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ABSTRACT
Introduction  Patients with peripheral artery disease 
(PAD) can experience intermittent claudication, which 
limits walking capacity and the ability to undertake 
daily activities. While exercise therapy is an established 
way to improve walking capacity in people with PAD, it 
is not feasible in all patients. Neuromuscular electrical 
stimulation (NMES) provides a way to passively induce 
repeated muscle contractions and has been widely 
used as a therapy for chronic conditions that limit 
functional capacity. Preliminary trials in patients with PAD 
demonstrate that stimulation of the leg muscles using a 
footplate-NMES device can be performed without pain and 
may lead to significant gains in walking capacity. Studies, 
to date, have been small and have not been adequately 
controlled to account for any potential placebo effect. 
Therefore, the current trial will compare the effect of a 
12-week programme of footplate-NMES with a placebo-
control on walking capacity (6 min walking distance) and 
other secondary outcomes in patients with PAD.
Methods and analysis  The Foot-PAD trial is a double-
blinded, randomised placebo-controlled trial to determine 
the effect of a 12-week home-based programme of 
footplate NMES on walking capacity in people with PAD. 
This is a single-centre trial with numerous recruitment 
locations. A total of 180 participants with stable PAD 
and intermittent claudication will be randomly assigned 
(1:1 ratio) to receive either footplate-NMES (intervention 
condition) or footplate-placebo (control condition) for two 
30 min periods each day for 12 weeks. The footplate-
NMES device will deliver stimulation sufficient to induce 
contraction of the leg muscles and repeated plantar 
and dorsiflexion at the ankles. The footplate-placebo 
device will deliver a momentary low-intensity transient 
stimulation that is insufficient to induce contraction of the 
leg muscles. Outcomes will be assessed at baseline (week 

0), mid-intervention (week 6), postintervention (week 
12) and 6 weeks after the completion of the intervention 
(week 18). The primary outcome is walking capacity at 
week 12, measured as maximum walking distance during 
the 6 min walk test. Secondary outcomes will include 
pain-free walking distance during the 6 min walk test; 
pain-free and maximum walking time during a graded 
treadmill walking test; disease-specific quality of life 
(Intermittent Claudication Questionnaire), self-reported 
walking impairment (Walking Impairment Questionnaire) 
and accelerometer-derived physical activity levels. 
Exploratory outcomes will include the Ankle-Brachial 
Index; leg vascular function; perception of device-use 
experience and symptom monitoring throughout the trial 
using the Claudication Symptom Instrument and a pain 
Visual Analogue Scale.
Ethics and dissemination  The Foot-PAD trial has 
received ethics approval from the Human Research Ethics 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The primary outcome of this study, maximum walk-
ing distance during the 6 min walk test, is a mean-
ingful clinical parameter that is strongly associated 
with quality of life and cardiovascular morbidity and 
mortality in people with peripheral artery disease 
(PAD).

	⇒ The outcome measurements included in this study 
provide a range of objective, subjective and explor-
atory data, which will provide a comprehensive un-
derstanding of potential benefits of neuromuscular 
electrical stimulation therapy in people with PAD.

	⇒ Devices used in the control and interventional 
groups will look identical, and participants and out-
come assessors will be blinded to the group alloca-
tion throughout the trial.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at Jam
es C

o
o

k U
n

iversity
 

o
n

 A
p

ril 14, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

25 Jan
u

ary 2025. 
10.1136/b

m
jo

p
en

-2024-093162 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-8076-8789
http://orcid.org/0000-0002-8548-8919
http://orcid.org/0000-0002-7727-526X
https://doi.org/10.1136/bmjopen-2024-093162
https://doi.org/10.1136/bmjopen-2024-093162
https://doi.org/10.1136/bmjopen-2024-093162
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-093162&domain=pdf&date_stamp=2025-01-25
http://bmjopen.bmj.com/


2 Askew CD, et al. BMJ Open 2025;15:e093162. doi:10.1136/bmjopen-2024-093162

Open access�

Committees of Queensland Health Metro North Hospital and Health Service 
(78962) and the University of the Sunshine Coast (A21659). Regardless of 
the study outcomes, the study findings will be published in peer-reviewed 
scientific journals and presented at scientific meetings.
Trial registration number  ACTRN12621001383853.

