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a b s t r a c t

Introduction: Online MRI guided adaptive radiotherapy (MRIgRT) is resource intensive. To maintain and
increase uptake traditional roles and responsibilities may need refining. This novel study aims to provide
an in-depth understanding and subsequent impact of the roles required to deliver on-line adaptive
MRIgRT by exploring the current skills and knowledge of radiographers.
Method: A purposive sampling approach was used to invite radiographers, clinicians and physicists from
centres with experience of MRIgRT to participate. Focus Group Interviews were conducted with two
facilitators using a semi-structure interview guide (Appendix 1). Four researchers independently fami-
liarised themselves and coded the data using framework analysis. A consensus thematic framework of
ptive Radiotherapy codes and categories was agreed and systematically applied.
Results: Thirty participants took part (Radiographers: N ¼ 18, Physicists: N ¼ 9 and Clinicians: N ¼ 3).
Three key themes were identified: ‘Current MRIgRT’, ‘Training’ and ‘Future Practice’. Current MRIgRT
identified a variation in radiographers' roles and responsibilities with pathways ranging from
radiographer-led, clinician-light-led and MDT-led. The consensus was to move towards radiographer-led
with the need to have a robust on-call service heavily emphasised. Training highlighted the breadth of
knowledge required by radiographers including MRI, contouring, planning and dosimetry, and treatment
experience. Debate was presented over timing and length of training required. Future Practice identified
the need to have radiographers solely deliver MRIgRT, to reduce staff present which was seen as a main
driver, and time and resources to train radiographers seen as the main barriers.
Conclusion: Radiographer-led MRIgRT is an exciting development because of the potential radiographer
role development. A national training framework created collaboratively with all stakeholders and
professions involved would ensure consistency in skills and knowledge.
Implications for practice: Role development and changes in education for therapeutic radiographers.
© 2021 The College of Radiographers. Published by Elsevier Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Advances in technology, such as image-guided radiotherapy
(IGRT) and intensity-modulated radiotherapy (IMRT), have enabled
delivery of increasing dose to tumours whilst minimising that to
normal tissues and, thus, improving patient outcomes. Adaptive
radiotherapy (ART) has potential to further improve patient out-
comes by delivering radiotherapy according to the position of the
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the tumour and relative positions of organs at risk. On-line ART
delivered using Magnetic Resonance Image (MRI) guidance
(MRIgRT) involves adapting the treatment plan each day which
brings a new level of responsibilities to the linac/patient interface.
The main difference between conventional treatment delivery and
MRIgRT is the former normally involves two radiographers and the
latter a multidisciplinary team (MDT) comprising radiographers,
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doctors and physicists. The new workflow is therefore staff and
delivery-time intensive.1,2

MRIgRT has only recently been clinically implemented with the
first clinical treatment in 2014.2 Although uptake is increasing and
more than 20 centres are delivering worldwide,2 this is small
compared to conventional radiotherapy. To ensure widespread uptake
and increased patient accessibility, the number of staff involved in the
workflow will need to be reduced and refined which may mean
traditional roles and responsibilities are no longer suitable.3 Previously,
therapeutic radiographers' responsibilities have evolved alongside
developments in treatment delivery and has included evaluating
treatment portal images,4 verification images for hypofractionated
treatments,5 and more recently selecting plan-of-the-day.6

Two workflows are available for use on Unity MR Linac (Elekta,
Crawley, UK): Adapt to Shape (ATS) where target and/or organs at risk
are recontoured and a newplan created, and Adapt to Position (ATP), a
dose shift which requires adapting the multi leaf collimator leaves ac-
cording to translational corrections. Roles and responsibilities of radi-
ographersworking on theMR Linac and delivering ATPworkflowhave
been described in a single centre narrative.7 Although this workflow is
similar to IGRT delivered on a C-arm linac, additional skills and
knowledge were identified and focused on MRI aspects of the work-
flow. The additional skills required for on-line ARTare acknowledged.7

This qualitative study aimed to provide an in-depth under-
standing of current and future roles and the impact on radiographer
role when delivering on-line adaptive MRIgRT by exploring skills
and knowledge required, at this early stage of technological
advances.

Method

A purposive sampling approach andmaximumvariation sample
strategy was used to recruit radiographers, clinicians and physicists
from centres delivering MRIgRT via email. Participants from six
centres were chosen to reflect varied experience (Table 1): two
early implementation centres, two recently implemented and two
yet to deploy MRIgRT. Local Committee for Clinical Research (CCR),
Health Regulations Authority, and Health and Care Research Wales
approval was obtained.

