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[Rowe BH, Travers AH, Holroyd BR, Kelly KD, Bota GW:
Nebulized ipratropium bromide in acute pediatric asthma: Does
it reduce hospital admissions among children presenting to the
emergency department? Ann Emerg Med July 1999;34:75-85.]

C L I N I C A L  S C E N A R I O

An 11-year old boy presents to the emergency depart-
ment with shortness of breath and wheezing caused by
acute asthma. He has a long history of asthma, usually
exacerbated by a common cold. Three days before ED
presentation, an upper respiratory tract infection devel-
oped and he experienced 24 hours of increasing cough,
wheeze, shortness of breath, and chest tightness. There
was no fever, and he described only occasional sputum
production on coughing.

In the 24 hours before ED presentation, he admitted to
taking 20 inhalations of his albuterol inhaler. In addition,
he received 2 sidestream nebulizer treatments at home.
Finally, he had been receiving long-term treatment with
inhaled corticosteroids (budesonide; 200 µg/activation
twice per day). His last hospital admission was 6 months
ago, and he has been compliant with medications recently.

His respiratory rate (40 breaths/min) and pulse rate
(120 beats/min) are increased, and saturation by pulse
oximetry (SaO2) is 83% on room air. The peak expiratory
flow rate (PEFR) is less than 40% predicted for age, gen-
der, and height. Diffuse wheezing in both lung fields,
poor air entry, and use of accessory muscles of respiration
are noted on physical examination. Treatment consists of
nebulized albuterol every 20 minutes for 1 hour, oral cor-
ticosteroids (1 mg/kg prednisone), intravenous fluids,
and oxygen. He is monitored for improvement. His con-
dition improves but he remains hypoxic (SaO2<90%) and
tachypneic after 30 minutes. The PEFR is approximately
50% predicted after 1 hour of treatment.

One of your colleagues suggests that nebulized ipra-
tropium bromide may be beneficial in the care of this



monary function tests (PEFR and forced expiratory vol-
umes in 1 second [FEV1]), complications (pneumonia,
intubation, and so on), as well as admissions to hospital
and return visits after ED discharge. Although important
results pertaining to any of these outcomes have potential
clinical significance, you believe that decreasing the need
for hospital admission would have the most direct effect
on your patient. Your knowledge of the pathophysiology
of asthma leads you to suspect that reduction of return
visits is unlikely to result from the initial administration
for a drug such as ipratropium. Outcome measures such
as pulmonary function tests, vital signs, and oxygen satu-
ration, although likely to be correlated with qualitative
benefits, may not tell you what you really want to know
about the therapeutic value of ipratropium. You decide to
pay close attention to studies and reviews that report on
the effect of multiple dose ipratropium administration in
the ED on hospital admission rates.

In view of these considerations, it would seem appro-
priate to reformulate the question as follows: “In children
under the age of 18 with acute asthma, does the addition
of multiple doses of ipratropium bromide to a standard
ED asthma regimen of inhaled β2-agonists and cortico-
steroids decrease the likelihood of hospital admission or
result in other improvements in the course of the ED visit?”

S E A R C H I N G  F O R  A N D  S E L E C T I N G  T H E  B E S T
E V I D E N C E

Armed with a well-developed question, the search strat-
egy can quickly be developed. The efficiency of the search
can be increased by seeking the highest level of evidence.
For example, since this is a therapy question, the best
level of evidence (Level I)3,10 includes results from large,
randomized controlled trials or systematic reviews of ran-
domized control trials. The next level of evidence (Level
II) would be small, randomized clinical trials, that have
insufficient numbers of patients to achieve statistically
significant results. Finally, cohort (Level III), case control
(Level IV), and case series (Level V) would be considered
lower levels of evidence for treatment. It is therefore
appropriate for a clinician to limit the initial search on a
therapy question such as this one to randomized con-
trolled trials or systematic reviews.

You conduct a search of MEDLINE (Internet Grateful
Med) on an ED computer, using Medical Subject
Headings (MeSH) for “asthma” (MeSH Major Topic) and
“ipratropium” (MeSH Major Topic). You initially avoid
further limits on your search because you are unsure of
how much literature has been published on this topic. In

E V I D E N C E - B A S E D  E M E R G E N C Y  M E D I C I N E / C L I N I C A L  Q U E S T I O N

7 6 A N N A L S  O F  E M E R G E N C Y  M E D I C I N E 3 4 : 1   J U L Y  1 9 9 9

child. Believing it unlikely to do harm, and observing the
child’s continued significant symptoms, you elect to
administer nebulized ipratropium treatments. However,
you are unsure about whether administration of ipra-
tropium is justified for this patient, vaguely recalling sev-
eral discussions of its efficacy at a recent conference you
attended.1,2

The remainder of this Evidence-Based Emergency
Medicine installment will guide you through the process
of formulating the question, searching for the best evi-
dence, analyzing the evidence, and applying the evidence
to future similar patients. You will also be shown how to
critically appraise a systematic review.