INTRODUCTION
Peripheral artery disease (PAD) is an atherosclerotic 
condition characterised by the stenosis or occlusion of 
one or more lower limb arteries supplying blood to the 
legs. The prevalence of PAD increases with advancing age 
from 3% to 5% in adults younger than 60 years, to an 
estimated ≥25% in those over the age of 80.1–3 It has been 
estimated that approximately 236 million people globally 
have PAD, and the prevalence of PAD has increased by 
17% since 2010, which is reflective of an ageing popula-
tion.2 4 Hospitalisation rates and the presence of comor-
bidities are elevated in patients with PAD, with studies 
demonstrating the risk of hospitalisation to be more 
than twice that of people without PAD.5 Worldwide, PAD-
related treatment and associated hospitalisation impose 
a significant economic strain on healthcare systems with 
studies indicating annual costs ranging from US$6 to 
US$21 billion annually.6 7

Intermittent claudication (IC) is the most well-
recognised symptom reported by patients with PAD, 
although a range of other symptoms are also reported and 
many patients are asymptomatic.8–11 Irrespective of symp-
toms, walking capacity and quality of life are substantially 
reduced in people with PAD.12–15 Patients with PAD and 
IC avoid physical activity because of pain and their poor 
walking capacity,11 16 17 and physical inactivity is associated 
with elevated mortality, independent of disease severity 
and age.18 19 Therefore, improving walking capacity is a 
primary treatment goal for patients with PAD.

Treatment for PAD includes the medical management 
of symptoms and cardiovascular risk, exercise therapy 
and in cases of severe or lifestyle-limiting disease, lower 
limb revascularisation procedures may be indicated (eg, 
endovascular or open surgical procedures).20 Supervised 
exercise therapy is a class IA recommendation in several 
international guidelines for improving walking capacity 
in patients with PAD.21–24 However, patients with PAD typi-
cally find exercise difficult, reporting a paradoxical situa-
tion where they are advised to exercise, but their leg pain 
discourages or prevents them from doing so. As a result, 
adherence to exercise programmes is often poor, with 
drop-out rates of up to 45% in programmes conducted 
in clinical settings.25 26 Patients also often fail to adhere 
to home exercise instruction and interventions.27 These 
findings highlight the need for pain-free, accessible ther-
apeutic approaches that will reduce symptoms and enable 
people with PAD to be more physically active.

Neuromuscular electrical stimulation (NMES) is an 
established therapy for the treatment of muscle impair-
ment associated with various musculoskeletal, neuro-
logical, pulmonary and cardiovascular conditions.28 29 
NMES consists of the application of an electrical current 

to produce contraction of stimulated muscles while the 
participant is in a rested state. Muscle contraction trig-
gered by an NMES device is the result of the depolarisa-
tion of motor neuron axons and their branches. This can 
be achieved in several ways, including direct stimulation 
over the superficial muscle belly via self-adhesive surface 
electrodes or indirectly over motor nerves.30 31 The 
current trial will use a commercially available footplate-
NMES device which delivers an indirect stimulation via 
rubberised foot pads to the plantar surface of the feet 
while the participant is in the seated position.

Evidence, to date, suggests that NMES is well toler-
ated and may have both functional and haemodynamic 
benefits for patients with PAD. A systematic review of 
non-invasive therapies for PAD identified three small 
trials (N=40 participants) of different NMES devices 
and reported that NMES of the leg muscles led to 
a 34%–150% increase in treadmill walking capacity, 
measured at 4–8 weeks compared with baseline.32 Prelimi-
nary studies (without control) that assessed the effect of a 
6-week footplate NMES intervention in patients with PAD, 
demonstrated a 46% improvement in maximal walking 
distance (p<0.001), and a 71% improvement in pain-free 
walking distance (PFWD) (p<0.001) during a constant-
load treadmill test.33 During a subsequent randomised 
trial of 42 patients that compared supervised exercise 
alone versus exercise plus home-based NMES, the addi-
tion of NMES led to a greater improvement in treadmill 
PFWD (mean change: 40.4 m vs 7.5 m; p=0.012).33 Anal-
ysis of compliance diaries completed by all participants 
showed a mean adherence rate to NMES device use of 
97% (range 81%–100%) over the intervention period. It 
has also been demonstrated that an acute bout of NMES 
induces an increase in femoral arterial blood flow by 
140%, in the absence of measurable muscle ischaemia or 
pain.34 These findings suggest that patients with PAD can 
use NMES without experiencing pain, and considering 
the high level of intervention adherence, NMES therapy 
demonstrates a high level of acceptability for patients 
and supports the potential effectiveness of this treatment 
modality. However, as highlighted by Jéhannin et al in 
their systematic review,35 evidence, to date, is limited to 
a small number of randomised-controlled trials that are 
characterised by small sample sizes and a high risk of bias. 
Available studies have not adequately controlled for the 
potential placebo effect of using an NMES device, and, 
there has been no attempt to investigate the time course 
of changes with NMES. Thus, we now present a protocol 
for the Foot-PAD trial: a double-blinded, randomised 
placebo-controlled trial to determine the effect of a 
12-week home-based programme of footplate NMES on 
walking capacity in people with PAD.

Objectives
The primary objective of this trial is to compare the effect 
of a 12-week home-based programme of NMES using a 
commercially available footplate device against a placebo 
control footplate device (CON), in addition to usual 
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care, on change in maximum walking distance during the 
6 min walk test (6MWT), measured at baseline and week 
12 (postintervention), in people with PAD.

