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Abstract

structured data and sharing data.

Background: Research involving brain imaging is important for understanding common brain diseases. Study
endpoints can include features and measures derived from imaging modalities, providing a benchmark against
which other phenotypical data can be assessed. In trials, imaging data provide objective evidence of beneficial and
adverse outcomes. Multi-centre studies increase generalisability and statistical power. However, there is a lack of
practical guidelines for the set-up and conduct of large neuroimaging studies.

Methods: We address this deficit by describing aspects of study design and other essential practical considerations
that will help researchers avoid common pitfalls and data loss.

Results: The recommendations are grouped into seven categories: (1) planning, (2) defining the imaging endpoints,
developing an imaging manual and managing the workflow, (3) performing a dummy run and testing the analysis
methods, (4) acquiring the scans, (5) anonymising and transferring the data, (6) monitoring quality, and (7) using

Conclusions: Implementing these steps will lead to valuable and usable data and help to avoid imaging data wastage.
Keywords: Longitudinal, Multi-centre, Magnetic resonance imaging, Study design, Data sharing, Guidelines, Big data

Background

Research involving brain imaging contributes to our
understanding of common brain diseases such as stroke
[1], dementia [2], multiple sclerosis [3] and brain tu-
mours [4]. Imaging endpoints are used in clinical trials
[5, 6] to provide objective evidence of beneficial and
adverse outcomes, and imaging-derived features have
become phenotypes in their own right. Aims will differ
across studies, and imaging can be used to drive main
endpoints but also as an exploratory tool that contrib-
utes to our understanding of disease mechanisms. Lon-
gitudinal multi-centre studies, in which patients from
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different centres are imaged repeatedly over time, allow
greater numbers of subjects to be recruited, and can
generate insights into disease progression and out-
comes that are not available in cross-sectional studies.
Such studies are, however, expensive and complex to
organise, and require careful co-ordination and manage-
ment to optimise the answering of research hypotheses.
Large sample sizes help reduce uncertainty and in-
crease reliability in clinical decisions and clinical practice
strategies, which are then informed by research evi-
dence. Multi-centre imaging studies are one response to
the increasing demand for more data. Generalisability
and statistical power are enhanced with a larger study
sample size. Such studies promote collaborations across
institutions and countries, and experts worldwide will
have access to the large data sets and can combine their
group expertise [7] (e.g. http://enigma.ini.usc.edu/).

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-018-3113-6&domain=pdf
http://orcid.org/0000-0001-6739-5797
http://enigma.ini.usc.edu/
mailto:Stewart.Wiseman@ed.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Wiseman et al. Trials (2019) 20:21

It is important to ensure that appropriate technologies
and strategies are used to manage the large amounts of
data generated: some of the challenges include captur-
ing, storing, analysing, searching, sharing, transferring,
visualising, querying, protecting and updating data — all
in addition to maintaining patient confidentiality and ad-
hering to good clinical practice.

A carefully conducted longitudinal or multi-centre study
will yield valuable data, which are essential for addressing
the study’s research questions. It is unethical to conduct a
study if there is a high risk of data loss or misuse, or other
problems that restrict the ability to answer the research
question. Not only are high-quality data essential for an-
swering the predefined research question, these data could
also help other scientists from all over the world answer
other questions. Data sharing and open science are im-
portant contemporary topics in medical research. The
International Committee of Medical Journal Editors, UK
Research and Innovation (https://www.ukri.org/funding/
information-for-award-holders/open-access/), and some
of the charities now mandate data sharing [8]. This in-
cludes the computer code [9] (image processing pipelines)
that generates the research output from images. The Lancet
[10] is promoting improved management and sharing of
research data as these reduce ‘research wastage’ and reward
scientific diligence; see the REWARD Statement, http://
www.thelancet.com/campaigns/efficiency/statement).

Guidelines for designing [11], recruiting to [12], organis-
ing [13] and performing quality assurance [14, 15] in
multi-centre trials have been published. Brain imaging pro-
tocols for large multi-centre imaging data collections also
exist, e.g. UK Biobank [16, 17], Alzheimer’s Disease Neuro-
imaging Initiative (http://adni.loni.usc.edu/methods/docu-
ments/mri-protocols/) and the Lothian Birth Cohort [18],
and data standards for clinical research are supported by
the Equator Network (http://www.equator-network.org/)
and the National Institute of Neurological Disorders and
Stroke (https:.//www.commondataelements.ninds.nih.gov/).
Additionally, much emphasis has been placed on data
sharing after primary studies are completed. A detailed
report (http://www.humanbrainmapping.org/files/2016/
COBIDASreport.pdf) — summarised in Nature Neuro-
science [19] — by the Organization for Human Brain
Mapping and its Committee on Best Practice in Data
Analysis and Sharing (http://www.humanbrainmappin-
g.org/cobidas) includes over 100 items to help plan,
execute, report and share neuroimaging research. Rec-
ommendations already exist for multi-centre functional
magnetic resonance imaging (fMRI) studies [20] that
have specific guidance, such as how to organise meta-
data [21] from task-based fMRI. Methodological issues
for guarding against false positives and overstating ef-
fect sizes in neurogenetic studies have been discussed
[22]. However, concrete practical advice, in an easily
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digestible format, that guides the setting up of a longi-
tudinal multi-centre structural neuroimaging study is
lacking.

