99 to -0.22)

100 -0.66 (-0.95 to -0.37)

23.44 (20.60)
89.30 (13.20)

39
16

No

-4 -2 0 2 4
Favours

β2 agonists
Favours
anticholinergics
and β2

 agonists

Fig 2 Pooled standardised mean difference of change in lung function 60 minutes after addition of unique (single dose protocol) or last
(multiple dose protocol) anticholinergic treatment to â2 agonists. Standardised mean difference, displayed on SD unit, represents difference in
mean between groups relative to pooled SD of treatment and control groups. Studies reporting change in spirometry as percentage change in
FEV1 or change in percentage predicted FEV1 were pooled while the trial reporting change in respiratory resistance is reported separately. Trials
stratified according to concomitant administration of systemic corticosteroids. Width of horizontal line represents 95% confidence interval
around point estimate (black square). Size of point estimate represents relative weight (% weight) of each trial in the pooled summary estimate
(diamond). Vertical line is line of no effect (relative risk 0.0)

Papers

975BMJ VOLUME 317 10 OCTOBER 1998 www.bmj.com

 on 19 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.317.7164.971 on 10 O
ctober 1998. D

ow
nloaded from

 

http://www.bmj.com/


combined inhalation; a change that persisted at 120
minutes.19 32 It is possible that differences in subjects’
age and baseline severity may be associated with
various degrees of cholinergic induced bronchospasm.
More trials in preschool children and children and
adolescents with mild to moderate asthma are needed
to confirm this hypothesis. Moreover, the sensitivity of
response variables (change in percentage predicted
FEV1, percentage change in FEV1, percentage change
in respiratory resistance) to identify change as a result
of treatment may vary. Finally, in contrast with current
recommendations,1 3–6 34 none of the trials of children
and adolescents with severe exacerbations systemati-
cally added glucocorticoids to the inhalation regimen.
Whether this would have improved lung function
remains to be proved.

Multiple dose fixed protocols
Trials testing the addition of multiple doses of
anticholinergics to â2 agonists in a predetermined fixed
regimen were more homogeneous, focusing on school
aged children and adolescents (n = 5) with severe
exacerbations (n = 3) and infrequent concomitant use of
glucocorticoids (n = 4). A 30% reduction in hospital
admission rate was attributable to combination treat-
ment. Eleven patients would need to be treated with
such a protocol to prevent one admission. The pooling
of similar patients, mostly school aged children and ado-
lescents with severe asthma, certainly contributed to the
identification of this benefit, as none of the individual
trials had sufficient power to detect a group difference in
admission rates. Yet, because of the relative homogeneity
of the trials and the inability to obtain data stratified on
severity, it is impossible to separate the effects of multiple
dosing from that of baseline severity. Regarding lung
function, significant group differences favouring the
combination treatment were also observed, whether the
response was expressed as change in percentage
predicted FEV1 or as percentage change in FEV1. While
modest, the extent of improvement in lung function is
probably clinically meaningful as it was associated with a
substantial reduction in hospital admissions. In a single
study, glucocorticoids were systematically given to all
enrolled patients.20 Although the trial reported the larg-
est reduction in hospital admission, more trials are
needed to confirm that the favourable effect of
combined multiple doses of anticholinergics and â2 ago-
nist will be sustained in the presence of glucocorticoids
in children and adolescents with severe exacerbations.

Multiple dose flexible protocols
A single small trial examined the efficacy of systemati-
cally adding anticholinergics to every â2 agonist inhala-
tion, tailoring the number of inhalations to patients’
response. This protocol did not seem to reduce the
number of inhalations needed. No data were provided
on hospital admission. Although this protocol most
closely reflects physicians’ treatment preference when
dealing with children and adolescents with mild to mod-
erate asthma, little evidence exists at present to support
its use. Further trials are therefore needed before any
conclusion can be drawn about the protocol’s efficacy.

Side effects
No apparent increase in the occurrence of nausea,
tremor, or vomiting was observed in subjects treated
with either the single or multiple dose protocols. Clini-
cally important adverse effects, such as tachycardia or
hypertension, were reported too infrequently to permit
any analyses.