The secondary objectives of the trial include the 
assessment of changes in (1) PFWD during the 6MWT, 
(2) pain-free and maximum walk time during an incre-
mental treadmill walking test, (3) disease-specific quality 
of life assessed with the Intermittent Claudication Ques-
tionnaire (ICQ), (4) self-reported walking impairment/
capacity assessed with the Walking Impairment Question-
naire (WIQ) and (5) physical activity levels measured 
objectively using a thigh-mounted triaxial accelerometer.

The trial will also include exploratory objectives aimed 
at providing measures of intervention adherence, to 
determine participant satisfaction and perception of 
treatment/placebo effects, to provide insight into poten-
tial physiological mechanisms of action and to establish 
the short-term maintenance of intervention effects. The 
exploratory objectives of the trial include the assess-
ment of changes in (1) Ankle-Brachial Index (ABI), 
(2) limb blood flow (measured with strain gauge pleth-
ysmography) and tissue oxygenation (measured with 
near-infrared spectroscopy (NIRS)) assessed at rest and 
during reactive hyperaemia, (3) adherence to interven-
tion device use (NMES or CON) assessed with a daily 
diary and automated device data logging, (4) severity 
of symptoms measured with the Claudication Symptom 
Instrument (CSI) and a pain Visual Analogue Scale and 
(5) device experience and perception of intervention 
efficacy (NMES or CON). To determine the short-term 
maintenance of treatment effects, all outcome measures 
will be repeated at week 18, that is, 6 weeks following the 
completion of the 12-week intervention phase. Finally, a 
safety assessment will be conducted including a formal 
evaluation of all related and unrelated adverse events 
(AEs) throughout the study.

METHODS AND ANALYSIS
Study design
The Foot-PAD trial is a parallel-group, double-blinded, 
randomised placebo-controlled study (figure  1). All 
eligible participants will continue to receive usual care 
and medical advice from their local doctor and vascular 
surgeon, and they will be randomly allocated to receive 
either the NMES or CON interventions, which will be 
undertaken for two 30 min periods each day for 12 weeks. 
This will be followed by a 6-week off-intervention phase 
to assess the short-term maintenance of treatment effects. 
Outcome measures will be assessed at baseline (week 0), 
midway through (week 6) and at the end of the interven-
tion period (week 12) and again at the end of the 6-week 
off-intervention phase (week 18). In addition, partic-
ipants will be contacted by telephone throughout the 
intervention period (weeks 1, 3, 6, 9 and 12) to monitor 
and support intervention adherence. In accordance 
with Standard Protocol Items: Recommendations for 

Interventional Trials, a schedule of participant enrolment, 
intervention and assessments is presented in table 1.36

Study participants and recruitment
The Foot-PAD trial will enrol 180 participants with PAD 
and IC. Participant recruitment and data collection 
commenced in February 2021 and is anticipated to be 
completed by the end of 2024. Preliminary findings are 
expected to be presented in early 2026. This is a single-
centre trial with numerous recruitment locations across 
metropolitan and regional areas of Southeast Queensland 
in Australia. Participants will be recruited through the 
vascular units of two major public health service regions 
(Sunshine Coast and Brisbane Metro North Hospital 
and Health Service regions of Queensland, Australia), 
through private vascular clinics, and through commu-
nity sources and advertising. Participant eligibility will be 
assessed in accordance with the following inclusion and 
exclusion criteria:

Inclusion criteria
1.	 Clinical diagnosis of PAD with IC by a vascular surgeon, 

confirmed with:
a.	 Positive Edinburgh Claudication Questionnaire 

(ECQ).
b.	Resting ABI≤0.9; OR positive walking claudication 

test (fall in ankle pressure >30 mm Hg (or 20%), fol-
lowing treadmill walking test).

2.	 18 years of age or older.
3.	 Able to understand and communicate in English suffi-

cient to complete the informed consent.

Exclusion criteria
1.	 Walking distance limited by symptoms other than IC 

or leg discomfort during initial screening treadmill 
walking test, for example, angina, general fatigue, 
back pain, shortness of breath.

2.	 Critical limb ischaemia including rest pain, arterial 
ulcers (tissue loss) or gangrene of one or both legs 
or feet.

3.	 Severe disease requiring surgical or endovascular 
intervention.

4.	 Previous lower limb or foot amputation.
5.	 Plantar wounds, including broken or bleeding skin, 

or ulcers.
6.	 Any implanted electronic, cardiac or defibrillator 

device.
7.	 Being treated for lower limb deep vein thrombosis 

(DVT) or potential presence of DVT based on pre-
sentation (ie, pain, swelling, tenderness, heavy ache, 
warm skin and redness of lower limb).

8.	 Pregnant or intending to become pregnant during 
the trial period.

9.	 Has participated in a supervised exercise programme 
within the previous 3-month period.

10.	 Has used any form of lower limb NMES therapy with-
in the previous 3 month period.
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11.	 Has previously used at any time a Revitive footplate 
NMES device.

