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1.0 INTRODUCTION

The research MRI units at the Queen Elizabeth University Hospital (3T) and the Imaging Centre of Excellence (7T) are joint NHS/University facilities which participate in a wide range of research studies.  In addition, we have access to protected research time on some service 1.5T MRI scanners.  The studies often involve new imaging techniques, and optimisation of these techniques is essential before they can be successfully applied in clinical studies.  If optimisation is not performed prior to the commencement of a study, then there is a chance that the imaging datasets from the initial volunteers in the study will be sub-optimal, and these datasets may have to be excluded from further analysis.  

The purpose of this project is to permit the optimisation of the imaging techniques required for specific studies prior to the studies obtaining grant funding/REC/R&D-approval.  We are requesting generic ethics approval for these image optimisation projects.  The validity of the projects to be run by the research team under this ethics approval will be determined via a committee procedure outlined below.  Approval is requested to be extended beyond initial approval of 5 years for a further 5 years.

There are differences in how optimisation studies will be performed at 1.5T, 3T and 7T, and this document aims to specify the optimisation process in each case.

2.0  PROTOCOL OPTIMISATION FOR MRI STUDIES

2.1
Background
Optimisation of new imaging techniques at field strengths currently used for routine clinical imaging (1.5T and 3T) may include new MRI sequences including “work in progress” techniques from scanner manufacturers or third parties (usually academic groups), or sequences which have been developed in-house, or involve new hardware (eg MRI coils, including those constructed locally) or related protocols (eg functional MRI stimulation protocols or pharmacological stimulation approaches).  Studies may include healthy volunteers or patient groups.  Methods may apply to either research or to clinical practice.  The 7T MRI scanner at the Imaging Centre of Excellence is the first ultra-high field scanner for human imaging in Glasgow.  Protocol optimisation may include hardware (e.g. new MR coils, either commercially available or developed in house); MR pulse sequences, including those developed by research collaborators, those which have already been through Siemens certified development process before being released for use at customer sites, or the equivalent developed in house; or techniques including functional MRI stimulation protocols.
2.2
Committee Review/Approval of Imaging Optimisation Projects
NHS Greater Glasgow and Clyde (NHS GG&C) and the University of Glasgow (UoG) have set up a joint group named the Clinical Research Imaging Facility (CRIF) Approval Group.  This Group now includes members previously considered as scientific and safety advisors.

Membership comprises:

Chair 



Professor of Clinical Imaging (Consultant Neurologist)




Head of Physics Imaging

University of Glasgow
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Professor of MRI Physics





MRI Physicists
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Head of MR Physics





Research Imaging Champion (Radiologist)

NHS Research & Innovation
Senior R&I Manager




R&I Innovation Lead





CRIF Manager/Lead Radiographer

Research Ethics

West of Scotland Scientific Officer

Lay Representatives


Scientific advisors from diagnostics (imaging), research and academic teams may be invited to provide specialist advice.

Researchers requesting optimisation of study protocols will complete a CRIF Development Application form, which will be reviewed by members of the CRIF Approval Group.  The CRIF Approval Group will assess both the scientific aspects of the protocol as well as conduct an ethical review under delegated authority from the main REC.  Projects which are approved will be given R&I approval, an R&I reference number and registered on the NHSGGC research database.  This will allow tracking of the number of projects, recruitment, total scans etc. and generation of the data for the annual report to the REC.  The Lead Research Radiographer will also issue a formal project approval email to the Researcher under the overarching Project REC approval.
2.3
Imaging (Optimisation) Project Design
In many cases, optimisation can be performed using healthy subjects, but in some circumstances, it is only possible to optimise an imaging technique when it is performed in subjects with a particular pathology.  Healthy volunteers recruited from the community, patient volunteers, and patients recruited from a clinical service, may be involved in these projects.

