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Abstract

Learning and clustering: statistical adjustment for the learning curve and clustering
effects in randomised surgical trials

Elizabeth Jane Conroy

The need for more, and better, randomised surgical trials is well recognised, and recently the
number of surgical trials has grown. Rigorous design and analysis of such studies is important
to support clinical decision making. Two associated methodological challenges are clustering
effects, by centre and surgeon, and the surgical learning curve. This thesis aims to improve
the design and analysis of surgical trials by investigating existing guidance, establishing
current practice and demonstrating how design and analysis can incorporate clustering and

learning.

Existing guidance for managing these challenges exist, but this work identifies that they focus
more on design than analysis. As there is no single document, triallists must access multiple

documents to gain full understanding, ultimately leading to inconsistencies in practice.

Two novel reviews of surgical trials are undertaken covering a time period of remarkable
growth of surgical trials. The first, of 247 published trials, demonstrates that clustering and
learning considerations are underreported, methods used to do so vary and reporting
guidelines are poorly adhered to. It is recommended that triallists report these methods, or
justify where not, to support results interpretation. Early consideration of these effects is vital.
The second, comprising fifty funded grant applications by a leading UK funder, identifies
early consideration of these effects and the funder as a potential driver of better practice.
Recommendations are provided about when and how to address surgical learning and

clustering in the design and analysis.



To complete understanding of current practice, forty-seven statisticians from UK clinical trials
Units were surveyed. Widespread awareness of challenges in design and analysis are
identified. Approaches used to manage clustering and learning varies both across and within
Units, suggesting that agreed principles, across a range of trial scenarios, are needed. A
number of real surgical trials, varying by intervention and setting, are presented as a practical

demonstration of approaches to design and analysis.

Statistical methods for exploring the presence of clustering and learning, by centre and
surgeon, and any impact on trial conclusions are demonstrated using real trial datasets. For
clustering, simulated data were used to explore the impact of clustering under different
scenarios. Clustering became a greater concern as the intraclass correlation and true treatment
difference increased. For learning, a curve was identified but it did not impact trial outcomes.

Developing better measures of learning for use within such explorations is recommended.

Good design can minimise the impact of clustering and learning, but statistical methods that
fail to account for these effects, if present, can lead to biased treatment estimates and reduced
power. Clustering and learning should be managed using a design and analysis approach.
Considerations should be made early, and on a trial-by-trial basis, to ensure that the trial

conclusions are valid.
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Chapter 1 : Introduction

1.1. Learning and clustering within randomised surgical trials

Surgery is an indivisible, indispensable part of health care. (1) Surgical conditions comprise a
broad range of diseases that represent approximately 30% of the global burden of disease and
span 100% of disease subcategories. (1, 2) Despite the importance of surgery, there has long
been a paucity of high-quality evidence within the field, with Richard Horton, Editor of the
Lancet, terming surgical research as a ‘comic opera’ in 1996. (3) In 2012, despite one-third of
UK hospital admissions involving surgery, less than 2% of government funding for medical

research was invested into it. (4)

Over the past decade, the path towards major change to address these shortfalls has been taken.
In 2012, following the National Health Service deeming surgery a high research priority, the
National Institute for Health Research (NIHR) released a themed call for Applied Health
Research in Surgery and the Royal College of Surgeons of England initiated a nationwide
Surgical Trials Programme. (5, 6) In 2015, the Lancet opened a Commission on Global
Surgery and the NIHR Global Health Research Unit in Global Surgery was established, to
open research hubs in low- and middle-income countries across the world. (7, 8) These new
initiatives and collaborations all aim to improve and increase surgical research, ultimately

leading to a growth in surgical trials worldwide.

To ensure this investment is not wasted, we need to ensure the validity of the clinical decisions
that these trials inform. At the time of writing, there are 252 and 189 active randomised
surgical trials registered on the ClinicalTrials.gov website and funded by the NIHR
respectively, a figure that is likely to underestimate the true volume of surgical research. (9,

10) With the number of trials set to increase further, and becoming more geographically



dispersed, ensuring that these trials are designed and analysed with the highest possible rigour

will support clinical decision-making.

Randomised controlled trials (RCTs) are considered the highest level of evidence, second only
to systematic reviews of such trials. (11) There are many practical and methodological
difficulties that a medical researcher must overcome to conduct a successful RCT. In trials
with a surgical intervention, these difficulties are often magnified. (12-15) 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.

(14)

The surgical learning curve, where a surgeon’s expertise increases throughout the course of a
trial, and clustering, where variation in outcomes may be smaller between patients treated by
the same surgeon, surgical team or centre than those treated by different surgeons, teams or
centres, are two such methodological challenges associated with randomised surgical trials.
(12, 14) An unpublished review of randomised surgical trials, conducted prior to 2015, within
the National Institute of Health Research Health Technology Assessment (NIHR HTA) series
was undertaken when developing this research plan. In the 16 monographs reporting a
randomised surgical trial, half discussed the surgical learning curve as a challenge, one-third
identified clustering by centre and 13% clustering by surgeon. It is recommended that these
issues are considered in multicentre trials (16) and may have increased relevance within
surgical trials depending on the interventions under investigation and their levels of routine

use. (12, 14, 16-18)

Learning curves and clustering have so far been investigated in isolation, often within specific
fields and including studies of observational design (19, 20) When designing randomised
surgical trials, it is important to consider homogeneity of the treatment effect and therefore

the potential existence and impact of both learning and clustering, by centre and surgeon. This



should be done as early as possible during trial design to avoid issues arising that may violate
the validity of the trial results. In extreme cases, where the trial results are questioned by the
research community, the trial team should be prepared to alleviate doubts of heterogeneity of
treatment effects. (16) Whilst the notion of learning and clustering in analysis is familiar to
many statisticians, the extent to which, when and how these considerations are made is

unknown.

1.2. Aims

The aim of this thesis is to improve the design, analysis and generalisability of randomised
surgical trials. A comprehensive investigation into existing guidance for, and current practice
of, management of the surgical learning curve and clustering effects, at the centre and surgeon
level, during design, analysis and reporting of these trials will be undertaken. Barriers to, and
drivers to support, consideration of these effects will be established. In addition, this work
aims to demonstrate:

e How learning and clustering can be managed at trial design, and

e How the presence of learning and clustering can be explored and, if necessary,

adjusted for within the trial analysis.

1.3. Thesis structure

This chapter serves as background to the research that is presented within this thesis. The rest

of the thesis is structured as follows.

In Chapter 2, existing guidance developed to support the design, conduct and reporting of
RCTs s identified and summarised. An overview of aspects that have relevance to the learning

curve and clustering effects is provided.



Chapter 3 provides a review of published RCTs. The degree of learning and clustering
considerations, and the extent to which triallists reported attempts to design and analyse the
trial with these in mind, is explored. In Chapter 4, a review of successful RCT funding
applications is undertaken. The decision-making behind intended design and analysis of these
trials, and the driver of these, is identified. In Chapter 5, a survey of clinical trial statisticians
is presented. The survey reports on the experiences, and management approaches, currently
used within the UK Clinical Trials Units with regards to clustering effects and the learning

curve in RCTs.

In Chapter 6, real example RCTs, each with different intervention types, are described in terms
of how learning and clustering effects were managed during design and analysis. Selected
examples are then used to illustrate the application of statistical methods, to explore the
presence of learning and clustering, in the subsequent two chapters. In Chapter 7, the presence
of clustering within an example RCT and the impact of clustering on trial conclusions is
investigated. In Chapter 8, the presence of learning within an example RCT and its impact on

trial conclusions is explored.

Finally, Chapter 9 concludes this thesis with a summary of the main findings and ideas for

future work.



Chapter 2 : Guidance on managing learning and clustering

2.1. Introduction

A number of guidance documents have been developed to support clinical trial design, conduct
and reporting. The majority of these guidance documents target generic aspects of clinical
trials, and as such are relevant to all trials. However, surgical trials have additional challenges,
such as the learning curve and clustering, that should be considered. The extent that these are

covered within existing guidance has not yet been reviewed.

The aim of this chapter is to identify and review existing guidance and consider their relevance

to learning curves and clustering effects within surgical trials.

2.2. Methods

This work sought to include guidance documents developed to inform the design and analysis
of randomised controlled trials (RCTs). Guidelines for inclusion in the cohort were identified
by undertaking:
¢ 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.
e 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.

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 learning or clustering, 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).

Box 1: Key criteria to be considered within design and analysis

Design
e The appropriate trial design, such as an expertise-based design.
o Delivery of the intervention in terms of:
o The health professionals delivering treatment.
o The extent to which treatments are to be standardised.
o The potential for change in delivery over time.
e Adjusting the sample size.
e Balancing treatment within centres and treatment providers.
Analysis
e When the randomisation has been stratified.
o When analysing the primary outcome, such as adjustment.

e When there are multiple centres and/or treatment providers.




2.3.Results

2.3.1. Identifying eligible documents

Figure 1: Flowchart of eligibility for EQUATOR guidelines

S
s
= Documents identified through EQUATOR
(]
= (n=280)
c
[<5)
22
PR Documents after duplicates removed
(n=78)
(@]
=
'c
(<5
8 A 4
(&)
P Documents screened
(n=78) Full-text excluded, with
— reasons:
) Y ¢ Not applicable to RCTs
Full-text assessed for eligibility (n=23)
2 (n=78)
= —L ¢ Methodology not
Q0
=y applicable (n=16)
L
i e Inapplicable medical
) Eligible articles specialty (n=14)
(n=12) e Applicable specialty
with no statistical scope
e (n=13)
[<F) y
S
S Included articles
- (n=12)
~—

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 21 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 Appendix Material 1).
There were no duplicates between the two searches leaving a total of 28 eligible documents

for review. Appendix Material 1 provides the list of included documents.

2.3.2. Designing a trial with learning and clustering

Choosing a trial design
Eleven out of 28 documents (39%) provided guidance relating to trial design. See D1 in

Appendix 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. (13) 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. (21, 22) However,
applying criteria that are too strict may reduce the generalisability of trial results. (23) 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 Section 2.3.3. (22)

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). (13, 14, 24)

Expertise-based designs are a half-way house between individual and cluster randomised
trials. Patients are individually randomised to surgeon, who each treat all patients with a single
intervention. This can be the surgeon’s preferred technique or are an intrinsic feature in trials
comparing interventions delivered by different specialties. (14, 21) This design has the same
limitations as cluster trials, and when a surgeon is only performing their preferred technique,
shared waiting lists (14) and understanding how the treatment can be rolled out into routine

healthcare can be a challenge. Resultantly, this design is relatively uncommon. (25, 26)

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. (14)
Multiphase Optimization Strategy (MOST) designs, primarily developed for building and
evaluating eHealth interventions, consist of a screening phase, a refining phase, and
confirming phase and therefore may be particularly suitable for application to trials involving
surgical interventions. (13)

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 Appendix Table 1.

Some variation in delivery, in part, will depend on the skill and training of those delivering
the intervention. (14, 21, 27) As such, the selection of centres and treatment providers was a
critical element of design discussed by a number of guidance documents. (16, 24, 28, 29) Any
eligibility criteria for participating centres and treatment providers, and a description such as

the degree to which they are typical, should be reported. (21, 23, 30)



Suggested selection criteria for centres related to caseload for the procedure under
investigation and, likewise, ensuring sufficient numbers of the target population and facilities

to deliver the trial. (21, 29)

No guidelines provided advice on selecting treatment providers. Treatment providers could be
a limited group or all professionals offering the intervention. (31) If a limited group, guidance
on selecting centres, and reporting requirements, may be looked upon as a proxy for triallists
when deciding how to select treatment provider, for example caseload and ensuring specific

qualifications. (21, 29, 30)

The results of the main trial should report on the number of centres and treatment providers

performing each intervention. (30)

Ensuring that the intervention is standardised
Fifteen out of 28 documents (54%) discussed the importance of standardising the intervention.

See D3 in Appendix 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. (13, 15) In pragmatic trials. standardisation might
consist of simply informing treatment providers to perform the treatment as usual. (21)
Regardless of the stage, trial delivery should be similar at all centres (16) and designed such
that a clear description of the procedures performed can be provided. (23, 32) Investigator
meetings to prepare investigators and standardise performance were suggested by one

document. (33)

Monitoring treatment adherence was an important aspect across documents. (15, 16, 21, 33,

34) Suggested methods included reviewing case report forms, videotapes and audiotapes,
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extending to decertifying and excluding surgeons not submitting a videotape rated acceptable

by an independent committee. (21)

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. (21, 23, 34)

Anticipating changes over time
Eight out of 28 documents (29%) discussed considering changes in delivery of the intervention

over time. See D4 in Appendix 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. (13, 15, 21, 35) 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. (13-15)

Expertise can develop over a very long time and so requiring a set expertise level can slow the
delivery of surgical trials. (14) Some guidelines discussed evaluating the learning curve within
the trial, (15) and highlighted this was particularly important in earlier phase trials. (35) 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. (13)

Reporting learning curve assessment results was required by one document but this was

limited to early phase studies. (35)
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Estimating the sample size

Eight out of 28 documents (29%) discussed sample size. See D5 in Appendix 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. (13, 16) In the presence of multilevel
data structures, where variability in individual level outcomes can reflect higher level
processes, calculations are more complicated. (16, 17, 27) 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. (21, 30)
Conversely, two documents that discussed sample size did not comment on adjusting for

clusters. (22, 29)

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 Appendix Table 1.

Balancing treatment groups with respect to prognostic factors enhances trial credibility. (29,
36) Ensuring balancing of patients within centre was highlighted as important within many of
the guidance documents, (16, 29, 36) and similar reasoning would lead surgical triallists 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. (16, 29, 36) When there are too few patients per centre, stratifying by a larger unit,
such as country or region, may be warranted. (36) Despite stratifying by treatment provider

not being specifically addressed within the documents, in some circumstances it may be
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desirable to stratify for more than just both centre and treatment provider, or treatment
provider alone, where numbers allow. (36) The use of more than two stratification factors is

rarely necessary. (16)

2.3.3. Analysing a trial with learning and clustering

When the randomisation was stratified
Two out of 28 documents (18%) provided guidance on adjusting the analysis following

stratification. See Al in Appendix 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. (16, 36)

Two documents discussed the issue of adjusting for too many, or too small, strata in the
analysis, for which there is no best solution. (16, 36) 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. (36) At best, using an unadjusted
analysis should be supported by sensitivity analyses that indicate trial conclusions are not
affected because of this. (36) As in previous sections, the statistical justifications for including
centre could be considered to also include treatment provider in surgical trials but no guidance

required this specifically.

When analysing the primary outcome
Two out of 28 documents (18%) provided guidance on adjusting the primary outcome

analysis. See A2 in Appendix Table 1.
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Unexplained differences between treatments, for example between adjusted and unadjusted
analyses, can jeopardise the trial results. (36) 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. (16,
36) 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 are easier to validate and more generalisable. (36)

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

Appendix Table 1.

Investigations into heterogeneity of the main treatment effect across centre and/or treatment
provider were covered by a number of documents. (15, 16, 21, 34, 35) Further, the main trial
publication should report methods to adjust for, and results into, clustering by centre or
treatment provider. (21, 30) These investigations are critical when a positive treatment effect
is found and there are appreciable numbers of subjects per centre. (16) 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. (16, 34)

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. (16) One document stated that investigations use a model which allows for

centre differences but no interaction terms. (16) Fixed or mixed effects models can be used,
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although mixed models are especially relevant when there is a large number of centres. (16,

34)

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 Appendix Table 1.

Reporting of continuous quality control measures can be useful for all phases of trial,
particularly early phase surgical trials. (15, 35) Time series and longitudinal models or
multilevel models can be used to analyse long and short sequences of data respectively. (13,
27) Simpler exploratory methods such as cusum plots enable centres or surgeons to be
compared against themselves, as opposed to each other, which can be preferable to surgeons.

(15, 35)

Methods for investigating clustering
Five out of 28 documents (18%) provided guidance on investigating clustering due to centre

and/or treatment provider. See A5 in Appendix Table 1.

Hierarchically structured data, such as patients within surgeon, can be analysed using
multilevel models or generalised estimating equations (GEE). (13, 30) 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 (30) and different types of

these models allow for flexible data structures. (27)

For ordinary linear models, the treatment effect estimate is likely to be similar but not

necessarily identical for adjusted and unadjusted models, see page 13. Adjusted analyses are

more efficient, and so a less significant result for unadjusted should not be a concern. For
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generalised linear or non-linear models, adjusted and unadjusted treatment effects may not

have the same interpretation and may provide different results. (36)

2.4. Discussion

Triallists should consider the impact of learning and clustering when designing and analysing
randomised surgical trials. Considerations should be incorporated into reporting to aid
interpretation and applicability of trial results. This chapter provides the first review as to the
extent that existing guidance covers these important considerations. EXisting guidance
documents are identified and summarised, with a focus on aspects relating to learning curves
and clustering effects 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 is not dissimilar 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 triallists, there is a notable dearth of analysis guidance
available that should be addressed. In addition, there is also scope for guidance on study

conduct.

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 (13-15, 21, 35) Yet there
was little coverage within reporting standards to reflect this, with the surgical learning curve
analysis stated as only necessary in early phase, and not necessarily randomised, trials (35)
and broader RCT reporting guidelines only requiring differential expertise be addressed in the
discussion. (21) Lack of clear standards may lead to reporting how delivery of intervention

changes over time, despite its importance, being generally under-recognised in the literature.
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Clustering, at the centre level, was well covered within the design, analysis and reporting
guidance. However, the 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. (21, 30) 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. The role of centre within conventional drug trials
could be extended to provide guidance on the role of treatment provider in surgery trials. (13,
16, 29) A more focussed guidance document that covers the design and analysis of randomised
surgical trials, or intervention trials, could address this discrepancy to improve quality of

understanding and awareness of these issues.

When reviewing this chapter, it is important to consider the limitations of this summary. 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. (14, 15, 35, 37) Third, very little of the guidance documents covered statistical
aspects, leaving a triallist to extend the centre-drug connection to surgeon-intervention
themselves. (16, 36) A statistical guidance document that covers randomised surgical trials in
more depth would help triallists, in particular statisticians, and the IDEAL framework provides

a good basis for this development to be integrated. (14, 15, 35, 37)

2.5. Conclusions

This review has identified that guidance on trial design is better covered within existing

guidance than trial conduct and analysis. However, no single and complete guidance document
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exists that cover aspects of learning and clustering leaving triallists to have to access multiple
documents to gain full understanding of these considerations. This has the potential to lead to
inconsistencies in practice, which is further explored in Chapter 3, Chapter 4 and Chapter 5.
The impact of failing to consider clustering and learning in analysis is investigated in Chapter

7 and Chapter 8 respectively.
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Chapter 3 : Reporting considerations for learning and clustering

3.1. Introduction

In order to investigate approaches for handling learning curves and clustering effects in
randomised surgical trials, a review of the published literature was undertaken. This review
aimed to investigate and establish reporting standards and practice for the consideration in
these effects. This review was thus designed to ensure that it was wide to ensure appropriate

coverage of the literature.

This chapter begins by providing the justification for this review of the published literature
(Section 3.1). In Section 3.2, the methods used to perform this review are defined. Results are

provided in Section 3.3.

The work in this chapter has been published in the Journal of Clinical Epidemiology (JCE)

and | am first author. (25)

3.1.1. Importance of complete reporting
It is well recognised that clinical trials often fail to report important features of design and
analysis that are necessary to ascertain the methodological quality of the trial. In particular

surgery. (21, 30)

Communicating these considerations through complete and transparent reporting can aid
appraisal and interpretation by the wider surgical community. Reporting standards for trials
of non-pharmacologic treatments, such as surgery, have been established. Amongst their
requirements, reporting of items specifically relating to learning curves and clustering are

recommended. (21, 30)
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3.1.2. Aims

Learning curves and clustering have so far been investigated in isolation, often within specific
fields and including studies of observational design. (19, 20, 38) The objective of this work
was to provide an up to date and comprehensive overview of current practice when reporting
randomised surgical trials, regarding the management of surgical learning and clustering

effects in design and analysis.

3.2. Methods

3.2.1. Terminology

In this review, the term “treatment provider” and “surgeon” are used interchangeably to mean

the individual administering the treatment (or intervention) to a consenting patient.

The term “centre” is used to indicate the designated medical facility or site used to conduct

the clinical research e.g. hospital or GP practice.

The term “surgical intervention” is defined as an intervention that involves physically
changing body tissues and organs through manual operation, such as cutting, abrading,

suturing and the use of lasers. (12)

3.2.2. Included studies

This review sought to review reports of randomised surgical trials within the wider surgical
literature. Manuscripts for inclusion in the cohort were identified by undertaking an electronic
search using Scopus from a subset of journals. These journals were identified as the ten leading
English-language general surgical journals (1-10, Box 2) (39) plus six general medical journals
(11-16, Box 2). The rationale for selecting leading surgical and general medical journals was
based on the assumption that they endorse high standards of RCT reporting. The search was

deliberately designed to be wide to ensure appropriate coverage of the literature as statistical
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aspects of surgical trials tend to be underreported. (40) An informal, feasibility search for
eligible trials within these journals identified 124 trials published in 2014 within the surgical
journals, with Annals of Surgery contributing half. For general medical journals, 23 trials were
published in 2013 and 2014. A further 18 surgical RCTs were identified within the entire HTA

monograph series to January 2015.

Box 2: List of journals searched for main trial publications

1  Annals of Surgery

2  British Journal of Surgery

3 Archives of Surgery - now JAMA Surgery

4 Surgery (United States)

5  American Journal of Surgery

6  Journal of American College of Surgeons

7  Current Problems in Surgery

8  American Surgeon

9  Australia and New Zealand Journal of Surgery
10 Surgery Today

11 British Medical Journal (BMJ) A

12 Journal of the American Medical Association (JAMA) A
13 The Lancet#

14 The New England Journal of Medicine

15 Trials

16 Health Technology Assessment

Alncluding specialty titles

Manuscripts of RCTs evaluating a surgical intervention, or a non-surgical intervention
requiring surgery to be administered, published from 1% January 2014 to the date the search

was conducted (11" February 2016), were eligible. Duplicate publications, secondary
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analyses, and interim reports of RCTs were excluded. All eligible RCTs were included in the

cohort.

3.2.3. Data extraction

Selected journals were screened for RCTs that meet the eligibility criteria. Appendix Material
2 provides the search strategy for Scopus. Manuscripts were screened to identify those eligible
for selection. Due to the nature of the intervention of interest, full texts were screened to

determine eligibility. When suitability was unclear a second reviewer (CG) was consulted.

A data extraction form was developed by two project team members (EJC and CG), revised
based upon feedback from GB, JAC, and JMB, and subsequently piloted on thirty articles
prior to roll out to all articles, see Appendix Material 3. Data were extracted from all articles
by a single assessor (EJC). Data extracted were quality checked through double data extraction
by a second reviewer (ARH) on 10% of the articles. An error rate was specified a priori such
that if greater than 5% across all fields then a further 10% would be checked until the error
rate was below 5%. Data were extracted from all published materials (main trial report and,

where applicable, supplementary material).

Data were extracted on generic trial design e.g. randomisation details and statistical analyses
related to clustering and learning at a centre and surgeon level. Pre-determined centre and/or
surgeon credentials and variables relating to surgical learning or clustering, either as a
definitive outcome or as a variable of interest, such as duration of operation or the number of

operations by surgical level were collected.

3.2.4. Statistical analysis

Quantitative items were summarised using descriptive statistics; no formal statistical

comparisons were undertaken. SAS 9.3; SAS Institute Inc., Cary, NC, USA was used. Open
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textual; responses were categorised using NVivo qualitative data analysis software (QSR

International Pty Ltd. Version 10, 2012).

3.3. Results

3.3.1. Article details

The search identified 874 reports (398 in 2014; 446 in 2015; and 30 in 2016 — to date of
extraction 11" February 2016) of which 247 were eligible. Figure 2 provides the PRISMA
flow diagram. Appendix Material 4 and Table 1 provide a list of eligible studies and
summarise the cohort demographics respectively. Two surgical specialty journals and three
general medical journals contributed the majority of eligible papers (Table 1). When reported
(167/247, 68%), over half of eligible trials were European funded (n=92/167, 54%), and over

a quarter were North American funded (n=48/167, 29%).

Twenty-five articles were randomly selected from the eligible manuscripts for double data

extraction. Of 1025 variables checked, 12 errors were identified (1.2%).
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Figure 2: Flowchart of eligibility for main trial publications
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Table 1: Demographics of included studies

Item Category n N n/N%
Year published 2014 101 247 41%
2015 140 247 S5T%
2016 6 247 2%
Journal Annals of Surgery 34 247 14%
The New England Journal of Medicine 28 247 11%
British Journal of Surgery 21 247 9%
Journal of the American Medical Association 20 247 8%
The Lancet 19 247 8%
Journal of the American College of Surgeons 16 247 6%
Surgery (United States) 15 247 6%
ANZ Journal of Surgery 12 247 5%
Surgery Today 11 247 4%
Health Technology Assessment 10 247 4%
The Lancet Oncology 9 247 4%
JAMA Surgery 8 247 3%
American Journal of Surgery 6 247 2%
JAMA Opthalmology 6 247 2%
Trials 6 247 2%
American Surgeon 5 247 2%
JAMA Facial Plastic Surgery 5 247 2%
BMJ (Online) 3 247 1%
The Lancet Neurology 3 247 1%
BMJ Open 2 247 1%
JAMA Dermatology 2 247 1%
The Lancet Diabetes and Endcrinology 2 247 1%
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Item Category n N n/N%
BMJ Supportive and Palliative Care 1 247 <1%
JAMA Otalaryngology (Head and Neck) 1 247 <1%
The Lancet Respiratory Medicine 1 247 <1%
Surgery (United States) 1 247 <1%
Supplements #  Appendix 99 237 42%
Protocol 50 237 21%
Funder origin ~ Asia 19 167 11%
China 7 167 4%
Japan 6 167 4%
Malaysia 1 167 1%
South Korea 5 167 3%
Australia 10 167 6%
Australia 9 167 5%
New Zealand 1 167 1%
Europe 90 167 54%
Belgium 1 167 1%
Denmark 3 167 2%
Finland 3 167 2%
France 5 167 3%
Germany 7 167 4%
Ireland 2 167 1%
Italy 2 167 1%
Netherlands 14 167 8%
Norway 3 167 2%
Spain 1 167 1%
Sweden 6 167 4%
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Item Category n N n/N%

Switzerland 2 167 1%
United Kingdom 40 167 24%
Multiple countries 1 167 1%
North America 48 167 29%
Canada 10 167 6%
USA 38 167 23%
None 10
Not clear 70

~ANot applicable to Health Technology Assessment series as publications consist of a single

document containing all appendices.

3.3.2. Trial rationale and design

Design features and characteristics of the trials are summarised in Table 2. Included trials
were typically of a parallel (n=231, 94%), two-armed (n=224, 91%) design. 64% described

approaches to blinding trial personnel (n=157/247).
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Table 2: Trial design features and characteristics

Item Category n N n/N%
Trial type Definitive study 240 247 97%
External pilot or feasibility (41) 7 247 3%
Type Cluster 3 247 1%
Crossover A 2 247 1%
Factorial 6 247 2%
Parallel 231 247 94%
Sequential 5 247 2%
Number of arms 2 224 247 91%
3 16 247 6%
4 6 247 2%
6 1 247 <1%
Some trial personnel Yes 157 247 64%
blinded No 47 247 19%
Not reported 43 247 17%
Expertise Design Pure — professionals delivering 4 247 2%
only one intervention B
Hybrid — some professionals 1 247 <1%
could deliver both ©
Intervention of interest Surgery occurred but was not 105 247 43%
intervention of interest
Surgery occurred and was the 142 247 57%
intervention of interest
Comparator when surgery Surgery 111 142 78%
was intervention  of Medical 10 142 7%
interest? P Other e.g. active monitoring 25 142 18%
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Surgical comparison in  Comparing different 68 111 61%
trials comparing two components of the same
surgeries? intervention
Different surgical interventions 38 111 34%
Different time points of the 5 111 5%

same intervention

Alncludes designs in which each participant receives both interventions

B Reason for design: Trial exploring effects of different training techniques for surgeons
(n=1); surgeon equipoise and belief of potential impact of learning curve (n=1); trial
exploring delivery differences between two types of health professionals (n=1); not
provided (n=1).

¢ Reason for design: surgical preference (n=1).

P Four studies classified twice as three arm and therefore two comparators.

Within the cohort, over half of the trials were reported as multi-centre (n=130, 53%) and two-

thirds multi-surgeon (n=162, 66%, Table 3).
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Table 3: Randomisation considerations

Item Category n N n/N%
Multiple or single centre trial Multiple 130 247 53%
Single 101 247 41%
Not reported 16 247 6%
Multiple or single treatment Multiple 162 247 66%
provider trial Single 22 247 9%
Not reported 63 247 25%
Randomisation stratified Yes 123 247 50%
No 124 247 50%
If yes, randomisation stratified by Centre  and  treatment 2 123 2%
provider
Centre 77 123 63%
Treatment provider 8 123 6%
Neither 36 123 29%

Allocation of treatment provider ~ Pure — professionals delivering only one intervention

Defined by research 1 4 25%

guestion
Preference 1 4 25%
Randomised 2 4 50%

Hybrid — some professionals could deliver both

Preference 1 1 100%

Very few trials utilised an expertise-based design, (42) where the health professionals deliver
only one of the comparators (n=5, 2%). One of these used a hybrid design where some health

professionals could deliver both interventions. Treatment providers were allocated to arm
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based on: preference (n=2, of which 1 was a hybrid); randomisation (n=2) and the research

guestion (n=1) (Table 2).

3.3.3. Intervention of interest

Surgery occurred and was the intervention under evaluation in 57% of trials (n=142/247, Table
2). Three quarters (n=111, 78%) of these also had a surgical comparator, the majority of which
compared different components of the same intervention (n=68/111, 61%), one-third
compared different surgical interventions (n=38/111, 34%) and a small number compared
different time points of the same intervention, such as early or delayed surgery (n=5/111, 5%).
Box 3 gives an example from each category where surgery was a comparator. 43%
(n=105/247, Table 2) were trials in which surgery was not the intervention under evaluation
but instead delivered as a co-intervention, for example a trial of neoadjuvant chemotherapy

and surgery where surgery was the same in both arms.

Box 3: Examples of surgical comparisons by category

Different components of the same intervention:
Patients underwent transcatheter aortic valve replacement with (A) balloon expandable

device or (B) self-expandable device [Abdel-Waheb 2014]

Different surgical interventions:

Patients received (A) perineal dissection or (B) abdominal dissection [Abo-Ryia 2015]

Different time points of the same intervention:
Patients received lumbo peritoneal shunt surgery (A) within one month or (B) delayed for

three months [Kazui 2015]
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3.3.4. Centre and surgeon credentials

Pre-defined centre and surgeon credentials were reported in 41% of trials (n=101/247, Table
4). This included 96 (of 162) multi-surgeon trials, with common definitions being a set prior
number of cases (n=27) or a specific level or job role e.g. consultant (n=22). Fourteen trials
reported criteria at centre level, of which nine reported these alongside surgeon criteria.

Examples of reported criteria are summarised in Table 4.

Table 4: Centre and surgeon credentials

Item Category n N n/N%
Credentials defined No or not reported 146 247 59%
Yes 101 247 41%
If credentials defined, at Both centre and surgeon 9 101 9%
what level Centre only 5 101 5%
Surgeon only 87 101 87%
Centre credentials Experience required without definition 8 14 5%
Prior number of cases defined 5 14 36%
Piloted technique 1 14 7%
Study specific training 1 14 7%
Surgeon credentials Experience required without definition 29 96 30%
Prior number of cases 27 96 28%
Level or job role 22 96 23%
Study specific training 21 96 22%
Oversight or supervision 17 96 18%
Local practice followed 10 96 10%
Experience in years 3 9% 3%
Quality control by video 2 96 2%
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3.3.5. Randomisation

Table 3 provides a summary of randomisation considerations. Half stratified the
randomisation (n=123, 50%), using methods such as block randomisation or minimisation.
Seventy-nine of the 130 multi-centre trials (61%) and 10 of the 162 multiple surgeon trials
(n=10/162, 6%) stratified accordingly. Of the surgeon stratified trials (n=10), half were trials
comparing different components of the same intervention (n=5) (Table 5). Two multi-surgeon
trials stratified by both centre and treatment provider and almost half stratified by neither

(n=75/162, 46%). Table 6 summarises the stratification approach within multi-surgeon trials.
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Table 6: Multiple surgeon trials stratification approach for centre or surgeon

Stratification factor

Centre and surgeon Centre only Surgeononly  Neither

Centres N n n/N% N n/IN% n n/N% N n/N%
Multiple 130 2 2% 77  59% 5 4% 46 35%
Single 28 . . . : 2 7% 26 93%
Not reported 4 . . . . 1 25% 3 75%

3.3.6. Considerations of learning and clustering of centres and surgeons

Variables reported relating to learning (Box 4) were: background or level of surgeon or centre

(n=14, 5%, of which one gave both); experience in years (n=5, 2%); number of operations by

surgeon level (n=13, 5%); or over time (n=1, <1%). Operation time was most commonly

reported (n=82, 33%). Variables relating to clustering (Box 4) were: number of patients by

region (n=1, <1%); centre (n=39, 16%); surgeon (n=13, 5%); the number of surgeons per

centre (n=1, <1%) and the overlap of surgeons between arms (n=2, 1%).
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Box 4: Descriptive items

Centre:
Number of patients by centre (n=39, 16%); background or level of centre (n=2, 1%);

number of surgeons by centre (n=1, <1%).

Surgeon:

Operative time (n=82, 33%); background or level of surgeon (n=13, 5%); number of
operations by surgeon level (13, 5%); surgeon caseload (n=13, 5%); experience in years
(n=5, 2%); overlap of surgeons between arms (n=2, 1%); number of patients over time

(n=1, <1%).

Other:

Number of patients by region (n=1, <1%).

Of the 79 multi-centre trials that stratified by centre, one third (n=25) reported within centre
descriptive data, for example caseload. Likewise, of the 10 stratified multi-treatment provider

trials, half (n=5) reported descriptive data (Table 7).

Table 7: Stratification factor by descriptive items of centre and treatment provider

Reported descriptive items

e.g. case volume of surgeon

Yes No
Stratification factor N n % n %
Centre 79 25 32% 54 68%
Treatment provider 10 5 50% 5 50%

Outcomes potentially relevant to clustering or learning, for example length of operation, are

presented in Box 5. 80% (198/247) reported on at least one outcome relevant to clustering or
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learning curves with the most commonly reported being safety events (n=129, 51%) and

infection (n=46, 19%).

Box 5: Outcomes summary

283 outcomes reported within 198 trials. Types of outcomes are as followed:
Infection (n=46, 19%)

Surgical site infection (n=22, 9%); wound infection (n=15, 6%); other (n=9, 4%).
Recovery (n=70, 28%)

Length of stay (n=52, 21%); length of stay in intensive care unit (n=18, 7%).
Operative time (n=23, 9%)
Safety including complications, adverse events and serious adverse events (=129, 51%)
Surgeon outcomes such as technical performance and perceived difficulty (n=13, 5%)

Centre outcomes such as recruitment totals (n=2, 1%)

3.3.7. Analysis adjustment of centres and surgeons

Centre or treatment provider when used to stratify the randomisation process, were also used
to adjust the analysis (Table 8) in one third of trials (n=26/79, 33%). Of the ten trials that
stratified by treatment provider, four made analysis adjustments. One third of multi-centre
trials (n=45/130, 35%) and almost 90% of multi-treatment provider trials (n=140/162, 86%)

neither stratified randomisation nor made analysis adjustments.
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Table 8: Stratification of randomisation by analysis adjustment by centre and treatment

provider
Analysis stratified
Yes No
Total All Primary  Secondary
outcomes  outcome outcomes
only only
Stratification N |{n % n % n % n % n %
factor

Centre Yes 79 |26 33% 10 38% 14 54% 2 8% 53 67%

No 51 |6 12% 2 33% 4 66% O 0% 45 88%

Treatment Yes 10 | 4 40% 2 50% 2 50% O 0% 6 60%

provider No 152 |12 8% 4 33% 6 50% 2 17% | 140 92%

39 considered centre effect through analysis of primary or secondary outcomes (N=247, 16%,
Table 9). When reported, adjustment using a random effect was more common (n=16) than
fixed effects (n=1). Adjustments were applied to all outcomes in one third of trials, and to
primary outcome only in almost half. Other approaches included: a sensitivity analysis
excluding the centre with the largest number of participants; and using centre as a predictor to

impute missing value, see Table 8.

