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Abstract
Background: The stepped-wedge cluster randomized trial (SW-CRT) is a pragmatic complex design that can be difficult to implement. We 
aimed to summarize the reported problems and responses to problems in studies recently published after the publication of the reporting guide
lines for SW-CRTs.
Methods: We searched the literature for SW-CRTs published between 9 November 2018 and 23 February 2021 to identify reported SW-CRT- 
related problems (defined as relating to the components of the design, i.e. involving clusters and the staggered intervention implementation) 
and responses to problems. We carried out a thematic analysis to derive descriptive themes and overarching analytical themes.
Results: Among 84 included SW-CRTs, 62 (74%) reported 107 problems related to the SW-CRT design and 38 responses to 36 problems were 
reported by 24 trials. The “problems” formed six descriptive problem themes: “participant recruitment,” “cluster issues” (e.g. cluster merger 
or dropout), “internal factors” (e.g. logistic or administrative issues), “external factors” (e.g. weather or religious events), “outcome meas
urement” (e.g. practicalities around measurement of repeated outcomes), and “intervention implementation” (e.g. delays or contamination). 
The “responses” formed six descriptive themes: “adding new clusters,” “modifying the randomization,” “reducing contamination,” “changing 
outcomes,” “intention-to-treat,” and “modifying the analysis.”
Conclusion: SW-CRTs commonly run into problems. Two overarching and conflicting analytical problem themes emerged: the “struggle to ad
here to the protocol,” given the defining features of the SW-CRT design, when faced against “real-life pressures” created by internal and exter
nal factors. Further research is needed to explore whether responses to these problems have resource or integrity ramifications.
Keywords: stepped-wedge cluster randomized trial; qualitative review; real-world problems; recruitment; implementation; protocol adherence; methodology. 

Introduction
The stepped-wedge cluster randomized trial (SW-CRT) has 
become increasingly popular in health and social care in re
cent years [1]. There is rising pressure on commissioners and 
payers of health and social services to invest in complex inter
ventions and adopt them with a rigorous evidence base [2]. 
The evaluation of complex interventions, particularly those 
in implementation research, is often pragmatic and the desire 

to consider effects in the context of “real-world” rollouts [3]. 
Moreover, due to the nature of complex interventions, ran
domization at the level of the individual is often inappropri
ate [2]. The SW-CRT study design is often appealing in these 
settings. In a SW-CRT, all clusters start as controls and the 
intervention is then introduced gradually at regular intervals 
(“the steps”) to a single cluster or group of clusters by using 
randomization.

Key Messages
� Stepped-wedge cluster randomized trial (SW-CRT) studies are difficult to implement, but the types of problems encountered and how 

these problems may be addressed have not been systematically reviewed. 
� Researchers are conflicted between trying to adhere to the protocol and dealing with real-life pressures. 
� Further research is necessary to evaluate whether reported responses to problems can form formal guidance for those interested in 

conducting SW-CRT studies. 
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The SW-CRT is a relatively novel study design and many 
aspects of it are still in development. This is reflected in the 
multitude of systematic reviews about different aspects of this 
study design, including its conduct and reporting, and discus
sions about its potential benefits as well as limitations [1, 4– 
16]. Indeed, whilst the SW-CRT has many perceived advan
tages, there are logistical challenges. Researchers have 
highlighted problems and challenges with this study design, in
cluding maintaining the implementation schedule, contamina
tion between and within clusters, under-recruitment, 
confounding by secular changes in the outcome, and missing 
data [14, 17–22]. However, these studies have various limita
tions. For example, some are general discussions [17, 18] or 
experiences of single trials [20, 21] or a review of a few trials 
[19]. While some systematic reviews [14, 22] have explored re
cruitment and implementation problems, focusing on the prev
alence of problems, none has qualitatively evaluated the 
underlying problem themes or explored how trialists have 
responded to problems encountered during SW-CRTs. 
Furthermore, while the recent publication of the Consolidated 
Standards of Reporting Trials (CONSORT) extension to SW- 
CRTs in November 2018 provides reporting guidelines [23], 
there is no single point of reference offering practical advice for 
researchers conducting SW-CRTs on how to address problems 
that arise [22].

