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Foreword

Our original application for funding in 2017, as the title illustrates, was to investigate the use

of electronic health record (EHR) or disease registry data for clinical trials.

We proposed to develop guidance for stakeholders – trialists, Clinical Trial Units, reviewers,

funders, healthcare professionals, participants – outlining the additional components to be

considered when designing, analysing and reporting a clinical trial using an EHR database or

existing registry.

Our plan was outlined following the guidance for developers of health research reporting

guidelines laid out by Moher et al., PLoS Medicine 2010

http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000217; including:

 A systematic review of the literature and existing guidance regarding

electronic health record (EHR) and registry trials (including seeking evidence on

the quality or reporting and potential sources of bias in such studies) – work

stream 1

 An online Delphi consensus process (to identify minimum reporting

components for trials using EHR databases or disease registries) followed by a

face-to-face consensus meeting with relevant stakeholders (to identify design,

analysis and reporting components relevant to trials using EHR databases or

disease registries) – work stream 2

 Development of a CONSORT extension for trials using EHR databases or

disease registries – work stream 3

At the time we submitted our proposal, we became aware of a CONSORT Extension for

Cohort-and Registry-embedded Trials that was registered on the EQUATOR network.

Our proposed extension was fundamentally different from this registered extension but

complementary in that it was primarily concerned with the use of EHR data for clinical trials,

rather than data collected through an established cohort, administrative dataset or disease

registry.

Having identified this other project, we contacted the authors and rapidly became part of an

international collaboration addressing the use of cohorts and routinely-collected data in

clinical trials (including cohorts, administrative databases, disease registries and electronic

health records), EJ being designated the lead on the electronic health records theme.
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The registration on the EQUATOR network was subsequently updated https://www.equator-

network.org/library/reporting-guidelines-under-development/reporting-guidelines-under-

development-for-clinical-trials/#STRUCT.

We have endeavoured to report on the one element of this collaboration (the largest),

namely clinical trials using electronic health records, and apologise for any subsequent

confusion, since it has been hard to divorce our theme from the overall project.

The ultimate output is a CONSORT statement extension for randomised controlled trials

(RCTs) using cohorts and routinely-collected health data, CONSORT-ROUTINE, which, of

course, includes RCTs using electronic health records.
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Abstract

Background: Randomised controlled trials (RCTs) are increasingly being conducted using

existing sources of data such as cohorts, electronic health records, administrative databases

and disease registries. Transparent and complete reporting of RCTs conducted using existing

data sources requires inclusion of additional information. This reporting guideline is an

extension of the 2010 version of the Consolidated Standards of Reporting Trials (CONSORT)

Statement for RCTs using cohorts and routinely-collected health data (CONSORT-ROUTINE).

Methods: A ‘long list’ of potential reporting items was identified through two methods:

firstly, the additional items were identified from existing relevant reporting guidelines,

including the Strengthening of Reporting of Observational Studies in Epidemiology (STROBE)

and REporting of studies Conducted using Observational Routinely-collected health Data

(RECORD) statements. Secondly, a scoping review of RCTs published from 2011–2018 using

cohorts and routinely-collected health data was undertaken and potential reporting items

extracted. The ‘long list’ was entered into a three-stage Delphi consensus exercise of trialists

and methodologists to assess the importance of each item for inclusion in the final CONSORT

extension checklist, which was finalised at a face-to-face meeting of experts.

Results: A long list of 27 items was created and 125 experts registered for the three-round

Delphi exercise (92, 77 and 62 experts participated in each round respectively). Consensus

was reached on 21 out of 27 items in the Delphi exercise, and during the consensus meeting

8 additional items and 7 modified items were included in the final checklist. The checklist

was disseminated and discussed through an invited session in May 2019 at the Society for

Clinical Trials conference in New Orleans. Corresponding explanations and examples for each

modified and additional item were developed for publication and further dissemination.