20 considered surgeon effect through analysis of primary or secondary outcomes (N=247, 8%,
Table 9), with the majority of these were trials comparing different surgical interventions
(n=8, 40%) (Table 5). Adjustments were applied to all outcomes in one third of trials, and to
primary outcome only in 40%. Other approaches were to explore safety of surgeons in
delivering interventions in a separate paper and to consider “run in” patients where the first

100 patients were randomised separately in analysis, see Table 8.
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Table 9: Statistical adjustment for multiple centre and surgeon effects in primary or secondary

analyses
Centre Surgeon
Analysis approach n N n/N% n N n/N%
Analyses to address the Yes 39 130 30% 20 162 12%
potential effect planned  No, but considered 2 130 2% 1 162 1%
No 89 130 68% 142 162 88%

If yes, approachused Term in regression 32 39 82% 15 20 75%
model

Separate exploratory 4 39  10% 0 20 0%

analysis

Other approach 3 39 8% 3 20 15%
Effect type where Fixed 1 32 3% 2 15 13%
term in regression Random 16 32 50% 6 15 40%
model Time-varying 0 32 0% 1 15 7%

Unclear 15 32 4% 6 15 40%

3.4. Discussion

This review examines methods for addressing learning and clustering effects within a large
cohort of 247 randomised surgical trials. Most commonly, learning effects were addressed in
the design of the trial by surgeon or centre participation requirements e.g. number of previous
operations. Expertise based studies were rare, although some may have been expertise-based
in delivery but not reported as such. (12) One study conducted a formal investigation of the
learning curve by using a time varying treatment effect. Clustering was also most commonly
accounted for in the design stage, by stratifying the randomisation process, by centre and/or

surgeon. However, in most cases the analysis was not then adjusted to reflect this. (43)
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Numerous examples in the literature demonstrate the presence of a learning curve and
investigate the impact on outcomes over time. (44, 45) In the surgical field, the appropriateness
of making considerations for surgeon in an individual trial should be considered against how
commonplace and stabilised the procedure or intervention are within routine practice. For
example, consideration may be given to whether the trial is comparing established practices,
established practices with minor differences or entirely different or radical new procedures.
Formal analysis of surgical learning was rare, when triallists consider the learning curve to be
of interest, for example early phase studies involving radical new procedures, established

statistical methods that allow the learning profile to be explored may be considered. (46)

Approaches to manage clustering at the surgeon level was less prevalent than at centre level
within this cohort. This may be appropriate reflecting on the nature of the interventions being
compared and their routine use. Impact of care bundles, for example pre and post-surgical
care, may be considered to exert a greater influence on outcomes than individual surgeon.
These aspects of care are typically centre driven effects. A large cohort analysis of cardiac
patients determined that 95% of variation in the outcome of interest was explained by patient
risk factors. Surgeon and centre contributed only 2-3% respectively. (47) This raises the
guestion of the importance of adjusting for surgeon particularly where the volume of data
available limits the extent of modelling techniques. It is important to note that when surgeon
and/or centre are prognostic indicators in a trial, the randomisation of the trial will often be
balanced for this, commonly through stratifying the randomisation process. (16, 28, 36)
However, the subsequent analysis should be adjusted for these chosen stratification factors.
Failure to adjust following stratification can inflate p-values and confidence interval widths
potentially creating erroneous conclusions of no treatment benefit. (43) Within this cohort,
one third of centre stratified trials and 40% of surgeon stratified trials reported making

necessary adjustments to the analysis.
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This review has identified potential deficiencies in the design and analysis of surgical trials.
The regulatory governance of surgical trials is not comparable to pharmaceutical trials,
however many of the requirements are directly relevant. (16, 28, 34, 36) The ICH E9:
Statistical principles for clinical trials document discusses reasons for conducting multi-
centre trials and the importance of defining the centre appropriately either by centre or
investigator. (16) This is directly applicable to surgical trials. Further guidance states that the
potential for differential treatment effects across centres should be explored, with individual
centre results being reported and treatment-by-centre interaction considered in the absence of
homogeneity. (16, 34) Our results show that practice does not match this guideline, with one
third of multi-centre studies, and 13% of multi-surgeon studies, reporting approaches to check
for differential outcome effects, or justifying not doing so. It is important to remember that
heterogeneity may be caused by factors not related to the surgeon. Heterogeneity may be
explained at the centre level for example by differences in patient demographics, or at the
level of the treatment provider for example due to variation in case mix complexity. Existence
of heterogeneity between centres has implications for generalisability of study results and
should be routinely investigated to appropriately consider generalisability. There is an absence
of guidelines focusing on learning curves. This may be due to guidance stemming from
medicinal trials or expectations that learning curves are either not expected to be apparent if
the trial is comparing commonly used practices or suitably addressed in training prior to trial
commencement and selection of treatment providers. Alternatively, it may be because it is
difficult to measure surgeon expertise, methods are often imperfect and subject to other

influences, such as case mix.

The need for transparency around learning curves and clustering are highlighted within the
guidelines on reporting of non-pharmacological interventions. (21, 30) This review identified
poor adherence to these reporting guidelines with key requirements missing or only partially
reported. Coupled with the poor adherence to good statistical practice guidelines, (16)

limitations in reporting may strengthen the concerns by health professionals that surgical
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research is of a poor quality, as this can ultimately lead to ill-founded clinical decisions. (21,

30)

When interpreting these results, it is important to consider the limitations of this review.
Firstly, this cohort was restricted to top surgical and medical journals, while advantageous as
it provides a wide variety of trials by surgical discipline and by geographic location, these
trials are more likely to be of a higher quality and demonstrate better methodological practice
due to wider adoption of reporting guidelines. (48) Secondly, this cohort is cross-sectional and
therefore does not consider changes over time. However, due to the recent growth in surgical
trials, and the establishment of reporting guidelines for trials such as surgery, it is likely
therefore that little is to be gained from reviewing more dated literature. Indeed, due to recent
advances in the development of guidelines, as described in Chapter 2, conducting this review
on a more recent sample may indicate different results to those presented here. Finally,
drawing conclusions based on published manuscripts may be hindered by a lack of transparent
reporting. Due to word count constraints and within journal requirements, authors may not
have been able to fully report methods used although all supplementary material was included
where available. Further insight into methods used could have been obtained by interviews
with authors although this would be resource intensive. Further insight into current practice
could be informed by contact with current surgical triallists and statisticians, or by exploring
trial documentation that may not be published, such as grant applications or protocols. This is

further explored in Chapter 4 and Chapter 5.

3.5. Recommendations

Fundamental to the design and analysis of a trial is the understanding of the trial objectives.
Many multi-centre trials have multiple centres not due to interests in how treatment effects
vary by centre or surgeon. Instead, due to logistical considerations to provide a better basis for
the subsequent generalisation of its findings and ensure sufficient availability of the patient

population. Considerations and recommendations for design and analysis are presented for
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surgical learning and clustering in Box 6 to Box 9 based on current guidelines and
recommendations through example scenarios. (16, 21, 28, 30, 34, 36, 43) These aspects of
trial design and analysis demonstrate the need for, early and continued expert statistical input.

(19)

3.6. Conclusions

Considerations for surgical learning and clustering effects in published manuscripts is often
unclear. Methods are varied and demonstrate poor adherence to established reporting
guidelines. It is recommended that researchers consider these issues on a trial-by-trial basis,
and report methods or justify where not needed to inform interpretation of results. Early, and
continued, statistical input is essential to support the applications of appropriate methods when

necessary.
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Chapter 4 : Considering learning and clustering during trial

design

4.1. Introduction

In Chapter 3, a lack of adherence to reporting guidelines was established (21, 30) which led
to difficulties in concluding practice based on published manuscripts. Investigating beyond
published manuscripts was recommended. Grant applications of randomised surgical trials
were identified as a source of unpublished and detailed information to bridge the gap in
understanding practice in accordance with what is published and what is being done. This

review aimed to complete this gap in knowledge.

This chapter begins by providing further justification for this review of grant applications
(Section 4.1). In Section 4.2, the methods used to perform this review are defined. Results are

provided in Section 4.3.

The work in this chapter has been published in the Journal of Clinical Epidemiology (JCE)

and | am first author.

4.1.1. Designing trials to account for learning and clustering
Recognition and management of learning curves and clustering within clinical trials is
recommended, (16) and may have increased relevance within the surgical field, dependent

upon the interventions being investigated and their routine use. (12, 14, 16-18)

It is important therefore to consider the significance of these aspects at trial outset, to ensure

that the resulting trial is conducted and analysed with the highest possible rigour. However,

main trial publications often do not report considerations and justifications for selected
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approaches, see Chapter 3. To overcome this limitation, a cohort of applications for

randomised surgical trials funded by the NIHR are investigated.

4.1.2. Aims

This review will determine how learning and clustering by centre and surgeon are managed at
the design stage and accounted for in the intended analysis. It will also provide insight into
who drives the decision-making for these: the funder, guided by reviewers and panel members,
or the researcher. The aim is to provide a more detailed insight into current practice with
regards to planning for, and acknowledging, the presence of learning and clustering at the

design stage.

4.2. Methods

4.2.1. Included studies

Trials that had received funding from the NIHR from two funding streams, the Health
Technology Assessment (HTA) programme (49) and Efficacy and Mechanism Evaluation
(EME) programme (50) in the UK, from 2012 to 2016 were eligible. Research projects funded
by these programmes are either in response to a commissioning brief or an open investigator
led call. These funding streams were chosen as they are known to endorse high quality
research and were actively funding surgical research during this time. (6) An initial
unpublished search indicated that this period would provide a reasonable cohort size to
establish current practice. All randomised trials where the patient pathway involved a surgical

intervention of any kind were eligible for inclusion.

4.2.2. Documents for review

The NIHR HTA and EME funding process involves a two stage, peer reviewed application
process. Protocols and the commissioning brief (where applicable) were obtained from the

open access NIHR Journals Library. (51) The NIHR Evaluation, Trials and Studies
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Coordinating Centre (NETSCC) provided documentation not publicly available: project

descriptions and applicant responses to reviewer comments.

4.2.3. Data extraction

The data extraction form previously developed, see Chapter 3, was adapted for use on this
cohort by EJC and CG and approved by GB, JAC, and JMB, see Appendix Material 5. The
extraction form was piloted on five applications initially and, as no further amendments were
required, subsequently used on all applications by a single assessor (EJC). Data extracted were
quality checked through double data extraction by a second reviewer (ARH) on 10% of all
applications. A discrepancy rate was specified a priori such that if greater than 5% across all
fields then a further 10% would be checked until the rate was below 5%. Discrepancies were
jointly reviewed and agreement reached, if agreement was not achieved then a third reviewer

(CG) was consulted.

Details on trial design, randomisation stratification, sample size adjustment, pre-determined
centre and surgeon credentials, outcomes, and planned statistical analyses that adjusted for

centre and surgeon were collected.

4.2.4. Statistical analysis

Quantitative items were summarised using descriptive statistics; no formal statistical
comparisons were undertaken. Data was analysed using SAS 9.3; SAS Institute Inc., Cary,
NC, USA. Open textual data items; were categorised using NVivo qualitative data analysis
software (QSR International Pty Ltd. VVersion 10, 2012). A confidentiality agreement with the
NIHR Evaluation, Trials and Studies Coordinating Centre was signed prior to receiving the
documentation. The raw data cannot therefore be made publicly available and text extracts

have been anonymised by removal of treatment or condition identifiers. Deleted text is
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denoted by /.../ and the addition of words or replaced words is denoted by [words] to aid

understanding.

4.3. Results

4.3.1. Cohort details
The NETSCC compiled a report listing all surgery RCTs funded by the HTA and EME
funding streams within the eligible period. Sixty potentially eligible studies were identified,

of which 49 (82%) met the eligibility criteria following further central screening (Figure 3).

Figure 3: Flowchart of eligibility for grant applications

o Applications screened
=
] n =60
[&]
(9]
[
\4 y
> Eligible Not eligible
= n = 49 (82%) n =11 (18%)
w
Single trial per application No surgery in patient pathway
> >
= n = 48 (98%) n=>5 (45%)
S
=
£
Two trials per application Not a randomised trial
> >
n=1(2%) n=1(9%)
Surgery is an outcome
_>
n =4 (36%)
Surgery is eligibility criterion
_>
n=1(9%)
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4.3.2. Double data extraction
Five articles were randomly selected from the eligible studies for double data extraction. Of

155 variables checked, two discrepancies were identified (1.3% error rate).

Table 10: Cohort summary

Item Category n N n/N%
Number of RCTs in One 48 49 98%
application Two 1 49 2%
Funder HTA 44 49  90%
EME 5 49 10%
Lead institution region East 1 49 2%
East Midlands 4 49 8%
London 10 49 20%
North East 7 49 14%
North West 2 49 4%
Scotland 10 49 20%
South East 3 49 &%
South West 4 49 8%
Wales 2 49 4%
West Midlands 4 49 8%
Yorkshire and the Humber 2 49 4%
Trial start year 2012 3 49 6%
2013 9 49 18%
2014 26 49 53%
2015 3 49 %
2016 1 49 2%
2017 7 49 14%
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Item Category n N n/N%

Source documents available Commissioning brief 15 49 31%

A Project description 40 49 82%
Responses to board and peer review 40 49 82%
comments

Protocol 42 49 86%

A All applications with project description also had responses to board and peer review
comments (n=40). A minimum of either the protocol or the project description and

responses to board and peer review comments were available for all applications.

4.3.3. Cohort summary
The majority of the applications were funded by the HTA (n=44/49, 89%) and had start dates

from 2014 onwards (n=37/49, 76%); see Table 10.

Documents for review consisted of commissioning briefs (n=15/49, 31%), project descriptions
(n=40/49, 82%), applicant responses to board and peer review comments (n=40/49, 82%) and
protocols (n=42/49, 86%). Either the protocol or project description was available for all

applications; see Table 10.

One application consisted of two distinct RCTs, herein treated as separate trials.

4.3.4. Trial demographics

Trials were primarily two-armed (n=45/50, 90%) and of a parallel design (n=49/50, 98%).
Eight did not use a pilot or feasibility study (n=8/50, 16%). (41) In 11 studies (n=11/50, 22%),
surgery was not the intervention of interest and delivered as part of the patient pathway. Where
surgery was the intervention of interest (n=39/50, 78%), 21 compared against surgery, for

example minimal access vs. open surgery (n=21/39, 54%). The remaining eighteen compared
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surgery against a non-surgical comparator (medical comparator e.g. injection vs. surgery:
n=7/39, other e.g. active monitoring and surgery vs. active monitoring only: n=11/39) (see

Table 11).

Table 11: Trial design details

Item Category N N n/N%
Type Parallel 49 50 98%
Sequential (52) 1 50 2%
Number of trial arms 2 45 50 90%
3 4 50 8%
4 1 50 2%
Use of pilot or feasibility Both pilot and feasibility 2 50 4%
study, internal or external (41) Pilot only 29 50 58%
Feasibility only 11 50 22%
No 8 50 16%
Nature of surgery delivered As an intervention 39 50 78%
As part of patient pathway 11 50 22%
If intervention Surgery 21 39 54%
comparator Medical 7 39 18%
Other 11 39 28%
If surgical comparator ~ Alternative surgical procedure 13 21 62%

Change to a component of the same 6 21 29%
procedure
Same procedure delivered at a 2 21 10%

different time point
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4.3.5. Recruitment and randomisation

Patients were the randomisation unit in all trials and primarily allocated to equal groups

(n=48/50, 96%). The majority stratified randomisation (n=46/50, 92%). In trials comparing

two surgeries, there were no expertise-based designs. (42) Table 12 provides more detail.

Table 12: Recruitment and randomisation

Item Category n N  n/N%

Method of randomisation Dynamic allocation 23 50 46%
Minimisation 21 23 91%

Other 2 23 9%

Block 17 50  34%

Not specified 10 50 20%

Allocation ratio Equal 48 50 96%

Unequal 1 50 2%

Not specified 1 50 2%
Randomisation unit Patient 50 50 100%
Randomisation stratified Yes 46 50 92%

No, not specified 4 50 8%

Multiple countries participating ~ Yes 3 50 6%
No 45 50  90%

Not reported 2 50 4%

If yes, stratified by country Yes 1 3 33%

No 2 3 66%

Multiple centres participating Yes 49 50 98%

No 1 50 2%

Not reported 0 50
If yes, stratified by centre Yes 28 49 57%
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Item Category n N  n/N%

No, justification provided 1 49 2%

No, by other variables 17 49 35%

No, not stratified 3 49 6%

Multiple surgeons participating  Yes 22 50 44%
No 0 50

Not reported 28 50 56%

If yes, stratified by surgeon Yes 8 22 36%
No, justification provided 0 22

No, by other variables 13 22 59%

No, not stratified 1 22 5%

If yes, multi-centre Yes 21 22 96%

No 1 22 5%

If yes, stratified by Centre and surgeon 2 21 10%

Centre, not surgeon 11 21 52%

Surgeon, not centre 6 21 29%

Neither centre nor surgeon 2 21 10%

Almost all studies were multi-centre (n=49/50, 98%), with over half stratifying by centre

(n=28/49, 57%). Of the 21 that did not stratify by centre, only one provided justification which

related to concern over allocation concealment:

“To reduce the risk of the randomisation sequence being predictable we will not stratify by

centre, which in addition to using randomly selected permuted blocks, will make the allocation

sequence unpredictable for individual trial centres.”

Twenty-two trials had multiple surgeons within each centre, of which eight stratified the

randomisation accordingly (n=8/22, 36%). Two surgeon-stratified trials followed funder

recommendation.
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“We have made a number of changes since the first application...randomisation will be

stratified according to [stratification 1], [stratification 2], and according to consultant

surgeon.”

In trials reported as multi-centre and multi-surgeon (n=21), two stratified for both centre and

surgeon, eleven centre only, six surgeon only, and two stratified for neither.

Three trials were international, of which one stratified randomisation according to UK, or non

UK, centre. Table 13 provides more detail of intervention approach by stratification type.
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4.3.6.Surgeon and centre credentials

Centre and surgeon credentials, or inclusion criteria of those delivering the intervention, were

provided in 41 (n=41/50, 82%) and 36 (n=36/50, 72%) trials, respectively (Box 10 and Box

11). Most common centre credentials were case volume (n=20) and required fields of expertise

within centre (n=13). Examples of surgeon credentials were grade or experience (n=16) and

study specific training (n=13).

Box 10: Centre level credentials

Centre credential provided 41
Case volume 20 (48%)
Fields of expertise within centre 13 (32%)
Experience required without definition 9 (22%)
Experience required with definition 8 (20%)
Good recruiting reputation 8 (20%)
Experience required with definition 8 (20%)
Access to equipment required 7 (17%)
Centre to undertake trial specific training 2 (5%)
Demonstrated ability to participate 1 (2%)
Interest expressed in specific treatment 1 (2%)
Prior number of cases required 1 (2%)
Centre delivers one treatment only 1 (2%)

4.3.7. Trial outcomes related to learning and clustering

Forty-one applications explored outcomes that may reflect variability in centre or surgeon skill

(82%, Box 12). Common outcomes were safety events (n=36); time to recovery from surgery

(n=13) and operative time (n=6).
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Surgeon level outcomes were experience of surgeons in trial, established through qualitative
methods (n=3); surgeon accuracy as a main trial outcome (n=1); and expertise (n=1), more
specifically:

“The first [feasibility] phase will establish [words] and a measure of surgical expertise.”

Box 11: Surgeon level credentials

Surgeon credentials provided 36
Grade or experience 16 (44%)
Study specific training 13 (36%)
Experience required without definition 8 (22%)
Oversight of supervision 7 (19%)
Prior number of cases 7 (19%)
Self assessed ability 7 (19%)
Equipoise 4 (11%)
Known to be good recruiters 3 (8%)
Case volume 2 (6%)
Local practice relevant 1 (3%)

4.3.8. Statistical considerations

Sample size adjustment

There were no examples of sample size adjustment for clustering at a centre level. Three
applications adjusted the sample size for surgeon using an ICC and a fourth chose not to adjust
although provided justification:

“As this study is not evaluating surgery per-se, surgical experience is not a criterion for
participation (all participants will be under the care of a consultant surgeon). In the context
of [this] study, clustering by surgeon is not relevant to the sample size and can be ignored (on

the basis that the intraclass correction is negligible”.
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Exploratory analysis

Eight applications planned exploratory analysis of differences by centre. Three analysed using
descriptive statistics and three via a subgroup analysis: the first conducting a trial centre by
treatment effect analysis, the second comparing outcomes between more and less experienced
centres, and the third exploring trends within centres over time. A sensitivity analysis adjusting
for centre effects was planned in one application. Learning within centre was described in
another.

“The effect of experience in [comparator intervention] at each recruitment centre will be
studied to characterise the effect of the learning curve on clinical effectiveness, and also the

effect on [standard intervention] outcomes.”

Box 12: Outcomes

Relevant outcome reported 41
Safety measures 36 (88%)
Recovery from surgery time 13 (32%)
Operative time 6 (15%)
Patient satisfaction with surgery 5 (12%)
Infection 4 (10%)
Experience of surgeons in trial A 3 (7%)
Surgeon accuracy 1 (2%)
Surgeon expertise & 1 (2%)

A Established using qualitative methods; B Feasibility outcome

Exploratory analyses considering differences by surgeon were planned in seven applications,
of which three also explored by centre. Two analysed descriptively by surgeon grade and four
via subgroup analysis: one modelled the learning curve using outcomes operation time and

complications as a proxy to measure the task efficiency of the surgeon, one planned to explore
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trends and changes over time between experienced and less experienced surgeons, one via a
qualitative analysis and the final where patients were sampled for observations in theatre
according to their treating surgeon’s grade. As with centre, one application planned a

sensitivity analysis that adjusted for surgeon.

Formal adjustment

Formal adjustment for multiple centre or surgeon effect was planned in 21 and 15 applications,
respectively. Table 14 provides more detail. When formally adjusting for centre, nine planned
to use a random effect and thirteen did not specify. Similarly, six planned to adjust for surgeon
using a random effect and nine did not specify. Of the applications planning a formal
adjustment, 17 (n=17/21, 81%) of applications adjusting for centre and nine (n=9/15, 60%)

adjusting for surgeon did so in addition to stratifying randomisation by these variables.

The two applications that planned to stratify by both centre and surgeon (Table 12), also

planned formally adjusting analysis by these factors.

Table 14: Planned statistical adjustments through analysis in multi-centre and multi-surgeon

trials
Centre Surgeon
n N n/N% n N n/N%
Adjustment made 21 49 43% 15 22 68%
Type of effect Fixed 0 21 : 0 15
Random 9 21 43% 6 15 40%
Timevarying 0 21 : 0 15
Not specified 12 21 57% 9 15 60%
Stratified and adjusted  Yes 17 21 81% 9 15 60%
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4.3.9. Funder led considerations

Commissioning briefs

Of the fifteen commissioning briefs, one permitted single centre studies and one required a
multi-centre setting. No other brief gave guidance with respect to number of centres. Two
briefs identified surgical learning considerations as an issue to address: the first indicating
outcomes may be independent of surgeon grade and the second:

“Proposals should account for the possibility of a learning curve affecting the outcomes of

[surgery].”

Changes driven by funder

Response to referee comments were available for 40 studies (n=40/49, 81.6%). Fourteen
examples of change within twelve applications were identified. Funder concerns led to sample
size adjustment for surgeon (n=3); randomisation balanced for surgeon (n=2) and centre (n=1);
and improved generalisability by increasing the number of centres (n=3):

“The Board suggested that the team should consider the addition of a second centre to

demonstrate generalisability and help with recruitment.”

In one application, funders requested applicants increase homogeneity in treatments and the
applicants argued against this.

“To ensure homogeneity in treatments we have consulted with our participating surgeons
[and] the National [ ...] Registry and agreed to specify the use of a CE marked [device...there
are three main devices]. Surgical trials that specify a single type of [device] are notoriously
difficult to conduct and we do not believe such a design could recruit surgeons, nor would the

‘“

outputs be generalisable.

Further considerations with regard to surgeon credentials (n=3) and the impact of surgeon

equipoise on recruitment (n=1) were also funder driven.
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“The sample size has been increased from a total of [n] patients to a total of [1.4n] to take

’

into account clustering of surgeon as per the feedback from the first stage.’

4.4, Discussion

This review has investigated the decision-making behind intended design and analysis of 50
randomised surgical trials funded by the NIHR EME and NIHR HTA programmes from 2012
to 2016. These results show frequent consideration of centres and surgeon impact during
design, and these may be funder led, due to concerns around homogeneity or generalisability
of results. This review provides a cross sectional insight into current practice of researchers,
and expectations of reviewers and funders, during trial design within two streams of a major

UK funder. (49, 50)

The need for transparency around learning curves and clustering are highlighted within
reporting of non-pharmacological interventions guidelines, (21, 30) and Chapter 3 identified
a deficiency in adherence to these. In contrast, this review identifies that considerations to
manage learning and clustering are made, by both researchers and funders, during
development of trials funded by a prestigious body. For example, 30% of multi-centre and
12% of multi-surgeon studies reported a statistical adjustment of these within published
manuscripts. This was 43% and 68% respectively in this cohort. When randomisation was
stratified by centre or surgeon, this was accounted for in the analysis in 30% of multi-centre
and 40% of multi-surgeon trials in the published manuscripts, as oppose to 81% and 60% in
this cohort. In drawing this comparison it is important to differentiate between the intended
audiences. The detail required for a funding application, assessed by clinicians and
methodologists/statisticians, may exceed that required to communicate results to a clinical
audience. This demonstrates benefit in exploring unpublished trial documentation to
understand approaches to trial design and analysis and highlights the need for improvements

to transparent reporting.
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The cohort included successful applications to the NIHR 2012 call for Applied Health in
Surgery. (6) This call recognised the need to increase research-based evidence in surgery.
Applications were invited that evaluated technology-driven implanted or implantable medical
devices, surgical procedures or surgical services. As a clinical trial is typically a major
financial investment, (53) applicants need to assure funders that their proposal is important,
well designed and demonstrates scientific value to add to the current evidence base. Each
application undergoes a peer review process, where ‘experts’ critically review the trial to
ensure standards are met in terms of design, quality, feasibility, acceptability and importance
of the topic. (21, 30) A strength of this review is the insight into the designs proposed to

funders, and impact of feedback on subsequently funded studies.

Whilst the degree of learning and clustering will vary trial-to-trial, many interventions require
surgical skill in their delivery regardless of whether or not the surgery is the intervention of
interest. The impact of any potential imbalance in delivery on comparing interventions should
be considered at trial outset routinely. Early and careful consideration will ensure that
procedures are standardised where possible and data captured to support any further
investigation. Such that, in severe cases, the trial team can alleviate any doubts about
homogeneity raised by the medical community should the trial results be questioned. (16)
These results indicate funder awareness of this early consideration, with one of the two
examples of balancing randomisation by surgeon following funder recommendation in a trial

where surgery was not the intervention of interest.

When interpreting these results, it is important to consider the limitations of this review. First,
only successful applications could be included due to confidentiality constraints. It is therefore
not possible to determine whether the management of learning and clustering contributes to
the success of the application. However, given that the application process consists of

iterations whereby peer reviewers are able to request that researchers address paucities in their
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application, it is unlikely that a promising application, lacking in the appropriate
considerations, would be deemed unsuitable for funding outright. More likely, researchers
would be given the opportunity to make these considerations during this iteration process.
Second, as part of this iterative review, it is possible that additional discussions at the funder
board meetings did not make it in to the comments fed back to applicants. This could mean
that funders raised these issues more frequently than this review suggests. Third, due to the
nature of the grant application process, the funder impact observed may be in part due to an
increased awareness of the reviewers involved. Fourth, this work has focussed on a single
funding body that primarily supports UK based research. However, trials supported span a
wide range of surgical specialties and health care conditions and results from this review will
be generalisable to other funding bodies with a similar peer review process. Fifth, this review
is cross-sectional. Since its undertaking, many advances in guidelines have been developed,

see Chapter 2, therefore the results will likely be different if repeated on a more recent sample.

4.5. Conclusions

Fundamental to trial design and analysis is understanding the objectives. While considerations
relating to clustering and learning effects are not widely reported in main trial publications,
these results indicate both funders and researchers consider these aspects in order to address a
specific research question. Such issues may have varying relevance depending on the overall
design of the trial. A very pragmatic study may deliberately include surgeons and centres of
all types and have less emphasis on expertise and learning, whereas the delivery of the
intervention in more explanatory studies is critical and requires consideration during design
and analysis. Another approach to overcoming these issues is to provide quality assurance of
the intervention. Early work to develop methods to achieve this exist and it is expected that
this will expand in the future. (54) What is important is that variability about treatment

delivery is understood, care is taken when defining the interventions per protocol and that
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areas where issues may arise are identified early in the trial so that they can be integrated, as

appropriate, into trial design.

Furthermore, these results provide insight into the promising role of the funder as a driver to
improving the, long criticised, surgical evidence base. The funder, who has influence over
whether or not and how studies are carried out and has been suggested as a driver for
improving the quality of research during the period of growth for surgical trials, (55) can play

a valuable role in ensuring that future trials do not have the same shortfalls as those in the past.
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Chapter 5 : Views and current practice within clinical trials units

5.1. Introduction

Chapter 3 identified a lack of adherence to reporting guidelines (21, 30) and Chapter 4
identified the funder as a driver for improving the surgical evidence base for future trials. To
complete understanding of potential barriers to improvement, with regards to the
methodological and statistical considerations for surgical trials, statistical representatives from

Clinical Trials Units were surveyed.

This chapter begins by providing further justification for this survey (Section 5.1). Section 5.2

described in detail the methods used and subsequent results are provided in Section 5.3.

The work in this chapter has been published in Trials and | am first author. (56)

5.1.1. Variation in approaches to management

Whilst the notion of clustering and learning is familiar to many statisticians and
methodologists, the extent to which these considerations are made, and how, is unknown. A
survey to establish current practice for the statistical management of clustering and learning
effects in the design and analysis of randomised multi-centre trials was undertaken within the

UK Clinical Research Collaborative registered Clinical Trials Units. (57)

5.1.2. Aims
This survey aimed to ascertain UK wide experience of running multi-centre studies, in
particular those investigating a complex or surgical intervention. In addition to establishing

awareness of design issues associated with these studies and levels of concerns around these.

68



5.2. Methods

5.2.1. Survey delivery

The survey was delivered at the bi-annual Statisticians Operational Group Meeting in April
2018. Attendees were statistical representatives from each of the UK Clinical Research
Collaboration (UKCRC) registered Clinical Trials Units (CTUs). (57) Units that did not have
a representative present at this meeting, or did not respond, were contacted via email following
the event and invited to participate. Registered Units were identified from the Network website
(57) on the 4™ January 2018 (n=51, of which 50 were registered at time of survey, see
Appendix Box 1). As the survey involved professionals and discussions of current practice, no

formal ethical approval was deemed necessary.

5.2.2. Survey development

EJC and CG developed the survey and GB, JB and JAC reviewed and provided feedback. The

survey was subsequently piloted and revised prior to roll out and is shown in Appendix Box 2.

This survey was developed to establish experience in multi-centre trials, in particular those
investigating a complex intervention. In order to contextualise the survey content, questions
drew upon quotes from existing guidelines, references to relevant publications, and example
scenarios developed by CG, EJC, GB, JAC and JMB. ((12, 13, 16), Box 13). Questions
included concepts such as Units experience in adjusting for clustering (therapist/surgeon or
centre) or time varying effects (learning curves) and, when a Unit had experience, when and
how adjustments are applied. This survey also aimed to establish awareness about design

issues in surgery and levels of concern around these.

Questions were analysed and reported by Unit. To represent Unit practice and experience as

a whole, Units with multiple responders were combined. However, due to the nature of the
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network meeting invites (one per registered CTU) multiple responders from a single CTU

were minimised.

Box 13: Example trial scenarios

Scenarios

A A trial with a large (each centre recruiting at least ten patients) sample size,
recruiting in several centres each with multiple treatment providers.

B Atrial with a small (each centre recruiting 2-3 patients) sample size, recruiting in
several centres, each with multiple treatment providers.

C Atrial that recruit within several centres, where treatment providers treat patients
across recruiting centres i.e. treatment provider is not unique to a centre.

D A trial recruiting from several centres, each with multiple treatment providers,
investigating a surgical intervention.

E A trial recruiting from several centres, each with multiple treatment providers,
investigating substantially different surgical interventions e.g. a trial comparing

surgery to an injection.

5.2.3. Statistical analysis

Quantitative data from closed questions were analysed using descriptive statistics with
standard statistical software [Statistical Analysis Software (SAS®) 9.1.4; SAS Institute Inc.,

Cary, NC, USA]; no formal statistical testing was undertaken.

Free text answers were used to contextualise and illuminate quantitative responses. To ensure

anonymity, each Unit was assigned a project identification number.
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5.3. Results

5.3.1.Unit participation and demographics

Forty-seven of the 50 UKCRC registered CTUs were represented at the network meeting on
28" April 2018. Of those present, 34 representatives from 31 Units (62%) participated.
Following the meeting, Units without a completed survey were contacted, of which thirteen
responded (n=13/19). Table 15 provides further detail. The overall participation rate of
registered Units was 88% (n=44/50). One representative from a newly registered Unit reported
lack of experience as a reason for non-participation, reasons were not provided from the

remaining five Units.

Table 15: Participation summary

Number of Units

Participation status n N n/N%
Completed 44 50 88%
Pen and paper 31 44 70%
Electronic form 13 44 30%
Declined, unable to participate 1 50 2%
Declined, no reason provided 5 50 10%

All responders had a statistical background with the majority of responders holding a senior
or lead at their Unit (senior statistician: n=15/44, 34%; statistical lead: n=13/44, 30%). Table

16 provides further detail.

Units listed on the UKCRC Resource Finder (57) as conducting cluster or surgical trials had
participation rates 94% (n=16/17) and 92% (n=33/36) respectively (Table 17). Units with a
methodological research area in complex interventions participated with a rate of 90%

(n=35/39).
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Table 16: Role of Unit representative

Number of Units

Role n N n/N%
Professor/Reader of Medical Statistics 3 44 7%
Director of Unit 6 44 14%
Statistics lead/Head of statistics 13 44 30%
Senior statistician 15 44 34%
Statistician 7 44 16%

Three-quarters of Units indicated experience in running trials with a complex intervention
(n=32/44, 73%) and two-thirds in running trials with a surgical intervention (n=29/44, 66%),
with twenty-five (57%) indicating experience in both. Seven Units stated that their Unit did
not have experience in running trials with either type of intervention (n=7/44, 16%). One did

not respond to this question (Question 1, Table 18).

5.3.2.Managing effects through design

4.3.2.1. Clustering

Twenty-five Units had undertaken multicentre trials that did not stratify by centre (n=25/44,
57%, Question 2, Table 19 and Table 20). Common reasons for not stratifying by centre were
many centres with few participants (n=19/25, 76%) and expected homogeneity of treatment
effect (n=11/25, 44%). Additional reasons for not stratifying by centre included allocation
concealment in an open trial; logistical reasons; and grouping centres by region. One
responder clearly indicated that this decision was influenced by the nature of the intervention
stating:

“...drug trials less effect due to centre compared to say complex or surgical interventions.”