12.	 Unwilling or unable to engage with the technology 
required for the intervention.

13.	 Terminal illness or other medical condition that may 
affect the ability to complete the trial, or deemed 
unfit to undertake the trial procedures (eg, where 
walking tests may be contraindicated because of an 
existing or unstable medical condition that may be 
made worse or exacerbated by participation).

Consent
Prior to any screening assessments, participants will be 
required to provide their informed consent to participate 

in the study which will occur at the commencement of the 
initial study visit (visit 1). A trained study staff member 
authorised by the principal investigator (PI) will explain 
the details of the study and procedures and obtain 
informed consent. Participants will be informed that they 
have an equal chance of being randomised to the NMES 
or CON groups. Participants who are willing to partici-
pate in the study will be asked to voluntarily provide their 
written consent by signing the consent form. The study 
staff member will also sign and date the consent form. A 
copy of the information sheet and signed consent form 
will be given to participants along with a withdrawal of 
consent form.

Figure 1  Overview of the Foot-PAD trial. CON, placebo control condition; NMES, neuromuscular electrical stimulation.
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Screening and enrolment
Screening and enrolment procedures will be carried 
out across two study visits (see table  1). As part of the 
initial study visit (visit 1), screening procedures will be 
undertaken to ensure that participants meet the inclu-
sion criteria for the study. Assessments include the ABI, 
confirmation of IC symptoms using the ECQ, collec-
tion of medical history and demographic data, anthro-
pometric measurements (eg, height, weight and calf 
circumferences), and referral for blood pathology 
testing for cardiovascular risk assessment and medical 
review (full blood count, electrolytes and liver func-
tion tests, cholesterol, triglycerides, high-density lipo-
protein/low-density lipoprotein, creatinine, glucose, 
estimated glomerular filtration rate, haemoglobin A1c 
and C reactive protein). Participants will also undergo 
a medical review by the study medical practitioner (visit 
2). During this visit, participants will undertake an incre-
mental treadmill walking test with medical supervision 
using the same graded protocol as described in the study 
outcomes section. Prior to the test, participants will rest 
in the supine position for baseline measures of ABI, and 
a recording and review of the resting ECG. Participants 
will receive standardised encouragement and the walking 
test will continue until the point the participant does not 
want or does not feel able to continue due to lower limb 
discomfort, or any other reason. Following the treadmill 
test, participants will return immediately to the supine 
position for postexercise measures of the ABI and moni-
toring. Based on their review of medical history and the 
screening assessment data, the study medical practitioner 
will be required to provide clearance for each participant 
to enter the trial.

Randomisation
A random sequence for group (NMES vs CON) allocation 
will be generated prior to commencement where consec-
utive participant enrolment codes are randomly assigned 
to device codes. Device codes will be randomly gener-
ated, and it will not be possible for participants or staff 
to differentiate between NMES or CON devices by this 
code. Randomisation will be conducted using a secure, 
auditable, independent web-based randomisation system 
(​SealedEnvelope.​com) without stratification. Randomi-
sation will be in a 1:1 ratio and random blocks of 4–8 
participants will be used to ensure equal group numbers 
throughout the recruitment and enrolment period. 
Randomisation will occur at the completion of baseline 
outcome assessments (visit 4: see table 1) to ensure there 
is no impact of group allocation on baseline measures. 
Allocation concealment will be ensured prior to randomi-
sation as the SealedEnvelope service will not release the 
device code until the participant has completed all base-
line measurements.

Blinding
Participants, investigators, outcome assessors and data 
analysts will be blinded to the intervention allocation 

throughout the trial. The following measures are in place 
to maintain the ‘double-blinded’ nature of the trial. First, 
the description of the sensations that may be experienced 
during device use will be the same for all participants. 
Prospective participants will be informed of the range of 
sensations, from light tingling and feelings of pins and 
needles, to noticeable muscle twitches and contractions 
in the muscles of the feet and legs. Second, familiarisation 
and ongoing support with the intervention and control 
devices will be managed by an unblinded staff member, 
and this person will provide feedback and cues to the 
participant that their sensations and feelings in response 
to using the device are as expected or ‘normal’. Any 
enquiries regarding the device during the trial period will 
only be handled by the unblinded staff member. Lastly, 
the packaging, user instructions and appearance of the 
devices will be identical. Each device will be labelled with 
a randomly allocated device code, and a log of device 
codes against the serial numbers of each device will be 
maintained by the unblinded staff member, who is not 
involved in the collection or analysis of trial outcome 
data. Unblinding of a study participant’s intervention 
allocation will only occur if it is necessary as part of the 
investigation or treatment of an AE.

Interventions
All participants will continue to receive usual care and 
medical advice from their local doctor and vascular 
surgeon throughout the study. While usual care for PAD 
will not be altered by this protocol, on consent to the 
study each participant’s local doctor and vascular surgeon 
will be contacted to request to provide their best possible 
medical care throughout the study. In addition to usual 
care, eligible participants will be randomised in equal 
proportions (1:1) to receive either a home programme 
of footplate-NMES (intervention condition) or foot-
plate-CON (placebo condition).

