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Dueling Meta-Analyses

See related articles, p. 181 and p. 191.

[Wears RL. Dueling meta-analyses. Ann Emerg Med. September
2000;36:234-236.]

The replication of others’ results is a fundamental princi-
ple of the scientific method, yet we rarely see replication
even attempted, much less reported in medical investiga-
tions. In this issue of Annals, the meta-analyses by Rowe et
al1 and Alter et al2 on the use of magnesium in the treat-
ment of acute bronchospasm offer a rare opportunity for
independent, direct comparison of research methods and
results. As is the case with most meta-analyses, the differ-
ences between studies are more interesting than the simi-
larities.3 It is illustrative to compare these articles, partic-
ularly in light of a recent call for standardized reporting of
meta-analyses.4 There are 3 general areas of difference:
the studies selected for inclusion, the assessment of study
quality, and the analysis of the results.

With similar questions, sources, and criteria, we would
expect to find largely the same studies included in each
meta-analysis. Both groups cast their nets widely to try to
retrieve all relevant studies, both offered detail on the arti-
cles rejected, but in the end, they came up with slightly dif-
ferent sets of studies. Rowe et al1 from the Cochrane
group, accepted 7 articles, and Alter et al2 accepted 9.
One article included by Alter et al dealt with chronic
obstructive pulmonary disease, so its exclusion from
Rowe et al’s set, which was limited to asthma only, is
appropriate. The other’s absence is puzzling, because it
appears to be relevant and is not excluded by any of the
stated exclusion criteria. It does not appear on the list of
excluded studies (provided in the electronic version of
the paper in the Cochrane Library), and was discovered
by Alter et al’s group via author consultation, not by
database searching.

This illustrates 3 important points. First, it is extraor-
dinarily difficult to be certain that all the available evi-
dence has been obtained when evidence on a clinical
question is being sought. This has important implications
for advocates of evidence-based medicine. In this move-
ment, great emphasis is placed on the teaching and prac-
tice of critical appraisal, but relatively little attention has
been paid to the problem of finding the relevant evidence
to begin with. Second, it emphasizes the importance of
prospective registries of randomized trials as a method of
obtaining information about this “gray literature.” Annals
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participates in the Controlled Trial Registry (as do many
other journals), but trials only become registered by this
mechanism after submission of a report. Unsubmitted
data, or data initially published as an abstract but never
followed by a full article, are generally unregistered. This
is a serious ethical issue, since in even the most benign of
trials, human subjects are placed at some potential risk
(eg, they might be assigned to the study arm with the
worse outcome). The justification for this risk is the
potential contribution to scientific knowledge, but if the
information gathered is not accessible in some form, that
justification disappears. Third, automated searching of
databases such as MEDLINE or EMBASE is not sufficient
to ensure a comprehensive assembly of the relevant evi-
dence. Fortunately, in this case it does not appear that the
additional study changed the results, but the potential for
one or more inadvertently omitted studies to do so in
other settings is apparent. However, it is reassuring that a
core subset of 7 studies were selected by 2 groups of ana-
lysts working independently.

Even though the 2 analyses shared many of the same
studies, they did not read them in exactly the same way.
For example, they report different sample sizes for one
study. This might be explicable based on their handling of
different allocation groups, but emphasizes the need for
careful quality control in the data extraction phase of a
meta-analysis. There are further differences in quality
assessment of the component studies. Both groups used
ostensibly the same quality instrument,5 but their
descriptions of it sound as if 2 different methods were
applied. Of the 7 studies they had in common, they dis-
agreed on 4 of the quality scores, often by as much as 2
points on a 5-point scale. However, we may take some
relief from a recent study comparing quality scoring
schemes. It showed substantial disagreement between
scoring instruments, disagreement so great that the
results of a meta-analysis could swing from affirming an
effect to denying one, based on the quality score used.6 In
other words, the variation in the quality scores may not be
important because quality scoring itself is suspect.

The problem with quality scoring is that there are
many dimensions to quality in a scientific investigation,
and they are relatively independent. Some of these
dimensions (eg, random allocation, blind outcome
assessment, intention-to-treat analysis) relate to bias in
estimation, whereas others (eg, completeness of report-
ing, handling of ethical issues) may not. This problem of
multidimensionality means that combining these dimen-
sions into a single “quality score” will be problematic, for
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so failing to reject a null hypothesis of homogeneity does
not necessarily provide much assurance that no hetero-
geneity is present. An additional factor explaining the dif-
ference in heterogeneity might be that Alter et al used
standardized effect measures, whereas Rowe et al1 per-
formed the analysis in each study’s “natural units.”
Standardized effect measures have long been used in the
nonmedical meta-analytic world as a means of combining
measurements of the same underlying phenomenon that
are taken on different scales, such as peak expiratory flow
rate (PEFR) and FEV1.19,20 This likely reflects the social
science origins of meta-analysis and social scientists’
interest in scale development. By using a standardized
effect, Alter et al were able to use data from all 9 studies in
calculating a pooled estimate of effect, whereas Rowe et al
were limited to subsets that used common measures, thus
losing some statistical power. However, standardized
effect measures have been seriously criticized, at least in
the medical realm, because the “standard unit” used
varies across studies.21 In some situations, this can mini-
mize heterogeneity, while in others, it can increase it. It
can even reverse the order of effects.22 For this reason, it
seems reasonable to give more weight to the analysis per-
formed in natural units, at least with respect to hetero-
geneity, even while reserving judgment on the general
usefulness of standardized effect measures.

Finally, it is important to note that despite their differ-
ences, the general tenor of the results of the 2 meta-analy-
ses is similar. Both agree that magnesium can be benefi-
cial, at least to severe asthmatic patients; both estimates of
effect magnitude are reasonably close; and both agree that
the effect is modest, not dramatic.