[ID23]
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One responder that did stratify all the Unit’s trials by centre alluded to concerns regarding
potential for unequal distribution of costs across centres:

“This subject gets a lot of academic debate in some academic circles. But: our randomisation
defaults to stratifying by centre; need to balance resources — don’t want to give one too many

overheads, balancing avoids confounding; other opinions, such as Torgerson, exist.” [1D8]

Question 3 asked responders to consider five scenarios (Box 13, Table 19 and Appendix Table
2), in particular their approach to stratifying the randomisation in trials of each type ran by
their Unit. Responses to Scenario A, of which 39 Units had experience, indicated that most
Units when running a trial with a large sample size, with multiple treatment providers per
centre each recruiting a minimum of 10 participants, would stratify by centre alone (n=31/39,

87%).

Three would stratify by treatment provider alone (n=3/39, 8%). Seventy percent had
experience of running trials like Scenario B, which was the same as Scenario A, only with a
small sample size (n=31/44, 70%). As with Scenario A, most Units ran such trials by

stratifying by centre alone (n=24/31, 77%) and few by treatment provider alone (n=2/31, 6%).

Responders had less experience running Scenario C trials, trials recruiting in several centres
where treatment providers treated patients across centres (n=16/44, 36%). Again, most
common was stratification by centre only (n=14/16, 88%), with a greater number of Units

indicating that they had stratified such trials by treatment provider only (n=3/16, 19%).

Units with experience running trials in Scenario D, trials recruiting from multiple centres,
each with multiple treatment providers, that investigated a surgical intervention (n=25/44,
57%), also primarily stratified by centre only (n=21/25, 84%). One-fifth indicated stratifying

by both centre and treatment provider in such trials (n=5/25, 20%).
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Whilst Units had less experience running trials in Scenario E, which was similar to Scenario
D but investigating substantially different interventions, stratification approaches were similar

to Scenario D (Centre only: 13/16, 81%; both centre and treatment provider: 2/16, 13%).

Twelve responders provided free text explaining their approaches for stratification in each of
the scenarios (Question 3, Appendix Table 2). Two-thirds (n=8/12, 67%) commented on the
feasibility of stratifying by treatment provider. Reasons were as follows: concerns that there
would be too few per strata [ID8, ID15, ID39]; treatment provider not known in advance [ID8,
ID32]; delivered by a subset of treatment deliverers [ID1, ID39]; data not collected on
treatment provider [ID13]; treatment differences assumed to be differences in facilities and
protocols [ID17]; usually comparing the intervention policy and not the different aspects of

the intervention [ID32]; and treatment provider can change during the trial [ID30].

Other responses provided examples of stratification levels e.g. centre as hospital and treatment
provider as operating surgeon [ID10]; two that this was trial specific [ID14, ID29]. One raised
concerns with stratifying by centre:

“Recent conversions between senior statisticians advocate not stratifying by centre in any

situation. They cited concerns regarding prediction of allocation.” [ID18]

When comparing stratification approaches across scenarios within Units (Question 3, Table
19), nineteen Units used the same approach across all scenarios in which they had experience
in and twenty changed their approach depending on the trial scenario (same: n=19/44, 43%);
different: n=20/44, 46%). Five had no experience in any of the suggested scenarios or did not

respond to the question.
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4.3.2.1. Learning
The majority of responders (n=39/44, 89%) indicated they had accounted for learning by
defining a minimum level of expertise for treatment providers (Question 4, Table 19).
Common definitions were set in terms of delivering the trial intervention (n=31/44, 70%);
treating the condition within the patient population (n=24/44, 55%); and setting a minimum
professional level for treatment providers (n=22/44, 50%). Three delegated this responsibility
to the clinical investigators on the study. Examples of alternative approaches to specifying
minimum levels of expertise included: use of a surgical manual with senior surgeons signing
off treatment deliverers [ID15] and treatment deliverers being required to pass both surgical

and radiotherapy quality assurance [1D18].

Thirty percent of Units had used an expertise-based trial design, in which participating

treatment providers provide only the intervention in which they have expertise (n=13/44,

Question 5, Table 19).
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Table 18: Experience in running complex and/or surgical interventions

Response statistics

Question Category n N n/N%
1  Which of the Both surgical and complex 25 44 57%
following interventions
intervention Surgical interventions only 4 44 9%
trials does your Complex interventions only 7 44 16%
unit have Neither 7 44 16%
experience  of No response 1 44 2%
running
Table 19: Managing learning and clustering by design
Question Response
statistics
Category N n/N%
2 Does your unit have any multi-centre trials that do not stratify
randomisation by centre?
See Table 20 for further details.
Yes 44  57%
No 44 41%
No response 44 2%
3 In each of the following scenarios, how was the randomisation
stratified in trials that your unit has run? Select all that apply.
See Appendix Table 2 for further details.
a Large sample size,  recruiting in several centres, each with
multiple treatment providers
Experience in trial type 44  89%
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Question Response
statistics
Category n N n/N%
Centre 34 39 8%
Treatment provider 3 39 &%
Both 10 39 26%
Neither 1 39 3%
No experience in trial type 4 44 %
No response 1 44 2%
b Small sample size, B recruiting in several centres, each with
multiple treatment providers
Experience in trial type 31 44 70%
Centre 24 31 7%
Treatment provider 2 31 6%
Both 2 31 6%
Neither 7 31 23%
No experience in trial type 12 44  27%
No response 1 44 2%
¢ Recruiting in several centres, where treatment providers treat
patients across recruiting centres (treatment provider is not
unique to a centre)
Experience in trial type 16 44 36%
Centre 14 16 88%
Treatment provider 3 16 19%
Both 1 16 6%
Neither 0 16 0%
No experience in trial type 27 44  61%
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Question Response
statistics
Category n N n/N%
No response 1 44 2%
d A trial investigating a surgical intervention, recruiting from
several centres, each with multiple treatment providers
Experience in trial type 25 44 57%
Centre 21 25 84%
Treatment provider 3 25 12%
Both 5 25 20%
Neither 3 25 12%
No experience in trial type 17 44  39%
No response 2 44 5%
e Recruiting from several centres, each with multiple treatment
providers, comparing substantially different interventions e.g.
surgery to an injection
Experience in trial type 16 44 36%
Centre 13 16 81%
Treatment provider 0 16 0%
Both 2 16 13%
Neither 2 16 13%
No experience in trial type 26 44 59%
No response 2 44 5%
In scenarios where Unit has experience, approaches to
stratification changes across scenario i.e. within Unit variation to
stratification
Different approaches across scenarios 20 44  46%
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Question Response

statistics
Category n N n/N%

Same approach across all scenarios 19 44  43%

No response to Question 3 5 44 11%
4 Inthe trials ran by your unit, have you defined a minimum level of
expertise for the health professionals participating in the trial in

terms of:
Treating the condition within the patient population 24 44 55%
Delivering the trial intervention 31 44  70%

Setting a minimum professional level of treatment providers 22 44  50%
Other approach:

Based on paramedic experience (defined by yearsin 1 44 2%
service)

Based on surgeon experience (at or beyond a certain 1 44 2%
level)

Centre required to conduct a certain number of 1 44 2%
operations per year.

Clinical decision for Chief Investigator 1 44 2%

Deliverer required to pass surgical and radiotherapy 1 44 2%
quality assurance

Depends on phase of trial — early or pragmatic require 1 44 2%
different levels

In our stepwise study, all therapists were experienced 1 44 2%
but the intervention was brand new.

Investigators who define research question are experts 1 44 2%

in the field and have trained staff to deliver intervention
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Question Response

statistics
Category n N n/N%
No consistent approach across all our studies. 1 44 2%

No unit wide policy — decided trial by trial depending 1 44 2%
on intervention and setting

Surgeon manuals signed off by ‘senior’ surgeon prior 1 44 2%
to participation

Surgical team led by consultant, who submits video 1 44 2%
measured for quality assurance, prior to participation.

These have been implicitly taken as a Chief 1 44 2%
Investigator and Principal Investigator

Training provided to health care professionalsinorder 1 44 2%
to participate

No, or no response 5 44 11%

5 Has your unit conducted trials with an expertise-based design, in
which participating treatment providers provide only the

intervention to which they have expertise?

Yes, when applicable © 13 44 30%
No, with justification 1 44 2%
No 26 44  59%
No response 4 44 9%

AWith centres each recruiting at least ten patients.
B With centres each recruiting 2-3 patients.
© We only have one grant application which we’ve proposed an expertise bases design this

year but no prior experience of running a trial with such a design before. [ID22]
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Table 20: Reasons for having multi-centre studies that do/do not stratify by centre (Question

2)

Unit has multi-centre trials that do not stratify Yes No

randomisation by centre?

N 25 18
Reason(s) provided n n/N% n n/N%
Expected homogeneity of treatment effect across centres 11 4% 2 11%
No interest in centre effect 4 16% 1 6%
Lots of centres with few participants per centre 19 76% 1 6%

Not convinced of appropriateness of either fixed or random 1 4% 0 0%
effect models for centres in the trial
Other reason provided
Aids in blinding if trial open label 1 4% 0 0%
Balance against other important factors. Centre effect less 1 4% 0 0%
important in drug trials compared to complex or surgical

interventions

Concern that in an unblinded trial, stratifying by centre 1 4% 0 0%
would make it easier to predict the treatment allocated to the next
patient. (58)
For practical reasons 0 0% 1 6%
Intervention takes place out of hospital. 1 4% 0 0%

Large sample size with small/moderate number of centres. 1 4% 0 0%
We expect balance to be achieved with simple randomisation.

Likely to stratify by geographical region if not by centre. 1 4% 0 0%

Randomisation system defaults to stratifying by centre but 0 0% 1 6%

one example where minimised trial did not. Need to consider
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balance of resources and avoid confounding. There is a lot of
academic debate. See Torgerson.
Sometimes stratify by region 1 4% 0 0%
Stratified by treatment provider within centres and treatment 1 4% 0 0%
providers unique within centre.
Undertaken in limited/exceptional circumstances only e.g. 1 4% 0 0%

feasibility studies.

5.3.3.Managing effects through analysis

4.3.3.1. Clustering
In trials stratified by centre, 55% of Units had subsequently adjusted by this stratification
factor in the analysis (n=24/44, 55%, Question 6, Table 21 and Box 14). This had been done
either by pre-specified grouping rules at the design stage (n=19/24, 83%); by an ad-hoc
approach (n=14/24, 58%); or by other approaches: grouped centres where numbers are small
[ID7, ID15]; centre as a fixed effect [ID8]; or:
“Depends. Either include as a stratifying factor (small number of centres, large patient

numbers) or by including centre or treatment provider as a cluster.” [ID32]

Regardless of stratification approach used, very few Units had never adjusted for centre in the
statistical model when comparing treatment (n=3/44, 7%, Question 7, Table 21 and Appendix
Box 3). Responders from Units that did (39/44, 89%), did so using fixed effects (n=11);
random effects (n=12); or, depending on the circumstance, used either (n=14). Two did not
respond. Reasons in favour for fixed effects were ease of interpretation and less assumptions
associated with it, [ID27]; and random effects as:

“Usually an underlying assumption that centre may be a surrogate for socioeconomic factors
that may affect outcome and/or treatment effect and so often not happy to assume that there

is an equal fixed treatment effect across all sites.” [ID15]
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In trials stratified by treatment provider, 36% also subsequently adjusted the analysis
(n=16/44, 36%, Question 6, Table 21 and Box 14). Three-quarters did so in accordance with

pre-specified grouping rules (n=12/16, 75%) or using a more ad hoc approach (n=7/16, 44%).

Regardless of stratification approach used, 59% adjust for treatment provider in the statistical
model when comparing treatment (n=26/44, 59%, Question 8, Table 21 and Appendix Box 4).
The majority of responders used a random effect (n=18/26, 69%), with one providing reason:
“If treatment provider was included as stratification factor it will be because we are
concerned that the provider will have an impact on outcome but also because we would expect

different population for different treatment providers.” [ID15]

When responders were asked to revisit the scenarios in Box 13, this time to consider
investigating treatment by centre or treatment provider (Question 9, Table 21), exploring
treatment by centre was universally most common across all scenarios. Exploring treatment
by provider was rare. Twelve responders provided free text to explain their approaches for
adjustment (Question 9, Appendix Table 3). General themes for additional information
provided were as follows: that the decision is trial dependent [ID6, ID14]; concerns around
sample size [ID6, ID7, ID39]; and, when explored, that this was informal. [ID5, 1D8, ID14,

ID32, 1D38]

When comparing treatment interaction approaches across scenarios within Units (Question 9,
Table 21), 24 Units used the same approach across all scenarios and twelve utilised a scenario
specific approach (same: n=24/44, 55%; different: n=12/44, 27%). Eight had no experience in

any of the suggested scenarios or did not respond to the question.

Seventy-three percent of Units explored heterogeneity by centre when a positive treatment

effect is found (n=32/44, 73%, Question 10a, Table 21), whereas fewer explored heterogeneity
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by treatment provider (n=12/44, 27%, Question 10b, Table 21). Of those that do explore
heterogeneity for either effect, the majority did so by graphical display (centre: n=31/32;
treatment provider: n=11/12). Many also explored by analytical methods, for example
significance testing (centre: n=22/32; treatment provider: n=9/12). Appendix Table 4 and

Appendix Table 5 provides further detail.

4.3.3.1. Learning
Fifty-nine percent of Units included the treatment provider in the statistical model when
comparing treatment (n=26/44, 59%), two of which had treated this as a time-varying
covariate (Question 8, Table 21), with one specifying:
“Fairly crude by letting the number of procedures in the trial increase the relevant surgeon’s

experience (ignoring procedures done outside of the trial of course!)” [1D38]

Those that had not used a time varying effect had experience of exploring learning through a
sensitivity analysis [ID35] or secondary analyses [ID8, 1D39], with one specifying:
“Had we found evidence of learning, we would have had awkward additional data summaries

and presentations”

Two responders had not considered such analyses [ID7, 1D23] and one provided time

restrictions as a reason for not doing so [1D30].

Table 21: Managing learning and clustering by analysis

Question Response statistics

Category n N  n/N%

6 a Assuming that you have stratified by centre, do you
combine by the stratification factor for the purpose

of analysis? If so how.
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Question

Response statistics

Category n N  n/N%
See Box 14 for further details.
Yes 24 44 55%
Pre-specified grouping rules at design stage 19 24 83%
Ad hoc approach e.g. determined after design 14 24 58%
due to small numbers per group
Other grouping rule or further details 6 24 26%
provided
No 17 44 39%
No response 3 44 %
b Assuming that you have stratified by treatment
provider, do you combine by the stratification factor
for the purpose of analysis? If so how?
See Box 14 for further details.
Yes 16 44 37%
Pre-specified grouping rules at design stage 12 16 75%
Ad hoc approach e.g. determined after design 7 16 44%
due to small numbers per group
Other grouping rule or further details 5 16 31%
provided
No 14 44 32%
No experience of trials of this type 1 44 2%
No response 13 44 30%

7 Does your unit include centre in the statistical model when

comparing treatment?
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Question Response statistics
Category n N  n/N%
Yes 39 44 89%
But only if it was used to stratify 18 39 46%
randomisation
Always 6 39  15%
Sometimes A 15 39  38%
No, never 3 44 7%
No response B 2 44 5%
a If yes, and assuming that the sample size allows
either, would you treat this effect as fixed or random?
See Appendix Box 3 for further details.
Fixed or random, depending on circumstances 14 39 36%
Fixed 11 39 28%
Random 12 39 31%
No response 2 39 5%
8 Does your unit include treatment provider in the statistical
model when comparing treatment?
See Appendix Box 4 for further details.
Yes 26 44 59%
But only if it was used to stratify 8 26 31%
randomisation
Always 0 26 0%
Sometimes © 18 26 69%
No, never 13 46 30%
No response P 5 44  11%
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Question Response statistics
Category n N  n/N%
a If yes, and assuming that the sample size allows
either, would you treat this effect as fixed or random?
Fixed or random, depending on circumstances 4 26 15%
Fixed 2 26 8%
Random 18 26 69%
No response 2 26 8%
b If yes, has this effect ever been treated as time
varying within the statistical model?
Yes 2 26 8%
No 21 26 81%
No response 3 26 12%
9 In each of the following scenarios, regardless of the
randomisation stratification approach, has a treatment by
centre or surgeon interaction investigated, in trials that your
unit has run? Select all that apply.
See Appendix Table 3 for further details.
a Large sample size, E recruiting in several centres,
each with multiple treatment providers
Experience in trials type 35 44 80%
Centre 16 35  46%
Treatment provider 4 35 11%
Both 3 35 9%
Neither 20 35 57%
No experience in trial type 7 44 16%
No response 2 44 5%
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Question

Response statistics

Category n N  n/N%
b Small sample size, F recruiting in several centres,
each with multiple treatment providers
Experience in trials type 30 44 68%
Centre 5 30 17%
Treatment provider 0 30 0%
Both 0 30 0%
Neither 25 30 83%
No experience in trial type 12 4  27%
No response 2 44 5%
c Recruiting in several centres, where treatment
providers treat patients across recruiting centres
(treatment provider is not unique to a centre)
Experience in trials type 15 44 34%
Centre 4 15 27%
Treatment provider 1 15 7%
Both 0 15 0%
Neither 11 15 73%
No experience in trial type 27 44 61%
No response 2 44 5%
d A trial investigating a surgical intervention,
recruiting from several centres, each with multiple
treatment providers
Experience in trials type 21 44 48%
Centre 5 19 24%
Treatment provider 3 19 14%
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Question

Response statistics

Category n N  n/N%
Both 1 19 5%
Neither 14 19 67%
No experience in trial type 19 44 43%
No response 4 44 9%
e Recruiting from several centres, each with multiple
treatment  providers, comparing substantially
different interventions e.g. surgery to an injection
Experience in trials type 14 44 32%
Centre 5 14 36%
Treatment provider 1 14 7%
Both 0 14 0%
Neither 9 14 64%
No experience in trial type 26 44  59%
No response 4 44 9%
In scenarios where Unit has experience, approaches to
stratification changes across scenario i.e. within Unit
variation to stratification
Different approaches across scenarios 12 44 27%
Same approach across all scenarios 24 44 55%
No response to Question 3 8 44 18%
10 a If a positive treatment effect is found, does your unit
explore heterogeneity of treatment effects by centre?
See Appendix Table 4 for further details.
Yes 32 44 73%
No 9 44 20%
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Question Response statistics
Category n N  n/N%
No response 3 44 7%
i If yes to a, do you explore by graphical
display?
Yes 31 32 97%
No 0 32 3%
No response 1 32 3%
ii. If yes to a, do you explore by analytical
methods e.g. significance testing?
Yes 22 32 69%
No 5 32 16%
No response 5 32 16%
b If a positive treatment effect is found, does your unit
explore heterogeneity of treatment effects by
treatment provider?
See Appendix Table 5 for further details.
Yes 12 44 27%
No 23 44 52%
No response 9 44 20%
i If yes to b, do you explore by graphical
display?
Yes 11 12 92%
No 0 12 0%
No response 1 12 8%

ii. If yes to b, do you explore by analytical

methods e.g. significance testing?
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Question Response statistics

Category n N  n/N%
Yes 9 12 75%
No 1 12 8%
No response 2 12 17%

A “Sometimes” here is “usually” — it is a rare exception where we don’t. [ID10].

B No Standard Operating Procedure in place. [ID3].

€ “Sometimes™ here is “usually” — it is a rare exception where we don’t. [ID10].

D No experience in trials of this type. [ID1] Not applicable. [ID2].

E With centres each recruiting at least ten patients.

F We only have one grant application which we’ve proposed an expertise bases design this

year but no prior experience of running a trial with such a design before. [ID22].

Box 14: Other grouping rules when randomisation is stratified by (a) centres or (b) treatment

providers (Question 6)

Centre stratified (n=24)

ID4  Would normally analyse together but adjust for stratification factors (which
normally include centres) in analysis.

ID7  There will be instances where we have combined centres at the analysis stage due
to small numbers.

ID8  Different statisticians/trials do different things. Often site=fixed effect and course
within site = random effect. If too few within site then would combine.

ID14 Retain structure at analysis.

ID15 Have grouped by region / country where numbers are small. Any adjustment should
be documented in SAP and final decision regarding appropriateness can be
discussed during blind review of data.

ID30 Have used both pre-specified and ad hoc approaches (due to recruitment issues).
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Not stratified by centre (n=17)

ID32

We either include as a stratification factor (small number of centres, large patient

numbers) or by including centre/provider as a cluster.

Treatment provider stratified (n=16)

ID7

ID15

1D24

ID30

ID39

Thinking about complex intervention studies, we don’t usually allow for a
“provider” effect in the primary analyses, although not necessarily explicitly stated
in protocol — many of these studies effectively have partial clustering. We’ve had
recent interesting discussions regarding provider effect in such trials, with Chief
Investigators strongly feeling that with standardised/manualised intervention and
training, it isn’t relevant.

Any adjustment should be documented in SAP and final decision regarding
appropriateness can be discussed during blind review of data.

Experience with multiple treatment providers is in oncology trials with different
doctors delivering protocol treatment e.g. chemotherapy/radiotherapy. The actual
treating doctor has not been recorded on the CRF hence all providers implicitly
combined within a centre.

Have used both pre-specified and ad hoc approaches (due to recruitment issues).
Treatment providers combined by default — as we don’t routinely distinguish them

in the analysis.

5.4. Discussion

This survey identifies that, despite multi-centre trials being prominent across all Units, there

is UK-wide variation of designing and analysing these trials with respect to clustering and

learning effects. Approximately half of Units changed their approach to design and analysis

when presented with five example trial scenarios, each with varying levels of complexity, such

as small sample size per centre and complex interventions, such as surgery. This finding

suggests that variation can exist both across Units and within, and that this decision can depend
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on the type of trial being conducted. Units indicate awareness of the potential methodological
challenges associated with the design and analysis of multi-centre trials, although the
approaches used and opinions on these vary. The high response rate achieved provides insight
into the general and current practice of managing clustering and learning effects in multi-
centre trials investigating varying types of interventions. Whilst acknowledging that different
approaches may be more suitable to different trial types, they indicate a need for a more unified
approach to the design and analysis of trials where outcomes are associated with the delivery

of the intervention and/or more research in this field.

When adjusting for clustering within the design, a higher proportion than expected ran trials
that did not stratify by centre (52%). Most commonly, this was due to too many centres and
not enough participants within centre. Stratifying by centre was most common in all scenarios,
while stratifying by treatment provider was consistently rare but more common in trials with
a surgical intervention. Stratifying by treatment provider raised pragmatic concerns e.g.
provider not known pre-randomisation. Whilst in some settings, such as emergency treatment,
advance knowledge of the treatment provider will be unobtainable, advanced planning may
be possible in other settings, such as group therapy, and guidance for practical issues like these
are available. (59) Half of responders had adjusted by centre following stratifying by the same,
most commonly this was done by pre-specified grouping rules established at the design stage
or using an ad hoc approach determined after design due to small numbers per group.
Regardless of stratification approach, eight tenths of responders had adjusted for centre in the
statistical model. There were mixed opinions on how this adjustment was made i.e. by fixed
or random effects with reasons provided for and against both approaches. When a positive
treatment effect is found, three quarters and one third stated that they then explore
heterogeneity by centre and treatment provider respectively, all did so using graphical

displays.
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Managing learning by design through defining a minimum level of expertise for health
professionals participating in the trial (16) was most common, with almost all responders
(89%) applying this approach to studies within their Unit. Less than one third indicated
experience in conducting expertise-based designs, a design that can be particularly useful
when comparing substantially different interventions. This finding suggests that these designs
are more commonly implemented than suggested by the literature. (25, 26, 60) Concerns were

raised that identifying evidence of learning may lead to ‘awkward additional data summaries™.

Guidance on trial design and analysis does exist, with the most relevant of these
recommendations being explicitly incorporated into the survey questions. (Appendix Box 2)
(14, 16) Additional documents within the International Council for Harmonisation (ICH)
Series provide further guidance beyond ICH E9. (16, 28, 33, 34) The Consolidated Standards
of Reporting Trials (CONSORT) statement and relevant extensions provide direction valuable
at study design despite the document being developed to support reporting. (21, 30) Further,
there have been further update to the MRC Guidelines on Complex Interventions, providing
further options for trial design, see Chapter 2 for further details. (13, 61) The decision to
explore effects may, in part, be related to the intention of the research in terms of how the
results will be used, and the PRECIS-2 tool has been developed to help with this. (62)
However, the ability to identify and explore heterogeneity at the analysis stage is important

for generalisability for all trials.

Strengths of this investigation are that although this survey was limited to registered Units,
responders represent wide geographic coverage within the United Kingdom, spanning a
diverse range of medical conditions and associated methodologies. In addition, participating
Units are known to comply with required regulatory standards and meet acceptable standards
of quality required by the UKCRC CTU registration process. (63) All responders were
experienced trialists who either were Statistical Lead at their Unit, or a nominated Statistical

representative. Publicly funded trials cover a diversity of interventions (28) and are generally
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not seeking a marketing authorisation from the competent authorities and this may impact the
approaches taken in line with heterogeneity of effects by cluster or time. Limitations of this
work are that it represents statistical practice within the UK in leading trial centres, leaving
global practice unknown. However, the survey drew upon internationally accepted guidelines
(28) for best practice and therefore the opinions and experiences are applicable beyond the
UK. Second, some of the observed responses may have related to the different types of surgical
trials that the CTUs conduct. Not all surgical trials include interventions where there is
learning. Indeed, one would anticipate that many pragmatic large-scale trials do not have
‘learning’ effects because they include interventions that are stabilised and already in
widespread use. Whilst the survey allowed for free-text responses, a more focussed survey,
achieved using qualitative research methods, would be needed to examine these issues. Third,
the volume of studies designed by each Unit will vary widely, and one responder per Unit may
result in experiences reported for larger Units not being indicative of all studies run. However,
responders were able to complete the survey with additional support within their Unit if

required.

5.5. Conclusions

This survey is the first to report on the experience and management approaches with regards
to clustering effects and the learning curve in multi-centre randomised trials. Importantly,
responders, who were highly experienced in the design and analysis of such studies, appear to
have awareness of when to make such considerations. Whilst approaches to management are
varied, and this variation may be trial dependent within Unit, reasons for approaches reported
were provided and approaches justified. Historically, guidance on the design, analysis and
reporting of RCTs was developed more generally to support consistency in approaches across
a more conventional RCT, (16, 28, 34) with the development of more intervention specific
guidelines being established following these to address the additional complexities across

different types of trials. (13, 21, 23, 30) Intervention specific guidelines may have led to the
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variation and justifications identified in this survey. These results highlight the need for more
agreement between triallists about how to best design and analyse trials of different types

and/or further research to establish optimal methods.
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Chapter 6 : Example trials involving surgery

6.1. Introduction

This chapter presents real trial examples to highlight when and how consideration of learning
and clustering effects may be appropriate. Examples have been purposely selected from
Liverpool Clinical Trials Centre portfolio such that they represent different types of surgical
trial. Their summary will demonstrate one Unit’s experience in approaches that can be taken
to manage learning and clustering in practice, thereby aiding the discussion around these
considerations in pragmatic research in a surgical setting. A number of these trials will be in
later chapters illustrate the application of analytical methods that adjust for learning and

clustering.

6.2. Classifying surgical trials

The reviews of the trials within the literature or grant applications conducted in Chapter 3 and
Chapter 4 classified trials according to the type of interventions that they compare, see Figure
4. Available guidelines for complex or surgical trials, summarised in Chapter 2, tend to focus
on their applicability and relevance in relation to the interventions. However, issues relating
to differential expertise bias apply to any trial involving an invasive procedure. (64) When
surgery is delivered within the trial but is not the intervention of interest, the level of clustering
or learning curve associated may not be considered as strong, but it is still possible that poor
design, or failure to consider differential expertise bias, may lead to any differences observed
in treatment effects being wrongly attributed to the treatment itself and not differences due to
performance bias. For this reason, trials that involve an invasive procedure, where surgery is

delivered as part of the patient pathway, are included within this summary.
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Figure 4: Defining type of surgical trial for examples
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All trials were designed and analysed by the Liverpool Clinical Trials Centre —a UK Clinical

Research Collaboration (UKCRC) registered Clinical Trial Unit. (65) The Centre has a

specific research stream for surgical interventions and has 14 trials in their portfolio at the

time of writing. All trials presented within this chapter are pragmatic multi-centre and multi-

surgeon thereby representing up to three levels of nesting (patients within surgeon within

centre).

A case-based approach was adopted to present the approaches used to manage learning and

clustering at the design and analysis stage. Four surgical trials were purposefully selected to

demonstrate learning and clustering such that they represent different surgical trial settings.

Each differing in terms of the nature of their surgical comparisons, see Figure 4.
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Examples presented also vary by surgical area, sample size and differing levels of approaches
used to account for learning and clustering at the design and analysis stage. A summary for
each trial is provided including intervention type, setting, patient population, forms of
treatment and outcomes followed by a description of the approaches used at the design and

analysis stage to manage the potential effect of learning and clustering.

6.4. Example trials

6.4.1. A trial where surgery is delivered as part of patient pathway: the BASICS trial

Ventriculoperitoneal shunts (VPS) as a treatment for hydrocephalus is one of the most
common procedures performed in neurosurgical units. (66) BASICS was a parallel, three-arm,
blinded, multi-centre randomised controlled trial comparing antibiotic-impregnated, silver-
impregnated and standard (non-impregnated) VPS in patients with hydrocephalus undergoing
insertion of their first permanent shunt. The trial population included 1605 patients (children
and adults) with hydrocephalus of any aetiology requiring first shunt. Patients were recruited
from 19 neurosurgical wards across the United Kingdom and Ireland. Randomisation (1:1:1)
was stratified by centre and operating theatre within centre, for logistic reasons to allow the
randomisation envelopes to be accessed when required, and undertaken by the operating
surgeon within theatre at the time of insertion. All shunts used in the trial were CE marked
medical devices being used for their intended purpose. The primary outcome was time to shunt
removal for shunt infection. Secondary outcomes included time to shunt failure for any cause,
reason of failure (infection, mechanical), and time to removal for shunt infection following a

clean revision.

This trial has a published protocol and main results paper that can be accessed for further

information. (67-69)
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Considering learning

BASICS was a device trial where the intervention of interest was different coatings of the
shunt inserted. The surgical technique across the three arms of the study, insertion of a shunt,
was the same, although the devices themselves varied in their size and flexibility. At the time
of trial design, feasibility data demonstrated that antibiotic and standard shunts were most

commonly used.

The key differences between the shunts are in their length and flexibility. Silver shunts are
more rigid than other types. During insertion, a metal rod is used to prevent the more flexible
shunts from bending, once in situ this rod is removed. The silver shunt is strong enough and
does not require a rod to assist with insertion. There may therefore be a surgeon learning curve
present for surgeons to overcome initial difficulties with the size and flexibility of the device,

despite the surgical technique across the three arms of the study being the same.

During the trial there was some evidence of clinician preference regarding shunt selection
which led to exclusion of 17% (n/N=74/435) eligible patients during the screening process.
Further details of the preference were not collected and only a few consultants willingly
offered details with one preferring the antibiotic shunt and two preferring the standard. Once
randomised, 1% (n/N=16/1601) of patients did not received the shunt allocated with reasons

for not adhering to randomisation occasionally specific to the shunt allocated.

Considering clustering

Age was a known prognostic indicator of shunt failure, and most recruiting centres treated
paediatrics or adults, rarely both. It was expected therefore that centre would be a prognostic
indicator of outcome. Important considerations for design and analysis to allow for this
included balancing randomisation with respect to centre through stratification and
subsequently adjusting the analysis for age of recruiting hospital. The results supported this

design consideration, with one quarter of the randomised patients being under one year of age
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and results confirming a greater risk of revision, and infection, within the paediatric cohort.
However, there may be further differences within the groups that this design and analysis
approach did not capture. Variation of shunt size would typically be more of a concern within
very young patients and the difference between a one year old and a 15 year old, who would
fall within the same strata, will be greater than a 15 year old and a 19 year old who would be

categorised in separate risk strata.

Further, BASICS was a pragmatic study and did not require participating centres to change
their routine shunt insertion practice. As a relatively common treatment within neurosurgery
there is potential for a wide surgical experience base and variations to routine pre and post-
operative care. Therefore, an expertise and practice imbalance with regards to shunt insertion

between arms, by chance, was possible.

Managing by design
Clustering, by centre, was managed through stratification of the randomisation schedule.

Stratifying by recruiting centre ensured balance within centre of the three shunt types.

The trial team required that recruiting centres met the BASICS Centre Inclusion Criteria,
which required aspects relevant to clustering that centres were regional neurosurgical units
treating adults or paediatrics and provided evidence that they were able to recruit a minimum
of three participants per month, which demonstrates that the centre has sufficient experience
in treating eligible patients. No criterion covered aspects of learning in terms of expertise in
fitting each shunt type. This was because differences with regards to shunt variations were
raised during the trial and not at the design stage and meant that trial specific surgical training,
or quality assurance monitoring, was incorporated in the design. This highlights a need for
triallists to discuss in detail any differences in the treatments and how they are delivered early
in the study, even in trials where surgery is not the intervention of interest, as in the BASICS

trial.
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Managing by analysis

No analysis to explore learning was undertaken as part of the main trial analysis. However, to
facilitate any analysis of learning and clustering, data collection forms were designed to
capture information that would allow heterogeneity by centre, or surgeon, to be explored
analytically if required. For example, details of the lead and other members of the operating
team were collected, including as grade of operator. Data were also collected on patient level
factors that may indicate a greater risk of shunt failure, such as whether the patient was pre-

term at birth for paediatrics.

Analyses of the primary outcome, and selected secondary outcomes, were adjusted for age of
demographic within recruiting hospital, for example paediatric, due to the prognostic value of
age. Adjusting for both values was not possible due to dependency of age group on recruiting
centre. Instead, heterogeneity in treatment between centres was explored graphically and by
summary statistics. Infection rates (primary outcome), revision rates (secondary outcome) and
confidence intervals around these were reported, split by shunt type, on a per centre level. No
analysis to explore clustering by surgeon was undertaken and this is further explored within

Chapter 7.

6.4.2. A trial comparing a surgical to a non-surgical intervention: the NERVES trial

Sciatica is the name given to any pain caused by irritation or compression of the sciatic nerve
and affects approximately 3% of the UK population at any one time. (70) NERVES compared
two treatments for sciatica: injection and spinal surgery. NERVES was a parallel, national,
two-arm, open-label, multi-centre randomised controlled trial comparing the clinical and cost
effectiveness of trans-foraminal epidural steroid injection to surgical microdiscectomy for the
treatment of chronic radicular pain secondary to prolapsed intervertebral disc herniation. The

trial population included 163 patients with sciatic pain endured for between six weeks and
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twelve months whose symptoms had not been improved by at least one form of conservative
(non-operative) treatment. Patients were recruited from eleven outpatient neurosurgical, pain
and orthopaedic clinics in the United Kingdom. Randomisation (1:1) was stratified by centre.
The primary outcome was patient-reported disability measured using the Oswestry Disability
Questionnaire scale at 18 weeks post randomisation. Secondary outcomes included disability
and pain scales using numerical pain ratings, modified Roland-Morris and Core Outcome

Measures Index, at 12-weekly intervals.

This trial has a published protocol and main results paper that can be accessed for further

information. (70-72)

Considering learning

As the trial compared a surgical intervention to a non-surgical intervention, treatment provider
specialty could differ between arms. The injection comprises a local anaesthetic to numb the
sciatic nerve, providing short-term pain relief, while the steroid has a long-term effect reducing
inflammation in the joint and around the nerve. Spinal surgery removes the part of the disc
that is causing the sciatica. Prior to the trial, both interventions were used routinely and a
learning curve was not deemed to be a concern. If it were, then the triallists would likely need
to allow for different learning curves per treatment arm, due to the substantially different

nature of the treatments.

