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Abstract

Objectives
To investigate the safety, feasibility and acceptability of the Neurofenix platform for home-based

rehabilitation of the upper-limb (UL).

Design

A non-randomised intervention design with a parallel process evaluation.
Setting
Participants’ homes South-East England.

Participants
Thirty adults (>18 years), minimum 12-weeks post-stroke, not receiving UL rehabilitation, scoring 9-
25 on the Motricity Index (elbow and shoulder), with sufficient cognitive and communicative abilities

to participate.

Interventions
Participants were trained to use the platform, followed by one-week of graded game-play exposure

and six-weeks training, aiming for a minimum 45 minutes, 5 days/week.

Outcomes

Safety was determined by assessing pain and fatigue at 8 and 12-weeks, and adverse events (AEs).
Intervention feasibility was determined by amount of specialist training and support required to
complete the intervention, time and days spent training, and number of UL movements performed.

Acceptability was assessed by a satisfaction questionnaire and semi-structured interviews.

Results

Participants [14 women; mean (SD) age 60.0 (11.3) years] were a median of 4.9 years post-stroke
(minimum-maximum: 1-28 years). Twenty-seven participants completed the intervention. The odds
of having shoulder pain were lower at 8-weeks (OR 0.45, 95% Cl 0.24 to 0.83, p=0.010) and 12-weeks
(OR 0.46, 95% Cl 0.25 to 0.86, p=0.014) compared to baseline. There was no change in fatigue. Thirty
mild and short-term AEs and 1 serious (unrelated) AE were reported by a total of 19 participants.
Median time for training, over 1-3 sessions, was 98 minutes per participant (minimum-maximum 70-
290 minutes). Participants trained with the platform for a median of 17.4 hours over 7-weeks
(minimum-maximum: 0.3-46.9 hours), equating to a median of 149 minutes per week. The median

satisfaction score was 36 out of 40.
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Conclusion
The Neurofenix platform is a safe, feasible and acceptable way to support UL training for people at

least three months post-stroke.

Ethics approval
Ethics approval granted from Brunel University London (10249-MHR-Mar/2018-12322-2).

Trial registration number

ISRCTN60291412 (doi 10.1186/ISRCTN60291412). Protocol version:1.0; pre-results.

Funding

Innovate UK.

For the BMJ Open Submission website (ScholarOne)
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Article Summary

Strengths and limitations of this study

ok N

A feasibility trial developed following Medical Research Council Framework for the
development of complex interventions.

Mixed-method approach for answering feasibility and acceptability objectives.
Fidelity activity data were objectively measured through the platform.

Inclusive of people with higher levels of UL impairment.

No control group or blinded assessor.
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Introduction

Upper-limb (UL) dysfunction is a common and major contributor to physical disability following
stroke.[1] Approximately two-thirds of stroke survivors experience upper limb impairment [2] and

only 5% to 20% achieve full UL recovery at six months post-stroke.[3]

High intensity UL stroke rehabilitation improves upper limb recovery with a positive dose-response
relationship for individuals in the acute and chronic phases after stroke.[4] UL training provided in
rehabilitation settings typically falls below the hundreds of repetitions considered necessary to drive

functional recovery.[5,6]

Virtual reality (VR) platforms using interactive computer-based games have emerged as a feasible
and motivating way of supporting UL rehabilitation at intensities significantly higher than
conventional therapy.[7,8] However, bespoke VR devices are often unwieldly, complex, and
expensive and while commercially available devices may be more accessible, they often demand
sophisticated movement combinations which are not possible for many stroke survivors to

perform.[9-11]

The Neurofenix platform is a novel, affordable and portable VR device specifically developed by
stroke survivors, specialist neuro-physiotherapists and bioengineers for gamification of post-stroke

UL rehabilitation (www.neurofenix.com). The platform enables and encourages stroke survivors to

exercise their arm and hand at home with little or no assistance. The overall aim of this study was to
investigate the safety, feasibility and acceptability of the platform for home-based rehabilitation of
the UL. Additional objectives were (1) to assess the feasibility of conducting a definitive trial of the
clinical and cost-effectiveness of the intervention, (2) to understand factors relating to people with
stroke and the intervention that may impact on fidelity to the intervention, and (3) to examine

preliminary effects of the intervention.
Methods

The study is reported in accordance with guidance on reporting pilot and feasibility studies.[12]

Further details on trial procedures are detailed in the protocol.[13]

Patient and Public Involvement
Stroke survivors were involved in the iterative development of the Neurofenix platform. Two further
stroke survivors acted in an advisory capacity during the study, providing input to the protocol and

trial documentation, and dissemination.
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Trial Design

The RHOMBUS study used a non-randomised intervention design with a parallel process evaluation.
Participants were familiarised, set-up and trained to use the device by a research therapist, followed
by one-week of graded exposure to game-play, and subsequent six-week independent training
phase. The device was removed at the end of the 7-week training period. Assessments were

performed at baseline, 8, and 12-weeks.
Participants

Participants were recruited from a university stroke database, via gatekeepers for three community
stroke groups and the ISRCTN Registry website between April and September 2018. Inclusion criteria
were: 1) aged 18 years or over; 2) capacity to consent; 3) self-reported diagnosis of stroke; 4) 12-
weeks minimum post-stroke and not in receipt of UL rehabilitation; 5) mild-to-severe reduction in
arm function post-stroke (Motricity Index (Ml) score between 9-25 for elbow and shoulder
movement); 6) able to sit or stand independently, with or without an aid, for a minimum of 5
minutes; and 7) sufficient English to participate in the intervention and assessments. Exclusion
criteria were: 1) unstable medical conditions; 2) uncontrolled photosensitive epilepsy; 3) acquired
brain injury from other causes, bilateral or cerebellar lesions; 4) uncompensated visual neglect,

hemianopia or uncorrected visual field deficits; and 5) pre-existing, unremitting arm pain at rest.
Intervention

The intervention is described in detail in the protocol.[13] Briefly, the Neurofenix platform is a digital
device consisting of non-immersive VR software in the form of an App on a tablet and Bluetooth-
connected hand controller (NeuroBall) and arm controllers (Neurobands). The NeuroBall is secured
to the impaired hand through a system of straps and elastic finger holds. Motion sensors within the
NeuroBall detect UL movements and translate these to control games displayed on a tablet. For
those without sufficient strength and/or range of movement in the hand and wrist to control the
NeuroBall, the NeuroBands are used as an alternative. The NeuroBands are two small motion
sensors; the first straps around the upper arm and the second around either the forearm or the
hand. If the second NeuroBand is placed on the forearm, then elbow flexion and extension can be
used to control the games, and if placed around the hand, wrist flexion and extension can be used.
Participants can choose from seven games specifically developed for UL rehabilitation (see

www.neurofenix.com).
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Two research therapists attended two half-day training sessions on technical and operational
procedures relating to the device. Neurofenix engineers provided additional technical support to the

therapists and participants throughout the study if required.

Following the baseline assessment, a research therapist attended the participant’s home. The visit
commenced with a brief questionnaire about the participant’s prior experience with technology and
video games and confidence in using new technology. The pace and depth of subsequent teaching
was based on the participant’s experience and confidence. The participant was then given the
Neurofenix platform consisting of a NeuroBall or two NeuroBands, a tablet, a tablet stand, chargers,

a handbook, and a one-page “Quickstart” guide.

A research therapist trained the participant in how to use the platform independently or with the
help of a carer if requested. Specifically, participants were taught safety precautions and were
trained to (1) turn the device and tablet on and off, (2) don and doff the device, (3) calibrate the
device, (4) play each of the games on the tablet, (5) navigate the menus, (6) track their progress, (7)
use the handbook and (8) charge the devices. The research therapist advised each participant on the
starting duration and frequency of use based on signs of pain and fatigue during the visit.
Participants were advised to gradually increase the amount of use over the first week, with the aim
of achieving a minimum of 45 minutes of training on 5 days a week by the end of the week, and to
continue with this duration and frequency for the subsequent 6-weeks, increasing the dose if able.
Participants independently chose which games to play during the intervention. Participants received
two scheduled phone calls from the research therapists during week -1 and week-3 to ensure no
clinical problems or technical faults had occurred. After this second call, participants had no input
from the research team, but were advised to contact the team if they needed clinical or technical
support. Participants were contacted at the end of 7-weeks, asked to stop using the device, and

arranged a time for the therapist to collect the device.
Procedures

Two research therapists completed assessments in participants’ homes. Socioeconomic
characteristics, stroke-specific characteristics and global disability were measured using the
simplified modified Rankin Scale questionnaire (smQRs); higher score represents greater disability

(range 1-5).[14,15]
Outcomes

Arm and hand function were assessed objectively using the Action Research Arm Test (ARAT), higher

scores indicate better function.[16-18] UL impairment was assessed using the Fugl-Meyer
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Assessment—upper-limb (FMA-UE); higher scores indicate less impairment.[19,20] Participation was
measured on the 10-item Subjective Index of Physical and Social Outcome (SIPSO); higher scores
signify increased ability to reintegrate to a ‘normal’ lifestyle.[21] Self-reported arm use during
functional tasks was measured using the 28-item Motor Activity Log (MAL); higher scores indicate

more activity.[22,23]

The Modified Modified Ashworth Scale (MMAS) was used to assess spasticity of the shoulder
adductors and internal rotators, elbow, wrist and finger flexors.[24] The highest spasticity score
within the UL was selected for analysis. Passive range of movement (PROM) of the shoulder (flexion,
abduction, external rotation), elbow (flexion and extension) and wrist (extension) were assessed
using goniometry.[25] Quality of life was assessed using the EQ-5D-5L questionnaire.[26] A utility
value was calculated using the cross-walk function;[27] a higher value indicates better quality of life.
A modified version of the Client Service Receipt Inventory (CSRI) was used to assess health service

use.[28,29]
Safety

Safety was determined by assessing pain, fatigue and adverse events (AEs). At 8- and 12-weeks,
participants were asked if they experienced shoulder pain over the past 7 days, and if so to rate the
intensity of shoulder pain on a 10-point visual analogue scale (VAS), with higher scores indicating
more pain. Fatigue was assessed using the Fatigue Severity Scale (FSS-7).[30] At the 8- and 12-week
assessment, participants were asked if they had experienced an AE since their last contact with the
research team using standardised questioning. An AE is any untoward medical occurrence affecting a
participant during the study which may or may not be related to the study intervention. A serious
AEs (SAEs) is an AE that results in death, is life threatening, requires hospitalisation or results in a

disability or incapacity.
Feasibility

Feasibility of the intervention was determined by recording the number of people who received the
training sessions, the number and duration of sessions required, and the number and duration of
clinical or technical phone calls and home visits required. Post-training confidence with the

Neurofenix Platform was assessed with a 10-point VAS (higher score equates to more confidence).