Some imaging techniques are designed to be used in the presence of a gadolinium (Gd) based contrast agent (GBCA) and cannot be optimised without this.  In this case, it will be necessary to administer an injection of an approved contrast agent (e.g. Gadovist, Dotarem) to the participant through a vein in the arm.  MRI contrast agents are safe when used in subjects who do not have advanced kidney problems (i.e. a glomerular filtration rate (GFR) <30 ml/min).  eGFR will be checked if required according to standard clinical protocol.  The dose of GBCA will be 0.1 – 0.15 mmol/kg, as per standard clinical practice.

For research studies other novel contrast agents may also be the subject of investigation, e.g. new GBCAs subject to development work, contrast agents containing iron as ultrasmall paramagnetic iron oxide compounds (e.g. Ferumoxytol) or manganese based compounds.  Development protocols involving such agents will be considered on case by case basis but may be passed to full REC for consideration.

Some imaging development studies involve the use of new non-CE marked purpose-built hardware (Coils).  The development and release of novel coils is overseen by the NHSGGC and UoG joint MR safety committee.
Some imaging techniques are designed to investigate physiological responses, and cannot be appropriately optimised under rest conditions, for example heart imaging during coronary vasodilation, or when the heart is working harder than normal such as during exercise, or brain blood flow imaging when breathing air with increased carbon dioxide concentration.  In these cases, it is necessary to administer approved agents such as an injection of a pharmaceutical stressing agent (e.g. adenosine) through a vein in the arm, or breath-specific gas mixtures. Applications will be reviewed to ensure that stressing agents will be administered as per standard clinical practice.

Optimisation of techniques which require contrast and/or stressing agent in patients will be performed, where possible, by adding the image acquisition into other planned studies involving contrast/stressing agent.  Patients will be consented separately for the main study and the optimisation component, and the additional scan time will be clearly specified in the Participant Information. 

2.4
Research Question and Aims
The specific aims will depend on the technique which is to be optimised, but in general the following will apply:

· Implement the new technique on the MRI scanner and ensure that images can be obtained

· Assess image quality, e.g. signal-to-noise ratio, resolution, blurring due to movement, and adjust imaging parameters as required

· Assess whether in-house/commercial image analysis software is compatible with the acquired images, and can provide the required information

· Assess repeatability of image acquisition and analysis, and identify likely training needs which can then be addressed before the start of the main study

· Assess volunteer compliance with the technique, and implement procedures or strategies to improve this if necessary

· Coils that are replicating those developed elsewhere and are for local use only will be tested through this route. A Standard Operating Procedure for Validation of Custom-built RF Coils developed by the University of Glasgow is in place.  The coils will be tested on phantoms and undergo a range of tests by clinical physics prior to approval for testing in volunteers.  Manufacturer indemnity and warranty form part of the R&I approval. 

· Similarly sequences developed in house or used through partnership agreements with manufacturers or other 3rd party providers will be tested in human subjects only after work with phantoms and clinical physics checks are satisfactory.

· Assess the utility of novel MR coils and sequences
2.5
Recruitment
Community-dwelling adults (aged > 16 years) will be invited to participate in the research.  Healthy subjects will be drawn from within the NHS, the UoG and by placing posters in public areas e.g. libraries and GP surgeries. Subjects with relevant pathology will be identified through the clinical service.  The specific inclusion and exclusion criteria for the optimisation of a particular technique along with further details of how recruitment will be performed will be provided for review by the CRIF Approval Group.

A “volunteer bank” of healthy subjects will store details of potential volunteers who can be contacted when an optimisation project is taking place.  The Volunteer Bank will be advertised through the NHS Research Scotland and Chief Scientist Office twitter feeds to extend opportunities to volunteers across Scotland.  Details are stored securely on an NHS PC and will consist of contact details and potential MRI exclusion criteria (e.g. a person with a cardiac stent would not be ideal for optimising a cardiac technique due to the potential for image artefacts, but they could take part in a knee imaging study).  Volunteers will be allowed to participate in a maximum of 3 optimisation studies (or one study with 3 scans) within a 12 month period.  Joining the “volunteer bank” does not place the person under any obligation to participate in an optimisation study, and they can request for their details to be removed from the list at any time.  