Considering clustering

NERVES is an example of a trial where the treatment provider delivering the intervention
treats patients in one arm only, or is more likely to offer one treatment than the other. For
example, an anaesthetist would only treat patients with the injection, and an orthopaedist may
deliver both. In this case, the probability of a patient being assigned to an anaesthetist cluster

and an orthopaedic surgeon cluster is not equal, as the anaesthetist can only conduct one of
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the interventions. If the treatment groups are assigned to clusters with different probabilities,
then the correlation between treatment assignments is non-zero. The ICC is generally not
known prior to the trial commencing and, unless there is evidence to the contrary, should
always be assumed to be non-zero. When the correlation between treatment assignment and
the ICC are both non-zero then clustering should, at design, be treated as non-ignorable

clustering. (73)

However, in NERVES, the sample size prevented further analysis of clustering. The sample
size was 163 patients, with half the patients being recruited from a single centre and the
remaining ten centres recruiting a minimum of one patient and a maximum of 14. This
confined the amount of meaningful analysis that could be performed at the centre level, and
treatment provider level due to their nesting within centre, and presents a common issue in
trials. NERVES therefore highlight that sample size per centre, or treatment provider, should

be considered at design when triallists consider clustering, or learning, a particular interest.

Managing by design
Clustering, by centre, was managed through stratification of the randomisation schedule.

Stratifying by recruiting centre ensured balance within centre of the two treatment arms.

The trial team required that recruiting centres met the NERVES Centre Inclusion Criteria.
Criteria relevant to clustering were that centres were neurosurgical, pain and orthopaedic
clinics that receive patients from tertiary referral centres (General Practitioners, allied health

professionals and non-spinal consultants).

Surgeons and anaesthetists were selected according to local practice and pre-requisites for
treatment providers were arm specific. For the injection, treating specialists could include pain
specialists, radiologists, anaesthetists and surgeons. As part of the inclusion criteria, treatment

providers were required to perform the injection as per the trial protocol to minimise
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variability in treatment delivery in the injection arm, with aspects such as the dosage and type
of steroid for use being compulsory. For the surgery, treatment specialists were orthopaedic
or neurosurgical consultants, or equivalent e.g. associate specialist. Deliverers could also be a
specialist trainee directly supervised by a consultant. The surgical arm was performed as per

local policy within a treatment window defined within the protocol.

Managing by analysis

No analysis to explore learning was undertaken. However, data collection forms were
designed to capture information that would facilitate any analysis of learning and clustering if
required. For example, the treatment provider’s name, specialty e.g. orthopaedic and level e.g.
trainee were collected, as were details of the wider team delivering the treatment. Data were
also collected on patient level characteristics that may impact treatment success, such as

duration of symptoms.

Analyses of the primary outcome, and secondary efficacy outcomes, were adjusted for
recruiting centre. Centre was treated as a random effect and the outcomes compared using a
linear mixed effect model, with fixed effects baseline score and treatment group. No analysis

to explore clustering by treatment provider was undertaken.

6.4.3. A trial comparing different components of the same intervention: the TOPS trial
Clefts of the lip and/or palate are among the most common birth anomalies, occurring with an
incidence of 1 in 600 births. (74) The timing of palatal surgery has been a controversial issue
since the 1930s. (75) TOPS was a parallel, international two-arm, assessor-blinded, multi-
centre randomised controlled trial comparing primary surgery, using the Sommerlad
technique, for cleft palate at six months or twelve months of age (corrected for gestational
age). The trial population included 558 infants with a diagnosis of non-syndromic isolated

cleft palate who were considered medically fit for operation at six months, corrected for
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gestational age. Patients were recruited from 23 centres in Brazil, Denmark, Norway, Sweden
and the United Kingdom. Randomisation (1:1) was undertaken using a minimisation program
within strata defined by surgeon and size of cleft (soft palate only or soft and hard palate). The
primary outcome was insufficient velopharyngeal function at five years of age. Secondary
outcomes, measured across twelve months, three years and five years of age included growth,

safety of the procedure, dentofacial development, speech, hearing and middle ear function.

This trial has a published protocol and statistical analysis plan that can be accessed for further

information. (74, 76) The main trial results paper will be published in due course.

Considering learning

It is important to consider the experience of the treatment provider in any trial. TOPS presents
an example trial where differential expertise is likely to exist within patient subgroups. TOPS
was a surgical trial where the intervention, primary palatal surgery using the Sommerlad
technique, (77) delivered across both arms was the same, with the patient age at primary

surgery varying between aged six and twelve months.

The opening of the infant’s mouth is smaller in younger children which can make fitting the
tools into the mouth to conduct the operation more difficult. Infants who are younger at the
time of the operation may therefore be more prone to scarring or surgical complications.
Timing of surgery was known to vary widely across participating centres, from six months of
age to eighteen months of age. No centre had experience in both surgical timings of interest.
Surgeons within centres who routinely operated on older infants may struggle with the
younger infants in the study. Similarly, those who are familiar with operating on younger
infants may find operating on older children in the twelve months arm, where the opening for

the surgery is larger, easier to undertake.
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In addition to concerns around expertise in terms of the size of the child, one centre had no
experience of the Sommerlad technique prior to trial participation. The independent data safety
monitoring board and the trial management group therefore raised concerns of a learning curve

in terms of the intervention.

Considering clustering

During the trial, differences between centres in terms of randomisation and adherence to
timing, which may have stemmed from concerns around expertise, were noted. One-third of
all reported ineligible infants were excluded as not medically fit for operation at six months,

with this proportion varying from 0.0% to 48.6% across the recruiting centres.

Due to the trial recruiting on an international level, TOPS provides an example of a trial where
there is good reason to expect clustering by centre. Differences in outcomes at the centres or
surgeon level may also be impacted by environmental, socio-economic or treatment delivery
differences, such as routine pre and post-operative care or availability of resources to support

infants with additional needs.

Managing by design

Each participating centre was required to demonstrate set criteria prior to participating in the
trial. These criteria included high volume of patients which demonstrates surgical experience,
albeit at a centre level and not surgeon. The cleft team at each centre were required to
comprise: cleft surgeon(s), nursing staff, cleft speech and language therapist(s), clinical

geneticist/paediatrician, audiologist(s), orthodontist and social worker.

Prior to participation, a formal process of surgical standardisation took place for all

participating surgeons. A designated surgeon, who developed the technique, acted as lead

surgeon for surgical calibration and provided instruction via written text, video demonstrations
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and illustrated seminar and discussion sessions. This instruction also included a calibration
session in the operating room. Calibrated surgeons then completed the TOPS Surgical
Calibration Training Log, this log was signed by the training surgeon to confirm the

competency of the listed individual was competent.

Clustering, by surgeon, was managed through minimising randomisation on operating
surgeon. There were a maximum two surgeons per recruiting centre. Minimising on surgeon
ensured balance within surgeon in terms of surgical timing. Balance is important to achieve
in this case due to the differential expertise in treatment arms, with no participating surgeon

having experience in both surgical timings prior to the trial.

Managing by analysis

No exploration of learning was undertaken as part of the pre-planned main trial analysis.
However, data were captured to facilitate analysis of learning and clustering. Centre policy of
primary surgery age prior to involvement in the trial, details of the operator and patient level

characteristics, such as age at primary surgery, were collected.

Differences in the primary outcome due to heterogeneity in treatment between surgeons were
accounted for using a multilevel logistic regression model including: a random effect for
surgeon and fixed effects for minimisation factor size of cleft at baseline, treatment allocation,
and an intercept. This was a sensitivity analysis, adjustments were not made for the main
outcome comparison. Due to the overlap between centre and surgeon i.e. maximum of two

surgeons per recruiting centre no analysis to explore clustering by centre was undertaken.

6.4.4. A trial comparing different surgical interventions: the PANASTA trial

Pancreato-duodenectomy as a procedure is 100 years old. During the 1940s, it was refined and

standardised (78) and is currently the most common operation used to treat pancreatic cancer.
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(79) PANasta is a parallel, national, two-arm, double-blinded, multi-centre RCT comparing
Cattell-Warren and Blumgart techniques of pancreatico-jejunostomy following pancreato-
duodenectomy for presumed malignancy. The trial population included 238 patients, over the
age of 18, undergoing an elective pancreato-duodenectomy for presumed malignancy. Patients
were recruited from eleven centres in the United Kingdom. Randomisation (1:1) was stratified
by pancreatic texture (soft or normal/hard), pancreatic duct diameter (normal (<3mm) or
dilated (>3mm)), and centre. The primary outcome was the presence or absence of a post-
operative pancreatic fistula (POPF) up to 3 months post-surgery. Secondary outcomes
included adjuvant therapy, mortality rate, overall survival, rate of delayed gastric emptying,
rate of wound infection, rate of pulmonary infection, rate of intra and post-operative bleeding,
rate of reoperation, length of hospital stay, and operation time. Secondary outcomes are

assessed up to a maximum 12 months post-surgery.

The PANasta trial is the first multi-centre RCT comparing two types of duct-to-mucosa
pancreatic anastomosis with surgical quality assurance. This trial has a published protocol and

main results paper that can be accessed for further information. (78, 80)

Considering learning

PANasta is a trial assessing two different surgical techniques of pancreatico-jejunostomy
(reconstruction of the pancreatic remnant) following pacreato-duodenectomy: Cattell-Warren
and Blumgart. (81) During design, there was a lack of well-designed studies, with existing
studies lacking surgical quality assurance and consideration of the surgical learning curve.
(78) This led to the potential for the personal preference of surgeon and differing evidence
base introduced the potential for the treatments being delivered varying by surgeon and centre.
Ensuring that the techniques being compared were as standardised as possible and minimising

differential expertise was a particular challenge for the trial team.
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Considering clustering

Despite the delivery of the intervention being standardised as far as possible, adjuvant
therapies were not controlled as part of the study and considered to be of importance by the
research team. Generally, following the surgery the patient is assigned to chemotherapy, but
the time to this adjuvant treatment, and more importantly whether or not the patient is left for

longer to ensure that they are fit enough for chemotherapy, can vary centre to centre.

Managing by design

Centre Inclusion Criteria were defined to ensure sufficient experience using both techniques.
Centres were tertiary pancreatic surgery referral units, hospital inpatient and outpatient units
to ensure a more standard approach to treatment delivery and a similar case mix of recruited
patients. The trial team required local expertise in pancreatico-jejenostomy methods of
recruiting the pancreatic remnant with local Principal Investigators required to be familiar

with both techniques.

A number of steps were taken to ensure standardisation of both techniques were undertaken.
Consensus meetings identified key steps of each anastomosis, such as management of drains,
which was then developed into a pilot phase operative manual. Investigator meetings were
held to provide trial specific training. An operative manual was developed by testing the pilot
phase operative manual in two centres for six months as part of an internal pilot. The pilot
manual was reviewed and adapted where necessary prior to being finalised and rolled out
amongst all centres. The manual defined steps for the anastomosis that were mandatory,
prohibited and flexible. Finally, pre and post-operative photographs were taken collected to
ensure surgical quality and consistency through assessment by the Chief Investigator and a

second reviewer.

Clustering, by centre, was managed through stratification of the randomisation schedule.

Stratifying by recruiting centre ensured balance of the two treatment arms within centre.
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Managing by analysis
No analysis to explore learning was undertaken. However, details of the surgeon and patient

characteristics were collected to facilitate analysis as required.

A sensitivity analysis was performed using the Cochran-Mantel-Haenszel test calculated
across centres. Logistic regression was also used to investigate individual variation in

outcomes by centre.

Differences in time to adjuvant treatment, and how this varied by centre, were explored as part

of a post hoc analysis.

6.5. Discussion

The surgical trials presented provide real examples of trials where learning or clustering
considerations were warranted and demonstrated how, through design and analysis, these
effects were managed. All of the trials here provide real examples of the considerations and
recommendations for design and analysis presented for surgical learning and clustering in Box

6, Box 7, Box 8 and Box 9 in Chapter 3 being applied in practice.

The trials presented differ in terms of their interventions, presenting a traditional surgical trial,
such as PANasta, alongside a trial where the surgery is delivered as part of the patient pathway
but is not the intervention of interest as in BASICS, and highlights the overlap between how
considerations, with regards to learning and clustering, can be addressed through design and
analysis. The selection includes studies varying in patient populations, including trials
recruiting adults only (PANasta), children only (TOPS), and all ages (BASICS). The
importance of age across a number of trials is highlighted, such as the size of the child at the

time of the operation in TOPS and the importance of age as a prognostic factor relative to the
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outcome in BASICS. Conditions presented can be chronic, as in NERVES, and vary across
surgical specialty. The outcomes across all of the trials vary, yet in most cases the impact of
centre or treatment provider, on these warrants consideration when designing the trial, with

all studies aiming to standardise delivery using various methods.

Real examples of considering the learning curve are presented, and demonstrate how the
recommendations, presented in Box 7 in Chapter 3, can be followed. All trials in this chapter
defined, to some level, a minimum experience required to deliver the intervention at centre or
surgeon level (Recommendation LC-1). Examples included defining the specialty field of the
deliverer, and this could be arm specific as in NERVES. Whilst BASICS did not set a
minimum level of expertise for surgeons, details on the surgery log were collected with regards
to the composition and expertise of the surgical team to support analyses of treatment provider
experience if required. Recommendation LC-2, trial specific training, is demonstrated at the
surgeon level as in TOPS, where surgeons were calibrated and signed off by an expert surgeon
prior to participation. None of the trials presented adopted an expertise-based design
(Recommendation LC-3) although this is likely to be due to concerns around generalisability.
For example, all TOPS centres routinely operated on infants that were closer to one timing
arm than the other prior to participation in the study. However, adopting an expertise-based
design in this trial would limit the generalisability of the trial results. (82, 83) The ftrial
recruited internationally across five countries and therefore it is likely that practice in terms
of age at primary surgery will vary. Allowing surgeons to operate on their preferred arm, or
the arm in which they have most experience in, would mean that single countries were
operating on one arm of the study. Such as design may invariably lead to imbalances in
environmental, socio-economic and treatment factors, across the two arms by design. PANasta
shows how monitoring of protocol adherence and treatment delivery can be incorporated into
trial design (Recommendation LC-4). In this trial, operative photographs were collected, for
central review, to enable post-surgery quality assessments to be undertaken. None of the trials

explored learning as a main or secondary analysis, Recommendation LC-5. However,
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investigations into changes in surgical outcomes over time was planned for TOPS and

presented in a later chapter of this thesis.

These trials also provide real examples of how clustering could be considered following the
recommendations, presented in Box 9 in Chapter 3. All trials balanced the randomisation
strata, with BASICS balanced on centre through stratification (Recommendation C-1) and
TOPS balancing on surgeon through minimisation (Recommendation C-2). Following
balancing the randomisation, which can introduce correlation in outcomes within strata, the
analysis was subsequently adjusted, with NERVES stratifying and subsequently adjusting all
analysis of primary and secondary outcomes for recruiting centre. Following stratifying
randomisation by the same, BASICS did not subsequently adjust for recruiting centre and
instead adjusted for age category of recruiting hospital (paediatric or adult) due to its strong
prognostic value and overlap with the stratification factor (Recommendation C-7). Many of
the trials also considered stricter protocol requirements for treatment delivery, following
Recommendation C-4. For example, in TOPS where centres were acting outside of their
routine practice, surgeons were required to be standardised by an expert surgeon prior to
participation. Likewise, a surgical manual was developed for PANasta, this was developed as
part of a pilot phase for the trial and detailed steps of the intervention that were mandatory,
prohibited and flexible. These steps led to increased monitoring of protocol adherence and
treatment delivery (Recommendation C-5) with the operative photographs, taken as part of the
PANasta trial to ensure ongoing quality and consistency in treatment delivery, providing an
example of managing effects by conduct. Many of the trials also explored treatment effects
across centres (Recommendation C-6), with such investigations being done either through

exploratory analysis, as in BASICS, or through formal adjustment as in NERVES.

It is imported to consider some limitations in terms of the generalisability of this summary.
First, all example trials are connected to the Liverpool Clinical Trials Unit meaning that they

were developed under a single set of standard operating procedures. However, the trial teams
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largely comprised different methodologists and therefore do not represent approaches
implemented by a single trial team. Second, the examples were also purposely selected to
ensure that they cover each of the types of surgical trials types, and therefore may not be
representative of other trials within the same trial type or those developed at other Units. The
selection also means that the cohort does not include a trial involving entirely new treatments,
where the amount of attention given to aspects such as surgical learning would likely be
greater. The selection also does not include a single centre study, where elements of clustering
may be less of a concern than in more pragmatic multi-centre studies. However, as identified
throughout this and subsequent chapters, clustering (in Chapter 7) and surgical learning (in
Chapter 8) may be present even in trials comparing established techniques. It is important to
note that the role of this summary is to demonstrate approaches that have been taken to manage
learning and clustering in practice, and not to determine how trials should be designed and

analysed which is addressed in earlier and later chapters of this thesis.

6.6. Conclusions

The description of trials in this chapter have demonstrated how learning and clustering can be
managed through design, conduct and analysis in a variety of different settings, intervention
types and across different surgical specialties. Despite the best efforts of trialists, issues around
learning and clustering in many aspects are unavoidable and, through early statistical
involvement, trials can be designed to reduce the impact of learning and clustering and, when

collect and analyse the data to alleviate concerns around either of these effects.

Given that the current guidelines support exploring heterogeneity of treatment effects across
treatment providers, there is also a need to understand, within the trial setting, how and when
clustering or learning by treating centre or surgeon impacts trial results. The next two chapters

explore the impact of clustering on trial results, presenting methods to appropriately adjust for
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these, and learning within a trial setting, presenting exploratory analysis approaches to

demonstrate these, respectively.
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Chapter 7 : Quantifying the impact of clustering on trial

conclusions

7.1. Introduction

In Chapter 1, clustering was introduced. Approaches for minimising the impact of clustering
through trial design and analysis were provided in Chapter 2 to Chapter 5 and Chapter 6
presents real examples of considering their effect. Although good design can minimise the

impact of clustering, it is important to consider any remaining impact on trial conclusions.

In individually randomised trials, it is possible that the effectiveness of the intervention,
independent of any treatment effect depends on differences in environmental or socio-
economic factors. Additionally, clustering may occur due to treatment provider expertise, and
this could be at the centre or surgeon level. (84) The statistical measure of clustering between
patients treated by the same surgeon or centre is known as the as the ICC and this can vary
substantially trial to trial in surgery. (85) In the presence of clustering, the usual statistical
methods for analysing trial data may not be appropriate as they often assume independence.
(86) Dependence can lead to inflated standard errors, p-values, and wider confidence intervals
and a reduction in the effective sample size, which ultimately leads to a reduction in the power

of the study. (73, 87)

The aim of this chapter is to explore the presence of clustering, by centre and surgeon, in RCT
datasets and determine the impact on trial conclusions. A retrospective statistical analysis of
outcomes from two individually randomised example trial datasets is undertaken. Next, the
impact that adjusting for surgeon, under different levels of clustering and treatment

differences, is explored by simulating data.
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7.2. Methods

7.2.1. Datasets

This investigation reanalyses example trials: BASICS and TOPS. Both were introduced in

Chapter 6 and represents trial datasets with potential clustering

The BASICS secondary outcome, failure for any cause, is explored in place of the original
primary outcome, failure due to infection. In the original trial, 394 patients had a revision for
any cause (secondary outcome) compared to 75 patients with infections (primary outcome).
Choosing to reanalyse this secondary outcome allows for a greater event rate to support a
multilevel analysis approach and the outcome may also be impacted by the surgeon or centre.
To further facilitate this analysis and make best use of the statistical methodology available,
revision for any cause is analysed as a binary outcome, and not time to event as in the original

trial.

The TOPS secondary outcome, occurrence of fistula, is explored in place of the original
primary outcome, insufficient velopharyngeal function at age five years. This is because
fistula is highlighted within the cleft literature to be associated with surgeon expertise. (88,

89)

7.2.2. Statistical analysis

Statistical principles and presentation
A complete case analysis approach is performed using the intention-to-treat principle. In
keeping with approaches used in the original trial, 97.5% confidence intervals are presented

for BASICS and 95% confidence intervals presented for TOPS.

The number of infants undergoing surgery with outcome data is presented, as is the number

of infants within surgeon and within centre. Binary data are presented by frequencies and
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percentages, and continuous data by medians, inter-quartile range and overall range.
Outcomes, by centre and surgeon, are presented overall and split by treatment arm using tables

and caterpillar plots.

Statistical modelling
The following four methods to analyse individually RCTs with clustering were considered for
this investigation (84, 90):

(1) Cluster level analysis;

(2) Random effects, or cluster specific approach;

(3) Marginal or population-averaged approach; and

(4) Ignoring the effect and assume independent outcomes.

(1) does not make optimal use of the data and does not allow adjustment of individual patient
factors. (2) is preferable to (3) as it allows the effect of a treatment provider to be explored on
an individual level and estimates the ICC, which enables heterogeneity to be more fully
explored. (4) represents the common approach used within trials. This analysis therefore

compares and contrasts methods (2) and (4).

The outcomes for both trials are binary and the data are multilevel, with patient clusters nested
within surgeon nested within centre. Figure 5 presents a classification diagram of the three-

level data hierarchy.

Four models are be applied to each dataset, all models adjust for treatment and have the
response as the outcome. Model A represents method (4) in which the effects of clustering are
ignored. The second, third and fourth models, Model B, Model C and Model D respectively,
are random effects models as per method (2), each with varying complexity accounting for

the different hierarchies in the data due to centre and surgeon.
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Figure 5: Classification diagram for the three-level example

centre

surgeon

patient

Model A is a simple logistic regression model, modelling the chance of an event based on the

treatment.

Equation 1

Where Tt indicates the probability of the i-th patient having the event, B, is intercept, and ;s

the regression coefficient for treatment.

Model B is a two-level multilevel logistic model. This model analyses the two-level data

structure of patients (level 1) within centre (level 2).
T §
log (1_—%}) = Bo + P1xij +u; Where u;~N(0,07)

Equation 2
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As in Equation 1, 8; regression coefficient for treatment is now the effect of x after adjusting
for centre effect u. While S, is the overall intercept, the intercept for a given centre j is 8, +

u;, where u; can be referred to as the group (random) effect, group residual or level 2 residual.

Model C is also a two-level multilevel model. This model analyses the two-level data structure
of patients (level 1) within surgeon (level 2). This model is the same as the centre adjusted
two-level multilevel logistic model in Equation 2, with surgeon as the group effect in place of

centre.

Model D is a three-level hierarchical model. This analyses the three-level data structure of
patient (level 1) within surgeon (level 2) within centre (level 3) in its entirety. This model has
been included, as naively fitting two-level models to three-level data can lead to misattributing

response variation to the two included levels. (91)
Tjk
log F Bo + BiXiji + Wik + Uk
— TWjk

Equation 3

As in Equation 1, B, regression coefficient for treatment is now the effect of x after adjusting
for centre effect u; and surgeon within centre effect u;,. While g, is again the overall
intercept, B; denotes the regression parameters for the patient level variable treatment. w;
denotes the random effect for the j-th surgeon within the k-th centre and u; denotes the
random effect for the k-th centre. Assuming that u;,~N(0,05,) and w,~N(0,05,) are

independent.

Estimating the ICC
In a two-level multilevel linear regression model of a continuous outcome the intra-level-2

correlation is:
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Equation 4

Where o2 and o2 denotes the between-cluster variation and the between-patient variation
respectively. When applying variance components models, this also measures the proportion
of the total variances which is between level 2 units, such as surgeon. In a three-level
multilevel model, patients within surgeons within centres, there are two such correlations and
variance proportions; the intra-centre correlation which is also the proportion of variance that

is between centres and the intra-surgeon correlation, which is also that between surgeons.

The proportion of variance explained by both centre and surgeon is estimated using Equation
2. The between-cluster variance (g2) is estimated automatically when applying the SAS
PROC GLIMMIX procedure. (92) However, when using logistic regression models, the
between-subject variance (o2) cannot be directly computed. A number of procedures for
calculating the ICC within this modelling approach exist. The most common being the latent
response formulation which is inappropriate for this data as assumes that the underlying
distribution of the outcome is continuous. While there is debate around application within
binary outcomes, for the outcomes considered within this investigation the argument for a
continuum between the states of presence and absence is difficult to apply. (93) Instead, the
between-subject variance is estimated using simulations within SAS. (Statistical Analysis
Software (SAS®) 9.1.4; SAS Institute Inc., Cary, NC, USA) (93) (Appendix Material 6) The
simulations method does not require an approximating formula. Using the intercept and
o2 parameters obtained from Equation 2, and simulating 50 000 values for the level 2 residual,

the coefficient o2 is estimated. These are then used to calculate p as in Equation 4. (94)
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Simulations

The performance of the adjusted and unadjusted models when applied to the individually
randomised trial data is explored using Monte Carlo simulation methods, with the aim of
exploring the impact that adjusting has on the null hypothesis under varying degrees of ICC

and treatment differences.

Data are simulated using the TOPS dataset, as this dataset contained fewer surgeon clusters
and each cluster is of reasonable size thereby reducing the chance of the models failing to
converge. All derived datasets have the same sample size, number of surgeons and patients
within surgeon as observed in the TOPS trial. Scenarios allowing for varying ICC and odds
ratio are explored. To simulate surgeon effects, the relationship between ICC and between-
patient variation (¢2) in Equation 4 is employed, with the between-cluster variation (c2)
varying and the between-patient variation set to that observed in TOPS. The following ICC
levels are considered for completeness: 0.001, 0,01, 0.05, 0.10, 0.15, 0.20 and 0.25 alongside
the ICC level observed within the original trial. The choice of ICC variations is weighted
towards zero as lower values occur in practice. The following odds ratios are considered:
0.6842, 0.4004, 0.2416, to represent low, medium and large effect sizes in samples where the
rate of the outcome is approximately 10%, alongside the odds ratio observed within the
original trial. (95) Data are simulated for each scenario using Model C. Treatment allocations
for patients within surgeon are assigned using simple randomisation with an equal allocation
ratio, using X;~Bernouilli(0.5). Outcomes for each patient are generated using the logit link
function applied to a linear predictor, utilising a random effect for surgeon based on the ICC

for that scenario. (96)

Model A and Model C are applied to each simulated scenario. The TOPS randomisation was

adjusted for surgeon and so Model C is a logical choice over Model B. Most centres had a

single surgeon and due to this overlap, Model D was dropped for the simulation aspect of this
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study. Also, as the randomisation schedule used surgeon, this clustering is non-ignorable by

design.

2000 simulated datasets is generated for each scenario. The two models, A and C, are applied
to each and their estimated parameters extracted and used to estimate empirical power and
empirical coverage. These measures target the null hypothesis directly, as the odds ratios
cannot be compared directly, due to Model A providing a marginal and Model C a conditional
estimand. Empirical power is defined as the proportion of simulations per scenario in which
the estimated 95% confidence intervals of the estimated odds ratio does not include 1 (no
difference). Empirical coverage of confidence intervals is defined as the proportion of
simulations per scenario in which the estimated 95% confidence interval of the estimated odds
ratio includes the true odds ratio. All datasets are simulated and analysed in SAS. (Statistical

Analysis Software (SAS®) 9.1.4; SAS Institute Inc., Cary, NC, USA)

7.3. Results

7.3.1. BASICS

Table 22 provides a summary of the dataset. Table 23 provides the model parameters used to
estimate the ICC presented in Table 22. Table 24 presents the number of units at each level
of the data hierarchy. The number of centre clusters was 21, the number of surgeon clusters
was 303. Surgeons operated up to a maximum of three centres, yet generally cross centre

operations were infrequent, see Table 22.

The within centre and surgeon cluster size varied in BASICS, with 21 centre clusters
containing 303 surgeon clusters. The median cluster size for patients within centre and surgeon
was 71 and 3 respectively. Almost all centres operated on more than ten patients (n=19/21),

compared to 13.5% of surgeons (n=41/303). Table 22 and Table 24 provides more details.
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Table 22: Summary of examples of trials with the potential for clustering

BASICS

TOPS

Sample size

No. patients with event

No. of centre clusters
Median cluster size
No. at least 10 patients

ICC estimate

No. of surgeon clusters
Median cluster size
No. at least 10 patients

ICC estimate

No. of centres per surgeon
One
Two

Three

1594

Standard : 533 (33.4%)
Antibiotic : 535 (33.6%)
Silver : 526 (33.0%)
398 (25.0%)

Standard : 130 (24.4%)
Antibiotic : 132 (24.7%)
Silver : 136 (25.9%)

21

71.0

19

Standard : 0.0840
Antibiotic : 0.0843
Silver : 0.0862

303

2.0

41

Standard : 0.0840
Antibiotic : 0.0826

Silver : 0.0840

271 (89.4%)

31 (10.2%)

1 (0.3%)

125

552
6 months : 279 (50.5%)

12 months : 273 (49.5%)

73 (13.2%)
6 months : 40 (14.3%)

12 months : 33 (12.1%)

22

17.0

15

6 months : 0.0152

12 months ; 0.0133

26

15.5

17

6 months : 0.0217

12 months ; 0.0190

20 (76.9%)
6 (23.1%)

0 (0.0%)



Table 23: Parameter estimates used to estimate the ICC

Reference level for treatment: BASICS — standard; TOPS - twelve-months surgery.

BASICS TOPS
Centre model
Intercept -1.0672 -1.9343
Treatment Antibiotic : 0.01411 6 months : 0.1952

Silver : 0.08843
a2 0.4982 0.1201
Surgeon model
Intercept -1.0227 -1.9103
Antibiotic : -0.03065 6 months : 0.2069
Silver : 0.02267

ol 0.4870 0.1676

Table 24: Number of units at each level of the data hierarchy

Level number Level BASICS TOPS
3 Centre 21 22

2 Surgeon 303 26

1 Patient 1594 552

The ICC statistic for patients on the standard arm is estimated to be 0.0840 and 0.0840 for
centre and surgeon respectively, see Table 22. The ICCs are very similar for the antibiotic and
silver arm. This suggests some clustering in the data at these levels, with 8% of the variation
in the propensity to require a revision lying between centre or surgeon. Figure 6 and Figure
7, which presents the centre and surgeon level event rates, shows variation further suggesting
that there may be some clustering at these levels. The revision rate within each centre varies

from 4.8% (Centre 20) to 75.0% (Centre 18), see Figure 6. Likewise, the revision rate within
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each surgeon varied, see Figure 7. Shunt failures overall in BASICS, and for each shunt type,

by centre and surgeon is presented in Appendix Table 6 and Appendix Table 7 respectively.

Figure 6: Caterpillar plot of failure rates by centre in BASICS

Within centre revision rates. 97.5% confidence intervals are plotted and compared against the overall failure rate of 25.0%.
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Figure 7: Caterpillar plot of failure rates by surgeon in BASICS

Within surgeon revision rates. Includes surgeons who operated on at least ten patients only. 97.5% confidence intervals are plotted

and compared against the overall failure rate of 25.0%.
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Table 25 and Figure 8 shows the results of the model fitting for each adjustment approach.
The conclusions made by all four approaches is that there is no difference between the
antibiotic impregnated and silver shunt, when compared to the standard shunt. With the
surgeon adjusted model giving almost identical odds ratios for both treatment effects,
compared to the other three adjustments where silver appeared to be marginally inferior to

standard. The size of the confidence intervals varied very little across each approach.
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Table 25: Results of model fitting

Trial Cluster adjustment Odds ratio Confidence p-value
(Model) interval #
BASICS Reference = Standard
Centre and surgeon (D)
Antibiotic 0.986 0.704 t0 1.381 0.9267
Silver 1.043 0.745t0 1.461 0.7788
Centre only (B)
Antibiotic 1.014 0.7291t0 1.411 0.9236
Silver 1.092 0.786 to 1.518 0.5467
Surgeon only (C)
Antibiotic 0.970 0.694 to 1.356 0.8374
Silver 1.023 0.7321t0 1.430 0.8794
Neither (A)
Antibiotic 1.015 0.738 to 1.397 0.9145
Silver 1.081 0.787 to 1.486 0.5826
TOPS Reference = 12 months
Centre and surgeon (D) 1.232 0.744 t0 2.041 0.4167
Centre only (B) 1.216 0.740 to 1.998 0.4405
Surgeon only (C) 1.230 0.743 t0 2.036 0.4203
Neither (A) 1.217 0.742 t0 1.998 0.4363

A 97.5% presented for BASICS; 95% presented for TOPS.
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Figure 8: Results of model fitting for BASICS
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7.3.2. TOPS

Table 22 provides a summary of the dataset. Table 23 provides the model parameters used to
estimate the ICC presented in Table 22. Table 24 presents the number of units at each level of
the data hierarchy. The number of centre clusters was 22, the number of surgeon clusters is
26. There was little overlap of surgeons across centres, with six surgeons operating across
different centres, see Table 22. The number of cases outside of their primary centre were very

few.
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Overlap was evident between the within centre and surgeon clusters in TOPS, with 22 centre
clusters containing 26 surgeon clusters. The median cluster size for patients within centre and
surgeon was 17 and 15.5 respectively. Approximately two-thirds of all centres (n=15/22) and
surgeons (n=17/26) operated on more than ten patients. Table 22 and Table 24 provides more

details.

The ICC statistic for infants in the six months arm is estimated to be 0.0152 and 0.0217 for
centre and surgeon respectively, see Table 22. The ICCs are very similar for the twelve months
arm. This number suggests that there is little clustering. However, Figure 9 and Figure 10
shows that the fistula rate does differ at the centre and surgeon level respectively. The fistula
rate within each centre varies from as no cases in five centres, to 50.0% in Centre 19, where
caseload was low, see Figure 9. Likewise, the fistula rate within each surgeon varied, see
Figure 10. However, the sample was small in some cases. Overall fistula rates in TOPS, and
for each surgery timing, by centre and surgeon are presented in Appendix Table 8 and

Appendix Table 9 respectively.

Table 25 and Figure 11 shows the results of the model fitting when using the various
adjustment approaches. For all four approaches, the treatment effect is not statistically
significant at the 5% level. The centre and surgeon adjusted model and surgeon only model
treatment estimates are very similar, as are the centre only model and the model with neither
adjustment. Whilst the results suggest no difference in fistula rates between the groups, the
six months arm patients appear to have higher odds of a fistula when compared to the twelve
months patients. As with the BASICS analysis, the confidence intervals around the treatment

effect are very similar across each approach.
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Figure 9: Caterpillar plot of fistula rates by centre in TOPS

Within centre revision rates. 95% confidence intervals are plotted and compared against the overall failure rate of 13.2%.
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Figure 10: Caterpillar plot of fistula rates by surgeon in TOPS

Within surgeon revision rates. 95% confidence intervals are plotted and compared against the overall failure rate of 13.2%.
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Figure 11: Results of model fitting for TOPS
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7.3.3. Simulations

2000 datasets were generated for each of the 32 scenarios, see Appendix Material 7. The fixed
parameters were those estimated by applying Model C to the original TOPS data, presented in
Table 23 and Table 25. Each of the 32 scenarios had Model A and Model C applied, see
Appendix Material 8 and Appendix Material 9, and from this the empirical power and

empirical coverage derived.

The empirical power was very similar, less than 0.6% difference, for the adjusted and

unadjusted models for lower values of the ICC. As the ICC increased, the adjusted model
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provided better power, up to 5%, particularly for small or medium odds ratios. Table 26 and

Figure 12 provides further detail.

Table 26: Empirical power of all scenarios

Odds Model Intraclass Correlation Coefficient
ratio
A B

0.001 0.01 Original 005 010 0.15 020 0.25

C

Original ~ Adjusted 12.25 1175 1195 1235 11.90 1235 12.00 11.70

Unadjusted 12.15 11.60 11.70 1220 11.75 11.60 11.15 10.25

Small Adjusted 28.80 29.40 29.65 29.25 28.55 29.85 30.20 30.20

Unadjusted 28.90 29.50 30.00 2895 27.80 27.85 26.50 24.90

Medium  Adjusted 87.45 88.80 88.80 90.00 89.70 89.80 89.50 89.35

Unadjusted 87.45 88.40 8895 89.40 88.60 88.05 85.75 84.65

Large Adjusted 99.40 99.45 99.35 99.50 99.45 99.45 99.65 99.25

Unadjusted 99.45 99.45 99.25 99.35 99,55 99.25 99.10 98.50

AQdds ratios - Original: 0.813100956; Small: 0.6842285323; Medium: 0.4004485023; Large: 0.2416217653.
B Model — Adjusted: Model C - Multilevel logistic regression model with a random effect for surgeon; Unadjusted: Model A -
Simple logistic regression model.