Therefore, as a first step towards developing useful practi
cal advice, we aimed to undertake a qualitative systematic re
view of SW-CRTs published after November 2018, to 
identify and describe reported SW-CRT problems encoun
tered whilst undertaking this design and the responses to 
these problems.

Methods
The study protocol was registered with the Open Science 
Framework (10.2.21, doi 10.17605/OSF.IO/FVSG4). This sys
tematic review is reported in line with recommendations by the 
Preferred Reporting Items for Systematic reviews and Meta- 
Analyses [24] and Enhancing Transparency in Reporting the 
Synthesis of Qualitative Research [25] guidelines. The com
pleted checklists are reported in Supplementary Tables S1–S3.

Search strategy and eligibility criteria
Our search strategy and eligibility criteria are described in the 
Supplementary Methods.

Study selection
Pairs of reviewers (K.T., J.M., N.P., C.K., and K.H.) screened 
the search results independently. Disagreements were re
solved by discussion or referral to another reviewer.

Data extraction and management
A new data-extraction form was initially trialed for five stud
ies. Data extraction was performed independently by pairs of 
reviewers (K.T., J.M., N.P., C.K., and K.H.), data were cross
checked, and disagreements were resolved by discussion or 
referral to another reviewer. For all included SW-CRT stud
ies, we located any referenced and published study docu
ments (e.g. trial protocol) and checked them for information 
about the trial and problems that arose.

Descriptive characteristics
To describe the studies, extracted data included: factors relat
ing to the study’s context, namely the study setting, study 

area, country, and publication year; the rationale for using 
the stepped-wedge design; and whether or not the trial was a 
pilot or feasibility study or whether such a study had been 
carried out previously. We also extracted the number of par
ticipants analysed (analysis sample size), the target sample 
size, and several key study design features as outlined by 
Copas et al. [26] comprising the number of clusters, number 
of sequences, design types for data collection (complete or in
complete, e.g. with a transition period) and recruitment (con
tinuous, closed cohort, or open cohort; see Supplementary 
Fig. S5 for more details), and method of measurement of the 
primary outcome (repeated measurements from individuals, 
cross-sectional at fixed calendar times, single measurement at 
a certain time after exposure or time from exposure to an 
event, or number of events in an exposure period).

Reported problems and responses to problems
We defined SW-CRT-related problems as: (i) relating to the 
key components of the SW-CRT design (i.e. staged imple
mentation) or affecting clusters and (ii) encountered during 
the study. Some problems were included that were not 
reported explicitly, such as intervention implementation 
delays, where these were apparent from the reported SW- 
CRT design diagram; and recruitment problems, e.g. where it 
was clear that the recruitment target was not met. We ex
cluded SW-CRT-related problems that the authors speculated 
on in a discussion but for which there was no clear report of 
any problem (e.g. speculation that a perceived lack of fairness 
about waiting for the intervention might have impacted re
cruitment or retention, but there were no reported material 
consequences such as lower recruitment [27]). We also ex
cluded non-SW-CRT-related problems that occurred during a 
SW-CRT (e.g. missing outcome data that were not clearly re
lated to the SW-CRT aspect [28–30]). We defined a response 
to a SW-CRT-related problem as any reported effort to ad
dress the reported SW-CRT problem, or explicitly ignore it, 
during the study.

Data were extracted on the broad categorization of the 
reported problems and/or response, such as recruitment, in
tervention implementation, or contamination between clus
ters, as well as a verbatim quotation of the description of the 
problem and/or response. To identify participant recruitment 
problems, we also compared the sample-size target with the 
number of participants included in the analysis of the primary 
outcome and, if the analysis number was >10% under the 
target, we inferred an under-recruitment problem.

Data analysis
Descriptive analysis was carried out to summarize the charac
teristics of the studies. We adapted the thematic synthesis 
methods of Thomas and Harden [31], applying these meth
ods only to text quotations of reported problems and 
responses, as opposed to the analysis of the whole article. 
The extracted text underwent semantic coding sentence by 
sentence inductively. The descriptive codes were then 
grouped, by using an iterative process (starting with the 
grouping as initial categorizations, as described above), into 
descriptive themes to summarize the qualitative data. These 
themes were interpreted to derive overarching analytical 
themes. This iterative process was conducted through discus
sion between four reviewers (K.T., J.M., K.H., and C.K.). 
This process was applied independently to both the 
“problems” and the “responses.”
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Results
Included studies
From 3836 records identified from databases and websites, 
we included 84 SW-CRTs (Fig. 1). They were described by 
193 reports that were a single full study report, a protocol 
and a full study report, or a protocol and reports of primary 
and secondary results. All papers were published in English. 
For each study, the report providing the most information is 
cited in the references listed in Supplementary Table S4.