Feasibility was also determined by assessing fidelity to the intervention. Fidelity was assessed as
time spent training the UL with the platform, number of days training, and number of UL

movements performed. Sensors were used to automatically collect data from the Neurofenix
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platform, which was stored on the participant’s tablet until remotely downloaded by a member of

the research team.
Acceptability

The Quebec User Evaluation of Satisfaction with Assistive Technology (QUEST 2.0) [31] was
completed at 8-weeks to assess user satisfaction of the device; higher scores indicate higher
satisfaction. Semi-structured interviews were completed with a purposive sample (male, female,
high and low user engagement) of 18 participants to explore the acceptability of the intervention,
and the experience of taking part in the study. Interviews were conducted by a research therapist
(typically who did not provide training to that participant) and the analysis was undertaken by a
member of the research team who did not otherwise have contact with participants (EC). Carers or

spouses involved in the intervention were also invited to take part as a dyad.
Feasibility of a definitive trial

The feasibility of conducting a definitive trial was assessed by examining recruitment and retention
rates, outcome measure completion and reasons for missing data associated with the data collection

tools.
Sample Size

Samples sizes between 24 and 50 are recommended for feasibility studies.[32,33] We estimated 30

individuals would be sufficient to address the aims of this study.

Data analysis

Distribution of data was explored using Q-Q plots, histograms and cross-tabulations. Descriptive
statistics (e.g., mean, standard deviation, median, interquartile range) were used to report data.
Generalised estimating equations with an exchangeable working matrix and robust standard errors
were used to examine change between baseline and follow-up assessments on the VAS, FSS, ARAT,
FMA-UE, MMAS, MAL-28 (amount of use score only), SIPSO and goniometry. A generalised
estimating equation with a logit link, exchangeable working matrix and robust standard errors was

used to examine if the odds of shoulder pain changed over time.

Associations between total time spent exercising the UL with the platform, number of repetitions
performed and age, ARAT score at baseline, FMA-UE score at baseline, confidence with new
technology at baseline, post-training confidence with the Neurofenix platform were examined using
Spearman’s correlations. Associations between total time spent exercising the UL with the platform,

number of repetitions performed, and gender were examined using Mann Whitney U tests.
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Table 1. Baseline characteristics of RHOMBUS participants

n (%) Mean (SD) Median (IQR), Min-max

Age, year 30 60 (11.3) 60 (12), 36 to 85
Women 14 (47) - _
Ethnicity

White 15(50) - -

Asian 12 (40) - _

Black 2(7) - -

Mixed 1(3)
Stroke chronicity, year 30 5.5(5.4) 4.9 (4.5) 1to 28
Stroke type (self-report)
Haemorrhagic 17 (57)
Ischaemic 12 (40)
Not known 1(3)
smRSq
1.0 3(10)

Qualitative data from the semi-structured interviews were analysed using the five stage Framework
Analysis method.[34] Framework Analysis incorporates both deductive and inductive coding and
enabled trial processes and experiences to be explored and reported. This method provides a strong
audit trail of the analytical process, which enhances transparency.[35] One person (EC) independent
to the delivery team led the analysis. Four researchers (EC, MN, TB, DS) independently coded the
same three transcripts, then discussed and agreed codes. A coding framework was then developed

and used to code all the interviews.
Results

Thirty participants were recruited to the study between April and July 2018 (Figure 1). Participants
(14 women) were mean (SD) 60.0 (11.3) years (minimum-maximum: 36-85 years), and a median of
4.9 years post-stroke (minimum-maximum: 1-28 years) (Table 1). The majority scored 2 or 3 on the

smRSqg. Mean (SD) FMA-UE score was 33 (16.4) and median (IQR) ARAT score was 8 (20).

Insert Figure 1 near here.

10
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2.0 11 (36)

3.0 13 (43)

4.0 1(3)

5.0 2 (6)

FMA-UE (0-66) 30 33 (16.4) 33 (31), 81to 63
ARAT (0-57) 30 16 (17.5) 8(20), Oto 57
MMAS worse score (0-5) 30 2(0.98) 2(2), Oto3
NIHSS 30 4.1 (3.1) 3(3), 1to 14

Played computer games before 19 (63) - -
stroke (Yes)

Played computer games since 15 (50) - -
stroke (Yes)

Owned a tablet, computer, 28 (93) - -
console or smartphone (Yes)

Confidence pre training with 30 5.63(2.7) 5(4)
new technology (0-10)

Confidence with NeuroPlatform 29* 7.6 (2.24) 8(3)

post training (0-10)

*One participant withdrew during training. SD: standard deviation; IQR: inter quartile range; smRSq:
simplified modified Rankin scale questionnaire; FMA-UE: Fugl Meyer upper extremity; ARAT: action
research arm test; MMAS: modified modified Ashworth scale; NIHSS: national institute of health stroke
scale.
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Safety

The odds of having shoulder pain were lower at 8-weeks (OR 0.45, 95% Cl 0.24 to 0.83, p=0.010) and
12-weeks (OR 0.46, 95% Cl 0.25 to 0.86, p=0.014) compared to baseline. Mean intensity of shoulder
pain, as assessed on a VAS, was lower at 12-weeks compared to baseline (mean difference -0.69,
95% Cl -1.37 to 0.004, p=0.052; Table 2). There was no change in FSS-7 score, at 8 or 12-weeks in
comparison to baseline (Table 2). Thirty AEs and 1 SAE were reported by a total of 19 participants
(Table 3). Nineteen AEs were deemed probably or possibly related to the intervention; the AEs were

mild and short-term and no participants withdrew due to an AE. The SAE was unrelated.
Feasibility

Thirty participants completed the training session (Table 4). Twenty-five participants needed one
training session, three needed two sessions, and two needed a third session. The median time for
training, over 1-3 sessions, was 98 minutes per participant (minimum-maximum 70-290 minutes).
Median (IQR) participant confidence with the device after the initial training session was 8 (2) out of
10. Nine participants (30%) contacted the research team for technical support during the
intervention period. Five participants (17%) contacted the research team for clinical support. The

total number of visits, calls and their median durations are reported in Table 5.
Fidelity to the intervention

Participants trained with the Neurofenix platform for a median (minimum-maximum) of 17.4 (0.3-
46.9) hours over 7-weeks, equating to a median of 149 minutes per week. Participants trained for a
mean (SD) of 25.4 (15.9) days over 7-weeks (minimum-maximum: 1-48 days), equating to mean (SD)
3.6 (2.3) days per week. Eight participants (26.7%) achieved at least 225 minutes per week during
the study, which equates to the recommended 45 minutes of training per day on five days per week.
Participants performed a median (minimum-maximum) of 15,092 (222-43,999) UL movements over

7-weeks.

No association was found between time spent training over 7-weeks and age (rho=0.24, p=0.203),
ARAT (rho=0.06, p=0.744), FMA-UE scores (rho=0.003, p=0.987), confidence with new technology
(rho=0.13, p = 0.505), confidence post-training (rho=-0.05, p=0.784). There was also no difference in
time spent training between men and women (p=0.061). No association was found between number
of UL movements over 7-weeks and age (rho=0.18, p=0.351), ARAT (rho=0.10, p=0.614), FMA-UL
(rho=0.06, p=0.761), confidence with new technology (rho=0.15, p=0.427), confidence post-training
(rho=-0.005, p=0.979). There was also no difference in number of UL movements between men and

women (p=0.105).
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Acceptability

The median score on the Quebec User Evaluation of Satisfaction with assistive Technology (QUEST)
was 36 out of 40 (range 21 to 40). The device was well received and provided motivating UL training
(Box 1). Motivating factors included enjoyable games, positive in-game feedback, competition, and
challenge, engagement with more purposeful games than prescribed home exercises. Participants
suggested that a greater variety of games and more challenging levels might enhance engagement
with the platform. The home-based self-directed training provided by the device and its compact
size was positively appraised because it offered a structured practice schedule and set amount of

time to train and enabled practice to be planned around daily life.
Preliminary effects

The mean difference in outcomes between baseline and 8 and 12-weeks respectively, is reported in
Table 6. Scores on the FMA-UE (mean difference 2.68, 95% Cl 0.86 to 4.49; p=0.004) and MAL (mean
difference 0.19, 95% CI 0.06 to 0.32; p=0.004) improved between baseline and 8-weeks. SIPSO total
score increased between baseline and 12-weeks (mean difference 2.17, 95% Cl 0.32 to 4.01;
p=0.021). Passive range of shoulder external rotation, elbow flexion and wrist extension increased
between baseline and 8-weeks, and between baseline and 12-weeks (p<0.05; Table 6). No changes

were found for other outcomes.
Feasibility of conducting a definitive trial

Fifty people expressed interest in participating in the study. Twenty were excluded for reasons
outlined in Figure 1, resulting in 60% being recruited. Three people withdrew from the intervention;
reasons for withdrawing are shown in Figure 1. All participants completed all outcome measures at
baseline. Of the three people who withdrew from the intervention, two withdrew from the study
and did not complete assessments at 8 or 12 weeks. One additional person did not complete the 8-
week and 12-week assessment, respectively, resulting in 90% retention at follow-up assessments. In
addition to the 10% missing data due to loss to follow-up, the FSS-7 was not assessed at 8-weeks,
and shoulder external rotation was not assessed for one person at 12-weeks due to human error,
and one person refused to complete the ARAT at 12-weeks. Data about medication dosage in the

modified CSRI was missing for four participants.
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Table 2. Change in scores on 7 ltem Fatigue Severity Scale (FFS-7) and Visual Analogue Scale for pain (VAS) betw

and 12-weeks.
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Mean (SD) Mean (SD) Mean difference (95% Cl); p value Mean (SD) M @ifference (95% Cl); p value
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Table 3. Adverse events and serious adverse events reported during study