¢ Original ICC: 0.0217
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Figure 12: Empirical power of all scenarios
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The empirical coverage was very similar, less than 0.5% difference, for the adjusted and
unadjusted models when the ICC was less than 0.05. As the ICC increased beyond 0.1, the
adjusted model provided better coverage for all odds ratios and peaked for the largest ICC and
odds ratio where 94.4% of unadjusted models contained the true odds ratio compared to

75.65% of the unadjusted models. Table 27 and Figure 13 provides further detail.
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Table 27: Empirical coverage of confidence intervals for all scenarios

Odds Model Intraclass Correlation Coefficient
ratio
A B

0.001 0.01 Original 0.05 010 015 020 0.25

C

Original ~ Adjusted 95.60 9595 9595 9525 95.65 94.60 96.05 95.90

Unadjusted 95.55 95.90 96.10 95.35 95.95 95.30 95.25 95.10

Small Adjusted 9535 9555 9555 9545 9585 9495 9525 95.60

Unadjusted 95.40 9545 9555 9535 95.60 94.65 94.30 93.60

Medium  Adjusted 9520 94.75 9515 9495 9550 95.70 95.10 94.65

Unadjusted 95.20 94.60 9490 94.85 94.30 9240 89.90 85.20

Large Adjusted 9535 9535 9590 9520 95.80 95.05 94.40 94.40

Unadjusted 95.25 9540 9575 9470 93.75 90.35 83.80 75.65

AQdds ratios - Original: 0.813100956; Small: 0.6842285323; Medium: 0.4004485023; Large: 0.2416217653.
B Model — Adjusted: Model C - Multilevel logistic regression model with a random effect for surgeon; Unadjusted: Model A -
Simple logistic regression model.

€ Original ICC: 0.0217
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Figure 13: Empirical coverage of confidence intervals for all scenarios
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7.4. Discussion

The estimated treatment effect, and associated confidence intervals, of the four models were
similar. The conclusions reached using the adjusted models matched those made with the
unadjusted models. This is supported by a simulation study where smaller ICC values and
smaller odds ratios were associated with smaller differences between adjusted and unadjusted

models.

Both datasets had a moderate sample sizes (BASICS: 1594; TOPS: 552) and small ICCs at

both the centre and surgeon level (BASICS < 0.09; TOPS < 0.02). There was much more
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overlap between centre and surgeon clusters in TOPS than BASICS. The within surgeon
cluster size was more varied in BASICS than TOPS, with the median cluster size being smaller
in BASICS (BASICS: n=3, TOPS: n=15.5) and a larger number of surgeons operating on more

than ten patients (BASICS: 41, TOPS: 17).

The within centre and surgeon sample size when there are a large number of clusters compared
to the overall sample size should be considered when undertaking analyses that adjust for
cluster effects and this was the basis for simulating data using the TOPS dataset instead of the
BASICS dataset. Large numbers of clusters compared to the sample size can lead to biased
estimates or inflated type | error rates, particularly with binary outcomes where there are too

few events per cluster. (97)

This analysis did not explore the cross membership of surgeons in centres. However, BASICS
recruited over four years and TOPS over seven, the nature of the medical community often
leads to surgeons moving or working between centres leading to cross membership between
clustersi.e. surgeons not unique to a centre. Whilst there were some cross membership in these
datasets, surgeon had a majority centre. The number of operations at other centres were largely
single cases, and therefore minimal compared to the total number of operations undertaken as
part of the study. Whilst cross membership was not explored as part of this analysis, it is
summarised for transparency. The analysis undertaken makes use of the available
methodology at this time and methods to allow for such explorations of binary outcomes

across three cluster levels should be considered as an area for future work.

Another potential issue is related to variation in sample size between clusters at both the
surgeon and centre level. A point of view which is often propounded is that number of patients
per centre be roughly equal, and in surgical trials the role of the centre can also be extended
to the surgeon. Reasons for this view include inefficiency in terms of the precision of the

estimate delivered at the end of the trial. The impact on treatment effect is not explored here,
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this is to ensure that the methods applied are generalisable. It is unlikely that real world trials
have equal group sizes. Instead, the simulations were designed to represent a study with

varying cluster sizes to mimic real world application.

Treatment by centre, or by surgeon, interaction terms were not considered when undertaking
this analysis. First, this was due to the efforts in designing these studies, summarised in
Chapter 6, to ensure standardisation of the treatments delivered in terms of defining uniform
centre, surgeon and patient selection criteria. Second, the issues around adequate sample size
within clusters is highlighted above. Whilst sample size is a concern when making-
adjustments at the levels explored here, a larger sample than that within these studies would
be required to undertake treatment by cluster analyses and such sample sizes are rare in RCTs.
In fact, as discussed in Chapter 2, the use of interaction terms should be avoided for primary
analyses in these settings and an exploratory analysis of changes in treatment by deliverer is

instead explored in Chapter 8.

For this analysis, all operations have been analysed according to a single principal surgeon.
Particularly within BASICS, the number of surgeons present varied, with each additional
operator introducing an additional potential source of variation that may require management.
The multiple members of the operating team, the potential impact of the anaesthetist, and the
differing level of involvement (scrubbing) and expertise (grading) may impact results and has
not been considered here for reasons around sample size and generalisability for methods to
be applied to other RCT data. However, as a further exploration, the impact of the wider team
may require consideration with regards to the assumptions and weighting applied prior to

undertaking modelling.

Ignoring clustering effects leads to inflated standard errors and loss of statistical power. (98)
This reanalysis of trial data demonstrates little difference in the estimated treatment effects

when adjusting for centre and surgeon effects compared to taking an unadjusted approach,
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although this only applies to studies observing smaller ICCs and treatment differences, as
supported by the simulation study. The need to account for clustering becomes vital as the
odds ratio or ICC increases, where the true difference can be missed by unadjusted analysis

methods.

7.5. Conclusions

Despite the similarity of results for our datasets, researchers should be aware of the potential
for clustering by centre, or surgeon, when undertaking RCTs and drawing inference from the
data collected. Awareness of the potential for clustering will improve data collection methods,
which in turn will allow for adjustments to be made or investigated in trials where such

adjustments could change the conclusions made.
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Chapter 8 : Investigating the presence of surgical learning within

a trial setting

8.1. Introduction

In Chapter 1 learning curves were introduced. Approaches for minimising the impact of them
through trial design and analysis were provided in Chapter 2 to Chapter 5 and Chapter 6
presents real examples of considering this effect. As with clustering, good design can minimise
the impact of the learning curve it is important to consider any remaining impact on trial

conclusions.

In every day practice, it is likely that surgeons will use techniques with which they are most
proficient or familiar. Learning can continue over a very long time for some techniques,
perhaps hundreds of procedures and attaining the experience required prior to running a trial
may not be possible in some specialties, such as when the condition is rare. (14, 89) Learning
can compromise the validity of the trial if the expertise of the surgeon is skewed toward the

better established, more widely used, or easy to perform technique. (20, 26, 99)

A statistical description of any learning curve effect is the best way to investigate learning
within a trial. (17) When conducting such an investigation, choosing a measure of learning
can be difficult. There are generally two types used: measures of patient outcome, such as

complication rate, and measures of surgical process, such as length of operation. (17)

This chapter presents an investigation into the surgical learning curve within a clinical trial
setting. The aim is to demonstrate how statistical methods can be used to explore for the
presence of surgical learning and how, if necessary, their presence can be controlled for within

the trial analysis.
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8.2. Methods

8.2.1. Learning within the TOPS trial

The TOPS trial was first introduced in Chapter 6. At the time of writing, the cleft surgical
learning curve has not yet been investigated. Several theories exist around surgeries delivered
by high volume surgeons achieving better outcomes, and that individual skill and protocol
complexity are also important contributors to surgery success. (88, 100) Defining a minimum
number of operations as a pre-requisite for participation in a trial, at levels defined in other
fields of surgery, was not possible in TOPS. This is because the amount of experience
required, using other specialties as a basis for estimating, would be unrealistic for many
surgeons working in the developed world where cleft incidence is lower. (89) To standardise
the surgical skills and surgery performed within the TOPS trial through design, participating

surgeons underwent training prior to participation. (74)

The TOPS trial aimed to determine whether better speech outcomes could be obtained by
conducting the primary surgery to repair the cleft at six-months or twelve-months of age. The
majority of the 22 participating centres had one consultant surgeon delivering the trial
surgeries and a single method for cleft palate closure was selected, the Sommerlad technique,
which provided some standardisation regarding experience. Not all surgeons had previously
used this method, and technique training and calibration were provided for all surgeons prior

to participation providing further standardisation.

Within the TOPS trial, as well as a learning curve related to the surgical method, learning may
also be present within each treatment arm due to differences in time point of delivery. These
differences mean that the size of the infant at the time of the operation different between the
randomisation arms. Therefore, surgeons who are more experienced in performing the

procedure on infants at age six-months may find surgery on infants at twelve-months of age
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more difficult, or vice versa. It may also be argued that, surgeons who routinely operated on

infants at nine months of age may find the transition to alternative timings less of a challenge.

8.2.2. Statistical analysis

Variables to represent experience

Three variables to represent prior existing, or changing, experiences are coded for the analysis:
1) Experience in cleft palate surgery;
2) Experience in the use of the Sommerlad technique;

3) Experience in operating on infants age six or twelve-months.

1) Experience in cleft palate surgery (X1)

Data on number of procedures performed prior to and outside the trial were not available,
however surgical experience within the trial was considered by coding the order in which
infants had been treated within the trial (operation sequence). This is the closest proxy to a
time varying learning effect when no information on non-randomised cases is available and

mirrors approaches used in other explorations of learning in randomised trial data. (17, 20)

2) Experience in use of the Sommerlad technique (X2)
Technique experience, that is whether or not the surgeon had experience in delivering the

Sommerlad technique prior to participation, is coded as a binary variable.

3) Experience in operating on infants age 6 or 12 months (X3)

Experience relating to the age of the infant (age experience) was not available for each
surgeon. However, a proxy for this is the age at which primary surgery is given, prior to the
trial, at the centre in which the surgeon is based. Where primary surgery is delivered across a

range of ages, the median age is used.
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Outcomes
Two outcomes highlighted within the cleft literature to be of interest with respect to surgical
learning were selected: (88, 89)

1) Operation time (Y1): an outcome of surgical process. Operation time is calculated as
the difference in minutes between operating start time (knife to mucosa) and end time
(mucosa closure).

2) Occurrence of fistula (Y2): used as a patient outcome of surgery reflecting surgical
success. Fistula is defined as in the original trial as a dichotomous outcome of whether
or not the child had a postoperative fistula up to five year follow up. (76) [Conroy,

2020]

Statistical principles and visual methods

A complete case analysis approach is used following the intention-to-treat principle using a
complete case analysis set. (101) All randomised infants, with complete surgery data, were
analysed according to the group they were originally randomised to. No imputation methods

for missing data were applied. 95% confidence intervals are presented throughout.

The number of infants randomised, undergoing surgery, and completing follow up for
outcome data are presented. The hierarchical nature of the data, such as the number of infants

within surgeon and within centre is also provided.

Continuous data are presented as means, standard deviations and overall range to be consistent
with available methodology to explore learning over time. In the presence of skewed data, a
log transformation is considered. Operation time, as a continuous outcome, is presented within
surgeon and split by treatment arm. Operation time, split by surgeon, is presented using funnel
plots, assigning a target operation time as the overall surgeon mean observed and two
prediction limits, at 95% and 99.8%, to identify outlying areas of differing extremity.

Prediction limits are confidence intervals around the target operation time, calculated using
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the appropriate z-scores for the line represented and each possible N. (102) Moving averages,

of order five, for surgeons performing at least twenty primary operations are presented. (20)

Binary data are presented as frequencies and percentages. Fistula, as a binary outcome, is
presented within surgeon and split by treatment arm. Fistula, split by surgeon, is presented
using caterpillar and funnel plots. (102) Trends in experience are investigated using the
cumulative sum (cusum) procedure, a graphical method for identifying trends in data, a cusum
chart is presented for surgeons performing at least twenty primary operations following the
methods presented by Ramsey et al.. (20) In the plots, the x-axis represents the operation
sequence and the y-axis is a performance indicator based on the within surgeon data series.
For a series of observations over time, {(X;,...,X;):i=1,2,..,n}, where X; are

dichotomous, then the cusum series is defined as:

i
S = Z(Xj —Xo)
=1

Equation 5

Where X, is the predetermined reference levels, representing the desirable performance levels

based on the cleft literature, of 85% and 90% are assumed. (20, 77, 103)

Statistical modelling

Statistical models are applied to explore the impact of experience variables: operation
sequence (X1), technique experience (X2), and age experience (X3) on outcome. Operating
surgeon is included as a random effect and treatment (six-months, twelve-months) as a fixed

effect in all models.

Operation time (Y1) is analysed using a two-level multilevel linear model, which analyses the

two-level data structure of patients (level 1) within surgeon (level 2).
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yij = ,30 + leij + -+ uj + Eij where Uj~N(O, 0'-5) and Eij~N(0, 0'62)

Equation 6

Where y;; indicates the outcome for the i-th patient, j, is an intercept, 3, represents treatment
and ... represents additional terms added to specific models applied, specifically: sequence
(X1) as a patient level covariate (,x;;) and technique experience (X2) and age experience

(X3) as surgeon level covariates (B3x; and f,x; respectively).

Occurrence of fistula (Y2) is analysed using a two-level multilevel logistic model, which

analyses the two-level data structure of patients (level 1) within surgeon (level 2).
T §
log (1_—;”) = o + B1x;j + - +u; where u;~N (0, a2)

Equation 7

Where ;; indicates the probability of the i-th patient having the event and other covariates

are as defined in Equation 6.

Three models are considered for each outcome. Model A, which contains a treatment covariate
only, represents an analysis approach ignoring any potential learning effect. Model B includes
treatment and experience variables operation sequence (X1) and technique experience (X2),
which will adjust for any potential trend due to experience gained throughout the trial and
whether the surgeon had experience with the technique prior to participation. Model C
includes treatment and experience variables operation sequence (X1) and age experience (X3),
which will adjust for any potential trend due to experience gained throughout the trial and the
age of the infant that the surgeon routinely operated on prior to participation. The introduction
of interaction terms, between experience variables, are considered based on exploratory

analysis indicating further trends.
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8.3. Results

8.3.1. Summary of experience

No centre had expertise in performing surgery at both six and twelve-months of age, see
Appendix Figure 1. Twelve (54.5%) had experience of repairing clefts of infants at six-months
of age and six (27.3%) had twelve-months of age. Nine (20.9%) had a preferred age range of
the infant for primary cleft repair. Four (18.2%) did not include six or twelve-months of age
but spanned an intermediate age, with one being later than twelve-months. Only one centre
(Centre 1) had no experience in the Sommerlad technique, beyond trial specific training, prior

to participation.

A total of 26 surgeons delivered the trial from the 22 centres. Surgeon 1 and Surgeon 10, as
surgeons from Centre 1, had no experience in delivering the Sommerlad technique prior to
participation. Two centres had two surgeons, one had three, the remaining 19 had a single
operating surgeon. Six surgeons operated across two centres, although the number of
operations in the second centre was comparably few compared to the overall number of trial

operations. Figure 14 and Appendix Table 10 provides further details.
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Figure 14: Timing of primary surgery for cleft palate at the time of grant application per

surgeon
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8.3.2. Summary of dataset
Of the 552 participants in the TOPS trial, 521 (93.5%) had surgery data and are included in
this analysis. Eleven of the 26 operating surgeons, operated on at least 20 participants. The

median within surgeon cluster size was 15.5. Table 28 provides further detail.
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Table 28: Summary of TOPS trial

TOPS
Sample size 552
No. with surgery data 521 (94.4%)
No. of surgeon clusters 26
Median cluster size 15.5
No. at least 20 patients 11 (42.3%)

The trial arms were approximately equal in size, with 266 and 255 infants in the six-months
and twelve-months surgery age groups respectively. Due to missing data, operation time could
not be calculated for five of the 521 infants (1.0%). Occurrence of fistula follow up data were

available for all infants. Table 29 provides further detail.

Table 29: Summary of TOPS outcomes

Six-months  Twelve-months Overall
No. with surgery data N 266 (51.1%) 255 (48.9%) 521
Operation time n(%) 264 (51.2%) 252 (48.9%%) 516 (98.9%)
Mean (SD)  86.3(38.2) 85.9 (35.7) 84.7 (37.0)

[Min, Max]  [30.0,245.0]  [30.0,210.0]  [30.0, 245.0]

Missing 2 (0.8%) 3(1.2%) 5 (1.0%)
Fistula
Yes n(%) 40 (15.0%) 33 (12.9%) 73 (14.0%)
No n (%) 186 (85.0%) 222 (87.1%) 448 (86.0%)
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8.3.3. Operation time: an outcome of surgical process

Investigating learning using visual methods

Between surgeon differences

Operation time, split by surgeon and timing of surgery, is summarised for the 516 infants with
complete outcome data in Appendix Table 11. The distribution of the operation times by
surgeon in general showed little skew, a log transformation was therefore not applied and
means are reported to support consistency with existing methods later used for exploring the

surgical learning curve, see Appendix Figure 2.

A box plot of operation time for each surgeon is provided in Figure 15. Within the plot,
surgeons are ordered according to the number of operations each had performed, with the
surgeon with the most trial operations (Surgeon 10: 85 operations) at the far left of the plot
and those with the least trial operations (Surgeon 26: 3 operations) at the far right. This plot
demonstrates how the average operation time varied substantially between surgeons. The plot
does not suggest that between surgeon variability decreased with increasing number of

operations.

A funnel plot (102) presenting the average operation time for each operating surgeon, against
the number of trial operations performed for that surgeon, is provided in Figure 16. The target
operation time is the overall trial observed mean operation time of 84.7 minutes. The plot
further demonstrates the variability of surgeons operating times, with some surgeons taking
longer to operate (Surgeons 1, 2 and 19) and others being generally quicker (Surgeons 4 and
5). Again, this plot explores between-surgeons times rather than within and no obvious link

between number of operations and average operating time is demonstrated.

A box plot of operation time, split by treatment group, for each surgeon is provided in Figure

17. Within the plot, surgeons are ordered according to their timing experience prior to
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participation, with the surgeons who routinely operated on younger infants at the far left and
those who routinely operated on older infants at the far right. This plot shows little differences
in the mean operation times, between treatment arms, in surgeons had earlier timing expertise
although some who routinely operated on older infants were generally quicker in delivering

the twelve-month treatment.
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Figure 15: Box plot of overall operation time by surgeon

The diamond represents the mean. Within the box, the midline represents the median and the bottom and top edges the inter-
quartile range. The whiskers represent the minimum and maximum values for surgeon. The x-axis is ordered by decreasing

caseload (I-r).
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Figure 16: Funnel plot of average operation time by number of operations

The target is the overall surgeon mean operation time of 84.7 minutes. The 95% and 99.8% prediction limits around the overall

mean operation time are presented. The within surgeon observed mean operation time is plotted against the number of TOPS

operations for that surgeon.
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Figure 17: Box plot of operation time by treatment timing by surgeon

The circle represents the mean. Within the box, the midline represents the median and the bottom and top edges the inter-quartile
range. The whiskers represent the minimum and maximum values for surgeon. The x-axis is ordered by increasing timing

expertise (I-r).
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Within surgeon differences
To explore within-surgeon variability, moving average plots, of order five, are presented for
those surgeons who conducted at least twenty trial operations in Figure 18 and Appendix

Figure 3.

Surgeons 1 and 10 had no experience with the Sommerlad technique prior to participating in
the trial and each delivered a greater number of operations than other participating surgeons.
The moving average plots for these surgeons, see Figure 18, suggest a downward trend in
operation time over time. Suggesting that these surgeons were getting faster at performing the
technique as the trial progressed. The downward trend is evident for both treatment arms for
these surgeons, despite both having experience in operating on infants aged twelve to

eighteen-months primarily see Figure 15.

All other participating surgeons, who had experience in the Sommerlad technique, are
presented in Appendix Figure 3. These surgeons did not show any obvious changes over time,
either overall or split by treatment group. Surgeon 5, who was experienced in six to seven-
months surgery prior to participation, showed a slight downward trend in operation time over
time. Operation times for Surgeons 3, 4, 13 and 18, with each having varying timing
experience prior to participation, were stable over time. Operation times by Surgeons 12, 17

and 19 varied yet still showed little change over the duration of the trial.
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Figure 18: Moving average operation time against operation sequence

Figure presents surgeons who had no experience of the Sommerlad technique prior to participation. Moving averages of order

five, based on an equal weight distribution, presented.
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Figure 18: Moving average operation time against operation sequence
Figure presents surgeons who had no experience of the Sommerlad technique prior to participation. Moving averages of order

five, based on an equal weight distribution, presented.
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Investigating learning using statistical modelling
Table 30 presents the results of multilevel linear regression modelling on outcome operation

time for the 516 infants with complete data.

Modal A, shows that surgery undertaken on infants at six-months of age takes approximately
7.1 minutes longer than infants at twelve-months of age (8 = 7.104; 95% CI: 3.047 to 11.161,

p=0.0006) after adjustment for surgeon included as a random effect.

Model B, builds on Model A by adjusting for sequence of operation as a learning variable and
includes whether or not the surgeon had pre-trial experience of Sommerlad technigue as main
terms. This model indicates that the operation time decreases by approximately one minute
for every two trial operations performed (8 = —0.568; 95% CI: -0.709 to -0.427; p<0.0001)
and that the surgery is performed 31 minutes quicker when the surgeon had prior experience
with the Sommerlad technique yet this was not statistically significant (8 = —31.113; 95%
Cl: -67.934 to 5.709; p=0.0975). When an interaction term for sequence and Sommerlad
experience is incorporated into Model B, to further explore the trends indicated by the moving
average plots (Figure 18, Appendix Figure 3), all variables in the model (surgical timing,
experience of technique, sequence) are significant at the 0.05 level. These results further
support that the slopes of the regression lines between sequence and operation time are
different for surgeons with and without prior experience with the Sommerlad technique.
However, the confidence intervals around the coefficient for technique experience are wide
and this is reflective of the underlying distribution of operation times demonstrating wide

variation between surgeons.

Model C, explores the impact of age experience on operation time by adding covariates of

interest operation sequence and age experience to Model A. As with Model B, operation time

decreases by approximately one minute for every two trial operations performed (8 =
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—0.561; 95% CI: -0.700 to -0.421; p<0.0001) and yet age experience did not alter the
operating time (8 = 2.435; 95% CI: -0.677 to 5.548; p=0.1249). These results indicate that
whilst operation time does reduce as the number of operations increase, this difference is not

influenced by age experience of each surgeon has prior to participation.

Table 30: Results of model fitting for outcome operation time (Y1)

Reference level for treatment: Twelve-months surgery; Reference level for technical experience: No technical experience.

Variables Coefficient 95% confidence p-value
interval
Model A
Treatment: Six-months surgery 7.104 3.047 t0 11.161 0.0006
Model B
Treatment: Six-months surgery 4.435 0.548 to -8.321 0.0254
Operation sequence (X1) -0.568 -0.709 to -0.427 <0.0001
Technique experience: Yes (X2) -31.113 -67.934 10 5.709 0.0975

Model B with interaction term

Treatment: Six-months surgery 5.310 1.506 t0 9.115 0.0063
Operation sequence (X1) -0.727 -0.878 t0 -0.576 <0.0001
Technique experience: Yes (X2) -43.442 -81.802 to -5.082 0.0265
X1*X2 0.885 1.506 t0 9.115 0.0063
Model C
Treatment: Six-months surgery 4.476 0.590 to 8.362 0.0240
Operation sequence (X1) -0.561 -0.700 to -0.421 <0.0001
Age experience (X3) 2.435 -0.677 t0 5.548 0.1249
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8.3.4. Fistula: an outcome of surgical success

Investigating learning using visual methods

Between surgeon differences
Fistula rate, split by surgeon and timing of surgery is summarised for the 521 infants with

complete outcome data in Appendix Table 12.

A caterpillar plot of rate of fistula for each operating surgeon is provided in Figure 19. Within
the plot, surgeons are ordered according to the number of operations each had performed, with
surgeon with the most trial operations (Surgeon 10: 85 operations) at the top of the plot and
those with the least trial operations (Surgeon 26: 3 operations) at the bottom. This plot
demonstrates how the rate of fistula varied between surgeons. All calculable 95% confidence
intervals contain the average fistula rate, and while the confidence intervals are narrower in
response to larger participant numbers at the top of the graph there is no indication of increased

variability

A funnel plot (102) presenting the fistula rate for each operating surgeon, against the number
of trial operations performed for that surgeon, is provided in Figure 20. The plot further
demonstrates the variability of surgeon fistula rates. Surgeon 14 is the only surgeon to have a
fistula rate exceeding the upper boundary of the 95% confidence interval however the number

of operations within this surgeon was low (n=6) in comparison to other trial surgeons.

As with operation time above, these exploratory plots explore between-surgeon rates rather

than within surgeon rates. At this stage there is no obvious link between number of operations

and a reduced fistula rate.
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Figure 19: Caterpillar plot of occurrence of fistula by surgeon

Within the plot, the horizontal lines represent the ninety-five per cent confidence intervals around the diamond representing the

within surgeon fistula rate. The vertical line represents the overall fistula rate observed: 14.0%.
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Figure 20: Funnel plot of fistula by number of operations

The target is the overall surgeon fistula rate of 14.0%. The 95% and 99.8% prediction limits around the overall fistula rate are

presented. The within surgeon observed fistula rate is plotted against the number of TOPS operations for that surgeon.

Fistula rate
By operator
125
|
|
|
|
100
75
-
[
50
25
0
0 20 40 60 80
MNumber of operations
95% 99.8%

Within surgeon differences

To explore within-surgeon variability, cusum plots, assuming proficiency levels 85% and
90%, are presented for surgeons who conducted at least twenty trial operations in Figure 21
and Appendix Figure 4 are presented to explore trend in fistula rates trends over time. When
interpreting the cusum plots, a surgeon operating at the defined proficiency level (85%: blue;

90%: red) during the trial has a flat cusum line, the cusum line for a surgeon exceeding the
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proficiency level decreases and increases when a surgeon operates at a rate lower than the

proficiency level.

Surgeons 1 and 10 had no experience with the Sommerlad technique prior to participating in
the trial and each delivered more operations than other participating surgeons. For Surgeon 1,
the cusum plot indicates an initial period to approximately 15 operations where the surgeon is
operating worse than the proficiency rate then the curve plateaus indicating that the
proficiency rate is maintained for the remainder of the trial. However, the cusum plot for
Surgeon 10 shows an initial period of approximately 35 operations where the surgeon is
operating better than the proficiency rate, a period of steep deterioration in outcomes between
operations 35 to 50, ending with the final 35 trial operations with a period of improvement
once again. The plots split by treatment group indicate that the period of poorer outcomes tend
to be within the 12 months surgery group, despite the surgeon having experience in delivering

surgery to infants aged 12 to 18 months prior to participation, see Figure 21.

All other participating surgeons, who had prior experience in the Sommerlad technique, are
presented in Appendix Figure 4. As with operation time, there were no clear trends within the
cusum plots for these surgeons. Surgeons 5, 9, 13 and 17, each with differing background
experience, showed little change in fistula rate during the trial. Surgeons 3, 4 and 12 had
periods of a poor rate of fistula alongside periods of no change, with the first ten operations
being a period of poor rates for Surgeon 4 and the last ten for Surgeon 3. Fistula rates for
Surgeon 18 appeared to improve throughout the trial, whereas Surgeon 19 rates appeared to

get worse.
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Figure 21: Cusum charts for occurrence of fistula against operation sequence

Figure presented surgeons with no experience of the Sommerlad technique prior to participation. The y-axis of each figure

represents the cusum score as defined in Equation 5.
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Figure 21: Cusum charts for occurrence of fistula against operation sequence

Figure presented surgeons with no experience of the Sommerlad technique prior to participation. The y-axis of each figure

represents the cusum score as defined in Equation 5.
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Investigating learning using statistical modelling
Table 31 presents the results of multilevel logistic regression modelling on outcome

occurrence of fistula for the 521 infants with complete data.

Model A, shows that there was no significant difference between the fistula rates within the
two surgery groups, although the confidence intervals are wide (OR: 1.187; 95% CI: 0.720 to

1.957; p=0.5008), after adjustment for surgeon included as a random effect.

Model B, builds on Model A by adjusting for sequence of operation as a learning variable and
includes whether or not the surgeon had pre-trial experience of Sommerlad technigue as main
terms. This model indicates that that neither covariate is a predictive factor of fistula
(Operation sequence (X1): OR: 0.991; 95% CI: 0.441 to 2.822; p=0.3567, Technique
experience (X2): OR: 1.115; 95% CI: 0.441 to 2.822; p=0.8177). These results indicate that
there does not appear to be a change in fistula rate over time during the trial, and supports the
cusum plots, see Figure 21 and Appendix Figure 4, that indicate no trend and so further

exploration of interaction terms was not warranted.

Model C, explores the impact of age experience on occurrence of fistula by adding covariates
of interest operation sequence and age experience to Model A. Operation sequence and age
experience are not statistically significant prognostic factors of fistula (Operation sequence
(X1): OR: 0.991; 95% CI: 0.974 to 1.008; p=0.2914, Age experience (X3): OR: 0.984; 95%
Cl: 0.898 to 1.882; p=0.7249). As with the operation time analysis, prior surgical timing

experience does not appear to impact fistula rate within the trial.
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Table 31: Results of model fitting for outcome occurrence of fistula (Y2)

Reference level for treatment: Twelve-months surgery; Reference level for technical experience: No technical experience.

Variables Odds ratio 95% confidence p-value
interval
Model A
Treatment: Six-months surgery 1.187 0.720 to 1.957 0.5008
Model B
Treatment: Six-months surgery 1.135 0.683 t0 1.886 0.6245
Operation sequence (X1) 0.991 0.441 to0 2.822 0.3567
Technique experience: Yes (X2) 1.115 0.441 t0 2.822 0.8177
Model C
Treatment: Six-months surgery 1.134 0.683 t0 1.882 0.6269
Operation sequence (X1) 0.991 0.974 to 1.008 0.2914
Age experience (X3) 0.984 0.898 to0 1.882 0.7249

8.4. Discussion

This chapter demonstrates approaches for analysing the presence of learning, across two

different types of outcome, within a practical example of a surgical RCT: the TOPS trial.

TOPS compared surgery for primary cleft palate repair using the Sommerlad technique when
infants were aged six-months or twelve-months. 521 children received surgery from 26
surgeons. Prior to participating in the trial, routine practice of infant age at surgery varied
surgeon to surgeon from delivery at six-months to as old as eighteen-months. No surgeon had
expertise in both surgical timings. Two surgeons had no prior experience of the Sommerlad
technique. Randomisation was balanced on operating surgeon and all surgeons were
calibrated on the technique of surgery prior to participation. The potential for learning could
come from two sources due to varying experience base across the operating surgeons:

technique experience, in using the Sommerlad technique, and age experience, routine age of
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patient at surgery. Presence of learning, and any impact of this, was explored for two
outcomes: operation time as a measure of surgical process and occurrence of fistula as a patient

outcome.

There was evidence of a learning curve within the process outcome of surgical time. Surgeons
with technique experience were faster at operating and demonstrated little change in their
delivery throughout the course of the trial. Surgeons with no technique experience were
initially slower but got quicker as the trial progressed, and the rate varied by treatment arm.
The two surgeons, Surgeon 1 and Surgeon 10, who had no experience using the technique
both had expertise in operating on infants aged 12 to 18 months prior to the study. Both
surgeons achieved a plateau within both treatment timings by approximately 20 operations.
Importantly, these changes did not appear to affect the formal trial outcome of fistula rate,
which was also investigated within this exploration as patient outcome, where the groups were

comparable before and after adjusting for sequence and Sommerlad experience.

Age experience, in terms of the infant’s age that the surgeon delivered primary surgery, did
not affect operation time or occurrence of fistula. Aside from Surgeon 1 and 10, the
exploratory moving average and cusum plots do not show any differences between surgeons
that with age experience at six-months then twelve, and this finding was further supported

using statistical models.

The analysis of the TOPS data presented within this chapter has the following limitations:

1. The dataset does not contain non-randomised cases meaning that the dataset does not
have information on every procedure that a surgeon has performed. In trials, unless
the procedure is limited to the trial, the assessment is complicated by incomplete case
series for the surgeons participating. This will be an issue across all studies, it is
impractical and unethical to collect additional data on the operations of patients not

consenting to trial participation.
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2. The number of procedures overall, or recently according to a pre-defined time period,
undertaken by operating surgeons prior to participation was not collected. This would
have provided a stronger basis on which to measure experience.

3. Infant age at primary surgery was the intervention, yet the order of operation was the
experience covariate in this exploration and so more six-months operations will have
been performed prior to the twelve-months operations. Therefore, by trial design, any
presence of a six-months learning curve may plateau before the twelve-months arm.

4. When interpreting the impact of technique experience on outcomes, the surgeons with
no prior experience were from the same unit. Therefore, differences observed may be
due to different protocols rather than differences due to surgical skill. The two
surgeons in particular had very similar fistula rates, despite their average operating
time differing by approximately one hour.

5. The number of trial operations varied from surgeon to surgeon, meaning that
identifying presence of learning may not be possible in those surgeons who
contributed fewer operations to the study. However, the eleven surgeons who did have
a reasonable sample size, showed relatively steady outcomes over time and those
contributing the most operations, Surgeon 1 and 10 who each operated on 69 and 85
operations respectively, did show evidence of a learning curve.

The limitations identified are representative of those that many statisticians will face when
analysing trial data. There were no convergence issues with the modelling techniques and the
exploratory nature of this investigation is emphasised. The strengths of this chapter are that it
illustrates how relatively simple techniques can be applied to investigate learning curve
effects. The outcomes chosen represent those identified within the literature as indicators of
surgery success both within and beyond the cleft field. (17, 88, 100) However, the trends
observed in operation time (as a measure of surgical process) were not mirrored in occurrence
of fistula (as a measure of surgical success), raising the question of whether there is a need for

better measures of learning, such as surgeon reported satisfaction with the intervention.
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Surgeon experience has long been attributed as a cause of variation in cleft surgery, but until
this investigation there has been no analysis of the surgical learning curve within a controlled
environment to support this. (88, 89, 104) The TOPS trial, despite aiming to design out
learning effects through calibration and minimising the randomisation scheme, showed some
evidence that there was a change over time as surgeons became more experienced with the
trial intervention. Whilst this did not appear to extend to the formal trial outcome of fistula,
this investigation highlights the importance of undertaking such analyses as a precautionary
measure as an aid to interpreting trial results. Particularly where trial outcomes may change
over time, not only through surgeon learning, but also in trials involving other healthcare
specialists where the outcome may depend on delivery, such as psychology, or where there is

a systematic effect of time, such as seasonal or circadian variation. (105)

8.5. Conclusions

The TOPS trial, despite aiming to design out learning effects through calibration and
randomisation, did not fully accomplish the aim of ensuring stable delivery during the study
in terms of operation time, a measure of surgical process, but importantly did for fistula, a
measure of surgical success and a formal outcome within the study. This investigation
highlights the importance of undertaking analysis into learning as a precautionary meaurem

to alleviate any concerns of surgical learning and aid trial interpretation and generalisability.
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Chapter 9 : Discussion, conclusions and future work

9.1. Introduction

This chapter will provide an overview of the research that has been carried out within this

thesis, as well as suggestions for future work.

