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Abstract (199/200 words) 

Objective: To explore challenges in recruitment and intervention implementation in recent 

stepped-wedge cluster randomized trials (SW-CRTs). 

Study design and setting: We searched PubMed to identify primary reports of SW-CRTs 

(2019–2020). Two reviewers independently screened studies and extracted data from each 

report. Recruitment challenge was defined as planned number of clusters or participants not 

achieved, or any reported changes made to the design to address recruitment difficulties. 

Implementation challenge was defined as early, late or no implementation of the intervention 

in at least one cluster. 

Results: Of 55 SW-CRTs, 18 (33%) had a recruitment challenge, 23 (42%) had none, and for 

14 (26%) it was impossible to judge. At least one implementation challenge was present in 24 

(44%), 8 (15%) had none, and for 23 (42%) it was impossible to judge. Of the 35 (64%) trials 

with recruitment or implementation challenges, 18 (72%) had one or more modifications of 

their design, most often a modification of the trial duration. 

Conclusion: Investigators must be aware of the risks of recruitment or implementation 

challenges when considering use of a SW-CRT design. Mitigating strategies should be 

adopted when planning the trial. More transparent reporting of planned and actual design 

features is required.  

Keywords: Stepped-wedge cluster randomized trial; recruitment; implementation; design; 

methodological review; reporting 

Running title: Recruitment or implementation challenge in stepped-wedge cluster 

randomized trials 
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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 
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1. Introduction 

Cluster randomized trials (CRTs) are trials that randomize groups, such as hospitals, general 

practices, or geographical areas, rather than individuals [1]. 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 [2]. 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 [3]. Although appealing at first view, SW-CRTs may 

be at higher risk of bias than parallel CRTs [4] and require advanced statistical methods to 

account for underlying secular trends [5].  

Designing a SW-CRT is complex and requires many elements to be specified in advance such 

as the number of sequences, clusters and periods [6]. 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 [7]. 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 
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intervention [8]. 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 

[9]. 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. 

 

2. Methods 

2.1. 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 [9,10] and used several synonyms to describe the SW design (Supplementary 

Appendix A).  

 

2.2. 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 [6]. 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 
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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. 

 

2.3. 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. 

 

2.4. 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]. 
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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 

feasibility study; 

- 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).  
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Table 1. Definitions of stepped-wedge cluster randomized trial key methodological elements 

Variables Definition 

Types of SW-CRT design 

 

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. 

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 
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for a one-month margin), or (v) change from a complete to an incomplete design and vice-

versa, 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). 

 

2.5. 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). 

 

3. Results 

3.1. Search results 

Jo
urn

al 
Pre-

pro
of



10 

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 

 

3.2. 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.  
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Table 2. Characteristics of stepped-wedge cluster randomized trials included in the review  

GENERAL CHARACTERISTICS N=55 

Publication year  

   2019 30 (54.5) 

   2020 25 (45.5) 

Location of study recruitmenta  

   North America 15 (27.3) 

   Europe 12 (21.8) 

   Asia 10 (18.2) 

   Oceania 9 (16.4) 

   Africa 7 (12.7) 

   Central America/South America/Caribbean 4 (7.3) 

Type of clusters  

   Hospitals or hospital wards 31 (56.4) 

   Primary care practices 12 (21.8) 

   Geographical areas (e.g., villages) 5 (9.1) 

   Nursing homes 4 (7.3) 

   Otherb  3 (5.4) 

Rationale for the stepped-wedge design reported  

   Yesc 47 (85.5) 

     Logistical/Practical reasons 26 (55.3) 

     Desire that all clusters receive the intervention 25 (53.2) 

     Statistical reasons (e.g., power considerations) 24 (51.1) 

     Ethical/Equity reasons 13 (27.7) 

     Opportunistic, intervention to be implemented anyway 7 (14.9) 

     Facilitate recruitment of clusters/participants 4 (8.5) 

     Other  3 (6.4) 

   No 8 (14.5) 

Available protocol 

   Yes 

   No 

 

44 (80.0) 

11 (20.0) 

Prior pilot study 

   Yes 

   No or unclear 

 

18 (32.7) 

37 (67.3) 

Realized design features 

   Number of sequences 

   Number of clusters 

   Number of periodse 

   Number of participantsf 

   Allowed for a transition period 

   Complete designg 

 

5 [4;7] 

11 [7;18] 

6 [5;10] 

7635 [1023;32194] 

10 (18.2) 

48 (90.6) 

RANDOMIZATION, DESIGN, OUTCOME DATA 

COLLECTION 

 

Timing of randomization  

   At a single time point 47 (85.5) 

   In batches 3 (5.5) 

   Unclear 5 (9.1) 

Trial design  

   Cross sectional 46 (83.6) 

     Continuous recruitment 42 (91.3) 

     Fixed time point recruitment 4 (8.7) 

   Open cohort 5 (9.1) 

   Closed cohort 4 (7.3) 

Prospective recruitment of participants  
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   Yes 

   No 

24 (43.6) 

31 (56.4) 

Exclusively routinely collected data  

   Yes 26 (47.3) 

   No 29 (52.7) 

INTERVENTION AND CONTROL CONDITIONS  

Type of experimental interventioni  

   Targeted at the organization of health care or health delivery service 26 (47.3) 

   Targeted at health care professionals  19 (34.5) 

   Direct participant therapeutic intervention 7 (12.7) 

   Participant health promotion or educational intervention 3 (5.5) 

Level at which intervention is delivered  

   Cluster level 38 (69.1) 

   Individual level 7 (12.7) 

   Both cluster and individual levels 10 (18.2) 

Type of control group  

   Usual care 52 (94.5) 

   Otherh 3 (5.5) 

RESULTS   

Results for the primary outcome   

   Positive 20 (36.4) 

   Negative  35 (63.6) 
Data are expressed as number and percentage, n (%) or median [interquartile range]. Percentages may not total 

100% due to rounding. 
aOne trial was performed over 3 locations: Africa, South America, Asia, so does not sum to 55.  
bOther cluster types are mental healthcare service providers (n=1), surgeons (n=1), reception centers for asylum 

seekers (n=1).  
cA trial can report multiple reasons, so does not sum to 47. 
dOnly the most prominent was considered. 
eTwo cases were missing. 
fFour cases were missing. 
gA complete design implies measurement in every cluster-period of the study. Two cases were missing. 
hIn two trials, control group consisted of minimal application of the experimental intervention and in one trial, it 

was an attention control intervention. 
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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). 

 

3.3. 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. 

3.3.1. 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 
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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).  