Participants in the NMES group will be provided with 
a Revitive Medic Coach which is a CE Marked and Ther-
apeutic Goods Administration approved Class IIa, NMES 
medical device intended to actively improve circulation 
in the lower limbs to alleviate symptoms associated with 
poor circulation due to age, sedentary lifestyle, PAD and 
chronic venous insufficiency. Participants use the device 
while in the seated position. The device causes muscle 
contraction by applying electrical stimulation to the soles 
of the feet via large conductive rubber footpad electrodes. 
Participants will also be provided with an Android smart-
phone preinstalled with the Revitive Controller Applica-
tion (App) to control the device and log device-use data. 
The device is preprogrammed with a standard stimula-
tion programme that runs for 15 min and then repeats. 
The programme comprises a series of stimulation 
patterns that last approximately 60 s each. Each pattern 
(or waveform) is made up of a sequence of bursts that 
are composed of stimulation pulses delivered in cycles at 
a range of stimulation frequencies (20–44 Hz) and dura-
tions (450–970μs).

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at Jam
es C

o
o

k U
n

iversity
 

o
n

 A
p

ril 14, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

25 Jan
u

ary 2025. 
10.1136/b

m
jo

p
en

-2024-093162 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


7Askew CD, et al. BMJ Open 2025;15:e093162. doi:10.1136/bmjopen-2024-093162

Open access

The intensity of electrical stimulus can be varied from 
level 1 to level 99, which corresponds with an increase in 
the electrical current. Optimal intensity level to induce 
muscle contractions varies from person to person and 
may be dependent on factors including foot plantar 
surface skin hydration. The user controls the intensity 
using the Revitive App and sets an intensity that is suffi-
cient to induce repeated contraction and ankle plantar/
dorsi flexion, which in turn causes ‘rocking’ of the foot-
plate device. When first using the NMES device during 
the familiarisation visit (visit 4), baseline sensory and 
motor thresholds will be established by systematically 
increasing the stimulation intensity in increments of one 
unit while the participant provides verbal sensory feed-
back. The minimal intensity at which the participant 
can clearly feel electrical stimulation will be recorded as 
the sensory threshold; and the intensity that produces 
visible muscle twitches will be the motor threshold. The 
stimulation intensity will be adjusted to produce visible 
but non-painful contraction of the lower limb muscula-
ture at twice the individual motor threshold or as much 
as the participant can tolerate as comfortably, whichever 
is greater (ie, the therapy target threshold). Participants 
will be encouraged to increase the intensity of the NMES 
intervention as tolerated throughout the intervention 
period. Participants will be asked to use the device for two 
30 min sessions per day, at the target therapy threshold 
intensity sufficient to evoke lower limb muscle contrac-
tions. Adherence will be recorded in a device use diary 
and collected via the Revitive App.

Participants in the CON group will be provided with a 
placebo (sham) device which is a modified Revitive Medic 
Coach. The external appearance of the placebo device is 
identical to the active intervention device, however, the 
stimulation protocol is modified with a stimulation inten-
sity cap. This intensity cap will only enable stimulation to 
a level of 5 (out of 99) for the first minute of use, then 
level 2 for the second minute, then to level zero for the 
remaining duration of the session. The intensity reading 
on the device and Revitive App will range between 1 and 
99 to mimic the active intervention device for the entire 
session. Participants in the CON group will also be asked 
to use the device for two 30 min sessions each day, and 
adherence data will be recorded in a device use diary and 
collected via the Revitive App.

Modifications to interventions
If participants indicate that they are unable to tolerate 
extended periods of sitting or device use, modifications to 
the intervention will be guided by the unblinded support 
staff member, and participants will be instructed that they 
are able to break the total duration into shorter sessions 
each day (eg, 6×10 min). If device use causes irritation 
to the skin, participants will be instructed to alter the 
frequency and intensity of stimulation. Participants will 
be asked to note any skin irritation in the device use diary 
and to inform the research team. If skin irritation persists, 
the participant will be reviewed by the trial medical 

practitioner who will advise on whether the intervention 
should be discontinued, which would be reported as an 
AE of special interest (AESI). In such cases, study partic-
ipants will be retained in the trial whenever possible to 
enable follow-up data collection and prevent missing data 
for intention-to-treat-based analyses.

