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What is new?

 Recruitment and implementation challenges are frequent in stepped-wedge cluster randomized trials (SW-CRTs)  Many SW-CRT reports do not permit an assessment of whether the planned schedule has been adhered to  Reasons for implementation challenges are heterogeneous; some can be avoided, others are unpredictable  The risks of recruitment and implementation challenges must be considered prior to initiating a SW-CRT. Once the decision has been made to adopt a SW-CRT, mitigating strategies should be put in place  Transparent reporting of planned and realized design features is essential for correct interpretation of the results

Introduction

Cluster randomized trials (CRTs) are trials that randomize groups, such as hospitals, general practices, or geographical areas, rather than individuals [START_REF] Donner | Design and analysis of cluster randomization trials in health research[END_REF]. The most common CRT design is the two-parallel group design in which randomization determines which clusters will receive the intervention and which will receive the control. A recent and increasingly used alternative CRT design is the stepped-wedge CRT (SW-CRT) in which all clusters receive the intervention by the end of the trial; clusters are randomized to sequences and these sequences determine the timing at which a cluster will start implementing the intervention [START_REF] Hemming | The stepped wedge cluster randomised trial: rationale, design, analysis, and reporting[END_REF]. In each cluster, measurements are repeatedly taken from initial time periods spent in the control condition and subsequent time periods spent in the intervention condition. Advantages over a classic two-parallel group CRT that have been highlighted in the literature include logistical benefits due to a staggering of intervention implementation over time, enhanced recruitment because all clusters will receive the intervention before the end of the trial, and under certain conditions, better statistical efficiency [START_REF] Campbell | The stepped wedge cluster randomised trial: what it is and when it should be used[END_REF]. Although appealing at first view, SW-CRTs may be at higher risk of bias than parallel CRTs [START_REF] Hemming | Reflection on modern methods: when is a stepped-wedge cluster randomized trial a good study design choice?[END_REF] and require advanced statistical methods to account for underlying secular trends [START_REF] Hussey | Design and analysis of stepped wedge cluster randomized trials[END_REF].

Designing a SW-CRT is complex and requires many elements to be specified in advance such as the number of sequences, clusters and periods [START_REF] Hemming | Reporting of stepped wedge cluster randomised trials: extension of the CONSORT 2010 statement with explanation and elaboration[END_REF]. Once started, a SW-CRT is like a race against time; clusters must adhere to the planned schedule, i.e., they must comply with the timing of implementation of the intervention and attain the target sample size in each period.

However, several challenges in the implementation of the intervention and recruitment have been reported in SW-CRTs [START_REF] Prost | Logistic, ethical, and political dimensions of stepped wedge trials: critical review and case studies[END_REF]. To reach the planned sample size or accommodate unanticipated problems in intervention delivery, changes in the trial design are sometimes decided during the trial such as extension of trial duration or postponement of intervention implementation in some clusters, which can have implications for clusters yet to receive the intervention [START_REF] Adrion | Enhanced Recovery after Intensive Care (ERIC): study protocol for a German stepped wedge cluster randomised controlled trial to evaluate the effectiveness of a critical care telehealth program on process quality and functional outcomes[END_REF]. While these challenges are not specific to the SW design, any changes in the timing of a SW-CRTs affect control and intervention observations unevenly and may therefore alter the results and their interpretation. A previous methodological review of 35 SW-CRTs found that only 69% recruited their targeted number of participants and 43% reported difficulties during the study conduct such as cluster dropout or delayed intervention [START_REF] Eichner | Systematic review showed that stepped-wedge cluster randomized trials often did not reach their planned sample size[END_REF]. Nevertheless, this review did not explore recruitment challenges in detail and to our knowledge, implementation challenges have never been systematically assessed in SW-CRTs.

The aim of this study was to describe recruitment and implementation challenges in recent SW-CRTs and to assess whether and how such challenges were accommodated in the trial design and analysis strategy. We also sought to investigate factors associated with recruitment or implementation challenges.

