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Abstract Objective: To evaluate the feasibility, safety, and potential health benefits of an 8-
week home-based neurofeedback intervention.
Design: Single-group preliminary study.
Setting: Community-based.
Participants: Nine community dwelling adults with chronic neuropathic pain, 6 women and 3
men, with an average age of 51.9 years (range, 19-78 years) and with a 7-day average minimum
pain score of 4 of 10 on the visual analog pain scale.
Interventions: A minimum of 5 neurofeedback sessions per week (40min/session) for 8 consecu-
tive weeks was undertaken with a 12-week follow-up baseline electroencephalography recording
period.
Main Outcome Measures: Primary feasibility outcomes: accessibility, tolerability, safety (adverse
events and resolution), and human and information technology (IT) resources required. Second-
ary outcomes: pain, sensitization, catastrophization, anxiety, depression, sleep, health-related
quality of life, electroencephalographic activity, and simple participant feedback.
Results: Of the 23 people screened, 11 were eligible for recruitment. One withdrew and another
completed insufficient sessions for analysis, which resulted in 9 datasets analyzed. Three partici-
pants withdrew from the follow-up baselines, leaving 6 who completed the entire trial protocol.
Thirteen adverse events were recorded and resolved: 1 was treatment-related, 4 were equip-
ment-related, and 8 were administrative-related (eg, courier communication issues). The human
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and IT resources necessary for trial implementation were identified. There were also significant
improvements in pain levels, depression, and anxiety. Six of 9 participants perceived minimal
improvement or no change in symptoms after the trial, and 5 of 9 participants were satisfied
with the treatment received.
Conclusions: It is feasible and safe to conduct a home-based trial of a neurofeedback interven-
tion for people with chronic neuropathic pain, when the human and IT resources are provided
and relevant governance processes are followed. Improvements in secondary outcomes merit
investigation with a randomized controlled trial.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Neuropathic pain (NP) has been defined as pain arising as a
result “of a lesion or disease affecting the somatosensory
system.”1 It is frequently described as a “lancinating, shoot-
ing, electrical-like, burning, stabbing” pain,2 and in contrast
to many types of nociceptive pain and acute nerve injury,
chronic neuropathic pain (CNP) is always dysfunctional.
Accurate epidemiologic statistics for CNP are hampered by
the lack of simple diagnostic criteria within the general pop-
ulation, and therefore, estimates of CNP prevalence vary.3 A
systematic review of 21 epidemiologic studies conducted in
Europe, United States, Brazil, Taiwan, and Canada reported
an estimate of NP in those populations of 6.9%-10%.4 About
15%-25% of chronic pain (CP) is thought to be of neuropathic
origin,2 and the estimated prevalence of CP cases in the
United Kingdom is 8.9%.5

Pain is considered to be chronic when it lasts or recurs for
>3 to 6 months.6 Diagnosis of CNP is a complex physician-led
process incorporating medical history, physical examination,
and various tests. Standard UK treatment is pharmacologi-
cal, involving close monitoring and referral to specialist pain
services, depending on severity.7 Pharmacological treat-
ments for CP conditions carry risks of dependence and
potential misuse, which supports research into non-pharma-
cological options to assist in the management of CNP.

Research into a home-based self-managed intervention
for central NP related to spinal cord injury suggests that neu-
rofeedback (NFB) training may be a feasible complementary
treatment option.8 This study builds on a previous proof of
concept trial using the Axon Electroencephalogram (EEG)
NFB systema manufactured by Exsurgo Ltd for people diag-
nosed with general CP9 and aimed to assess the feasibility
and safety of the same system for people diagnosed with
CNP.

