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Abstract

Objective: To describe the application of the stepped wedge cluster randomized controlled trial (CRCT) design.

Study Design and Setting: Systematic review. We searched Medline, Embase, PsycINFO, HMIC, CINAHL, Cochrane Library, Web of
Knowledge, and Current Controlled Trials Register for articles published up to January 2010. Stepped wedge CRCTs from all fields of
research were included. Two authors independently reviewed and extracted data from the studies.

Results: Twenty-five studies were included in the review. Motivations for using the design included ethical, logistical, financial, social,
and political acceptability and methodological reasons. Most studies were evaluating an intervention during routine implementation. For
most of the included studies, there was also a belief or empirical evidence suggesting that the intervention would do more good than harm.
There was variation in data analysis methods and insufficient quality of reporting.

Conclusions: The stepped wedge CRCT design has been mainly used for evaluating interventions during routine implementation, partic-
ularly for interventions that have been shown to be effective in more controlled research settings, or where there is lack of evidence of effec-
tiveness but there is a strong belief that they will do more good than harm. There is need for consistent data analysis and reporting. © 2011
Elsevier Inc. All rights reserved.
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1. Introduction

Randomized controlled trials (RCTs) are considered the
most robust research design for establishing a cause—effect
relationship between an intervention and an outcome [1].
Cluster randomized controlled trials (CRCTs) are being
increasingly used in the health care context to evaluate in-
terventions in a pragmatic fashion, when it is either not pos-
sible or inappropriate to use individual randomization [2].
One variant of the cluster trial design is the stepped wedge
trial design. In this approach, clusters, for example, geo-
graphical areas, general practitioner surgeries, and hospi-
tals, are identified to take part in a cluster randomized
trial and, before the trial begins, are randomly allocated
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a time when they are given the intervention. In essence, this
is a one-way crossover cluster trial where all the groups
will receive the intervention, but the time when they receive
this is randomly ordered [3]. The clusters crossover at reg-
ular intervals, typically from control to intervention.

In Fig. 1, for example, randomization occurs before the
start of the trial. None of the clusters receive the interven-
tion at time point 1. Cluster 1 is randomly allocated to re-
ceive the intervention at time point 2, while all the
remaining clusters contribute to the control at this time
point. Cluster 2 is randomly allocated to start receiving
the intervention at time point 3 and so on. At time point
6, all clusters will be receiving the intervention. It is also
possible to randomize multiple clusters to receive the inter-
vention at each time point.

There are a number of advantages to using this approach
compared with the normal parallel group or crossover
CRCT. A central tenet of parallel or crossover RCTs is that
there must be equipoise, that is, a genuine uncertainty of
whether one intervention is better than another [4]. Where
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What is new?

e This review found that the stepped wedge cluster
randomized controlled trial (CRCT) design has
been particularly applied in routine practice for
evaluating interventions that have been shown to
be effective in more controlled research settings
or where there is lack of evidence of effectiveness
but there is a strong belief that they will do more
good than harm.

e There is variation in data analysis methods and in-
sufficient quality of reporting in studies using the
stepped wedge CRCT design.

e The stepped wedge CRCT design is a potentially
useful research design for evaluating interventions
during implementation in routine practice, not just
in health research but also in non—health research
fields.

e Researchers should explore ways of enhancing in-
ternal validity through blinding of outcome asses-
sors where possible and use of adequate sequence
generation and allocation concealment when plan-
ning stepped wedge CRCT.

e Data analysis and reporting of stepped wedge
CRCTs should be standardized.

there is no equipoise, it may be unethical to randomize
patients to an intervention believed to be inferior or to with-
draw an intervention believed to be superior compared with
other interventions in the trial [3,4]. The stepped wedge
design addresses this concern because the intervention is
rolled out to all individuals or clusters in phases. Data
collection is conducted at each point where a new clus-
ter receives the intervention. The intervention effect is
determined by comparing data points in the intervention
section of the wedge with those in the control section.
The stepped wedge design is also useful where phased
implementation is preferable because of logistical, prac-
tical, and financial constraints [3]. Some studies use the
stepped wedge design for scientific reasons such as to
allow detection of underlying trends or control for time
effects. The stepped wedge CRCT design may require
fewer clusters than a parallel CRCT design [5]. A step-
ped wedge CRCT design maximizes statistical power
compared with a parallel-group CRCT design [6], be-
cause the intervention effect is estimated not only by
between-cluster comparisons as in the parallel group de-
sign but also by within-cluster comparisons.

Program implementation in routine practice is known to
be problematic, and programs are not always effectively
evaluated [6]. RCTs that randomize individuals are
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Fig. 1. Diagrammatic illustration of the stepped wedge design.

difficult to implement in routine practice and may not
reflect intervention effectiveness at a population level.
Weaker nonrandomized designs such as pre- and postinter-
vention evaluations tend to overestimate the intervention
effect [1]. The stepped wedge CRCT design offers an al-
ternative to other designs such as the parallel-group CRCT
that can be applied in routine practice for intervention
evaluation. The phased implementation in the stepped
wedge design also allows for improvement of the interven-
tion or its delivery where necessary before the next imple-
mentation phase [6].

In an earlier systematic review of the stepped wedge trial
design, Brown and Lilford [3] advocated use of the design
in intervention evaluation. Their review included 12 studies
evaluating a wide range of interventions. They included
both randomized and nonrandomized studies, both individ-
ual and cluster allocations, and limited the review to the
health sector. In this present review, we have expanded
the search to include non—health care trials as these often
provide lessons that can influence the design of health care
trials. In contrast to the previous review [3], the present re-
view will focus on randomized studies and cluster alloca-
tions. Thus, the present review aims to describe the
application of the stepped wedge CRCT design in evaluat-
ing the effectiveness of interventions. The review explores
(1) the areas of research in which the stepped wedge CRCT
design has been used, (2) the motivation for using the de-
sign, (3) the general characteristics of the stepped wedge
design, and (4) the methods of data analysis. The review
also explores the quality of reporting in CRCT using the
stepped wedge design.

2. Methods

A review protocol is included in the supplemental mate-
rials (see Supplement 1).
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