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ABSTRACT
[bookmark: _Hlk95906415]Background
The complexities associated with delivering randomised surgical trials, such as clustering effects, by centre or surgeon, and surgical learning, is well known. Despite this, approaches used to manage these complexities, and opinions on these, vary. Guidance documents have been developed to support clinical trial design and reporting. This work aimed to identify and examine existing guidance and consider their relevance to clustering effects and learning curves within surgical trials.

Methods
A review of existing guidelines, developed to inform the design and analysis of randomised controlled trials, is undertaken. Guidelines were identified using an electronic search, within the Equator Network, and by a targeted search those endorsed by leading UK funding bodies, regulators, and medical journals. Eligible documents were compared against pre-specified key criteria to identify gaps or inconsistencies in recommendations. 

Results
Twenty-eight documents were eligible (12: Equator Network; 16 targeted search). Twice the number of guidance documents targeted design (n/N=20/28, 71%) than analysis (n/N=10/28, 36%). Managing clustering by centre through design was well documented. Clustering by surgeon had less coverage and contained some inconsistencies. Managing the surgical learning curve, or changes in delivery over time, through design was contained within several documents (n/N=8/28, 29%), of which one provided guidance on reporting this and restricted to early phase studies only. Methods to analyse clustering effects and learning were provided in five and four documents respectively. (N=28)

Conclusions
To our knowledge this is the first review as to the extent to which existing guidance for designing and analysing randomised surgical trials covers the management of clustering, by centre or surgeon, and the surgical learning curve. Twice the number of identified documents targeted design aspects than analysis. Most notably, no single document exists for use when designing these studies, which may lead to inconsistencies in practice. The development of a single document, with agreed principles to guide trial design and analysis across a range of realistic clinical scenarios, is needed.
[bookmark: _Toc90984943] 
Registration
Not applicable.
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MANUSCRIPT
Background
[bookmark: _Hlk89864142]Randomised controlled trials (RCTs) are recognised as providing the highest level of evidence, second only to systematic reviews of such trials. [Evans, 2003] There are many practical and methodological difficulties that a medical researcher must overcome to deliver successful RCT. In trials with a surgical intervention, these difficulties are often magnified. [Cook. 2009; Craig, 2019; Ergina, 2009; McCulloch, 2009] Surgical interventions, delivered as an intervention or as a setting, consist of many interacting components - such as the procedure itself, surgeon expertise, and pre or postoperative care. [Ergina, 2009] 

[bookmark: _Hlk95907793][bookmark: _Hlk95906541]Patient outcomes often depend on the treatment provider delivering the intervention. Due to the nature of surgical interventions, RCTs within this field can be vulnerable to criticism if concerns over variability in treatment delivery are raised. Variability can arise between intervention providers (clustering) or due to change in delivery over time, often as a result of increased experience (learning). [Lee KJ, 2005; Cook, 2012; Cook, 2004]. Therefore, when designing these trials, it is important to consider homogeneity of the treatment effect and therefore the potential existence and impact of both clustering and learning, by centre and surgeon. This should be done as early as possible during trial design to avoid issues arising that violate the validity of the trial results. [ICH E9, 1999]

[bookmark: _Hlk86823718]The importance of managing these effects within these trials is well known, but the methods used to do so in practice, and opinions on these, varies. [Conroy, 2019; Conroy 2019; Conroy, 2020] Guidance documents exist to support clinical trial design and reporting, but the majority target generic aspects of clinical trials and originate specifically from medicinal trials. Therefore, whilst their relevance to all trials is indisputable, the extent to which they cover clustering and learning may be limited. 

[bookmark: _Hlk95831484]The aim of this review is to identify and examine existing guidance and consider their relevance to clustering effects and learning curves within surgical trials.

Methods
[bookmark: _Hlk95831512]This work sought to include guidance documents developed to inform the design and analysis of randomised controlled trials (RCTs). Guidelines for inclusion in this review were identified by undertaking: 
· [bookmark: _Hlk95831526]An electronic search within the Equator Network (http://www.equator-network.org), an online library containing a comprehensive searchable database of reporting guidelines, using each of the search terms “surgery” and “statistic”. Documents that provided guidance specific to non-randomised studies, aspects of trial methodology or medical specialties that were not applicable, or focussed on applicable medical specialties, such as surgery, with no statistical scope were excluded. 
· A targeted search of guidelines endorsed by leading UK funding bodies, regulators, and medical journals such that they covered aspects of trial design, analysis and reporting. 

Because of the nature of the search, full texts of identified guidelines were obtained to determine eligibility. Documents that provided guidance such that RCTs and statistical aspects were covered within their scope were included and reasons for exclusion were recorded. 

[bookmark: _Hlk95831641][bookmark: _Hlk95906775]Key criteria relevant to design and analysis of surgical trials, or trials of complex interventions, were identified a priori, see Box 1. Eligible documents were compared against these to identify gaps or inconsistencies in recommendations. Guidelines for reporting the aspects of design and analysis were also assessed against these criteria. Specific methods within the guidelines related to analysing clustering or learning, at the centre or treatment provider level, were also collected. Documents were examined using NVivo qualitative data analysis software (QSR International Ply Ltd. Version 12, 2018). 
[bookmark: _Ref89180353]
[bookmark: _Ref90550534]Box 1: Key criteria to be considered within design and analysis
Design
· The appropriate trial design, such as an expertise-based design. 
· Delivery of the intervention in terms of:
· The health professionals delivering treatment. 
· The extent to which treatments are to be standardised. 
· The potential for change in delivery over time. 
· Adjusting the sample size. 
· Balancing treatment within centres and treatment providers. 
Analysis
· When the randomisation has been stratified.
· When analysing the primary outcome, such as adjustment.
· When there are multiple centres and/or treatment providers.