Adherence to interventions
Strategies are incorporated into the protocol to monitor 
and promote adherence to the trial interventions. The 
importance of accumulating the recommended dura-
tion of treatment (ie, 60 min per day) will be explained 
to the participants in the participant information sheet 
and consent form and during the introductory famil-
iarisation session. Telephone support will be available 
24 hours/7 days and participants will be encouraged to 
contact the research support team at any time to discuss 
questions or difficulties they may have with the interven-
tion device. Participants will be asked to keep a daily diary 
of self-reported device use. Participants will be contacted 
by telephone through the intervention period (weeks 1, 
3, 6, 9 and 12) and asked to report their average device 
use and will be supported to maintain or improve their 
adherence as required. Device use data will also be logged 
and objectively assessed using the Revitive App and will 
serve as a secondary outcome measure for intervention 
adherence. For each session, this information will be 
logged every 60 s and will include the average intensity 
and duration of stimulation and whether the stimulation 
was sufficient to induce rocking of the device (ie, plantar 
and dorsiflexion). Participants will be made aware in the 
participant information sheet and consent form and at the 
commencement of the trial that device use is monitored 
using the mobile phone App; however, these data will not 
be revealed or discussed with participants throughout 
the trial to maintain appropriate blinding of these data 
as a measure of adherence. Where there are missing App 
data related to technical issues (eg, interrupted internet 
connection), the participant-reported device use diary 
data will be used in lieu of missing data for the assessment 
of adherence.

Study outcomes
As outlined in table 1, outcome measures will be assessed 
at baseline (week 0), midway through (week 6), at the 
end of the intervention period (week 12), and again at 
the end of the 6-week off-intervention phase (week 18). 
During weeks 0, 12 and 18, participants will carry out 
assessment over two visits, to ensure they have sufficiently 
recovered between walking tests. For the follow-up assess-
ments at weeks 6, 12 and 18, the assessment window may 
be extended by up to 7 days to accommodate unfore-
seen circumstances (eg, participant illness). All outcome 
measures will be conducted at the VasoActive Laboratory 
at the University of the Sunshine Coast. All staff involved 
in the assessment of study outcomes will be fully trained 
and credentialled to carry out assessments in line with 
standard operating procedures, and where possible 
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the same personnel will conduct outcome assessments 
throughout the trial. Outcome measures include primary 
and secondary outcomes, as well as exploratory outcomes 
that will provide insight into the mechanisms of any treat-
ment effects and further information about the time 
course of any change in symptoms throughout the trial.

Primary outcome
The 6MWT will be conducted at weeks 0, 6, 12 and 18. The 
primary outcome for this trial will be change in maximum 
walking distance during the 6MWT between baseline and 
week 12. As per standard procedures, a course of 30 m 
in length is marked out in a covered area with cones at 
each end.37 Participants will be asked to walk up and 
down the course for 6 min and complete as many laps 
as possible. Chairs will be placed every 10 m along the 
course for participants to sit and rest if their symptoms 
become intolerable; however, the timing continues and 
participants will be instructed to resume walking as soon 
as possible. The 6MWT is a validated and widely used 
test that closely represents walking capacity in daily life 
in people with PAD.38 Maximum walking distance during 
the 6MWT strongly correlates with a range of clinical 
outcomes including patient-reported quality of life, free-
living physical activity levels and cardiovascular morbidity 
and mortality in patients with PAD.38–41 Furthermore, the 
6MWT is known to improve in response to therapeutic 
interventions in people with PAD and is not associated 
with a learning effect when repeated testing is involved.42 
Nevertheless, participants will be familiarised with the 
6MWT in this trial using a practice test.43

Secondary outcomes
Additional 6MWT endpoints
The change in maximum walking distance (MWD) in 
the 6MWT from baseline to week 6 and week 18 will 
be reported as secondary outcomes. Change in PFWD 
during the 6MWT for all time points will also be reported 
as a secondary outcome for the study. Participants will be 
asked to indicate the onset of claudication or leg discom-
fort during the test which will be marked on the walking 
course and recorded as the PFWD. They will also be asked 
to rate the severity of claudication for each leg every 60 
metres (ie, the start of each lap) using a hand-signal in 
accordance with the claudication severity scale (0 no pain, 
1 mild, 2 moderate, 3 intense, 4 maximal).

Graded treadmill walking test
A graded treadmill walking test including measures of 
maximum walk time (MWT) and pain-free walking time 
(PFWT) will be performed at weeks 0, 12 and 18. The 
Gardner-Skinner protocol will be used, which was specif-
ically developed for the assessment of walking capacity 
in patients with PAD and is widely used in clinical trials 
and practice.44 45 The treadmill will start at 3.2 km/hour 
at a 0% incline, and then every 2 min the gradient of the 
treadmill will increase by 2%. Participants will be asked to 
indicate the onset of claudication or leg discomfort, which 

will be recorded as the PFWT. They will then be asked to 
rate the severity of leg symptoms using the claudication 
scale for each leg every 60 s. The test will continue until 
the point the participant does not want or does not feel 
able to continue due to claudication (or for any other 
reason), which is recorded as the MWT. At the end of the 
test, participants will be asked to rate their symptoms in 
each leg using the claudication scale, and to provide a 
rating of their general perceived exertion using the modi-
fied Borg scale.46 Graded (incremental) walking tests 
have been used extensively in our studies previously and 
are more reliable than constant load treadmill tests for 
determining walking capacity in patients with PAD.45 47–50 
Participants will be familiarised with the graded treadmill 
walking test during the screening visit conducted under 
medical supervision.