The primary aim of this trial was to assess the feasibility,
safety, accessibility, and tolerability of this NFB interven-
tion. Feasibility was assessed in accordance with the metrics
identified by the research literature10,11 to investigate the
important aspects of trial process, management, resources,
and relevance of scientific outcomes. Safety was assessed by
the number and nature of adverse events (AEs) and how
effectively these were identified, managed, and resolved.
AEs are defined by the Good Clinical Practice regulations as
“any untoward or unintended response in a subject to whom
an Investigational Medicinal Product has been administered,
including occurrences which are not necessarily caused by or
related to that product.”12 AEs were recorded and col-
lected, after consent and enrollment of participants, as
required for clinical trials of all medicinal products and
devices in the United Kingdom.12 Accessibility was defined
as the proportion of all participants who subsequently
entered the trial after screening relative to those who failed
screening (reasons identified and recorded), in alignment
with previous research.13

In addition, secondary outcome measures were used to
identify any potential health benefits associated with this
intervention and included measurement of EEG activity
throughout the trial. Participants were also asked for simple
feedback.
Methods

The study used a prospective, open-label, single-arm, non-
randomized design and was approved by the London - Cen-
tral Research Ethics Committee Health Research Authority
Ethics (reference: 20/LO/0523) via the Integrated Research
Application System (IRAS reference: 310674). The trial was
registered with ClinicalTrials.gov (NCT05464199), and the
Clinical Trials Unit of the sponsor organization, East Kent
University Hospitals National Health Service Foundation
Trust (reference: 2022/CTU9/NEURO).

Setting and participants

A single cohort of 11 patients was recruited via Principal
Investigator (PI, MS) Out-patient clinics at East Kent Hospi-
tals University National Health Service Foundation Trust
and use of a flyer via social media (fig 1). Recruitment
started in September 2022 and ended in March 2023. Table 1
details the trial eligibility criteria. Individuals who
expressed interest were sent a Participant Information
Pack (PIP) by email. This comprised a participant informa-
tion sheet, consent form, headset measurement guide,
trial flyer, and prescreening questionnaire (see supplemen-
tal appendices, available online only at http://www.
archives-pmr.org/). After review of the PIP, interested par-
ticipants completed an electronic version of the prescreen-
ing questionnaire to confirm trial eligibility, provided their
head circumference measurement, and confirmed their
interest in proceeding to trial enrollment via an initial
assessment appointment with the Co-investigator (Co-I,
KS) using Zoom.b The initial appointment comprised going
through the informed consent process, completion of base-
line outcome measurement questionnaires, and verification
of the headset measurement provided. Subsequently,
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Fig 1 Study flow diagram.
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participants were enrolled into the trial, and 5 Zoom
appointments were scheduled with the Co-I (KS) to com-
plete secondary outcome measurement questionnaires at
the 5 predefined follow-up (FU) time points (TPs), as per
protocol (fig 2). Table 2 shows the participant demographic
and clinical characteristics.

The Axon NFB device, comprising a headset and tablet
(fig 3), was sent to participants via courier. Once received,
all participants had 2 training sessions with the supervising
researcher (CO) from the industrial partner, Exsurgo Ltd.
These sessions covered: guidance on fitting the device, ori-
entation, usage, how to perform and complete initial EEG
baselines, and all aspects of self-administering NFB training.
To monitor and improve participant adherence, email
reminders were sent to participants when system records
showed a lack of usage, and technical support was provided
when needed. All data were collected remotely and stored
securely in Exsurgo’s cloud-based storage service (AWSc)
using end-to-end encryption. The trial was conducted
remotely at participants’ homes.



Table 1 Trial inclusion and exclusion criteria.

Type of Criteria Details

Inclusion � Aged ≥18 y
� Ongoing CNP for ≥3 mo
� Average pain rating in the last week of ≥4/10
� Head circumference 520-620 mm
� Access to reliable internet connection and Wi-Fi at home

Exclusion � Previous NFB training
� Serious head injury (within 12 mo)
� Traumatic brain injury, concussion, major neurologic disorder (eg, trigeminal neuralgia), history of seizures,
psychiatric disorder

� Implanted electronic neuromodulation device
� Implanted pacemaker or loop recorder
� Inability to provide informed consent and any change in medication or treatment planned in the 1 wk prior,
during the intervention period, or in 12 wk postintervention, while EEG baselines are being recorded