Methods

Search Strategy

We searched MEDLINE via PubMed to identify eligible SW-CRTs. The search algorithm, implemented on September 23, 2020, was based on previously published electronic search strategies [START_REF] Eichner | Systematic review showed that stepped-wedge cluster randomized trials often did not reach their planned sample size[END_REF][START_REF] Hemming | Quality of stepped-wedge trial reporting can be reliably assessed using an updated CONSORT: crowd-sourcing systematic review[END_REF] and used several synonyms to describe the SW design (Supplementary Appendix A).

Eligibility criteria

We included full reports of SW-CRTs conducted in humans and published in English between January 1, 2019 and September 23, 2020. We restricted the search to this period to focus on trials published after the CONSORT extension for SW-CRTs in November 2018 [START_REF] Hemming | Reporting of stepped wedge cluster randomised trials: extension of the CONSORT 2010 statement with explanation and elaboration[END_REF]. We only included primary reports of completed trials: we excluded research letters, protocols, secondary or subgroup analysis papers and methods papers. To qualify as a SW-CRT, the design had to use cluster randomization and have a minimum of two sequences and three periods. Non-randomized or quasi-experimental designs and pilot or feasibility studies (as stated by the authors) were excluded. We also excluded designs randomizing fewer than five clusters, even if not described as pilot or feasibility studies, as inferences that can be drawn from such trials would be limited. Finally, SW-CRTs with more than one evaluated intervention were excluded as implementation issues become more complex in this case.

Selection of articles

Identified references were saved and managed using Zotero 5.0. Duplicates were removed.

Two reviewers (AC and MT) independently screened the titles and abstracts of the identified references to assess eligibility. If necessary, full-text articles were searched and screened. Any reference not meeting eligibility criteria was excluded and the reason for exclusion was recorded. Any discrepancies in the eligibility of a study were resolved by discussion, with the help of a third reviewer (AD) if needed to reach a consensus.

Data extraction and management

Two reviewers independently extracted the data in a random computer-generated order (AC and one of ALM, FLVA, and MT). We used a data extraction form tested and revised using 4 trials. Any discrepancies in data extraction were resolved by discussion between the two reviewers or with the help of a third reviewer to reach a consensus (AC and two of ALM, FLVA, and MT). We attempted to access the protocol and any cited secondary analysis paper to collect complete information on the trials as planned and realized. When no protocol was publicly available, we emailed the corresponding author to request the protocol. We collected and managed extracted data using Airtable (Airtable, San Francisco, California) [11].

We extracted the following characteristics for each selected trial (definitions of methodological elements used in data extraction are provided in Table 1):

-General characteristics: journal, publication year, location of study recruitment, type of clusters, any reported rationale for the SW-CRT design, any reported prior pilot or 

Complete design

Measurements are taken in each cluster-period

Incomplete design

Measurements are deliberately omitted in some cluster-periods Transition period Time to embed the intervention, with no performed measurement

Primary outcome

Main or primary outcome specified by the authors; if not specified, we used the outcome reported for sample size calculation. In case no primary outcome or no sample size calculations were reported or no unique primary outcome could be identified, we considered the first outcome mentioned in the Methods section of the manuscript Positive result on the primary outcome

Statistically significant difference in favor of the intervention condition Negative result on the primary outcome