 

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

cluster randomized trials  

Characteristics N=55 

Recruitment or implementation challenge 35 (63.6) 

Both recruitment and implementation challenges 7 (12.7) 

Any recruitment challengea  

   Yes 18 (32.7) 

   None identified  

   Insufficient information to identify any recruitment challenges  

23 (41.8) 

14 (25.5) 

Type of recruitment challenges encountered  

   Under-recruitment of clusters 1 

   Under-recruitmentb of participants 13 

   Design adaptation to address recruitment issues  4 

Any implementation challengec  

   Yes 24 (43.6) 

   No, clearly reported that there were no implementation challenges 8 (14.6) 

   Insufficient information to identify any implementation challenges 23 (41.8) 

Type of implementation challenges encounteredd  

   Early implementation 8 

   Delayed implementation 18 

   No implementation 2 
aRecruitment 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. 
bRecruitment or identification in case there was no prospective recruitment of participants 
cImplementation challenge includes early, late or no implementation of the intervention in clusters that did not 

drop out of the study. 
dA trial can report multiple implementation challenges, so does not sum to 24. 

 

3.3.2. 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 
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70% of their target sample size for the ongoing period was attained, leading to variable 

cluster-period lengths and unpredictable trial duration [12].  

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)[13].  

 

3.3.3. 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%). 
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Table 4. Characteristics of stepped-wedge cluster randomized trials included in the review according to the presence or absence of recruitment or 

implementation challenges 

Characteristics Recruitment challenges present?a Implementation challenges present?b 

 Yes (n=18) No (n=23) Yes (n=24) No (n=8) 

Type of clusters 

   Hospitals or hospital wards 

   Primary care practices 

   Nursing homes 

   Geographical areas 

   Other 

 

12 (66.7) 

4 (22.2) 

0 

0 

2 (11.1) 

 

13 (56.5) 

1 (4.4) 

3 (13.0) 

5 (21.7) 

1 (4.4) 

 

14 (58.3) 

5 (20.8) 

0 

3 (12.5) 

2 (8.3) 

 

3 (37.5) 

0 

3 (37.5) 

1 (12.5) 

1 (12.5) 

Available protocol 

   Yes 

   No 

 

14 (77.8) 

4 (22.2) 

 

21 (91.3) 

2 (8.7) 

 

22 (91.7) 

2 (8.3) 

 

7 (87.5) 

1 (12.5) 

Prior pilot study 

   Yes 

   No or unclear 

 

8 (44.4) 

10 (55.6) 

 

4 (17.4) 

19 (82.6) 

 

9 (37.5) 

15 (62.5) 

 

3 (37.5) 

5 (62.5) 

Number of clusters 11 [7;19] 12 [6;16] 11.5 [6.5;17.0] 8.5 [6.5;11.0] 

Number of participants, as planned 3200 [915;14000]c 1800 [640;32400] 3000 [960;32400]d 1780 [680;6763] 

Trial design  

   Cross sectional 

   Open cohort 

   Closed cohort 

 

18 (100.0) 

0 

0 

 

17 (73.9) 

3 (13.0) 

3 (13.0) 

 

21 (87.5) 

0 

3 (12.5) 

 

5 (62.5) 

2 (25.0) 

1 (12.5) 

Prospective recruitment of participants 

   Yes 

   No 

 

10 (55.6) 

8 (44.4) 

 

13 (56.5) 

10 (43.5) 

 

13 (54.2) 

11 (45.8) 

 

2 (25.0) 

6 (75.0) 

Allowed for a transition period, as realized 

   Yes  

   No 

 

6 (33.3) 

12 (66.7) 

 

1c (4.5) 

21 (95.5) 

 

4 (16.7) 

20 (83.3) 

 

3 (37.5) 

5 (62.5) 

Type of experimental intervention 

   Targeted at the organization of health care or health 

delivery service 

   Targeted at health care professionals 

   Direct participant therapeutic intervention 

   Participant health promotion or educational intervention 

 

9 (50.0) 

5 (27.8) 

2 (11.1) 

2 (11.1) 

 

8 (34.8) 

9 (39.1) 

5 (21.7) 

1 (4.4) 

 

8 (33.3) 

12 (50.0) 

2 (8.3) 

2 (8.3) 

 

6 (75.0) 

2 (25.0) 

0 

0 
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Level at which intervention is targeted 

   Cluster level 

   Individual level 

   Both cluster and individual levels 

 

11 (61.1) 

3 (16.7) 

4 (22.2) 

 

14 (60.9) 

4 (17.4) 

5 (21.7) 

 

16 (66.7) 

3 (12.5) 

5 (20.8) 

 

6 (75.0) 

0 

2 (25.0) 

Exclusively routinely collected data 

   Yes 

   No 

 

7 (38.9) 

11 (61.1) 

 

7 (30.4) 

16 (69.6) 

 

12 (50.0) 

12 (50.0) 

 

4 (50.0) 

4 (50.0) 

Modification of the design 

   Yes 

   No 

 

10 (55.6) 

8 (44.4) 

 

8 (34.8) 

15 (65.2) 

 

14 (58.3) 

10 (41.7) 

 

3 (37.5) 

5 (62.5) 
Data are expressed as number and percentage, n (%) or median [interquartile range]. Percentages may not total 100% due to rounding. 
a14 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. 
b23 trials in which there was insufficient information to identify any implementation challenges were excluded. 
cInformation was missing for one trial 
dInformation was missing for five trials 
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3.3.4. 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 staff — staff 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.  

 

3.3.5. 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).  
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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 [14].  

 

3.3.6. 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%). 

 

3.4. 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. 

 

4. 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 design — most often the trial duration. In some trials, recruitment 

difficulties led to design modifications and deviation from the implementation schedule.  
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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 [9]. Our definition of under-

recruitment 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 [9]. 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 [9]. 

Another article examining six case studies reported that staggered implementation of SW-

CRTs raises new practical challenges of adhering to the planned schedule [7]. 

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 [6]. 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. 
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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 [15], 

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 [16]. 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 [17]. 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 
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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 [6], 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 time-

constrained requirements. Our practical recommendations may help researchers to enhance 

the design and reporting of future SW-CRTs.  
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Table 5. Recommendations for planning and reporting future SW-CRTs 

Stage Recommendations  

 

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 agreement — preferably in writing — from 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 
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Appendix A: Literature search strategy  

Searched September 23, 2020 

 

Search (#) Search terms 

#1 “stepped wedge” [TIAB] 

#2 “step wedge” [TIAB] 

#3 “phased introduction” [TIAB] 

#4 “phased implementation” [TIAB] 

#5 “delayed intervention” [TIAB] 

#6 “delayed control” [TIAB] 

#7 “staggered implementation” [TIAB] 

#8 (#1 #2 OR #3 OR #4 OR #5 OR #6 OR #7) 

#9 #8 NOT(animals [mh] NOT (humans [mh])) 