� Active participation in a different clinical trial

4 M. Sakel et al.
Intervention

Each baseline session commenced with patients rating
their pain, mood, and sleep via the Axon application
(already installed on the tablet provided to each partici-
pant), followed by 2 EEG baseline recordings: 2 minutes
with eyes open followed by 2 minutes with eyes closed for
week 1, completing at least 5 baselines. The NFB interven-
tion period began in week 3 and continued for 8 weeks,
involving a minimum of 5 sessions per week, each lasting
40 minutes (see fig 2). Each session commenced with an
EEG eyes open baseline recording, where relative alpha,
theta, and high-beta activity was recorded and averaged
to calculate the threshold for each session, after which an
EEG eyes closed baseline recording was performed. Each
session consisted of 5 £ 5-minute blocks with a 1-minute
rest period in between. Participants viewed a gamified
representation of their brain activity as the interface for
self-regulation, with the option of choosing from a selec-
tion of five “games,” for example, the jigsaw game
(assembling the pieces of a randomized sequence of nature
pictures), balloon game (enabling a hot air balloon to
ascend from the ground into the sky), and paint game
(painting a picture by numbers). After the intervention
period (week 11 onward), participants continued with EEG
baseline recordings for 12 weeks.
Fig 2 NFB trial interven
Study outcomes

Primary outcomes measured were accessibility (screening
loss analysis), number of participants who completed the
trial protocol, number of AEs and resolution, human
resource time needed, and information technology (IT)
resources required. Secondary outcomes measured were
pain level and severity (assessed using the visual analog
scale for pain14 VAS (Pain) and brief pain inventory [BPI]15),
anxiety and depression (Depression, Anxiety and Stress
Scale-21 items16), catastrophization (Pain Catastrophizing
Scale17), sensitization components (Central Sensitization
Inventory [CSI]18), sleep (Pittsburgh Sleep Quality Index19),
health-related quality of life (EQ-5D-5L20), and resting state
EEG activity. Simple feedback from participants regarding
perception of change during the trial and satisfaction with
the treatment was obtained.
Data collection and statistical analysis

Data were collected at 6 TPs in the trial: pre-EEG baselines
(Week 0, to establish a baseline before the intervention),
preintervention (Week 2, to measure any potential change
during the 2-week EEG baseline recording period), postinter-
vention (Week 11, to measure and evaluate any change
tion process diagram.



Table 2 Demographic and clinical characteristics of participants.

ID Ethnicity Age (y) Sex NP Conditions Other
Conditions

Medication, Dosage (Condition/Purpose)

EKT02 English or
British

78 Female Poststroke central
nerve pain
syndrome

Depression
Anxiety/panic
attack

Bisoprolol, 1.25 mg once a day (blood pressure)
Paracetamol, 4-6 500-mg capsules once a day (pain)
Clopidogrel, 75 mg once a day (blood thinner)
Vitamin D, 800 IU once a day (supplement)
Levothyroxine 100, 75 mg every other day
(underactive thyroid)

Atorvastatin, 800 mg once a day (cholesterol)
Candesartan, 32 mg once a day (blood pressure)
Allopurinol, 200 mg once a day (gout)
Rescue herbal medicine, once a day (sleep)

EKT03 English or
British

58 Female Poststroke NP in right
hemiplegic side of
body

Depression Paracetamol, 1000 mg every 6 h (pain)
Fluoxetine, 20 mg once a day (low mood)
Tizanidine, 2 mg twice a day (spasticity)
Lercanidipine, 10 mg once a day (blood pressure)
Lansoprazole, 30 mg once a day (reflux)

EKT04 English or
British

19 Female Chronic back pain
and chronic
headache

ADHD
Migraine

Diclofenac sodium SR, 75 mg 1-2 times once a day
(back pain)

Melatonin, 6 mg once a day in the evening (sleep)
Lansoprazole, 30 mg once a day (stomach protection)
Methylphenidate hydrochloride, 54 mg in the morning
and 18 mg in the evening (ADHD)

Cetirizine hydrochloride, 10 mg once a day (allergy)
Mometasone nasal spray, when necessary (allergy)

EKT05* English or
British

44 Female Fibromyalgia IBS
Migraine
Neck injury
(including
whiplash)

Anxiety/panic
attack

Depression

Pregabalin, 200 mg 2 times once a day (CP)
Etoricoxib, 120 mg once a day (fibromyalgia)
Omeprazole, 20 mg 2 times once a day (IBS)
Duloxetine, 30 mg once a day (fibromyalgia/pain)
Paracetamol, 1200 mg every 4-6 h (headache, CP, back
pain)