Event Number Attribution People
Type of events Number of Number of Number of reporting
probably related possibly related unrelated event, (n)
events events events
SAE 1 0 0 1 1
AE 30 17° 20 11¢ 19

amuscle fatigue/soreness/discomfort (n=9); eye strain (n=2); upper-limb pain (n=4), self-reported
increase in spasticity (n=2)

bneck pain (n=2)

“fatigue (n=2); falls (n=4); blurred vision (n=1); headache (n=4)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table 4. Training sessions required per participants and duration of training

Duration, minutes

Number of Mean (SD) Median (IQR) Minimum-
participants maximum
receiving, n (%)
Training sessions
First training session 30 (100) 95.23(19.5) 92(25) 55-150
Second training session 3(10) 48.33(35.5) 55(70) 10-80
Third training session 2(6.7) 95.0(7.1) 95 (10) 90-100

IQR: interquartile range; SD: standard deviation

Table 5. Total number of phone calls and home visits (technical and clinical)

Number of calls/visits

Duration, minutes per call/visit

Mean (SD) Median (IQR) Minimum-
maximum
Clinical
Phone calls 10 12.0 (6.4) 10 (9) 4-19
Home visits 5 24.0 (8.2) 30(15) 15-30
Technical
Phone calls 17 13.0 (10.3) 13 (10) 2-36
Home visits 15 49.0 (41.3) 35 (62.5) 5-123
IQR: interquartile range; SD: standard deviation
16
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Participant number and

pseudonym

Quotation (page and line numbers)

Training and Support

P16 Ann (moderately

impaired upper-limb)

‘He went through everything. He went through all the games as
well, which was good, so that helped. So, it just gives you

confidence and reassurance in what you’re doing.’ (7, 266-268).

P22 Bal (moderately impaired

upper-limb):

‘If I didn’t understand or if the response wasn’t what | was
expecting then | would refer to the detailed instructions to see if |
could improve (5, 192-94). Very easy [to use] [...] The instructions
were very clear (6, 229-237). [...] it’s always useful to fall back on
if you, if you can’t cope.’ (6, 247-48).

P19 Sam (moderately

impaired upper-limb):

‘Like | was stuck on a game, so | used the quick start just to find

out if | was doing something wrong.” (13, 553-54).

P28 Terry's wife Fran

‘I thought the quick start guide on that sheet was very helpful ‘cos
I’d often look at that while we were setting you up, weren't...
didn’t I, Terry, and that was very helpful, but then we didn’t need

it as time went on.’

Acceptability

P1 Iris (moderately impaired

upper-limb)

‘I was trying to get to level 20 [...] Yeah, | was getting into it [...] |
enjoyed the game because every time... If you didn’t get to a, a
certain point it will always say, ‘Re-try’ or ‘Re-play’ or ‘Start
again’, and | like that (17, 777-94). And the message after was,
was to tell you how many minutes you played for and
‘Congratulations, see you tomorrow, bye’, and that’s it, | like that.

[...] It was like you had a friend talking to you.” (21, 979-80).

P6 Mark (mildly impaired
upper-limb):

‘It was a little hard at first, right, because | used to be pressing it
and pressing it but, er, anyth... anyway | got used to it like.” (21,
956-57).

P16 Ann (moderately

impaired upper-limb)

‘I like the ones that I can, that | actually can achieve, yeah. It’s no
good... | don’t like ones that | know that I’'m never gonna get to or
never gonna do, | like ones that | can... Yeah, the easier ones for
me that | can achieve relatively easy. Obviously it’s gotta push you

a little bit but not too much.’ (14, 648-51)
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P22 Bal (moderately impaired

upper-limb)

‘I have found it, er, quite entertaining but sometimes, because, er,
there’s not much variety, it’s the same music, the same games, it’s
a bit boring to do it every day. [...] If there was a bit more variety
or slightly different games, or even the games you could adjust so
that, er, it was, er, slightly different, then I think it might not be so
boring.’ (15, 650-58).

Box 1. lllustrative quotations from the qualitative interviews

18
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Table 6 Change in outcomes between baseline and 8-weeks and baseline and 12-weeks.

Outcome Baseline 8-weeks Change; 8-weeks - 12-weeks Change; 12-weeks -
(n=30) (n=27) baseline (n=27) (n=27) baseline (n=27)
Mean (SD) Mean (SD) Mean difference Mean Mean difference (95%

(95% Cl); p value (SD) Cl); p value

ARAT? 15.9 (17.5) 16.2(17.3) 0.17 (-0.86t01.21); 18.2 0.63 (-0.97 to 2.23);

(0-57) 0.743 (19.1) 0.440

FMA-UE 32.6(16.4) 35.2(17.6) 2.68(0.86t04.49); 34.4 1.49 (-0.38 to 3.37);

(0-66) 0.004 (17.8) 0.118

SIPSO; total 21.9(9.3) 23.5(9.3) 1.18(-0.81t03.18); 24.3(8.1) 2.17(0.32to4.01);

score 0.245 0.021

(0-40)

MAL (0-5) 0.89(1.19) 1.08(1.16) 0.19 (0.06to 0.32); 1.10 0.13 (-0.02 to 0.28);
0.004 (1.19) 0.080

MMAS (0-5) 2.0(1.0) 1.8 (1.0) -0.16 (-0.38 to 2.1(1.1) 0.08 (-0.19 to 0.35);
0.06); 0.157 0.560

EQ-5D-5L; 0.49 (0.32) 0.56(0.30) 0.07 (-0.009 to 0.54 0.44 (-0.02 to 0.10);

utility score 0.142); 0.088 (0.32) 0.145

Shoulder 121.3 123.8 3.09 (-2.17 t0 8.37); 119.9 -0.26 (-7.31t0 6.77);

flexion® (18.2) (19.4) 0.249 (21.2) 0.940

Shoulder 34.0(19.9) 41.5(16.7) 7.10(2.36t011.84); 40.6 6.52 (0.02 to 13.03);

external 0.003 (16.4) 0.049

rotationad

Shoulder 107.6 111.1 3.21(-2.00to0 8.42); 108.7 1.48 (-4.66 to 7.63);

abduction® (17.0) (19.3) 0.228 (19.7) 0.636

Elbow flexion® = 142.3(8.7) 145.9(5.6) 3.28(0.44to0 6.12); 148.4 6.00 (3.20 to 8.80);
0.024 (6.3) <0.001

Elbow -4.26 -4.14 0.54 (-1.94t0 3.03); -4.29 0.39 (-1.79 to 2.58);

extension® (10.84) (12.06) 0.669 (11.00) 0.724

Wrist 58.5(29.1) 67.1(19.6) 10.18(1.31to 67.81 10.9 (1.8 to0 20.1);

extension® 19.05); 0.024 (23.22) 0.019

an=26 at 12-weeks
bPassive range of movement, degrees
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appropriate measure of participation in stroke trials.[41] To balance the need to fully test our research
guestions against the need to use outcome measures judiciously [41] we additionally measured

spasticity, passive range of movement and the MAL.

Most participants in this trial required one training session to confidently use the device and no further
in-trial technical or clinical support. These results compare favourably with Standen et al [40] suggesting
the training and follow-up support required to implement this intervention is feasible in clinical practice.
A minority of participants required phone calls and home visits to help with clinical and technical issues.
These problems may impede fidelity and, as previously reported,[40] are potential barriers to
independent home use of rehabilitation devices. The Neurofenix platform was designed to enable
independent home-based rehabilitation. This study showed that although technology was effectively
leveraged to reduce clinical contact time, individually paced home-based instruction and support
services were necessary to effectively deliver the intervention. These additional hours would need to be
factored into a fully scaled trial to ensure that technological interventions are not studied as a dose
matched control but on how they would be rolled out and used by service users and clinicians in real
life. A future RCT should examine the cost-effectiveness of the intervention compared to usual care,

given the minimal therapist time involved in providing this intervention in a community setting.

Just over a quarter of participants met the target of training for 45 minutes per day on a 5 day a week
training cycle. However, consistent with previous studies,[37,40] most participants did not meet training
targets and the duration of use and number of movement repetitions varied widely across participants.
Standen at al [40] reported that family support, where available, was crucial to successful game-play.
We also found that participants with severe UL impairment were dependent on carers for set-up.
Participants starting from a low baseline may apply an equivalent effort as those with less impairment

without meeting training targets which suggests that personalised training goals may be useful.

Consistent with our findings, previous studies reported that participants generally enjoy using VR
rehabilitation devices.[36,42,43] The compact size and light weight of the devices and the tablet
facilitated the use of the platform in the home environment and positively influenced satisfaction and
acceptability. Qualitative data suggested that a broader selection of games with a wide range of
difficulty levels and the introduction of real time in-play competition and comparison may increase

motivation and encourage persistence. These findings are consistent with game theory for stroke

21
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rehabilitation which emphasises the importance of in-built skill level adaptation, feedback, competition,
and socialisation.[44] Adaptations to the games may be required prior to conducting a definitive trial to

increase motivation.

oNOYTULT D WN =

10 To be maximally inclusive, stroke survivors with moderate to severe arm impairment were included in
12 the study which may be considered a strength. Participants were relatively young compared to the UK
average age of onset for stroke [45] but with a comparable age distribution to participants included in
15 similar studies.[36,40,46] Older people may be thought to be less inclined to use rehabilitation

17 technology, but we found no associations between age and time spent training using the device. The
Neurofenix platform was custom designed for therapeutic use, which confers advantages over

20 commercial gaming devices.[44] The device calibrates individual movement repetitions but key design
22 features that further augment motivation and persistence such as personalisation through in-game

adaptation [44,47] were not included in our device at the time of the study.

27 Conclusion

29 The Neurofenix platform is a safe, feasible, and acceptable means of delivering upper-limb rehabilitation
31 to people following stroke. Iterative design continues to develop and improve the platform by
incorporating game theory to encourage motivation and persistence. As the effects of stroke vary

34 considerably across individuals, and as individuals are likely to have different technical capacities, a
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1 Provenance and peer review

Not commissioned; externally peer reviewed.