Conclusion: We have produced a reporting guideline to facilitate transparent reporting of

RCTs using cohorts and routinely-collected health data. Use of this guideline will assist

evaluations of rigour and reproducibility, enhance understanding of the methodology, and

make the results more useful for trialists, clinicians, journal editors, reviewers, guideline

authors and funders.
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Introduction

Large definitive randomised controlled trials (RCTs) are challenging to undertake. Key

challenges include recruitment (1) and extensive monitoring and regulatory requirements

(2), both of which increase the resources required to complete RCTs. In response, new

approaches to conducting RCTs have been developed including using existing data

structures, such as cohorts and routinely-collected data. Routinely-collected data consists of

three overlapping data systems: electronic health records (EHR), administrative databases

and disease registries. These data structures offer the opportunity to conduct RCTs

efficiently through automatic systems to identify potential participants, assess their eligibility,

record consent, randomise, and collect all trial data (3).

The Consolidated Standards of Reporting Trials (CONSORT) 2010 Statement checklist is a

25-item instrument that was established to facilitate transparent and complete reporting of

RCTs (4). A systematic review showed that RCTs published within journals that endorsed

the CONSORT guideline had more complete reporting than journals that did not (5). The

original statement was designed for parallel-group trials, and CONSORT extensions have

been adapted to meet the reporting requirements of other RCT designs (6-8). RCTs

conducted using cohorts and routinely-collected data have specific reporting requirements,

including issues regarding data quality and the enrolment and consent process. As a result,

a tailored reporting guideline is required to facilitate clear and transparent reporting of

RCTs conducted using these data sources. The ultimate aim of this project was to develop

and publish a CONSORT reporting extension for RCTs conducted using cohorts and

routinely-collected data (CONSORT-ROUTINE) (9).
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Methods

The overall process, timeline and the strategy for the development of a CONSORT extension for

cohorts and routinely-collected data is illustrated in Figure 1 (9).

Project steering committee

This included experts in conducting RCTs using cohorts and routinely-collected data and RCT

methodology. The core team, which undertook the work, included members from the

University of Oxford (EJ, SM), Imperial College London (CG), London School of Hygiene &

Tropical Medicine (SL), McGill University (BT, MI and LK), Queen Mary’s University London

(CR), University of Basel (LH and KM), University of Western Ontario (MZ) and Örebro

University (OF).

‘Long list’ creation

A long list of items was created using two methods. First, the original CONSORT checklist

was used as a template for adapting existing items and identifying areas for additional items,

which were extracted from guidelines such as the STROBE (10) and RECORD statements

(11). Secondly, a scoping review was undertaken to identify additional reporting items from

RCTs that use cohorts or existing data sources.

Scoping review

This was prospectively registered (12), and the objective was to identify reporting needs for

trials conducted using cohorts and routinely-collected data (including EHRs, administrative

databases and disease registries) and to find examples of good reporting. Reviews focusing

on the four separate components were conducted by different teams; this report focuses on

the EHR review which was led and undertaken by the team at the National Perinatal

Epidemiology Unit (NPEU) (EJ, SM), University of Oxford and Imperial College London (CG).

The four reviews included protocols or reports of RCTs that had used routinely-collected data

for both identification/screening for participants and ascertainment of trial outcomes. Trial

methodology papers that were relevant to these types of trials were also included in the

review.
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Figure 1. The process and timeline of the CONSORT-ROUTINE extension development strategy.

Published in: Kwakkenbos et al. Research Integrity and Peer Review (2018) 3:9 (p.4). Reproduced under the

Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/)

Search strategy

Separate searches were performed to identify publications describing methodology, trial

protocols and results from RCTs that were conducted using (1) EHRs, (2) registries, (3)

administrative databases, or (4) cohorts. Searches were undertaken in Ovid MEDLINE Epub

Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily and Ovid

MEDLINE and EBM Reviews-Cochrane Methodology Registry (Final issue, third Quarter

2012). Searches were conducted covering 2007–18 which allowed the identification of

recent publications. The references were imported from the database into RefWorks, and

duplicates were removed. The references were then imported into the systematic review

software DistillerSR (Evidence Partners, Ottawa, Canada, (13)). A coding manual, tailored

to each data source to identify and code publications for inclusion, was developed and

followed by independent coders.