Table 1 summarizes the study characteristics of the 84 
studies, with more details provided in Supplementary Table 
S5. Forty-seven studies (56%) were conducted in hospitals, 
with infectious diseases or hand hygiene the most common 
study area (24 studies, 29%). Forty-five studies (54%) were 
based in Europe or North America. Seven (8.5%) were pilot 
or feasibility studies and 26 (31%) reported having a prior 
feasibility or pilot study to test at least some aspects of the 
SW-CRT design. Seventy studies (83%) used a complete de
sign type for data collection and 14 (17%) used an incom
plete design, e.g. with a transition period. Fifty-seven (70%) 
had continuous recruitment. Outcomes were most often mea
sured by using single measurements (35 studies, 42%) and 18 
(21%) studies had a repeated-measurements design.

Reported problems
Among the 84 included studies, 62 (74%) reported 107 prob
lems related to the SW-CRT design (Supplementary Table 
S6). Of these 62 studies, five were pilot or feasibility studies 
and 22 reported having carried out a pilot or feasibility study 
beforehand, including eight designed specifically to test the 
SW-CRT design (Supplementary Table S5). The SW-CRT- 

related problems formed six descriptive problem 
themes (Table 2).

The first theme is “participant recruitment,” which refers 
to unexpected recruitment levels, variation in recruitment or 
eligibility, or problems with obtaining consent or engagement 
with the participant recruiters. Two sub-themes emerged 
within the “participant recruitment” problem theme. The 
first is “imbalance across clusters or treatment conditions,” 
such as the recruitment imbalance between clusters that oc
curred during the SAMBA [32] and IRIS [33] trials, which 
had lower participant recruitment in the control phase. 
Another example is a trial in which the authors reported that 
the last cluster to receive the intervention experienced frustra
tion with waiting and became less engaged with the partici
pant recruiters [34]. The second sub-theme is “lower 
recruitment,” which is more generally not clearly differential 
across either clusters or time. Examples include the XPRES 
[35] trial, in which the number of participants meeting the el
igibility criteria was lower than expected across all sequences 
and periods, and this resulted in a much lower total sample 
size than anticipated at the end of the study.

The second theme is “cluster issues,” which is about the 
cluster-specific features of the SW-CRT design, such as the 
unanticipated loss or merger of a cluster, or variation in clus
ter size or prevalence of outcomes. Examples include the trial 
in which four clusters left the study due to security concerns 
[36]; the EPOCH trial, in which some clusters merged during 
the study [27]; and the PARROT trial, in which the intra- 
cluster correlation was lower than expected [37].

The third and fourth themes, “internal factors” and 
“external factors,” cover a host of logistical, operational, or 
administrative problems that the trialists were unable to 

Figure 1. Flow chart showing study selection. CENTRAL, Cochrane Central Register of Controlled Trials; CINAHL, Cumulated Index to Nursing and 
Allied Health Literature; SCI, Science Citation Index. The World Health Organization International Clinical Trials Registry Platform (WHO ICTRP) was not 
accessible at time of search.
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anticipate, control, or avoid. This led to a shorter study dura
tion in two studies [38, 39]. “Internal factors” are internal to 
the trial (not caused by external events beyond the control of 
the investigators). Examples include competing practice pri
orities producing staff shortages in the Healthy Hearts NYC 
trial [40] and approval delays in the trial reported by 
Mazurek et al. [41]. “External factors” refers to external 
causes, such as the implementation delays due to the study 
period of the CHIME trial coinciding with Ramadan [38]. 
Another example is the disruption to the trial that arose due 
to heavy monsoonal flooding [34].

The fifth theme, “outcome measurement,” relates to the 
practicalities and frequency of outcome measurement in SW- 
CRT trials. Examples include the problems that arose in the 
CATH TAG trial [42], in which some of the measurements 
were made in the predefined windows of measurement, and 
in the Making it Happen trial [30], which ended before the 
outcome data could be collected for the final sequence.

