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ABSTRACT

Introduction Arm weakness after stroke is one of the
leading causes of adult-onset disability. Invasive vagus
nerve stimulation (VNS) paired with rehabilitation has been
shown to improve arm recovery in chronic stroke. Small
studies of non-invasive or transcutaneous VNS (tVNS)
suggest it is safe and tolerable. However, it is not known
whether tVNS paired with rehabilitation is effective in
promoting arm recovery in chronic stroke and what the
mechanisms of action are.

Methods and analysis TRICEPS is a UK multicentre,
double-blinded, superiority, parallel-group, three-arm two-
stage with an option to select promising arm(s) at 50%
accrual, individually randomised, sham-controlled trial.
Up to 243 participants will be randomised (1:1:1) using
minimisation via a restricted, web-based centralised
system. tVNS will be delivered by a movement-activated
tVNS system (TVNS Technologies), which delivers
stimulation during repetitive task practice. Rehabilitation
will consist of repetitive task training for 1 hour a day,
5days per week for 12 weeks. Participants will be adults
with anterior circulation ischaemic stroke between 6
months and 10 years prior with moderate-severe arm
weakness. The primary outcome measure will be the
change in Upper Limb Fugl-Meyer total motor score at
91 days after the start of treatment. Secondary outcome
measures include the Wolf Motor Function Test, the
Modified Ashworth Scale to assess spasticity in the
affected arm and the Stroke-Specific Quality of Life
Scale. A mechanistic substudy including 40 participants
will explore the mechanisms of active versus sham tVNS
using multimodal MRI and serum inflammatory cytokine
levels. Participant recruitment started on 30 November
2023.

Ethics and dissemination The study has received ethical
approval from the Cambridge Central Research Ethics
Committee (REC reference: 22/NI/0134). Dissemination
of results will be via publications in scientific journals,
meetings, written reports and articles in stakeholder
publications.

Trial registration number ISRCTN20221867.

% Katie Biggs ©

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is, to our knowledge, the largest double-
blinded, multicentre, randomised controlled trial of
vagus nerve stimulation (VNS) in stroke.

= A closed-loop, movement-activated device allows
the self-delivery of transcutaneous VNS at home
with objective monitoring of treatment concordance.

= The trial has an efficient two-stage adaptive design.
Prespecified stop-go criteria will allow continued
enrolment to treatment groups where there is early
promising evidence of efficacy and discontinuation
of futile treatment groups.

= Participants with haemorrhagic stroke or posterior
circulation ischaemic stroke are not eligible.

= This study will only address upper limb impairments
poststroke.

INTRODUCTION AND RATIONALE

Stroke is a leading cause of adult-onset
disability.' Up to 80% of stroke survivors expe-
rience arm weakness, and in 30%-60%, this
persists at 6 months.? Persistent arm weak-
ness after stroke is a key driver of reduced
independence, reduced employment and
impaired quality of life (QoL)." Rehabilita-
tion is a key treatment in poststroke recovery.
However, the rate and magnitude of the effect
of active therapy are only partially restorative
in chronic stroke (>6 months postonset).3
Novel strategies to increase the likelihood of
arm recovery in chronic stroke are therefore
a key priority for stroke survivors, clinicians
and health services.

The vagus nerve provides bidirectional
signalling between the brain and the body.*
In addition to being the output of the para-
sympathetic nervous system in the regula-
tion of the heart and vasculature, it has key
roles in the regulation of central and periph-
eral inflammation.* Invasive vagus nerve
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stimulation (VNS) is well established as a treatment
for medically refractory epilepsy.” The VNS Rehabilita-
tion (VNS-REHAB) study demonstrated that surgically
implanted VNS temporally paired with rehabilitation
therapy resulted in greater improvements in arm weakness
than rehabilitation alone.’ The mechanism of this effect
is likely to be cholinergic reinforcement, which increases
task-specific plasticity in response to upper limb training.
Several preclinical studies have shown that non-invasive
transcutaneous VNS (tVNS), typically via the auricular
branch of the vagus nerve (ABVN) at the cymba concha
or tragus, activates vagus nerve projections centrally and
improves upper limb outcomes in animal models of acute
stroke.” The potential advantages of tVNS over invasive
VNS in stroke include the avoidance of safety risks from
general anaesthetic and surgery, a lower overall cost, the
ability to remove and redistribute the device from non-
responders and the potential for use in the acute phase
poststroke where invasive surgery is unfeasible.® Pilot
clinical studies have demonstrated that tVNS paired with
rehabilitation can result in greater improvements in arm
recovery in subacute and chronic stroke compared with
sham stimulation.” '” In a small unblinded pilot study,
12 participants with subacute chronic stroke completing
a 6-week rehabilitation programme with concurrent
tVNS had a mean 10.1-point increase in ULFM motor
subscore.'! However, the efficacy of tVNS on arm recovery
in chronic stroke and the relative effect size compared
with invasive VNS is still not known. The mechanisms
through which VNS may promote arm recovery in chronic
stroke are not well understood, but it appears that VNS
must be delivered during or immediately after limb move-
ments to promote neuroplasticity.* Furthermore, the acti-
vation of the central cholinergic pathways, specifically via
the alpha-7 nicotinic acetylcholine receptors, may be a
key mediator of the treatment effect. In a recent eval-
uation of ongoing clinical trials of tVNS in stroke, some
key research gaps in tVNS and stroke have emerged.'
These include the absence of robust biomarkers of tVNS
that can be used to evaluate the mechanism and optimise
treatment dose and duration.'