F O R M U L A T I N G  T H E  Q U E S T I O N

The success of any evidence-based medicine (EBM) search
is the development of a well-defined, clinically relevant,
and succinct question.3 As previously discussed in this
series,4 the question should include focused details on
the population, intervention and comparison treatment,
and outcomes associated with the clinical scenario. In
this particular case, the issue involves a therapeutic or
treatment intervention. As a clinician, you may also be
interested in side effects (harm) and subgroups, which
may specifically benefit from this treatment.

The clinical scenario involves a clear outline of the
population (pediatric; <18 years of age), presenting for
care in an emergency setting with acute asthma. Although
subgroups within this population may be important (eg,
very young, severe asthma, those taking inhaled cortico-
steroids), this broader approach is acceptable as a starting
point.

Ipratropium is a quaternary ammonium compound,
and along with atropine, is a member of the class of anti-
cholinergics used in airway diseases such as asthma and
chronic obstructive pulmonary disease. For this particu-
lar clinical scenario, you have chosen to compare treat-
ment with “standard care,” which implies that you are
interested in the added benefit of this intervention.
Whereas considerable practice variation exists with
respect to the management of asthma,5-8 the use of
repeated β2-agonists, corticosteroids,9 oxygen, and intra-
venous access are likely to be considered “standard” prac-
tice for a sick asthmatic child.5,6 Notwithstanding safety
issues, you would also be interested in studies that
involve multiple dosing of ipratropium, as opposed to a
single nebulized dose.

Finally, outcome domains in acute asthma are highly
variable and include administration of medications, pul-
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A simple, single term, search strategy may initially be
an efficient option to searching the Cochrane Library. If
this is unsuccessful or results in an untoward number of
“hits,” an “advanced search strategies” option is included
in the Cochrane Library package. Another important option
within the Cochrane Library, the Controlled Clinical
Trials Register (CCTR), can simultaneously be used to
locate individual trials of ipratropium for acute pediatric
asthma.

You have heard about some of the unique qualities of
Cochrane reviews and decide to start your search with
this resource. Using the above techniques, in less than 1
minute, the Cochrane Library provides a full-text version
of 1 relevant systematic review most recently updated in
February 1997 and a summary of a review by Osmond
and Klassen12 published in 1995 in a peer-reviewed jour-
nal (Table 1). Although the Cochrane Collaboration
review is also available in a journal format,13 for the rea-
sons cited above, you elect to confine your attentions to
the Cochrane Library’s own version.

Examining the abstracts of the 2 reviews, you notice
they arrive at somewhat different conclusions. A detailed
perusal will be required to determine the basis for this
apparent discrepancy.14 You elect to start by examining
the CDSR review.11,15 For reasons that will become
apparent, when a review is available on the CDSR, a time-
consuming search of other sources should not be neces-

an attempt to examine the most recent acute asthma liter-
ature, you also start by searching between 1990 and
1999, knowing that you can easily extend the search to
previous years if nothing is found initially. You find a total
of 63 citations (Table 1).

The presence of so many published trials on a single
computerized database should trigger the reader to think
seriously about alternative strategies before proceeding.
One option would be to further limit your search by pub-
lication type to either “clinical trial” (pt) or to “random-
ized controlled trials” and, by age group, to “child, pre-
school” (mh) OR “child” (mh). This approach substantially
reduces the number of articles you would need to review.
However, the results of either search still indicate that
many trials involving the use of ipratropium for pediatric
asthma have been published.

It would be impractical for you to attempt to identify
the ED-related trials and synthesize their results into an
evidence-based clinical “bottom line” even if you had the
time to evaluate them individually. As a clinician, you lack
the expertise to do your own metaanalysis of individual
studies. When many randomized controlled trials are
published in a particular therapeutic area, a useful “best
evidence” approach for the busy practitioner is to search
for a systematic review on the topic. The most efficient
approach to searching for systematic reviews on topics of
therapy is to search the Cochrane Library’s Database of
Systematic Reviews (CDSR). The Cochrane collaboration
is an international, collaborative, multidisciplinary orga-
nization whose mandate is to produce, update, and dis-
seminate reviews on the effectiveness of medical therapy.
These reviews are produced by researchers using stan-
dardized, validated review methods and Cochrane
members take advantage of many resources not nor-
mally available to the authors of systematic reviews.
The Cochrane Library contains the products of the
Collaboration and is available by subscription in a CD-
ROM version and on-line from Update Software (URL:
http://www.updateusa.com/cochrane.htm). A limited
version of the Cochrane Library can also be obtained
from Ovid (URL: http://www.ovid.com).

Although systematic reviews completed by the mem-
bers of the Cochrane Collaboration are occasionally pub-
lished in traditional peer-reviewed journals, there are
drawbacks to this format. For example, the publication of
a systematic review in a standard journal is a “one-shot”
event; the article’s publication precludes systematic
updates as new evidence from clinical trials appears.
Furthermore, useful interactive features of the CDSR
electronic format are lost in journal publications.

Table 1. 
Search results from MEDLINE and from the Cochrane Library
for the question pertaining to using ipratropium bromide in acute
pediatric asthma ED presentations.