16 Data statement
Anonymised aggregated data will be made available in a public repository once the data have obtained

19 validation through publication.

Participants did not consent for datasets to be stored or accessed outside of the research team.

24 Therefore, no datasets have been made publicly available.
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Screened (n=50)
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Excluded (n=20)

12 e Outside of recruitment area (n=13)

13 ¢ Not meeting inclusion criteria (n=1)

14 e Declined to participate (n=2)

15 e Meeting exclusion criteria (n=4)

- unstable medical condition

- receiving UL treatment

- unremitting UL pain on movement
20 - cortical blindness

\ 4

22 v
23 [ Enrolment ]

26 Recruited to intervention (n= 30)

27 e Received intervention (n= 27)

28 e Withdrew from intervention during training week

29 (n=3%):

30 - Stressful as not confident in new technology,
31 not interested in gaming (n=1); emotional upset
32 due to difficulty using device, games not fun
(n=1); lack of time, did not like the games,
difficulty using the device (n=1)

36
37
38

40 [ Post-intervention (8-weeks) (n=27) ]

Lost to 8-week follow-up (n= 3):
e  Withdrew from study (n=2)
o UTA® assessment due to family matters (n=1)

46
47
48

[ 12-week follow up (n=27) ]

52 Lost to 12-week follow-up (n=3):
53 e Withdrew from study (n=3)

Figure 1. CONSORT flow of participants through the trial.
aUnable to attend.
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S 3
—/ CONSORT 2010 checklist of information to include when reportirfg a pilot or feasibility trial*
e -
Item S o Reported
Section/Topic No | Checklist item 3 o on page No
Title and abstract S 7
1a | ldentification as a pilot or feasibility randomised trial in the title 8 F:”E 1
1b | Structured summary of pilot trial design, methods, results, and conclusions (for sp@:@é‘gwdance see 2.3
CONSORT abstract extension for pilot trials) 233
a3
Introduction ele)
Background and 2a | Scientific background and explanation of rationale for future definitive trial, and rea gcg_né for randomised pilot 5
objectives trial 230
2b | Specific objectives or research questions for pilot trial gg'% 5
QL= o
Methods 5 55
Trial design 3a | Description of pilot trial design (such as parallel, factorial) including allocation ratloggg 6
3b | Important changes to methods after pilot trial commencement (such as eligibility cr‘fter'@) with reasons n/a
Participants 4a | Eligibility criteria for participants o § 6
4b | Settings and locations where the data were collected %j % 6
4c | How participants were identified and consented @ o 6
Interventions 5 The interventions for each group with sufficient details to allow replication, includina thN and when they were 6,7
actually administered e 3
Outcomes 6a | Completely defined prespecified assessments or measurements to address each 7 tg rial objective specified in | 7,8
2b, including how and when they were assessed - O
6b | Any changes to pilot trial assessments or measurements after the pilot trial comme%cegi with reasons n/a
6c | If applicable, prespecified criteria used to judge whether, or how, to proceed with fl&lureadeﬂmtlve trial n/a
Sample size 7a | Rationale for numbers in the pilot trial > 8 9
7b | When applicable, explanation of any interim analyses and stopping guidelines oy n/a
Randomisation: &
Sequence 8a | Method used to generate the random allocation sequence a n/a
generation 8b | Type of randomisation(s); details of any restriction (such as blocking and block size) u_u n/a
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially gumbered containers), n/a
concealment describing any steps taken to conceal the sequence until interventions were assigned S
mechanism
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CEEY
: Implementation 10 | Who generated the random allocation sequence, who enrolled participants, and w@ a§3|gned participants to n/a
5 interventions = 8
3 Blinding 11a | If done, who was blinded after assignment to interventions (for example, participanis, éU%re providers, those n/a
4 assessing outcomes) and how 2 3
Z 11b | If relevant, description of the similarity of interventions S8 n/a
7 Statistical methods 12 | Methods used to address each pilot trial objective whether qualitative or quantitative @ 9,10
2 Results % g 5
10 | Participant flow (a | 13a | For each group, the numbers of participants who were approached and/or assess%ﬂo(g eligibility, randomly 11, Fig 1
11 | diagram is strongly assigned, received intended treatment, and were as§es§ed for each opjective g% N
12| recommended) 13b | For each group, losses and exclusions after randomisation, together with reasons §?; o 11, Fig 1
12 Recruitment 14a | Dates defining the periods of recruitment and follow-up %é § 10
15 14b | Why the pilot trial ended or was stopped 258 n/a
16 | Baseline data 15 | A table showing baseline demographic and clinical characteristics for each group §i§ 11
17 Numbers analysed 16 | For each objective, number of participants (denominator) included in each analys% ﬁ@levant, these numbers 12,13
13 should be by randomised group 20z
20 | Outcomes and 17 For_ each objective, results including expressions of unce!*tainty (such as 95% conﬁge@e interval) for any 19
21 | estimation estimates. If relevant, these results should be by randomised group = g
22 Ancillary analyses 18 | Results of any other analyses performed that could be used to inform the future de%nltgle trial 13
;i Harms 19 | All important harms or unintended effects in each group (for specific guidance see C@;NS@RT for harms) 14,17
25 19a | If relevant, other important unintended consequences = n/a
26 . . o S
27 | Discussion SE— . — - . —
28 | Limitations 20 | Pilot trial limitations, addressing sources of potential bias and remaining uncertainty about feasibility 4,20-22,
29 | Generalisability 21 | Generalisability (applicability) of pilot trial methods and findings to future definitive ﬁial%nd other studies 22
30 Interpretation 22 | Interpretation consistent with pilot trial objectives and findings, balancing potential geneﬁts and harms, and 20-22,
g; considering other relevant evidence S B
33 22a | Implications for progression from pilot to future definitive trial, including any proposd ?ﬁnendments 22
g;‘ Other information 5
36 Registration 23 | Registration number for pilot trial and name of trial registry % 3
37 Protocol 24 | Where the pilot trial protocol can be accessed, if available e 5
38 | Funding 25 | Sources of funding and other support (such as supply of drugs), role of funders S 23
ig 26 | Ethical approval or approval by research review committee, confirmed with reference niumber 24
41 g
42 E
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Abstract

Objectives
To investigate the safety, feasibility and acceptability of the Neurofenix platform for home-based

rehabilitation of the upper-limb (UL).

Design

A non-randomised intervention design with a parallel process evaluation.
Setting
Participants’ homes South-East England.

Participants
Thirty adults (>18 years), minimum 12-weeks post-stroke, not receiving UL rehabilitation, scoring 9-
25 on the Motricity Index (elbow and shoulder), with sufficient cognitive and communicative abilities

to participate.

Interventions
Participants were trained to use the platform, followed by one-week of graded game-play exposure

and six-weeks training, aiming for a minimum 45 minutes, 5 days/week.

Outcomes

Safety was determined by assessing pain and post-stroke fatigue at 8 and 12-weeks, and adverse
events (AEs). Impairment, activity and participation outcomes were measured. Intervention
feasibility was determined by amount of specialist training and support required to complete the
intervention, time and days spent training, and number of UL movements performed. Acceptability

was assessed by a satisfaction questionnaire and semi-structured interviews.

Results

Participants [14 women; mean (SD) age 60.0 (11.3) years] were a median of 4.9 years post-stroke
(minimum-maximum: 1-28 years). Twenty-seven participants completed the intervention. The odds
of having shoulder pain were lower at 8-weeks (OR 0.45, 95% Cl 0.24 to 0.83, p=0.010) and 12-weeks
(OR 0.46, 95% CI 0.25 to 0.86, p=0.014) compared to baseline. Fugl-Meyer upper extremity, Motor
Activity Log and passive range of movement improved. No other gains were recorded. Post-stroke
fatigue did not change. Thirty mild and short-term AEs and 1 serious (unrelated) AE were reported
by 19 participants. Participants trained with the platform for a median of 17.4 hours over 7-weeks
(minimum-maximum: 0.3-46.9 hours), equating to a median of 149 minutes per week. The median

satisfaction score was 36 out of 40.
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Conclusion
The Neurofenix platform is a safe, feasible and well accepted way to support UL training for people

at least three months post-stroke.

Ethics approval
Ethics approval granted from Brunel University London (10249-MHR-Mar/2018-12322-2).

Trial registration number

ISRCTN60291412 (doi 10.1186/ISRCTN60291412). Protocol version:1.0; pre-results.

Funding

Innovate UK.

For the BMJ Open Submission website (ScholarOne)
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Article Summary

Strengths and limitations of this study

vk N

A feasibility trial developed following Medical Research Council Framework for the
development of complex interventions.

Mixed-method approach for answering feasibility and acceptability objectives.
Fidelity activity data were objectively measured through the platform.

Inclusive of people with higher levels of UL impairment.

No control group or blinded assessor.
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Introduction

Upper-limb (UL) dysfunction is a common and major contributor to physical disability following
stroke.[1] Approximately two-thirds of stroke survivors experience upper limb impairment [2] and

only 5% to 20% achieve full UL recovery at six months post-stroke.[3]

High intensity UL stroke rehabilitation improves upper limb recovery with a positive dose-response
relationship for individuals in the acute and chronic phases after stroke.[4] UL training provided in
rehabilitation settings typically falls below the hundreds of repetitions considered necessary to drive

functional recovery.[5,6]

Virtual reality (VR) platforms using interactive computer-based games have emerged as a feasible
and motivating way of supporting UL rehabilitation at intensities significantly higher than
conventional therapy.[7,8] However, bespoke VR devices are often unwieldly, complex, and
expensive and while commercially available devices may be more accessible, they often demand
sophisticated movement combinations which are not possible for many stroke survivors to

perform.[9-11]

The Neurofenix platform is a novel, affordable and portable VR device specifically developed by
stroke survivors, specialist neuro-physiotherapists and bioengineers for gamification of post-stroke

UL rehabilitation (www.neurofenix.com). The platform enables and encourages stroke survivors to

exercise their arm and hand at home with little or no assistance. The overall aim of this study was to
investigate the safety, feasibility and acceptability of the platform for home-based rehabilitation of
the UL. Additional objectives were (1) to assess the feasibility of conducting a definitive trial of the
clinical and cost-effectiveness of the intervention, (2) to understand factors relating to people with
stroke and the intervention that may impact on fidelity to the intervention, and (3) to examine

preliminary effects of the intervention.
Methods

The study is reported in accordance with guidance on reporting pilot and feasibility studies.[12]

Further details on trial procedures are detailed in the protocol.[13]

Patient and Public Involvement

Stroke survivors were involved in the iterative development of the Neurofenix platform. Two further
stroke survivors acted in an advisory capacity during the study, providing input to the protocol and

trial documentation, and dissemination.
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Modifications to study design since trial registration

1. Atthe time of trial registration, the intervention was called Gameball device; it has since
been renamed the Neurofenix Platform.