#10 #9 AND (("2019/01/01"[Date - Publication] : "2020/09/23"[Date - Publication])) 
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Appendix B. Percentage of the planned number of participants achieved in included stepped-wedge cluster 

randomized trials 

Percentage of target sample size achieved Total 

(N=40)a 

Control  

condition 

(N=31)b 

Intervention 

condition 

(N=31)b 

   <50%  

   50% to <90%  

   90% to < 110%  

   110% to <150%  

   ≥150%  

1 (2.5) 

12 (30.0) 

7 (17.5) 

14 (35.0) 

6 (15.0) 

0 

12 (38.7) 

7 (22.6) 

9 (29.0) 

3 (9.7) 

3 (9.7) 

12 (38.7) 

5 (16.1) 

5 (16.1) 

6 (19.4) 
Data are expressed as number and percentage, n (%). Percentages may not total 100% due to rounding. 
aPlanned and/or actual sample size was missing in 15 SW-CRTs. 
bPlanned and/or actual sample size was missing in 24 SW-CRTs. 
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Appendix C. Description of the planned and actual number of participants of the included stepped-wedge 

cluster randomized trials 

Characteristics Planneda Actuala Actual – Planned number of 

participantsa 

Total number of participants 

% of target sample size achieved 

   Frequency missing 

2145 [680;24220] 

 

15 

2494 [879;24459] 

 

15 

74 [-576;892] 

109% [79%;136%] 

15 

Number of participants in the 

control condition 

% of target sample size achieved 

   Frequency missing 

1600 [378;12000] 

 

 

24 

2034 [447;14809] 

 

 

24 

47 [-196;985] 

 

103% [75%;130%] 

24 

Number of participants in the 

intervention condition 

% of target sample size achieved 

   Frequency missing 

1600 [378;14257] 

 

 

24 

2108 [402;14537] 

 

 

24 

-67 [-832;651] 

 

94% [61%;146%] 

24 

Data are expressed as median [Q1, Q3].  
aOnly for trials with both planned and actual sample size reported. 
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Appendix D: Further characteristics of studies included in the review 

First author Design  Recruitment 
rate 
Total 

(Control/ 
Intervention) 

Recruitmenta challenges  
with reasons  

(including cluster drop-out) 
 

Implementation challenges 
encountered 

Number of clusters concerned 
/Total number of clusters 

with reasons 

Modifications of the planned design 
with reasons 

Analysis strategy for trials 
with recruitment or 

implementation challenges 
and adaptation when 

suitable 

Agius [1] CS+CR 93% 
(106%/79%) 

None identified 
4 clusters dropped-out, 2 were 
replaced “Of the original sample of 
116 villages, 4 villages (3.4%) 
were excluded due to security 
concerns, with 2 villages 
substituted with alternate villages 

selected randomly.”b 

Impossible to judge, no sufficient 
information. 

None identified NA 

Anger [2] CS+CR 139% 
(130%/148%) 

None identified Impossible to judge, no sufficient 
information. 

Yes  
Duration: Planned 15 vs actual 18 mo 
Reasons: not clearly reported. Possible 
extension of the last period from 5 to 8 
mo. 

NA 

Appelhof [3] OC 137% 
(Missing) 

None identified Impossible to judge, no sufficient 
information. 

None identified NA 

Bauer [4] OC 137% 
(Missing) 

None identified 
 

Impossible to judge, no sufficient 
information. 

Yes  
Duration: Planned 20 vs actual 25 mo 
Reasons: not reported 

NA 

Bernabe-Ortiz 
[5] 

CC 132% 
(Missing) 

None identified 
 

Early: 3/6 
Reasons: not reported 

Yes 
Duration: Planned 37 vs actual 35 mo 
Reasons: some periods were shorter 
than plannedc 

Intention to treat main 
analysis 
No reported adaptation 

Britton [6] CS+CR 77% 
(76%/78%) 

Under-recruitment of participants 
Reasons: not reported 
One cluster dropped out 

Impossible to judge, no sufficient 
information. 

Yes  
Duration: Planned 22 vs. actual 31 mo 
Reasons: not reported 

Intention to treat main 
analysis 
No reported adaptation 

Duhig [7] CS+CR 203% 
(177%/229%) 

None identified 
 

Impossible to judge, no sufficient 
information. 

None identified 
 

NA 

Forbat [8] OC 236% 
(Missing) 

None identified 
One cluster dropped outa 
 

Clearly reported there was no 
implementation challenge. 

Yes 
Sequences Planned 6 vs. actual 5 
Periods: Planned 7 vs. actual 6 
Duration: Planned 22 vs. actual 17 mo 
Reasons: not clearly reported. 2 to 3 
clusters per sequence instead of 2 
clusters per sequence. 

NA 

Graham [9] CS+CR 102% 
(101%/102%) 

None identified Delayed: 11/12 
Reasons: 
- health workers strike action 

None identified Intention to treat main 
analysis “according to the 
time hospitals were 
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- technical problems (with the initial 
solar installations) 

randomised to cross-over” 

Haines [10] OC Missing Impossible to judge, no sufficient 
information 

Clearly reported there was no 
implementation challenge. 

None identified NA 

Henrichs [11] CS+CR 90% 
(82%/98%) 

Modification of the trial design to 
address recruitment issues 
Reasons: not reported 
One cluster dropped out because of 
time constraints 

Delayed: 40/60 
Reasons: 
- lower than expected recruitment 

Yes 
Duration: Planned 12 vs. actual 13 mo 
Reasons: one cross-over was 
postponed by one month because of 
fewer than expected inclusions 

Intention to treat main 
analysis 
No reported adaptation 

Jarvik [12] CS+CR 149% 
(147%/152%) 

None identified 
2 clusters dropped out because of 
clinic closure 

Delayed: 1/100 
Reasons: not reported 

None identified 
 

Intention to treat main 
analysis 
No reported adaptation 

Jellet [13] CS+CR Missing Impossible to judge, no sufficient 
information 

Impossible to judge, no sufficient 
information. 

None identified NA 

Karra [14] CS+CR 121% 
(144%/109%) 

None identified Delayed: 3/6  
Reasons:  
- delays in implementation of the 
training to hospital staff 
-frequent changes on the hospital 
administration and medical staff 
- intervention trainers needed time to 
travel between hospitals 

Yes  
Duration: planned 18 vs. actual 16 mo 
Reasons: not clearly reported. Final 
period was shortened from 9 to 7 mo. 

Intention to treat main 
analysis 
No reported adaptation 

Kc [15] CS+CR 74% 
(104%/61%) 

Under-recruitment of participants 
Reasons: not reported 
 
 

Delayed: 7/12  
Early: 3/12  
Reasons: 
- for delayed implementation: long and 
unforeseen strike at one hospital; 
societal and organizational factors 
- for early implementation: societal and 
organizational factors 
 

Yes  
Duration: planned 24 vs. actual 18 mo 
Reasons: not clearly reported. Final 
period duration was shortened from 12 
to 6 mo. 