I. MEDLINE (Internet Grateful Med, 1990-1999; 5 min):
Search strategy:
1. Asthma {MeSH Major Topic} [37,650] AND
2. Ipratropium {MeSH Major Topic} [793]
3. Restricted to English language AND human subjects
Search results:
• 63 citations
• More than 5 “reviews”

II. Cochrane Library {1999, issue 1} (30 sec):
Search strategy:
Ipratropium AND Asthma
Search results:
• The Cochrane Database of Systematic Reviews (CDSR): 12 hits, 1,014 total

Complete reviews (4 hits, 522 total): 1 relevant to topic
Protocols (8 hits, 492 total): 1 relevant to topic

• Database of Abstracts of Reviews of Effectiveness (DARE): 1 hit, 1,895 total
Abstracts of quality assessed systematic reviews (1 hit, 727 total): 1 relevant
to topic

• The Cochrane Controlled Trials Register (CCTR): 272 hits, 218,355 total
References (272 hits, 218,352 total): many relevant to topic



cal trial. Poorly formulated questions lead to poorly
focused answers; the research question must be clearly
defined and must fit with the clinical question. In the
CDSR review, studies involving pediatric patients pre-
senting to an ED with acute asthma treated with nebu-
lized anticholinergic agents (ipratropium and atropine)
were examined to determine the effect of treatment on
hospital admission rate as the primary outcome. The
review also examined pulmonary function, other physio-
logic measurements, interaction of treatment effect with
steroid therapy, relapse rate, and adverse effects as sec-
ondary measurements. The authors started with a clear
question that matched the clinical scenario previously
discussed.

The journal review included studies from a mixture of
ED and admitted patients with acute asthma.12 The
authors identified “any measured clinical or physiologic
outcome” without prospectively distinguishing between
qualitative and quantitative outcome measures as pri-
mary or secondary. Both reviews were restricted to ran-
domized controlled trials, the highest quality level of evi-
dence on therapeutic interventions.3,10 In general, the
reviews were designed to answer the same question.
Therefore differences between their results are not a result
of a different question having been asked.

The thoroughness of the literature search done in con-
junction with a systematic review is the most challenging
and resource-consuming aspect of any review.17,20,21 The
authors of a systematic review have no control over the
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sary.15 After taking note of 1 large trial cited in the
CCTR,16 you decide to defer further examination of the
results of your MEDLINE search until after you have eval-
uated the systematic reviews you have located. You can
then reexamine the citation(s) you found in your MED-
LINE search to determine whether any important recent
studies were not included in the systematic reviews.

A N A L Y Z I N G  T H E  E V I D E N C E

Clinicians may be unfamiliar with the nomenclature used
in systematic reviews and uncomfortable evaluating their
validity. However, given the exponential growth of the
systematic review literature recently, it is important for
emergency physicians to develop sound approaches to
their appraisal. This will permit physicians to more
rapidly identify the strengths and weaknesses of reviews
and decide on their application to emergency care. A
number of publications specifically address the evalua-
tion of systematic reviews and metaanalyses. We have
adopted the widely accepted JAMA “Users’ Guides to the
Medical Literature”17 installment on systematic reviews
which evaluates reviews on 3 key points: “Are the results
valid?”, “What are the results?”, and “How will the results
help me to care for my patient(s)?” We will start by exam-
ining the validity of the 2 reviews and their results.

The 2 reviews are summarized in Table 2. Assessment
of a systematic review must be approached in much the
same fashion as a high-quality individual controlled clini-

Table 2. 
Characteristics of 2 systematic reviews of ipratropium bromide in the treatment of acute asthma.

Characteristics Plotnick & Ducharme11/CDSR Osmond & Klassen12/MEDLINE

Year published 1997 1994
Years covered 1966-1997 1966-1992
No. of studies included 10 6
No. of patients included 836 285
Ages included 18 mo-17 y <18 y
Population ED ED+Inpatient
Search methods Multiple databases+Hand searches+Letters to investigators MEDLINE+Science Citation Index+Letters to investigators
Language restriction None English
Unpublished data included Yes No
Independent study selection Yes Yes
Outcome measures 1st—Hospital admission Any clinical or physiologic outcome

2nd—Pulmonary function
Duplicate data extraction Yes No
Measure of trial quality Jadad scale Authors’ own scale
Statistic* WMD/OR WMD/ES
Heterogeneity measured/reported Yes Yes
*WMD, Weighted mean difference; OR, odds ratio; ES, effect size.
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Specific hand searching of 20 journals relevant to respira-
tory diseases and periodic review of relevant conference
proceedings also contributed to the strength of the CDSR
search protocols. Many airways reviews take advantage of
this strategy through a central register maintained by the
Cochrane Airways Group.

As is true of many published reviews, the literature
search by Osmond and Klassen12 was limited because of
practicalities of context and resources. This is acknowl-
edged by the authors. The review was limited to a single-
strategy MEDLINE search of English-language publica-
tions between 1966 and 1992, supplemented by
bibliographical and Science Citation searches. Written
contact with principal investigators of studies identified
through the search strategy was performed, but non-
English and unpublished literature was not obtained.