There is no defined sample size for this study – we would like to recruit as required for the duration of the project approval.  For optimisation of a given protocol, typically a maximum of 10 subjects will usually be required, but the number of scans per person may be increased to a maximum of 3 scans when reproducibility is being assessed.  This may be specified within a study protocol or participants offered the opportunity to consent to be contacted for a further scan in the event that reproducibility of image quality proves to be problematic.  The Chair of the CRIF Approval Group may authorise recall of consented participants when required for a study protocol. 

Inclusion Criteria – Adult Subjects with no known health problems, or with a particular pathology which is of interest for a particular study.

Exclusion Criteria – Contraindications to MRI (complying with current NHSGGC board requirements for safety), pregnancy, GFR< 60 ml/min for studies which require Gd contrast agent, participation in x3 imaging optimisation studies within the previous 12 months.

For 7T studies, participants with certain medical implants or tattoos in proximity to the radiofrequency (RF) field will be excluded.  7T safety protocols are regularly reviewed in line with other 7T centres in the UK (e.g. Oxford, Cambridge and Cardiff).

A copy of the MRI safety checklist will be provided along with the Participant Information Sheet to allow any potential contraindications to be identified prior to attending for the scan.  If a participant in an optimisation study is unsure of the answer to any of the questions in the safety checklist, then we will err on the side of caution and the scan will not proceed.
2.6
MRI Scans
For all MRI scans, two suitably trained and experienced members of staff will be present.  Following informed consent, the participant will complete and sign a standard MRI safety checklist in the presence of an authorised member of staff (e.g. Radiographer or Clinical Scientist).  The purpose of this checklist is to ensure that the participant does not have any contraindications to MRI, and that the scan is safe to perform.

The participant will then undergo an MRI scan.  Depending on the technique which is being optimised, this may involve a single or multiple body areas. The participant will be positioned in the scanner bed with the appropriate MRI coil and any other required equipment. If an injection of contrast agent and/or stressing agent is required, then a cannula will be placed into a forearm vein and connected to an injector pump.

During the scan, the participant will be provided with headphones to protect their hearing and to listen to music if desired.  Some study protocols may use the headphones to provide auditory stimuli.  The participant will be able to communicate with the MRI scanner operator via an intercom at any time, and will be given a buzzer to press in the event that they wish to terminate the scan.

On some occasions, it may be necessary to assess the repeatability of a new technique, which involves scanning the same person on several occasions.  If appropriate this will be detailed in the study specific PIS text.  The total scan duration on each visit will be between 30 minutes and 2 hours and will be clearly defined in the participant information.  After the MRI scan has been completed, the participant will be free to leave the MRI facility.

The facilities where the research scans take place also scan emergency research patients e.g. patients who have just had a stroke.  These emergency research scans will take priority over routine research scans, and as such appointment times may be delayed or a participant may need to be removed from the scanner before their scan has been completed.  If this is the case, then they will be given the option to wait or to re-book their appointment.
2.7
Reporting of Clinical Images
Any images acquired which conform to a standard clinical imaging protocol will be reviewed by a radiologist assigned to the study at the outset.  If any incidental findings are observed, then the participant will be referred on by the Principal Investigator for further investigation by the most appropriate specialist. 

Images which are not of diagnostic quality or are from new techniques which are not currently used within the clinical service will not be reported routinely by a study radiologist.  This is true also for studies that involve anonymised images at the point of scanning.  In these cases.  Incidental findings will be picked up opportunistically by the study radiographer or MR Operator and referred for radiologist review (as above) if anything unusual is detected.

Review of incidental findings will be clearly defined in the participant information sheet.
2.8
Image Analysis
All image analysis will be performed by a member of the research team, using software on the MRI scanner itself or commercially available/bespoke software on a Personal Computer or approved networked platform. The study applicant must describe the proposed data handling process and detail any planned anonymised data/image sharing with external partners conforming to UK GDPR.
2.9
Storage of Data
Images will be anonymised and stored on the MRI archive, as per standard research MRI unit procedure.  A record will be kept separately, and securely on NHS PCs, which links the anonymised ID to the participant’s personal information (name, DOB, scan date).

MRI safety checklists will be stored for 10 years, as per standard NHSGGC practise.
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