CosmoCol, once a day (constipation)
Promethazine, 25 mg once a day in the evening (sleep)
Evening primrose, 3 mg once a day in the evening
(hormones)

Robaxin, 750 mg (back and rib pain)
Sumatriptan, 50 mg (migraine)

EKT06 English or
British

45 Female Severe nerve damage
in L4 and L5

Nerve, tendon, and
muscle damage in
C4, C5, and C6

Migraine
IBS
Neck injury
(including
whiplash)

Anxiety/panic
attack

Clonidine, 25 mg twice a day (menopause)
Nortriptyline, 2 10-mg capsules once a day in the
evening (nerve damage)

Naproxen, 500 mg twice a day (anti-inflammatory)
Naratriptan, 2.5 mg once a day (nerve damage)
Tramadol, 50 mg 3 times a day (pain)
Co-codamol, 30 mg/500 mg 2 capsules 4 times a day
(pain)

Sertraline, 50 mg once a day (nerve pain)
Omeprazole, 20 mg twice a day (stomach protection)
Sage, 100 mg once a day (vitamins and supplements)
Perfectil nail, once a day (supplements)

EKT07 Mixed
Ethnicity

38 Female Nerve damage
because of stroke

Gabapentin, 600 mg 3 times a day (nerve damage)
Gabapentin, 2 100-mg capsules 3 times a day (nerve
damage)

Amitriptyline, 50 mg once a day in the evening (nerve
damage)

Ibuprofen gel 5%, three times a day (nerve damage)
EKT08 English or

British
28 Male Disc degeneration

(bulging disc at L4/
L5)

Spinal stenosis

Omeprazole, 20 mg (acid reflux)

(continued)
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Table 2 (Continued)

ID Ethnicity Age (y) Sex NP Conditions Other
Conditions

Medication, Dosage (Condition/Purpose)

EKT09 English or
British

69 Female Myelopathy myelitis
Constant pain in
lower legs and feet

Restless leg
syndrome

Lansoprazole, 30 mg once a day (indigestion)
Gabapentin, 2 100-mg capsules every 6 h (nerve pain)
Folic acid, 5 mg once a day in the morning (blood)
Amlodipine, 5 mg once a day in the morning (blood)
Clopidogrel, 75 mg once a day in the morning (blood)
Adcal D3, once a day in the morning (bones)
Gliclazide, 40 mg once a day in the morning (diabetes)
Atorvastatin, 40 mg once a day in the evening
(cholesterol)

EKT10 English or
British

72 Male Cervical myelopathy
C3 and C4

Central cord
syndrome

IBS
Neck injury
(including
whiplash)

Amitriptyline, 10 mg (pain)
Ibuprofen gel 5% (back pain)
Ibuprofen, 400 mg (pain)
Co-codamol, 8/500 mg (pain)

EKT11y English or
British

59 Male High electric
constant pain in the
back

Neck injury
(including
whiplash)

Anxiety/panic
attack

Depression
Suicidal
thoughts

Aspirin, 75 mg once a day
Betamethasone, 10 mL 4 times a day
Co-codamol, 30 mg/500 mg, 2 capsules 4 times a day
Carbocisteine, 375 mg
Lansoprazole, 15 mg twice a day
Gabapentin, 100 mg 2 or 3 times a day

EKT12 English or
British

60 Male Poststroke central
neuropathy

Anxiety/panic
attack

Depression

Atorvastatin, 80 mg once a day (cholesterol)
Bisoprolol, 5 mg once a day (heart)
Omeprazole, 20 mg once a day (stomach acid)
Ramipril, 2.5 mg once a day (heart)
Sertraline, 125 mg once a day (anxiety)
Warfarin, 6 mg once a day (anticoagulation)

NOTE. Sample was 66.7% women and 33.3% men. Median age of women: 51.17 y (range, 19-78y); median age of men: 53.33 y (range, 28-
60y). Rows highlighted in gray are the participants not included in the data analysis.
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; IBS, irritable bowel syndrome.

* Excluded because of insufficient sessions.
y Withdrew because of hospital admission for acute episode of back pain.