Non significant difference or statistically significant difference in favor of the control condition We classified a trial as having a recruitment challenge if (i) it did not reach its planned number of clusters, and/or (ii) it did not reach its planned number of participants with a 10% allowed margin (i.e. less than 90% of the target sample size recruited), and/or (iii) it clearly reported that design changes were made in response to recruitment difficulties. We considered only the total number of participants because the number of participants per cluster-period was seldom reported. We defined implementation challenge as any of (i) early, (ii) delayed or (iii) no implementation of the intervention in one or more clusters. Implementation challenges were either self-reported by the authors or identified by the reviewers, especially by comparing the diagrams in the protocol and report of the trial. We defined modification of the trial design as any of: deviation from (i) the planned number of sequences, (ii) the planned number of clusters, (iii) the planned number of periods, or (iv) the planned duration (allowing for a one-month margin), or (v) change from a complete to an incomplete design and viceversa, or (vi) addition or withdrawal of a transition period. We considered modifications that were made after the trial initiation in trials for which we identified recruitment or implementation challenges but also in other trials as such modifications can be related to unreported challenges. In case of identified recruitment or implementation challenges, we extracted whether a reason was reported and whether this challenge was accounted for in the analysis strategy (in the primary analysis or any sensitivity analysis).

Data analysis

Categorical data were summarized using frequency and percentage and quantitative data using mean and standard deviation or median and interquartile range, as appropriate. We described the characteristics of trials with and without recruitment or implementation challenge without performing any statistical tests of association because of the small sample sizes. We considered the following trial characteristics that we thought a priori might be associated with challenges: number and type of clusters, availability of a protocol, previous pilot study, trial design, number of participants, prospective recruitment, allowance for a transition period, type and level of experimental intervention, method for data collection. We also explored whether recruitment or implementation challenges were associated with modifications of the planned design and with positive results for the primary outcome. Statistical analyses were performed with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Search results

Among the 562 references identified from PubMed, three were duplicates and 440 were excluded as ineligible based on title and abstract. Of the 119 references assessed on full-text, we excluded 64 that did not meet our eligibility criteria (Fig. 1).

Figure 1. Flow diagram of the selection process

Characteristics of included studies

The 55 included SW-CRTs were published in 42 journals with impact factor ranging from 1.85 to 79.32; their general characteristics are reported in Table 2. A rationale for the stepped-wedge design was provided in 47 studies (86%). Notably, logistical reasons were reported in 26 (55%) and desire that all clusters receive the intervention in 25 (53%). A prior pilot study was mentioned in 18 (33%). A protocol was available for 44 studies (80%) (including seven obtained after contacting the authors). More than half of the studies randomized hospitals or hospital wards and the vast majority randomized clusters at a single time point. The most frequent design for inclusion of participants was cross-sectional (n=46, 84%) and 24 (44%) studies had a prospective recruitment of participants. Routinely collected data were exclusively used in nearly half (26, 47%). Interventions were delivered only at the cluster level in 38 studies (69%). Results from the main analysis of the primary outcome were negative for 35 (64%) of the studies: either non-significant (n=31) or significant in favor of the control group (n=4).

Recruitment and implementation challenges

Thirty-five trials (64%) had at least one of recruitment or implementation challenge. Seven trials (13%) had both recruitment and implementation challenges. Among the 35 trials with recruitment or implementation challenge, 18 (51%) had a modification in their design.

Frequency and description of recruitment challenges

A recruitment challenge was identified in 18 (33%) trials; under-recruitment of clusters occurred in one trial, under-recruitment of participants in 13 trials and four trials reported a design adaptation to address recruitment issues (Table 3). In 14 (26%) trials, we had insufficient data to judge whether there were recruitment challenges. Among the 31 trials for which we had the number of participants in the control and intervention conditions reported separately, under-recruitment of participants occurred more frequently in the intervention condition, n=15 (48%) than in the control condition, n=12 (39%). Additional details are provided in Appendix B and C. Reasons for recruitment challenges were reported in 7 trials; in 3 trials it was because of fewer than expected eligible participants (Appendix D). a Recruitment challenge was defined as a planned number of clusters not achieved, a planned number of participants not achieved (less than 90% of the target number of participants recruited), or reported changes made to the design to achieve the planned number of participants. b Recruitment or identification in case there was no prospective recruitment of participants c Implementation challenge includes early, late or no implementation of the intervention in clusters that did not drop out of the study. d A trial can report multiple implementation challenges, so does not sum to 24.