Comparing the search results of the 2 systematic
reviews, the review by Osmond and Klassen12 included 6
studies between 1985 and 1988, all of which are included
in the MEDLINE database and 2 of which involved
patients studied in an inpatient setting. The CDSR review
included 10 studies between 1985 and 1997. It included
the 4 ED studies identified by Osmond and Klassen, as
well as 3 studies not included in MEDLINE. Two of these
were the direct result of searching for unpublished data.
Finally, the publication of the earlier review in 1995 does
not guarantee that it will be updated. The CDSR review
will automatically incorporate new evidence as it arises.11

The quality of the studies included in a review has
implications with respect to the conclusions drawn. For
example, a methodologically high-quality review, which
includes low-quality primary studies (based on specific
criteria), should lead the reader to interpret the results
with caution. Researchers have demonstrated that weaker
studies that obtain lower scores on quality assessment
tend to overestimate the effect of treatment by approxi-
mately 34%.25 Therefore the impact of trial quality is an
important consideration when assessing a systematic
review.21

Many quality scales and scoring systems are avail-
able.25 The CDSR review used 2 simple scoring systems, 1
developed by the Cochrane Collaboration (based on con-
cealment of allocation)21,26 and 1 developed by Jadad et
al,27 that demonstrate substantial reliability and validity.
The scoring system developed by Jadad et al encompasses
the 2 issues that have been empirically shown to affect
study results: randomization28 and double blinding.26

The authors of the published review used a quality
scale devised for use in their review; it included both
methodologic and population criteria.12 Although this

conduct of individual studies they select. However, they
can reduce the biases associated with the selection of
studies by attempting to include the entire population of
eligible studies in their investigation.21 One of the
Cochrane Collaboration’s unique contributions to the
methodology of systematic reviews has been to both
demonstrate a methodology that addresses such a stan-
dard and to assemble the collective resources through a
coordinated international volunteer effort that make such
a methodology possible.22

Search methods used in systematic reviews should be
considered a form of detective work. Searches of MED-
LINE alone, no matter how well planned and conducted,
are insufficient to “find” all clinical trials relevant to a par-
ticular subject.23 Moreover, simple searches of MED-
LINE, which are not systematic, will not identify all clini-
cal trials in a specific topic area.24 Because of indexing
issues, MEDLINE searches have been found to identify as
few as 50% of all available randomized control trials in a
topic area.23,24 The CDSR protocol uses a multiplicity of
computerized and noncomputerized strategies designed
to maximize the yield of all possibly relevant studies for a
particular review.21

The CDSR review used search strategies that include
computerized, standardized searches of the Cumulative
Index of Nursing and Allied Health (CINAHL; 1982-
1995) and Excerpta Medica (EMBASE; 1980-1995)
databases in addition to MEDLINE (1966-1995).
EMBASE is a European-based register of pharmacologic
and biomedical literature whose journal indexing and
inclusions are somewhat different from those of MED-
LINE. CINAHL is a nursing and allied health database
which may provide additional references in certain topic
areas (eg, mental health, education). The CDSR searches
were further updated for the 1997 review entry. The bibli-
ographies of all studies found using these search strate-
gies were reviewed independently by 2 reviewers. Finally,
the Canadian headquarters of the manufacturer of ipra-
tropium was contacted, and inquiries were made regard-
ing researchers and research studies under their com-
pany’s direction. The authors also made personal contacts
with relevant trialists and colleagues in the field of pedi-
atric asthma.

The CDSR search protocol takes advantage of a mas-
sive international volunteer hand searching effort, coor-
dinated by the Cochrane Collaboration. Randomized
controlled trials found through this effort are entered into
the Cochrane Controlled Clinical Trials Register (CCTR;
Table 1), which is routinely included in the CDSR search
protocol and is available as part of the Cochrane Library.



either the selection or evaluation of individual studies in
either review.

One of the most common questions about systematic
reviews is whether differences between studies have
been accounted for and analyzed. This particular aspect
of systematic reviews is called heterogeneity, a term that
refers to the degree to which studies differ within a
metaanalysis.21,29 Hypothetical examples of homo-
geneity and heterogeneity in results are shown in the
Figure, parts A and B, respectively. High-quality system-
atic reviews describe a priori approaches to dealing with
heterogeneity. The main methodologic concern for the
reader at this point is whether it is appropriate to pool
the studies. Primary studies must be similar in design,
population, intervention, and outcome to justify pool-
ing in a statistical manner. When differences between
studies appear sufficiently extreme, either by visual
inspection or statistical testing, the authors may elect
not to pool their results but rather to review the studies
individually.21
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may be a valid approach, there was no justification for its
use or proof of its performance characteristics provided.
Despite the apparent methodologic rigor used in the
CDSR review, there was no evidence in the analysis that
study quality had any significant effect on the results.
However, the authors did conclude that the overall qual-
ity of most included studies was “very good.”