The sixth descriptive problem theme is “intervention 
implementation,” which refers to problems involving the re
ceipt and timing of the delivery of the intervention over time or 
contamination due to staff discussions between clusters. This 
theme has three sub-themes. The first is “variation of the dose 
of the intervention across clusters,” such as in the THISTLE 
trial, in which two clusters refused to implement the interven
tion and thus remained in the control phase for all periods in 
the trial [21], and in another trial, in which the implementation 
of the intervention was longer than the planned transition pe
riod [43]. Second are “deviations from the randomization 
schedule,” such as in the CSNAT-I trial, in which some clusters 
crossed over early to the intervention to boost recruitment 
[44], and in the DOSEHPV trial, in which the installation of a 
new electronic medical record system led to delays in support
ing some clusters crossing over to the intervention phase [45]. 
The final sub-theme is “contamination and diffusion of treat
ment effect,” such as in the DIZZINCT trial, in which staff 
worked at multiple clusters [46].

Two analytical problem themes overarch the six descriptive 
themes: “real-life pressures” and the “struggle to adhere to the 
protocol.” These two themes conflict with each other (Fig. 2). 
They arise as problems relating to cluster and participant re
cruitment, the staged implementation of the intervention, and 
the practicalities of outcome measurement at crossover points 
and over time—the defining features of the SW-CRT design— 
which present challenges with adhering to the SW-CRT proto
col. This is intensified when faced with real-life pressures from 
dealing with internal and external factors.

Reported responses to SW-CRT problems
Thirty-eight responses to SW-CRT-related problems were 
reported by 24 studies. Each response is listed with the corre
sponding problem in Supplementary Table S7. These 
responses form six descriptive themes: “adding new clusters,” 
“modifying the randomization,” “reducing contamination,” 
“changing outcomes,” “intention-to-treat,” and, the most 
common theme, “modifying the analysis” (Table 3).

Discussion
Main findings
Over 100 SW-CRT problems were reported by studies in
cluded in our systematic review. Problems affected recruit
ment, cluster numbers, outcome measurement, and 
intervention implementation, and these problems involved 
various external and internal factors, which affected staffing, 
logistical, operational, and administrative aspects of the tri
als. Trialists were often unable to anticipate, control, or avoid 
problems, as demonstrated by several SW-CRT trialists who 
experienced problems despite having conducted a pilot or 
feasibility study beforehand to test the SW-CRT design. Two 
key interrelated analytical problem themes emerged: “real- 
life pressures” and “struggle to adhere to the protocol.” 
About a third of authors who reported SW-CRT problems 

Table 1. Overview of characteristics of the included studies.

Characteristic N (%) or median 
(interquartile 
range) (N¼84)

Setting
Hospital 47 (56)
Primary or community care 27 (32)
Residential care 6 (7)
Other 4 (4)

Area of study
Infectious diseases/hand hygiene 24 (29)
Obstetrics 13 (16)
Cardiovascular 9 (11)
Healthcare administration/general health issues 7 (8)
Other medical specialties 31 (37)

Location of study recruitment
Europe 23 (27)
North America 22 (26)
Oceania 10 (12)
Africa 14 (17)
Asia 11 (13)
South America 3 (4)
Africa/Asia/North America 1 (1)

Publication year
2018 5 (6)
2019 34 (41)
2020 41 (49)
2021 4 (5)

Rationale for stepped-wedge design (n¼69, not mutually exclusive)
All sites receive intervention 43 (51)
Need for staggered implementation 41 (49)
Statistical reasons 41 (49)
Ethical or equity reasons 13 (16)
Acceptability 10 (12)
Other reason 11 (13)

Use of pilot or feasibility study
Current study was reported as a pilot/feasibility 7 (9)
Prior pilot/feasibility was reported 26 (33)

Trial features
Number of clusters 10 (6, 18)
Number of sequences 4 (3, 5)

Data-collection design
Complete 70 (83)
Incomplete 14 (17)

Recruitment design (n¼80)
Continuous recruitment 57 (70)
Closed cohort 13 (16)
Open cohort 10 (12)

Primary outcome measurement design (n¼ 83)
Repeated, at fixed times 8 (10)
Repeated, linked to the exposure time 10 (12)
Cross-sectional, at fixed calendar time(s) 16 (19)
Single measurement, linked to exposure time 35 (42)
Time to event, where time begins at the start of  
exposure

1 (1)

Number of events in an exposure period 6 (16)
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explained how they dealt with them and most of these 
responses involved making post hoc changes to the analysis.