Modifications of the design and adaptation of the analysis strategy in trials with recruitment challenges

Besides the four trials already classified as having a recruitment challenge based on reported modifications of the trial design, six other trials had modifications of their design. The most common modification was change of the trial duration (n=8), either extension of the trial duration (n=6) or shortening of the trial duration (n=2). We also identified modification of the number of clusters (n=3) and periods (n=4) (Appendix D). In one trial, investigators implemented a rule after trial initiation to allow each cluster to move to their next period once 70% of their target sample size for the ongoing period was attained, leading to variable cluster-period lengths and unpredictable trial duration [START_REF] Schwarze | Effectiveness of a Question Prompt List Intervention for Older Patients Considering Major Surgery: A Multisite Randomized Clinical Trial[END_REF].

An adaptation of the analysis strategy was reported in four trials; three performed sensitivity analyses and one trial adapted the main analysis by excluding the period affected by inclusion issues. In one trial, sensitivity analyses to assess the impact of recruitment challenges qualitatively modified the results (from negative to positive) [START_REF] Raphaelis | Implementation of a nurse-led selfmanagement support intervention for patients with cancer-related pain: a cluster randomized phase-IV study with a stepped wedge design (EvANtiPain)[END_REF].

Factors associated with recruitment challenges

Trial characteristics according to the presence or absence of recruitment challenges are described in Table 4. All trials with a recruitment challenge had a cross-sectional design and more than half recruited participants prospectively. The median planned sample size was greater in trials with recruitment challenges. A pilot study was performed in 44% of the trials with recruitment challenges as compared to 17% of the trials without recruitment challenges.

Trials with a recruitment challenge more often allowed for a transition period (33%) than trials without recruitment challenges (5%). Data are expressed as number and percentage, n (%) or median [interquartile range]. Percentages may not total 100% due to rounding. a 14 trials in which there was insufficient information to identify any recruitment challenge were excluded. Recruitment covers recruitment and identification in case there was no prospective recruitment of participants. b 23 trials in which there was insufficient information to identify any implementation challenges were excluded. c Information was missing for one trial d Information was missing for five trials

Frequency and description of implementation challenges

Implementation challenges were identified in 24 (44%) trials: 18 had delayed implementation, 8 had early implementation and two had no implementation of the intervention in some clusters (Table 3). In 23 trials (42%), we had insufficient information to judge whether there were implementation challenges and in eight (15%) it was clearly reported that there were no implementation challenges. Reasons for implementation challenges were reported in 18 trials with three reporting multiple reasons (Appendix D). The main reasons for delayed implementation were logistical or technical issues (6 trials), issues with staffstaff turnover, strike or implementation planned during holidays (5 trials), lower than expected recruitment (4 trials) and approval issues (2 trials). In two trials, intervention was implemented early because it became standard of care during the trial. In one trial, some clusters refused to implement the intervention and in another, the intervention was not rolled out in three clusters because of technical issues.

Modifications of the design and adaptation of the analysis strategy in trials with implementation challenges

Among the 24 trials with implementation challenges, 14 reported a modification of their design such as extension of the trial duration (n=7), shortening of the trial duration (n=4), addition of periods (n=4), addition of clusters (n=2) (Appendix D).

Five trials with implementation challenges adapted their analysis strategy: in two the main analysis was performed using an "as implemented" strategy; in three trials, sensitivity analyses were performed to assess the impact of implementation challenges on the intervention effect and found consistent results with the main analysis (one positive and two negative results).

In three trials, the authors had anticipated the risk of implementation challenges at the planning stage of the trial: in two trials, they planned to perform sensitivity analyses in case of deviation from the planned implementation schedule; in one they planned to conduct an analysis based on the randomization schedule regardless of the actual date of implementation.

Among these three trials, only one actually reported implementation challenges [START_REF] Lenguerrand | Effect of hands-on interprofessional simulation training for local emergencies in Scotland: the THISTLE stepped-wedge design randomised controlled trial[END_REF].