Systematic reviews ideally involve collaboration
between members of a research team. The reader should
search for evidence that a single author’s own bias(es) did
not influence either the inclusion of trials in the system-
atic review or the assessment of trial quality. The most
valid method to ensure that this bias does not exist is to
have a blinded, independent comparison of the relevant
and included studies and quality scores for studies by 2
or more assessors using scoring criteria described a pri-
ori. Both reviews under discussion describe indepen-
dent application of the selection and quality rating of
included studies and resolution of differences by con-
sensus. There is no evidence that bias materially affected

Figure.
Homogeneity of pooled analyses of Drug A versus placebo for the treatment of asthma in the ED: analysis of admission rates. In this hypo-
thetical example of a metaanalysis, the results of 7 fictitious studies on efficacy of Drug A for asthma are displayed. Each study is repre-
sented by the point estimate for the outcome in question and by CIs on either side of that value. The vertical line corresponds to an OR of
1.0. A, In all 7 trials, the point estimate lies to the left of the vertical line, indicating benefit of Drug A for the outcome measure in question.
Furthermore, all of the point estimates are close together and the CIs all overlap. The large horizontal diamond at the bottom of the figure
corresponded to the pooled results of the individual studies. In this case, the studies are homogeneous and pooling is appropriate. B, Among
the 7 trials, the point estimates lie variously to the left or to the right of the vertical line. The results of the former studies imply benefit of
Drug A; those of the latter studies imply that Drug A does harm with respect to the outcome measure in question. Furthermore, all of the
point estimates vary widely and some CIs do not overlap. The large horizontal diamond at the bottom of the figure corresponded to the
pooled results of the individual studies. In this case, the studies are heterogeneous. Pooling of the results may not be appropriate.
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A reader contemplating research or an original review
in the topic area of a CDSR review will find it useful to
examine the full scope of results as reported and tabulated
by the authors. A unique program feature of the CDSR
reporting format, taking full advantage of the electronic
publication framework, is called MetaView. The
MetaView display provides a graphic presentation of the
results, with favorable treatment effects displayed to the
left of the neutral line, and unfavorable treatment effects
displayed to the right of the line (Figure A). The reader
can quickly obtain an overview of the effect of treatment
by looking at the trends for all outcomes or examine each
individual outcome more closely.

The authors of metaanalyses often provide a single,
pooled estimation of effect from the individual studies.
These can be presented as “odds ratios” (ORs) for
dichotomous variables (yes/no response such as admis-
sion) or as weighted mean differences (WMD) for contin-
uous variables (such as PEFR). ORs reflect the ratio of the
odds of a patient experiencing an outcome (in this case
admission) in the intervention group compared with the
odds in the control group.21 For example, if 20 of 100
patients in the treatment group experience an outcome,
the odds are 20/80=.25. If in the control group, 40 of 100
experience the outcome (odds 40/60=.66), the OR=.38
(.25/.66). An OR of 1.0 suggests no difference between
the intervention and the control group. For adverse out-
comes such as admission, ORs less than 1.0 reflect a bene-
fit of experimental treatment. ORs greater than 1.0 reflect
better outcomes in the control group, implying that the
treatment might cause harm.

CIs are usually reported in association with all out-
comes, and these reflect the precision of the results.30

Wide CIs suggest an imprecise estimate; narrow CIs
reflect precision. Finally, CIs also indicate statistical sig-
nificance.30 CIs that cross the neutral line of 1.0 are not
considered statistically significant, and CIs that do not
cross 1.0 are considered significant.

Five studies that reported the effect of multiple doses
of ipratropium combined with standard therapy on hos-
pital admissions were included in the CDSR review. A
38% reduction in hospital admissions was demon-
strated with the multiple-dose ipratropium protocols
(OR .62; 95% CI .39 to .98). These results, presented as
conventional metaanalysis ORs, can be converted to a
more clinically relevant outcome measure, such as the
number of patients needed to treat (NNT) to prevent 1
unwanted outcome.3,31,32 In their review, Plotnick and
Ducharme11,13 report the NNT for a strict multiple-dose
protocol as 11; the CIs for a combined NNT are wide

The “bottom line” for the clinician when reading a
systematic review is that heterogeneity should be dis-
cussed, examined in an a priori fashion, and explained
by the authors if it is either visually or statistically pre-
sent. Both Osmond and Klassen12 and Plotnick and
Ducharme11 describe the statistical methods used to
evaluate heterogeneity, as well as their findings in this
regard. In the CDSR review,11 the authors found signifi-
cant heterogeneity only with respect to trials that
involved single-dose treatment with ipratropium. They
elected to pool the results with some adjustment for the
heterogeneity in that case.

On a 4-point categorical scale of “weak, fair, very
good, excellent,” you assess the CDSR review to merit an
“excellent” rating. You also note that the limitations of
the study by Osmond and Klassen12 primarily involve
the potential for bias resulting from a failure to locate
relevant unpublished data and more recently published
studies. This is commonly referred to as “publication
bias.” Secondarily, the less-focused a priori definition of
the outcomes and population is of some concern. As a
result of this, the results of the CDSR review emerge as
the most relevant to your clinical question.

CDSR reviews characteristically present their results
with exhaustive completeness, looking at all primary and
secondary outcomes. Although this approach contributes
to the usefulness of CDSR reviews, it poses a special chal-
lenge to clinicians who may not have defined in advance
what specific results are relevant to their own clinical
question. Consequently, a clinician should decide which
outcomes are important to patient management, and
focus specifically on these.