Data collection through Focus Group Interviews (FGIs) were
chosen to allow participants to expand on each other's responses
and the researcher to obtain several perspectives and reach con-
sensus.8e10 FGIs were limited to between 6 and 8 members10 and
conducted with two facilitators using a semi-structure interview
guide (Appendix 1).

Participants were consented prior to FGI, informed they were
able to withdraw at any point and were assured of anonymity and
dissemination. FGIs lasted between 40 and 120 minutes and were
recorded and transcribed verbatim. Individual interviews were
offered if a key member of the MRIgRT pathway was unavailable to
attend the FGI sessions and one was performed.

Framework Analysis9,11 was used to synthesise the data. Four
researchers, two familiar with the workflow (EJ, HMcN) and two
who had only observed (GO’G, TW) independently conducted
preliminary analysis on the same FGIs. A consensus thematic
framework of codes and categories was developed and systemati-
cally applied (EJ). The final framework was agreed by all.

Results

A total of thirty professionals participated in FGIs. Participants
represented three main professional groups involved in MRIgRT
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(Table 1); Radiographers (n ¼ 18), Physicists (n ¼ 9) and Clinicians
(n ¼ 3). Prior experience varied: radiographers (minimum:4 years),
physicists (minimum:3 years). All clinicians were consultant clin-
ical oncologists (minimum:2 years).

From the framework analysis (Appendix 2), three key themes
were identified (Table 2): -

(i) Current MRIgRT practice-roles of professional groups across
different workflows used in MRIgRT and impact on the team.

(ii) Training - methods, timings and processes.
(iii) Future practice - barriers and drivers present in developing

and implementing MRIgRT.
Current MRIgRT practice

Descriptions of roles and responsibilities of professional groups
varied throughout FGIs due to differences in MRIgRT pathways
used (Table 3).

Roles

Some participants mentioned that radiographers were trained
to undertake the entire MRIgRT pathway which had eliminated the
need for other professionals. This was achieved by splitting radi-
ographers into two profiles: A) MRI application and planning, and
B) MRI application, clinical image processing and contouring. Other
participants described training occurring ‘on-the-job’. For
radiographer-led treatments, most participants mentioned the
need to reduce numbers of professionals present to limit resources
required. However, there was a comment about expansion of the
MDT for complex cases:

“If we moved to an area like Hepatobiliary, is whether you'd then
bring your radiologist … it's how confident that clinician would be
at contouring certain tumours” (FG5)

An inclusive rota, to ensure adequate skill-mix, was described as
two-three radiographers always present with on-call availability of
physicists and clinicians. It was agreed that having a clinician pre-
sent was not sustainable and the importance of sufficiently trained
on-call staff expressed:

“Some doctors who have been charged with being the on-call
doctor to make those decisions aren't necessarily experts in that
tumour site or on the MR Linac” (FG3)

The importance of continuity and only relevant staff present in
designated areas when treatment is undertaken was highlighted.

Responsibilities

Radiographers remained responsible for setup, patient safety
and equipment in addition to image acquisition and treatment
delivery (Table 3). Clear and defined roles and responsibilities prior
to implementation, despite treatment pathway differences, was
asserted:

‘‘It really needs that roles and responsibilities … that says … this is
your role. These are the decisions that you're making in relation to
these aspects, and at the end of your decision making it goes to the
next person over there’’ (FG2)



Table 1
Focus group (FG) and individual interview (II) participants.

Study
No.

Location Centres represented Type Participant information Total

FG 1 MRL
consortium

2: Over 2 years experience e The
Netherlands

Focus group Therapeutic Radiographers (n ¼ 3) 3

FG 2 MRL
consortium

2: Not started e Australia and UK Focus group Therapeutic Radiographers (n ¼ 4) and Physicist (n ¼ 1) 5

FG 3 UK Hospital
Site

1: 0e2 years experience - UKa Focus group Therapeutic Radiographers (n ¼ 3), Physicists (n ¼ 4) and Clinician (n ¼ 1) 8

FG 4 UK Hospital
Site

1: 0e2 years experience - UKa Focus group Therapeutic Radiographers (n ¼ 5) and Physicist (n ¼ 1) 6

FG 5 UK Hospital
Site

1: 0e2 years experience - UKb Focus group Therapeutic Radiographers (n¼ 2), Diagnostic Radiographer (n¼ 1), Physicists (n¼ 3)
and clinician (n ¼ 1)

7

II 6 UK Hospital
Site

1: 0e2 years experience - UKb Individual
interview

Clinician (n ¼ 1) 1

a Same UK centre.
b Same UK centre.