2. Measurement of pain — simplified to self-report using VAS 0-10 with a focus on shoulder
pain.

3. Removal of EQ5D-L overall health on the day VAS 0-100

4. Addition of data analysis for preliminary effects of intervention
(https://www.nihr.ac.uk/documents/nihr-research-for-patient-benefit-rfpb-programme-

guidance-on-applying-for-feasibility-studies/20474)

Trial Design

The RHOMBUS study used a non-randomised intervention design with a parallel process evaluation.
Participants were familiarised, set-up and trained to use the device by a research therapist, followed
by one-week of graded exposure to game-play, and subsequent six-week independent training
phase. The device was removed at the end of the 7-week training period. Assessments were

performed at baseline, 8, and 12-weeks.
Participants

Participants were recruited from a university stroke database, via gatekeepers for three community
stroke groups and the ISRCTN Registry website between April and September 2018. Inclusion criteria
were: 1) aged 18 years or over; 2) capacity to consent; 3) self-reported diagnosis of stroke; 4) 12-
weeks minimum post-stroke and not in receipt of UL rehabilitation; 5) mild-to-severe reduction in
arm function post-stroke (Motricity Index (Ml) score between 9-25 for elbow and shoulder
movement); 6) able to sit or stand independently, with or without an aid, for a minimum of 5
minutes; and 7) sufficient English to participate in the intervention and assessments. Exclusion
criteria were: 1) unstable medical conditions; 2) uncontrolled photosensitive epilepsy; 3) acquired
brain injury from other causes, bilateral or cerebellar lesions; 4) uncompensated visual neglect,
hemianopia or uncorrected visual field deficits; and 5) pre-existing, unremitting arm pain at rest. All

participants provided written informed consent.
Intervention

The intervention is described in detail in the protocol.[13] Briefly, the Neurofenix platform is a digital
device consisting of non-immersive VR software in the form of an App on a tablet and Bluetooth-

connected hand controller (NeuroBall) and arm controllers (Neurobands). The NeuroBall is secured

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"salbojouyoal Jejiwis pue ‘Bulures; | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Bulpnjoul ‘1ybliAdoo Aq paldalold

* (s3gv) Jnauadns juswaublasug

-~


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

to the impaired hand through a system of straps and elastic finger holds. Motion sensors within the
NeuroBall detect UL movements and translate these to control games displayed on a tablet. For
those without sufficient strength and/or range of movement in the hand and wrist to control the
NeuroBall, the NeuroBands are used as an alternative. The NeuroBands are two small motion
sensors; the first straps around the upper arm and the second around either the forearm or the
hand. If the second NeuroBand is placed on the forearm, then elbow flexion and extension can be
used to control the games, and if placed around the hand, wrist flexion and extension can be used.
Participants can choose from seven games specifically developed for UL rehabilitation (see

www.neurofenix.com).

Two research therapists attended two half-day training sessions on technical and operational
procedures relating to the device. Neurofenix engineers provided additional technical support to the

therapists and participants throughout the study if required.

Following the baseline assessment, a research therapist attended the participant’s home. The visit
commenced with a brief questionnaire about the participant’s prior experience with technology and
video games and confidence in using new technology. The pace and depth of subsequent teaching
was based on the participant’s experience and confidence. The participant was then given the
Neurofenix platform consisting of a NeuroBall or two NeuroBands, a tablet, a tablet stand, chargers,

a handbook, and a one-page “Quickstart” guide.

A research therapist trained the participant in how to use the platform independently or with the
help of a carer if requested. Specifically, participants were taught safety precautions and were
trained to (1) turn the device and tablet on and off, (2) don and doff the device, (3) calibrate the
device, (4) play each of the games on the tablet, (5) navigate the menus, (6) track their progress, (7)
use the handbook and (8) charge the devices. The research therapist advised each participant on the
starting duration and frequency of use based on signs of pain and post-stroke fatigue during the
visit. As participants were not receiving UL rehabilitation at the time of the study, muscle ache as a
normal response to training was discussed with the stroke survivor. Participants were advised to
gradually increase the amount of use over the first week, with the aim of achieving a minimum of 45
minutes of training on 5 days a week, and to continue with this duration and frequency for the
subsequent 6-weeks, increasing the dose if able. Participants independently chose which games to
play during the intervention. Participants received two scheduled phone calls from the research
therapists during week -1 and week-3 to ensure no clinical problems or technical faults had
occurred. After this second call, participants had no input from the research team, but were advised

to contact the team if they needed clinical or technical support. Participants were contacted at the
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end of 7-weeks, asked to stop using the device, and arranged a time for the therapist to collect the

device.
Procedures

Two research therapists completed assessments in participants’ homes. Socioeconomic
characteristics, stroke-specific characteristics and global disability were measured using the
simplified modified Rankin Scale questionnaire (smQRs); higher score represents greater disability

(range 1-5).[14,15]
Outcomes

Arm and hand function were assessed objectively using the Action Research Arm Test (ARAT), higher
scores indicate better function.[16-18] UL impairment was assessed using the Fugl-Meyer
Assessment—upper-limb (FMA-UE); higher scores indicate less impairment.[19,20] Participation was
measured on the 10-item Subjective Index of Physical and Social Outcome (SIPSO); higher scores
signify increased ability to reintegrate to a ‘normal’ lifestyle.[21] Self-reported arm use during
functional tasks was measured using the 28-item Motor Activity Log (MAL); higher scores indicate

more activity.[22,23]

The Modified Modified Ashworth Scale (MMAS) was used to assess spasticity of the shoulder
adductors and internal rotators, elbow, wrist and finger flexors.[24] The highest spasticity score
within the UL was selected for analysis. Passive range of movement (PROM) of the shoulder (flexion,
abduction, external rotation), elbow (flexion and extension) and wrist (extension) were assessed
using goniometry.[25] Quality of life was assessed using the EQ-5D-5L questionnaire.[26] A utility
value [i.e. a score] was calculated as recommended using the cross-walk function which maps the
EQ-5D-3L and newer EQ-5D-5L questionnaires] ;[27] a higher value indicates better quality of life. A
modified version of the Client Service Receipt Inventory (CSRI) was used to assess health service

use.[28,29]
Safety

Safety was determined by assessing pain, post-stroke fatigue and adverse events (AEs). At 8- and 12-
weeks, participants were asked if they experienced shoulder pain over the past 7 days, and if so to
rate the intensity of shoulder pain on a 10-point visual analogue scale (VAS), with higher scores
indicating more pain. Post-stroke fatigue level was assessed using the Fatigue Severity Scale (FSS-
7).[30] At the 8- and 12-week assessment, participants were asked if they had experienced an AE
since their last contact with the research team using standardised questioning. An AE is any

untoward medical occurrence affecting a participant during the study which may or may not be
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related to the study intervention i.e. an AE is unrelated if there is no evidence of a causal
relationship with the trial intervention and another documented cause of the AE is most plausible. A
serious AEs (SAEs) is an AE that results in death, is life threatening, requires hospitalisation or results

in a disability or incapacity.
Feasibility

Feasibility of the intervention was determined by recording the number of people who received the
training sessions, the number and duration of sessions required, and the number and duration of
clinical or technical phone calls and home visits required. Post-training confidence with the

Neurofenix Platform was assessed with a 10-point VAS (higher score equates to more confidence).

Feasibility was also determined by assessing fidelity to the intervention. Fidelity was assessed as
time spent training the UL with the platform, number of days training, and number of UL
movements performed. Sensors were used to automatically collect data from the Neurofenix
platform, which was stored on the participant’s tablet until remotely downloaded by a member of

the research team.
Acceptability

The Quebec User Evaluation of Satisfaction with Assistive Technology (QUEST 2.0) [31] was
completed at 8-weeks to assess user satisfaction of the device; higher scores indicate higher
satisfaction. Semi-structured interviews were completed with a purposive sample (male, female,
high and low user engagement) of 18 participants to explore the acceptability of the intervention,
and the experience of taking part in the study. Interviews were conducted by a research therapist
(typically who did not provide training to that participant) and the analysis was undertaken by a
member of the research team who did not otherwise have contact with participants (EC). Carers or

spouses involved in the intervention were also invited to take part as a dyad.
Feasibility of a definitive trial

The feasibility of conducting a definitive trial was assessed by examining recruitment and retention
rates, outcome measure completion and reasons for missing data associated with the data collection

tools.
Sample Size

We included 30 participants based on recommendations that between 24 and 50 participants are

sufficient for feasibility studies.[32,33]

Data analysis
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Table 1. Baseline characteristics of RHOMBUS participants

n (%) Mean (SD) Median (IQR), Min-max
Age, year 30 60 (11.3) 60 (12), 36 to 85
Women 14 (47) - -

Distribution of data was explored using Q-Q plots, histograms and cross-tabulations. Descriptive
statistics (e.g., mean, standard deviation, median, interquartile range) were used to report data.
Generalised estimating equations with an exchangeable working matrix and robust standard errors
were used to examine change between baseline and follow-up assessments on the VAS, FSS, ARAT,
FMA-UE, MMAS, MAL-28 (amount of use score only), SIPSO and goniometry. A generalised
estimating equation with a logit link, exchangeable working matrix and robust standard errors was

used to examine if the odds of shoulder pain changed over time.

Associations between total time spent exercising the UL with the platform, number of repetitions
performed and age, ARAT score at baseline, FMA-UE score at baseline, confidence with new
technology at baseline, post-training confidence with the Neurofenix platform were examined using
Spearman’s correlations. Associations between total time spent exercising the UL with the platform,

number of repetitions performed, and gender were examined using Mann Whitney U tests.