You have decided in advance to look for results involv-
ing multiple doses of ipratropium combined with standard
use of β2−agonists and corticosteroids from the standpoint
of the efficacy of ipratropium in reducing the likelihood of
hospital admission. Your own “review methodology” helps
to simplify your scanning of the results of the CDSR review.

Many clinicians are also unfamiliar with the statistical
methods applied to systematic reviews. Obviously, there
is reason to be concerned, because statistics can be used
inappropriately. However, if the review has been of high
quality to this point, it is unlikely to fail on the basis of the
statistical tests applied. For the clinician in search of an
answer, it is sufficient to know that, irrespective of the
mathematical technique for pooling data chosen by the
authors, those studies with the largest sample sizes and
the least variation of outcome measurements within the
study populations will proportionally contribute more to
the pooled estimate.



results from reviews and large clinical trials are reassuring
and common with Cochrane reviews16 but are observed
less often with other types of systematic reviews.14,33

Although the wide CIs around the NNT of 11 reported in
both studies indicate that there is a statistical chance that
the benefit of ipratropium could be less impressive, you
anticipate that the incorporation of the results of the trial
by Qureshi et al16 into an updated version of the
Cochrane review will substantially narrow the CI around
the outcome in question. This and the agreement between
the studies persuade you that the true benefit is very
likely to be clinically significant.

A P P L Y I N G  T H E  E V I D E N C E

Having searched for and reviewed what you consider the
best and most relevant evidence, you now apply the evi-
dence to this or future similar patients in your ED. To do
this you must translate the evidence to your own practice
setting and patient population. Despite the apparent rele-
vance of a particular review, it may be difficult for clini-
cians to use the results in caring for the patients in their
setting. Examination of the populations of the trials in the
review by Plotnick and Ducharme13 reveals that a large
number of trials (10) recruited patients with variable
ages, baseline severity, and sample sizes. These observa-
tions suggest that the results are based on typical patients
from the ED setting. Examination of the treatments of the
trials in the CDSR review reveals the dose of ipratropium
used varied from 250 µg to 500 µg per dose, and most
patients received this by means of a nebulizer system.
This delivery approach for ipratropium would be similar
to most busy EDs in the United States and Canada using
this agent.7 Repeated doses were usually given as 250
µg/dose every 20 to 60 minutes for a total of 2 to 6 doses.
Finally, cointerventions such as regular inhaled β2–ago-
nists were used in all and many used systemic cortico-
steroids.

An important consideration in applying the evidence is
the question of whether all of the important outcomes
were considered. A focused question often includes 1
specific outcome measure. However, the reader may also
be interested in secondary outcomes, side effects, and
patient preferences. Although patient preferences are
often not reported in clinical trials and therefore system-
atic reviews, side effects and secondary outcomes are
commonly encountered. The importance of secondary
outcomes is that, if their pooled results are concordant
with that of the primary outcome, this adds corroborating
evidence to the conclusions. In addition, side effect pro-
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(95% CI 2 to 446). In addition, a significant difference
was observed between the groups for percent change in
FEV1. For example, on average, patients receiving multi-
ple doses of ipratropium recorded 10% higher FEV1
results (95% CI 4 to 15) at 60 minutes. Pulmonary func-
tion test changes of this magnitude are thought to repre-
sent a clinically important and detectable difference.6

From the CDSR review, no statistically significant
increase in side effects (vomiting, nausea, tremor) were
observed with the use of anticholinergics.

The authors of the CDSR review did not thoroughly
examine  the benefit of ipratropium in moderate-severe
acute asthma because of the small number of studies
reporting these subgroups and the small number of
patients. However, they did examine the issue of cointer-
vention with inhaled corticosteroids and concluded that
the effect of ipratropium was enhanced by coadministra-
tion of steroids.

The results of the review by Plotnick and Ducharme13

suggest a clear benefit of ipratropium administered in
multiple doses in combination with β2-agonists and cor-
ticosteroids in reducing hospital admissions of children
presenting to the ED with acute asthma. Your original
MEDLINE search identified a recent large study of iprat-
ropium use in children that emphasized hospital admis-
sions in the title.16 You noticed from the abstract that the
434 patients included in this study constitute a larger
number of patients than included in the pooled results of
the review by Plotnick and Ducharme13 for this outcome
and are curious about whether the results of this study
agree with those of the review.

A quick review of study by Qureshi et al16 reveals that
it is of high methodologic quality (5/5) according to the
criteria of Jadad et al.15 The population studied, children
between the ages 2 and 18 years presenting to a pediatric
ED with acute asthma, corresponds closely to your own
clinical scenario. All patients were treated with albuterol
and corticosteroids, and then were randomly assigned to
receive 2 doses of either ipratropium or an identical-
appearing placebo in a double-blind fashion. Although
negligible differences are reported between the study
groups in the secondary outcome measures such as pul-
monary function tests, the authors report a virtually iden-
tical benefit of ipratropium with respect to hospital
admissions (NNT=11, 95% CI 6 to 269). Moreover, the
effect was most pronounced in the most severe cases of
asthma (NNT=6). Again, no clinically significant adverse
effects of ipratropium were reported.