Table 2
Key themes.

Current ART practice Roles
Responsibilities
Professional feelings

Training Prior experience/Baseline knowledge and experience
Pre-MRL
Current
Future requirements

Radiographer-led ART Barriers
Drivers
Operational gaps
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Participants specified that all MRIgRT professionals were
responsible for keeping the working environment free from
distractions to maintain patient focus, and a high level of pro-
fessional demeanour and respect was always required. Particu-
larly within the high-pressured environment of MRIgRT where
each task is performed online and observed by all professionals.
Exceptional communication and dynamic professional working
styles were highlighted:

“There's a lot of communication before we start with the patient”
(FG1)

‘‘… as long as people respect each other and it's a clear line of what
the actions should be, then it's great to have the experience and the
input of different groups’’ (FG2)

“That communication tool comes in handy then because if it's not
the same physicist and not the same on-call physicist tomorrow”
Table 3
Workflows used by each Focus group (FG).

Study
No.

Pathway Sites? Patient
set-up

Image
acquisitions

Image
registrations

FG1 Radiographer-led
ATS

All standard sites R R R

Radiographer-led
ATS with clinician
present #1

Complex cases e
discussed in meeting
prior to treatment

R R R

FG3 Clinician-light ATP Prostate R R R
FG4 Clinician-light ATP Prostate R R R
FG5 MDT-led ATS All standard sites R R R
II6 MDT-led ATS All standard sites R R R

R: Radiographer. P: Physicist. C: Clinician.
Note: FG 2 excluded as not yet treating or finalised workflow and pathway (FG: Focus g
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“everybody either knew that information or could access it very
quickly to make those decisions on the day’’ (FG3)

Weekly MDT meetings were expressed as an effective way to
maintain communication whilst developing and refining working
practices and provide an effective forum to develop and review
documentation, thus producing a robust safety framework:

‘‘You've got people who've got different skills … going through the
whole process and the scenarios … as a team … that's essential’’
(FG2)

‘‘MRI radiographers wanted to just double check that we were
being sensible’’

“There's been quite good learning together and building the team,
as well as building the work practices so that you're all fitting into
the jigsaw'” (FG3)

Professional feelings

Participants were positive about tangible patient benefit
alongside integration of new technology into current practice:

“We're using this equipment to its fullest capabilities … We're
reassured that there's so many inbuilt checking procedures … we're
doing something that's quite pioneering, it's also quite safe. Safety and
accuracy is what radiotherapy is all about” (FG3)

To facilitate professionals other than radiographers in control
areas, adjustments were necessary. Negative impressions included
Contouring
tumour

Contouring
organs at
risk

Decision to
replan/
recontour

Plan
creation

Plan
checking

Decision to
treat with
adapted plan

On-call
provision

R R R R R R R, P, C

R R R þ C R R C R, P

N/A N/A P P P R C
N/A N/A P P P R C
C C C P P R þ C N/A
C C C P P R þ C N/A

roup. II: Individual interview. ATP: Adapt to position. ATS: Adapt to shape).
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it being ‘dire’ at the beginning (radiographers), being ‘watched’
whilst undertaking their role (physicists) and lack of engagement
amongst some professionals. However, all commented on positive
aspects of working as an MDT:

“It is challenging to do … offline you do it in a fairly quiet envi-
ronment. I think online can be quite busy… things going on, and to
focus on what you're supposed to be picking up on is difficult”

“It's been really interesting … the MR-linac is that kind of pinnacle
of cross-professional sort of working. It involves input from so
many different people to get each stage of the adaptive workflow
doing what it needs to do” (FG5)

A strong working MDT environment, not only internally for the
team and patients but also externally with consortium collabora-
tion and wider MDT, was agreed. Radiographer participants were
positive about validation received from other professional groups.
Those working in radiographer-led pathways confirmed the pres-
ence of other professional groups was missed, however, they still
felt part of the wider MDT and it was empowering to deliver
MRIgRT:

“I really … enjoyed working as part of a multi-disciplinary team,
which is probably the first time I've really done that since I've
worked here” (FG2)