Results 
Identifying eligible documents
[bookmark: _Ref89181246][bookmark: _Toc89943431][bookmark: _Ref90550614]Figure 1: Flowchart of identification of guidelines
[image: Diagram

Description automatically generated]
The search within the EQUATOR website identified 80 documents: 36 (45%) were identified using the search term “statistic” and 44 (55%) using the search term “surgery”. The search was conducted on 21st October 2021. Figure 1 presents the flowchart of eligibility, with reasons for exclusion where necessary. An additional 16 documents were manually identified from the targeted search (Funders: 2; Regulators: 6; Journals: 8, see Supplementary Material 1 and Figure 1). There were no duplicates between the two searches leaving a total of 28 eligible documents for review. Supplementary Material 1 provides the list of included documents. Details as to the background and justification for the documents included as part of the targeted search is provided in Supplementary Material 2. 

Summary of identified guidance
Seven of the 28 eligible documents (25%) were developed specifically for surgery. Of those that were not (n=21), two were written for complex interventions, two for devices and the remaining 17 for general medicine.   

Designing a trial with clustering and learning
Choosing a trial design
Eleven out of 28 documents (39%) provided guidance relating to trial design. See D1 in Supplementary Table 1. 

The options of trial design depend on the unit of randomisation and the intervention of interest. The key aspects of relevant designs are briefly summarised here. Many design options, and associated limitations, were discussed and no single document provided a single comprehensive summary. 

In individually randomised trials, patients are the unit of randomisation. [Craig, 2019] When conducting these trials in surgery, differential expertise between the treatments being investigated can raise issues that can be alleviated by defining eligibility criteria for centres and surgeons, such as years in practice or number of interventions performed previously. [Boutron, 2008; National Institute for Health Research website, 2016] However, applying criteria that is too strict may reduce the generalisability of trial results. [Zwarenstein, 2008] Instead, a statistical analysis of inter-rater reliability, between individual centres and surgeons, can provide understanding of any impact due to expertise. This type of analysis can be useful when considering rolling out the interventions into routine healthcare, see Analysing a trial with clustering and learning. [National Institute for Health Research website, 2016]

[bookmark: _Hlk95892395]In cluster randomised trials, groups of patients are the unit of randomisation. These designs are less common and are generally less efficient than individually randomised studies. They require more surgeons and introduce the potential for the treatment comparison to be confounded by the delivery, despite inflating the sample size to account for the intraclass correlation coefficient (ICC). [Craig, 2019; Ergina, 2009; Campbell, 2012] 

Expertise-based designs are a half-way house between individual and cluster randomised trials. Patients are individually randomised to surgeon, who treats all patients with a single intervention. This can be the surgeon’s preferred technique or an unavoidable feature in trials comparing interventions delivered by different specialties. [Boutron, 2008; Ergina, 2009] This design has the same limitations as cluster trials, and when a surgeon is only performing their preferred technique, shared waiting lists [Ergina, 2009] and understanding how the treatment can be rolled out into routine healthcare can be a challenge. Resultantly, this design is relatively uncommon. [Conroy, 2019; Conroy, 2019] 

Tracker designs, proposed by Ergina et al, where new or evolving interventions can theoretically be developed within a single randomised study, and the incremental changes to the intervention tracked within the analysis, would be very challenging in practice. [Ergina, 2009] 

Considering who will deliver the intervention
Thirteen out of 28 documents (46%) discussed the importance of deciding who will deliver the intervention. See D2 in Supplementary Table 1. 

Some variation in delivery, in part, will depend on the skill and training of those delivering the intervention. [Boutron, 2008; Ergina, 2009; Jackson, 2010] As such, the selection of centres and treatment providers was a critical element of design discussed by a number of guidance documents. [Campbell, 2012; ICH E9, 1999; ICH E6, 2016; MHRA, 2021] Any eligibility criteria for participating centres and treatment providers, and a description such as the degree to which they are typical, should be reported. [Boutron, 2008; Zwarenstein, 2008; Boutron, 2017] 

Two guidelines suggested criteria by which recruiting centres should be chosen, such as caseload for the procedure under investigation and ensuring sufficient numbers of the target population. [Boutron, 2008; MHRA, 2021] 

No guidelines provided advice on selecting treatment providers. Treatment providers could be a limited group or all professionals offering the intervention. [Elias, 2019] If a limited group, guidance on selecting centres, and reporting requirements, may be looked upon as a proxy for trialists when deciding how to select treatment provider, for example caseload and ensuring specific qualifications. [Boutron, 2008; MHRA, 2021; Boutron, 2017]     

The results of the main trial should report on the number of centres and treatment providers performing each intervention. [Boutron, 2017] 

Ensuring that the intervention is standardised
Fifteen out of 28 documents (54%) discussed the importance of standardising the intervention. See D3 in Supplementary Table 1. 

Variation in delivery can be reduced by standardising all, or aspects of, the intervention of interest. Limiting variation in treatment delivery may be more desirable in an efficacy trial than a pragmatic, effectiveness study. [Craig, 2019; McCulloch, 2009] In pragmatic trials. standardisation might consist of simply informing treatment providers to perform the treatment as usual. [Boutron, 2008] Regardless of the stage, trial delivery should be similar at all centres [ICH E9, 1999] and designed such that a clear description of the procedures performed can be provided. [Zwarenstein, 2008; Vanhie, 2016] Investigator meetings to prepare investigators and standardise performance were suggested by one document. [ICH E8, 1998] 

Monitoring treatment adherence was an important aspect across documents. [Boutron, 2008; ICH E9, 1999; McCulloch, 2009; ICH E8, 1998; ICH E3, 1995] Suggested methods included reviewing case report forms, videotapes and audiotapes, extending to decertifying and excluding surgeons not submitting a videotape rated acceptable by an independent committee. [Boutron, 2008] 

Reporting in depth details of the intervention, and comparator, was required by a number of documents. Aspects required included technical procedures, full details on preoperative, intraoperative and postoperative care and the extent to which delivery were permitted to vary between participants, treatment providers and centres. [Boutron, 2008; Zwarenstein, 2008; ICH E3, 1995] 

Anticipating changes over time
Eight out of 28 documents (29%) discussed considering changes in delivery of the intervention over time. See D4 in Supplementary Table 1. 