Fig 3 Axon NFB system equipment. Headset worn by individ-
ual and tablet on stand.
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because of the intervention), and 3 FU TPs (Weeks 15, 19,
23, to monitor the duration and persistence of any measured
changes). Because some FU data were missing, data were
analyzed at 4 TPs: Weeks 0, 2, 11, and 15, which provided
the most comprehensive data set to assess the intervention’s
immediate and short-term effect.

All data were analyzed using SPSS version 29.0,21,d and
descriptive statistics were used to summarize the data.
Power analyses were not conducted because of the prelimi-
nary nature of the study; however, future studies should
include them. To assess the effects of training sessions on
different outcome measures, repeated measures analysis of
variance was performed, using Bonferroni adjusted post hoc
analysis for comparison between different TPs. A P value
<.05 was considered significant.
Results

The study flow diagram (see fig 1) summarizes the screening
loss analysis, and table 2 presents participant demographic
and clinical characteristics.
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Primary outcomes

Accessibility was just below average at 48% (11/23) with the
main loss of potential participants occurring after the PIP
had been sent out and after the FU telephone call (see fig
1). It is possible that applicants self-screened and did not
respond further after reviewing the PIP. Tolerability and
acceptability were measured as 26% (6/23), with identified
reasons shown in fig 1. Five participants required email FU
with respect to noncompliance with the number of sessions
identified in the PIP. The reasons given for this included ill-
ness of a family member, complications with their own con-
dition, hospital admission, and time shortage.

Overall safety was good with no serious AEs. There were
13 AEs in total: 1 was treatment-related, 4 were equip-
ment-related, and 8 were related to courier deliveries.
These AEs were resolved by the trial team and Exsurgo Ltd
(table 3). In terms of human resources, an estimated mini-
mum time needed for trial implementation is presented in
tables 4 and 5, which identify time input from Exsurgo Ltd
and time input from the Co-I (KS), respectively. The total
trial time estimates were 18.5 hours for Exsurgo Ltd and
77 hours for the Co-I (KS), with the latter not including
appointments not attended by participants, rescheduling
and booking appointments, and the administrative time
required to send out PIPs, complete AE forms, and tele-
phone participants. Time was also required from the PI
(MS) on occasion to call participants to discuss a particular
trial-related issue.
Secondary outcome measures

These are presented in table 6 and fig 4. Analysis of pain
scores revealed that all participants reported improvements
in total BPI scores. The mean total BPI score improved signif-
icantly from 7.0§0.5 at baseline to 5.2§0.8 postinterven-
tion and 5.1§0.6 (P<.05) at FU. Total Pain Catastrophizing
Scale scores improved significantly from prebaseline to post-
intervention (P<.05) and showed continued improvements
(P<.01) at FU (see fig 4). Clinically significant (≥30%)
improvements in BPI were reported by 5 participants. Total
Depression, Anxiety and Stress Outcome Scale-21 scores sig-
nificantly improved from prebaseline (31.1) to postinterven-
tion (21.3) (P<.01). There was an improvement in mean CSI
scores, with participants mostly categorized in the mild cat-
egory at the postintervention and FU. The mean CSI score
decreased from 48.2§6.6 to 44.0§7.2 postintervention and
44.6§6.7 at FU. However, there were no significant improve-
ments in sleep or quality of life scores. Most participants (6/
9) perceived minimal improvement or no change in their
symptoms, and most participants (5/9) were satisfied with
the treatment received. The full data analysis of the second-
ary outcomes measured in the trial will be published sepa-
rately.
Discussion

Our objectives were to test the feasibility and safety of an
8-week home-based NFB intervention for people with CNP
and to explore if there were any potential secondary health
benefits of the intervention. The composition of our sample
(66.7% women and 33.3% men) reflected the research litera-
ture,4-6 which indicates that more women than men are
diagnosed with NP. The mean age of participants was
51.9 years, which also aligns with the research literature.4-6

The largest source of CNP in our sample was related to pain
experienced by stroke survivors (4/6 who completed the
trial). In alignment with the research literature,4,6 most
people with CNP in our sample also had associated comor-
bidities, including fibromyalgia and migraine. Several stud-
ies on the use of EEG NFB for various CP conditions (such as
fibromyalgia, NP, and migraine) have identified a positive
correlation between NFB interventions and pain improve-
ment; however, these studies may have limitations in terms
of design and sample sizes, which can potentially lead to a
biased conclusion.22 Therefore, randomized controlled tri-
als with more robust methodologies are needed to
strengthen the evidence base for the use of NFB in CP man-
agement.