Research in context
The complexity of conducting SW-CRT studies in terms of re
cruitment and implementation challenges has been previously 
reported in another post-CONSORT 2022 review [22]. That 
review focused on the prevalence of problems, whereas our re
view aimed to explore the types of problems and the responses 
through qualitative analysis. Several studies did not report 
information about their analysis sample size or sample-size 
target. Of those that reported problems, 40% did not explain 
how they responded. The prevalence of poor reporting of SW- 
CRTs has been highlighted before and after the CONSORT 
reporting guidelines [5, 22]. Our review has identified not only 
that implementation challenges are common and varied in na
ture, but also that full and clear reporting of challenges can aid 
future researchers undertaking similar designs.

The scarcity of feasibility or pilot studies for SW-CRTs has 
also been reported previously [13] and our review concurs 
with this finding, particularly the very low number of studies 
that conducted prior studies to test the SW-CRT design. 
Moreover, when analysing data from SW-CRTs, assumptions 
have to be made concerning secular trends [47], but these are 
not testable and sometimes even not expected to be tenable, 
as in the DOSE-NPV study [45].

Strengths and limitations
The strengths of this review are that it is systematic and it 
probes further than other reviews of SW-CRT studies via the 
use of thematic synthesis. Thematic synthesis depends on the 
quality of reporting of the included studies [48]. However, to 
our knowledge, our review provides the first steps in seeking 
an understanding of the range of SW-CRT-related problems 
and responses to these problems. Moreover, whilst our re
view is just a snapshot of the literature, guidance in qualita
tive evidence relies more on confidence in synthesized 
findings than comprehensiveness. Our themes are general 
and thus could also apply to non-health settings.

There are, however, some limitations in this review. The 
search period for our review commenced just after the publi
cation of the CONSORT extension and so we may have in
cluded studies of trialists who were unable to adopt the 
CONSORT recommendations or who had yet to become 
aware of this document. Whilst our sample of SW-CRTs 

might not reflect an immediately contemporary sample, there 
are unlikely to have been significant shifts in this field and so 
our findings are likely still highly relevant. Given the number 
and breadth of studies included, we believe that it is likely 
that we reached the saturation point regarding the overarch
ing themes. Methodological quality was not assessed, as iden
tifying SW-CRT-related problems was not the objective of 
the included studies. We also did not evaluate the rigor or ro
bustness of the reported solutions. The scale of SW-CRT 
problems occurring in SW-CRT studies was also unclear. 
Authors may not have necessarily reported all the problems 
that they encountered nor all the actions they took in re
sponse to the problems that arose.

Recommendations for future research
The complexities of the SW-CRT design will continue to pre
sent challenges to trialists in the context of real-world pres
sures. We recommend that oversight committees should 
carefully monitor SW-CRTs for implementation issues, given 
the increased risk of intervention delays and data-collection 
problems compared with other trial designs, and that an item 
should be added to reporting guidelines to record challenging 
implementational issues encountered.

The fact that several trials were preceded by studies that 
aimed to test the SW-CRT design but the trial then encoun
tered problems demonstrates the challenges with this study 
design. Although not reported in our review, external events 
include the COVID-19 pandemic, which may continue to 
have an impact on current trials. We are aware of at least one 
SW-CRT that was interrupted due to COVID-19 [49].

Our study shows that conducting a prior feasibility or pilot 
study to anticipate problems may not necessarily avoid re
cruitment problems. The authors of the previous post- 
CONSORT 2022 review [22] observed a higher proportion 
of recruitment problems in studies that had a prior feasibility 
or pilot study than in those that did not. They speculated that 
this counterintuitive result might be explained as pilot studies 
are carried out in more complicated studies that are expected 
to have more recruitment problems. We found a similar result 
in our review. Our review will inform further research to bet
ter understand the difficulties with SW-CRTs, how trialists 
respond to problems, and whether these responses have re
source or integrity ramifications. Insight may be gained by 
conducting in-depth interviews of trialists to explore individ
ual perspectives or involving trialists in a Delphi process to 

Figure 2. Schematic representing the descriptive problem themes and two overarching analytical themes.
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Table 3. Descriptive themes for responses to SW-CRT problems.