Factors associated with implementation challenges

Trials with implementation challenges more often took place in a healthcare setting -hospitals, wards or practices-(79%) than trials without implementation challenges (38%) (Table 4).

They more often had prospective recruitment of participants (54% vs. 25%) and less often allowed for a transition period (17% vs. 38%).

Other modifications of the design

Seven trials without recruitment or implementation challenges had at least one modification of the planned design. The most frequent modification was deviation from the planned duration of the study, which was identified in five of those studies and modification in the number of periods in three. Additional details are provided in Appendix D.

Discussion

Summary of key findings and comparison with other studies

To our knowledge, this is the first methodological review to assess recruitment and implementation challenges in recent SW-CRTs. We found that nearly two-thirds of SW-CRTs had recruitment or implementation challenges. More than half of trials with challenges modified their planned designmost often the trial duration. In some trials, recruitment difficulties led to design modifications and deviation from the implementation schedule.

A previous review found that 33% of SW-CRTs did not reach their prespecified sample size, defined as less than 100% of the planned number of participants [START_REF] Eichner | Systematic review showed that stepped-wedge cluster randomized trials often did not reach their planned sample size[END_REF]. Our definition of underrecruitment was more permissive, allowing for a 10% margin. Using the same definition as the previous study, the prevalence of under-recruitment in our review was 43%, thus showing no improvement in recent SW-CRTs [START_REF] Eichner | Systematic review showed that stepped-wedge cluster randomized trials often did not reach their planned sample size[END_REF]. Moreover, our definition of recruitment challenge was broader than only under-recruitment of participants and included under-recruitment of clusters and design modifications in response to recruitment difficulties. The same review found that 43% of SW-CRTs had one or more difficulties during the study roll out, data collection or analysis but it did not specifically focus on implementation challenges [START_REF] Eichner | Systematic review showed that stepped-wedge cluster randomized trials often did not reach their planned sample size[END_REF].

Another article examining six case studies reported that staggered implementation of SW-CRTs raises new practical challenges of adhering to the planned schedule [START_REF] Prost | Logistic, ethical, and political dimensions of stepped wedge trials: critical review and case studies[END_REF].

Our results also highlight that planned and actual designs are poorly reported, preventing the identification of recruitment or implementation challenges as well as other changes made after trial initiation. Although the extension of the CONSORT statement for SW-CRTs clearly recommends the reporting of changes to methods after trial commencement, it seems that there is still room for improvement [START_REF] Hemming | Reporting of stepped wedge cluster randomised trials: extension of the CONSORT 2010 statement with explanation and elaboration[END_REF]. We identified seven studies with no identified recruitment or implementation challenges but with some modifications of their designs; such modifications could reflect challenges that were not reported. Due to poor reporting of reasons in most of the trials, we were unable to judge whether recruitment challenges were preventable. One or multiple reasons were identified in 75% of trials with implementation challenges, some preventable (such as holiday periods) but others completely unpredictable (such as strike or concurrent major reform). Of note, SW-CRTs included in this review were not impacted by the corona pandemic (the most recent ended in August 2019) but such major event certainly challenged ongoing trials at that time.

Our small sample sizes did not allow us to test whether trial characteristics were associated with recruitment or implementation challenges. Nevertheless, while the use of a feasibility study prior to a SW-CRT has been proposed as a solution to avoid practical difficulties [START_REF] Kristunas | The current use of feasibility studies in the assessment of feasibility for stepped-wedge cluster randomised trials: a systematic review[END_REF],

we observed more recruitment challenges in trials with a prior pilot study than in those without. Our analysis cannot rule out the possibility that pilot studies were more frequently performed in highly complex trials prone to recruitment challenges. The use of a transition period was more frequently reported in trials with identified recruitment challenges but less often in trials with implementation challenges. Contrary to our hypothesis, we observed similar prevalence of prospective recruitment and exclusive use of routinely collected data among trials with and without recruitment challenges.