Intention to treat main 
analysis 
Sensitivity analysis to 
address implementation 

challenge “The delay in the 

start of intervention could 
have biased the results; 
however, […]analysis as per 
the protocol showed similar 
results”. Results 
qualitatively unchanged. 

Kerber [16] CS+CR 424% 
(355%/489%) 

None identified Early: 1/5  
Reasons: not reported 

None identified No precision on analysis 
strategy 

Kestler [17] CS+CR Missing Impossible to judge, no sufficient 
information  
 

Delayed: 6/6  
Reasons: not reported 

Yes 
Duration planned 36 vs. actual 37 mo 
Reasons: not clearly reported. Initial 
control period was extended from 6 
months to 9 months and final period 
was shortened from 6 months to 4 
months.  

No precision on analysis 
strategy 

Khan [18] CS+CR 76% 
(102%/55%) 

Under-recruitment of participants 
Reasons: 

Early: 1/7  
Reasons:  

None identified  Intention to treat main 
analysis 
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-fewer eligible participants than 
anticipated 

- intervention became standard of care 
during the trial (change in national 
guidelines). 

No reported adaptation 

Kim [19] CC 117% 
(Missing) 

None identified Clearly reported there was no 
implementation challenge. 

None identified NA 

Kronman [20] CS+CR Missing Under-recruitment of clusters 
Reasons: not clearly reported. It 
was planned that all clusters would 
be randomized all at once but they 
were actually randomized into two 
batches 

Early: 17/19  
Reasons: not reported 

Yes  
Clusters: Planned 20 vs. actual 19 
Reasons: cf Recruitment challenges 
column 

Intention to treat main 
analysis 
No reported adaptation 

Leis [21] CS+CR Missing Impossible to judge, no sufficient 
information  

Impossible to judge, no sufficient 
information 

None identified  NA 

Lenguerrand 
[22] 

CS+CR 101% 
(103%/100%) 

None identified Delayed: 3/15  
Early: 4/15 clusters 
No: 2/15  
Reasons:  
- for delayed implementation: limited 
logistics, time and funding 
- for early implementation: “some units 
were able to commence […] before 
their allocated step” 
- for no implementation: refusal to 
implement the intervention  

None identified 
 

Intention to treat main 
analysis “Exposure to the 
intervention was defined 
using the randomisation 
schedule.” 
Sensitivity “as-
implemented analysis” 
planned in the protocol to 
address implementation 
challenges “We will 
replicate the […] analyses 
but use the actual date of 
implementation […] to 
define the control and 
intervention periods”. 
Results qualitatively 
unchanged. 

Lloyd [23] CS+CR 128% 
(130%/125%) 

None identified Clearly reported there was no 
implementation challenge. 

None identified NA 

Mazurek [24] CS+CR Missing Impossible to judge, no sufficient 
information  
 

Delayed: 2/10  
Reasons:  
- IRB issues 
- recruitment issues 

None identified Modified intention to treat 
main analysis “including all 
participants who consented 
and provided basic 
demographics at baseline” 
but ignoring delayed 
implementation 

Meadows [25] CS+FTR 125% 
(126%/124%) 

None identified Delayed: 7/14  
Reasons: 
- a major reform of the mental health 
community support service during the 
course of the study competing 

Yes 
Duration: Planned 36 vs. actual 32 mo 
Reasons: not clearly reported. Initial 
baseline period duration was 
shortened. 

Intention to treat main 
analysis 
No reported adaptation 
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compulsory training initiated during the 
trial 

Meya [26] CS+CR 155% 
(132%/173%) 

None identified Early: 8/17 
Reasons: 
- adoption of the CrAg screening 
intervention in the Uganda national 
guidelines 

Yes 
Sequences: Planned 9 vs. actual 6 
Reasons: at the time of the second 
interim analysis, the 8 clusters which 
were to be randomised in the second 
year were advised by the data safety 
monitoring board to switch 
expeditiously  

Intention to treat main 
analysis 
No reported adaptation 

Mitchell [27] CS+CR Missing Impossible to judge, no sufficient 
information 

Delayed: 1/11  
Reasons: 
- delayed governance approval 

None identified No precision on analysis 
strategy 

Mitchell [28] CS+CR 56% 
(57%/54%) 

Under-recruitment of participants 
Reasons: not reported 

Impossible to judge, no sufficient 
information. 

None identified Intention to treat main 
analysis including “all 
patients in the randomised 
clusters in the analysis 
regardless of any deviations 
from the study protocol.” 

Naser [29] CC 124% 
(Missing) 
 

None identified No: 3/16 
Reasons: 
- technical issues 

None identified Intention to treat main 
analysis “based on the 
randomisation schedule.” 
Sensitivity analysis to 
address implementation 
challenge: analysis with 
clusters that did not receive 
the intervention considered 
as control. Results 
qualitatively unchanged. 

Østerås [30] CS+CR 101% 
(56%/146%) 

None identified Delayed: 4/6 
Reasons: not reported 

None identified Intention to treat main 
analysis 
No reported adaptation 

Palermo [31] CS+CR 119% 
(Missing) 

None identified Impossible to judge, no sufficient 
information. 

None identified  NA 

Peden [32]  CS+CR 61% 
(66%/57%) 

Under-recruitment of participants 
Reasons: 
- fewer eligible participants than 
anticipated 

Impossible to judge, no sufficient 
information. 

None identified Intention to treat main 
analysis “based on the 
randomisation schedule, 
regardless of whether the 
intervention is implemented 
late, or not at all” 

Peiris [33] CS+FTR 80% 
(80%/81%) 

Under-recruitment of participants 
Reasons: not reported 

Impossible to judge, no sufficient 
information. 

None identified Intention to treat main 
analysis 
No reported adaptation 

Perkins [34] OC Missing Impossible to judge, no sufficient Impossible to judge, no sufficient Yes NA 
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information information Complete to incomplete 
Reasons: not reported 

Pradhan [35] CS+CR 233% 
(Missing) 

None identified Delayed: 2/6  
Reasons:  
- intervention trainers needed time to 
travel between hospitals  

None identified  Main analysis “as 
implemented” 

Raphaelis [36] CS+CR 47% 
(60%/36%) 

Under-recruitment of participants 
Reasons: 
- organizational reasons, lack of 
time resources of personnel 
- in some clusters, no recruitment 
of participants during the 
intervention period 

Early: 2/17  
Delayed: 13/17 
Reasons: 
- for delayed implementation: lower 
than expected recruitment, 
implementation paused for 2 months 
during summer 
- for early implementation: not 
reported 

Yes 
Periods: Planned 19 vs. actual 21 
Unplanned transition period 
Duration: Planned 15 vs. actual 17 mo 
Reasons: addition of 2 periods because 
of lower than expected recruitment, 
data collection prolonged for two 
months 

Intention to treat main 
analysis 
Sensitivity analyses to 
address recruitment 
challenges including (1) 
only the wards that 
recruited patients in the 
control as well as in the 
intervention period, and (2) 
including those wards that 
recruited at least 10 
patients. Qualitative 
changes in the results, non 
significant in the main 
analysis and significant in 
the sensitivity analyses. 