Descriptive theme Explanation Responses Studies

Adding 
new clusters

Adding new clusters to compen
sate for the loss of clusters or to 
increase the total number

Added new clusters to the end of the study in a further random
ization wave

PERCEIVE, ORCAS

Added substitute clusters that were selected randomly Aguis 2020
Modifying the 

randomization
Efforts in which the trialist inter

vened, making changes to the 
randomization schedule

Modified randomization to allow some clusters to have earlier 
crossover points and finish the study earlier

Leis 2020

Modified randomization to allow the cluster with a lower event 
rate to spend more time in the intervention

DECIDE LVAD

Intervention rollout was delayed in some clusters to boost re
cruitment in the control phase

IRIS

Some clusters crossed over early to the intervention to boost 
recruitment

CSNAT-I

Paused implementation when expected lower recruitment and 
then extended the study to compensate

EvANtiPain

Modified the definition of the cluster in response to 
contamination

DART

Cluster was allocated to a sequence in a nonrandomized way THISTLE
Reducing 

contamination
Efforts made during the trial to re

duce contamination
Reduced the duration of the rollout period Shah 2020
Instructed staff not to discuss the intervention with those work

ing at other clusters
Trent 2019

Included a transition period (did not include outcomes in 
that period)

Graham 2019

Changing outcomes Changes to the pre-speci
fied outcomes

Changed the primary outcome CATH TAG

Modifying 
the analysis

Post hoc modifications to the 
analysis including changes to 
the analysis model or data, or 
conducting per-protocol, avail
able-data, or sensitivity analyses

Sub-theme: Changing the analysis model
Did not adjust for time trends EvANtiPain
Used an instrumental variable analysis Haines 2020
Added a cluster random effect in the primary analysis DECIDE LVAD
Sub-theme: Excluding or modifying data
Excluded data from the period when the intervention was 

not available
Selby 2019

Excluded participants admitted during a 2-week “wash-in” 
transition period

Graham 2019

For clusters joining the trial late, control data were obtained 
from an appropriate cross-sectional study

PERCEIVE

Excluded the cluster that had no control period in the 
main analysis

Shekhawat 2020

Sub-theme: Available case analysis
Included data available Making it Happen
Included clusters in the analysis up to the point at which 

they merged
EPOCH

Included data from the extended pre-rollout period in the 
main analysis

STRAP

Sub-theme: Sensitivity analysis
Truncated the extended pre-rollout period in a sensitiv

ity analysis
STRAP

Excluded the cluster that had used a different screening guide
line in a sensitivity analysis

Mazurek 2020

Removed four periods of data in a sensitivity analysis when ex
ternal factors disrupted the intervention implementation

CRADLE-3

Excluded the cluster random effect in a sensitivity analysis DECIDE LVAD
Clusters that did not receive the intervention were considered in 

the control phase as a sensitivity analysis
Naser 2020

Accounted for the implementation delays in a sensitiv
ity analysis

NePeriQIP

Conducted an “as implemented” sensitivity analysis THISTLE
Included the cluster that had no control period in a sensitiv

ity analysis
Shekhawat 2020

Intention-to-treat Deviations from the randomiza
tion were ignored in the analysis

Data for the clusters that did not receive the intervention were 
analysed according to the randomization schedule

THISTLE

Data for the clusters that did not receive the intervention were 
analysed as if they had

Naser 2020

Ignored some clusters having an earlier crossover point Leis 2020
Ignored the delay in the crossover points for two clusters in the 

main analysis
Mazurek 2020

Ignored the differences in screening guidelines between clusters Mazurek 2020
Ignored the implementation delays NePeriQIP
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seek consensus about what responses work best. The findings 
from such studies will help to develop mitigating strategies. 
Whilst this would aim to produce general advice, future re
search could focus on tailoring advice to particular settings 
or other subgroups.

Conclusion
As a first step in developing guidance, our systematic review 
provides insight into reported SW-CRT problems and responses 
to problems, probing further than do traditional systematic 
reviews of SW-CRTs. We present two conflicting overarching 
themes to explain the complexities underlying the reported 
problems. Our review was hampered by underreporting. We 
highlight the need for further investigation into SW-CRT prob
lems and how to mitigate them or develop alternative designs.
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