Here, we describe considerations that, in our experi-
ence, are necessary when designing and starting a lon-
gitudinal multi-centre brain imaging study. Figure 1
(adapted from Chung et al. [13]) shows where amongst
the current recommendations and guidelines for con-
ducting studies this work sits. This guideline contains
specific technical examples and is illustrated with some
common pitfalls that can threaten a study if not moni-
tored and rectified when identified. Conducting studies
appropriately will help achieve correct answers, avoid
wastage of money and data, and ultimately improve pa-
tient care. A flow diagram of the experience-based rec-
ommended systematic approach we propose is
illustrated in Fig. 2. Note that imaging should be con-
sidered at all stages in the design of a study, including
the literature search, although we focus here on the
more downstream aspects of study implementation
since, in our experience, this is a neglected area.

Results and discussion

The key points explained

Planning phase

The early involvement of imaging personnel with rele-
vant expertise cannot be overemphasised, since it will
generate insights that can be fed into the main study
protocol. These individuals are best placed to comment
on what type of imaging will best answer the research
question, for instance: which modality, if MRI the field
strength and sequences, the image analysis methods,
and who will carry out the analyses. Experts from the
following fields bring a wealth of divergent knowledge:

Neuroradiologists for general advice and insight, and
for reading the images, reporting on incidental findings
and advising on which sequences are best suited to
answer the research guestion

Radiographers for practical insights, e.g. a scan
protocol with 25 min on-table will require a longer
booking slot in a cohort of multiple sclerosis patients
with severe movement difficulties

Medical physicists to optimise technical parameters,
e.g. to lower the specific absorption rate in MRI
sequences with high flip angles or short repetition
time, which is particularly relevant at 3 tesla, and for
advice on protection from ionising radiation
Radiochemists for advice on tracers for positron
emission tomography (PET) and other radionuclide
studies

Image analysts to help specify the technical
parameters to optimise efficient information
extraction. For example, isotropic voxels can be used
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Fig. 1 Where this guideline sits in the literature (adapted from Chung et al. [13]). IRAS Integrated Research Application System, IRB institutional review board

‘ Study-level considerations ] | Specific imaging considerations

*  Consult experts

*  Input from patient groups

*  Write a draft study protocol

* Include an imaging section...

*  ..then write a full imaging manual

Write a focussed imaging manual that includes an overview of study
aims and specifies the imag| Include: specifi
radiographer instructions, acquisition parameters, a data dictionary,
and data management plan. Consider plans to cope with potential
scanner and/or software upgrades.

Imaging
manual

g oL

Consult imaging experts, including those responsible for delivering the
data, e.g., a radiol ’s visual of brain atrophy, or an
image analyst’s quantitative assessment of burden of global white
matter hyperintensities. Defined outcomes (study endpoints) help
guide selection of sequences, e.g., a study looking at cerebral
microbleeds will need at least one good blood-sensitive sequence.

Considerations

General MRI CT, MR-PET
* Plan how to deal with incidental findings * Safety contra-indications, e.g., pacemakers * Radiation dose
* Patient heating, e.g., 1.5T versus 3T

Image Management
* Consider how to manage the data
See Figure 3

Risk analysis
(i.e., a back-up
plan):

If insufficient
support is
available at
each site, you
need to
consider (a)
likely problems
and (b) who
will fix the
problems if
they arise.

ReVIew

will ‘ e Consider conductinga dummy run at each site. Checkimage qualityis ‘ e Anonymiseappropriately to protect confidentiality. Always use a
need to sufficientto generate the analysis/endpoints. secure severto store imaging data (do not store research data on
bein local hard drives). Use consistent naming conventions. Consult BIDS
place @ On-studyscanning to curate your data according to internationally agreed standards.
beforg Circulate asingle definitive imaging manual to each site. Check uploads to the host site as they happen orin small batches;
scanning don’tleave ittoo longas the earlier problems are identified the
can Encourage radiographer participation —they will be acquiring the data. The easieritisto fix.
start. imaging protocol should not be altered once the study has started. Use the
Can take same protocol at baselineand follow-up. Identify sources of variation across @ Conduct QC at each stage and act on findings timeously.
months. hardware (different manufacturers, head coils).

o Prepare for sharingyour data.

Review images early

Checkregularly asnew
data arrives

Commence analysis,
and take action ifimage
acquisition or
processing is insufficient
to supportimaging
endpoints/outcomes.

tomography, MRl magnetic resonance imaging, PET positron emission tomography, QC quality control
A\

Fig. 2 Summary of key points to consider in setting up a multi-centre brain imaging research study. BIDS brain imaging data structure, CT computed
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