Two reviewers (MI, SJ) independently screened the titles and abstracts. A ‘liberal accelerated

method’, where titles and abstracts are screened by one reviewer and excluded articles are

screened by a second reviewer, was used to identify articles for inclusion for full text review.
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Reviewers were blinded to whether the other reviewer had already decided on any given title

and abstract. Full texts were screened independently by two reviewers (SM and MI), and

discordant cases were resolved by a third reviewer (BT or LK). At the full text screening, each

reviewer indicated how the data source (e.g., EHR data) was used: not at all, data source used

for identification of participants/recruitment, ascertainment of outcomes, both identification of

participants/recruitment and outcomes, or for delivering the intervention. Publications reporting

trials where an existing data source was used as part of delivering the intervention were

identified in this review but were not included in the wider CONSORT scoping review, unless

they also used an existing data source for both identification/screening for participants and

ascertainment of trial outcomes.

Data extraction

Data were extracted only from RCTs that used the data source for both the recruitment of

participants and ascertainment of outcomes. Using articles from the four separate reviews,

potential gaps in reporting or relevant areas to the reporting of these RCTs provided the

evidence for the creation of additional checklist items. In addition, these reviews identified

modifications to existing ‘long list’ checklist items. Finally, publications were screened for

potential examples of good reporting for each item on the ‘long list’. Two investigators (SM and

EJ) double-checked the ‘long list’ for redundancy (i.e., to check whether the suggested items

were specific to cohorts and routinely-collected data – it was not our role or intention to modify

or rewrite original CONSORT items pertinent to all trial designs) and duplication.

Additional scoping review

The scoping review was expanded to explore how EHRs were used within RCTs and to

describe the characteristics of these RCTs. Using the results of the full text screening, trials

that had either used the data source for identification of participants/recruitment,

ascertainment of outcomes or for delivering the intervention were included. In a separate data

extraction form, further information about the trials such as type of RCT, setting, location,

sample size, intervention, comparator and outcome was collected. These results are reported

separately from the CONSORT scoping review.
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Delphi exercise

Stakeholders

Key stakeholders were identified to participate in the three-round Delphi exercise (see

Appendix A for details). A global invitation to trials and methodology experts was sent out

using networks including the UKCRC CTU network and MRC trials methodology framework.

Three-round Delphi exercise

The ‘long list’ formed the basis for a three-round online Delphi consensus exercise to identify

reporting items deemed essential for inclusion in the CONSORT extension. The Delphi

participants were asked to score each proposed ‘long list’ item. Scoring comprised a 5-point

Likert scale with a score of 1 or 2 deemed non-essential, 3 for further discussion and 4 or 5

deemed highly essential. Consensus was reached for an item when at least two-thirds of the

Delphi participants rated it either essential or non-essential. If an item reached consensus, it

was not entered into the next round of the Delphi exercise. Comments were invited from

respondents to address whether they thought any other important reporting items had been

omitted.

Face-to-face consensus meeting

A consensus meeting was held at Imperial College, London on 13–14 May 2019 (see Appendix

A for list of stakeholders). All items were taken forward to the consensus meeting. Items that

reached consensus were then ratified, modified or excluded at the meeting, and those items

that had not reached consensus were reviewed for inclusion. In addition, items that were not

included in the Delphi exercise were discussed and were either included, modified or excluded

through consensus. At the consensus meeting, items that did not meet consensus went

forward to a vote. For an item to be included in the final checklist, at least 80% of attendees

had to be in favour of including the item.