STUDY AIMS AND OBJECTIVES

The TRanscutaneous 1lImb reCovEry Post-Stroke
(TRICEPS) trial aims to investigate the efficacy and mech-
anism of tVNS paired with upper limb rehabilitation on
arm recovery in chronic stroke. The primary objective
is to determine whether tVNS paired with self-delivered
home rehabilitation therapy of the affected arm post-
stroke reduces arm motor impairment at 3 months from
the start of treatment compared with self-delivered home
rehabilitation therapy alone.

Secondary objectives are to determine: (a) whether the
benefits of tVNS and self-delivered home rehabilitation
therapy in reducing arm motor impairment observed at
3 months from the start of treatment are sustained; (b)
whether tVNS and self-delivered home rehabilitation

therapy improve other outcome measures related to
sensory modalities, neurological deficit, QoL, depres-
sion, general anxiety, fatigue, pain, spasticity, strength
and activities of daily living and (c) the safety of tVNS and
self-delivered home rehabilitation therapy.

An imaging substudy will explore whether tVNS
changes the cerebral representation of the affected arm,
cerebral perfusion and functional connectivity and how
they relate to reduced arm motor impairment.

METHODS

Critical details that could unblind or unmask the
trial have been concealed while the trial is ongoing.
A redacted version of the full protocol is avail-
able via https://fundingawards.nihr.ac.uk/award/
NIHR133169. A full unredacted protocol with detailed
methods will be accessible via this link when the study
is completed. The core trial dataset is outlined in
online supplemental table 1. A completed Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT) checklist for the current manuscript
is available as online supplemental appendix A.

TRIAL DESIGN

TRICEPS is a multicentre, double-blinded, parallel-
group, superiority, individually randomised, sham-
controlled, three-arm, two-stage adaptive trial. This
includes an internal pilot with a stop-go decision
following 6 months of recruitment to assess feasibility
(see Section 8.4 of the full protocol) and an interim
analysis after the first stage to allow for the selection
of promising treatment groups in the second stage
as well as reassessing dropout rate and adjusting the
sample size accordingly. Early trial stopping for effi-
cacy has not been factored into the design. The flow
diagram of the study design and participant interven-
tions through the trial is summarised in figure 1.

Patient population
Adults with anterior circulation ischaemic stroke
between 6 months and 10 years previously with upper
limb weakness.

Inclusion and exclusion criteria

Inclusion criteria

» Aged 18 years or greater.

» Anterior circulation ischaemic stroke (internal
carotid, middle cerebral artery, anterior cerebral
artery or anterior circulation lacunar stroke) between
6 months and 10 years previously.

» Baseline Upper Limb Fugl-Meyer (ULFM) total
motor score of 20-50 (inclusive) indicating moderate
to severe arm motor impairment.

» Atleast 10 degrees of active wrist extension, 10 degrees
of active thumb abduction/extension and 10 degrees
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| Telephone and video eligibility screening ~2000 patients seen at ~19 sites |

*the ULFM will be

Screening assessments:
History and examination
Baseline assessments:
ULFM*, WMFT,mNIHSS, mRS, NEADL, SS- QOL, GAD-7, PHQ-9,
NFI-Stroke, VAS, MAS & MRC muscle strength scale

measured at
screening for
eligibility
assessment. The
outcome will also
be used as the

Randomisation

baseline score. The
measure is not
repeated for
baseline.

v v

Group B

| Training on use of tVNS device and rehabilitation programme |

Mechanistic evaluation sub-study - Brain MRI at Baseline: n=40, across all groups
PET-MRI at Baseline: up to 20 of these participants, across all groups

v

Self ion
therapy and tVNS* 5 X per week for 12
weeks

delivered home rehabili Self delivered

Interim analysis (114 participants with primary outcome data):
ULFM, WMFT, mNIHSS, mRS, NEADL, SS-QOL, GAD-7, PHQ-9, NFI-Stroke, VAS, MAS, MRC muscle strength scale & AEs

Mechanistic evaluation sub-study - Brain MRI at 3 months: n=40 across all groups
PET-MRI at 3 months: up to 20 of these participants, across all groups

—

v

home

therapy and tVNSA 5 X per week for 12
weeks

v

Self delivered home rehabilitation
therapy and tVNS” 5 X per week for 12
weeks

rehabilitation

12 weeks interventions

promising treatment(s)

\—> [ Only continue recruitment to selected

)

Primary

-3 b

ULFM, WMFT, mNIHSS, mRS, NEADL, SS-QOL, GAD-7, PHQ-9, NFI- Stroke VAS, MAS, MRC muscle strength scale & AEs

|
|
|
n=76 (if a least 1
treatment is selected)
1

n=76 (if selected)

3 month follow-up (from start of treatment)

n=76 (if selected)

'g d

(including dropped treatment arm):

of -6
ULFM, WMFT, mNIHSS, mRS, NEADL SS- QOL GAD-7, PHQ-9, NFI Stroke, VAS, MAS, MRC muscle strength scale & AEs

n=76 (if at least 1
treatment is selected

v
n=76 (if selected)

6 month follow-
up (from start of
treatment)

v
n=76 (if selected)

potential unblinding of participants.