Delivery may still vary irrespective of training, experience and other steps to enforce standardisation. The amount of variation will depend on the stage and technicality of intervention development. [Craig, 2019; Boutron, 2008; McCulloch, 2009; Bilbro, 2021] An important aspect of surgical evaluation across the guidelines was that delivery may change over time for pragmatic reasons, changes in external factors, or as a result of expertise developing during the study. [Craig, 2019; Ergina, 2009; McCulloch, 2009] 

Expertise can develop over a very long time and so requiring a set expertise level can slow the delivery of surgical trials. [Ergina, 2009] Some guidelines discussed evaluating the learning curve within the trial, [McCulloch, 2009] and highlighted this was particularly important in earlier phase trials. [Bilbro, 2021] In trials comparing more established techniques, the statistical advantages and gain in ‘internal validity’ need to be considered against the loss of generalisability or ‘external validity’ of applying too much emphasis on the learning curve. [Craig, 2019]

Reporting learning curve assessment results was required by one document but this was limited to early phase studies. [Bilbro, 2021] 

Estimating the sample size
Eight out of 28 documents (29%) discussed sample size. See D5 in Supplementary Table 1. 

A number of guidance documents highlighted the impact of failing to reduce variation within trial arms by standardising the intervention on the sample size and power calculation, where typical estimates assume that differences between the treatments across centres, or treatment provider, are unbiased estimates of the same quantity. [Craig, 2019; ICH E9, 1999] In the presence of multilevel data structures, where variability in individual level outcomes can reflect higher level processes, calculations are more complicated. [Jackson, 2010; ICH E9, 1999; Cook, 2004] To avoid associated imprecision in results, the sample size should adjust for any clustering effects as estimated by the intraclass correlation coefficient (ICC) and this should be reported in the main results paper. [Boutron, 2008; Boutron, 2017] Conversely, two documents that discussed sample size did not comment on adjusting for clusters. [National Institute for Health Research website, 2016; MHRA, 2021] 

Ensuring balance of treatment within centre and treatment provider
Six out of 28 documents (21%) discussed ensuring that treatment allocations are equally distributed within centre. See D6 in Supplementary Table 1. 

Balancing treatment groups with respect to prognostic factors enhances trial credibility. [MHRA, 2021; EMA, 2021] Ensuring balancing of patients within centre was highlighted as important within many of the guidance documents, [ICH E9, 1999; MHRA, 2021; EMA, 2021] and similar reasoning would lead surgical trialists to extend this to treatment provider which was not discussed within any document.  

Balance can be achieved by stratifying the randomisation and stratifying by centre was a common topic, particularly when centre is expected to be confounded with other prognostic factors. [ICH E9, 1999; MHRA, 2021; EMA, 2021] When there are too few patients per centre, stratifying by a larger unit, such as country or region, may be warranted. [EMA, 2021] Despite stratifying by treatment provider not being specifically addressed within the documents, in some circumstances it may be desirable to stratify for more than just both centre and treatment provider, or treatment provider alone, where numbers allow. [EMA, 2021] The use of more than two stratification factors is rarely necessary. [ICH E9, 1999] 

Analysing a trial with clustering and learning
When the randomisation was stratified
Two out of 28 documents (18%) provided guidance on adjusting the analysis following stratification. See A1 in Supplementary Table 1.

Stratifying randomisation and subsequently adjusting the analysis, are complementary methods of accounting for prognostic factors, unless the stratification factor was chosen for administrative reasons only. [ICH E9, 1999; EMA, 2021] 

Two documents discussed the issue of adjusting for too many, or too small, strata in the analysis, for which there is no best solution. [ICH E9, 1999; EMA, 2021] When included in the randomisation scheme, ignoring centres or adjusting for a large number of small centres might lead to unreliable estimates of the treatment effect and p-values. [EMA, 2021] At best, using an unadjusted analysis should be supported by sensitivity analyses that indicate trial conclusions are not affected because of this. [EMA, 2021] As above, the statistical justifications for including centre could be considered to also include treatment provider in surgical trials, but no guidance specifically made this point. 

When analysing the primary outcome
Two out of 28 documents (18%) provided guidance on adjusting the primary outcome analysis. See A2 in Supplementary Table 1.

Unexplained differences between treatments, for example between adjusted and unadjusted analyses, can jeopardise the trial results. [EMA, 2021] For this reason, when the primary outcome is expected to be influenced by centre or treatment provider, an adjustment should be planned. When the potential value of an adjustment is in doubt, such as little existing prior knowledge, the primary analysis should be unadjusted analysis, supported by an adjusted analysis. [ICH E9, 1999; EMA, 2021] In general, larger datasets generally support more factors than smaller ones and results based on simpler models are generally numerically stable, the assumptions underpinning the statistical model easier to validate and improves generalisability. [EMA, 2021] 

Analysing multi-centre trials
Six out of 28 documents (21%) provided guidance on analysing multi-centre trials. See A3 in Supplementary Table 1.