In terms of accessibility, this study had a 2:1 ratio for
participant screening to trial enrollment and also provided
insight into a range of recruitment barriers. These included
participants’ access to their own laptop, personal com-
puter, or tablet (financial barrier); dependence on having
an email address (an IT literacy barrier); the burden of time
required from participants taking part (a 22-week trial com-
mitment period); and the relatively high level of IT literacy
required from participants. There is limited research on
home-based portable EEG NFB systems, although one cen-
ter-based study identified that participants often had to
travel over 1 hour to the center, which caused fatigue that
was counterproductive to the NFB.23 This suggests that it
would be advantageous to develop more user-friendly
home-based systems, which would also minimize carbon
footprint. Usability is an important concept in relation to
brain-computer interface systems, and usability research
studies have determined that home-based systems should
be effective, simple to use, portable, and inexpensive.8 By
doing this, the “burden of treatment” is considered to be
minimized.24 Technical issues might be more easily resolved
if a study was center-based with ITexperts on site, although
having a study based in a single center would also pose geo-
graphic constraints on participant recruitment. Three par-
ticipants required assistance from a family member to
navigate and use the Axon system, and 1 participant had
ongoing difficulties with participation because the individ-
ual was required to use their own personal IT device for the
Zoom appointments, and the 2 devices she had access to (a
tablet and smart mobile telephone) did not enable her to
participate without difficulty. These digital barriers should
be addressed in any future trial.

Logistics were improved during the trial by changing the
courier delivery system so that participants were not
approached by the courier requesting financial payment of a
duty tax charge, which caused anxiety. Equipment-related
AEs might be reduced in future trials because the equipment
has already been redesigned. The treatment-related AE war-
rants consideration in terms of the level of concentration
required during participation because this was identified as
the factor associated with the symptoms reported during



Table 3 Reported AEs detailing severity and relationship to the treatment during the trial.

AE No. PI Grade* Treatment-
Related
Events

Equipment-
Related
Events

Admin-
Related
Events

Event Descriptiony Support and Resolution Outcome

1 Minor - - Yes Participant received unexpected text message from
courier company requesting payment of export duty
charge fee prior to delivery of trial equipment,
which caused anxiety. Participant emailed study
team to inform them.

Study team emailed Exsurgo Ltd to request
they resolve the payment issue and
informed participant not to pay the
charge. Exsurgo Ltd addressed the matter
with the company by paying the charge.

Equipment was successfully
delivered to the participant.

2 Moderate Yes - - Participant reported experiencing a heavy feeling,
tingling, and weakness on her left side during the
session, accompanied by fatigue. She reported that
she also gets the same symptoms, localized to her
left hemiplegic side, when she is anxious.

The PI telephoned the participant to
discuss the issues reported. After
discussion, the PI determined that the
reported symptoms were associated with
intense concentration and underlying
anxiety issues.

Participant was reassured and
wished to continue in the trial.

3 Minor - Yes - Participant reported to the PI and CoI that she was
unable to do the baseline sessions because the
headset device was faulty.

Study team forwarded emails to Exsurgo
Ltd and requested support. Exsurgo Ltd
set up a support call with participant and
confirmed the headset as faulty.
Replacement headset sent to participant.

Participant received a new headset
to resume the trial.

4 Minor - - Yes Participant received unexpected text message from
courier company requesting payment of export duty
charge fee prior to delivery of trial equipment,
which caused anxiety. Participant emailed study
team to inform them.

Study team emailed Exsurgo Ltd to request
they resolve the payment issue and
informed participant not to pay the
charge. Exsurgo Ltd addressed the matter
with the company by paying the charge.

Equipment was successfully
delivered to the participant.

5 Minor - Yes - Participant’s husband reported to CoI that headset
failed to illuminate and was unable to establish a
connection with tablet, so participant was unable to
do the NFB sessions.