A The stimulation parameters (active or sham) and duration of tVNS use in the treatment groups are redacted from the current protocol to avoid

Figure 1

Study flow diagram. AE, adverse event; mNIHSS, Modified National Institute of Health Stroke Scale; SS-QOL,

Stroke-Specific Quality-of-Life; tVNS, transcutaneous vagus nerve stimulation; ULFM, Upper Limb Fugl-Meyer; WMFT, Wolf
Motor Function Test; NEADL - Nottingham Extended Activities of Daily Living; mRS - Modified Rankin Scale; GAD-7 - General
Anxiety Disorder Questionnaire 7; PHQ-9 - Patient Health Questionnaire-9; NFI-Stroke - Neurological Fatigue Index for Stroke;
MAS - Modified Ashworth Scale; MRC - Medical Research Council; PET - Positron Emission Tomography.

of active extension in at least two additional digits in
the affected arm.

Able to participate in active rehabilitation therapy,
provide feedback on adverse events (AEs) and give
informed consent based on clinical judgement.

Exclusion criteria
» Has significant other impairment of the upper
limb, for example, a frozen shoulder.

» Has severe spasticity (eg, as identified by the
ULFM).

» Has other health conditions that prevent engage-
ment with rehabilitation therapy, for example,
advanced dementia.

» Hassevere aphasia and either: (a) informed consent

is unlikely based on the Consent Support Tool, (b)
engagement with repetitive task training is difficult
or (c) inability to communicate AEs from tVNS.
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» Currently participating in another interventional
stroke rehabilitation trial.

» Pregnant or trying to get pregnant.

» Has a pacemaker or another implanted electrical
device.

» Has a cochlear implant or other similar device.

» Is currently receiving therapy or treatment to reduce
arm motor impairment and would not be willing to
stop for the duration of the trial.

» Has previously experienced a haemorrhagic stroke.

» Administration of botulinum toxin in the affected
arm within the previous 3 months (participants must
also be willing to not have further injections for the
duration of the trial).

The entry criteria of a ULFM motor subscore of 20-50
is in line with the VNS-REHAB trial.’ This will enable a
more direct comparison of the relative efficacy of inva-
sive versus non-invasive VNS. The study team, including
a patient and public involvement panel, felt that partic-
ipants scoring <20 points on the ULFM may struggle to
carry out repetitive task practice, thereby limiting the
potential for meaningful gains, and those scoring >50
points on the ULFM have less impairment, and thereby
the score may have a ceiling effect. The range of 20-50
aims to be as inclusive as possible while acknowledging
the possibility of different trajectories of rehabilitation
response according to stroke severity.”” The inclusion
of participants from 6 months to 10 years poststroke is
justified by previous work on intensive upper limb reha-
bilitation and was codesigned in consultation with stroke
survivors. Spontaneous biological recovery is a promi-
nent mechanism of recovery in the first 3—6 months post-
stroke, followed by a more stable chronic deficit."* In the
chronic phase (after 6 months), improvements in limb
function are driven by rehabilitation, often delivered at
high doses."” '® Previous studies of intensive upper limb
rehabilitation in stroke have shown improvements even
several years poststroke onset.'®

Identification and recruitment

Potential participants will be identified through several
possible routes. First, individual community stroke reha-
bilitation teams will be asked to identify participants
under their active or historical care who meet the eligi-
bility criteria. Second, individual sites will be asked to
review records for potentially eligible stroke survivors
via the Sentinel Stroke National Audit Programme data-
base (routinely collected national audit record). Third,
the trial will be advertised electronically via the trial
website and social media advertisements and physically
via posters in community rehabilitation and care settings
with contact details of their local site and/or the central
research team. Potential participants will be provided
with an invitation letter and participant information
sheet (online supplemental appendix B) via email or
post. A telephone screening checklist outlining the
core inclusion and exclusion criteria will be completed
with the participant. A video screening assessment will

be conducted where possible to determine the range
of arm weakness and determine likely eligibility. Partic-
ipants will be invited to an enrolment visit where they
provide written informed consent for trial participation
before completing the ULFM assessment. The consent
form is shown in the online supplemental appendix C.
If they meet the inclusion criteria, they will complete the
remainder of the outcome assessments (as below) and
proceed to randomisation; sites and participants will have
the option to divide the baseline visit into two appoint-
ments if required. Participants who are eligible for the
mechanistic substudy will be given an information sheet
(online supplemental appendix D), and written informed
consent (online supplemental appendix E) for participa-
tion will be required for participation in the substudy.
Recruitment to the TRICEPS trial began on 30 November
2023.