“Every day's different … It's a lot closer together with … other
members of the MDT. I've never spent quite so much time with the
doctors and the physicists. I've sat next to them working with them
rather than just you might be near them…we work together every
day now” (FG3)

Training

Baseline knowledge: The level of baseline knowledge and prior
experience varied across FGIs. All participants mentioned the need
to have extensive experience regarding patient position, problem-
solving, soft-tissue knowledge and imaging, gained by working
on conventional C-Arm linacs which remained important in the
MRIgRT pathway. Some expressed that many centres had experi-
ence with ART such as plan-of-the-day and on-line brachytherapy,
and these skills could be transferable. Some radiographers
expressed that planning and dosimetry experience was essential to
implement radiographer-led pathways, whereas others mentioned
this experience would be ideal.

Although a desired skill mentioned was MRI knowledge, there
was variation across groups. In some centres a level of competence
was required; others deemed it part of initial training. There was
concern about gaining familiarity and experience in centres
without MRI access and resources. It was also expressed that mixed
modality imaging was the future of radiotherapy and undergrad-
uate and postgraduate training programmes should account for
this:

“That's something that needs addressing for radiotherapy in gen-
eral … it's only going to become more important … I've had no
formal training in it whatsoever. I've just had to pick it up over the
years that I've been using it” (FG2)

All radiographers agreed that excellent communication skills
and the ability to work in and create an environment that promotes
feedback and reflection within the MDT was important.
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Pre-MRIgRT and On-MRIgRT: All groups reported internal and
external resources in multiple formats by multiple professionals
were available to supplement MRI training (Table 4). Most stated
the majority of training needed to be undertaken in the pre-
MRIgRT stage and a vital component was gaining experience in
diagnostic MRI. Apprehension was expressed in centres with no
MRI on-site to facilitate training.

One group demonstrated a training programme for planning
and dosimetry pre-MRIgRT for radiographers, and others expressed
a preference for such a programme. Participants relayed the
optimal way to achieve and maintain competency was through
clinical experience for planning and dosimetry and with the plan-
ning system, but there was no consensus on length of time needed
to reach competence for the MRIgRT pathway. Physicists partici-
pants placed emphasis on the experience required to problem
solve, especially for additional patient information that may affect
dose constraints:

“‘What clinical impact does that change have?‘ … knowing and
understanding that… that comes from guidance from your doctors
and your physics … which again isn't something that comes
immediately. It will come with time … going from, not making
clinical decisions and then just saying, right, it's green, I'm going to
go treat” (FG2)

“I'd say, multiple years of experience with treatment planning and
can't be realistically handed over” (FG3)

Some participants stated that lack of resources and formal
contour training affected their confidence because it was not
possible to practice and gain experience.

Participants agreed practice run-throughs were essential to
refine workflow for efficient treatment and allowed appreciation of
potential issues and patient selection, but the critical point was to
ensure familiarity with process because pressure could be intense
when online:

“Make sure you're comfortable with the tools you are using and the
workflow because once you're under pressure its totally exacer-
bated” (II6)

Participants expressed that familiarity with the software during
the pre-MRIgRT stage was essential and should include on-line and
off-line aspects:

“Monaco was a completely new planning system for us, a lot…was
just familiarisation, as you'd have to get to grips with any new
planning system” (FG4)

“If a centre has used Monaco before, then it's an instant head start”

“Having to fully commission the Monaco and fully commission the
MR-linac is very challenging” (FG5)

MRIgRT training models ranged from training a core team who
would cascade, to providing all aspects of training to the whole
team. The use of assessments also varied. It was stressed that
although training could be delivered in many forms, it was ad-
vantageous to be delivered within an MDT setting and consistency
was essential. Allocating time to train was important and the value
of educational, practical and simulation sessions accentuated:

‘‘I don't think we have the timeframe to be able to upscale the
radiographers to a level where you need or would like them to be…



Table 4
Pre and current MRIgRT training in each focus group.