Strengths and limitations
Like all systematic reviews this meta-analysis is limited
by the quality of existing data.35 Fortunately, six out of
10 trials were of high quality. Exclusion of trials with
lower reported methodological quality did not affect
the conclusions. Interestingly, the two trials with the
largest sample sizes and thus the greater power, failed
to detect any group differences in lung function and
hospital admission. Although they both had excellent
quality scores, they remain unpublished. Clearly, publi-
cation bias exists in this area.36 Exclusion of these two
unpublished trials, one of the single dose and one of
the multiple dose fixed protocol, did not affect conclu-
sions, only the significance level. Although somewhat
insensitive when used for a small number of pooled
trials, funnel plot statistics failed to identify any major
differences between trials. With eight of the 10 trials
originating from North America, the generalisability of
study results to other countries should be considered,
particularly regarding hospital admission. Although
variations in hospital admission rates have been docu-
mented, these variations have been predominantly
attributed to differences in asthma severity, daily
prophylaxis, intensity of emergency treatment, and
admission criteria.37 38 Clearly, important international
variations in these factors could influence the
anticipated response to treatment.

Our review has attempted to summarise the best
evidence available up to July 1998. Our review has
identified six trials not included in the prior review18;
two trials published before 1992,14 33 two studies
published after 1995,19 20 and two unpublished trials (R
Peterson, personal communication),21 totalling 718
more subjects. Our thorough systematic search for
published and unpublished trials resulted in the identi-
fication of important trials, thus increasing the power
and scope of the review.39 Our review is strengthened
by the direct confirmation of methodology and
extracted data with the authors of six of 10 trials.
Nevertheless, the number and size of studies being
pooled under each protocol remains small. Obviously,
the current conclusions may be seriously modified by
the results of larger trials.40

Key messages

x The addition of multiple doses of anticholinergics to â2 agonist
inhalations seems indicated in the initial management of children
and adolescents with severe exacerbations of asthma (<55% of
predicted FEV1)

x For the larger group of children and adolescents with mild to
moderate asthma exacerbations, there is no apparent benefit from
adding a dose of anticholinergics to â2 agonists

x Little evidence exists to support the systematic addition of
anticholinergics to every â2 agonist inhalation, irrespective of
patients’ disease severity
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Design and reporting of trials
Trials should improve on three main aspects: interven-
tions, choice of outcomes, and reporting of results.
Firstly, because systemic glucocorticoids are now the
standard treatment of children and adolescents with
severe exacerbations they should be systematically given
with â2 agonists in future trials. Conversely, in children
and adolescents with mild to moderate exacerbations
trials are needed to evaluate the potential benefit of sys-
tematically adding anticholinergics to every â2 agonist
inhalation, titrating the number of inhalations to
patients’ response. Secondly, as admission and relapse
rates are relatively gross measures of efficacy, subject to
practice variation, future trials should include more sen-
sitive and reliable endpoints such as quality of life, dura-
tion of hospitalisation, and duration of symptoms
following discharge. Finally, there is a need for consistent
reporting of baseline severity, glucocorticoid use, and
admission and relapse rates.
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Fifty years ago
Clouding of Surgeons’ Spectacles

Like most surgeons who wear glasses, and particularly those who
prefer a mask with a cellophane layer, I have tried many methods
of preventing steaming. Until we get our “green forms” for the
special glasses recently described, may I recommend the
following simple method which was evolved under the testing
conditions of a hospital where the atmosphere was particularly
humid as well as very hot?

A thin piece of soft cotton-wool about 5" × 2" is partly torn
across the middle to give it a butterfly shape; the “butterfly” so

formed is placed along the upper edge of the mask before it is
assumed. It causes no irritation and experiment soon determines
the smallest amount of wool which will prevent one’s breath from
passing between the mask and the nose. Unlike special
preparations for the glass, which soon lose their effect, the wool
enables one to pass the longest, hottest morning’s operating with
unclouded glasses.—I am, etc, Birmingham, G K Rose.

(BMJ 1948;ii:998)
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