When there are implementation challenges, interpretation of the results is complex. The analysis strategy should be prespecified, including how deviations from the planned implementation schedule will be handled. Delayed implementation of the intervention and extension of the trial duration can also happen in a two-parallel group CRT but such deviations are more problematic in a SW-CRT because it affects unevenly intervention and control observations [START_REF] Neal | Effect of Salt Substitution on Cardiovascular Events and Death[END_REF]. A first simulation study has shown that early implementation of the intervention can lead to biased intervention effect estimates which may be addressed by using models incorporating fixed or random group-by-time effects [START_REF] Rennert | Accounting for confounding by time, early intervention adoption, and time-varying effect modification in the design and analysis of stepped-wedge designs: application to a proposed study design to reduce opioid-related mortality[END_REF]. Implementation and recruitment challenges are also likely to impact power but further work is needed to explore how such challenges can affect the results of SW-CRTs.

Recommendations for future studies

Although several trials did anticipate practical challenges in their protocol, trialists may not fully appreciate the associated logistical complexities, need for time-constrained recruitment and likelihood of deviations from the implementation schedule. We suggest some recommendations for the planning and reporting of future SW-CRTs (Table 5). These recommendations for planning and reporting can be used by trialists as well as journal editors to appraise SW-CRT protocol and results, respectively.

Limitations

Our study has several limitations. The search strategy might have missed some SW-CRTs.

However, our aim was not to be exhaustive but to provide information on a sample of recent SW-CRTs. Due to poor reporting of planned and actual design in many trials, it was difficult to identify recruitment or implementation challenges and we had to add a category for trials with insufficient information. Our definition of implementation challenges focused on deviations from the planned timing and did not include elements related to fidelity of the delivered intervention. Indeed, core components of the intervention were hardly ever reported so it was impossible to judge whether clusters were fully exposed to the intervention or not.

As we included trials published close to the publication of the CONSORT extension for SW-CRTs [START_REF] Hemming | Reporting of stepped wedge cluster randomised trials: extension of the CONSORT 2010 statement with explanation and elaboration[END_REF], most of the included trials were probably designed beforehand and one would expect some improvements in future trials. Finally, sample sizes were small making it difficult to explore factors associated with recruitment or implementation challenges.

Conclusions

Recruitment or implementation challenges are frequent in SW-CRTs. The theoretical advantages of a SW-CRT might be compromised by their organizational and logistical timeconstrained requirements. Our practical recommendations may help researchers to enhance the design and reporting of future SW-CRTs. Planning -Write a precise roadmap for implementation of the intervention in clusters, especially when the study team has to implement the intervention in several clusters simultaneously, and ensure that the planned implementation schedule is practicable -Do not underestimate the likelihood of recruitment and implementation challenges during major holidays and other events -Obtain all necessary REC and gatekeeper approvals for all clusters before the beginning of the trial -Before randomization, obtain agreementpreferably in writingfrom all participating clusters about the implementation schedule including the required lead time to prepare for implementation -Plan and pre-specify the analysis strategy to explain how any possible deviations from the implementation and recruitment schedule will be handled in the primary and secondary analyses Reporting -Clearly report the planned and actual number of participants (per condition and per cluster-period, when appropriate) -Clearly report the planned and actual schedule for implementation of the intervention -Rather than merely state that the analysis was conducted on an intention-to-treat basis, clearly report the analysis population and explain how deviations from the planned schedule were handled -In case of recruitment or implementation challenges or modification of the planned design, report the reasons to allow an assessment of implications for risks of bias REC, research ethics committee

-

  Design characteristics: timing of randomization (at a single time point, in batches or unclear), type of SW-CRTs design (cross sectional, closed cohort or open cohort), whether there was prospective recruitment of participants, source of outcome data collection (exclusively routinely collected data or not), planned and actual number of participants (or observations), number of sequences, number of clusters, number of periods, duration of the trial, complete or incomplete design, and allowance for a transition period; -Intervention condition: typology of the intervention (targeted at the organization of health care or health delivery service, at health care professionals, direct participant therapeutic intervention, participant health promotion or education intervention), level of the intervention target (cluster, individual or both levels); -Control condition (usual care or other); -Results on the primary outcome (positive or negative).