Roles of collaborators

This project formed part of an international collaboration with each of four teams focused on

one particular routine data source. The team at the NPEU, University of Oxford and Imperial

College London completed the systematic review on RCTs using EHRs and this review yielded

the largest number of articles (~200 full texts) and planned to publish the results of the

systematic review separately, alongside a baseline assessment of the quality of reporting
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assessed against the CONSORT-ROUTINE extension. The McGill team undertook the review

on RCTs using administrative databases and conducted the whole administrative process for

undertaking the Delphi exercise process and face-to-face meeting (the latter with help from

the UK team). Collaborators from the University of Basel, University of Western Ontario and

Örebro University focused on registries. Steering committee members attended bi-weekly

teleconferences to discuss progress of the scoping review, ‘long list’ items, Delphi results,

administrative processes and planning for the face-to-face consensus meeting. They also

assisted in the identification of stakeholders and participated in the face-to-face consensus

meeting. The NPEU, University of Oxford team and Imperial College London jointly led the

development of the presentation at the Society for Clinical Trials, New Orleans in May 2019

with the Canadian team (BT, MI) and led the submission of an abstract to the International

Clinical Trials Methodology Conference in Brighton in October 2019, which was also accepted

for oral presentation.
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Results

Scoping review for CONSORT extension

The results of the scoping review are presented in Table 1. The largest number of identified

articles related to RCTs conducted using electronic health records. The derivation and

screening of articles included in the review conducted by the NPEU, University of Oxford and

Imperial College London team are presented in Figure 2. The ‘long list’ consisting of 7 modified

and 20 additional items, were derived from the existing CONSORT 2010, RECORD and

STROBE guidelines or scoping review.

Table 1. Results of the scoping review for each data source

Number of protocols or

RCT results publications

Number of methodology

papers

Review of RCTs

conducted using the

following data sources

1. Electronic health

records (Oxford-led)

169 20

2. Registries 12 11

3. Administrative

databases

24 0

4. Cohorts 65 17
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Figure 2. PRISMA flow chart of studies included in the review examining RCTs conducted using
electronic health records.

Additional review

The breakdown of studies included in the wider additional review by ‘use of the EHR’ is

presented in Figure 3. The Figure illustrates that almost half of published EHR RCTs used

the EHR for all three components of the trial (identification of participants, delivery of

intervention and collection of outcomes). Further characteristics about these trials are

presented in Table 2.

Records full texts screened

(n =548)

RCTs conducted using EHRs

identified through database searches

(n = 2,085)

Additional review:

Ineligible articles n=178

Excluded protocols n=106

Methodology papers n=26

Excluded (pre-2011) n=55

CONSORT scoping review:

Methodology papers, protocols and

RCTs that used the EHR for two main

components n=189

Additional review:

Articles that presented the

results from RCTs that had

used the EHR for any

component n=183

Not an RCT n=213

Only used EHR for

participants or

outcomes n=146
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Figure 3. Description of how the electronic health records were used within the total sample of
published RCTs meeting eligibility criteria (n = 183)
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Table 2. Characteristics of trials conducted using electronic health records

IQR denotes interquartile range (25th percentile to 75th percentile)

Venn diagram and table published in: McCall et al. Reporting Transparency and Completeness in Trials: Paper 4 - Reporting of

randomised controlled trials conducted using routinely-collected electronic records – room for improvement. J Clin

Epidemiol. 2022 Jan;141:198-209. doi: 10.1016/j.jclinepi.2021.09.011. (p.202 & 203). Reproduced under the Creative

Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/)
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There were 84 (45%) cluster trials and 99 individually randomised trials (54%). The vast

majority were conducted in North America (78%), set in primary care, Accident & Emergency

or outpatient clinics (79%) and the most common speciality was Internal Medicine or General

Medicine (61%). Around half of the interventions were guideline or reminder-based systems

and 4 out of 5 trials used ‘usual care’ as the comparator. If the EHR was used for delivering

the intervention, a clinical decision support tool was the most popular method (in almost half

of cases). However, this differed substantially depending on the whether it was a cluster

(70%) or individually randomised trial (32%). The most common outcome was the uptake of

a treatment or service (~1 in 3), and nearly 2 in 3 trials used the EHR to identify the primary

outcome. In terms of sample size, for cluster trials the average number of participants was

4,447 (interquartile range [IQR] 613 to 20,904) with, on average, 27 clusters (IQR 15 to 56);

for individually randomised trials the average number of participants was much smaller, at

415 (IQR 123 to 2,239).