Just as in meta-analysis, exploring the differences
between studies can be more enlightening than examining
their similarities. We are fortunate to have had the oppor-
tunity to make such a comparison. In the future, authors
should be encouraged to produce independent replica-
tions of work, and editors and journals encouraged to
publish them. To do otherwise would be unscientific.
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2 reasons. First, the appropriate weighting of the different
dimensions is unknown, and would differ depending on
the purpose for which the scale is used. Second, some
dimensions may be irrelevant for some purposes, so their
inclusion in a quality system adds noise and obscures rel-
evant information. The difficulties with quality scoring
should not be misconstrued as evidence that quality does
not matter. There is abundant evidence that poorer per-
formance in certain aspects of clinical trials is associated
with inflated (ie, biased) estimates of effect.7-11 The solu-
tion is to abandon attempts to reduce quality to a single
number, and instead to incorporate relevant components
of quality into the meta-analysis, either through meta-
regression models, or through qualitative analysis.2,12,13

Although the procedural differences between the 2
meta-analyses are interesting, the ultimate question is,
did they arrive at the same conclusion? It would be a bad
day indeed for meta-analysis if 2 analyses using largely
the same data came to diametrically opposed conclu-
sions. A meta-analysis produces 2 fundamental results: a
measure of the variability of effect among studies (termed
heterogeneity) and a pooled estimate of effect magnitude.
Heterogeneity is an important outcome, because if the
results differ substantively among studies, there is some
question about whether it is reasonable to combine their
results at all.14 If heterogeneity is found, it is important
that its source be investigated; in fact, this is sometimes
more useful than the pooled effect estimate,15,16 even
though this investigation is often post hoc.

Here there is some cause for concern in that Rowe et al1

found considerable heterogeneity among their compo-
nent studies, whereas Alter et al2 did not, even when both
groups analyzed changes in pulmonary function tests as
outcome measures. Rowe et al commendably spent con-
siderable effort investigating sources of heterogeneity,
and found much of the variability could be explained by
differences in disease severity. When stratified on severity
(in an a priori, planned subgroup analysis), they found a
favorable response to magnesium in patients with severe
asthma, and no response in patients with mild disease,
and further that the response was not heterogeneous
within those severity groups.

Statistical tests of heterogeneity are known to suffer
from low power, particularly when the number of studies
to be combined is small, so a negative test statistic, such as
Alter et al2 obtained, should be viewed with some cau-
tion, particularly if it is close to the traditional “signifi-
cance” cutoff.16-18 In most cases, it is reasonable to pre-
sume that clinical trials will be somewhat heterogeneous,
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Easier Breathing?

See related article, p. 198.

[Cydulka RK. Easier breathing? Ann Emerg Med. September
2000;36:236-238.]

Asthma affects 4% to 5% of the population in the United
States and accounts for approximately 2 million visits to
the nation’s emergency departments.1,2 Although asthma
is a chronic illness that is usually easily managed with
proper ongoing, comprehensive ambulatory care, much
of its economic impact is associated with asthma exacer-
bation, ED use, and hospitalization, which is likely a result
of a failure of our medical system to provide the afore-
mentioned ongoing care.2 As a result of the increasing
prevalence and impact of asthma on both the adult and
pediatric population, much time and energy has been
devoted to its study. A quick computerized literature
search of PubMed yielded 1,311 articles related to “asthma
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AND emergency treatment” since 1990.3 The prolifera-
tion of asthma-related research and literature has helped
promote and publicize the understanding that asthma is
largely a chronic inflammatory disorder (or group of dis-
orders) rather than an episodic bronchospastic event and
has served to formulate the guidelines that direct our cur-
rent treatment of asthma.4-9 Despite the recognition of
asthma as an inflammatory disorder and the ongoing
quest to determine the optimal method of reducing in-
flammation in asthmatic patients, bronchodilation with
β2-agonists remains an essential ingredient in the thera-
peutic armamentarium for emergency physicians, who
primarily treat asthmatic patients with acute exacerba-
tion, rather than managing chronic disease.

Many questions still remain regarding the use of 
β-agonists in the treatment of acute exacerbation. For
example, researchers have not determined whether a sin-
gle β-agonist agent is superior to the others; nor have
they resolved whether isomers of β-agonists are superior
to the racemic versions of the drug. Also unresolved are
the problems of optimal dosing, optimal methods of
delivery, timing of delivery, as well as a myriad of other
issues regarding both treatment efficacy and effective-
ness. The result is that treatment choices recommended
by current guidelines are left somewhat open-ended.6-9

In 1997, the National Institutes of Health National
Asthma Education and Prevention Program revised its
guidelines based on several well-conducted clinical trials
to suggest that asthmatic patients experiencing a severe
exacerbation can be treated with inhaled high-dose
β-agonists by either nebulization every 20 minutes or
continuously for 1 hour.6,10,11

The use of continuous albuterol nebulization was first
reported in 14 children in 1987, where high-dose contin-
uous nebulization was shown to produce a greater im-
provement in FEV1 than intermittent-dose albuterol or
bolus-dose albuterol followed by a lower continuous
dose.12 Although 2 early reports indicated that improve-
ment in pulmonary function tests persisted longer in
patients treated with continuous nebulization than in
those treated with intermittent treatment,13,14 the study
by Scalabrin et al15 of 21 children with acute asthma did
not support these findings. Papo et al16 later found that
children with severe asthma unresponsive to conven-
tional treatment who were subsequently treated with
continuous nebulization demonstrated a more rapid clin-
ical improvement in asthma and had shorter hospital stays
than those treated with intermittent β-agonist therapy.

The option of continuous nebulization of albuterol
was first described in adults as a case report in 1990.17