Randomisation

Eligible and consenting participants will be randomised
using a centralised, validated, restricted, web-based
randomisation system (SCRAM - Sheffield Clinical Trials
Research Unit Randomisation System) hosted by the
University of Sheffield Clinical Trials Research Unit
(CTRU). Participants will be randomised 1:1:1 to one of
three treatment groups using minimisation with a masked
random probabilistic element to reduce the predictability
of treatment allocation. A prespecified number of initial
participants will be randomised using simple randomis-
ation after which the randomisation will be minimised
according to age (<60, >60 years), baseline ULFM score
(20-35, 36-50) and biological sex at birth (male, female)
and by recruiting site to achieve good balance across
treatment groups with respect to potential prognostic
factors. The allocation ratio will be updated to 1:1, and
the minimisation algorithm will be updated if a treatment
is dropped at interim analysis.

Blinding

Device set-up, device training and the therapy inter-
vention will be delivered by unblinded team members.
Depending on the site, only the research therapist (or
research nurse) who will train participants on the use
of the tVNS device will be unblinded. The CTRU data
managers, trial manager and research assistant will also
be unblinded to aid in operational aspects of the trial. All
outcome assessments will be completed by a blinded trial
outcomes assessor. TRICEPS uses a sham control device
which will be the same as the active tVNS device, but the
stimulation will be set at the minimum stimulation inten-
sity level. Participants will be informed that they ‘may or
may not’ be able to feel the stimulation from the device
and that this varies between individuals. The research
therapist or nurse will be provided with a script to guide
this conversation and ensure all participants are given the
same information to help maintain blinding. Emergency
unblinding in case of a medical emergency or serious AE
(SAE) will be permissible on an individual basis.
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Participant-facing documents will be designed in such
a way that potential participants receive enough infor-
mation to be able to make an informed decision about
participation but will not disclose too much about the
difference between the treatment groups in order to
preserve blinding. At the end of the 6-month interven-
tion, participants will be asked whether they thought they
were in the active or sham intervention; these results will
be reported as an indicator of the blinding process.

Sheffield CTRU statisticians independent of the
conduct of this trial will access unblinded data for moni-
toring purposes and to conduct interim analysis. They will
communicate unblinded results to the DMEC. Trial statis-
ticians will be blinded throughout the trial.

Intervention

Participants will be randomised 1:1:1 to one of the treat-

ment groups:

» Group A: a treatment group that receives tVNS* with
self-delivered rehabilitation (five times a week) for 12
weeks.

» Group B: a treatment group that receives tVNS* with
self-delivered rehabilitation (five times a week) for 12
weeks.

» Group C: a treatment group that receives tVNS* with
self-delivered rehabilitation (five times a week) for 12
weeks.

*The stimulation parameters (active or sham) and dura-
tion of tVNS use in the treatment groups are redacted

A
N
-
C

’ Mobile phone

Figure 2 tVNS system. (A) tVNS stimulator; (B) tVNS stimulation site at cymba concha; (

B

\ Small earpiece
L

from the current protocol to avoid potential unblinding
of participants.

tVNS device

All treatment groups will be given a wristband with a
movement sensor (mbientlab), mobile phone and a tVNS
stimulator with earpiece (tVNS Technologies). Partici-
pants will undergo device training at their first therapy
visit, which will be supplemented with written and video-
based training materials. Participants will wear the smart
wristband during their therapy sessions, which will detect
limb movement and trigger a pulse of tVNS via a prein-
stalled application on the provided mobile phone; this
will enable the pairing of limb movement to stimulation
(figure 2). The device will also record how long the device
has been used and the number of motion-triggered
stimulations.

The stimulator delivers tVNS to the ABVN at the cymba
concha at 25 Hz and 0.1 ms pulse width. The intensity for
group A will be set at 0.1 mA while for groups B and C,
this will be set at a variable range between the individual
participant’s minimum perceived threshold (minimum,
at least 0.5 mA) and pain threshold (maximum, up to 5
mA). The mobile device provided will monitor adher-
ence to intervention protocols. Participants will be able
to modulate their intensity according to their tolerability
on a day-to-day basis, but the device will not display the
absolute intensity of the current. Negligible stimulation
in the placebo group was chosen in order to maintain the

(\\

-

14 \i

C) smart wristband and mobile phone;

(D) tVNS delivery during rehabilitation. Figures created by Morph. tVNS, transcutaneous vagus nerve stimulation.
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functionality of the device and to minimise unblinding of
participants.

Rehabilitation

Each participant will be trained by a physiotherapist or
occupational therapist to self-deliver therapy at home.
Training will take place face-to-face in a clinical setting.
The therapy will be tailored to the participant’s own set
of functional impairments and based on the principles
of repetitive task training.'” The aim is for approximately
7-10 tasks (such as turning cards, moving objects and
opening/closing bottles) with 30-50 repetitions per task
within a lhour- session. A delegated unblinded research
team member will contact the participant at 2-week inter-
vals during the treatment period (12 weeks). The purpose
of this contact is twofold; first, to identify any issues with
rehabilitation therapy or the device; second, to progress
the therapy as required.