Study team forwarded emails to Exsurgo
Ltd support for awareness and resolution.
Exsurgo Ltd conducted a support call with
participant and found out that one
electrode felt pad had fallen out.

Participants replaced the missing
pad using instructions provided by
Exsurgo Ltd and continued with
NFB sessions.

6 Minor - - Yes Participant received unexpected text message from
courier company requesting payment of export duty
charge fee prior to delivery of trial equipment,
which caused anxiety. Participant emailed study
team to inform them.

Exsurgo Ltd addressed the matter with the
company by paying the charge.

Equipment was successfully
delivered to the participant.

7 Minor - - Yes Participant received an unexpected telephone call
from a delivery person at the courier company, who
called the participant on her mobile telephone
number to inform her that they have a parcel from
Exsurgo Ltd to be delivered but could not deliver it
to her because the export duty charge fee had not
been paid. Participant contacted PI and CoI by email
to inform them of the incident and to ask about what
she should do.

PI apologized to the participant by email
and informed her that she did not have to
pay the duty import fee. PI also informed
participant that the CoI had raised this as
an ongoing issue of concern to Exsurgo
Ltd and had requested that Exsurgo Ltd
stop the courier from sending
inappropriate text messages and
contacting participants inappropriately in
this manner. Exsurgo Ltd addressed the
matter with the company by paying the
charge.

Equipment was successfully
delivered to the participant.

(continued)
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Table 3 (Continued)

AE No. PI Grade* Treatment-
Related
Events

Equipment-
Related
Events

Admin-
Related
Events

Event Descriptiony Support and Resolution Outcome

8 Minor - - Yes Participant emailed CoI to report that she had
received a letter and telephone call from the courier
company informing her that the export duty charge
fee for the trial equipment had not been paid. The
letter stated that if Exsurgo Ltd can send the courier
company a letter or email saying that they will pay
the money, then her name would be taken off their
list.

The CoI sent an email back to the
participant, copied to the PI and Exsurgo
Ltd, to enable both to be made aware of
this and enable investigation and
resolution by Exsurgo Ltd. Exsurgo Ltd
addressed the matter with the company
by paying the charge.

Equipment was successfully
delivered to the participant.

9 Minor - - Yes Participant reported to CoI that one of the headset
electrode pads kept falling out, which meant that
she could not do her baseline EEG recordings.

Study team emailed Exsurgo Ltd to inform
them of the issue. Exsurgo Ltd sent a new
electrode pad with replacement
instructions to the participant.

Participant replaced electrode pad
and continued with the trial.

10 Minor - - Yes Participant reported to CoI that the headset was not
working.

CoI replied by email and copied Exsurgo Ltd
support to request support for the
participant. Participant sent screenshots
of the app to Exsurgo Ltd support.
Exsurgo Ltd support informed the
participant that the Axon app had failed
to install on the tablet and sent further
technical advice.

Participant followed Exsurgo Ltd
advice and informed study team
that the equipment was working
again.

11 Minor - Yes - Participant informed that the headset was not
working, which prevented her from progressing
beyond the eyes open baseline recordings.

Exsurgo Ltd arranged delivery of the new
headset device and extended the training
period by 1 more week to take delivery
period into account.

Participant received a new headset
device and continued with the
trial.

12 Minor - - Yes Participant reported one of the headset electrode
pads had fallen out.

Study team emailed Exsurgo Ltd to inform
them of the issue. Exsurgo Ltd sent a new
electrode pad with replacement
instructions to the participant.

Participant replaced electrode pad
and continued with the trial.

13 Minor - Yes - Participant reported a joint on the headset seemed to
be broken and was not recording EEG activity
properly.

Exsurgo Ltd arranged for delivery of a new
headset.

Participant received new headset
and continued with the trial.

* PI grading of AEs as minor, moderate, or serious.
y Event description includes relationship to participation in the trial and treatment.
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Table 4 Resource metric measurement - training time for
participants from Exsurgo Ltd.

Participant Number of
Training
Sessions*

Total Time in Training
and Support Sessions
(min)

EK02 2 100
EK03 2 100
EK04 2 100
EK06 2 100
EK07 2 300y

EK08 2 100
EK09 2 100
EK10 2 100
EK12 2 100

NOTE. Total time training and supporting participants = 18.5 h.
* Training was split into 2 sessions − fitting and baseline, fol-

lowed by NFB training during the transition week.
y Participant required a lot of support and had very high anxiety

throughout.
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intervention use. Further details on AE outcomes is pre-
sented in table 3.