Rikin [37] CS+CR Missing Impossible to judge, no sufficient 
information 

Impossible to judge, no sufficient 
information. 

None identified  NA 

Romijn [38] CS+CR 135% 
(Missing) 

None identified Impossible to judge, no sufficient 
information. 

None identified  NA 

Sacks [39] CS+CR 68% 
(73%/63%) 

Under-recruitment of participants 
Reasons: not reported 

Impossible to judge, no sufficient 
information. 

None identified  No precision on analysis 
strategy 

Schwarze [40] CS+CR 93% 
(93%/94%) 

Modification of the trial design to 
address recruitment issues 
Reasons: 
- study participation found 
overwhelming by participants 

Delayed: 24/40  
Reasons:  
- lower than expected recruitment 

Yes 
Duration: Planned 24 vs. actual 27 mo 
Reasons: 
- extension of period length to achieve 
the planned recruitment  
“Particularity in the design to establish 
adequate enrollment, we implemented 
rules estimating the ideal timing for 
crossover, ensuring at least 70% 
enrollment before moving to the 
subsequent wave” 

Intention to treat main 
analysis 
No reported adaptation 

Selby [41] CS+CR 222% 
(226%/215%) 

Modification of the trial design to 
address recruitment issues 
Reasons: 
- computer systems failure 
 

Clearly reported there was no 
implementation challenge. 

Yes 
Periods: Planned 8 vs. actual 9 
Duration: Planned 24 vs. actual 27 mo 
Reasons: 
- extra period of data collection in the 

Intention to treat main 
analysis but with exclusion 
of the affected period 
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intervention period because of a 
computer systems failure in three 
clusters led to impossible data 
collection during the last period  

Shah [42] CS+CR Missing Impossible to judge, no sufficient 
information 

Impossible to judge, no sufficient 
information 
 

None identified NA 

Shelley [43] CS+CR Missing Impossible to judge, no sufficient 
information 
34 clusters dropped out 

Impossible to judge, no sufficient 
information. 

Yes 
Clusters: Planned 290 vs. actual 291 
Periods: Planned 12 vs. actual 13 
Duration planned 36 vs. actual 39 mo 
Reasons: not clearly reported. Addition 
of one baseline extra period 

NA 

Snooks [44] CC Missing Impossible to judge, no sufficient 
information 

Delayed: 11/11  
Reasons: not clearly reported  
- no implementation in August 

Yes 
Periods: Planned 18 vs. actual 19 
Duration: Planned 18 vs. actual 20 mo 
Reasons: not reported 

Main analysis based “on the 
planned implementation 
date” 

Strabner [45] CS+FTR 86% 
(141%/46%) 

Under-recruitment of participants 
Reasons: not reported 
One cluster dropped out (centre 
closure) 

Clearly reported there was no 
implementation challenge. 

Yes 
Sequences: Planned 5 vs. actual 6 
Clusters: Planned 5 vs. actual 6 
Reasons: 
-one cluster was added and served as a 
control site only 

Unclear analysis strategy 

Trent [46] CS+CR 51% 
(57%/45%) 

Under-recruitment of participants 
Reasons: 
- logistical issues 
- fewer eligible participants than 
anticipated 

Impossible to judge, no sufficient 
information. 

Yes 
Periods: Planned 9 vs. actual 8 
Duration: Planned 9 vs. actual 8 mo 
Reasons:  
- logistical issues 

No precision on analysis 
strategy 

van de Maat 
[47] 

CS+CR 91% 
(109%/73%) 

Modification of the trial design to 
address recruitment issues 
Reasons: not reported 
 

Delayed: 8/8  
Reasons: not completely reported 
- logistical issues 

Yes 
Sequences: Planned 6 vs. actual 8 
Clusters: Planned 6 vs. actual 8 
Periods: Planned 7 vs. actual 9 
Duration: Planned 24 vs. actual 33 mo 
Of note, sample size was also revised 
following an unplanned interim power 
calculation that used data of the first 
year inclusions, with a decreased 
sample size after revision 
Reasons:  
- addition of one cluster and sequence 
after the initial baseline period to 
ensure sufficient inclusions 
- extended baseline control period for 
logistical problems 

Intention to treat main 
analysis 
Sensitivity analysis 
truncating the prolonged 
baseline and post roll-out 
periods. 
Results qualitatively 
unchanged. 
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- period length was reduced  

van den Broek 
[48] 

CS+CR Missing Impossible to judge, no sufficient 
information 

Delayed: 6/11  
Reasons: 
- logistical issues 
- implementation coincided with 
holiday months  

Yes 
Periods: Planned 11 vs. actual 13 
Reasons: 
- two months were not used as training 
periods as these are holiday months 

Main analysis “as 
implemented” 

Van Spall [49] CS+CR 78% 
(87%/69%) 

Under-recruitment of participants 
Reasons: not reported 

Impossible to judge, no sufficient 
information. 

None identified  Intention to treat main 
analysis 
No reported adaptation 

Var [50] CS+CR 127% 
(88%/163%) 

None identified Clearly reported there was no 
implementation challenge. 

None identified  NA 

Vousden [51] CS+CR 74% 
(69%/80%) 

Under-recruitment of participants 
Reasons (of note, they are not 
formally associated with less than 
expected recruitment) :  
- strike action affecting staffing 
levels 
- natural disaster 

Clearly reported there was no 
implementation challenge. 

None identified No precision on analysis 
strategy 
Sensitivity analysis 
removing four periods 
during which there were 
external changes 
Results qualitatively 
unchanged 

Wang [52] CS+CR Missing Impossible to judge, no sufficient 
information 

Impossible to judge, no sufficient 
information. 

Yes 
Sequences: Planned 2 vs. actual 14 
Periods: Planned 2 vs. actual 14 
Duration: Planned 12 vs. actual 14 mo 
Reasons: no clearly reported but major 
modification in the protocol: from two 
periods of 6 months to 14 periods of 28 
days 

No precision on analysis 
strategy 

Ward [53] CS+FTR Missing Impossible to judge, no sufficient 
information 

Impossible to judge, no sufficient 
information. 

Yes 
Unplanned transition period 

NA 

Wilkie [54] CS+CR 89% 
(126%/58%) 

Under-recruitment of participants 
Reasons: not reported 

Impossible to judge, no sufficient 
information. 