Primary and secondary outcome measures

Assessments and schedule of procedures are outlined
in the online supplemental table 2 and figure 1. The
primary outcome is the change in ULFM total motor
score at 3 months from baseline (start of treatment). The
ULFM total motor score consists of 33 items, each scored
on a three-point ordinal scale (0, 1 or 2) with a range
of 0-66;"" lower scores are associated with impaired func-
tion. All research staff carrying out the ULFM assessment
will be trained and assessed with an accredited online
programme. Further assessments that form the basis of
secondary outcome measures are listed in full in online
supplemental table 2 (schedule of procedures). These
include the other components of the ULFM assessment
(sensation, passive joint motion and joint pain), the Wolf
Motor Function Test (WMFT)," the Modified National
Institute of Health Stroke Scale (mNIHSS)® and the
Stroke-Specific Quality-of-Life (SS-QOL) Scale.”' Training
in the Wolf Motor Function Test will be carried out with
video materials provided by the central team. Complete
details of secondary outcomes are outlined in Section 8.2
of the full protocol.

Trial monitoring and oversight

The day-to-day management of the trial will be supervised
by the trial management group (TMG) and will meet at
least monthly. The conduct of the trial will be overseen by
the trial steering committee (TSC) and data monitoring
and ethics committee (DMEC). The DMEC will meet
regularly and review reports (blinded and unblinded)
provided by the Sheffield CTRU to assess the trial prog-
ress, safety data and efficacy data to make recommen-
dations on trial adaptations. They will advise the TSC
who will also meet regularly to monitor the trial, review
blinded data and act on DMEC recommendations on
behalf of the funder and sponsor.

Sample size justification and interim analysis
Rehabilitation alone has been shown to improve the
ULFM total motor score by around 3 points'’; an

improvement of 6 points is considered the minimal
clinically important difference (MCID).?? The active
treatment group would need to improve the ULFM by
3 points more than sham tVNS and rehabilitation to be
clinically meaningful. The trial will require 228 partici-
pants in total (76 per group) with ULFM outcome at 3
months. An interim analysis for treatment selection will
be performed when 114 participants in total (38 per
group) have accrued ULFM outcome at 3 months. This
assumes a 1:1:1 allocation ratio, 85% marginal power and
2.5% one-sided family-wise type I error. We expect a 6%
dropout rate,'% so the initial sample size is inflated to 243
participants (81 per group). However, this dropout rate
will be re-estimated at an interim analysis, and the sample
size adjusted accordingly to achieve 228 participants with
primary outcome data. We chose a treatment selection
rule to minimise the risks of dropping potentially effec-
tive tVNS treatments or selecting ineffective treatments
at an interim analysis. A tVNS treatment will be selected
to progress to stage 2 if the test statistic is >0.792 (corre-
sponding to a 1-point ULFM mean difference in change
compared with a shared control arm; 0.18 of the expected
SD of 5.5'" and one-third of our targeted MCID). Such
a small effect observed halfway through the trial will be
very unlikely to improve close to or beyond our targeted
MCID even if the treatment is carried forward until the
end. Thus, we will drop a tVNS treatment early if it fails
to demonstrate an effect of>1/3 of the MCID. At the end
of stage 2, a treatment will be declared efficacious if the
test statistic is above 2.176—chosen to guarantee that the
chance of incorrectly rejecting at least one null hypoth-
esis is controlled at 2.5% (one-sided tests).?* See Section
11.1 of the protocol for details on sample size with ratio-
nale and aspects of interim analysis including adaptation
decision rules with rationale and operating characteristics
of the adaptive design.

Statistical analysis

Details of all statistical analysis methods relating to the
interim and final (stage 2) analyses will be documented
in an open-access and prespecified statistical analysis
plan before accessing unblinded data. Interim and final
(stage 2) analyses for efficacy will be based on a modi-
fied intention-to-treat population—all randomised
participants who have outcome data regardless of non-
compliance, protocol deviations or withdrawals. Sensi-
tivity analysis will be performed on the per-protocol
population—all randomised participants who adhered
to treatment with no major protocol deviations. Adher-
ence is defined as completing 40/60 therapy sessions for
at least 30 min per session (all groups) and completing at
least 1 hour of tVNS with activities of daily living (ADLs).
Safety population will include eligible participants with
informed consent, and analysis will be based on the treat-
ment they received. Reporting will adhere to the Adap-
tive Designs Consolidated Standards of Reporting Trials
Extension.”*
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Primary outcome

The primary outcome (change in ULFM total motor
score at 3 months) will be analysed using a mixed effects
linear regression model adjusted for fixed effects covari-
ates (baseline ULFM score, age AND sex) and site
(random effect). Treatment effects will be presented as
the adjusted mean difference in change with multiplicity-
adjusted Cls and associated p values. Subgroup analyses
will be undertaken to explore the effect of important vari-
ables related to the participant and their treatment on
the primary outcome. These subgroups are:

» Age (<6, >60 years).

Baseline ULFM score (20-35, 36-50).

Biological sex at birth (male, female).

Side of hemiparesis (left, right).

Time since stroke (<12 months, >12 months).
Baseline mNIHSS score (0—4=minor, 5—20=moderate
and 21-31=severe).

vyvVvyYVYyYVYYy

Secondary outcomes

The continuous secondary outcome measures at 3 and 6
months will be analysed with the same mixed effects linear
regression model; the adjusted mean difference in change
in these outcomes will be presented with 95% CIs with no
adjustment for multiple testing. Ordinal outcomes will
be analysed using an ordinal logistic regression model to
assess the shift in the distribution of scores at follow-up
that is attributed to treatment. The proportion of partic-
ipants achieving at least 6 points improvement in ULFM
total motor score (at 3 and 6 months) compared with
baseline will be analysed using a mixed effects logistic
regression model adjusted for fixed covariates (baseline
ULFM scores, age and sex) and site (random effect).
Adjusted difference in proportions between each tVNS
compared with the control, with associated 95% CIs, will
be postestimated via margins.