Delphi exercise

The ‘long list’ of 27 items was assessed by 125 experts in the three-round Delphi exercise,

where 92, 77 and 62 experts participated in each round, respectively. In stage 1, with a

response rate of 72% from the invited experts, 14 out of 27 items (52%) reached consensus.

In stage 2, the remaining 13 items were rated by respondents and 2 (15%) items reached

consensus. In the final stage, consensus for inclusion was reached for a further 5 items. This

gave a total of 21 out of 27 items reaching consensus in the Delphi process and no item

reached consensus for exclusion. The consensus status for each item in the ‘long list’ is

reported in full in Imran M, et al. BMJ Open 2021;11:e049093. doi:10.1136/bmjopen-2021-

049093 in Table 1 (p.8-15).

Face-to-face consensus meeting

A face-to-face consensus meeting was held at Imperial College London from 13–14 May

2019. The attendees comprised the Steering Committee and CONSORT extension group (see

Acknowledgement section). During the face-to-face consensus meeting, out of the original

27 ‘long list’ items, 5 new items and 8 modified items were agreed to be included in the final

checklist for the CONSORT-ROUTINE extension on RCTs conducted using cohorts and

routinely-collected data (see Table 3).
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Table 3. Checklist for reporting of trials conducted using cohorts or routinely collected data:
comparison of the extension with the CONSORT 2010 statement
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Published in: Kwakkenbos et al. CONSORT extension for the reporting of randomised controlled trials conducted using cohorts
and routinely collected data (CONSORT-ROUTINE): checklist with explanation and elaboration. BMJ 2021;373:n857
https://doi.org/10.1136/bmj.n857 (p4-5).Reproduced under the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/)

Future value of this work

RCTs using routinely-collected data are increasing in popularity and this CONSORT

extension is timely as it provides a benchmark of reporting for these type of RCTs, which

will become normal practice. Thus, this work funded by the NIHR will have a great impact

on both the methodological rigour of the conduct and the quality of reporting of such RCTs

globally. In addition, transparency of reporting has the secondary impact of improving the

quality of RCTs. This NIHR-funded project will therefore provide an indirect benefit of

reducing research waste.
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Dissemination

During this project, outputs were published and disseminated at three international

conferences, and eight publications have resulted (full details are listed below). Two

protocols describing the CONSORT extension and scoping review have been published (9,

12). Subsequently, a methods paper and three related systematic reviews examining RCTs

that use routinely-collected data EHRs have been published together alongside an editorial.

The ultimate intended output of this project, the CONSORT extension checklist and

corresponding explanation and elaboration document, has been published in an Open Access

journal and is freely available through the EQUATOR network and CONSORT statement

extension websites.

It is anticipated that an extension of the CONSORT statement would encourage improved

conduct and reporting of these types of trials. As a by-product, it is likely that this body of

work will encourage transparent reporting, which has the potential to reduce research

waste.
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Appendix A

Stakeholders in the Delphi exercise

Trialists, participants/patients and public involvement, epidemiologists, healthcare

professionals, journal editors, reviewers, CONSORT steering group, Clinical Trials Unit

directors and trial methodologists/statisticians from the United Kingdom Clinical Research

Collaboration, funders and newsletter circulations (e.g., to members of the Medical Research

Council Clinical Trials Methodology Hub).

Participants in the face-to-face consensus meeting

Cohort, EHR, administrative database and registry RCT trialists, CONSORT steering

committee, other trialists, PPI, librarian, journal editor, epidemiologists and routinely-collected

data experts.
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