The aim of this thesis has been to improve the design and analysis of randomised surgical
trials. This was to be achieved by improving understanding on the impact that clustering
effects, at the centre and surgeon level, and the surgical learning curve has on trial results if

not adequately recognised and managed.

9.2. Research findings and conclusions

This thesis began with an overview of existing guidance for managing clustering and the
surgical learning curve within the design and analysis of randomised surgical trials. This was
the first review as to the extent to which existing guidance covers each of these methodological
challenges. Twice the number of identified documents targeted design aspects than analysis.
Most notably, no single document exists for triallists to use when designing these studies

which will lead to inconsistencies in practice.

Next, a comprehensive investigation into current practice of managing clustering and learning
was undertaken. As part of this investigation, a wide variety of trials, by surgical discipline,
geographic location, and stage of trial development were reviewed and findings are
representative of a time period of remarkable growth in the number of surgical trials being

conducted.

The first review included the main trial publications of 247 randomised surgical trials and

aimed to establish reporting standards. Trials were published within a two-year period within
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sixteen leading journals. This novel assessment identified a lack of consideration for these
effects. When considerations were made, methods varied and demonstrated poor adherence to
established reporting guidelines. It was recommended that triallists consider learning and
clustering on a trial-by-trial basis, and report methods used or justify where not used to inform
interpretation of results. Using example trial scenarios, recommendations were provided

about when and how to address learning and clustering.

The second review included fifty grant applications of randomised surgical trials and aimed
to determine practice in planning for, and acknowledging, these effects when developing
randomised surgical trials. Eligible applications were those funded within a four-year period
by a leading UK funding body. Results indicated that, while considerations were
underreported in main trial publications, funders and triallists alike appear to be aware of the
need to manage learning and clustering, by centre and surgeon, during trial development.
Furthermore, insight into the promising role of the funder as a potential driver of

considerations is identified.

To complete understanding of practice, a survey was completed by 44 lead statisticians within
the fifty UK CRC Registered Clinical Trial Units. The survey drew upon quotes from the
existing guidance, relevant publications and used example trial scenarios. Promisingly,
widespread awareness of challenges in designing and analysing multicentre trials was
identified. Approaches used, and opinions on these, varied both across and within Units, which
further indicated that the approaches used were dependent on the type of trial.
Recommendations included the development of agreed principles to guide design and analysis
across a range of realistic trial scenarios. This would encourage better consistency between

triallists and ensure optimal methods are used as applicable.

The next chapter advanced the idea of trial-by-trial considerations, highlighting when and how

clustering and learning may be managed within a pragmatic research setting. Trials were
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selected such that they represented a variety of different settings, intervention types and
surgical specialties. Four completed surgical trials, selected from the Liverpool Clinical Trials
Centre portfolio, were summarised and described to demonstrate one Unit’s experience and
link back to the recommendations for practice provided in Chapter 2. Again, the importance
of early statistical involvement in trial design was recommended. This is to reduce any impact
of clustering or learning through design, and ensure that data is collected to support further

investigations of either of these effects should the need arise.

The final two chapters demonstrates how further investigations into clustering and learning
could be undertaken and the impact on trial results if unrecognised. Methods proposed will be
particularly useful if concerns are raised, by the medical community, with regards to
heterogeneity treatment effects once the main trial results are available. This reanalysis

included two datasets, from the trial examples summarised in Chapter 6.

The first investigation explored the presence of clustering, by centre and surgeon, and its
impact on trial conclusions. Two types of statistical model were applied to the datasets, one
that adjusted for different levels of clustering, by centre and surgeon, and the other with no
such adjustment, representing the approach whereby clustering is ignored. The reanalysis
demonstrated little difference in the estimated treatment effects between the two types of
model. However, this only applied to studies observing treatment differences and ICCs similar
to that observed in the example trials. When data were simulated to represent trials observing
greater treatment differences and levels of clustering, the adjusted model gave greater power
and coverage than the unadjusted model. The need to account for clustering became vital as
the odds ratio or ICC increased, as the true treatment difference was more likely to be missed

by the unadjusted model.

The second investigation explored the presence of a surgical learning curve. Statistical

methods were applied to a real trial dataset to demonstrate how learning can be identified and,
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if necessary, controlled for within the trial analysis. Exploratory methods and statistical
modelling were applied to two outcomes: operation time as a measure of surgical process and
occurrence of fistula as a patient outcome. There was evidence of learning within surgical
time, with surgeons less familiar with the intervention getting progressively quicker
throughout the study. Importantly, this trend did not affect occurrence of fistula, which was
one of the secondary outcomes of the trial. Whilst surgeon experience is often attributed as a
cause of variation in surgical outcome, this investigation was the first of its type within the
cleft field. The TOPS trial, despite taking precautions to minimise learning by design, provides
an example where learning is still present. The importance of undertaking such analyses as a

precautionary measure to aid interpretation of trial results is highlighted.

Both statistical investigations demonstrate the need for early consideration of the potential
effects, and their impact on trial conclusions, when designing RCTs. This will improve data
collection methods and ensure such investigations are integrated into the planned analysis of
the trial. This will avoid concerns being raised about validity of the trial too late in the study

and thus will support roll out of the interventions into routine practice.

9.3. Future work

It is clear from this research that triallists undertaking surgical RCTs need to be aware of the
potential impact of clustering and learning. Throughout this thesis, the statistician has been
advocated as a driver for making these considerations and results suggest that they are aware
of these effects. However, a complete understanding of available guidance requires accessing

multiple documents, requiring time and resources.

There is a need for existing documents to incorporate guidance on the management of

clustering and learning. The IDEAL framework aligns perfectly with these findings as

developed specifically for surgical trials. The framework is already widely used by surgical
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triallists thereby providing a good platform for dissemination and, importantly as this work
has identified, currently lacks in statistical guidance. (14, 15, 35, 37) Future work should
address integrating the statistical themes discussed throughout this thesis into this framework
as a priority. Statistical guidance should cater to different trial scenarios, another theme within
this thesis, and have particular emphasis on analysis, for which current guidance is lacking.
This would help drive standardisation, on a trial specific basis, within practice and ultimately

support the delivery of surgical trials to come.

In addition, there are a number of other areas that future work should investigate. The
statistical investigations in Chapter 7 and Chapter 8 were conducted on trials with a
reasonably large sample size. In reality, trials can (and often are) much smaller. Meaningful
analyses can be difficult when there are very few patients per cluster, such as in the NERVES
trial in Chapter 6. Understanding the limitations of the methods demonstrated, and alternatives
or adaption to be applicable, within smaller studies would support wider use of the methods
presented. Likewise, the simulations focus on impact of surgeon, whereas further work may
investigate the impact of centre, again this would open the methods used to a wider variety of
trials. The investigation into learning identified that, whilst operation time did vary within
surgeon during the course of the trial, this did not extend to affect the formal trial outcome of
occurrence of fistula. This raises the question of whether operation time, and safety measures,
are adequate measures of learning despite being commonly used within the wider surgical
literature. Better measures could be developed, such as surgeon reported outcomes, and

collected as part of the trial for explorations such as these.

Importantly, clustering and learning are not unique to surgery and these findings apply to the
wider medical field also. The role of the surgeon in delivering a surgical trial is comparable
to the role of centre in delivering treatments in drug trials. Clustering can be present when the
intervention is part of a wider care bundles, which can differ due to local protocols, or where

hospitals vary in specialty or demographic. In terms of learning, changes in outcome over time
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extend to any other healthcare specialty where outcome may depend on delivery, such as
psychology, or where there is a systematic effect of time, such as seasonal or circadian
variation. Beyond surgery, data collection should be standardised so that, should the need
arise, the issues of clustering and learning can be explored if the need arises. It is important
therefore that future work aims to increase awareness and training of these effects beyond the
surgical field, and this can be achieved through further collaboration with the UKCRC
Registered Clinical Trials Units and integration of these findings into broader guidance, such

as the MRC Guidelines for Complex Interventions. (13, 61, 63)
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Appendix 3 — Supplementary material from Chapter 3

Appendix Material 2: Search strategy

Phase 1: Identify surgical randomised trials

Step Description Results
(n)
1 | Search for surg* and rand* in Article Title, Abstract, Keywords 120, 441

Document type = Article

No date range added as easy enough to filter by year

Phase 2: Identify outputs from key journals

Step Description Results
(n)
2 Search for Source Title "British Medical Journal” 93, 041

All document types

No date range added

3 | Search for Source Title "BMJ" 64, 620
All document types

No date range added

4 | Search for Source Title "Journal of the american medical association” | 188, 051
All document types

No date range added

5 Search for Source Title "JAMA" 78, 788
All document types

No date range added

6 Search for Source Title "Lancet" 466, 129
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All document types

No date range added

7 | Search for Source Title "New England Journal of Medicine" 76, 877
All document types

No date range added

8 | Search for ISSN "1745-6215" which is the ISSN number for Trials 2, 646
All document types

No date range added

9 | Search for ISSN "1366-5278" which is the ISSN number for HTA 148
monograph series
All document types

No date range added

Phase 3: Identify outputs from leading surgical journals

List of the names of ten leading general surgical journals obtained (39). Details are as follows:

Journal name ISSN number(s)
1 | Annals of Surgery 0003-4932 (print) & 1528-1140 (web)
2 | British Journal of Surgery 0007-1323

3 | Archives of Surgery - now JAMA | 0004-0010 (archives of surgery before

Surgery JAMA surgery) 2168-6254 (print) & 2168-
6262 (web)
4 | Surgery 0039-6060
5 | American Journal of Surgery 0002-9610

6 | Journal of American College of | 1072-7515

Surgeons
7 | Current Problems in Surgery 0011-3840
8 | American Surgeon 0003-1348

201



Australia and New Zealand Journal of

Surgery

1445-2197 (web)

10

Surgery Today

0941-1291 (Print) & 1436-2813 (Online)

Step

Description

Results

(n)

10

Search for ISSN "1528-1140" which is the ISSN number for Annals of
Surgery (web)
All document types

No date range added

4,021

11

Search for ISSN "0003-4932" which is the ISSN number for Annals of
Surgery (print)
All document types

No date range added

17, 826

12

Search for ISSN "0007-1323" which is the ISSN number for British
Journal of Surgery
All document types

No date range added

20, 660

13

Search for ISSN "2168-6254" which is the ISSN number for JAMA
Surgery (print)
All document types

No date range added

856

14

Search for ISSN "2168-6262" which is the ISSN number for JAMA
Surgery (web)
All document types

No date range added

19

202




15

Search for ISSN "0004-0010" which is the ISSN number for Annals of
Surgery (before JAMA surgery)
All document types

No date range added

15, 777

16

Search for ISSN "0039-6060" which is the ISSN number for Surgery
All document types

No date range added

22,115

17

Search for ISSN "0002-9610" which is the ISSN number for American
Journal of Surgery
All document types

No date range added

30, 148

18

Search for ISSN "1072-7515" which is the ISSN number for Journal
of American College of Surgeons
All document types

No date range added

6, 816

19

Search for ISSN "0011-3840" which is the ISSN number for Current
Problems in Surgery
All document types

No date range added

1, 268

20

Search for ISSN "0003-1348" which is the ISSN number for American
Surgeon
All document types

No date range added

13, 749

21

Search for ISSN "1445-2197" which is the ISSN number for Australia
and New Zealand Journal of Surgery
All document types

No date range added

3,672
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22 | Search for ISSN "0941-1291" which is the ISSN number for Surgery | 5,910
Today (print)
All document types
No date range added

23 | Search for ISSN "1436-2813" which is the ISSN number for Surgery | 5, 103
Today (web)
All document types
No date range added

Phase 4: Identify outputs from leading surgical journals
Step Description Results
(n)

24 | Merge general journals 841, 424
#4 OR #7 OR #6 OR #8 OR #9 OR #10 OR #12 OR #13

25 | Merge surgical journal (part 1) 77,393
#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20

26 | Merge surgical journal (part 2) 63, 079
#21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27

27 | Merge all journals 1,021,
#28 OR #29 OR #30 021

28 | Obtain surgical RCTs from all journals 6,176

#3 AND #31
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Appendix Material 3: Data extraction form

The following details were extracted from eligible articles:

SECTION 1: Article details

1.1. Journal (CATEGORICAL — American Journal of Surgery / American Surgeon / Annals
of Surgery / ANZ Journal of Surgery / BMJ (Online) / BMJ Open / BMJ Supportive and
Palliative Care / British Journal of Surgery / Health Technology Assessment / JAMA — Journal
of the American Medical Association / JAMA Dermatology / JAMA Facial Plastic Surgery /
JAMA Opthalmology / JAMA Otalaryngology — Head and Neck Surgery / JAMA Surgery /
Journal of the American College of Surgeons / Surgery (United States) / Surgery Today / The
Lancet / The Lancet Diabetes and Endcrinology / The Lancet Neurology / The Lancet
Oncology / The Lancet Respiratory Medicine / The New England Journal of Medicine / Trials)
1.2. Year published (CATEGORICAL — 2014/ 2015/ 2016)

1.3. Funder origin (CATEGORICAL — by COUNTRY)

SECTION 2: Trial rationale and design

2.1. Type of trial (CATEGORICAL — Definitive / Pilot or feasibility)

2.2. Trial design (CATEGORICAL — Cluster / Crossover / Factorial / Parallel / N of 1)

2.3. Number of trial arms (NUMERIC)

2.4. Blinding (BINARY — Yes / No)

2.5. Expertise based design (CATEGORICAL - Pure, professionals delivering only one
intervention / Hybrid, some professionals could deliver both)

2.6. Allocation of treatment provider in expertise based design (FREETEXT)

SECTION 3: Intervention of interest
3.1. Intervention of interest (CATEGORICAL - Surgery occurred but was not intervention of

interest / Surgery occurred and was the intervention of interest)
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3.2. Comparator when surgery was intervention of interest (CATEGORICAL Surgery /
Medical / Other e.g. active monitoring)

3.3. Surgical comparator in trials comparing two surgeries (CATEGORICAL - Comparing
different components of the same intervention / Different surgical interventions / Different

time points of the same intervention)

SECTION 4: Recruitment
4.1. Number of centres (BINARY — Multiple / Single)

4.2. Number of treatment providers (BINARY — Multiple / Single)

SECTION 5: Centre or surgeon credentials
5.1. Credentials defined (BINARY — Yes / No, not reported)
5.2. Centre credentials (FREETEXT)

5.3. Surgeon credentials (FREETEXT)

SECTION 6: Randomisation
6.1. Randomisation stratified (BINARY — Yes / No)

6.2. If stratified, stratified by centre (BINARY — Yes / No) or surgeon (BINARY — Yes / No)

SECTION 7: Considerations of learning and/or clustering of included centres and/or
surgeons

7.1. Descriptive (non-outcome) relating to centre reported e.g. number of patients per centre
(FREETEXT)

7.2. Descriptive (non-outcome) relating to surgeon reported e.g. surgeon caseload
(FREETEXT)

7.3. Outcomes (FREETEXT)

7.4. Analysis planned to address multiple centre effect adjustments (BINARY — Yes/ No)
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7.4a. If yes, approach used to check for effect (CATEGORICAL — Term in regression model
/ Separate exploratory analysis / Other — free text)

7.4Db. If accounted for, how effect was specified (CATEGORICAL — Fixed / Random / Time-
varying / Unclear)

7.5. Analysis planned to address multiple surgeon effect adjustments (BINARY — Yes / No)
7.5a. If yes, approach used to check for effect (CATEGORICAL — Term in regression model
/ Separate exploratory analysis / Other — free text)

7.5b. If accounted for, how effect was specified (CATEGORICAL — Fixed / Random / Time-

varying / Unclear)
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Appendix Material 4: List of eligible publications

1. Abdel-Wahab M, Mehilli J, Frerker C, Neumann FJ, Kurz T, Télg R, et al.
Comparison of balloon-expandable vs self-expandable valves in patients undergoing
transcatheter aortic valve replacement: The CHOICE randomized clinical trial. JAMA -
Journal of the American Medical Association. 2014;311(15):1503-14.

2. Abo-Ryia MH, El-Khadrawy OH, Moussa Gl, Saleh AM. Prospective randomized
evaluation of open preperitoneal versus preaponeurotic primary elective mesh repair for
paraumbilical hernias. Surgery Today. 2015;45(4):429-33.

3. Acker MA, Parides MK, Perrault LP, Moskowitz AJ, Gelijns AC, Voisine P, et al.
Mitral-valve repair versus replacement for severe ischemic mitral regurgitation. New England
Journal of Medicine. 2014;370(1):23-32.

4, Ackland GL, Igbal S, Paredes LG, Toner A, Lyness C, Jenkins N, et al. Individualised
oxygen delivery targeted haemodynamic therapy in high-risk surgical patients: A multicentre,
randomised, double-blind, controlled, mechanistic trial. The Lancet Respiratory Medicine.
2015;3(1):33-41.

5. Adams DH, Popma JJ, Reardon MJ, Yakubov SJ, Coselli JS, Deeb GM, et al.
Transcatheter aortic-valve replacement with a self-expanding prosthesis. New England
Journal of Medicine. 2014;370(19):1790-8.

6. Aida T, Furukawa K, Suzuki D, Shimizu H, Yoshidome H, Ohtsuka M, et al.
Preoperative immunonutrition decreases postoperative complications by modulating
prostaglandin E2 production and T-cell differentiation in patients undergoing
pancreatoduodenectomy. Surgery (United States). 2014;155(1):124-33.

7. Aird LNF, Bristol SG, Phang PT, Raval MJ, Brown CJ. Randomized double-blind
trial comparing the cosmetic outcome of cutting diathermy versus scalpel for skin incisions.
British Journal of Surgery. 2015;102(5):489-94.

8. Armafianzas L, Ruiz-Tovar J, Arroyo A, Garcia-Peche P, Armafianzas E, Diez M, et

al. Prophylactic mesh vs suture in the closure of the umbilical trocar site after laparoscopic
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cholecystectomy in high-risk patients for incisional hernia. a randomized clinical trial. Journal
of the American College of Surgeons. 2014;218(5):960-8.

9. Ausen K, Fossmark R, Spigset O, Pleym H. Randomized clinical trial of topical
tranexamic acid after reduction mammoplasty. British Journal of Surgery.
2015;102(11):1348-53.

10. Ayoub N, Ghassemi A, Rana M, Gerressen M, Riediger D, Holzle F, et al. Evaluation
of computer-assisted mandibular reconstruction with vascularized iliac crest bone graft
compared to conventional surgery: A randomized prospective clinical trial. Trials. 2014;15(1).
11. Bai X, Zhang Q, Gao S, Lou J, Li G, Zhang Y, et al. Duct-to-Mucosa vs Invagination
for Pancreaticojejunostomy after Pancreaticoduodenectomy: A Prospective, Randomized
Controlled Trial from a Single Surgeon. Journal of the American College of Surgeons.
2016;222(1):10-8.

12. Balta AZ, Ozdemir Y, Sucullu I, llker Filiz A, Yucel E, Akin ML. The effect of early
warm plastic bag application on postoperative pain after hemorrhoidectomy: A prospective
randomized controlled trial. American Surgeon. 2015;81(2):182-6.

13. Barber MD, Brubaker L, Burgio KL, Richter HE, Nygaard I, Weidner AC, et al.
Comparison of 2 transvaginal surgical approaches and perioperative behavioral therapy for
apical vaginal prolapse: The OPTIMAL randomized trial. JAMA - Journal of the American
Medical Association. 2014;311(10):1023-34.

14. Barone MA, Widmer M, Arrowsmith S, Ruminjo J, Seuc A, Landry E, et al.
Breakdown of simple female genital fistula repair after 7 day versus 14 day postoperative
bladder catheterisation: A randomised, controlled, open-label, non-inferiority trial. The
Lancet. 2015;386(9988):56-62.

15. Bath-Hextall F, Ozolins M, Armstrong SJ, Colver GB, Perkins W, Miller PSJ, et al.
Surgical excision versus imiquimod 5% cream for nodular and superficial basal-cell
carcinoma (SINS): A multicentre, non-inferiority, randomised controlled trial. The Lancet

Oncology. 2014;15(1):96-105.
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16. Bensaadi H, Paolino L, Valenti A, Polliand C, Barrat C, Champault G. Intraperitoneal
tension-free repair of a small midline ventral abdominal wall hernia: Randomized study with
a mean follow-up of 3 years. American Surgeon. 2014,;80(1):57-65.

17. Berdah SV, Mariette C, Denet C, Panis Y, Laurent C, Cotte E, et al. A multicentre,
randomised, controlled trial to assess the safety, ease of use, and reliability of hyaluronic
acid/carboxymethylcellulose powder adhesion barrier versus no barrier in colorectal
laparoscopic surgery. Trials. 2014;15(1).

18. Bhandari M, Jeray KJ, Petrisor BA, Devereaux PJ, Heels-Ansdell D, Schemitsch EH,
et al. A Trial of Wound Irrigation in the Initial Management of Open Fracture Wounds. New
England Journal of Medicine. 2015;373(27):2629-41.

19. Bill-Axelson A, Holmberg L, Garmo H, Rider JR, Taari K, Busch C, et al. Radical
prostatectomy or watchful waiting in early prostate cancer. New England Journal of Medicine.
2014;370(10):932-42.

20. Bingener J, Skaran P, McConico A, Novotny P, Wettstein P, Sletten DM, et al. A
double-blinded randomized trial to compare the effectiveness of minimally invasive
procedures using patient-reported outcomes. Journal of the American College of Surgeons.
2015;221(1):111-21.

21. Boelens PG, Heesakkers FFBM, Luyer MDP, VVan Barneveld KWY, De Hingh IHJT,
Nieuwenhuijzen GAP, et al. Reduction of postoperative ileus by early enteral nutrition in
patients undergoing major rectal surgery: Prospective, randomized, controlled trial. Annals of
Surgery. 2014;259(4):649-55.

22. Boermeester MA. Effect of a ward-based pharmacy team on preventable adverse drug
events in surgical patients (SUREPILL study). British Journal of Surgery. 2015;102(10):1204-
12.

23. Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, Van Der Pas MHGM, De Lange-De
Klerk ESM, et al. A randomized trial of laparoscopic versus open surgery for rectal cancer.

New England Journal of Medicine. 2015;372(14):1324-32.
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24. Bonrath EM, Dedy NJ, Gordon LE, Grantcharov TP. Comprehensive surgical
coaching enhances surgical skill in the operating room: A randomized controlled trial. Annals
of Surgery. 2015;262(2):205-12.

25. Bove T, Zangrillo A, Guarracino F, Alvaro G, Persi B, Maglioni E, et al. Effect of
fenoldopam on use of renal replacement therapy among patients with acute kKidney injury after
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Appendix 4 — Supplementary material from Chapter 4

Appendix Material 5: Data extraction form

The following details were extracted from eligible funding applications:

SECTION 1: Trial details

1.1. Funding identifier (CATEGORICAL — EME / HTA)

1.2. Trial name (FREETEXT)

1.3. Number of randomized controlled trials in application (NUMBERIC)

1.4. Lead institute region (CATEGORICAL — by COUNTY)

1.5.Funding start year (CATEGORICAL — 2012 /2013 /2014 /2015 /2016 / 2017)
1.6. Documents available for review

1.6.1. Commissioning brief (BINARY — Yes/ No)

1.6.2. Project description (BINARY — Yes / No)

1.6.3. Funder changes (BINARY — Yes / No)

1.6.4. Protocol (BINARY — Yes/ No)

SECTION 2: Design details

2.1. Trial design (CATEGORICAL - Cluster / Crossover / Parallel / Factorial / Stepped
wedge / N-of-1 / Sequential)

2.2. Number of trial arms (NUMERIC)

2.3. Use of pilot or feasibility in design

2.3.1. Pilot study (BINARY - Yes / No)

2.3.2. Feasibility study (BINARY — Yes / No)

SECTION 3: Intervention of interest

3.1. Nature of surgery delivered (BINARY — As an intervention / As part of patient pathway)
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3.2. If surgery delivered in as an intervention, what is the comparator (CATEGORICAL —
Surgery / Medical / Other)

3.3. If surgery is delivered as intervention and is also a comparator, what is the nature of the
surgical comparator? (CATEGORICAL — Alternative surgical procedure / Change to a
component of the same procedure / Same procedure delivered at different time points)

3.4. If surgery is delivered as intervention and is also a comparator, was an expertise based
design utilised? (CATEGORICAL - Pure: professionals delivering only one intervention /

Hybrid: some professionals could deliver both)

SECTION 4: Recruitment
4.1. Number of countries (BINARY — Multiple / Single)
4.2. Number of centres (BINARY — Multiple / Single)

4.3. Number of surgeons (BINARY — Multiple / Single)

SECTION 5: Randomisation

5.1. Method of randomisation (CATEGORICAL — Dynamic allocation / Block / Simple)
5.1.1. If dynamic allocation, specify (BINARY — Minimisation / Other)

5.2. Allocation ratio (BINARY - Equal / Unequal)

5.3. Randomisation unit (BINARY — Individual / Dyad / Cluster)

5.4. Randomisation stratified (BINARY — Yes / No)

5.4.1. If randomisation stratified, stratified by country (BINARY — Yes/ No)

5.4.2. If randomisation stratified, stratified by centre (BINARY — Yes / No)

5.4.3. If randomisation stratified, stratified by surgeon (BINARY — Yes/ No)

SECTION 6: Centre and surgeon credentials
6.1. Credentials defined (BINARY — Yes / No, not reported)
6.2. Centre credentials (FREETEXT)

6.3. Surgeon credentials (FREETEXT)

241



SECTION 7: Outcomes

7.1. Outcomes (FREETEXT)

SECTION 8: Statistical considerations
8.1. Sample size considerations e.g. adjusting for ICC (FREETEXT)
8.2. Planned exploratory analysis e.g. differences in outcome between centres (FREETEXT)

8.3. Formal analysis e.g. adjusting models (FREETEXT)

SECTION 9: Funder led considerations

9.1. Commissioning brief (FREETEXT)

9.2. Funder led changes (FREETEXT)
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Appendix 5 — Supplementary material from Chapter 5

Appendix Box 1: List of UK Clinical Research Collaborative Registered Clinical Trials Units

The following list of UK Clinical Research Collaborative Registered Clinical Trials Units
was obtained on 4" January 2019.
1. Barts and the London Pragmatic CTU
Barts Clinical Trials Unit
Birmingham Clinical Trials Unit
Bristol Clinical Trials and Evaluation Unit
Bristol Randomised Trials Collaboration
CaCTUS (Cancer Clinical Trials Unit Scotland)
Cambridge Clinical Trials Unit (CCTU)
Cancer Research UK Clinical Trials Unit (CRCTU)
Centre for Healthcare Randomised Trials (CHaRT)
. Centre for Trials Research
. Comprehensive CTU @ UCL
. CR UK & UCL Cancer Trials Centre
. Diabetes Trials Unit (Churchill Hospital, Oxford)
. Edinburgh Clinical Trials Unit, Edinburgh

. Glasgow Clinical Trials Unit

© 0o N o o B~ Db

e e T i o e
o U1~ W N RB O

. Imperial Clinical Trials Unit
. Intensive Care National Audit & Research Centre (ICNARC) CTU

. Keele Clinical Trials Unit

e e
© o

. King's Clinical Trials Unit at King's Health Partners

N
o

. Leeds Clinical Trials Research Unit

N
[

. Leicester Clinical Trials Unit

N
N

. Liverpool Trials Collaborative

N
w

. London School of Hygiene & Tropical Medicine

()
~

. Manchester Academic Health Science Centre Clinical Trials Unit
(MAHSC-CTU)

25. Medical Research Council Clinical Trials Unit at UCL

26. Newcastle Clinical Trials Unit (NCTU)

27. NHS Blood and Transplant Clinical Trials Unit

28. North Wales Organisation for Randomised Trials in Health (NWORTH)

29. Northern Ireland Clinical Trials Unit
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Appendix Box 1 (continued): List of UK Clinical Research Collaborative Registered Clinical

Trials Units

30. Norwich Clinical Trials Unit

30. Nottingham Clinical Trials Unit

31. NPEU Clinical Trials Unit

32. Oxford Clinical Trial Service Unit & Epidemiological Studies Unit (CTSU)

33. Oxford Clinical Trials Research Unit (OCTRU)

34. Oxford Primary Care and Vaccines Collaborative Clinical Trials Unit

35. Papworth Trials Unit Collaboration

36. Peninsula Clinical Trials Unit

37. PRIMENT Clinical Trials Unit at UCL

38. Royal Marsden Clinical Trials Unit (RM-CTU)

39. Sheffield Clinical Trials Research Unit

40. Southampton Clinical Trials Unit

41. Swansea Trials Unit

42. Tayside Clinical Trials Unit

43. The Institute of Cancer Research Clinical Trials & Statistics Unit (ICR-
CTSU)

44. Warwick Clinical Trials Unit

45. York Trials Unit

46. Brighton and Sussex Clinical Trials Unit

47. Cambridge Epidemiology & Trials Unit

48. Derby Clinical Trials Support Unit (DCTSU)

49. Exeter Clinical Trials Unit

50. Surrey Clinical Trials Unit
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Appendix Box 2: Survey

Survey of UK registered Clinical Trials Units

CTU name: |

Details of CTU representative

Name: |

Role: |

Email: |

All questions within this survey relate to trials with any type of intervention i.e. are not
restricted to surgical or pharmacological studies.

Refer to the following definitions when completing this survey

Centre Designated medical facility or site used to conduct clinical research e_g. hospital or medical
clinic.

Treatment provider The individual e.g. doctor administering the treatment (or intérvention) to a consenting
patient.

Surgical intervention  Interventions that involve physically changing body tissues and organs through manual
operation, such as cutting, abrading, suturing and the use of lasers.®

From MRC Guidance for Developing and Evaluating Complex Interventions:

There are fewer trigls of surgical than af pharmaceutical interventions, and those there are tend to be of poorer
quality. Trials are sometimes dismissed as impossible or inappropriate in surgery, for a variety of reasons. These
difficulties include variability in the intervention over time, “learning curve effects”, or between surgeons. These
affect many other kinds of complex intervention.

A complex intervention is conventionally defined as interventions with several interacting components, they present a
number of special problems for evaluators, in addition to the practical and methodelogical difficulties that any
successful evaluation must overcome.

1. Does your unit have experience of running trials with:
a. A surgical intervention?

Yes O No [
b. Acomplex intervention?
Yes a No [m]

. Ifyes, to a. or b., would you be happy to discuss your answers in more detail following this survey?
Yes O — please ensure email address provided above.
Mo a

1 Cook M. The challenges faced in the design, conduct and analysis of surgical randomised controlled trials. Trials 2009, 10: 9.
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Appendix Box 2(continued): Survey

The following questions relate to the design of all multicentre trials:

From ICH E9:

Good design shouid generally aim to achieve the same distribution of subjects to treatments within each centre and
good management should maintain this design objective. Trials that avoid excessive variation in the numbers of
patients per centre, and trials that avoid a few very small centres, have advantages if it is later found necessary to
take into account the heterogeneity of the treatment effect from centre to centre.

2. Does your unit have any multi centre trials that does not stratify randomisation by centre?
Yes a No a
a. Is this because (tick all that apply):
i. Expected homogeneity of treatment effect across centres
il. No interest in centre effect
fil. Stratified by treatment provider within centres and treatment providers
unique within centre
iv. Lots of centres with few participants per centre
v. Not convinced of appropriateness of either fixed or random effect models for
centres in this trial
vi. Other - give details

o0 ooo
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Appendix Box 2(continued): Survey

3. In the following scenarios has your unit stratified randomisation by:
a.

Scenario A — A trial with a large * sample size, recruiting in several centres each with multiple

treatment providers.
Centre m] Treatment provider a
Both a Neither a
N/A - no experience of trials of this type a
Give details:

Scenario B — A trial with a small * somple size, recruiting in several centres each with multiple
treatment providers.

Centre a Treatment provider a

Both O Neither a

N/A - no experience of trials of this type a
Give details:

Scenario C— A trial recruiting in several centres, where treatment providers work at more than one
centre (treatment provider not unigue to a centre).

Centre m] Treatment provider a

Both m] Neither a

N/A - no experience of trials of this type a
Give details:

Scenario D - A trigl investigating a surgical intérvention, recruiting from several centres, each with
multiple treatment providers.

Centre a Treatment provider a

Both ] Neither a

N/A = no experience of trials of this type o
Give details:

Scenario E— A trigl investigating substantially different interventions (e.g. surgical vs. non-surgical)
recruiting from several centres, each with muitiple treatment providers delivering the interventions.

Centre a Treatment provider a

Both a Neither a

MN/A - no experience of trials of this type a
Give details:

 With centres recruiting at least ten patients per site.
#With centres recruiting 2-3 patients per site.

247




Appendix Box 2(continued): Survey

From ICH E9:

In cases of doubt the aim should be to define centres so as to achieve homogeneity in the important factors affecting
the measurements of the primary variables and the influence of the treatments. Any rules for combining centres in
the analysis should be justified and specified prospectively in the protocol where possible.

4. Has your unit combined (a) centres or (b) treatment providers for the purpose of analyses?

(a) (b)
Yes, pre-specified grouping rules at design stage g o
Yes, ad hoc approach e.g. determined after design due to small numbers per group o o
No, have not combined groups O o0
Not applicable, no experience of trials of this type O

Other - give details:

One approach is to increase homogeneity of centre or treatment provider effects by
standardising training. The following questions are related to centre or treatment provider
requirements and training provisions.

From ICH E9:

It is important to design the common protocol and to conduct the trial with this background in mind. Procedures
should be standardised as completely as possible.

5. Has your unit defined a minimum level of experience for participating treatment providers in terms of:

a) Treating the condition within the patient population?
Yes, when applicable [ No, with justification [ No a

b) Delivering the trial intervention?
Yes, when applicable [J No, with justification [J No a

c) Setting a minimum professional level of treatment providers e.g. minimum speciality training level
Yes, when applicable [ No, with justification [J No a

d) Other—give details:

6. Has your unit conducted trials with an expertise based design, in which participating treatment providers
provide only the intervention in which they have expertise?

Yes, when applicable [J No, with justification [J No ()
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Appendix Box 2 (continued): Survey

The following questions are related to analysis of multicentre trials

From ICH E9:
Factors on which randomisation has been stratified should be accounted for later in the analysis.

When analysing a trial, failure to have balance within groups, combined with doubts about the homogeneity of the
results may, in severe cases, reduce the value of o multicentre trial to such o degree that it cannot be régarded as
giving convincing evidence for the sponsor’s claims.

7. Does your unit include centre in the statistical model when comparing treatment?

Yes, but only if it was used to stratify randomisation O

Yes, always a

Yes, sometimes O

No, never a
a. [Ifyes, is this effect treated as fixed or random?

Fixed [ Random a Depends O

b. Give details regarding your answer

8. Doesyour unit include treatment provider in the statistical model when comparing treatment?

Yes, but only if it was used to stratify randomisation O

Yes, always O

Yes, cometimes O

No, never O
a. Ifyes, is this treated as fixed or random effects?

Fixed [ Random a Depends O

Give details regarding your answer

b. Have you ever treated the effect of the treatment provider as time varying? For example, allowed
for expertise to change over time?
Yes O No O
Give details regarding your answer
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Appendix Box 2 (continued): Survey

From ICH E9:

The statistical model to be adopted for the estimartion and testing of treatment effects should be described in the
pratocol. The main treatment effect may be investigated first using a model which allows for centre differences, but
does not include a term for treatment-by-centre interaction. If the treatment effect is homogenous across centres,
the routing inclusion of interaction terms in the model reduces the efficiency of the test for the main effects. In the
presence of true heterogeneity of treatment effects, the intérprétation of the main treatment effect is controversial.