Investigations into heterogeneity of the main treatment effect across centre and/or treatment provider were covered by a number of documents. [Boutron, 2008; ICH E9, 1999; McCulloch, 2009; ICH E3, 1995; Bilbro, 2021] Further, the main trial publication should report methods to adjust for, and results into, clustering by centre or treatment provider. [Boutron, 2008; Boutron, 2017] These investigations are critical when a positive treatment effect is found and there are appreciable numbers of subjects per centre. [ICH E9, 1999] In the simplest multi-centre trial, a single investigator recruits and is responsible for all patients within a single hospital, such that centre is identified uniquely by hospital. When the definition of centre is ambiguous, such as a single investigator recruits from several hospitals or a clinical team recruits from numerous clinics, the protocol should provide a definition. [ICH E9, 1999; ICH E3, 1995] 

Quantitative approaches may comprise graphical display of the results of individual centres, such as forest plots, or analytical methods, such as a significance test although this generally has low power. [ICH E9, 1999] One stated that investigations use a model which allows for centre differences but no interaction terms, [ICH E9, 1999] Fixed or mixed effects models can be used, although mixed models are especially relevant when there is a large number of centres. [ICH E9, 1999; ICH E3, 1995] 

Methods for investigating the learning curve
Four out of 28 documents (14%) provided guidance on analysing the learning curve within centre and/or treatment provider. See A4 in Supplementary Table 1.

Reporting of continuous quality control measures can be useful for all phases of trial, particularly early phase surgical trials. [McCulloch, 2009; Bilbro, 2021] Time series and longitudinal models or multilevel models can be used to analyse long and short sequences of data respectively. [Craig, 2019; Jackson, 2010] Simpler exploratory methods such as cusum plots enable centres or surgeons to be compared against themselves which can be preferable to surgeons. [McCulloch, 2009; Bilbro, 2021] 

Method for investigating clustering
Five out of 28 documents (18%) provided guidance on investigating clustering due to centre and/or treatment provider. See A5 in Supplementary Table 1.

[bookmark: _Hlk89864205]Hierarchically structured data, such as patients within surgeon, can be analysed using multilevel models or generalised estimating equations (GEE). [Craig, 2019; Boutron, 2017] Multilevel models are subject-specific models whereas GEEs are population average.  For multilevel models: fixed, random or mixed effects can be specified to account for clustering [Boutron, 2017] and different types of these models allow for flexible data structures. [Jackson, 2010] 

[bookmark: _Ref83307446]For ordinary linear models, the treatment effect estimate is likely to be similar but not necessarily identical for adjusted and unadjusted models. Adjusted analyses are more efficient, and so a less significant result for unadjusted should not be a concern. For generalised linear or non-linear models, adjusted and unadjusted treatment effects may not have the same interpretation and may provide different results. [EMA, 2021] 

Discussion
[bookmark: _Hlk87447213][bookmark: _Hlk90461799]Trialists should consider the impact of clustering and learning when designing and analysing randomised surgical trials. Considerations should be incorporated into reporting to aid interpretation and applicability of trial results. This investigation is the first review as to the extent that existing guidance within the UK covers these important effects. Existing guidance documents are identified and summarised, with a focus on aspects relating to clustering effects and the learning curve and their application to surgical trials. Not all documents were written specifically for surgery, yet all contain aspects that can be applied to surgery, for example the role of centre in delivery of treatments in drug trials has some commonalities to the role of surgeon in delivering a surgical trial. Twice the number of identified documents targeted design aspects than analysis. Whilst a good analysis cannot rescue a poor design, and this may have led to a larger focus on design on guidance for trialists, there is a notable dearth of analysis guidance available that requires addressing. In addition, there is also scope for guidance on study conduct. 

Clustering, at the centre level, was well covered within the design, analysis and reporting guidance. However, there were inconsistencies with regards to the treatment provider coverage. For example, reporting required eligibility of treatment provider be covered, yet no guidance on the design or analysis covered this. [Boutron, 2008; Boutron, 2017] However, this may be due to the original guidance largely not being written specifically for surgery, or indeed complex interventions, where these effects may be more prominent. [Conroy, 2019] The role of centre within conventional drug trials could be extended to provide guidance on the role of treatment provider in surgery trials. [Craig, 2019; ICH E9, 1999; MHRA. 2021] Methods to monitor the quality of delivery of the trial intervention through study conduct has been considered, recommending that stablished protocols that determine prohibited, mandated and flexible intervention components and monitoring adherence are developed. [Blencowe. 2016] Yet a specific guidance document that covers the design and analysis of randomised surgical trials, or intervention trials, could address the discrepancies identified within this review to improve quality of understanding and awareness of these issues. [Conroy, 2019; Conroy, 2020].

A number of guidance documents acknowledged the importance of the surgical learning curve, or delivery changing over time, within design and analysis, particularly in early phase surgical trials or when the interventions differ in their technicality [Craig, 2019; Boutron, 2008; Ergina, 2009; McCulloch, 2009; Bilbro, 2021] Yet there was little coverage within reporting standards to reflect this, with the surgical learning curve analysis only necessary in early phase, and not necessarily randomised, trials [Bilbro, 2021] and broader RCT reporting guidelines only requiring differential expertise be addressed in the discussion. [Boutron, 2008] Lack of clear standards, and guidance that is too broad in scope, may lead to reporting how delivery of intervention changes over time, despite its importance, being generally under-recognised in the literature. [Conroy, 2019]

When designing and analysing a randomised surgical trial, there can be a view that clustering and learning is less pronounced or irrelevant in more pragmatic large-scale trials where the interventions are stabilised and in widespread use. Measures to reduce variation in treatment effects are often introduced into the trial design by defining a minimum level of expertise or providing training for treatment providers. [Conroy, 2020] However, despite measures being taken, variation in delivery may remain, and the need to account for the breadth of the setting, learning curve and experience of surgeons is an area for improvement in more pragmatic RCTs. [Ritchey, 2021; Hyman, 2019; Shaw, 2017] Trialists should therefore be aware of potential for clustering and learning and routinely consider their impact at trial outset. Early and careful consideration will improve data collection to ensure that, if required, investigation can be integrated into the planned analysis of the trial. Being able to explore effects will be particularly beneficial if concerns of learning or clustering are raised, or more generally will allow better understanding to contextualise study findings to ultimately support roll out of the interventions into routine practice. 