Quality-of-life assessment
Disease-specific quality of life will be assessed using the 
ICQ at weeks 0, 6, 12 and 18. The ICQ is a self-administered 
tool consisting of 16 items that focus on limitations 
imposed by claudication while performing various tasks, 
such as walking specific distances or performing activ-
ities of daily living.51 The validity of the ICQ has been 
established against other functional and quality-of-life 
assessments and is sensitive to changes with various treat-
ments.12 The instrument is scored by summing the partic-
ipant responses to individual items, which are all equally 
weighted, and transformed to a 0–100 composite score, 
where 0 is the best score. The composite score and indi-
vidual question scores will be used for analysis.

Self-reported walking impairment
Self-reported walking impairment (capacity) will be 
assessed using the WIQ at weeks 0, 6, 12 and 18. The 
WIQ is a PAD-specific measure of self-reported difficulty 
during walking with three domains: walking distance, 
walking speed and stair climbing.52 Each domain is scored 
on a scale from 0 to 100 (100 indicating the best possible 
score). The WIQ has been validated in several large 
studies, correlating with treadmill measures of walking 
capacity.52 53

Physical activity levels
Physical activity levels will be objectively assessed using 
an activPAL accelerometer (PAL Technologies, Glasgow, 
UK) at weeks −1 (prior to baseline measures), 12 and 
18. This is a thigh-mounted triaxial accelerometer that 
enables the assessment of body position (ie, sitting/
lying vs standing) and walking activity from continuous 
recordings (20 Hz) that are logged on the accelerometer. 
The small accelerometer unit is wrapped in a waterproof 
sleeve and attached to the right thigh of the participant 
(mid-line; one-third of the distance from the inguinal 
fold to the top of the patella) using a waterproof adhesive 
dressing.54 The accelerometer will be worn continuously 
by the participant for eight consecutive nights, to ensure 
seven full days of data capture. Data will be screened 
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to ensure there is a minimum of five valid days of data 
according to the following criteria: (a) >500 steps taken in 
a day; (b) <95% of time spent doing any one activity and 
(c) 10+ hours of waking wear data in a day.55 The primary 
measure of physical activity will be average steps per day. 
Other measures will include total sedentary time, and 
time spent completing low, moderate and vigorous levels 
of activity (stepping cadence bands), sit-to-stand move-
ments and the number of walking bouts for each upright 
event. During the 7-day monitoring period, participants 
will also keep a brief daily physical activity diary to record 
periods of sleep, work and structured exercise. The 
activPAL accelerometer has been reported to be reliable 
and valid for the assessment of walking, body posture and 
sedentary behaviour during free-living activity,56–58 and 
when used in patients with PAD.12 59

Exploratory outcomes
Ankle-Brachial Index
ABI of both legs will be measured at weeks 0, 12 and 18. 
After resting in a supine position for 10 min, brachial and 
ankle blood pressures will be measured. Brachial blood 
pressures will be measured in the right and left arm using 
an automated blood pressure monitor (Connex 3400 
SureBP, Welch Allyn, Skaneateles Falls, USA).60 Systolic 
blood pressure of the dorsalis pedis and posterior tibial 
arteries at the left and right ankles will also be measured 
using a manual cuff sphygmomanometer (DS55 Sphyg-
momanometer, Welch Allyn, Skaneateles Falls, USA) 
and handheld 8 MHz Doppler ultrasound probe (SD2 
Huntleigh Dopplex, Huntleigh Healthcare, Cardiff, 
Wales). Measurements will be made in a standardised 
order in triplicate. The average of the closest two record-
ings at each artery will be recorded. The ABI for each leg 
will be calculated by dividing the higher pressure of the 
posterior tibial artery or dorsalis pedis artery value by the 
highest brachial artery value obtained from either side.48

Limb blood flow and tissue oxygenation
Assessments of limb blood flow (measured with strain 
gauge plethysmography) and tissue oxygenation 
(measured with (NIRS)) will be undertaken at rest and 
during reactive hyperaemia in both legs at weeks 0, 12 and 
18. After 10 min of supine rest, participants will undergo 
resting measures of leg blood flow and tissue oxygen-
ation. Following resting measures, a thigh cuff is inflated 
to a supra-systolic pressure (200 mm Hg) for 5 min. On 
release of the cuff pressure (to 60 mm Hg), the measures 
of leg blood flow and tissue oxygenation are repeated to 
capture the peak (reactive hyperaemia) responses. This is 
a standard test of vascular function that is commonly used 
and highly reliable in patients with and without PAD.61 62 
Where participants have previously had a revascularisa-
tion procedure involving a vascular graft or stenting of 
the femoral or popliteal arteries, the reactive hyperaemia 
test will not be performed in that limb. Measures of leg 
blood flow and tissue oxygenation will be carried out in 

accordance with the strain gauge plethysmography and 
NIRS sections below.