9. Regardless of your randomisation stratification approach, does your unit check for a treatment by centre
and/or treatment provider interaction effect in the following scenarios?
3. Scenario A - A trial with a large ¥ sample size, recruiting in several centres each with multiple

treatment providers,
Centre O Treatment provider O
Both O Neither |
NfA = no experience of trials of this type o
Give details:

b. Scenario B - A trial with o small * sampie size, recruiting in several centres each with multiple

treatment prowviders.
Centre O Treatment provider [
Both D Neither m|
N/A = no experience of trials of this type O
Give details

¢. Scenario C - A trigl recruiting in several centres, where treatment providers work ar more than one
centre (treatment provider not unigue to a cenire).

Centre O Treatment provider O

Both O MNeither a

N/A - no experience of trials of this type O
Give details:

d. Scenario D - A trigl investigating a surgical intervention, recruiting from several centres, each with
multiple treatment providers.

Centre O Treatment provider [m]

Both O Neither [

N/A = no experience of trials of this type O
Give details:

? With centres recruiting at least ten patients per site.
! With centres recruiting 2-3 patients per site.
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Appendix Box 2 (continued): Survey

(9. cont.) Regardiess of your randomisation stratification approach, does your unit check for a treatment by
centre and/or treatment provider interaction effect in the following scenarios?
e. Scenario E — A trigl investigating substantially different interventions, e.g. surgical vs. non-surgical,
recruiting from several centres, each with multiple treatment providers delivering the interventions.

Centre a Treatment provider a

Both ] Neither a

N/A - no experience of trials of this type O
Give details:

From ICH E9:

If pasitive treatment effects are found in a trial with appreciable numbers af subjects per centre there should
generally be an exploration of the heterogeneity of treatment effects ocross centres, as this may affect the
generalisability of the conclusions. Marked heterogeneity may be identified by graphical dispiay of the resuits of
individual centres or by analytical methods, such as a significance rest of the treatment-by-centre interaction. When
using such a statistical significance test, it is important to recognise that this generally has low power in a trial
designed to detect the main effect of treatment.

10. If 2 positive treatment effect is found, does your unit, explore heterogeneity of treatment effects by:
a. Centre
Yes ] No ] Depends [
If yes, how? Select all that apply.
i. Graphical display or results of individual centres

Yes O No =]
il. Analytical methods e.g. significance test of treatment-by-centre interaction
Yes O No m]
Give details:

b. Treatment provider — uniquée and not unique between centres
Yes O No ]
If yes, how? Select all that apply.
i. Graphical display or results of individual centres

Yes a No O
ii. Analytical methods e.g. significance test of treatment-by-treatment provider interaction
Yes a No O
Give details:
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Appendix Box 2 (continued): Survey

Additional notes page
Please use the following to provide more details responses as required.
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Appendix Table 2: Comments on stratification approaches in example scenarios (Question 3)

ID Scenario  Stratification approaches Free text
ID1 A No experience For A, our trials are in a critical care
B No experience setting — this is a team based specialty
C No experience and it is generally not possible to
distinguish individual treatment
providers
ID3 A No experience Have not run studies with several
B No experience centres. A study with two sites that we
C No experience run stratifies randomisation by neither

centre nor treatment provider.

ID4 A Centre only For A, most commonly just by centre
Both
B No experience

C Centre only

ID8 A Centre only I do not think we have any behavioural
B Centre only therapy/course type interventions at our
C Centre only unit, but stratifying by site in these seems

OK. If you were to stratifying by
deliverer, there is likely to be too few per
strata. For cross nesting, this is often
delivered by >1 treatment provider.
There is a group effect or course effect
rather than therapy effect in this case.
For example, personalities or dynamics.
I do not see this changing unless

convinced otherwise.
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ID Scenario  Stratification approaches Free text
D Centre only Responses based on one trial. Not
E No experience always known who surgeon will be in
advance and too few per strata as often
one surgeon. But here, | could be
convinced. Note: In previous trials that |
have analysed (1 surgery, 2 group)
observed ICC=0. Again, anecdotal but |
am unconvinced we need to change.
ID10 A Centre only For A, centre: ambulance station. For B,
B Centre only feasibility: centre: ambulance station —
Both provider: paramedic.
C No experience
D Centre only For D, centre: Hospital; Treatment
Treatment provider only  provider: operating surgeon, closing the
Both wound.
E No experience
ID13 A Centre only We rarely collect data on treatment
B Centre only provider.
C No experience
ID14 A Centre only For a, dependent on trial. General
Both comments - considered and decided on a
B Centre only trial by trial basis. Don't feel you can
C Treatment provider only  always standardise.
D Centre only General comments - considered and
Treatment provider only  decided on a trial by trial basis. Don't
E Centre only feel you can always standardise.
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Scenario

Stratification approaches

Free text

ID15 A Centre only We would generally stratify by centre as
Treatment provider only  a rule of thumb if we’re happy we'll get
Both enough patients per site. Stratifying by

B Centre only treatment provider is only carried out

C Centre only currently on the larger surgical studies =
again where we're confident that there
will be enough patients. Also depends on
what other stratification factors are
needed.

ID17 A Centre only It is assumed that differences in

B Centre only treatment will mainly be due to

C Centre only differences in facilities in each centre
and different treatment protocols within
each centre.

ID18 A Centre only Recent conversions between senior
Neither ~ centre  nor statisticians advocate not stratifying by
treatment provider centre in any situation. They cited

B Neither ~ centre  nor concerns regarding prediction of
treatment provider allocation as their argument for
C No experience including.
D No experience For D and E, not aware of any locally,
E No experience but if we did then think definitely by
treatment provider.

ID29 A Both For C, stratification is likely to be chosen

B Centre only by the expected homogeneity, so may be
C Centre only
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ID Scenario  Stratification approaches Free text
Treatment provider only  centre or treatment provider. This will be
intervention specific.
ID30 A Centre only Only centre used as treatment provider
B No experience could vary during the trial. This would
C No experience add logistics of then having to update the
randomisation protocol.
ID32 A Centre only We often include treatment providers as
B Centre only a cluster effect but do not usually stratify
C Centre only as do not always know at randomisation.
For c specifically, centres combined out
of necessity.
D Centre only For D and E, usually comparing the
E Centre only intervention policy not the different
aspects of the intervention. We try to
standardise the interventions to make
them as similar as possible. We have
done surgery vs. physiotherapy for
example.
ID35 A Centre only I can't remember every detail of every
B Neither  centre  nor study on our books, I've written down
treatment provider my best guess. | don't know detail for
C Neither ~ centre  nor other statistician's studies.
treatment provider
ID39 A Centre only For A, [Name of trial] Surgeons within
B Centre only seven centres. Surgery is conducted by a
C No experience team which includes a variable subset of
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ID

Scenario

Stratification approaches

Free text

D

E

Centre only

Centre only

surgeons within a centre. Hence
stratified by centre only, as would be
unclear which surgeons to stratify by.
For B, several pilot trials like this — to
much stratification with a small sample
size may not achieve balance across trial
groups.

For D, [Name of trial] Surgeons within
seven centres. Surgery is conducted by a
team which includes a variable subset of
surgeons within a centre. Hence
stratified by centre only, as would be
unclear which surgeons to stratify by.
For E, [Name of trial] Surgery versus
radiotherapy versus nurse-led active
monitoring. Difficult to see how strata
for randomisation could be defined at the

practitioner level.
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Appendix Box 3: Reasons for using fixed or random effect for centre (Question 7)

Use both fixed effect or random effect, as required (n=14)

ID1

ID6

ID7

ID10

ID12

ID14

ID30

ID35

ID38

ID39

Always included in adjusted analyses, but sometimes a simple unadjusted analysis
is also presented with no accounting for centre. Usually included as a random effect,
except in studies with only a small number of centres e.g. pilot studies.

Random if many centres, fixed if few. Also, some types of model don’t allow
random effects e.g. quantile regression so no choice but to use fixed effects.

If centre was used for stratification or minimisation then included in the primary
statistical model. If centre wasn’t a stratification factor, on some occasions, centre
might be included in exploratory/sensitivity analyses — partly depending on how
many centres and sample size. The choice between fixed and random effects is trial
specific — partly driven by whether the centres can be considered and/or justified as
being a random sample and also the number of centres (low number would usually
be modelled as fixed effects).

Choice of fixed effects or random effects depends on number and/or nature of
centres.

Mainly random unless small number of centres.

When a small number of centres, use fixed.

Have treated as both but more likely to be random as this is more reflective of what
we need.

Random is >5 centres, fixed is lower number. (I think! Can’t remember the precise
numeric cut off). Can’t do random effects very well if the number of centres is too
low.

Usually random, but if few centres (5 or less) | would use a fixed effect for centre.
Centre is almost always included in the model — other than when a lot of centres

have recruited only one or two patients e.g. primary care trials. Tends to be included
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as a fixed effect in a standard multi-centre trial, and a random effect in cluster

randomised studies.

Fixed effect for centre (n=11)

ID2

ID8

ID20

D27

Based on limited experience, centre was specified in the protocol as a fixed effect
for one trial.

Usually! I think it is easier to assess treatment by strata interactions in fixed effect.
Debate is inevitable (even Stephen Senn says no firm views on this).

Only one multivariate trial with four large centres and low heterogeneity between
centres in the treatment effect.

It requires fewer assumptions and easier to explain. If exact balance is achieved then

the maths will give identical estimated standard errors with both models.

Random effect for centre (n=12)

ID9

ID11

ID13

ID15

ID23

ID29

ID32

We are interested in the impact of population of centres rather than the sample of
centres used in the trial.

Would aim for random effects but if not feasible (too few centres or too few per
centre) then would include as a fixed effect.

Uses fewer degrees of freedom if many centres and that we do not expect structured
differences between centres.

Usually an underlying assumption that centre may be a surrogate for socio-
economic factors that may affect outcome and/or treatment effect so often not happy
to assume that there is an equal fixed treatment effect across all sites. Would use
random due to large number of centres.

Depends a bit on the number of centres. Need to have a sufficient number to preserve
the degrees of freedom.

To report the centres as a sample of centres.

Varies between statisticians — going more down the random effect moving forwards.
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Appendix Box 4: Reasons for using fixed, random or time varying effect for treatment provider

(Question 8)

Use both fixed effect or random effect, as required (n=4)

ID7  If treatment providers was used for stratification or minimisation then included in
primary statistical model. For most of out complex intervention trials, we wouldn’t
know who the provider is going to be at the time of randomisation and so can’t be a
stratification/minimisation variable. We’ve considered e.g. partial clustering at the
design stage where the intervention group has providers and the control group has
treatment as usual, but usually insufficient information available, leading to
potential for secondary/exploratory analyses of treatment provider.

ID35 Depends on the number of providers. Can’t do random effects if number of
providers is too low. Random is >5 centres and fixed is lower. I can’t think of an

example where we have adjusted but we would if it were sensible.

Fixed effect for treatment provider (n=2)

ID27 It requires fewer assumptions and easier to explain. If exact balance is achieved then
the maths will give identical estimated standard errors with both models. However,
never actually done this.

ID30 This is dependent on the data and requirements.

Random effect for treatment provider (n=16)

ID8  There are too few per strata in our trial to consider as fixed. May be qualitative
assessment.

ID10 Choice of random effect is based on parsimony.

ID15 If treatment provider is included as a stratification factor, it’ll be because we’re
concerned the provider will have an impact on the outcome but also because we’d
expect different populations for different treatment providers. We have no interest
in therapist effect for main adjustments, we would adjust to complement

randomisation stratification factor.
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1D23

ID29

ID32

ID39

Depends on number, need to preserve degrees of freedom.

To represent the result as a sample.

As a cluster random effect.

When a clear provider structure to the data, we will pre-specify the main analysis to
accommodate this. We would try and capture the hierarchical structure in a

multilevel model.

Time-varying effect used for treatment provider (n=2)

ID38

Fairly crude by letting the number of procedures in the trial increase the relevant

surgeon’s experience (ignoring procedures done outside of the trial of course!)

Time-varying effect not used for treatment provider (n=19)

ID7

ID8

ID10

ID15

ID23

ID30

ID32

ID35

ID39

Interesting idea! Thinking again about our complex intervention trials, I’'m not
entirely sure that we would expect to see a change in treatment effect over time, as
the Chief Investigator would, I suspect, say that with manualised interventions, etc,
this shouldn’t be observed. But something to think about....

Secondary exploratory analyses. Had we found evidence of learning we would have
had awkward additional data summaries/presentations.

Not yet appropriate.

Not yet appropriate in trials that we run — plan to discuss exploration of learning
curve of treatment provider in one of our ongoing studies.

Did not consider.

Often time restrictions on completing.

Unusually doesn’t change during the treatment period.

| did a sensitivity analysis once to check for learning effects, but there was no
evidence of it. I don’t know what other senior statisticians at our unit have done.

Not in the main analysis — aim for practitioner skill to have stabilised.
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Appendix Table 3: Comments on interaction investigation in example scenarios (Question 9)

ID Scenario  Stratification approaches Free text

ID2 A No experience Mainly worked on non-randomised
B No experience trials in my unit and so none of the
C No experience above are applicable.

ID4 A Centre only For A, likely to investigate interaction
Neither centre nor treatment for any stratification factors — so may
provider include centre but, may be

geographical region instead
B No experience
C Centre only
Neither centre nor treatment
provider
ID5 A Neither centre nor treatment For A, not formally. For C, not
provider formally.
B Neither centre nor treatment
provider
C Neither centre nor treatment
provider
ID6 A No response For A, sometimes, specific to each trial.
Depends on the nature of the
intervention and numbers within
treatment provider. For C, depends on
numbers and nature of intervention
B Neither centre nor treatment
provider
C No response
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ID Scenario  Stratification approaches Free text
D No response For D, depends on numbers and nature
of intervention. For e, depends on
numbers and nature of intervention.
E No response
ID7 A Centre only For A, would usually (given sufficient
Treatment provider only numbers) look at centre*treatment
group i/a; on a limited number of
occasions looked at provider*treatment
group i/a
B Neither centre nor treatment
provider
C No experience
ID8 A Both centre and treatment Some investigation is often useful -
provider maybe qualitative. Rare to detect
B Centre only significant, clear interaction and
C Centre only therefore often summarise
descriptively.
D Both centre and treatment Only have experience of one ftrials in
provider Scenario D. We did an informal
E No experience assessment for individual surgeon.
ID9 A Centre only Centres are now nested within the
B Centre only treatment provider and makes a
C No experience multilevel model.
ID10 D No experience For D, only one such trial in my
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ID Scenario  Stratification approaches Free text
E No experience
ID13 A Neither centre nor treatment  Has never been of interest.
provider
B Neither centre nor treatment
provider
C No experience
ID14 A Centre only For A, maybe exploratory as usually
Treatment provider only not powered. For B, maybe exploratory
as usually not powered. General
comments: Trial by trial decision as
appropriate in relation to interpretation
and associated power.
B Neither centre nor treatment
provider
C Treatment provider only
D Centre only For D, if specialist. For E, if specialist.
Treatment provider only General comments: Considered and
decided at trial by trial basis - depends
on phase and question.
E Centre only
Treatment provider only
ID15 A Centre only Might group in 'small' trials and do a

Treatment provider only
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ID Scenario  Stratification approaches Free text
B Neither centre nor treatment
provider
C Neither centre nor treatment
provider
ID22 A Neither centre nor treatment  For A, most trials we have adjusted for
provider the centre and treatment provider but
B Neither centre nor treatment  not performed any treatment-by-centre
provider interaction.
C Neither centre nor treatment
provider
ID30 D Treatment provider only Only limited experience in the unit of
E No experience D.
ID32 A Centre only We usually look at centre by treatment
B Centre only interaction to assess whether the
C Centre only treatment effect is similar across
centres but do not normally present this
as part of the model.
D Centre only We usually look at centre by treatment
E Centre only interaction to assess whether the
treatment effect is similar across
centres but do not normally present this
as part of the model.
ID35 A Neither centre nor treatment  Providing best guess here.
provider
B Neither centre nor treatment

provider
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ID Scenario  Stratification approaches Free text
C No experience
ID38 A Neither centre nor treatment For A, I’ve put neither because we
provider don’t routinely do it. I do usually work
B Neither centre nor treatment up a forest plot to explore within centre
provider treatment effects, no formal treatment-
C No experience by-centre interactions.
D Neither centre nor treatment  For D, again I’ve put neither because
provider we don’t routinely do it. I do usually
E Neither centre nor treatment work up a forest plot to explore within
provider centre treatment effects, no formal
treatment-by-centre interactions, but |
can’t recall drilling down to surgeon
level in forest plots.
ID39 A Neither centre nor treatment  For A, not done routinely — if interest
provider in a centre effect in a particular trial, an
B Neither centre nor treatment  investigation of the treatment by centre
provider interaction would be pre-specified. For
C No experience B, not done routinely, and would point
out the problems of looking at
interaction effects when sample size is
small if the chief investigator requested
such an analysis.
D Neither centre nor treatment  For D, not done routinely — if interest

provider
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ID

Scenario

Stratification approaches

Free text

E

Neither centre nor treatment

provider

investigation of the treatment by centre
interaction would be pre-specified. For
E, not done routinely — if interest in a
centre effect in a particular trial, an
investigation of the treatment by centre

interaction would be pre-specified.
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Appendix Table 4: Details of how Units explore heterogeneity by centre in the presence of a

treatment effect (Question 10A)

ID Graphical  Analytical  Further details on exploring heterogeneity by centre

display methods

ID1 Yes Yes Depends
ID2 Yes Yes Interaction tests done where necessary.
ID3 Yes No We generally work with small studies so far and

significance testing of treatment by centre would not

seem appropriate or reliable with such small samples.

ID4 No Yes Depends
ID6 Yes Yes Depends
ID7 Yes Yes Depends on whether any difference between centres

is likely to be relevant of not. We would usually
present some basic graphs and summary statistics at
the centre level; sometimes pre-specified
centre*treatment will be assessed, but always with
the caveat of likely to have low power. In larger trials,
sometimes presented Chief Investigators for the
treatment effect by centre.

ID8 Yes Yes Happened once only and we'd already planned to do
this. This was a stepwise trial - hoping someone will
publish at some point. Wanted to do this for fidelity
assessment - qualitative.

ID10 Yes Yes Graphical methods usually take precedence;
supported by analytical methods.

ID14 Yes Yes Depends
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ID Graphical ~ Analytical  Further details on exploring heterogeneity by centre
display methods

ID15 Yes Yes One trial with a positive treatment effect explored
variation by centre graphically and by descriptive
statistics. This was not done due to positive treatment
effect and was pre-planned. Another explored
through forest plots - this has post hoc and in a study
where there was no overall treatment effect.

ID18 Yes Yes Forest plot and test.

ID19 Yes Yes Tabulations, multivariate models, etc.

ID21 Yes No Forest plots typically.

ID22 Yes Yes Most of the trials have explored the heterogeneity of
treatment effects across centres by either graphical or
analytical methods.

ID23 Yes Yes Not significance tests.

ID27 Yes No Depends. Must by prespecified and of interest a
priori.

ID30 Yes Yes Treatment by centre interaction testing but rarely go
beyond this - requires careful consideration of the
implication of explanation to the Chief Investigator.

ID32 Yes No Don't use significance tests as no power for these.

ID34 Yes No Explore by region.

ID35 Yes No Don't do this routinely but we probably do it a fair

amount. If we did it, we would probably try to
estimate treatment effect within each centre but this

wouldn't be possible for tiny centres.
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ID Graphical ~ Analytical  Further details on exploring heterogeneity by centre
display methods
ID39 Yes Yes Not done routinely - if interest in a centre effect in a
particular trial, and investigation of the treatment by
centre interaction would be pre-specified. If not pre-
specified, we would not allow an interaction to be
prompted by a positive treatment effect.
ID42 Yes Yes Depends
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Appendix Table 5: Details of how units explore heterogeneity by treatment provider in the

presence of a treatment effect (Question 10B)

ID Effect Graphical Analytical Further details on exploring
explored display methods heterogeneity by treatment provider
ID1 No response NA NA No experience in trials of this type.
ID2 No response NA NA No experience in trials of this type.
ID3 No No No Generally we do not consider treatment

provider effects. After today, | will take
this back to our unit and see if we
should start taking it into account in our

designs and analyses.

ID5 No response NA NA No experience in trials of this type.
ID6 Yes Yes Yes Depends.
ID7 Yes Yes Yes The provider effect doesn't tend to be of

particular interest in our trials, although
| believe that in complex intervention
trials, the provider effect can be
underplayed.

ID8 No No No Too awkward - often we do
course/group interventions with course
leads swapping in/out/leaving etc.

ID14 Yes Yes Yes Sometimes, this is trial dependent - if
relevant and interpretable.

ID35 Yes No No Need to be careful not to suggest some
clinicians are worse than others

(similarly for centres).
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ID39 No No No Not done routinely and I don't think we
have pre-specified this.

1D42 Yes Yes Yes Depends.
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Appendix 6 — Supplementary material from Chapter 7

Appendix Material 6: SAS macro to estimate VPC
%MACRO ICC(U=Covariance estimate for random effect, INT=Intercept estimate,
TRT=Treatment effect estimate);

DATA ICCSIM;

CALL streaminit(25345278);

DO SET=1 TO 5000;
U=RAND(normal’,0,SQRT(&U));
LOGITP=&INT+&TRT+U,;
P=EXP(LOGITP)/((1+EXP(LOGITP)));
V=P*(1-P);

OUTPUT,;

END;

RUN;

proc means data=ICCSIM,;
var V;
output out=S mean=;

run;

proc means data=ICCSIM,;

var P;

output out=VAR_P VAR=;

run;

DATA ICCEST;
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MERGE S VAR_P;
BY _TYPE_ _FREQ_;

RUN;

DATA ICCEST;
SET ICCEST;
KEEP VPC;
VPC=P/(P+V);
RUN;

%mend ICC;

274



Appendix Table 6: Summary of failure for any cause by centre in BASICS

Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [22.5,27.4] [20.2,28.6] [20.5,28.8] [21.6,30.1]
Centre 1 | Shunt inserted 188 62 64 62

Failure (%) 18 (9.6%) 4 (6.5%) 7 (10.9%) 7 (11.3%)

[97.5% Cl] [4.8,144]  [0.0,13.4] [2.2,19.7] [2.3,20.3]
Centre 2 | Shuntinserted | 175 58 59 58

Failure (%) 35(20.0%) 9 (15.5%) 12 (20.3%) 14 (24.1%)

[97.5% ClI] [13.2,26.8] [4.9,26.2] [8.6, 32.1] [11.6, 36.7]
Centre 3 | Shuntinserted | 154 53 52 49

Failure (%) 40 (26.0%) 13 (24.5%)  15(28.8%) 12 (24.5%)

[97.5% Cl] [18.1,33.9] [11.3,37.8] [14.8,42.9] [10.7,38.3]
Centre 4 | Shunt inserted 140 47 45 48

Failure (%) 23 (16.4%) 4 (8.5%) 11 (24.4%) 8 (16.7%)

[97.5% Cl] [9.4,234]  [0.0,17.6] [10.1,38.8]  [4.6,28.7]
Centre 5 | Shuntinserted | 128 43 44 41

Failure (%) 30 (23.4%) 9 (20.9%) 10 (22.7%) 11 (26.8%)

[97.5% Cl] [15.1,31.8] [7.0,34.8] [8.6, 36.9] [11.3, 42.3]
Centre 6 | Shuntinserted | 118 39 40 39

Failure (%) 56 (47.5%) 19 (48.7%) 18 (45.0%) 19 (48.7%)

[97.5% CI] [37.2,57.8] [30.8,66.6] [27.4,62.6%] [30.8, 66.6]
Centre 7 | Shunt inserted 91 30 31 30

Failure (%) 21(23.1%)  9(30.0%) 5 (16.1%) 7 (23.3%)

[97.5% ClI] [13.2,33.0] [11.3,48.7]  [1.3,30.9] [6.0, 40.6]
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [205,28.8] [21.6,30.1]
Centre 8 | Shuntinserted | 84 28 27 29

Failure (%) 12 (14.3%) 5 (17.9%) 3 (11.1%) 4 (13.8%)

[97.5% Cl] [5.7,22.8]  [1.6,34.0] [0.0, 24.7] [0.0, 28.1]
Centre 9 | Shuntinserted | 81 27 26 28

Failure (%) 25(30.1%) 13 (48.1%) 5 (19.2%) 7 (25.0%)

[97.5% ClI] [19.4,42.4] [26.6,69.7]  [L.9, 36.5] [6.7, 43.3]
Centre 10 | Shuntinserted | 73 25 24 24

Failure (%) 8 (11.0%) 2 (8.0%) 3 (12.5%) 3(12.5%)

[97.5% ClI] [2.8,19.1]  [0.0,20.2] [0.0, 27.6] [0.0, 27.6]
Centre 11 | Shuntinserted | 71 24 23 24

Failure (%) 23 (32.4%)  8(33.3%) 6 (26.1%) 9 (37.5%)

[97.5% CI] [20.0,44.8] [11.8,54.9] [5.6, 46.6] [15.4, 59.6]
Centre 12 | Shunt inserted | 68 23 23 22

Failure (%) 34 (50.0%) 13 (56.5%) 13 (56.5%) 8 (36.4%)

[97.5% CI] [36.4,63.6] [33.4,79.7 [33.4,79.7] [13.4,59.3]
Centre 13 | Shunt inserted | 47 16 16 15

Failure (%) 20 (42.5%)  5(31.3%) 8 (50.0%) 7 (46.7%)

[97.5% Cl] [26.4,58.7] [5.3,57.2] [22.0,78.0]  [17.8,75.5]
Centre 14 | Shunt inserted | 40 13 15 12

Failure (%) 19 (47.5%) 7 (53.8%) 7 (46.7%) 5 (41.7%)

[97.5% Cl] [29.8,65.2] [22.9,84.8] [17.8,755] [9.8, 73.5]
Centre 15 | Shunt inserted 36 10 13 13
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [205,28.8] [21.6,30.1]

Failure (%) 6 (16.7%) 1 (10.0%) 3(23.1%) 2 (15.4%)

[97.5% CI] [2.8, 30.6] [0.0, 31.3] [0.0, 49.3] [0.0, 37.8]
Centre 16 | Shunt inserted | 30 10 10 10

Failure (%) 8 (26.7%) 1 (10.0%) 3 (30.0%) 4 (40.0%)

[97.5% CI] [8.6, 44.8] [0.0,31.3] [0.0, 62.5] [5.3,74.7]
Centre 17 | Shunt inserted | 22 7 8 7

Failure (%) 9 (40.1%) 5 (71.4%) 2 (25.0%) 2 (28.6%)

[97.5% CI] [17.4,64.4] [33.2,100.0] [0.0,59.3] [0.0, 66.8]
Centre 18 | Shuntinserted | 21 8 7 6

Failure (%) 1 (4.8%) 0 (0.0%) 0 (0.0%) 1 (16.7%)

[97.5% ClI] [00,152]  [..] [, ] [0.0, 50.7]
Centre 19 | Shunt inserted | 14 5 5 4

Failure (%) 2 (14.3%) 0 (0.0%) 0 (0.0%) 2 (50.0%)

[97.5% CI] [0.0, 35.2] [, ] [, ] [0.0, 100.0]
Centre 20 | Shunt inserted | 8 3 2 3

Failure (%) 6 (75.0%) 2 (66.7%) 1 (50.0%) 3 (100.0%)

[97.5% Cl] [40.7,100.0] [5.7,100.0]  [0.0,100.0] [, .]
Centre 21 | Shuntinserted |5 2 1 2

Failure (%) 2 (40.0%) 1 (50.0%) 0 (0.0%) 1 (50.0%)

[97.5% ClI] [0.0,89.1]  [0.0,100.0] [, .] [0.0, 100.0]
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Appendix Table 7: Summary of failure for any cause by surgeon in BASICS

Table includes surgeons who operated on at least ten patients only. Table sorted by total number of operations per surgeon.

Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [22.5,27.4] [20.2,286] [20.5,28.8] [21.6,30.1]
Surgeon 1 | Shuntinserted | 129 45 40 44

Failure (%) 8 (6.2%) 3 (6. 7%) 2 (5%) 3 (6.8%)

[97.5% CI] [15,11.0] [0, 15.0] [0,12.7] [0, 15.3]
Surgeon 3 | Shunt inserted | 49 19 18 12

Failure (%) 8 (16.3%) 4 (21.1%) 4 (22.2%) 0 (0%)

[97.5% CI] [45,282]  [0.1,42.0] [0.3, 44.2] [0, 0]
Surgeon 6 | Shunt inserted | 39 13 13 13

Failure (%) 3 (7.7%) 0 (0%) 1(7.7%) 2(15.4%)

[97.5% CI] [00,173]  [,.] [0, 24.2] [0, 37.8]
Surgeon 7 | Shunt inserted | 38 14 12 12

Failure (%) 15 (39.5%) 4 (28.6%) 5 (41.7%) 6 (50.0%)

[97.5% CI] [21.7,57.2] [1.5,55.6] [9.8, 73.6] [17.7, 82.3]
Surgeon 4 | Shunt inserted | 38 18 12 8

Failure (%) 1 (2.6%) 0 (0%) 1 (8.3%) 0 (0%)

[97.5% CI] [0.0, 8.4] [, ] [0, 26.2] [, ]
Surgeon 10 | Shunt inserted | 33 10 14 9

Failure (%) 14 (42.4%) 4 (40.0%) 7 (50.0%) 3(33.3%)

[97.5% CI] [23.2,61.7] [5.3,74.7] [20.1,79.9] [0, 68.5]
Surgeon 5 | Shunt inserted | 32 9 13 10

Failure (%) 8 (25.0%) 2 (22.2%) 3(23.1%) 3 (30.0%)
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [20.5,28.8] [21.6,30.1]

[97.5% CI] [7.8, 4] [0,53.3] [0, 49.3] [0, 62.5]
Surgeon 13 | Shuntinserted | 30 8 12 10

Failure (%) 9 (30.0%) 4 (50.0%) 2 (16.7%) 3 (30.0%)

[97.5% CI] [11.3,48.7] [10.4,89.6] [0.0,40.8] [0, 62.5]
Surgeon 9 | Shuntinserted | 30 13 7 10

Failure (%) 5 (16.7%) 2 (15.4%) 1 (14.3%) 2 (20.0%)

[97.5% CI] [1.4,31.9] [0.0, 37.8] [0, 43.9] [0, 48.3]
Surgeon 2 | Shuntinserted | 25 7 5 13

Failure (%) 11 (44.0%) 3 (42.9%) 2 (40.0%) 6 (46.2%)

[97.5% CI] [21.8,66.2] [1.0, 84.8] [0.0, 89.1] [15.2, 77.1]
Surgeon 12 | Shunt inserted | 21 5 8 8

Failure (%) 4 (19.0%) 0 (0.0%) 1 (12.5%) 3 (37.5%)

[97.5% CI] [0.0, 38.2] [, ] [0.0, 38.7] [0, 75.8]
Surgeon 19 | Shuntinserted | 20 6 8 6

Failure (%) 3 (15.0%) 0 (0%) 1 (12.5%) 2 (33.3%)

[97.5% CI] [0.0, 32.9] [, ] [0, 38.7] [0, 76.4]
Surgeon 8 | Shuntinserted | 19 7 5 7

Failure (%) 2 (10.5%) 1 (14.3%) 0 (0.0%) 1 (14.3%)

[97.5% CI] [0.0, 26.3] [0.0, 43.9] [, ] [0.0, 43.9]
Surgeon 30 | Shunt inserted | 19 9 5 5

Failure (%) 1 (5.3%) 0 (0.0%) 1 (20.0%) 0 (0%)

[97.5% CI] [00,167] [, [0, 60.1] [, ]
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [20.5,28.8] [21.6,30.1]
Surgeon 24 | Shunt inserted | 18 6 7 5

Failure (%) 3 (16.7%) 1(16.7%) 1 (14.3%) 1 (20.0%)

[97.5% ClI] [0.0, 36.3] [0,50.7] [0, 43.9] [0, 60.1]
Surgeon 26 | Shunt inserted | 17 9 3 5

Failure (%) 10 (58.8%) 5 (55.6%) 2 (66.7%) 3 (60.0%)

[97.5% ClI] [32.1,85.6] [185,92.7] [5.7,100.0]  [10.9, 100.0]
Surgeon 18 | Shunt inserted | 17 6 7 4

Failure (%) 4 (23.5%) 1 (16.7%) 1 (14.3%) 2 (50.0%)

[97.5% CI] [0.5, 46.6] [0, 50.8] [0, 43.9] [0.0, 100.0]
Surgeon 38 | Shunt inserted | 16 2 4 10

Failure (%) 11 (68.8%) 2 (100.0%) 3 (75.0%) 6 (60.0%)

[97.5% CI] [42.8,94.7]  [100.0, [26.5,100.0] [25.3, 94.7]

100.0]

Surgeon 46 | Shunt inserted | 16 4 8 4

Failure (%) 5 (31.3%) 1 (25.0%) 3 (37.5%) 1 (25.0%)

[97.5% CI] [5.3,57.2] [0, 73.5] [0, 75.8] [0, 73.5]
Surgeon 34 | Shunt inserted | 16 7 4 5

Failure (%) 2 (12.5%) 0 (0.0%) 0 (0.0%) 2 (40.0%)

[97.5% CI] [0.0, 31.0] [, ] [, ] [0, 89.1]
Surgeon 21 | Shuntinserted | 15 3 6 6

Failure (%) 6 (40.0%) 0 (0%) 2 (33.3%) 4 (66.7%)

[97.5% CI] [11.7,68.3] [, ] [0, 76.4] [23.6, 100.0]
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [20.5,28.8] [21.6,30.1]
Surgeon 37 | Shuntinserted | 15 3 6 6

Failure (%) 4 (26.7%) 1 (33.3%) 3 (50.0%) 0 (0.0%)

[97.5% CI] [1.1,52.2] [0, 94.3] [4.3,95.7] [, ]
Surgeon 15 | Shuntinserted | 15 6 5 4

Failure (%) 2 (13.3%) 1 (16. 7%) 0 (0.0%) 1 (25.0%)

[97.5% CI] [0.0,33.0]  [0,50.7] [, ] [0, 73.5]
Surgeon 45 | Shuntinserted | 15 5 4 6

Failure (%) 2 (13.3%) 1 (20%) 0 (0.0%) 1 (16.7%)

[97.5% CI] [0.0,33.0]  [0.1,60.1] [, ] [0, 50.7]
Surgeon 23 | Shuntinserted | 14 4 6 4

Failure (%) 5 (35.7%) 2 (50.0%) 2 (33.3%) 1 (25.0%)

[97.5% CI] [7.1,64.4]  [0.0,100.0] [0, 76.4] [0, 73.5]
Surgeon 11 | Shuntinserted | 14 4 2 8

Failure (%) 2 (14.3%) 1 (25.0%) 0 (0%) 1 (12.5%)

[97.5% CI] [0.0, 35.2] [0, 73.5] [, ] [0.0, 38.7]
Surgeon 25 | Shunt inserted | 13 2 8 3

Failure (%) 7 (53.8%) 1 (50.0%) 3 (37.5%) 3 (100.0%)

[97.5% CI] [22.9,84.8] [0.0,100.0] [0.0, 75.8] [100, 100]
Surgeon 63 | Shunt inserted | 13 7 3 3

Failure (%) 3 (23.1%) 2 (28.6%) 1 (33.3%) 0 (0.0%)

[97.5% CI] [0.0, 49.3] [0, 66.8] [0, 94.3] [, ]
Surgeon 20 | Shunt inserted | 13 6 3 4
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [20.5,28.8] [21.6,30.1]

Failure (%) 0 (0.0%) 0 (0%) 0 (0%) 0 (0%)

[97.5% CI] [, ] [, ] [, ] [, ]
Surgeon 29 | Shuntinserted | 12 4 3 5

Failure (%) 4 (33.3%) 1 (25.0%) 1(33.3%) 2 (40.0%)

[97.5% CI] [2.9, 63.8] [0, 73.5] [0, 94.3] [0, 89.1]
Surgeon 17 | Shuntinserted | 11 1 4 6

