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OUTLINE



▶ Standard parallel arm cluster randomized trial 

(CRT): 

• Clusters randomized to either the intervention or 

control arm of the trial

▶ Stepped wedge cluster randomized trial (SW-CRT):

• Clusters start the trial in the control condition

• Clusters gradually cross over to the intervention in 

random order
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WHAT IS A 
STEPPED WEDGE 
CRT?



TYPICAL SW-CRT DESIGN
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COHORT SW-CRT DESIGN

▶ All patients recruited in the first period

▶ All patients are followed to the last period

▶ All patients exposed to both the control and study intervention
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CROSS-SECTIONAL SW-CRT DESIGN

▶ Different patients recruited every period of the trial

▶ Approximately half of the patients will be exposed to the control and 

half to the study intervention
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A KEY CHARACTERISTIC OF CRTs

▶ Multiple observations from the same cluster are usually positively 

correlated

• The strength of the correlation is measured by the Intracluster Correlation 

Coefficient (ICC)

▶ Failure to account for the ICC in the sample size calculation will yield 

sample size estimates that are too small

▶ Failure to account for the ICC in the analysis will yield p-values that are 

too small

7



TWO KEY CHARACTERISTICS OF SW-CRTs (1)

▶ Intracluster correlations are more complex

• Within-period ICC: correlation among multiple individuals in the same cluster 

and same period

• Between-period ICC: correlation among multiple individuals in the same cluster 

but different periods 

▶ Failure to account for the correct correlation structure in the sample size 

calculation will yield sample size estimates either too large or too small

▶ Failure to account for the correct correlation structure in the analysis will 

yield p-values that are either too large or too small 
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TWO KEY CHARACTERISTICS OF SW-CRTs (2)

▶ Intervention effect is partially confounded with 

time by design

▶ Statistical analysis of the SW-CRT must always 

account for period as a covariate
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EXAMPLE (1): CROSS-SECTIONAL DESIGN
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EXAMPLE (1): CROSS-SECTIONAL DESIGN

▶ Objective: Does a multifaceted care bundle reduce catheter related 
bloodstream infections from central venous catheters used for 
hemodialysis?

▶ Intervention: A suite of recommendations regarding catheter care 
(insertion, maintenance, and removal)

▶ Design: SW-CRT involving 37 renal centers across Australia, 
randomized to implement the intervention at one of three time points

▶ Participants: 6364 unique patients requiring a new hemodialysis 
catheter during the study period (3519 control, 2845 intervention)

▶ Primary outcome: Rate of catheter-related bloodstream infections 
per 1000 days
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EXAMPLE (1): CROSS-SECTIONAL DESIGN

▶ Study design diagram:

▶ Randomization: Covariate-constrained randomization was used to 

allocate the centers to one of three implementation time points 
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EXAMPLE (1): CROSS-SECTIONAL DESIGN

▶ Results: 

• Over 1.14 million catheter days were monitored 

• Raw event rate in the control periods: 0.32/1000 catheter days 

• Raw event rate in the intervention periods: 0.24/1000 catheter days

• After accounting for period: IRR 1.37 (95% CI 0.85 to 2.21; p=0.20) 
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EXAMPLE 2: COHORT DESIGN
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EXAMPLE 2: COHORT DESIGN

▶ Objective: Does an individualized resistance training programme 

delivered by qualified exercise professionals during the first hour of 

hemodialysis treatment improve patients’ physical function?

▶ Design: SW-CRT involving 15 community hemodialysis clinics (171 

patients) randomized to implement the intervention at one of three time 

points. 
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EXAMPLE 2: COHORT DESIGN

▶ Rationale: “A SW was chosen to allow all participants the opportunity to 

participate in the intervention”

▶ Outcomes: Physical function, Blood pressure, Quality of life

▶ Results: Significant improvements in physical function and blood 

pressure, but quality of life could not be analyzed 

▶ Limitations:

• The need for repeated outcome assessment was burdensome for many 

participants and some measurements had to be dropped

• The need for a lengthy control period led to many participants withdrawing from 

the trial
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▶ May facilitate cluster recruitment when all clusters 

are offered the intervention during the trial 

▶ May be more powerful (require fewer clusters) than 

a parallel arm CRT design

▶ Yields more robust evidence when the only other 

alternative is a before and after design

ADVANTAGES OF 
SW-CRTs

MAIN ADVANTAGES 
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▶ Increased risks of bias over parallel arm CRTs

▶ More complicated to analyze and interpret

▶ May increase the total duration of the study

▶ Heavy data collection burden 

▶ Methods not yet fully developed

▶ Logistical complexities

DISADVANTAGES 
OF SW-CRTS

MAIN DISADVANTAGES
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Hemming K, Taljaard M. Reflection on modern methods: when is a stepped-wedge 

cluster randomized trial a good study design choice? Int J Epidemiol. 2020 Jun 

1;49(3):1043-1052. 
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Planned…

Realized…

Heim ea. HELP! Problems in executing a pragmatic, randomized, stepped wedge trial on the Hospital Elder Life Program to prevent delirium in older patients. Trials 18, 220 (2017)
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At least one implementation challenge 

reported in 44% of 55 SW-CRTs 

published 2019-2020



▶ At least 18 sample size calculators for SW-CRTs 

available currently, on a variety of platforms 

including:

• Excel

• SAS

• R and RShiny

• STATA

• PASS

• NQuery Advisor

▶ These vary substantially in the functionality and 

types of design features they support
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AVAILABLE 
RESOURCES

Yongdong Ouyang, Fan Li, John S Preisser, Monica Taljaard, Sample size calculators for planning 
stepped-wedge cluster randomized trials: a review and comparison, International Journal of 
Epidemiology, 2022;, dyac123, https://doi.org/10.1093/ije/dyac123

https://doi.org/10.1093/ije/dyac123


SHINY CRT SAMPLE SIZE CALCULATOR

▶ https://clusterrcts.shinyapps.io/rshinyapp/
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https://clusterrcts.shinyapps.io/rshinyapp/


NIH SW CALCULATOR

▶ https://researchmethodsresources.nih.gov/Tools
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https://researchmethodsresources.nih.gov/Tools


QMUL CLUSTER RANDOMIZED TRIALS SITE

▶ https://clusterrandomisedtrials.qmul.ac.uk/
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https://clusterrandomisedtrials.qmul.ac.uk/


WHEN SHOULD YOU CONSIDER A SW-CRT?
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Richard Hooper’s blog: A website devoted to stepped wedge 

trials. (https://steppedwedgehog.blog/) 

https://rethinkingclinicaltrials.org/news/grand-rounds-ethics-and-regulatory-series-

december-9-2022-the-stepped-wedge-cluster-randomized-trial-friend-or-foe-monica-

taljaard-phd-david-magnus-phd/

https://steppedwedgehog.blog/
https://rethinkingclinicaltrials.org/news/grand-rounds-ethics-and-regulatory-series-december-9-2022-the-stepped-wedge-cluster-randomized-trial-friend-or-foe-monica-taljaard-phd-david-magnus-phd/


▶ The SW-CRT is a novel type of CRT design that 

has been enthusiastically embraced by trialists 

▶ It raises several complications in the design and 

analysis and is vulnerable to increased risks of bias

▶ Still requires substantial methodological 

development

▶ Need a clear rationale for choosing a SW-CRT

▶ When feasible, individual randomization or a 

parallel arm CRT is usually preferable
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CONCLUSIONS