Qualitative data from the semi-structured interviews were analysed using the five stage Framework
Analysis method.[34] Framework Analysis incorporates both deductive and inductive coding and
enabled trial processes and experiences to be explored and reported. This method provides a strong
audit trail of the analytical process, which enhances transparency.[35] One person (EC) independent
to the delivery team led the analysis. Four researchers (EC, MN, TB, DS) independently coded the
same three transcripts, then discussed and agreed codes. A coding framework was then developed

and used to code all the interviews.
Results

Thirty participants were recruited to the study between April and July 2018 (Figure 1). Participants
(14 women) were mean (SD) 60.0 (11.3) years (minimum-maximum: 36-85 years), and a median of
4.9 years post-stroke (minimum-maximum: 1-28 years) (Table 1). The majority scored 2 or 3 on the

smRSqg. Mean (SD) FMA-UE score was 33 (16.4) and median (IQR) ARAT score was 8 (20).

Insert Figure 1 near here.
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Ethnicity

White

Asian

Black
Mixed

Stroke chronicity, year

Stroke type (self-report)

Haemorrhagic
Ischaemic

Not known

smRSq

1.0

2.0
3.0
4.0
5.0

FMA-UE (0-66)

ARAT (0-57)

MMAS worse score (0-5)
NIHSS

Played computer games before
stroke (Yes)

Played computer games since
stroke (Yes)

Owned a tablet, computer,
console or smartphone (Yes)

Confidence pre training with
new technology (0-10)

Confidence with NeuroPlatform
post training (0-10)

15 (50)
12 (40)
2(7)
1(3)
30

17 (57)
12 (40)
1(3)

3 (10)

11 (36)
13 (43)
1(3)

2 (6)
30

30

30

30

19 (63)

15 (50)
28 (93)
30

29*

BMJ Open

5.5 (5.4)

33 (16.4)
16 (17.5)
2 (0.98)

4.1(3.1)

5.63 (2.7)

7.6 (2.24)

4.9 (4.5)

33(31),
8 (20),
2(2),
3(3),

8 (3)

1to 28

8to 63
Oto 57
Oto3

1to14

*One participant withdrew during training. SD: standard deviation; IQR: inter quartile range; smRSq:
simplified modified Rankin scale questionnaire; FMA-UE: Fugl Meyer upper extremity; ARAT: action
research arm test; MMAS: modified modified Ashworth scale; NIHSS: national institute of health stroke

scale.
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Safety

The odds of having shoulder pain were lower at 8-weeks (OR 0.45, 95% Cl 0.24 to 0.83, p=0.010) and
12-weeks (OR 0.46, 95% Cl 0.25 to 0.86, p=0.014) compared to baseline. Mean intensity of shoulder
pain, as assessed on a VAS, was lower at 12-weeks compared to baseline (mean difference -0.69,
95% Cl -1.37 to 0.004, p=0.052; Table 2). There was no change in the level of post-stroke fatigue as
measured by the FSS-7 score, at 8 or 12-weeks in comparison to baseline (Table 2). Thirty AEs and 1
SAE were reported by a total of 19 participants (Table 3). Nineteen AEs were deemed probably or
possibly related to the intervention; the AEs were mild and short-term and no participants withdrew
due to an AE. Eleven unrelated AEs (including four falls) were deemed to have no causal relationship
with the trial procedures as determined by the Principle Investigator (CK) and in line with the
principles of Good Clinical Practice (https://www.hra.nhs.uk/planning-and-improving-

research/policies-standards-legislation/good-clinical-practice/).
Feasibility

Thirty participants completed the training session (Table 4). Twenty-five participants needed one
training session, three needed two sessions, and two needed a third session. The median time for
training, over 1-3 sessions, was 98 minutes per participant (minimum-maximum 70-290 minutes).
Median (IQR) participant confidence with the device after the initial training session was 8 (2) out of
10. Nine participants (30%) contacted the research team for technical support during the
intervention period. Five participants (17%) contacted the research team for clinical support. The

total number of visits, calls and their median durations are reported in Table 5.
Fidelity to the intervention

Participants trained with the Neurofenix platform for a median (minimum-maximum) of 17.4 (0.3-
46.9) hours over 7-weeks, equating to a median of 149 minutes per week. Participants trained for a
mean (SD) of 25.4 (15.9) days over 7-weeks (minimum-maximum: 1-48 days), equating to mean (SD)
3.6 (2.3) days per week. Eight participants (26.7%) achieved at least 225 minutes per week during
the study, which equates to the recommended 45 minutes of training per day on five days per week.
Participants performed a median (minimum-maximum) of 15,092 (222-43,999) UL movements over

7-weeks.

No association was found between time spent training over 7-weeks and age (rho=0.24, p=0.203),
ARAT (rho=0.06, p=0.744), FMA-UE scores (rho=0.003, p=0.987), confidence with new technology
(rho=0.13, p = 0.505), confidence post-training (rho=-0.05, p=0.784). There was also no difference in

time spent training between men and women (p=0.061). No association was found between number

12
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of UL movements over 7-weeks and age (rho=0.18, p=0.351), ARAT (rho=0.10, p=0.614), FMA-UL
(rho=0.06, p=0.761), confidence with new technology (rho=0.15, p=0.427), confidence post-training
(rho=-0.005, p=0.979). There was also no difference in number of UL movements between men and

women (p=0.105).
Acceptability

The median score on the Quebec User Evaluation of Satisfaction with assistive Technology (QUEST)
was 36 out of 40 (range 21 to 40). The device was well received and provided motivating UL training
(Box 1). Motivating factors included enjoyable games, positive in-game feedback, competition, and
challenge, engagement with more purposeful games than prescribed home exercises. Participants
suggested that a greater variety of games and more challenging levels might enhance engagement
with the platform. The home-based self-directed training provided by the device and its compact
size was positively appraised because it offered a structured practice schedule and set amount of

time to train and enabled practice to be planned around daily life.
Preliminary effects

The mean difference in outcomes between baseline and 8 and 12-weeks respectively, is reported in
Table 6. Scores on the FMA-UE (mean difference 2.68, 95% Cl 0.86 to 4.49; p=0.004) and MAL (mean
difference 0.19, 95% CI 0.06 to 0.32; p=0.004) improved between baseline and 8-weeks. SIPSO total
score increased between baseline and 12-weeks (mean difference 2.17, 95% Cl 0.32 to 4.01;
p=0.021). Passive range of shoulder external rotation, elbow flexion and wrist extension increased
between baseline and 8-weeks, and between baseline and 12-weeks (p<0.05; Table 6). No changes

were found for other outcomes.
Feasibility of conducting a definitive trial

Fifty people expressed interest in participating in the study. Twenty were excluded for reasons
outlined in Figure 1, resulting in 60% being recruited. Three people withdrew from the intervention;
reasons for withdrawing are shown in Figure 1. All participants completed all outcome measures at
baseline. Of the three people who withdrew from the intervention, two withdrew from the study
and did not complete assessments at 8 or 12 weeks. One additional person did not complete the 8-
week and 12-week assessment, respectively, resulting in 90% retention at follow-up assessments. In
addition to the 10% missing data due to loss to follow-up, the FSS-7 was not assessed at 8-weeks,
and shoulder external rotation was not assessed for one person at 12-weeks due to human error,
and one person refused to complete the ARAT at 12-weeks. Data about medication dosage in the

modified CSRI was missing for four participants.
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Table 2. Change in scores on 7 ltem Fatigue Severity Scale (FFS-7) and Visual Analogue Scale for pain (VAS) betw

and 12-weeks.

BMJ Open
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Baseline 8-weeks Change; 8-weeks — baseline (n=27) 12-weeks 12-weeks — baseline (n=27)
o
(n=30) (n=27) (n=27) [:;‘g
0.2
Mean (SD) Mean (SD) Mean difference (95% Cl); p value Mean (SD) M @ifference (95% Cl); p value
LN
Fatigue FSS-72 28.5(13.2) 25.8 (13.9) -1.59 (-6.51 to 3.34); 0.528 26.1(12.5) -1 @( .75 t0 1.79); 0.304
(7-49) g
3
VAS-pain (0-10) 2 (2.24) 1.7 (2.10) -0.10 (-.73 t0 0.53); 0.756 1.22 (1.60) -08%(&1.37 to 0.004); 0.052
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Table 3. Adverse events and serious adverse events reported during study

Event Number Attribution People
Type of events Number of Number of Number of reporting
probably related possibly related unrelated event, (n)
events events events
SAE 1 0 0 1 1
AE 30 17° 20 11¢ 19

amuscle fatigue/soreness/discomfort (n=9); eye strain (n=2); upper-limb pain (n=4), self-reported
increase in spasticity (n=2)

bneck pain (n=2)

“fatigue (n=2); falls (n=4); blurred vision (n=1); headache (n=4)
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Table 4. Training sessions required per participants and duration of training

Duration, minutes

Number of Mean (SD) Median (IQR) Minimum-
participants maximum
receiving, n (%)
Training sessions
First training session 30 (100) 95.23(19.5) 92(25) 55-150
Second training session 3(10) 48.33(35.5) 55(70) 10-80
Third training session 2(6.7) 95.0(7.1) 95 (10) 90-100

IQR: interquartile range; SD: standard deviation

Table 5. Total number of phone calls and home visits (technical and clinical)

Number of calls/visits

Duration, minutes per call/visit

Mean (SD) Median (IQR) Minimum-
maximum
Clinical
Phone calls 10 12.0 (6.4) 10 (9) 4-19
Home visits 5 24.0 (8.2) 30(15) 15-30
Technical
Phone calls 17 13.0 (10.3) 13 (10) 2-36
Home visits 15 49.0 (41.3) 35 (62.5) 5-123
IQR: interquartile range; SD: standard deviation
16
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Participant number and

pseudonym

Quotation (page and line numbers)

Training and Support

P16 Ann (moderately

impaired upper-limb)

‘He went through everything. He went through all the games as
well, which was good, so that helped. So, it just gives you

confidence and reassurance in what you’re doing.’ (7, 266-268).