Failure (%) 6 (54.5%) 0 (0%) 2 (50.0%) 4 (66.7%)

[97.5% CI] [20.9,88.2] [, ] [0.0,100.0] [23.6,100.0]
Surgeon 54 | Shunt inserted | 11 3 5 3

Failure (%) 6 (54.5%) 2 (66.7%) 3 (60.0%) 1(33.3%)

[97.5% CI] [20.9,88.2] [5.7,100.0]  [10.9,100.0] [0, 94.3]
Surgeon 44 | Shunt inserted | 11 0 4 7

Failure (%) 5 (45.5%) (%) 1 (25.0%) 4 (57.1%)

[97.5% CI] [11.8,79.1] [] [0, 73.5] [15.2, 99.0]
Surgeon 16 | Shuntinserted | 11 3 3 5

Failure (%) 3 (27.3%) 0 (0.0%) 1 (33.3%) 2 (40.0%)

[97.5% CI] [0.0,57.4] [, ] [0.0, 94.3] [0, 89.1]
Surgeon 43 | Shunt inserted | 11 3 3 5

Failure (%) 3(27.3%) 0 (0%) 1(33.3%) 2 (40.0%)

[97.5% CI] [00,57.4] [, ] [0, 94.3] [0, 89.1]
Surgeon 56 | Shuntinserted | 11 5 5 1

Failure (%) 3 (27.3%) 1 (20.0%) 1 (20.0%) 1 (100.0%)
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Failure for any cause

Overall Standard Antibiotic Silver

Overall Shunt inserted | 1594 533 535 526

Failure (%) 398 (25.0%) 130 (24.4%) 132 (24.7%) 136 (25.9%)

[97.5% CI] [225,27.4] [20.2,28.6] [20.5,28.8] [21.6,30.1]

[97.5% CI] [0.0,57.4] [0, 60.1] [0, 60.1] [100.0,

100.0]

Surgeon 33 | Shunt inserted | 11 2 4 5

Failure (%) 1(9.1%) 0 (0%) 1 (25.0%) 0 (0.0%)

[97.5% CI] [0.0, 28.5] [0.0, 0.0] [0, 73.5] [, ]
Surgeon 55 | Shuntinserted | 11 3 4 4

Failure (%) 1(9.1%) 1 (33.3%) 0 (0.0%) 0 (0.0%)

[97.5% CI] [0.0, 28.5] [0, 94.3] [, ] [, ]
Surgeon 72 | Shunt inserted | 10 3 4 3

Failure (%) 3 (30.0%) 1 (33.3%) 0 (0.0%) 2 (66.7%)

[97.5% CI] [0.0,625] [0, 94.3] [, ] [5.7, 100.0]
Surgeon 31 | Shuntinserted | 10 4 3 3

Failure (%) 2 (20.0%) 1 (25.0%) 1 (33.3%) 0 (0.0%)

[97.5% CI] [0.0, 48.3] [0, 73.5] [0, 94.3] [, ]
Surgeon 32 | Shuntinserted | 10 4 2 4

Failure (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[97.5% CI] [, ] [, ] [, ] [, ]
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Appendix Table 8: Summary of fistula by centre in TOPS

Fistula
Overall Six months Twelve months

Overall Surgeries 552 279 273

Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)

[95% CI] [10.4, 16.1] [10.2,18.5] [8.2,16.0]
Centre 1 | Surgeries 165 83 82

Fistula (%) 16 (9.7%) 8 (9.6%) 8 (9.8%)

[95% CI] [5.2,14.2] [3.3, 16.0] [3.3,16.2]
Centre 2 | Surgeries 45 23 22

Fistula (%) 8 (17.8%) 4 (17.4%) 4 (18.2%)

95% ClI 6.6, 28.9 1.9,32.9 2.1,34.3

[ ] [ ] [ ] [ ]
Centre 3 | Surgeries 41 22 19

Fistula (%) 8 (19.5%) 5 (22.7%) 3 (15.8%)

95% Cl] [7.4, 31.6] [5.2, 40.2] [0.0, 32.2]

[
Centre 4 | Surgeries 37 19 18

Fistula (%) 7 (18.9%) 4 (21.1%) 3 (16.7%)

95% ClI 6.3,31.5 2.7,39.4 0.0, 33.9

[ ] [ ] [ ] [ ]
Centre 5 | Surgeries 30 15 15

Fistula (%) 3 (10.0%) 1 (6.7%) 2 (13.3%)

95% ClI 0.0, 20.7 0.0,19.3 0.0, 30.5

[ ] [ ] [ ] [ ]
Centre 6 | Surgeries 27 13 14

Fistula (%) 2 (7.4%) 1(7.7%) 1(7.1%)

[95% CI] [0.0, 17.3] [0.0, 22.2] [0.0, 20.6]
Centre 7 | Surgeries 26 14 12

Fistula (%) 3 (11.5%) 2 (14.3%) 1 (8.3%)

95% ClI 0.0,23.8 0.0, 32.6 0.0,24.0

[ ] [ ] [ ] [ ]
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Fistula

Overall Six months Twelve months
Overall Surgeries 552 279 273
Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)
[95% CI] [10.4, 16.1] [10.2,18.5] [8.2,16.0]
Centre 8 | Surgeries 24 13 11
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% CI] [ ] [ ] [ ]
Centre 9 | Surgeries 24 11 13
Fistula (%) 4 (16.7%) 1(9.1%) 3 (23.1%)
[95% CI] [1.8, 31.6] [0.0, 26.1] [0.2, 46.0]
Centre 10 | Surgeries 22 12 10
Fistula (%) 2 (9.1%) 2 (16.7%) 0 (0.0%)
(0] U, . U, . .
[95% CI] [0.0, 21.1] [0.0, 37.8] [, ]
Centre 11 | Surgeries 19 10 9
Fistula (%) 6 (31.6%) 2 (20.0%) 4 (44.4%)
0 e . U, . .U, .
[95% Cl] [10.7,52.5] [0.0, 44.8] [12.0, 76.9]
Centre 12 | Surgeries 15 6 9
Fistula (%) 3 (20.0%) 2 (33.3%) 1 (11.1%)
() .U, . .U, . U, .
[95% Cl] [0.0,40.2] [0.0, 71.1] [0.0, 31.6]
Centre 13 | Surgeries 12 6 6
Fistula (%) 1 (8.3%) 1 (16.7%) 0 (0.0%)
[95% CI] [0.0, 46.5] [, ]
Centre 14 | Surgeries 12 5 7
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% CI] [ ] [ ] [ ]
Centre 15 | Surgeries 11 6 5

285



Fistula

Overall Six months Twelve months

Overall Surgeries 552 279 273

Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)

[95% Cl] [10.4, 16.1] [10.2,18.5] [8.2,16.0]

Fistula (%) 3 (27.3%) 3 (50.0%) 0 (0.0%)

[95% Cl] [1.0, 53.6] [10.0,90.0] [.. ]
Centre 16 | Surgeries 9 5 4

Fistula (%) 1(11.1%) 1 (20.0%) 0 (0.0%)

[95% Cl] [0.0, 31.6] [0.0, 55.1] [ ]
Centre 17 | Surgeries 8 5 3

Fistula (%) 1 (12.5%) 1 (20.0%) 0 (0.0%)

0 U, . U, . .

[95% Cl] [0.0, 35.4] [0.0,55.1] [ ]
Centre 18 | Surgeries 7 3 4

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% CI] [ ] [ ] [ ]
Centre 19 | Surgeries 6 3 3

Fistula (%) 3 (50.0%) 1 (33.3%) 2 (66.7%)

0 U, . U, . .9, .

[95% Cl] [10.0, 90.0] [0.0, 86.7] [13.3, 100.0]
Centre 20 | Surgeries 5 2 3

Fistula (%) 2 (40.0%) 1 (50.0%) 1 (33.3%)

[95% Cl] [0.0, 82.9] [0.0,100.0] [0.0, 86.7]
Centre 21 | Surgeries 4 1 3

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% CI] [ ] [ ] [ ]
Centre 22 | Surgeries 3 2 1

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
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Fistula

Overall Six months ~ Twelve months
Overall Surgeries 552 279 273
Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)
[95% CI] [10.4, 16.1] [10.2,18.5] [8.2,16.0]
[95% CI] [, ] [, ] [, ]
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Appendix Table 9: Summary of fistula by surgeon in TOPS

Fistula
Overall Six months Twelve months

Overall Surgeries 552 279 273

Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)

[95% Cl] [10.4, 16.1] [10.2, 18.5] [8.2, 16.0]
Surgeon 1 Surgeries 69 30 39

Fistula (%) 9 (13.0%) 4 (13.3%) 5 (12.8%)

[95% Cl] [5.1, 21.0] [1.2, 25.5] [2.3,23.3]
Surgeon 2 Surgeries 11 5 6

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% ClI] [, ] [, ] [, ]
Surgeon 3 Surgeries 37 19 18

Fistula (%) 7 (18.9%) 4 (21.1%) 3 (16.7%)

[95% ClI] [6.3, 31.5] [2.7,39.4] [0.0, 33.9]
Surgeon 4 Surgeries 41 22 19

Fistula (%) 8 (19.5%) 5 (22.7%) 3 (15.8%)

[95% Cl] [7.4.31.6] [5.2, 40.2] [0.0, 32.2]
Surgeon 5 Surgeries 22 12 10

Fistula (%) 2 (9.1%) 2 (16.7%) 0 (0.0%)

[95% Cl] [0.0, 21.1] [0.0, 37.8] [, ]
Surgeon 6 Surgeries 4 1 3

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% ClI] [, ] [, ] [, ]
Surgeon 7 Surgeries 19 10 9

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% ClI] [, ] [, ] [, ]
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Fistula

Overall Six months Twelve months

Overall Surgeries 552 279 273

Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)

[95% ClI] [10.4, 16.1] [10.2, 18.5] [8.2,16.0]
Surgeon 8 Surgeries 11 6 5

Fistula (%) 3(27.3%) 3 (50.0%) 0 (0.0%)

[95% ClI] [1.0, 53.6] [10.0, 90.0] [, ]
Surgeon 9 Surgeries 21 13 8

Fistula (%) 2 (9.5%) 2 (15.4%) 0 (0.0%)

[95% Cl] [0.0, 22.1] [0.0, 35.0] [, ]
Surgeon 10 | Surgeries 85 44 41

Fistula (%) 7 (8.2%) 4 (9.1%) 3(7.3%)

[95% Cl] [2.4,14.1] [0.6, 17.6] [0.0, 15.3]
Surgeon 11 | Surgeries 6 2 4

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% CI] [, ] [, ] [, ]
Surgeon 12 | Surgeries 22 11 11

Fistula (%) 4 (18.2%) 1(9.1%) 3 (27.3%)

[95% Cl] [2.1,34.3] [0.0, 26.1] [1.0,53.6]
Surgeon 13 | Surgeries 20 12 8

Fistula (%) 2 (10.0%) 1 (8.3%) 1 (12.5%)

[95% Cl] [0.0, 23.1] [0.0, 24.0] [0.0, 35.4]
Surgeon 14 | Surgeries 6 3 3

Fistula (%) 3 (50.0%) 1 (33.3%) 2 (66.7%)

[95% ClI] [10.0, 90.0] [0.0, 86.7] [13.3, 100.0]
Surgeon 15 | Surgeries 5 1 4
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Fistula

Overall Six months Twelve months

Overall Surgeries 552 279 273

Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)

[95% ClI] [10.4, 16.1] [10.2, 18.5] [8.2,16.0]

Fistula (%) 1 (20.0%) 0 (0.0%) 1 (25.0%)

[95% ClI] [0.0, 55.1] [, ] [0.0, 67.4]
Surgeon 16 | Surgeries 14 6 8

Fistula (%) 3 (21.4%) 2 (33.3%) 1 (12.5%)

[95% ClI] [0.0, 42.9] [0.0,71.1] [0.0,35.4]
Surgeon 17 | Surgeries 25 12 13

Fistula (%) 2 (8.0%) 1 (8.3%) 1 (7.7%)

[95% ClI] [0.0, 18.6] [0.0, 24.0] [0.0,22.2]
Surgeon 18 | Surgeries 20 10 10

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% ClI] [, ] [, ] [, ]
Surgeon 19 | Surgeries 22 12 10

Fistula (%) 6 (27.3%) 2 (16.7%) 4 (40.0%)

[95% CI] [8.7, 45.9] [0.0, 37.8] [9.6, 70.4]
Surgeon 20 | Surgeries 8 5 3

Fistula (%) 3 (37.5%) 2 (40.0%) 1 (33.3%)

[95% CI] [4.0,71.0] [0.0, 82.9] [0.0, 86.7]
Surgeon 21 | Surgeries 17 9 8

Fistula (%) 5 (29.4%) 2 (22.2%) 3 (37.5%)

[95% CI] [7.8,51.1] [0.0, 49.4] [4.0, 71.0]
Surgeon 22 | Surgeries 7 3 4

Fistula (%) 2 (28.6%) 1 (33.3%) 1 (25.0%)
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Fistula

Overall Six months Twelve months

Overall Surgeries 552 279 273

Fistula (%) 73 (13.2%) 40 (14.3%) 33 (12.1%)

[95% ClI] [10.4, 16.1] [10.2, 18.5] [8.2,16.0]

[95% CI] [0.0, 62.0] [0.0, 86.7] [0.0, 67.4]
Surgeon 23 | Surgeries 12 6 6

Fistula (%) 1 (8.3%) 1 (16.7%) 0 (0.0%)

[95% Cl] [0.0, 24.0] [0.0, 46.5] [, ]
Surgeon 24 | Surgeries 5 4 1

Fistula (%) 1 (20.0%) 1 (25.0%) 0 (0.0%)

[95% Cl] [0.0, 55.1] [0.0, 67.4] [, ]
Surgeon 25 | Surgeries 9 6 3

Fistula (%) 1 (11.1%) 1 (16.7%) 0 (0.0%)

[95% ClI] [0.0, 31.6] [0.0, 46.5] [, ]
Surgeon 26 | Surgeries 3 2 1

Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

[95% ClI] [, ] [, ] [, ]
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Appendix Material 7: SAS macro to simulate data
%macro SIMDATA (RSURG=desired within cluster variance, INTCEPT=original intercept,

TRTEST=desired treatment difference);

DATA SIMDATA,

DO SET=1 TO 2000;
DO PID=1 TO 521,
FORMAT SURGEONLAB $266.;
IF (1<=PID<=69) THEN DO; SURGEONLAB="Surgeon_1"; SURG=1; END;
IF (69<P1D<=80) THEN DO; SURGEONLAB="Surgeon_2"; SURG=2; END;
IF (80<PID<=117) THEN DO; SURGEONLAB="Surgeon_3"; SURG=3; END;
IF (117<PID<=158) THEN DO; SURGEONLAB="Surgeon_4"; SURG=4; END;
IF (158<P1D<=180) THEN DO; SURGEONLAB="Surgeon_5"; SURG=5; END;
IF (180<PID<=184) THEN DO; SURGEONLAB="Surgeon_6"; SURG=6; END;
IF (184<PID<=203) THEN DO; SURGEONLAB="Surgeon_7"; SURG=7; END;
IF (203<P1D<=214) THEN DO; SURGEONLAB="Surgeon_8"; SURG=8; END;
IF (214<P1D<=235) THEN DO; SURGEONLAB="Surgeon_9"; SURG=9; END;
IF (235<PID<=320) THEN DO; SURGEONLAB="Surgeon_10"; SURG=10; END;
IF (320<PI1D<=326) THEN DO; SURGEONLAB="Surgeon_11"; SURG=11; END;
IF (326<P1D<=348) THEN DO; SURGEONLAB="Surgeon_12"; SURG=12; END;
IF (348<PID<=368) THEN DO; SURGEONLAB="Surgeon_13"; SURG=13; END;
IF (368<PID<=374) THEN DO; SURGEONLAB="Surgeon_14"; SURG=14; END;
IF (374<PID<=379) THEN DO; SURGEONLAB="Surgeon_15"; SURG=15; END;
IF (379<PID<=393) THEN DO; SURGEONLAB="Surgeon_16"; SURG=16; END;
IF (393<PID<=418) THEN DO; SURGEONLAB="Surgeon_17"; SURG=17; END;
IF (418<PI1D<=438) THEN DO; SURGEONLAB="Surgeon_18"; SURG=18; END;
IF (438<P1D<=460) THEN DO; SURGEONLAB="Surgeon_19"; SURG=19; END;

IF (460<P1D<=468) THEN DO; SURGEONLAB="Surgeon_20"; SURG=20; END;
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IF (468<P1D<=485) THEN DO; SURGEONLAB="Surgeon_21"; SURG=21; END;
IF (485<PID<=492) THEN DO; SURGEONLAB="Surgeon 22"; SURG=22; END;
IF (492<PID<=504) THEN DO; SURGEONLAB="Surgeon_23"; SURG=23; END;
IF (504<PID<=509) THEN DO; SURGEONLAB="Surgeon_24"; SURG=24; END;
IF (509<PID<=518) THEN DO; SURGEONLAB="Surgeon_25"; SURG=25; END;
IF (518<PID<=521) THEN DO; SURGEONLAB="Surgeon_26"; SURG=26; END;
OUTPUT;
END;

END;

KEEP SET PID SURGEONLAB SURG;

RUN;

/*DEFINE PER LEVEL OF SURGEON*/
DATA RSURG;
CALL streaminit(25345278);
DO SET=1 TO 2000;
DO SURG=1 TO 26;
RSURG=rand('normal’,0,sqrt(&RSURG));
OUTPUT;
END;
END;

RUN;

proc sort data=RSURG out=RSURG,;

by SET SURG,;

RUN;

proc sort data=SIMDATA out=SIMDATA;
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by SET SURG;

RUN;

DATA SIMDATA;
MERGE SIMDATA RSURG;
BY SET SURG;

RUN;

DATA SIMDATA,

call streaminit(25345278);

SET SIMDATA;

KEEP SET PID SURGEONLAB SURG TRT LOGIT P Y RSURG;
TRT=rand("BERNoulli",0.5); /*DEFINE TRT*/
l0git=&INTCEPT+&TRTEST*TRT + RSURG;
p=exp(-logit)/(1+exp(-logit));

if rand('uniform’)>p then y=1; else y=0;

RUN;

proc sort data=SIMDATA out=SIMDATA;
by SET SURG PID;
RUN;

%mend SIMDATA;
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Appendix Material 8: SAS code to apply adjusted model to dataset
%macro ORADJ (INDATA=input dataset, OUTDATA=output dataset, GROUP=scenario
label, SET=dataset label within scenario);

ods listing close;

ods output OddsRatios=0OR;

proc glimmix data=&INDATA,

class SURGEONLAB TRT(ref="0");

model Y = TRT / link=logit dist=binomial s cl alpha=0.05 or;;
random intercept / subject=SURGEONLAB;

nloptions tech=nrridg;

run;

ods output close;

ods listing;

DATA &OUTDATA,;

SET OR,;

KEEP Estimate Lower Upper GROUP SET MODEL;
GROUP=&GROUP;

SET=&SET,;

MODEL="SURGEON ADJUSTED";

RUN;

%mend ORADJ;

%macro repeatORADJ(name);

%do i=1 %to 2000;
%ORADJ(&name..S_&i.,ORAD.&name.S_&i.,"&name","S_&I.");
%end,

%mend:;
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Appendix Material 9: SAS code to apply unadjusted model to dataset

%macro ORUNADJ (INDATA=input dataset, OUTDATA=output dataset, GROUP=scenario
label, SET=dataset label within scenario);

ods listing close;

ods output OddsRatios=0OR;

proc glimmix data=&INDATA,

class TRT(ref="0");

model Y = TRT / link=logit dist=binomial s cl alpha=0.05 or;;

run;

ods output close;

ods listing;

DATA &OUTDATA,;

SET OR,;

KEEP Estimate Lower Upper GROUP SET MODEL;
GROUP=&GROUP;

SET=&SET,

MODEL="SURGEON UNADJUSTED";

RUN;

%mend ORUNADJ;

%macro repeatORUN(name);

%do i=1 %to 2000;
%ORUNADJ(&name..S_&i.,ORUN.&name.S_&i.,"&name","S_&i.");
%end,

%mend:;
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Appendix 7 — Supplementary material from Chapter 8

Appendix Figure 1: Timing of surgery for cleft palate at the time of grant application per

centre
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Appendix Table 10: Summary of prior experience of centres and surgeons

Centre Prior Technique Surgeon  Sample Primary  Secondary
experience experience size centre centre

Centrel  12-18 months No Surgeon 1 69 69 0

Surgeon 10 85 85 0
Centre 2 14 months Yes Surgeon 7 19 18 1

Surgeon 20 8 7 1

Surgeon 21 17 17 0
Centre 3 6 months Yes Surgeon 4 41 40 1
Centre 4 9-10 months Yes Surgeon 3 37 37 0
Centre 5 12 months Yes Surgeon 13 20 20 0

Surgeon 15 5 5 0
Centre 6 12 months Yes Surgeon 17 25 25 0
Centre 7 6-9 months Yes Surgeon 9 21 21 0
Centre 8 9-10 months Yes Surgeon 18 20 20 0
Centre 9 6 months Yes Surgeon 12 22 22 0
Centre 10 6-7 months Yes Surgeon 5 22 22 0
Centre 11 12 months Yes Surgeon 19 22 19 3
Centre 12 7-8 months Yes Surgeon 16 14 14 0
Centre 13 12 months Yes Surgeon 23 12 12 0
Centre 14 6 months Yes Surgeon 2 11 11 0
Centre 15 6 months Yes Surgeon 8 11 11 0
Centre 16 6-9 months Yes Surgeon 25 9 8 1
Centre 17 6-9 months Yes Surgeon 24 5 5 0
Centre 18 12 months Yes Surgeon 11 6 6 0
Centre 19 6 months Yes Surgeon 14 6 6 0
Centre 20 6-9 months Yes Surgeon 22 7 4 3
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Appendix Table 10: Summary of prior experience of centres and surgeons

Centre Prior Technique Surgeon  Sample Primary  Secondary
experience experience size centre centre
Centre 21 6 months Yes Surgeon 6 4 4 0
Centre 22 6 months Yes Surgeon 26 3 3 0

299



Appendix Table 11: Summary of operation time by surgeon in TOPS

Totals presented based only on infants with operation time data (N=516, see Table 29).

Operation time

Overall Six-months Twelve-months
Overall Surgeries 516 264 252
Mean (SD) 84.7 (37.7) 86.3 (38.2) 82.9 (35.7)
[Min, Max] [30.0, 245.0] [30.0, 245.0] [30.0, 210.0]
Surgeon 1 Surgeries 69 30 39
Mean (SD) 133.6 (33.9) 143.5 (36.2) 125.9 (30.0)
[Min, Max] [80, 245] [82, 245] [80, 210]
Surgeon 2 Surgeries 11 5 6
Mean (SD) 1475 (37.2) 148.0 (44.4) 147.0 (34.5)
[Min, Max] [109, 213] [109, 213] [112, 200]
Surgeon 3 Surgeries 37 19 18
Mean (SD) 68.7 (11.1) 70.3 (11.0) 67.1 (11.3)
[Min, Max] [50, 90] [52, 90] [50, 90]
Surgeon 4 Surgeries 41 22 19
Mean (SD) 52.2 (9.6) 52.9 (9.3) 51.4 (10.2)
[Min, Max] [37, 75] [37, 70] [38, 75]
Surgeon 5 Surgeries 22 12 10
Mean (SD) 49.8 (11.6) 53.3 (13.0) 45.6 (8.4)
[Min, Max] [30, 75] [36, 75] [30, 55]
Surgeon 6 Surgeries 4 1 3
Mean (SD) 70.5 (17.5) 53 () 76.3 (16.0)
[Min, Max] [53, 92] [53, 53] [60, 92]
Surgeon 7 Surgeries 18 9 9
Mean (SD) 74.3 (12.4) 74.1 (13.4) 74.6 (12.1)
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Appendix Table 11: Summary of operation time by surgeon in TOPS

Totals presented based only on infants with operation time data (N=516, see Table 29).

Operation time

Overall Six-months Twelve-months
Overall Surgeries 516 264 252
Mean (SD) 84.7 (37.7) 86.3 (38.2) 82.9 (35.7)
[Min, Max] [30.0, 245.0] [30.0, 245.0] [30.0, 210.0]
[Min, Max] [56, 99] [57, 99] [56, 91]
Surgeon 8 Surgeries 11 6 5
Mean (SD) 91.6 (16.4) 98 (17.5) 84.0 (12.4)
[Min, Max] [65, 125] [75, 125] [65, 95]
Surgeon 9 Surgeries 21 13 8
Mean (SD) 60.3 (15.3) 65.8 (13.9) 51.3 (13.6)
[Min, Max] [30, 90] [50, 90.0] [30, 65]
Surgeon 10 Surgeries 85 44 41
Mean (SD) 63.3 (29.1) 69.4 (33.8) 56.7 (21.5)
[Min, Max] [32, 165] [32, 165] [34, 137]
Surgeon 11 Surgeries 6 2 4
Mean (SD) 102.8 (23.2) 107.0 (24.0) 100.8 (24.2)
[Min, Max] [80, 139] [90, 124] [80, 139]
Surgeon 12 Surgeries 22 11 11
Mean (SD) 103.8 (24.6) 103.2 (17.4) 104.4 (31.1)
[Min, Max] [65, 165] [75, 120] [65, 165]
Surgeon 13 Surgeries 20 12 8
Mean (SD) 64.2 (12.8) 65.8 (10.0) 61.8 (16.7)
[Min, Max] [49, 101] [54, 83] [49, 101]
Surgeon 14 Surgeries 6 3 3
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Appendix Table 11: Summary of operation time by surgeon in TOPS

Totals presented based only on infants with operation time data (N=516, see Table 29).

Operation time

Overall Six-months Twelve-months
Overall Surgeries 516 264 252
Mean (SD) 84.7 (37.7) 86.3 (38.2) 82.9 (35.7)
[Min, Max] [30.0, 245.0] [30.0, 245.0] [30.0, 210.0]
Mean (SD) 93.3 (18.4) 93.3 (6.5) 93.3 (28.4)
[Min, Max] [68, 124] [87, 100] [68, 124]
Surgeon 15 Surgeries 5 1 4
Mean (SD) 111.4 (23.0) 147.0 () 102.5 (13.3)
[Min, Max] [90, 147] [147, 147] [90, 121]
Surgeon 16 Surgeries 14 6 8
Mean (SD) 87.7 (24.0) 86.7 (33.5) 88.5 (16.2)
[Min, Max] [43, 135] [43, 135] [65, 105]
Surgeon 17 Surgeries 25 12 13
Mean (SD) 66.1 (23.0) 69.6 (24.1) 62.8 (22.4)
[Min, Max] [30, 129] [43, 129] [30, 112]
Surgeon 18 Surgeries 19 10 9
Mean (SD) 98.8 (24.2) 104.3 (26.8) 92.8 (20.7)
[Min, Max] [60, 165] [84, 165] [60, 135]
Surgeon 19 Surgeries 22 12 10
Mean (SD) 125.8 (24.7) 128.3 (26.1) 122.7 (24.0)
[Min, Max] [95, 180] [95, 180] [98, 180]
Surgeon 20 Surgeries 8 5 3
Mean (SD) 99.0 (37.4) 90.6 (43.5) 113 (25.5)
[Min, Max] [52, 165] [52, 165] [88, 139]
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Appendix Table 11: Summary of operation time by surgeon in TOPS

Totals presented based only on infants with operation time data (N=516, see Table 29).

Operation time

Overall Six-months Twelve-months
Overall Surgeries 516 264 252
Mean (SD) 84.7 (37.7) 86.3 (38.2) 82.9 (35.7)
[Min, Max] [30.0, 245.0] [30.0, 245.0] [30.0, 210.0]
Surgeon 21 Surgeries 15 8 7
Mean (SD) 108.3 (17.1) 109.4 (16.0) 107.0 (19.5)
[Min, Max] [85, 149] [85, 136] [93, 149]
Surgeon 22 Surgeries 6 3 3
Mean (SD) 51.5 (18.0) 44.7 (12.9) 58.3 (22.5)
[Min, Max] [30, 80] [30, 54] [35, 80]
Surgeon 23 Surgeries 12 6 6
Mean (SD) 81.5 (11.8) 86.0 (13.9) 77.0(8.2)
[Min, Max] [60, 100] [60, 100] [67, 89]
Surgeon 24 Surgeries 5 4 1
Mean (SD) 59.0 (9.8) 59.0 (11.3) 59.0 (.)
[Min, Max] [45, 70] [45, 70] [59, 59]
Surgeon 25 Surgeries 9 6 3
Mean (SD) 78.9 (16.8) 81.7 (20.0) 733 (7.6)
[Min, Max] [63, 105] [63, 105] [65, 80]
Surgeon 26 Surgeries 3 2 1
Mean (SD) 91.3 (4.0) 91.0 (5.7) 92 ()
[Min, Max] [87, 95] [87, 95] [92, 92]
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Appendix Figure 2: Histogram of operation times by surgeon

Figures presented for surgeons who operated on at least twenty patients only.
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Appendix Figure 3: Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Figure 3 (continued): Moving average operation time against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. Moving averages of order five, based on an equal

weight distribution, presented.
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Appendix Table 12: Summary of fistula by surgeon in TOPS

Totals presented based only on infants with surgery data (N=521, see Table 29).

Fistula
Overall Six-months Twelve-months
Overall Surgeries 521 266 255
Fistula (%) 73 (14.0%) 40 (15.0%) 33 (12.9%)
[95% CI] [11.0, 17.0] [10.7, 19.3] [8.8,17.1]
Surgeon 1 Surgeries 69 30 39
Fistula (%) 9 (13.0%) 4 (13.3%) 5 (12.8%)
[95% CI] [5.1, 21.0] [1.2, 25.5] [2.3,23.3]
Surgeon 2 Surgeries 11 5 6
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% CI] [, ] [, ] [, ]
Surgeon 3 Surgeries 37 19 18
Fistula (%) 7 (18.9%) 4 (21.1%) 3 (16.7%)
[95% CI] [6.3, 31.5] [2.7, 39.4] [0.0, 33.9]
Surgeon 4 Surgeries 41 22 19
Fistula (%) 8 (19.5%) 5 (22.7%) 3 (15.8%)
[95% CI] [7.4.31.6] [5.2, 40.2] [0.0, 32.2]
Surgeon 5 Surgeries 22 12 10
Fistula (%) 2 (9.1%) 2 (16.7%) 0 (0.0%)
[95% CI] [0.0, 21.1] [0.0, 37.8] [, ]
Surgeon 6 Surgeries 4 1 3
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% ClI] [, ] [, ] [, ]
Surgeon 7 Surgeries 19 10 9
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
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Appendix Table 12: Summary of fistula by surgeon in TOPS

Totals presented based only on infants with surgery data (N=521, see Table 29).

Fistula
Overall Six-months Twelve-months
Overall Surgeries 521 266 255
Fistula (%) 73 (14.0%) 40 (15.0%) 33 (12.9%)
[95% CI] [11.0, 17.0] [10.7, 19.3] [8.8,17.1]
[95% CI] [, ] [, ] [, ]
Surgeon 8 Surgeries 11 6 5
Fistula (%) 3(27.3%) 3 (50.0%) 0 (0.0%)
[95% CI] [1.0, 53.6] [10.0, 90.0] [, ]
Surgeon 9 Surgeries 21 13 8
Fistula (%) 2 (9.5%) 2 (15.4%) 0 (0.0%)
[95% CI] [0.0, 22.1] [0.0, 35.0] [, ]
Surgeon 10 Surgeries 85 44 41
Fistula (%) 8 (9.4%) 4 (9.1%) 4 (9.8%)
[95% CI] [3.2, 15.6] [0.6, 17.6] [0.7,18.8]
Surgeon 11 Surgeries 6 2 4
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% ClI] [, ] [, ] [, ]
Surgeon 12 Surgeries 22 11 11
Fistula (%) 4 (18.2%) 1(9.1%) 3 (27.3%)
[95% CI] [2.1, 34.3] [0.0, 26.1] [1.0, 53.6]
Surgeon 13 Surgeries 20 12 8
Fistula (%) 2 (10.0%) 1 (8.3%) 1 (12.5%)
[95% CI] [0.0, 23.1] [0.0, 24.0] [0.0, 35.4]
Surgeon 14 Surgeries 6 3 3
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Appendix Table 12: Summary of fistula by surgeon in TOPS

Totals presented based only on infants with surgery data (N=521, see Table 29).

Fistula
Overall Six-months Twelve-months
Overall Surgeries 521 266 255
Fistula (%) 73 (14.0%) 40 (15.0%) 33 (12.9%)
[95% CI] [11.0, 17.0] [10.7, 19.3] [8.8,17.1]
Fistula (%) 3 (50.0%) 1(33.3%) 2 (66.7%)
[95% CI] [10.0, 90.0] [0.0, 86.7] [13.3, 100.0]
Surgeon 15 Surgeries 5 1 4
Fistula (%) 1 (20.0%) 0 (0.0%) 1 (25.0%)
[95% CI] [0.0, 55.1] [, ] [0.0, 67.4]
Surgeon 16 Surgeries 14 6 8
Fistula (%) 3(21.4%) 2 (33.3%) 1 (12.5%)
[95% CI] [0.0, 42.9] [0.0, 71.1] [0.0, 35.4]
Surgeon 17 Surgeries 25 12 13
Fistula (%) 2 (8.0%) 1 (8.3%) 1(7.7%)
[95% CI] [0.0, 18.6] [0.0, 24.0] [0.0, 22.2]
Surgeon 18 Surgeries 20 10 10
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% CI] [, ] [, ] [, ]
Surgeon 19 Surgeries 22 12 10
Fistula (%) 6 (27.3%) 2 (16.7%) 4 (40.0%)
[95% CI] [8.7, 45.9] [0.0, 37.8] [9.6, 70.4]
Surgeon 20 Surgeries 8 5 3
Fistula (%) 3 (37.5%) 2 (40.0%) 1 (33.3%)
[95% CI] [4.0, 71.0] [0.0, 82.9] [0.0, 86.7]
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Appendix Table 12: Summary of fistula by surgeon in TOPS

Totals presented based only on infants with surgery data (N=521, see Table 29).

Fistula
Overall Six-months Twelve-months
Overall Surgeries 521 266 255
Fistula (%) 73 (14.0%) 40 (15.0%) 33 (12.9%)
[95% CI] [11.0, 17.0] [10.7, 19.3] [8.8,17.1]
Surgeon 21 Surgeries 17 9 8
Fistula (%) 5 (29.4%) 2 (22.2%) 3 (37.5%)
[95% CI] [7.8,51.1] [0.0, 49.4] [4.0, 71.0]
Surgeon 22 Surgeries 7 3 4
Fistula (%) 2 (28.6%) 1 (33.3%) 1 (25.0%)
[95% CI] [0.0, 62.0] [0.0, 86.7] [0.0, 67.4]
Surgeon 23 Surgeries 12 6 6
Fistula (%) 1 (8.3%) 1 (16.7%) 0 (0.0%)
[95% CI] [0.0, 24.0] [0.0, 46.5] [, ]
Surgeon 24 Surgeries 5 4 1
Fistula (%) 1 (20.0%) 1 (25.0%) 0 (0.0%)
[95% CI] [0.0, 55.1] [0.0, 67.4] [, ]
Surgeon 25 Surgeries 9 6 3
Fistula (%) 1(11.1%) 1 (16.7%) 0 (0.0%)
[95% CI] [0.0, 31.6] [0.0, 46.5] [, ]
Surgeon 26 Surgeries 3 2 1
Fistula (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
[95% ClI] [, ] [, ] [, ]
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated

score as defined in Equation 5.

on at least twenty patients only. The y-axis of each figure represents the cusum
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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Appendix Figure 4: Cusum charts for occurrence of fistula against operation sequence

Figures presented for surgeons who operated on at least twenty patients only. The y-axis of each figure represents the cusum

score as defined in Equation 5.
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