None identified  No precision on analysis 
strategy 

Wu [55] CS+CR 122% 
(123%/121%) 

None identified 
One cluster dropped out 

Delayed: 25/101  
Reasons: 
- the second batch started roughly 6 mo 
after the first one 

Yes 
Clusters Planned 96 vs. actual 101 
Duration: Planned 30 vs. actual 39 mo 
Reasons: not clearly reported. Initially 
planned to be a standard complete SW 
trial but it was actually a two batches 
design 

Intention to treat main 
analysis 
No reported adaptation 

Abbreviations: CC, closed cohort; CS+CR, cross-sectional with continuous recruitment; CS+FTR, cross-sectional with fixed time recruitment; OC, open cohort, NA, non applicable when there is no recruitment or 
implementation challenge 
aRecruitment or identification in case there were no prospective recruitment of participants 
bCluster drop out in isolation was not considered recruitment challenge 

 

Jo
urn

al 
Pre-

pro
of



11 
 

1.  Agius PA, Cutts JC, Han Oo W, Thi A, O’Flaherty K, Zayar Aung K, et al. Evaluation of the effectiveness of topical repellent distributed by village health volunteer networks 

against Plasmodium spp. infection in Myanmar: A stepped-wedge cluster randomised trial. PLoS Med. 2020;17(8):e1003177.  

2.  Anger HA, Dabash R, Durocher J, Hassanein N, Ononge S, Frye LJ, et al. The effectiveness and safety of introducing condom-catheter uterine balloon tamponade for postpartum 

haemorrhage at secondary level hospitals in Uganda, Egypt and Senegal: a stepped wedge, cluster-randomised trial. BJOG Int J Obstet Gynaecol. 2019;126(13):1612–21.  

3.  Appelhof B, Bakker C, de Vugt ME, van Duinen-van den IJssel JCL, Zwijsen SA, Smalbrugge M, et al. Effects of a Multidisciplinary Intervention on the Presence of Neuropsychiatric  

Symptoms and Psychotropic Drug Use in Nursing Home Residents WithYoung-Onset  Dementia: Behavior and Evolution of Young-Onset Dementia Part 2 (BEYOND-II) Study. Am J 

Geriatr Psychiatry. 2019 Jun;27(6):581–9.  

4.  Bauer MS, Miller CJ, Kim B, Lew R, Stolzmann K, Sullivan J, et al. Effectiveness of Implementing a Collaborative Chronic Care Model for Clinician Teams  on Patient Outcomes and 

Health Status in Mental Health: A Randomized Clinical Trial. JAMA Netw Open. 2019 Mar 1;2(3):e190230.  

5.  Bernabe-Ortiz A, Sal Y Rosas VG, Ponce-Lucero V, Cárdenas MK, Carrillo-Larco RM, Diez-Canseco F, et al. Effect of salt substitution on community-wide blood pressure and 

hypertension incidence. Nat Med. 2020;26(3):374–8.  

6.  Britton B, Baker AL, Wolfenden L, Wratten C, Bauer J, Beck AK, et al. Eating As Treatment (EAT): A Stepped-Wedge, Randomized Controlled Trial of a Health  Behavior Change 

Intervention Provided by Dietitians to Improve Nutrition in Patients  With Head and Neck Cancer Undergoing Radiation Therapy (TROG 12.03). Int J Radiat Oncol Biol Phys. 2019 Feb 

1;103(2):353–62.  

7.  Duhig KE, Myers J, Seed PT, Sparkes J, Lowe J, Hunter RM, et al. Placental growth factor testing to assess women with suspected pre-eclampsia: a  multicentre, pragmatic, stepped-

wedge cluster-randomised controlled trial. Lancet. 2019 May 4;393(10183):1807–18.  

8.  Forbat L, Liu W-M, Koerner J, Lam L, Samara J, Chapman M, et al. Reducing time in acute hospitals: A stepped-wedge randomised control trial of a specialist palliative care 

intervention in residential care homes. Palliat Med. 2020;34(5):571–9.  

9.  Graham HR, Bakare AA, Ayede AI, Gray AZ, McPake B, Peel D, et al. Oxygen systems to improve clinical care and outcomes for children and neonates: A stepped-wedge cluster-

randomised trial in Nigeria. PLoS Med. 2019;16(11):e1002951.  

10.  Haines TP, Palmer AJ, Tierney P, Si L, Robinson AL. A new model of care and in-house general practitioners for residential aged care facilities: a stepped wedge, cluster randomised 

trial. Med J Aust. 2020;212(9):409–15.  

11.  Henrichs J, Verfaille V, Jellema P, Viester L, Pajkrt E, Wilschut J, et al. Effectiveness of routine third trimester ultrasonography to reduce adverse perinatal outcomes in low risk 

pregnancy (the IRIS study): nationwide, pragmatic, multicentre, stepped wedge cluster randomised trial. BMJ. 2019 15;367:l5517.  

12.  Jarvik JG, Meier EN, James KT, Gold LS, Tan KW, Kessler LG, et al. The Effect of Including Benchmark Prevalence Data of Common Imaging Findings in Spine Image Reports on 

Health Care Utilization Among Adults Undergoing Spine Imaging: A Stepped-Wedge Randomized Clinical Trial. JAMA Netw Open. 2020 Sep 1;3(9):e2015713.  

13.  Jellett J, Williams C, Clayton D, Plummer V, Haines T. Falls risk score removal does not impact inpatient falls: A stepped-wedge, cluster-randomised trial. J Clin Nurs. 2020 Dec;29(23–

24):4505–13.  

14.  Karra M, Pearson E, Pradhan E, de Silva R, Samarasekera A, Canning D, et al. The effect of a postpartum IUD intervention on counseling and choice: Evidence from a cluster-

randomized stepped-wedge trial in Sri Lanka. Trials. 2019 Jul 8;20(1):407.  

15.  Kc A, Ewald U, Basnet O, Gurung A, Pyakuryal SN, Jha BK, et al. Effect of a scaled-up neonatal resuscitation quality improvement package on intrapartum-related mortality in Nepal: 

A stepped-wedge cluster randomized controlled trial. PLoS Med. 2019;16(9):e1002900.  

16.  Kerber KA, Damschroder L, McLaughlin T, Brown DL, Burke JF, Telian SA, et al. Implementation of Evidence-Based Practice for Benign Paroxysmal Positional Vertigo in the 

Emergency Department: A Stepped-Wedge Randomized Trial. Ann Emerg Med. 2020;75(4):459–70.  

17.  Kestler E, Ambrosio G, Hemming K, Hughes JP, Matute J, Moreno M, et al. An integrated approach to improve maternal and perinatal outcomes in rural Guatemala: A stepped-wedge 

cluster randomized trial. Int J Gynaecol Obstet. 2020 Oct;151(1):109–16.  

18.  Khan S, Spiegelman D, Walsh F, Mazibuko S, Pasipamire M, Chai B, et al. Early access to antiretroviral therapy versus standard of care among HIV-positive participants in Eswatini in 

the public health sector: the MaxART stepped-wedge randomized controlled trial. J Int AIDS Soc. 2020 Sep;23(9):e25610.  