When reading this review, it is important to consider its limitations. First, country specific guidance beyond the UK, such as United States Food and Drug Administration, were not included. However, international documents that are applicable to other countries, including the UK, were obtained, such as ICH which are followed globally and EMA which are adopted within Europe. Second, only four guidance documents, developed by the same research group, were written specifically for surgery and not written specifically for RCTs, which may explain the lack of specific coverage of the surgeon in the wider set. [Ergina, 2009; McCulloch, 2009; Bilbro, 2021; Barkun, 2009] Third, very little of the guidance documents covered statistical aspects, leaving a trialist to extend the centre-drug connection to surgeon-intervention using existing guidelines. [ICH E9, 1999; EMA, 2021] The development of statistical guidance document that covers randomised surgical trials in more depth would help trialists, in particular statisticians, and the IDEAL framework provides a good basis for this development to be integrated. [Ergina, 2009; McCulloch, 2009; Bilbro, 2021; Barkun, 2009] 

Conclusions
This is the first review, to our knowledge, to explore coverage of guidance for managing clustering effects and the surgical learning curve within the design and analysis of randomised surgical trials. Twice the number of identified documents target design aspects than analysis. Furthermore, no single and complete guidance document exists that covers aspects of learning and clustering leaving trialists to have to access multiple documents to gain full understanding of these considerations. 

Existing documents should therefore be extended to incorporate statistical guidance on the management of clustering and learning. The IDEAL framework aligns perfectly with the focus of this work as it is developed specifically for surgical trials and is already widely used by surgical trialists. [McCulloch, 2009] Future work should address integrating these statistical themes into this framework as a priority. This would encourage better consistency between trialists, improve awareness of these methodological challenges and support the use of optimal methods within the surgical field. 

LIST OF ABBREVIATIONS
	GEE
	Generalised estimating equations

	ICC
	Intraclass correlation coefficient

	RCT
	Randomised controlled trial




DECLARATIONS
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Availability of data and materials
Datasets used and/or analysed during the current study, that are not already included in this published article, are available from the corresponding author on reasonable request.

Competing interests
CG, JAC and JMB co-authored some of the guidance documents included within this review. The authors declare that they have no other competing interests.

Funding
This research was funded by National Institute for Health Research (NIHR) Doctoral Fellowship Programme (DRF-2015-08-082). EJC is funded through this fellowship programme. 

Authors’ contributions
EJC participated in the study design, developed the data extraction form, drafted the manuscript, and extracted and analysed the data. CG participated in the study design, developed the data extraction form, and drafted the manuscript. GB, JMB and JAC participated in the study design and contributed to manuscript development. All authors read and approved the final manuscript.

Acknowledgements
None.

Department of health disclaimer
The views expressed are those of the authors and not necessarily of the National Health Service, the National Institute for Health Research (NIHR) or the Department of Health and Social Care.