Safety monitoring and reporting

AEs and SAEs are defined as events that occur between
randomisation and completion of their 6-month
follow-up. These may be identified by the participant,
research nurse, therapist or any other individual at any
point in the trial. AEs will be recorded on the AE report
form within the participant CRF. Some expected AEs
include those known to be associated with tVNS and/or
rehabilitation, including skin irritation, headache, nausea
and limb pain.” In a recent systematic review of auricular
tVNS, no adverse cardiac events were reported in 484
212 min-days of stimulation.”® SAEs will be reported to
the CTRU immediately and within one working day from
identification. Unexpected SAEs related to the interven-
tion will be reported to the research ethics committee
within 15 working days. AEs and SAEs will be reviewed by
the DMEC and TSC regularly.

Mechanistic substudy
Participants willing to travel to the central site (Shef-
field) and with no contraindications for an MRI scan

will be invited to participate in the mechanistic substudy
and provide written informed consent. The aim of the
substudy is to establish whether active tVNS paired with
rehabilitation enhances cortical plasticity, cerebral blood
flow and metrics of brain oxygen metabolic profiles or
reduces systemic inflammation compared with sham
tVNS with rehabilitation therapy. It will also explore
whether this is associated with improvement in upper
limb function and whether baseline features of the MRI
such as lesion size, location or the presence of white
matter ischaemic changes are predictors of the response
to active tVNS. Up to 40 participants will have a 60-min
multimodal MRI scan (T1, T2, Diffusion Tensor Imaging
(DTI), Fluid Attentuated Inversion Recovery (FLAIR),
Arterial Spin Labeling (ASL), task and resting state func-
tional MRI (fMRI)) at baseline (within 4 weeks of base-
line measure assessments and prior to commencing the
tVNS/therapy programme) and at 3 months. Up to 20 of
these participants will also have an 18F-fluorodeoxyglu-
cose positron emission tomography (18F-FDG-PET) scan
concurrent to the multimodal MRI. Briefly, the task fMRI
paradigm consists of a block design with 3x30s blocks of
active flexion-extension movements of either the affected
or unaffected fingers, wrist or elbow at 1 Hz (six movement
tasks) interspersed with 30s rest blocks. Preprocessing of
the functional MRI results will include an analysis pipe-
line of stroke lesion segmentation, motion correction,
slice timing correction, coregistration to structural MRI,
normalisation to a shared template and smoothing with a
Gaussian kernel. A general linear model will be applied
to identify task-related activation compared with the rest.
First-level individual participant contrasts will be gener-
ated, and second-level analysis will compare activations
postintervention versus preintervention in active versus
sham treatment groups. Correction for multiple compari-
sons will be applied via family-wise error or false discovery
rate correction. Region of interest analysis will be carried
out in relevant sensorimotor areas including the primary
motor cortices, supplementary motor areas, premotor
cortex and primary somatosensory cortex. Analysis will be
carried out in the latest version of statistical parametric
mapping.?” Up to 40 participants will have blood samples
collected at baseline and 3 months for serum analysis of
systemic inflammatory cytokines including interleukin
1 alpha, tumour necrosis factor alpha and interferon
gamma. Blood samples will be centrifuged and the super-
natant stored at =70°C for future analysis.

Ethics and dissemination

This study has received ethical approval from the
Cambridge Central Research Ethics Committee
(12/10/2022, REC reference: 22/NI/0134) and is regis-
tered as a clinical trial (ISRCTN20221867). The study
sponsor is Sheffield Teaching Hospitals National Health
Service Foundation Trust. The trial will be conducted
in accordance with this protocol and the Interna-
tional Council for Harmonisation's Good Clinical Prac-
tice guideline. Important protocol modifications (eg,
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changes to eligibility criteria, outcomes and analyses)
will be communicated to relevant parties including over-
sight committees, funders, investigators, Research Ethics
Committe (REC), Health Research Authority (HRA) and
trial registries.

Data confidentiality as per the Data Protection Act 2018
will be followed. Trial participants will be provided with
a unique study ID number, and all relevant data will be
entered into the password-protected and restricted Shef-
field CTRU in-house electronic data management system.
Access will be granted to authorised representatives from
the sponsor, host institution and regulatory authorities
for audit and monitoring purposes.

Any significant modifications to the protocol, for
example, those that impact study procedures, study
design, eligibility criteria or participant safety will require
a formal amendment to the protocol. This will be agreed
on by the TSC, funder and ethics committee before
implementation and notification of health authorities.

The results of the clinical trial will be disseminated
through peerreviewed scientific journals, at clinical and
academic medical and rehabilitation conferences and to
trial participants and patient groups. A summary of the
research will be made available on the University of Shef-
field CTRU website.

Requests for patient-level data and statistical code
should be made to the corresponding author and will be
considered by members of the original TMG, including
the chief investigator and members of CTRU, who will
release data on a case-by-case basis. Data will be shared
following the principles for sharing patient-level data as
described by Smith et al (2015). The data will not contain
any direct identifiers; we will minimise indirect identi-
fiers and remove free-text data to minimise the risk of
identification.