19.  Kim H, Jung Y-I, Kim G-S, Choi H, Park Y-H. Effectiveness of a Technology-Enhanced Integrated Care Model for Frail Older People: A Stepped-Wedge Cluster Randomized Trial in 

Nursing Homes. The Gerontologist. 2020 Jul 15;  

20.  Kronman MP, Gerber JS, Grundmeier RW, Zhou C, Robinson JD, Heritage J, et al. Reducing Antibiotic Prescribing in Primary Care for Respiratory Illness. Pediatrics. 2020;146(3).  

21.  Leis JA, Powis JE, McGeer A, Ricciuto DR, Agnihotri T, Coyle N, et al. Introduction of Group Electronic Monitoring of Hand Hygiene on Inpatient Units: A Multicenter Cluster 

Randomized Quality Improvement Study. Clin Infect Dis. 2020 Dec 17;71(10):e680–5.  

Jo
urn

al 
Pre-

pro
of



12 
 

22.  Lenguerrand E, Winter C, Siassakos D, MacLennan G, Innes K, Lynch P, et al. Effect of hands-on interprofessional simulation training for local emergencies in Scotland: the THISTLE 

stepped-wedge design randomised controlled trial. BMJ Qual Saf. 2020;29(2):122–34.  

23.  Lloyd M, Karahalios A, Janus E, Skinner EH, Haines T, De Silva A, et al. Effectiveness of a Bundled Intervention Including Adjunctive Corticosteroids on  Outcomes of Hospitalized 

Patients With Community-Acquired Pneumonia: A Stepped-Wedge  Randomized Clinical Trial. JAMA Intern Med. 2019 Jul 8;179(8):1052–60.  

24.  Mazurek MO, Parker RA, Chan J, Kuhlthau K, Sohl K, ECHO Autism Collaborative. Effectiveness of the Extension for Community Health Outcomes Model as Applied to Primary Care 

for Autism: A Partial Stepped-Wedge Randomized Clinical Trial. JAMA Pediatr. 2020 May 1;174(5):e196306.  

25.  Meadows G, Brophy L, Shawyer F, Enticott JC, Fossey E, Thornton CD, et al. REFOCUS-PULSAR recovery-oriented practice training in specialist mental health care:  a stepped-

wedge cluster randomised controlled trial. Lancet Psychiatry. 2019 Feb;6(2):103–14.  

26.  Meya DB, Kiragga AN, Nalintya E, Morawski BM, Rajasingham R, Park BJ, et al. Reflexive Laboratory-Based Cryptococcal Antigen Screening and Preemptive Fluconazole  Therapy 

for Cryptococcal Antigenemia in HIV-Infected Individuals With CD4 <100  Cells/µL: A Stepped-Wedge, Cluster-Randomized Trial. J Acquir Immune Defic Syndr. 2019 Feb 

1;80(2):182–9.  

27.  Mitchell BG, Hall L, White N, Barnett AG, Halton K, Paterson DL, et al. An environmental cleaning bundle and health-care-associated infections in hospitals  (REACH): a multicentre, 

randomised trial. Lancet Infect Dis. 2019 Apr;19(4):410–8.  

28.  Mitchell BG, Northcote M, Cheng AC, Fasugba O, Russo PL, Rosebrock H. Reducing urinary catheter use using an electronic reminder system in hospitalized  patients: A randomized 

stepped-wedge trial. Infect Control Hosp Epidemiol. 2019 Apr;40(4):427–31.  

29.  Naser AM, Doza S, Rahman M, Unicomb L, Ahmed KM, Anand S, et al. Consequences of access to water from managed aquifer recharge systems for blood pressure and proteinuria in 

south-west coastal Bangladesh: a stepped-wedge cluster-randomized trial. Int J Epidemiol. 2020 Jul 12;  

30.  Østerås N, Moseng T, van Bodegom-Vos L, Dziedzic K, Mdala I, Natvig B, et al. Implementing a structured model for osteoarthritis care in primary healthcare: A stepped-wedge 

cluster-randomised trial. PLoS Med. 2019;16(10):e1002949.  

31.  Palermo TM, de la Vega R, Murray C, Law E, Zhou C. A digital health psychological intervention (WebMAP Mobile) for children and adolescents with chronic pain: results of a hybrid 

effectiveness-implementation stepped-wedge cluster randomized trial. Pain. 2020 Dec;161(12):2763–74.  

32.  Peden CJ, Stephens T, Martin G, Kahan BC, Thomson A, Rivett K, et al. Effectiveness of a national quality improvement programme to improve survival after  emergency abdominal 

surgery (EPOCH): a stepped-wedge cluster-randomised trial. Lancet. 2019 Jun 1;393(10187):2213–21.  

33.  Peiris D, Praveen D, Mogulluru K, Ameer MA, Raghu A, Li Q, et al. SMARThealth India: A stepped-wedge, cluster randomised controlled trial of a  community health worker managed 

mobile health intervention for people assessed at  high cardiovascular disease risk in rural India. PloS One. 2019;14(3):e0213708.  

34.  Perkins RB, Legler A, Jansen E, Bernstein J, Pierre-Joseph N, Eun TJ, et al. Improving HPV Vaccination Rates: A Stepped-Wedge Randomized Trial. Pediatrics. 2020;146(1).  

35.  Pradhan E, Canning D, Shah IH, Puri M, Pearson E, Thapa K, et al. Integrating postpartum contraceptive counseling and IUD insertion services into  maternity care in Nepal: results 

from stepped-wedge randomized controlled trial. Reprod Health. 2019 May 29;16(1):69.  

36.  Raphaelis S, Frommlet F, Mayer H, Koller A. Implementation of a nurse-led self-management support intervention for patients with cancer-related pain: a cluster randomized phase-IV 

study with a stepped wedge design (EvANtiPain). BMC Cancer. 2020 Jun 16;20(1):559.  

37.  Rikin S, Zhang C, Lipsey D, Deluca J, Epstein EJ, Berger M, et al. Impact of an Opt-In eConsult Program on Primary Care Demand for Specialty Visits: Stepped-Wedge Cluster 

Randomized Implementation Study. J Gen Intern Med. 2020 Nov;35(Suppl 2):832–8.  

38.  Romijn A, Ravelli A, de Bruijne MC, Twisk J, Wagner C, de Groot C, et al. Effect of a cluster randomised team training intervention on adverse perinatal and  maternal outcomes: a 

stepped wedge study. BJOG Int J Obstet Gynaecol. 2019 Jun;126(7):907–14.  

39.  Sacks E, Cohn J, Ochuka B, Mafaune H, Chadambuka A, Odhiambo C, et al. Impact of Routine Point-of-Care Versus Laboratory Testing for Early Infant Diagnosis  of HIV: Results 

From a Multicountry Stepped-Wedge Cluster-Randomized Controlled  Trial. J Acquir Immune Defic Syndr. 2020 Jul 1;84 Suppl 1(1):S5–11.  