Three participants dropped out during the FU period of 12
weeks (see fig 1), which was considered by some to be too
long. The length of the FU period was designed to assess the
sustainability of NFB treatment effects and would benefit
from adjustment in future trials as appropriate. At least 2
participants informed the Co-I (KS) and PI (MS) that they did
not know that they should be performing baseline readings
for 12 weeks during the FU time period, which may be
related to memory issues and the complexity of the partici-
pation process. In any future trial, these tolerability issues
should be addressed.
Table 5 Resource metric measurement − appointment time with

Number of
Participants

Total Number of
Zoom Video Appointments
per Participant in the Trial

Time (h) for First Zoom Vid
Assessment Appointment

11 6 2

NOTE. The time related to appointment nonattendance by participan
the trial are not included.

Table 6 Overall mean outcome measurement scores.

Outcome Measurements Prebaseline (n=9) Preinter

Overall BPI 7.0§0.5 6.6§0.6
DASS-21 31.1§5.3 27.7§6.
PCS 28.7§4.8 21.7§4.
CSI 48.2§6.6 47.3§6.
PSQI 10.4§1.5 10.7§2.
EQ-5D-5L (VAS) 52.2§6.3 45.7§6.

NOTE. Data are shown as overall mean § SE scores of the trial participa
Abbreviations: DASS-21, Depression, Anxiety and Stress Scale-21 item
Index.
In terms of human resources, it would be possible to
improve the efficiency of the process and reduce the time
burden on the research team with some improvements to
the software system used; for example, an automatic email
alert sent to the PI (MS) and Co-I (KS) to inform them of
when a participant has completed the electronic screening
form. Improvements in pain levels, mood, and central sensi-
tization scores were detected, which indicates that these
outcome measures used are sensitive and relevant for use in
a larger potential future trial. These outcomes and learning
insights provide a solid foundation for future trials.

Study limitations

Our results are not generalizable to the larger population of
people living with CNP, given the small sample and unblinded
single-group design. This was also a convenience sample,
which is not representative of the larger population of peo-
ple living with CNP. The study experienced a notable dropout
rate, technical issues, and limited perceived benefits among
participants. Our eligibility criteria and screening protocol
were also subject to selection bias. Secondary outcome
results should be interpreted with caution because of the
small sample size. These limitations will be addressed by a
larger randomized controlled trial.
Conclusions

It is feasible and safe to conduct a home-based NFB inter-
vention for people with CNP within the National Health Ser-
vice framework, when the identified human and IT resources
are provided and relevant governance processes are fol-
lowed. The improvements in the secondary outcomes of
pain and mood justify further investigation with a
the Co-I.

eo Total Time (h) for 5 FU Zoom
Video Appointments of 1 h

Total Appointment Time in
Trial to Support Participants (h)

5 77

ts, appointment rescheduling, and administrative tasks to support

vention (n=9) Postintervention (n=9) FU 1 (n=9)

5.2§0.8 5.1§0.6
6 21.3§5.4 22.0§4.7
6 20.4§5.4 17.9§5.0
6 44.0§7.3 44.6§6.7
2 10.9§2.0 9.6§1.6
8 52.0§7.4 51.1§6.0

nts.
s; PCS, Pain Catastrophizing Score; PSQI, Pittsburgh Sleep Quality



Fig 4 Secondary outcome measurement scores at 4 TPs in the trial. This figure corresponds to the overall mean scores of the trial
participants for (A) Overall BPI, (B) DASS-21, (C) PCS, and (D) CSI-A. The bar graphs are represented as mean § SE where * denotes
P<.05 and ** denotes P<.01. DASS-21, Depression, Anxiety and Stress Scale-21 items; PCS, Pain Catastrophizing Scale.
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randomized controlled trial to confirm the efficacy of the
intervention.
Suppliers

a. Axon EEG NFB system; Exsurgo Ltd.
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d. SPSS, version 29.0; IBM.
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