Contributors Guarantor—AM. SSB wrote the first draft of the manuscript and

is involved with study design and implementation. LS designed the mechanistic
neuroimaging substudy. MD led statistical methodology and implementation.

MD and EH developed the statistical analysis plan and are involved in the study
implementation. CM, KM, KEMD, ANA, JNR, SW, AD, JD, KB and CC are involved in
the study design and implementation. AM led the conception and study design and
is involved with the study implementation. All authors were involved in the revisions
of the manuscript and approved the final version.

Funding TRICEPS is funded by the National Institute for Health Care Research
Efficacy and Mechanism Evaluation (EME) programme (project number:
NIHR133169). Components of the substudy are funded by an Association of British
Neurologists Clinical Doctoral Fellowship (Stroke Association/Berkeley Foundation)
awarded to SSB. Components of the substudy are funded by the Sheffield NIHR
Biomedical Research Centre (BRC).

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, conduct, reporting or dissemination plans of this research. Refer to the
Methods section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Sheharyar S Baig http://orcid.org/0000-0003-1415-8784
Cara Mooney http://orcid.org/0000-0002-3086-7348
Munyaradzi Dimairo http://orcid.org/0000-0002-9311-6920
Katie Biggs http://orcid.org/0000-0003-4468-7417

REFERENCES

1 King D, Wittenberg R, Patel A, et al. The future incidence, prevalence
and costs of stroke in the UK. Age Ageing 2020;49:277-82.

2 Kwakkel G, Kollen BJ, van der Grond J, et al. Probability of regaining
dexterity in the flaccid upper limb: impact of severity of paresis and
time since onset in acute stroke. Stroke 2003;34:2181-6.

3 Ferrarello F, Baccini M, Rinaldi LA, et al. Efficacy of physiotherapy
interventions late after stroke: a meta-analysis. J Neurol Neurosurg
Psychiatry 2011;82:136-43.

4 Baig SS, Kamarova M, Ali A, et al. Transcutaneous vagus nerve
stimulation (tVNS) in stroke: the evidence, challenges and future
directions. Auton Neurosci 2022;237:102909.

5 Gonzalez HFJ, Yengo-Kahn A, Englot DJ. Vagus Nerve Stimulation
for the Treatment of Epilepsy. Neurosurg Clin N Am 2019;30:219-30.

6 Dawson J, Liu CY, Francisco GE, et al. Vagus nerve stimulation
paired with rehabilitation for upper limb motor function after
ischaemic stroke (VNS-REHAB): a randomised, blinded, pivotal,
device trial. Lancet 2021;397:1545-53.

7 Andalib S, Divani AA, Ayata C, et al. Vagus Nerve Stimulation in
Ischemic Stroke. Curr Neurol Neurosci Rep 2023;23:947-62.

8 Baig SS, Kamarova M, Bell SM, et al. tVNS in Stroke: A
Narrative Review on the Current State and the Future. Stroke
2023;54:2676-87.

9 Capone F, Miccinilli S, Pellegrino G, et al. Transcutaneous Vagus
Nerve Stimulation Combined with Robotic Rehabilitation Improves
Upper Limb Function after Stroke. Neural Plast 2017;2017:7876507.

10 Wang M-H, Wang Y-X, Xie M, et al. Transcutaneous auricular
vagus nerve stimulation with task-oriented training improves upper
extremity function in patients with subacute stroke: a randomized
clinical trial. Front Neurosci 2024;18:1346634.

11 Redgrave JN, Moore L, Oyekunle T, et al. Transcutaneous Auricular
Vagus Nerve Stimulation with Concurrent Upper Limb Repetitive
Task Practice for Poststroke Motor Recovery: A Pilot Study. J Stroke
Cerebrovasc Dis 2018;27:1998-2005.

12 Baig SS, Dorney S, Aziz M, et al. Optimizing non-invasive vagus
nerve stimulation for treatment in stroke. Neural Regen Res 2024.

13 Thakkar HK, Liao W-W, Wu C-Y, et al. Predicting clinically significant
motor function improvement after contemporary task-oriented
interventions using machine learning approaches. J Neuroeng
Rehabil 2020;17:131.

14 Grefkes C, Fink GR. Recovery from stroke: current concepts and
future perspectives. Neurol Res Pract 2020;2:17.

15 McCabe J, Monkiewicz M, Holcomb J, et al. Comparison of
robotics, functional electrical stimulation, and motor learning
methods for treatment of persistent upper extremity dysfunction
after stroke: a randomized controlled trial. Arch Phys Med
Rehabil 2015;96:981-90.

16 Ward NS, Brander F, Kelly K. Intensive upper limb
neurorehabilitation in chronic stroke: outcomes from the
Queen Square programme. J Neurol Neurosurg Psychiatry
2019;90:498-506.

17 French B, Thomas LH, Coupe J, et al. Repetitive task training for
improving functional ability after stroke. Cochrane Database
Syst Rev 2016;11:CD006073.