40.  Schwarze ML, Buffington A, Tucholka JL, Hanlon B, Rathouz PJ, Marka N, et al. Effectiveness of a Question Prompt List Intervention for Older Patients Considering  Major Surgery: A 

Multisite Randomized Clinical Trial. JAMA Surg. 2019 Oct 30;155(1):6–13.  

41.  Selby NM, Casula A, Lamming L, Stoves J, Samarasinghe Y, Lewington AJ, et al. An Organizational-Level Program of Intervention for AKI: A Pragmatic Stepped Wedge  Cluster 

Randomized Trial. J Am Soc Nephrol JASN. 2019 Mar;30(3):505–15.  

42.  Shah L, Rojas Peña M, Mori O, Zamudio C, Kaufman JS, Otero L, et al. A pragmatic stepped-wedge cluster randomized trial to evaluate the effectiveness and cost-effectiveness of 

active case finding for household contacts within a routine tuberculosis program, San Juan de Lurigancho, Lima, Peru. Int J Infect Dis. 2020 Nov;100:95–103.  

Jo
urn

al 
Pre-

pro
of



13 
 

43.  Shelley DR, Gepts T, Siman N, Nguyen AM, Cleland C, Cuthel AM, et al. Cardiovascular Disease Guideline Adherence: An RCT Using Practice Facilitation. Am J Prev Med. 

2020;58(5):683–90.  

44.  Snooks H, Bailey-Jones K, Burge-Jones D, Dale J, Davies J, Evans BA, et al. Effects and costs of implementing predictive risk stratification in primary care: a  randomised stepped 

wedge trial. BMJ Qual Saf. 2019 Sep;28(9):697–705.  

45.  Straßner C, Noest S, Preussler S, Jahn R, Ziegler S, Wahedi K, et al. The impact of patient-held health records on continuity of care among asylum seekers in reception centres: a cluster-

randomised stepped wedge trial in Germany. BMJ Glob Health. 2019;4(4):e001610.  

46.  Trent SA, Havranek EP, Ginde AA, Haukoos JS. Effect of Audit and Feedback on Physician Adherence to Clinical Practice Guidelines  for Pneumonia and Sepsis. Am J Med Qual Off J 

Am Coll Med Qual. 2019 Jun;34(3):217–25.  

47.  van de Maat JS, Peeters D, Nieboer D, van Wermeskerken A-M, Smit FJ, Noordzij JG, et al. Evaluation of a clinical decision rule to guide antibiotic prescription in children with 

suspected lower respiratory tract infection in The Netherlands: A stepped-wedge cluster randomised trial. PLoS Med. 2020;17(1):e1003034.  

48.  van den Broek N, Ameh C, Madaj B, Makin J, White S, Hemming K, et al. Effects of emergency obstetric care training on maternal and perinatal outcomes: a stepped wedge cluster 

randomised trial in South Africa. BMJ Glob Health. 2019;4(6):e001670.  

49.  Van Spall HGC, Lee SF, Xie F, Oz UE, Perez R, Mitoff PR, et al. Effect of Patient-Centered Transitional Care Services on Clinical Outcomes in  Patients Hospitalized for Heart Failure: 

The PACT-HF Randomized Clinical Trial. JAMA. 2019 Feb 26;321(8):753–61.  

50.  Var C, Oberhelman RA, Shu T, Leang S, Duggal R, Le J, et al. A Linked Community and Health Facility Intervention to Improve Newborn Health in Cambodia: the NICCI Stepped-

Wedge Cluster-Randomized Controlled Trial. Int J Environ Res Public Health. 2020 28;17(5).  

51.  Vousden N, Lawley E, Nathan HL, Seed PT, Gidiri MF, Goudar S, et al. Effect of a novel vital sign device on maternal mortality and morbidity in  low-resource settings: a pragmatic, 

stepped-wedge, cluster-randomised controlled  trial. Lancet Glob Health. 2019 Mar;7(3):e347–56.  

52.  Wang SV, Rogers JR, Jin Y, DeiCicchi D, Dejene S, Connors JM, et al. Stepped-wedge randomised trial to evaluate population health intervention designed  to increase appropriate 

anticoagulation in patients with atrial fibrillation. BMJ Qual Saf. 2019 Oct;28(10):835–42.  

53.  Ward J, Guy RJ, Rumbold AR, McGregor S, Wand H, McManus H, et al. Strategies to improve control of sexually transmissible infections in remote Australian Aboriginal 

communities: a stepped-wedge, cluster-randomised trial. Lancet Glob Health. 2019;7(11):e1553–63.  

54.  Wilkie DJ, Yao Y, Ezenwa MO, Suarez ML, Dyal BW, Gill A, et al. A Stepped-Wedge Randomized Controlled Trial: Effects of eHealth Interventions for Pain Control Among Adults 

With Cancer in Hospice. J Pain Symptom Manage. 2020;59(3):626–36.  

55.  Wu Y, Li S, Patel A, Li X, Du X, Wu T, et al. Effect of a Quality of Care Improvement Initiative in Patients With Acute Coronary  Syndrome in Resource-Constrained Hospitals in 

China: A Randomized Clinical Trial. JAMA Cardiol. 2019 May 1;4(5):418–27. 

Jo
urn

al 
Pre-

pro
of



14 
 

 

Jo
urn

al 
Pre-

pro
of



Records iden�fied through database searching
(n = 562)

Records a�er duplicates removed
(n = 559)

Records screened
(n = 559)

     Exclusion based on �tle and abstract (n = 440)
Not a randomized trial: 162
Protocol of a SW-CRT: 119
Methodological ar�cle: 44
Individually randomized trial: 35
Secondary analysis: 30
Protocol of another type of study: 27
Feasibility SW-CRT: 11
CRT, not a SW-CRT: 8
Not humans: 4

Full-text ar�cles assessed for eligibility 
(n = 119)

    
     Exclusion based on full text (n = 64)
              Secondary analysis: 19
              Not a randomized trial: 15
              SW-CRT with less than five clusters: 10
              CRT, not a SW-CRT: 8
       More than two groups: 5
              Individually randomized trial: 3                                
       Feasibility SW-CRTs: 1
              Not humans: 1  
              Baseline analysis: 1
              Research le�er: 1
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Highlights 

• Recruitment and implementation challenges are common in stepped-wedge cluster 

randomized trials. 

• Investigators must be aware of the risks of recruitment or implementation challenges 

when considering use of a stepped-wedge cluster randomized trial. Mitigating 

strategies should be adopted when planning the trial.  

• Improvement in transparency of reporting on the planned and actual design features of 

stepped-wedge cluster randomized trials is required.  
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