REFERENCES
Barkun JS, Aronson JK, Feldman LS, Maddern GJ, Strasberg SM, Balliol C, et al. Evaluation and stages of surgical innovations. Lancet. 2009;374(9695):1089-96.
Bilbro NA, Hirst A, Paez A, Vasey B, Pufulete M, Sedrakyan A, et al. The IDEAL Reporting Guidelines: A Delphi Consensus Statement Stage Specific Recommendations for Reporting the Evaluation of Surgical Innovation. Ann Surg. 2021;273(1):82-5.
Blencowe NS, Mills N, Cook JA, Donovan JL, Rogers CA, Whiting P, et al. Standardizing and monitoring the delivery of surgical interventions in randomized clinical trials. Br J Surg. 2016 Sep;103(10):1377-84.
Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P, Grp C. Extending the CONSORT statement to randomized trials of nonpharmacologic treatment: Explanation and elaboration. Ann Intern Med. 2008;148(4):295-309.
Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P, Group CN. CONSORT Statement for Randomized Trials of Nonpharmacologic Treatments: A 2017 Update and a CONSORT Extension for Nonpharmacologic Trial Abstracts. Ann Intern Med. 2017;167(1):40-7.
Campbell MK, Piaggio G, Elbourne DR, Altman DG, Group C. Consort 2010 statement: extension to cluster randomised trials. BMJ. 2012;345:e5661
Committee for Medicinal Products for Human Use (CHMP). Guideline on adjustment for baseline covariates in clinical trials 2015. Accessed: 30th November 2021. Available from: https://www.ema.europa.eu/en/adjustment-baseline-covariates-clinical-trials.
Conroy EJ, Rosala-Hallas A, Blazeby JM, Burnside G, Cook JA, Gamble C. Randomized trials involving surgery did not routinely report considerations of learning and clustering effects. Journal of Clinical Epidemiology. 2019;107:27-35.
Conroy EJ, Rosala-Hallas A, Blazeby JM, Burnside G, Cook JA, Gamble C. Funders improved the management of learning and clustering effects through design and analysis of randomized trials involving surgery. Journal of Clinical Epidemiology. 2019;113:28-35.
Conroy EJ, Blazeby JM, Burnside G, Cook JA, Gamble C. Managing clustering effects and learning effects in the design and analysis of multicentre randomised trials: a survey to establish current practice. Trials. 2020;21(1):433.
Cook JA, Bruckner T, MacLennan GS, Seller CM. Clustering in surgical trials–database of intracluster correlations. Trials. 2012;13:2.
Cook JA, Ramsay CR, Fayers P. Statistical evaluation of learning curve effec ts in surgical trials. Clin Trials. 2004;1.
Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions2019; Accessed: 30th November 2021. Available from: https://mrc.ukri.org/documents/pdf/complex-interventions-guidance/.
Elias KM, Stone AB, McGinigle K, Tankou JI, Scott MJ, Fawcett WJ, et al. The Reporting on ERAS Compliance, Outcomes, and Elements Research (RECOvER) Checklist: A Joint Statement by the ERAS(I) and ERI(R)) USA Societies. World J Surg. 2019;43(1):1-8.
Ergina PL, Cook JA, Blazeby JM, Boutron I, Clavien PA, Reeves BC, et al. Challenges in evaluating surgical innovation. Lancet. 2009;374.
Evans D. Hierarchy of evidence: a framework for ranking evidence evaluating healthcare interventions. J Clin Nurs. 2003;12(1):77-84.
Hyman WA. Medical device and diagnostic industry online, FDA flirts with the learning curve. 2019(March 4th). Available from: https://www.mddionline.com/regulatory-quality/fda-flirts-learning-curve
Group IEW. ICH Harmonised Tripartite Guideline: Structure and Content of Clinical Study Reports E3 ICH Harmonisation for better health web site: International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use; 1995. Accessed: 3rd August 2022. [Available from: https://database.ich.org/sites/default/files/E3_Guideline.pdf 
Group IEW. ICH Harmonised Tripartite Guideline: Guideline for Good Clinical Practice E6(R2) ICH Harmonisation for better health web site: International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use; 2016. Accessed: 3rd August 2022. [Available from: https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf 
ICH Expert Working Group. ICH Harmonised Tripartite Guidelines: General Considerations for Clinical Trials E8. 1998. Accessed: 3rd August 2022. Available from: https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-8-general-considerations-clinical-trials-step-5_en.pdf
Jackson DL. Reporting results of latent growth modeling and multilevel modeling analyses: some recommendations for rehabilitation psychology. Rehabil Psychol. 2010;55(3):272-85.
Lee KJ, Thompson SG. Clustering by health professional in individually randomised trials. BMJ. 2005;330:142.
McCulloch P, Altman DG, Campbell B, Flum DR, Glasziou P, Marshall J, et al. No surgical innovation without evaluation: the IDEAL recommendations. Lancet. 2009;374.
Medicines & Healthcare products Regulatory Agency. Clinical investigations of medical devices – statistical considerations 2021. Accessed: 30th November 2021. Available from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/989415/Statistical_considerations_clinical_investigations_-_May_2021.pdf
National Institute for Health Research. Planning a Randomised Controlled Trial (RTC) – Points to Consider 2016. Accessed: 30th November 2021. Available from: https://www.ct-toolkit.ac.uk/routemap/trial-planning-and-design/downloads/planning-a-randomised-controlled-trial.pdf/.
Ritchey ME. Chapter 25 – Special considerations of interventions : Medical devices. Pragmatic Randomized Clinical Trials. Academic Press. 2021. 387-395.
Shaw W, Semb G. The Scandcleft randomised trials of primary surgery for unilateral cleft lip and palate: 11. What next? J Plast Surg Hand Surg. 2017;51(1):88-93.
Vanhie A, Meuleman C, Tomassetti C, Timmerman D, D'Hoore A, Wolthuis A, et al. Consensus on Recording Deep Endometriosis Surgery: the CORDES statement. Hum Reprod. 2016;31(6):1219-23.
Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B, et al. Improving the reporting of pragmatic trials: an extension of the CONSORT statement. Brit Med J. 2008;337.

SUPPLEMENTARY MATERIAL
Supplementary Material 1: List of eligible guidance documents
The following guidance documents were identified using the EQUATOR Network search engine:
1. Bilbro NA, Hirst A, Paez A, Vasey B, Pufulete M, Sedrakyan A, McCulloch P; IDEAL Collaboration Reporting Guidelines Working Group. The IDEAL Reporting Guidelines: A Delphi Consensus Statement Stage specific recommendations for reporting the evaluation of surgical innovation. Ann Surg. 2020.
2. Elias KM, Stone AB, McGinigle K, Tankou JI, Scott MJ, Fawcett WJ, Demartines N, Lobo DN, Ljungqvist O, Urman RD; ERAS® Society and ERAS® USA. The Reporting on ERAS Compliance, Outcomes, and Elements Research (RECOvER) Checklist: A Joint Statement by the ERAS® and ERAS® USA Societies. World J Surg. 2019 Jan;43(1):1-8.
3. Gamble C, Krishan A, Stocken D, Lewis S, Juszczak E, Doré C, Williamson PR, Altman DG, Montgomery A, Lim P, Berlin J, Senn S, Day S, Barbachano Y, Loder E. Guidelines for the Content of Statistical Analysis Plans in Clinical Trials. JAMA. 2017;318(23):2337-2343.
4. Jackson DL. Reporting results of latent growth modeling and multilevel modeling analyses: some recommendations for rehabilitation psychology. Rehabil Psychol. 2010;55(3):272-285.
5. de Jager DJ, de Mutsert R, Jager KJ, Zoccali C, Dekker FW. Reporting of interaction. Nephron Clin Pract. 2011;119(2):c158-161.
6. Kalil AC, Mattei J, Florescu DF, Sun J, Kalil RS. Recommendations for the assessment and reporting of multivariable logistic regression in transplantation literature. Am J Transplant. 2010;10(7):1686-1694.
7. Kent DM, Rothwell PM, Ioannidis JP, Altman DG, Hayward RA. Assessing and reporting heterogeneity in treatment effects in clinical trials: a proposal. Trials. 2010;11:85.
8. Lang TA, Altman DG. Basic statistical reporting for articles published in biomedical journals: the "Statistical Analyses and Methods in the Published Literature" or the SAMPL Guidelines. Int J Nurs Stud. 2015;52(1):5-9.
9. van de Schoot R, Sijbrandij M, Winter SD, Depaoli S, Vermunt JK. Guidelines for Reporting on Latent Trajectory Studies (GRoLTS). Structural Equation Modeling: A Multidisciplinary Journal. 2017;24(3):451-467.
10. Schreiber JB. Latent Class Analysis: An example for reporting results. Res Social Adm Pharm. 2016.
11. Vanhie A, Meuleman C, Tomassetti C, Timmerman D, D'Hoore A, Wolthuis A, Van Cleynenbreugel B, Dancet E, Van den Broeck U, Tsaltas J, Renner SP, Ebert AD, Carmona F, Abbott J, Stepniewska A, Taylor H, Saridogan E, Mueller M, Keckstein J, Pluchino N, Janik G, Zupi E, Minelli L, Cooper M, Dunselman G, Koh C, Abrao M, Chapron C, D'Hooghe T. Consensus on Recording Deep Endometriosis Surgery: the CORDES statement. Hum Reprod. 2016 Apr 19. pii: dew067.
12. Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in medicine--reporting of subgroup analyses in clinical trials. N Engl J Med. 2007;357(21):2189-2194.