You are impressed with the agreement between the
metaanalysis11 and the large trial.16 Agreements between



E V I D E N C E - B A S E D  E M E R G E N C Y  M E D I C I N E / C L I N I C A L  Q U E S T I O N

J U L Y  1 9 9 9 3 4 : 1 A N N A L S  O F  E M E R G E N C Y  M E D I C I N E 8 3

3. Sackett DL, Richardson WS, Rosenberg W, et al: Evidence-based Medicine. How to Practice
and Teach EBM. New York: Churchill Livingstone, 1992.

4. Wyer PC, Osborn HH: Recombinant tissue plasminogen activator: In my community hospital
ED, will early administration of rt-PA to patients with the initial diagnosis of acute ischemic
stroke reduce mortality and disability? Ann Emerg Med 1997;30:629-638.

5. Beveridge RC, Grunfeld AF, Hodder RV, et al: CAEP/CTS Asthma Advisory Committee.
Guidelines for the emergency management of asthma in adults. Can Med Assoc J 1996;155:25-37.

6. National Asthma Education Program: Expert Panel Report II: Guidelines for the Diagnosis
and Management of Asthma. Bethesda, MD: National Institutes of Health, 1997.

7. Camargo CA Jr: Acute asthma among children presenting to the emergency department: The
Multicenter Asthma Research Collaboration [abstract]. Acad Emerg Med 1998;5:380.

8. Camargo CA Jr, Woodruff PG: Management of acute asthma in US emergency departments:
The Multicenter Asthma Research Collaboration [abstract]. Am J Resp Crit Care Med 1998;157:
A623. 

9. Rowe BH, Spooner CH, Ducharme FM, et al: The effectiveness of corticosteroids in the
treatment of acute exacerbations of asthma: A meta-analysis of their effect on relapse follow-
ing acute assessment [Cochrane Review]. Cochrane Library 1999 (issue 1). Oxford, United
Kingdom: Update Software.

10. Guyatt GH, Sackett DL, Sinclair JC, et al: User’s guides to the medical literature IX: A
method of grading health care recommendations. JAMA 1995;274:1800-1804.

11. Plotnick LH, Ducharme FM: Efficacy and safety of combined inhaled anticholinergics and
beta-2-agonists in the initial management of acute pediatric asthma [Cochrane Review].
Cochrane Library 1999 (issue 1). 1997. Oxford, United Kingdom: Update Software, 1997.

12. Osmond MH, Klassen TP: Efficacy of ipratropium bromide in acute childhood asthma: A
meta-analysis. Acad Emerg Med 1995;7:651-656.

13. Plotnick LH, Ducharme FM: Should inhaled anticholinergics be added to β-agonists for treat-
ing acute childhood and adolescent asthma? A systematic review. BMJ 1998;317:971-977.

14. Jadad AR, Cook DJ, Browman GP: A guide to interpreting discordant systematic reviews.
Can Med Assoc J 1997;156:1411-1416.

15. Jadad AR, Cook DJ, Jones A, et al: Methodology and reports of systematic reviews and
meta-analyses. JAMA 1998;280:278-280.

16. Qureshi F, Pestian J, Davis P, et al: Effect of nebulized ipratropium on the hospitalization
rates of children with asthma. N Engl J Med 1998;339:1030-1035.

17. Oxman AD, Cook DJ, Guyatt GH: Users’ guides to the medical literature. JAMA
1994;272:1367-1371.

18. Oxman AD, Guyatt GH: Guidelines for reading literature reviews. Can Med Assoc J
1988;138:697-703.

19. Mulrow CD: The medical review article: State of the art. Ann Intern Med 1987;106:485-489.

20. Oxman AD, Guyatt GH: Validation of an index of the quality of review articles. J Clin
Epidemiol 1991;44:1271-1278.

21. Mulrow CD, Oxman AD: Cochrane Collaboration Handbook [updated September 1997]. The
Cochrane Library [database on disk or CD-ROM] (issue 1). Oxford, United Kingdom: Update
Software, 1994.

22. Dickersin K, Manheimer E: The Cochrane Collaboration: Evaluation of health care and ser-
vices using systematic reviews of the results of randomized controlled trials. Clin Obstet
Gynecol 1998;41:315-331.

23. Dickersin K, Scherer R, Lefebvre C: Identifying relevant studies for systematic reviews. BMJ
1994;309:1286-1291.

24. Dickersin K, Chan S, Chalmers TC, et al: Publication bias and clinical trials. Control Clin
Trials 1987;8:343-353.

25. Moher D, Jadad A, Nichol G, et al: Assessing the quality of randomized controlled trials: An
annotated bibliography of scales and checklists. Control Clin Trials 1995;16:62-73.

26. Schulz KF, Chalmers I, Hayes RJ, et al: Empirical evidence of bias: Dimensions of method-
ological quality associated with estimates of treatment effects in controlled trials. JAMA
1995;273:408-412.