  

Table 1 . Definitions of stepped-wedge cluster randomized trial key methodological elements Variables Definition Types of SW-CRT design

 1 

	Depending on whether measurements taken in the different periods
	within a cluster come from the same or different participants, the
	design is classified as closed cohort, open cohort or cross-sectional
	type:
	Closed cohort design: all participants are recruited at the
	beginning of the trial, they are repeatedly assessed over multiple
	measurement points and cannot join the trial as it is ongoing.
	Open cohort design: almost all participants are recruited at the
	beginning of the trial, they are repeatedly assessed over multiple
	measurement points and can join or leave the trial as it is ongoing.
	Cross-sectional design: measurements come from different
	participants at each measurement point.

Table 2 . Characteristics of stepped-wedge cluster randomized trials included in the review

 2 

	GENERAL CHARACTERISTICS	N=55
	Publication year	
	2019	(54.5)
	2020	(45.5)
	Location of study recruitment a	
	North America	(27.3)
	Europe	(21.8)
	Asia	(18.2)
	Oceania	9 (16.4)
	Africa	7 (12.7)
	Central America/South America/Caribbean	(7.3)
	Type of clusters	
	Hospitals or hospital wards	(56.4)
	Primary care practices	(21.8)
	Geographical areas (e.g., villages)	(9.1)
	Nursing homes	(7.3)
	Other b	(5.4)
	Rationale for the stepped-wedge design reported	
	Yes c	(85.5)
	Logistical/Practical reasons	(55.3)
	Desire that all clusters receive the intervention	(53.2)
	Statistical reasons (e.g., power considerations)	(51.1)
	Ethical/Equity reasons	(27.7)
	Opportunistic, intervention to be implemented anyway	7 (14.9)
	Facilitate recruitment of clusters/participants	(8.5)
	Other	(6.4)
	No	8 (14.5)
	Available protocol	
	Yes	(80.0)
	No	(20.0)
	Prior pilot study	
	Yes	(32.7)
	No or unclear	(67.3)
	Realized design features	
	Number of sequences	[4;7]
	Number of clusters	[7;18]
	Number of periods e	6 [5;10]
	Number of participants f	7635 [1023;32194]
	Allowed for a transition period	(18.2)
	Complete design g	(90.6)
	RANDOMIZATION, DESIGN, OUTCOME DATA	
	COLLECTION	
	Timing of randomization	
	At a single time point	(85.5)
	In batches	(5.5)
	Unclear	(9.1)
	Trial design	
	Cross sectional	(83.6)
	Continuous recruitment	(91.3)
	Fixed time point recruitment	(8.7)
	Open cohort	(9.1)
	Closed cohort	(7.3)
	Prospective recruitment of participants	

Data are expressed as number and percentage, n (%) or median [interquartile range]. Percentages may not total 100% due to rounding. a One trial was performed over 3 locations: Africa, South America, Asia, so does not sum to 55.

b 

Other cluster types are mental healthcare service providers (n=1), surgeons (n=1), reception centers for asylum seekers (n=1). c A trial can report multiple reasons, so does not sum to 47. d Only the most prominent was considered. e Two cases were missing. f Four cases were missing. g A complete design implies measurement in every cluster-period of the study. Two cases were missing. h In two trials, control group consisted of minimal application of the experimental intervention and in one trial, it was an attention control intervention.

Table 3 . Description of recruitment and implementation challenges in included stepped-wedge cluster randomized trials

 3 

	Characteristics

Table 4 . Characteristics of stepped-wedge cluster randomized trials included in the review according to the presence or absence of recruitment or implementation challenges

 4 

	Characteristics

Table 5 . Recommendations for planning and reporting future SW-CRTs Stage Recommendations

 5 
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