Study No. Occurrence MR: Physics, patient set-up, safety, image interpretation
and application

Planning and dosimetry experience Contouring Run-
throughs

Focus
group 1

Pre In-depth training programme for all radiographers In-depth training programme for all
radiographers

Occurs

Focus
group 1

Current One-week intensive top-up One-week intensive top-up In-depth training programme
per site

Focus
group 3

Pre Rotation into MR department for core radiographers Lack of available resources Occurs

Focus
group 3

Current New radiographers have a rotational placement No formal training Initial training sessions for
prostate

Focus
group 4

Pre Informal training not moderated or
planned

Lack of available resources Occurs

Focus
group 4

Current Practical workbook No formal training No formal training

Focus
group 5

Pre Current Lack of available resources Occurs

Focus
group 5

Current Practical workbook No formal training No formal training
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maybe we don't need to be able to actually plan, but we need to
have educational sessions that help us in helping make those de-
cisions’’ (FG2)

‘‘It's two days of talks, lectures and then a day and a half of peer-to-
peer … radiographers go off with the radiographers, the physicists
go with the physicists, and you do specific tasks’’

‘‘We've adapted that in our training competencies … we felt that it
was a really good way of getting radiographers…messing with the
parameters and … and what that does to your image’’ (FG5)

Standard vendor and application training were documented by
all and praised as an introduction of the basics of the system and
software.

Future Practice

Radiographer-led MRIgRT emerged as future practice, with
corresponding barriers and drivers all themed around training and
responsibilities (Table 5). Time and access to both MRI and plan-
ning/dosimetry were identified as main issues:

“MR definitely is a gap… we don't have that insight. So that's been
a steep learning curve, and … will continue” (FG2)

“We are practicing anyway behind the scenes … Again for famil-
iarisation … It's the time isn't it, getting the contours checked and
reviewed by someone who has the final say” (FG4)

The need and desire for radiographers to deliver MRIgRT were
the main drivers:

“If it became just two radiographers … it would be quite empow-
ering because we would essentially be developing our roles” (FG3)

“It's just not sustainable to have the oncologist there full-time …

we're very keenly aware … we need to upskill our professions”
(FG2)

Discussion

This study has shown that although professional roles are
comparable to conventional C-arm linacs, traditional roles are no
longer fit for purpose,3 and radiographer-ledMRIgRTwill be vital in
the future. The importance of rigorous assessment of new
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technology has been identified12 and to enable this, MRIgRT effi-
ciency must be improved.13,14 Additional training and education
will be required for the radiographer role to adapt to the changes in
working practice. Requirements include contouring of targets and
organs and risk, complex planning, dosimetry knowledge and
experience, MRI applications, image recognition and registration
skills, recognising individual patient requirements, and compre-
hensive general radiotherapy experience.
Roles and responsibilities

The online environment impacted all professionals. The unfa-
miliarity of physicists being ‘on-the-frontline’ and having multiple
members of the MRIgRT MDT present created pressure of being
watched under a time-limit despite having experience with other
adaptive techniques such as on-line brachytherapy. Radiographers,
in contrast, expressed role validation because of being used to
working ‘on-the-frontline’.13 Pressure was focused on undertaking
new roles and responsibilities, and the confidence needed to do so.
When oncology nurses undertook new roles, confidence was
shown to vary between individuals. It is therefore important to
invest in radiographer training and experiential learning to instil
appropriate confidence across therapeutic radiographers under-
taking these new roles.15

The support of other professionals who have relinquished re-
sponsibility is an important aspect to consider when roles
advance.16 MRIgRT creates opportunity for therapeutic radiogra-
phers to develop their roles in delivering adaptive radiotherapy,
reflecting their diagnostic colleagues when reporting X-Rays.17e19

A multifaceted role is needed to ensure dynamic practice that in-
creases care to the entire MRIgRT pathway in a shared environ-
ment rather than a direct medical replacement, as demonstrated in
nursing experience of role development.20,21 There was concern
regarding de-skilling of other professionals by radiographers tak-
ing on these roles, as identified in diagnostic practice.14 However,
the need for radiographers to undertake this extended role was
identified as a priority. There is also an opportunity for radiogra-
phers to be a source of continuity for other professionals’ training
in the future as shown with advanced nursing, diagnostic radiog-
rapher practice and physician associate training.13,21 Although the
role is currently limited to the MRIgRT pathway, it is important
that the skills are passed to all therapeutic radiographers and not a
select few.21

Being the sole profession delivering radiotherapy is common
practice and returning to this from the wider MDT delivery will not



Table 5
Barriers and drivers for rad-led MRIgRT.

Barriers Drivers

Training opportunities difficult to arrange due to MDT availability Radiographers could learn on-the-job and professions would always be available for support
Difficult to arrange consistent training Radiographers want to take on their empowering role when the training programme is sufficient
Radiographers with little to no experience in planning and

dosimetry and MR
Physicists envision radiographers taking on their role

Timescale to train radiographers is short Professions have confidence in radiographers
Staffing and logistics of a radiographer-led pathway and on-call

service
Radiographers will need to be able to perform the workflow as the demand is already too high on
other professionals.