P22 Bal (moderately impaired

upper-limb):

‘If I didn’t understand or if the response wasn’t what | was
expecting then | would refer to the detailed instructions to see if |
could improve (5, 192-94). Very easy [to use] [...] The instructions
were very clear (6, 229-237). [...] it’s always useful to fall back on
if you, if you can’t cope.’ (6, 247-48).

P19 Sam (moderately

impaired upper-limb):

‘Like | was stuck on a game, so | used the quick start just to find

out if | was doing something wrong.” (13, 553-54).

P28 Terry's wife Fran

‘I thought the quick start guide on that sheet was very helpful ‘cos
I’d often look at that while we were setting you up, weren't...
didn’t I, Terry, and that was very helpful, but then we didn’t need

it as time went on.’

Acceptability

P1 Iris (moderately impaired

upper-limb)

‘I was trying to get to level 20 [...] Yeah, | was getting into it [...] |
enjoyed the game because every time... If you didn’t get to a, a
certain point it will always say, ‘Re-try’ or ‘Re-play’ or ‘Start
again’, and | like that (17, 777-94). And the message after was,
was to tell you how many minutes you played for and
‘Congratulations, see you tomorrow, bye’, and that’s it, | like that.

[...] It was like you had a friend talking to you.” (21, 979-80).

P6 Mark (mildly impaired
upper-limb):

‘It was a little hard at first, right, because | used to be pressing it
and pressing it but, er, anyth... anyway | got used to it like.” (21,
956-57).

P16 Ann (moderately

impaired upper-limb)

‘I like the ones that I can, that | actually can achieve, yeah. It’s no
good... | don’t like ones that | know that I’'m never gonna get to or
never gonna do, | like ones that | can... Yeah, the easier ones for
me that | can achieve relatively easy. Obviously it’s gotta push you

a little bit but not too much.’ (14, 648-51)

17
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P22 Bal (moderately impaired

upper-limb)

‘I have found it, er, quite entertaining but sometimes, because, er,
there’s not much variety, it’s the same music, the same games, it’s
a bit boring to do it every day. [...] If there was a bit more variety
or slightly different games, or even the games you could adjust so
that, er, it was, er, slightly different, then I think it might not be so
boring.’ (15, 650-58).

Box 1. lllustrative quotations from the qualitative interviews

18
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Table 6 Change in outcomes between baseline and 8-weeks and baseline and 12-weeks.

Outcome Baseline 8-weeks Change; 8-weeks - 12- Change; 12-weeks -

(n=30) (n=27) baseline (n=27) weeks baseline (n=27)
(n=27)

Mean Mean Mean difference Mean Mean difference
(SD) (SD) (95% Cl); p value  (SD) (95% Cl); p value

ARAT? 159 16.2 0.17 (-0.86 to 18.2 0.63 (-0.97 to 2.23);

(0-57) (17.5) (17.3) 1.21); 0.743 (19.1) 0.440

FMA-UE 32.6 35.2 2.68 (0.86 to 34.4 1.49 (-0.38 to 3.37);

(0-66) (16.4) (17.6) 4.49); 0.004 (17.8) 0.118

SIPSO; total 21.9(9.3) 23.5(9.3) 1.18(-0.81to 24.3 2.17 (0.32 to 4.01);

score 3.18); 0.245 (8.1) 0.021

(0-40)

MAL (0-5) 0.89 1.08 0.19 (0.06 to 1.10 0.13 (-0.02 t0 0.28);
(1.19) (1.16) 0.32); 0.004 (1.19) 0.080

MMAS (0-5)  2.0(1.0) 1.8 (1.0) -0.16 (-0.38 to 2.1(1.1) 0.08 (-0.19 to 0.35);

0.06); 0.157 0.560

EQ-5D-5L; 0.49 0.56 0.07 (-0.009 to 0.54 0.44 (-0.02 to 0.10);

utility score (0.32) (0.30) 0.142); 0.088 (0.32) 0.145

Shoulder 121.3 123.8 3.09 (-2.17 to 119.9 -0.26 (-7.31t0 6.77);

flexion® (18.2) (19.4) 8.37); 0.249 (21.2) 0.940

Shoulder 34.0 41.5 7.10(2.36 to 40.6 6.52 (0.02 to 13.03);

external (19.9) (16.7) 11.84); 0.003 (16.4) 0.049

rotation??

Shoulder 107.6 111.1 3.21(-2.00 to 108.7 1.48 (-4.66 to 7.63);

abduction® (17.0) (19.3) 8.42); 0.228 (19.7) 0.636

Elbow 142.3 145.9 3.28 (0.44 to 148.4 6.00 (3.20 to 8.80);

flexion® (8.7) (5.6) 6.12); 0.024 (6.3) <0.001

Elbow -4.26 -4.14 0.54 (-1.94 to -4.29 0.39 (-1.79 to 2.58);

extension® (10.84) (12.06) 3.03); 0.669 (11.00) 0.724

Wrist 58.5 67.1 10.18 (1.31to 67.81 10.9 (1.8 to 20.1);

extension® (29.1) (19.6) 19.05); 0.024 (23.22) 0.019

an=26 at 12-weeks
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1; The results of this feasibility study indicate that the Neurofenix is a safe, feasible and well accepted § Q
2 5
13 intervention for UL rehabilitation for participants more than one-year post-stroke with mild-to-severe % 3
14 < 3
15 arm impairment. Participants experienced a reduction in shoulder pain over time, no change in post- g 9
TN
1? stroke fatigue, and mild short lived AEs. Participants were highly satisfied with the rehabilitation E S
(=Y
=
18 programme (see Box 1). Additionally, loss to follow-up and missing data were minimal, which in - %
19 2 o
20 combination with data on safety, feasibility and acceptability, suggest that a definitive RCT is feasible. g &
o
21 5 S
22 5B
€ =
23 On average, participants trained with the Neurofenix platform four days per week, for 149 minutes per e o
24 o5
25 week. Twenty-seven per cent achieved at least 225 minutes training per week which equates to the Co
57 recommended 45 minutes of training per day for five days per week. [36] It may seem surprising, given % § §
o N
28 the theoretical appeal of gamified therapy and its potential advantages over traditional home exercise ) 3 9
29 Tws
30 programmes, that a larger proportion of participants were unable to achieve the recommended minimal 5% =
31 S350
32 dose. However, as community-based rehabilitation opportunities for stroke survivors typically reduce 28 §
TR
;i over time and rarely continue beyond six months [37]devices such as the Neurofenix platform offer a g é;g
=.m
35 tangible means of increasing upper limb training hours from what is likely to be a very low base. [38] We =z
36 e- 2
37 do not have community based therapy comparison figures for other forms of UL therapy, but in the > g
gg acute setting, where arguably patients have more access to therapists and UL treatment, only 7.9 g- :%
= o
40 minutes a day of combined occupational therapy and physiotherapy for the UL during the first few 8 %
41 g8 2
42 weeks post stroke has been reported.[39] Our participants also achieved a median (minimum- § 9
= 3
ji maximum) of 15,092 (222-43,999) UL movements over 7-weeks, which compares favourably to an 3 °
Q >
45 average of 32 movement repetitions per session of inpatient upper limb rehabilitation reported by Lang Fg’ §'
46 > 0
47 et al.[40] So while adherence is variable in this study, problems related to persistence with technology- 5 5
s ¢
48 enhanced upper limb rehabilitation are consistent with previous studies using rehabilitation technology a3
49 3 N
50 [41,42]. A recent systematic review concluded that further research is necessary to understand factors ‘i
51
52 underlying perseverance with home-based technology-enhanced upper limb training post-stroke.[43] E
(@]
gi Standen at al [42] reported that family support, where available, was crucial to successful game-play. g
o
55 We also found that participants with severe UL impairment were dependent on carers for set-up. E
56 =
57 §
58 g
59 20 @
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Participants starting from a low baseline may apply an equivalent effort as those with less impairment

without meeting training targets which suggests that personalised training goals may also be useful.

Our findings on safety are consistent with similar studies.[41,43,44] Self-limited use of the device
permitted self-management of the level of training related muscle fatigue and may explain the
improvement in pain. We systematically assessed AEs, regardless of their relatedness to the
intervention, which may explain the relatively high proportion of participants who experienced at least
one event. However, AEs were mild, and the majority were unrelated to the intervention, as found in

comparable studies.[41,43]

Recruitment targets were achieved within the specified timeframe of five months; 60% of those
screened were enrolled in the trial. The eligibility to enrolment ratio compares favourably to a
multicentre study that examined the use of the Nintendo Wii for UL stroke rehabilitation in the UK
where a low enrolment figure (4%) was achieved using broad eligibility screening in ten stroke
centres.[41] Our strategy of using three recruitment streams, targeting local stroke groups and
newsletters for stroke survivors, positively influenced engagement with the study and enrolment.
However, other modes of recruitment may be necessary to enrol sufficient numbers for a definitive trial.
Attrition was within acceptable limits (<20%),[45] and, compared to similar trials, consistent with figures
reported by Adie et al [41] and lower than those reported by Standen et al.[42] Both studies provided
comparable levels of support and participants were of similar age to those in our study. There are no
obvious differences to account for the increased drop out in the Standen et al trial.[46]

Outcome data reporting was very good. Some participants found the assessments time consuming and
fatiguing. We assessed the four core measures recommended for stroke trials.[46] We also included
safety measures for pain and post-stroke fatigue, and the SIPSO because there is no consensus about
the most appropriate measure of participation in stroke trials.[46] To balance the need to fully test our
research questions against the need to use outcome measures judiciously [46] we additionally measured

spasticity, passive range of movement and the MAL.