18 Fugl-Meyer AR, Jaaskd L, Leyman |, et al. The post-stroke
hemiplegic patient. 1. a method for evaluation of physical
performance. Scand J Rehabil Med 1975;7:13-31.

Baig SS, et al. BMJ Open 2025;15:2092520. doi:10.1136/bmjopen-2024-092520


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1415-8784
http://orcid.org/0000-0002-3086-7348
http://orcid.org/0000-0002-9311-6920
http://orcid.org/0000-0003-4468-7417
http://dx.doi.org/10.1093/ageing/afz163
http://dx.doi.org/10.1161/01.STR.0000087172.16305.CD
http://dx.doi.org/10.1136/jnnp.2009.196428
http://dx.doi.org/10.1136/jnnp.2009.196428
http://dx.doi.org/10.1016/j.autneu.2021.102909
http://dx.doi.org/10.1016/j.nec.2018.12.005
http://dx.doi.org/10.1016/S0140-6736(21)00475-X
http://dx.doi.org/10.1007/s11910-023-01323-w
http://dx.doi.org/10.1161/STROKEAHA.123.043414
http://dx.doi.org/10.1155/2017/7876507
http://dx.doi.org/10.3389/fnins.2024.1346634
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2018.02.056
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2018.02.056
http://dx.doi.org/10.4103/NRR.NRR-D-24-00945
http://dx.doi.org/10.1186/s12984-020-00758-3
http://dx.doi.org/10.1186/s12984-020-00758-3
http://dx.doi.org/10.1186/s42466-020-00060-6
http://dx.doi.org/10.1016/j.apmr.2014.10.022
http://dx.doi.org/10.1016/j.apmr.2014.10.022
http://dx.doi.org/10.1136/jnnp-2018-319954
http://dx.doi.org/10.1002/14651858.CD006073.pub3
http://dx.doi.org/10.1002/14651858.CD006073.pub3
https://pubmed.ncbi.nlm.nih.gov/1135616

I

19

20

21

22

Duff SV, He J, Nelsen MA, et al. Interrater reliability of the Wolf
Motor Function Test-Functional Ability Scale: why it matters.
Neurorehabil Neural Repair 2015;29:436-43.

Meyer BC, Hemmen TM, Jackson CM, et al. Modified
National Institutes of Health Stroke Scale for use in stroke
clinical trials: prospective reliability and validity. Stroke
2002;33:1261-6.

Muus I, Williams LS, Ringsberg KC. Validation of the Stroke
Specific Quality of Life Scale (SS-QOL): test of reliability

and validity of the Danish version (SS-QOL-DK). Clin Rehabil
2007;21:620-7.

Page SJ, Fulk GD, Boyne P. Clinically important differences for
the upper-extremity Fugl-Meyer Scale in people with minimal
to moderate impairment due to chronic stroke. Phys Ther
2012;92:791-8.

23

24

25

26

27

Open access

Magirr D, Jaki T, Whitehead J. A generalized Dunnett test for
multi-arm multi-stage clinical studies with treatment selection.
Biometrika 2012;99:494-501.

Dimairo M, Pallmann P, Wason J, et al. The Adaptive designs
CONSORT Extension (ACE) statement: a checklist with
explanation and elaboration guideline for reporting randomised
trials that use an adaptive design. BMJ 2020;369:m115.
Redgrave J, Day D, Leung H, et al. Safety and tolerability

of Transcutaneous Vagus Nerve stimulation in humans; a
systematic review. Brain Stimul 2018;11:1225-38.

Kim AY, Marduy A, de Melo PS, et al. Safety of transcutaneous
auricular vagus nerve stimulation (taVNS): a systematic review
and meta-analysis. Sci Rep 2022;12:22055.

Friston K. Statistical parametric mapping. Statistical Parametric
Mapping: The Analysis of Functional Brain Images. 2007;10-31.

Baig SS, et al. BMJ Open 2025;15:€092520. doi:10.1136/bmjopen-2024-092520


http://dx.doi.org/10.1177/1545968314553030
http://dx.doi.org/10.1161/01.str.0000015625.87603.a7
http://dx.doi.org/10.1177/0269215507075504
http://dx.doi.org/10.2522/ptj.20110009
http://dx.doi.org/10.1093/biomet/ass002
http://dx.doi.org/10.1136/bmj.m115
http://dx.doi.org/10.1016/j.brs.2018.08.010
http://dx.doi.org/10.1038/s41598-022-25864-1

	﻿﻿TRanscutaneous lImb reCovEry﻿﻿ Post-­Stroke (TRICEPS): study protocol for a randomised, controlled, ﻿﻿multiarm﻿﻿, multistage adaptive design trial
	Abstract
	Introduction and rationale﻿﻿
	Study aims and objectives
	Methods
	Trial design
	Patient population
	Inclusion and exclusion criteria﻿﻿
	﻿Inclusion criteria﻿
	Exclusion criteria

	Identification and recruitment
	Randomisation
	Blinding
	Intervention
	tVNS device
	﻿﻿Rehabilitation﻿﻿
	Primary and secondary outcome measures
	Trial monitoring and oversight
	Sample size justification and interim analysis
	Statistical analysis
	Primary outcome
	Secondary outcomes
	Safety monitoring and reporting
	Mechanistic substudy
	Ethics and dissemination

	References