De-skilling of physicists The chance of progression for all roles
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be a radical change, especially knowing that confidence and vali-
dation from others is present, and key to multi-professional
working.22 A radiographer-led pathway in radiology was demon-
strated as an effective use of resources,14,17,23 with focus on allevi-
ating other professionals’ time and increasing patient throughput
as well as increasing job satisfaction and developing professional
standing, an important factor for recruitment/retention.3,14,24

The Ionising Radiation (Medical Exposure) regulations (IRMER)
must be considered in the change of traditional roles.25,26 However,
although radiographer-led ART involves amendments of the target
and organs at risk contours, the initial plan and prescription remain
justified and authorised by the clinical oncologist (practitioner)
prior to the first treatment. The radiographer is therefore an enti-
tled operator. This process must be clearly defined under local
authorisation guidelines. In addition, the planning objectives and
constraints must be clearly defined to enable an operator (physicist
or radiographer) to approve the plan.26 Only three clinical oncol-
ogists participated in the focus groups because of the limited
number available with relevant experience, and scheduling clashes.
All gave positive feedback regarding radiographer-led MRIgRT.

It must be added that although it is not viable to always have a
clinician present for MRIgRT, there are times when they will be
needed. A comprehensive on-call rota and close location are
important factors to ensure optimum skill-mix as demonstrated in
diagnostic pathways.14 The ability to be on-call but work remotely,
especially for clinicians who often work away from the trust, was
suggested. This could be a feature that software manufacturers
explore and develop.
Communication

The need for excellent communication and good relationships
within the MRIgRT MDT, and professional respect particularly
supports the Health Education England Professional Framework
documentation.22 The universal consensus that the MDT should
develop and create all documentation relating to MRIgRT pathways
(protocols, policies, guidelines) ensures all knowledge and experi-
ence is shared.27 Robust quality assurance procedures, constraints
and thresholds are particularly important for ART.28

When one professional group replaces another, it is crucial that
the scope-of-practice is well-defined and understood by all.22

Findings show the positive relationship between MDT members
is continued in radiographer-led pathways. The environment
created allows for shared learning, teaching and synergistic work-
ing, which is an asset of the MRIgRT pathway, and an important
attribute for potentially difficult technology implementation.27

Apprehension and concerns will be elevated in centres that
‘stand-alone’ without support from MDT members and those with
little access to diagnostic services, as their involvement is crucial for
radiographers blurring established professional boundaries, and it
strengthens the foundation of MRIgRT.14 Comprehension of MRI
acquisition is unfamiliar to many and being able to rely on
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diagnostic services for support is indispensable. The introduction of
a diagnostic MRI radiographer to the MRIgRT team in one centre to
advise and review procedures and input vital information to
training programmes and protocols for the team was seen as
advantageous.13

For effective day-to-day running of MRIgRT, appropriate staffing
and efficient decision-making is critical. A handover log was
demonstrated as useful for radiographers in decision making,
which is a requirement of advanced practice,22,23,29 and would also
ensure information is appropriately shared.
Training

Training and competency are complex issues in healthcare and
must be tailored as demonstrated by other professions22 in order to
improve knowledge retention.30 Transition from theory to practice
is recognised as challenging even in pre-registration education,31

and there was conflict between prior training and ‘on-the-job’
training. Although ‘on-the-job’ training may have disadvantages, it
would allow faster progression of radiographers to deliver
radiographer-led treatments and theoretical training only partially
replaces clinical experience, as seen with other adaptive
techniques.32

Despite a strong desire for training to be delivered as a complete
package to increase confidence and allow radiographers to deliver
treatment independently, there was conflict regarding timing and
length. This may be due to the different training requirements for
radiographers. New aspects in MRIgRT require planning experi-
ence, particularly for UK radiographers where dosimetry experi-
ence is lacking, as other professions dominate the field or require
specialist radiographers.33e36 Yet, in countries where radiogra-
phers have dosimetry experience, additional image recognition and
contouring was required. Little documentation exists surrounding
MRI education to specialist groups and post-graduation education
has been suggested previously37,38 as opposed to current on-the-
job learning and teaching.39 The need for standardised MRI edu-
cation has been critically expressed, with focus on clinical time, so
there is a minimum level of safe practice.39 To deliver the training
described, multiple methods30,32,40,41 or a more blended learning
approach may be needed to supplement training previously given
by MDT members.41