The following guidance documents were identified by the targeted search (T)
Identified from UK funding bodies (n=2)
1. Clinical Trials Toolkit –Planning a Randomised Controlled Trial – Points to Consider: Funding proposal National Institute for Health Research web site: National Institute for Health Research;  [Available from: https://www.ct-toolkit.ac.uk/routemap/trial-planning-and-design/downloads/planning-a-randomised-controlled-trial.pdf/.
2. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions Medical Research Council web site: Medical Research Council; 2019 [Available from: https://mrc.ukri.org/documents/pdf/complex-interventions-guidance/.

Identified from regulators (n=6)
3. Committee for Medicinal Products for Human Use (CHMP): Guideline on adjustment for baseline covariates in clinical trials European Medicines Agency Science Medicines Health web site: European Medicines Agency 2015 [Available from: https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-adjustment-baseline-covariates-clinical-trials_en.pdf]
4. Group IEW. ICH Harmonised Tripartite Guideline: Structure and Content of Clinical Study Reports E3 ICH Harmonisation for better health web site: International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use; 1995 [Available from: https://database.ich.org/sites/default/files/E3_Guideline.pdf ]
5. Group IEW. ICH Harmonised Tripartite Guideline: Guideline for Good Clinical Practice E6(R2) ICH Harmonisation for better health web site: International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use; 2016 [Available from: https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf
6. Group IEW. ICH Harmonised Tripartite Guideline: General Considerations for Clinical Trials E8 ICH Harmonisation for better health web site: International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use; 1998 [Available from: https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-8-general-considerations-clinical-trials-step-5_en.pdf
7. ICH Harmonised Tripartite Guideline. Statistical principles for clinical trials. International Conference on Harmonisation E9 Expert Working Group. Stat Med. 1999;18(15):1905-42.
8. Medicines & Healthcare products Medicines Agency (MHRA): Guidance on legislation. Clinical investigations of medical devices – statistical considerations. Medicines & Healthcare products Regulatory Agency 2021. [Available from: Statistical_considerations_clinical_investigations_-_May_2021.pdf (publishing.service.gov.uk)

Identified from medical journals (n=8)
9. Barkun JS, Aronson JK, Feldman LS, Maddern GJ, Strasberg SM, Balliol Collaboration. Evaluation and stages of surgical innovations. Lancet. 2009;374(9695):1089-96.
10. Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P, DJ C, et al. CONSORT Statement for Randomized Trials of Nonpharmacologic Treatments: A 2017 Update and a CONSORT Extension for Nonpharmacologic Trial Abstracts. Annals of Internal Medicine. American College of Physicians; 2017 Jul 4;167(1):40. PMID: 28630973
11. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P; CONSORT Group. Methods and processes of the CONSORT Group: example of an extension for trials assessing nonpharmacologic treatments. Ann Intern Med. 2008 Feb 19;148(4):W60-6. Doi: 10.7326/0003-4819-148-4-200802190-00008-w1. PMID: 18283201.
12. Campbell MK, Piaggio G, Elbourne DR, Altman DG; for the CONSORT Group. Consort 2010 statement: extension to cluster randomized trials. BMJ. 2012 Sep 4;345:e5661. PMID: 22951546
13. Ergina PL, Cook JA, Blazeby JM, Boutron I, Clavien PA, Reeves BC, et al. Challenges in evaluating surgical innovation. Lancet. 2009;374(9695):1097-104.
14. McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P, et al. No surgical innovation without evaluation: the IDEAL recommendations. Lancet. 2009;374(9695):1105-12.
15. Schulz K F, Altman D G, Moher D. CONSORT 2010 Statement: updated guidelines for reporting parallel group randomised trials BMJ 2010; 340 :c332 doi:10.1136/bmj.c332
16. Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B, Oxman AD, Moher D for the CONSORT and Pragmatic Trials in Healthcare (Practihc) group. Improving the reporting of pragmatic trials: an extension of the CONSORT statement. BMJ 2008; 337;a2390. PMID: 19001484

Note: Further information on the relevance of each document obtained from the targeted search is provided in Supplementary Material 2. 

Supplementary Material 2: Additional information on documents obtained by the targeted search
UK funding bodies 
Two documents were obtained from UK funding bodies (T1, T2). 