27. Jadad AR, Moore RA, Carroll D, et al: Assessing the quality of reports of randomized clinical
trials: Is blinding necessary? Control Clin Trials 1996;17:1-12.

files provide the clinician with the opportunity to evalu-
ate the risks associated with the treatment.

In the end, a clinician must decide whether the bene-
fits of treatment are worth the costs and harms associated
with the care. This is often a difficult task; however, it is
made less difficult by comprehensive reporting of all out-
comes. In this particular case, ipratropium is not particu-
larly expensive and can be used in a variety of doses.
Patients experience few side effects. Furthermore, it
appears to be effective, particularly for the selected asth-
matic in the ED and in multiple doses. Consequently, it
would appear that the benefits of ipratropium outweigh
the costs and harm associated with its use.

The CDSR review,11 in agreement with the more recent
large randomized controlled trial,16 identifies the benefi-
cial effect of ipratropium in the patient from our original
scenario. This review represents a comprehensive, unbi-
ased, pooled analysis of available literature and would
suggest that our patient would benefit, at least with multi-
ple-dose ipratropium, in the ED (see critically appraised
topic summary34).

Given this evidence, using input from the patient/
guardian (preference) and physician experience, there
are a variety of potential applications of the systematic
review results. First, in a patient with mild asthma whose
condition is improving, a clinician who is experienced
with treating asthma and has provided best evidence care
in other areas (eg, provision of repeated β2-agonist care,
use of systemic corticosteroids) could safely manage the
patient without ipratropium treatment. This would be
particularly true if the patient had experienced adverse
effects previously with ipratropium treatment or was
reluctant to try a new agent for his or her disease.

However, for the patient with more severe asthma or one
who had received evidence-based care and still required
aggressive management, additional treatment with ipra-
tropium would seem to be justified. The patient presented
in the Clinical Scenario (or future similar patients)
should be considered an ideal candidate for multidose
ipratropium therapy.
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Critically Appraised Topic (CAT):
Nebulized Ipratropium Bromide in Acute Pediatric Asthma: Does It Reduce Hospital
Admissions Among Children Presenting to the Emergency Department?

Title Nebulized ipratropium bromide in acute pediatric asthma

Reviewed by Rowe BH, Travers AH, Holroyd BR, Kelly KD, and Bota GW

Date December 1998

Expiration date December 1999

Question In children under the age of 18 with acute asthma, does the addition of multiple doses of ipratropium bromide to a stan-
dard ED asthma regimen of β2-agonists and corticosteroids decrease the likelihood of admission to hospital or result in 
other improvements in the course of an ED visit?

Clinical bottom line These results are based on a metaanalysis of 10 trials, and 1 large trial in which children with acute asthma were admin-
istered anticholinergic agents (250 to 500 µg per dose of ipratropium in multiple-dose fashion). In repeated doses, ipra-
tropium also reduced hospital admissions (NNT=11). Ipratropium appears to be safe and well-tolerated by patients from
2 to 17 years of age.

Search strategy “Asthma” AND “Ipratropium.” Search applied to 1999 Cochrane Database of Systematic Reviews (CDSR) on the 
Cochrane Library and Internet Grateful Med.

Citations Primary Plotnick LH, Ducharme FM: Combined inhaled anticholinergics and β2-agonists for initial treatment of acute
paediatric asthma [Cochrane Review]. In: The Cochrane Library, issue 1. Oxford: Update Software, 1999.

Supportive Qureshi F, Pestian J, Davis BA, et al: Effect of nebulized ipratropium on the hospitalization rates of children 
with asthma. N Engl J Med 1998;339:1030-1035.

Critical appraisal of primary citation Population Children with presentations of acute asthma to the ED

Interventions Single (5 studies) and multiple-dose (5 studies) wet nebulization of ipratropium (9 studies) or atropine (1 study)

Outcomes Admissions, pulmonary functions, and complications

Design Systematic review of randomized controlled trials

The systematic review controlled for publication and selection bias to identify all relevant studies for the review. In addition, the a priori protocol and the methods of rele-
vance, inclusion, and quality assessment were independent and valid. Finally, data extraction was verified and the data were pooled appropriately with no heterogeneity.
These results were confirmed by the results of the supportive citation, a recently published similar large, high-quality randomized controlled trial.

The evidence For multiple-dose ipratropium bromide treatments

Primary citation Admission OR: .62 (95% CI .38 to .99); NNT: 11 (95% CI 2 to 446; assuming a control admission rate of
34%); increased percent predicted FEV1 by 10% (60 minutes)

Supportive citation Admission OR: .65 (95% CI .43 to .98); NNT: 11 (95% CI 6 to 269)

Recommendations Multiple doses of ipratropium bromide can be safely administered over the first hour of ED treatment for acute asthma, and
this treatment is effective in the treatment of asthma. Ipratropium bromide should be provided to children with acute asthma.

NNT, Number of patients needed to treat to prevent one hospital admission; FEV1, forced expiratory volume in 1 second;
OR, odds ratio: an OR<1 indicates benefit of the therapy; CI, confidence interval.