Non routine, novel treatments and techniques risk variation in
training. For example, the initial staff involved compared to sub-
sequent staff, or MDT members expert in one tumour site with a
high workload, compared to another team with few patients. This
could lead to potential stress, as seen in skeletal reporting with
diagnostic radiographers, so it is essential to develop a strong safety
culture23 through formal, consistent assessment and audit-led
training.40 One option is to introduce a high-quality accreditation
programme, as used with other advanced techniques, to establish a
minimum education benchmark and uniform protocol adher-
ence.39,41 A national core curriculum has been shown to be



Figure 1. 'Season of change' - Proposed requirements of an education and training framework for MRIgRT.
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effective.32,38 The Advanced Practice Framework in England22 also
asserted the need to have a succession plan for the service and
workforce, expressed as the ability to gate radiotherapy treatment
using real-time imaging,42 however MRIgRT must be included and
would merit a stand-alone module and/or post graduate certificate.
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Even with automated planning and checking, an asset for
MRIgRT because of the need to calculate and quality assure a new
plan daily, clinical judgement to check for inherent errors is
required, for which a radiographer with appropriate training would
be best placed43 and would reduce the time span of the pathway.44
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Support for cost and effectiveness will be needed and has previ-
ously been available from central European services.45

Simulations were emphasised as important and should be in-
tegral to training packages to give exclusive insight to the process. It
is also an excellent tool to assess new, or changed, workflows as
well as uniting a team, and virtual reality has been a successful tool
in advanced radiotherapy training.40 Another consideration for
training is exposure to planning software as lack of familiarity was
identified as a barrier and early introduction a priority need.

There is not a clear described method for auditing aspects of the
pathway for example online contouring variability and who is
responsible, but the need and rationale for such is present within
radiotherapy.2,46,47 Although peer mentorship was not identified,
possibly because individuals had not experienced this model, it has
been shown, in combination with relevant training, to increase
competence.14,17,21 Peer support could also be used to increase skills
amongst radiographers as with physician associates.21,32

Lack of time for training was often mentioned and has been
previously identified alongside the need for MDT teaching and
learning.14 High demands of current roles on MDT staff make
attending and delivering training sessions difficult. Education and
training of all professionals was recognised as essential to support
IGRT48 and increases confidence and self-belief in radiogra-
phers.14,23 Indeed, central funding was provided to develop
guidelines and support such implementation throughout the NHS
and a similar approach may be required.48 The introduction of a
MRIgRT national programme will need substantial resources and
appropriate collaboration from national and professional bodies as
well as Government and manufactures to allow streamlined and
uniform implementation.49

There is a clear requirement for education providers to work
collaboratively with clinical partners to create learning support
packages that consider the variables evident in the data
collected. Such packages would need to include base line audit
of current skills and confidence in delivering MRIgRT in order
to accommodate sites at different stages of implementation and
a mode of delivery that recognises competing priorities within
an MDT e.g., a blended approach. The decision on who should
engage with a learning package will be driven by context
specific issues such as service delivery - including out-of-hours
provision and desire for increased capacity in application of
MRIgRT. The components of such an education and training
framework are illustrated in Fig. 1.

Consultation with a public patient involvement group, created
for the NIHR grant (grant number in acknowledgment) demon-
strated that they understood rapid advancements in technology
and that the radiographer role must adapt to align with this. There
was no concern expressed regarding radiographers taking on new
roles and appreciation that it would allow other professionals skills
to be utilised elsewhere. It was felt that radiographers currently
involved in MRIgRT should be at the forefront of developing and
implementing accreditation MRIgRT skills.

Conclusion

The roles for radiographers in MRIgRT are evolving in this early
stage of implementation and the role validation experienced is an
important factor in job satisfaction and could improve recruitment/
retention. An MDT culture, with effective communication which
encourages and promotes shared learning is essential for devel-
opment and transfer of roles. Roles must be created with sufficient
support and robust governance to enable evaluation of effective-
ness, impact, ongoing sustainability and responsiveness. To prepare
for the future, training and education is key, and a national
framework is required to prevent variable practice. MRIgRT
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implementation will increase and radiographers must be prepared
to be actively involved in this radiography step-change.
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