T1 was obtained from the NIHR Clinical Trials Toolkit. [NIHR Toolkit, 2016] The Toolkit was searched as it provides practical advice to researchers designing and conducting publicly funded clinical trials in the UK, information on best practice and outlines the current legal and practical requirements for conducting clinical trials. Whilst primarily focusing on Clinical Trials of Investigational Medicinal Products (CTIMPs), information and guidance relevant to the wider trial environment is also incorporated, such as T1, which specifically relates to trials where the intervention is a device, therapy or other complex intervention. 

T2 was obtained from the Medical Research Council (MRC), which aims to improve human health through world-class medical research by supporting research, including clinical trials, in all disease areas. They work closely with the NHS and UK Health Departments and their guidance on the development, evaluation and implementation of complex interventions which aims to help researchers, funders and users understand methodological and practical constraints in complex intervention evaluation was thus included. [MRC, 2019] 

Identified from regulators (n=6)
Six documents were obtained from regulators of relevance within the UK (T3-T8). 

T3 was obtained from the European Medicines Agency (EMA), who supports scientific excellence in the evaluation and supervision of medicines, for the benefit of public health in the European Union. [EMA, 2015] They facilitate development and monitor the safety of medicines across their life cycle. T3 is included as discusses adjustment for baseline covariates, particularly important where there are associations between the factor and outcome measure. 

T4, T5, T6 and T7 are part of the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) and, due to its specific content, were  identified for inclusion in this review. [ICH E3, 1995; ICH E6, 2016; ICH E8, 1998; ICH E9, 1999] This series aims to achieve worldwide harmonisation in the development and registration of medicines through guidelines developed via consensus, with regulatory and industry experts working side-by-side.  

T8 was obtained from the Medicine & Healthcare products Regulation Agency (MHRA). [MHRA, 2021] This executive UK agency, sponsored by the Department of Health and Social Care, was searched as it regulates medicines and medicinal devices within the UK. T2, their document within guidance on legislation, is included as specifically addresses considerations for devices, which require administration from a treatment provider such as surgeon.

Identified from medical journals (n=8)
Eight documents were obtained as those endorsed by medical journals (T9-T16). 

Three were selected for inclusion as identified from the IDEAL Framework (T9, T13, T14). [Barkun, 2009; Ergina, 2009; McCulloch, 2009] The IDEAL framework describes the five stages of surgical therapy innovation: Idea, Development, Exploration, Assessment and Long-term follow-up. Recommendations are provided with respect to study design and reporting in to improve evidence on surgical and interventional therapy innovation. These documents were included due to their clear relevance to the subject matter. 

Five were selected as relevant CONSORT documents. (T10-T12, T15, T16) [Boutron, 2017; Boutron, 2008; Campbell, 2012; Schulz, 2010; Zwarenstein, 2008] The Consolidated Standards of Reporting Trials (CONSORT) aims to alleviate inadequate reporting of randomised controlled trials. The CONSORT Statement is endorsed by prominent general medical journals, specialty medical journals, and leading editorial organizations. Three extensions, and relevant updates, are included in this guidance summary.  
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No
No
No
No
Yes
Yes
Yes
No
No
Yes
4
ICH E3, 1995
No
No
Yes
No
No
Yes
No
No
Yes
No
No
3
ICH E6, 2016
No
Yes
No
No
No
No
No
No
No
No
No
1



Supplementary Table 1: Key criteria coverage across documents summary
Document
Key criteria A
Total
n

Design
Analysis


D1
D2
D3
D4
D5
D6
A1
A2
A3
A4
A5

[bookmark: _Hlk95909159]ICH E8, 1998
No
No
Yes
Yes
No
No
No
No
No
No
No
2
ICH E9, 1999
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
No
8
Jackson, 2010
Yes
Yes
No
No
Yes
No
No
No
No
Yes
Yes
5
Jager, 2011
No
No
No
No
No
No
No
No
No
No
No
0
Gamble, 2017
No
No
No
No
No
No
No
No
No
No
No
0
Kalil, 2010
No
No
No
No
No
No
No
No
No
No
No
0
Kent, 2010
No
No
No
No
No
No
No
No
No
No
No
0
Lang, 2015
No
No
No
No
No
No
No
No
No
No
No
0
MHRA, 2021
Yes
Yes
No
No
Yes
Yes
No
No
No
No
No
4
NIHR Toolkit, 2016
No
Yes
Yes
No
Yes
No
No
No
No
No
No
3
Schoot, 2017
No
No
No
No
No
No
No
No
No
No
No
0
Schreiber, 2016
No
No
No
No
No
No
No
No
No
No
No
0




Supplementary Table 1: Key criteria coverage across documents summary 
Document
Key criteria A
Total
n
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A Key criteria: D1: Choosing a trial design; D2: Considering who will deliver the intervention; D3: Ensuring that the intervention is standardised; D4: Anticipating changes in delivery over time; D5: Estimating the sample size; D6: Ensuring balance of treatment within centre and treatment provider; A1: When the randomization was stratified; A2: When analyzing the primary outcome; A3: Analysing multicenter trials; A4: Methods for investigating the learning curve; A5: Methods for investigating clustering.




image1.jpeg
) ( Screening ) (Idemificaﬁon)

°
@
°
=
]
=

EQUATOR

Documents identified through
EQUATOR (n=80)

Documents after duplicates
removed (n=78)

Documents screened (n=78)

Full text assessed for eligibility
(n=78)

Eligible articles (n=12)

-Not applicable to RCTs (n=23)
-Methodology not
applicable(n=16)

-Inapplicable medical specialty
(n=14)
-Applicable specialty with no

statistical scope(n=13)

Full-text excluded, with reasons:

Targeted search

Eligible articles (n=16)

Y

Included articles (n=28)