Most participants in this trial required one training session to confidently use the device and no further

in-trial technical or clinical support. These results compare favourably with Standen et al [42] suggesting

21
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3 the training and follow-up support required to implement this intervention is feasible in clinical practice. =
4 o
5 A minority of participants required phone calls and home visits to help with clinical and technical issues. =
6 =2
7 These problems may impede fidelity and, as previously reported,[42] are potential barriers to %
g independent home use of rehabilitation devices. The Neurofenix platform was designed to enable ;
10 independent home-based rehabilitation. This study showed that although technology was effectively T E
11 S B
12 leveraged to reduce clinical contact time, individually paced home-based instruction and support @ %
® T
12 services were necessary to effectively deliver the intervention. These additional hours would need to be g %
< ©
15 factored into a fully scaled trial to ensure that technological interventions are not studied as a dose 3 %
16 S N
17 matched control but on how they would be rolled out and used by service users and clinicians in real a §
Z 5
B life. A future RCT should examine the cost-effectiveness of the intervention compared to usual care, = g
()]
Q o
20 given the minimal therapist time involved in providing this intervention in a community setting. g g’
21 5 S
22 5B
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23 c &
24 L=
25 Consistent with our findings, previous studies reported that participants generally enjoy using VR g 83
26 29N
27 rehabilitation devices.[43,47,48] The compact size and light weight of the devices and the tablet gg §
—~ D °
;g facilitated the use of the platform in the home environment and positively influenced satisfaction and °=2¥
Dws
X c
30 acceptability. Qualitative data suggested that a broader selection of games with a wide range of N =
31 2z
32 difficulty levels and the introduction of real time in-play competition and comparison may increase %g 2
;i motivation and encourage persistence. These findings are consistent with game theory for stroke g éﬁg
=m
35 rehabilitation which emphasises the importance of in-built skill level adaptation, feedback, competition, ng
36 @ g
37 and socialisation.[49] Adaptations to the games may be required prior to conducting a definitive trial to > g
38 . L . 2 O
39 increase motivation and persistence. ER
>
40 e 3
41 g 3
42 To be maximally inclusive, stroke survivors with moderate to severe arm impairment were included in % 8
= 3
43 3 =
44 the study which may be considered a strength. Participants were relatively young compared to the UK 5 9
- O
45 average age of onset for stroke [50] but with a comparable age distribution to participants included in @ s
46 > 0
47 similar studies.[42,43,51] Older people may be thought to be less inclined to use rehabilitation 3 B
s ¢
48 e N
49 technology, but we found no associations between age and time spent training using the device. The o §
g? Neurofenix platform was custom designed for therapeutic use, which confers advantages over g;;’
«Q
52 commercial gaming devices.[49] The device calibrates individual movement repetitions but key design %
53 ®
54 features that further augment motivation and persistence such as personalisation through in-game oy
o
gg adaptation [49,52] were not included in our device at the time of the study. S
o
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58 Q2
c
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Study Limitations

There are methodological limitations to this study. The study design did not include a control group,
which while this in in keeping with a feasibility study it did not allow us to test the willingness of
participants to be randomised in a definitive RCT. Furthermore, the study used non-blinded assessors
which may have generated higher effect estimates than blinded assessors.[53]Participants were
relatively young compared to the UK average age of onset for stroke [50] but with a comparable age
distribution to participants included in similar studies.[42,43,51]. Stroke survivors can experience pain
from varied stroke related causes such as central post-stroke pain, pain from spasticity or contractures
as well as from pre-existing co-morbidities; in addition some stroke survivors also had communication

difficulties which made the measurement of pain challenging.[54]

Conclusion

The Neurofenix platform is a safe, feasible, and well-accepted means of delivering upper-limb
rehabilitation to people following stroke. lterative design continues to develop and improve the
platform by incorporating game theory to encourage motivation and persistence. As the effects of
stroke vary considerably across individuals, and as individuals are likely to have different technical
capacities, a supported remote training model such as that used in this trial is likely to be needed in a

definitive trial.
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Screened (n=50)

\ 4

Excluded (n=20)

Outside of recruitment area (n=13)
Not meeting inclusion criteria (n=1)
Declined to participate (n=2)
Meeting exclusion criteria (n=4)

unstable medical condition
receiving UL treatment
unremitting UL pain on movement
cortical blindness

v

[ Enrolment ]

Recruited to intervention (n= 30)
e Received intervention (n= 27)

(n=3%):

¢ Withdrew from intervention during training week

- Stressful as not confident in new technology,
not interested in gaming (n=1); emotional upset
due to difficulty using device, games not fun
(n=1); lack of time, did not like the games,
difficulty using the device (n=1)

[ Post-intervention (8-weeks) (n=27) ]

Lost to 8-week follow-up (n= 3):
o Withdrew from study (n=2)

e UTA®? assessment due to family matters (n=1)

l

[ 12-week follow up (n=27) ]

Lost to 12-week follow-up (n=3):
e  Withdrew from study (n=3)

Figure 1. CONSORT flow of participants through the trial.

2Unable to attend.
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6 —h (00
- Title and abstract S 7
8 1a | ldentification as a pilot or feasibility randomised trial in the title 8 F:”E 1
9 1b | Structured summary of pilot trial design, methods, results, and conclusions (for sp@:@é‘gwdance see 2.3
10 CONSORT abstract extension for pilot trials) 233
11 a3 N
1o | Introduction ele)
13 | Background and 2a | Scientific background and explanation of rationale for future definitive trial, and rea gcg_né for randomised pilot 5
14 | objectives trial 280
15 2b | Specific objectives or research questions for pilot trial gg'% 5
16 S
17 | Methods 2 55
18 | Trial design 3a | Description of pilot trial design (such as parallel, factorial) including allocation ratloggg 6
;g 3b | Important changes to methods after pilot trial commencement (such as eligibility cr‘fter'@) with reasons n/a
21 Participants 4a | Eligibility criteria for participants = § 6
;g 4b | Settings and locations where the data were collected %j % 6
24 4c | How participants were identified and consented @ o 6
25 Interventions 5 The interventions for each group with sufficient details to allow replication, includina thN and when they were 6,7
26 actually administered e 3
27 | outcomes 6a | Completely defined prespecified assessments or measurements to address each 7 tg rial objective specified in | 7,8
28 2b, including how and when they were assessed - O
;g 6b | Any changes to pilot trial assessments or measurements after the pilot trial comme%cegi with reasons n/a
31 6c | If applicable, prespecified criteria used to judge whether, or how, to proceed with fl&lureadeﬂmtlve trial n/a
32 | Sample size 7a | Rationale for numbers in the pilot trial > 8 9
;2 7b | When applicable, explanation of any interim analyses and stopping guidelines o n/a
35 | Randomisation: &
36 | Sequence 8a | Method used to generate the random allocation sequence a n/a
37 | generation 8b | Type of randomisation(s); details of any restriction (such as blocking and block size) u_u n/a
gg Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially gumbered containers), n/a
40 | concealment describing any steps taken to conceal the sequence until interventions were as&gnedg
41 mechanism =
42 c
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Implementation 10 | Who generated the random allocation sequence, who enrolled participants, and wk a§3|gned participants to n/a
interventions 8
Blinding 11a | If done, who was blinded after assignment to interventions (for example, participanis, éU%re providers, those n/a
assessing outcomes) and how 2 3
11b | If relevant, description of the similarity of interventions S8 n/a
Statistical methods 12 | Methods used to address each pilot trial objective whether qualitative or quantitative @ 9,10
Results % § 5
Participant flow (a 13a | For each group, the numbers of participants who were approached and/or assess%“}o(g eligibility, randomly 11, Fig 1
diagram is strongly assigned, received intended treatment, and were as§es§ed for each opjective g% N
recommended) 13b | For each group, losses and exclusions after randomisation, together with reasons g;: o 11, Fig 1
Recruitment 14a | Dates defining the periods of recruitment and follow-up 5% § 10
14b | Why the pilot trial ended or was stopped ig"g’ n/a
Baseline data 15 | A table showing baseline demographic and clinical characteristics for each group §i§ 11
Numbers analysed 16 | For each objective, number of participants (denominator) included in each analys% ﬁ@levant, these numbers 12,13
should be by randomised group 22z
Outcomes and 17 | For each objective, results including expressions of uncertainty (such as 95% conﬁ%ie@e interval) for any 19
estimation estimates. If relevant, these results should be by randomised group § g
Ancillary analyses 18 | Results of any other analyses performed that could be used to inform the future de%nltgle trial 13
Harms 19 | All important harms or unintended effects in each group (for specific guidance see C@NS@RT for harms) 14,17
19a | If relevant, other important unintended consequences gé :' n/a
Discussion % %
Limitations 20 | Pilot trial limitations, addressing sources of potential bias and remaining uncertaintiab%ut feasibility 4,20-22,
Generalisability 21 Generalisability (applicability) of pilot trial methods and findings to future definitive ﬁial%nd other studies 22
Interpretation 22 | Interpretation consistent with pilot trial objectives and findings, balancing potential geneﬁts and harms, and 20-22,
considering other relevant evidence S o
22a | Implications for progression from pilot to future definitive trial, including any proposd ainendments 22
QD
Other information >
Registration 23 | Registration number for pilot trial and name of trial registry o 3
Protocol 24 | Where the pilot trial protocol can be accessed, if available ;';, 5
Funding 25 | Sources of funding and other support (such as supply of drugs), role of funders S 23
26 | Ethical approval or approval by research review committee, confirmed with reference niumber 24
For peer review only - http://bmjopen.bmj.com/site/about/guidelinesxhtml &


http://bmjopen.bmj.com/

Page 35 of 34 BMJ Open

Adoo Aq |
0z-uadolL

Citation: Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 statement: extension to rar@omﬁed pilot and feasibility trials. BMJ. 2016;355.

1
2 *We strongly recommend reading this statement in conjunction with the CONSORT 2010, extension to randomised pilot and feamblhtf’trlaﬁ Explanation and Elaboration for important
3 clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non—lnferlom aﬁ'd equivalence trials, non-pharmacological
g Y q P 2
4 treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relgvangto this checklist, see www.consort-statement.org.
5 Q N
— (o]
6 S p,
/ omS
8 ®>c
nwn g
9 552
10 238
(1% N
11 QCBD N
12 5329
13 %23
14 289
15 el -
16 RS
v 1t
18 5 @ >
19 3. o
20 > 3
21 = 3
22 D _8
]
23 El
= o
24 > 3
25 a 8
26 S 32
> 5 S
28 o o
29 8 S
30 s 2
31 = _g
(o]
R
34 >
35 <
36 o
37 o
38 S
39 S
20 g
41 =)
42 2
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelinesxhtml &
45


http://www.consort-statement.org
http://bmjopen.bmj.com/

