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Variability in the results of randomized trials presents challenges to the interpretation
and application of the evidence to patient care. Understanding how systematic reviews
deal with this problem of ‘‘heterogeneity’’ will help clinicians in applying results in their
patient management. This manuscript offers a review of heterogeneity from the clinical
urological perspective.
Patient summary: Systematic reviews of the literature are necessary to accurately sum-
marize the available evidence to inform clinical decisions. In this mini-review, we
explain how to understand and deal with the differences between studies—which we
call heterogeneity—included in these types of reviews.
� 2021 European Association of Urology. Published by Elsevier B.V. All rights reserved.
1. Introduction

Systematic reviews and meta-analyses—in urology as in
other fields—critically appraise and synthesize the evidence
on a specific health issue, facilitating the urologists’
evidence-based decision-making [1]. Primary studies
included in systematic reviews always differ to some extent
in their design or results, and sometimes to a great deal.

Differences between studies are referred to as "hetero-
geneity". Heterogeneity is characterized as "clinical", referring
to difference in participants’ characteristics, interventions,
and setting, or "methodological", including differences in risk
of bias. "Statistical" heterogeneity refers to variability in the
results of included studies—effects of intervention on a partic-
ular outcome may vary across studies from large to small,
absent, or even harmful [2].
ogy. Published by Elsevier B
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Urologists can identify clinical or methodological
heterogeneity by comparing the included studies. Credible
systematic reviews present tables describing the population
characteristics, interventions, and risk of bias of each
study. The best reviews anticipate these differences and
develop a priori hypotheses (including the direction of
effects) to explain differences in results. For instance,
studies of prostate cancer treatment might hypothesize
larger effects with more restricted disease, or higher risk
of bias [3,4].

When considering statistical heterogeneity, we must
first ask if chance can explain the degree of variability in
study results. If the answer is yes, inconsistency does not
threaten our confidence in the pooled estimates of effect.
If the answer is no, we can ask if any of the authors’ a priori
hypotheses explain the heterogeneity.
.V. All rights reserved.
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Forest plots—graphical displays of estimated results
from several studies addressing the same question—can
offer good visualization of statistical heterogeneity. The
similarity of point estimates, the overlap in confidence
intervals, and the relationship of the results to clinical deci-
sion thresholds—as we show later with examples from the
literature—can inform the interpretation of results when
determining heterogeneity [5].

Statistical methods for heterogeneity include the v2 test
for heterogeneity and the I2 statistic [1,2]. The smaller the p
value associated with the test of heterogeneity, the less
likely it is that chance can explain the results [2]: p values
greater than 0.1 suggest that chance can easily explain dif-
ferences between studies; values less than 0.1 but greater
than 0.01 suggest that chance may not explain differences
in results; and values less than 0.01 suggest that chance is
a very unlikely explanation. I2 ranges from 0% to 100%. I2

values < 40% raise only minimal concerns; values of 30–
60% raise more concerns; any result >50% raises appreciable
concerns; and heterogeneity becomes very worrisome
when I2 exceeds 75% [2].

Authors can, and should, use subgroup analysis to see
whether their a priori hypotheses regarding explanations
of heterogeneity prove prescient. For instance, was—as
hypothesized—the treatment effect really larger for patients
with prostate cancer with more restricted disease? Did the
studies at higher risk of bias actually demonstrate larger
treatment effects? If the answer is possibly, authors may
use criteria to decide on the extent of the credibility of
the possible subgroup effects [2–4,6,7].
Fig. 1 – Forest plot of objective cure rates (proportions with 95% confidence inter
Adapted and recalculated from Meisterhofer et al. [10].
2. Evaluating heterogeneity

We illustrate the concepts in assessing heterogeneity using
two recent meta-analyses. Many patients experience uri-
nary incontinence after prostatectomy. The European Asso-
ciation of Urology 2020 incontinence guidelines provide a
weak recommendation to use male slings in patients with
mild to moderate postprostatectomy incontinence who
have not responded to conservative management [8].

A 65-year-old male with one year of incontinence after
prostatectomy presents at your clinic reporting persistent
involuntary loss of urine on physical exertion and coughing
(stress incontinence) after trying multiple conservative
approaches. As a further intervention, he is interested only
in an adjustable male sling and asks you how effective they
are.

When searching the literature, you find one recent ran-
domized trial that showed no major difference when com-
paring a male sling and an artificial urinary sphincter [9].
You also identify two systematic reviews on adjustable
slings. Eighteen (95%) of the 19 studies in these reviews
were single-arm studies reporting the success of a particu-
lar procedure—that is, there was only one very small study
(22 patients) with a direct comparison. Thus, the risk of bias
is high and any inferences will be limited. Nevertheless, this
is the best evidence available, so you proceed.

The first review included 17 patient cohorts [10]. You
search for differences in the patients enrolled in the studies
and in the interventions applied. The study participants dif-
fered in the incontinence severity and the studies used five
val [CI]) in 17 studies involving 1095 patients treated with adjustable slings.



Fig. 2 – Forest plot of cure with adjustable sling (proportions with 95% confidence interval [CI]) defined as no incontinence on a 24-hour pad test in three
studies with 132 patients. Adapted and recalculated from Silva et al. [11].
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different types of adjustable slings. Cure was defined in
eight different ways. If the results prove to be similar, this
is not problematic—indeed, it suggests that the effects do
not differ across incontinence severity and the type of sling,
which would be a reassuring finding. Conversely, if the
results differ appreciably, this degree of clinical heterogene-
ity presents challenges in interpreting the results.

In a forest plot of the efficacy of adjustable slings (Fig. 1),
you note large differences between the point estimates with
a substantial lack of overlap of the confidence intervals. You
therefore conclude that chance is an unlikely explanation
for the differences between the studies. Statistical tests sup-
port your inference (p < 0.01 and I2 = 88%).

In their methods section, the authors of this review
describe possible explanations of heterogeneity: variability
in the outcome definition, follow-up duration, sling type,
and incontinence severity [10]. Unfortunately, their sub-
group analyses revealed that none of these explanations
elucidated the differences between groups. We are left with
unexplained heterogeneity, which markedly undermines
our confidence in the pooled cure estimate.

The second review took a different approach, restricting
the analysis to only two types of adjustable slings and no
incontinence on a 24-hour pad test as the definition of suc-
cess with a follow-up of at least 12 months [11]. The forest
plot (Fig. 2) shows similar point estimates (from 48% to 62%)
with extensive overlap between confidence intervals. Statis-
tical tests support your conclusion that the results are sim-
ilar and the difference can easily be explained by chance (p
= 0.36 and I2 = 2%).

After assessing the presence of heterogeneity in both
reviews, you conclude that there is only low-quality evi-
dence available to support the use of adjustable male slings:
single-arm studies without internal comparisons and, when
looking across different types of slings, large unexplained
heterogeneity. Given the low-quality evidence, even though
your patient is only interested in an adjustable sling, you
decide to also inform him about the other interventions
available. Ultimately, you and your patient face the need
to decide under considerable uncertainty.

3. Conclusions

Systematic reviews and meta-analyses are often the best
sources of evidence for clinical decision-making in urology.
Understanding the assessment of variability in the
enrolment of patients, application of interventions, and
measurement of outcomes in individual studies, and in
the examination of variability in results can help urologists
make sense of systematic review results.

Conflicts of interest: The authors have nothing to disclose.
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