Strain gauge plethysmography
This technique requires the veins to be temporarily 
occluded using a thigh cuff (CC17, contoured leg cuff, 
Hokanson, Bellevue, USA) and rapid inflator (E20 Rapid 
Cuff Inflator and AG101 Inflator Air Source, Hokanson, 
Bellevue, USA) causing a subtle increase in limb 
volume.63 64 The rate of increase in limb volume is used 
to calculate the rate of blood flow into the limb.61 65 The 
strain gauge (EC6 Plethysmograph and MSGLIMB Strain 
Gauge, Hokanson, Bellevue, USA) will be calibrated so 
that an increase of one mV is equal to a 1% increase in 
leg volume (ie, mL/100 mL). Participants will also be 
fitted with three ECG electrodes (lead II configuration) 
for the assessment of heart rate and the identification of 
cardiac cycles during the assessment of blood flow. For 
each measurement, the thigh cuff will be inflated to a 
light pressure (60 mm Hg) to occlude venous flow and 
determine the rate of increase in leg volume and blood 
flow. Triplicate measures of blood flow, each separated by 
30 s, will be made at rest, and a single measure during 
the reactive hyperaemia period immediately after the 
vascular responsiveness test.

Near-infrared spectroscopy
NIRS-derived signals for oxygenated (O2Hb), deoxygen-
ated (HHb) and total haemoglobin (THB=O2Hb+HHb) 
as well as tissue oxygen saturation (StO2=O2Hb/
THB×100) will be continuously recorded during rest, 
cuff-occlusion and for 120 s following cuff-release with 
a non-invasive NIRS device (Portalite, Artinis Medical 
Systems BV, Zetten, Netherlands).66 The method used for 
acquiring NIRS data has been previously published67 and 
is briefly outlined here. The NIRS probe will be affixed to 
the calf over the belly of the medial gastrocnemius muscle 
in line with the widest calf circumference. To ensure 
measurement consistency, the location of the device will 
be measured and recorded in relation to anatomical 
landmarks. The device will be secured using an opaque 
adhesive dressing to shield against ambient light contam-
ination. Signal data will be exported and used to iden-
tify baseline (the average over 60 s prior to occlusion) 
minimum (during cuff-occlusion) and maximum (post 
cuff-release) values from which the magnitude and rate of 
the reactive hyperaemia response will be calculated.67 68

Limb blood flow and tissue oxygenation measured during device 
use
This assessment will be undertaken at week 18 to deter-
mine the acute haemodynamic effects of the active 
(NMES) and placebo (CON) stimulus, respectively, in 
each group. Following the resting and reactive hyper-
aemia measures, participants will undergo measures of 
blood flow and tissue oxygenation in response to a short 
(5 min) period of device use using the device they were 
allocated for the intervention period. Measures will be 
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made in the participant’s most symptomatic limb (or that 
with the lowest ABI) while in the seated position, following 
similar procedures we have reported previously.61 65 69 
Participants will be instrumented with the NIRS probe 
and plethysmography strain gauge as described above. 
Measures will be made at rest and then immediately on 
the cessation of device use.

Monitoring of symptoms and device use experience
Participants will be sent an online link by email to 
complete the following self-assessment questionnaires at 
weeks 0, 1, 3, 6, 9, 12 and 18: (1) CSI, which is a 5-item 
validated survey to establish the extent to which patients 
experience different presentations of claudication (ie, 
pain, numbness, heaviness, cramping and tingling).70 
Analysis will include the CSI composite score and indi-
vidual question response; (2) Visual Analogue Scale 
question asking participants to rate the average severity 
of their lower limb pain or discomfort. In addition, the 
Revitive App will be programmed to ask participants to 
rate the impact of their key symptom (ie, leg pain and 
discomfort) on daily activities during the last few days. 
This question will be presented to participants every 
2 weeks during the intervention period (ie, weeks 2, 4, 
6, 8, 10 and 12) and responses will be uploaded with 
the device-use data (adherence data). Finally, partici-
pants will complete a device experience questionnaire to 
determine the ease of using the device (NMES or CON) 
and perceived device efficacy. This item will be used to 
assess whether the blinding of the placebo intervention is 
effective throughout the intervention period and will be 
completed at the end of weeks 1 and 12 only.

Statistical analysis
Full details of the planned analyses are included in the 
Statistical Analysis Plan which will be made publicly avail-
able on the completion of data collection prior to the 
commencement of analysis (https://doi.org/10.25907/​
00855) and a summary is provided here. Reporting 
will follow the Consolidated Standards of Reporting 
Trials statement guidelines. The primary analysis will 
be performed based on the intention-to-treat principle, 
where all participants will be analysed as per their group 
allocation, regardless of the treatment they received. 
Sensitivity analyses will be conducted to assess the robust-
ness of the conclusions. Non-compliance and non-
adherence will be assessed through per-protocol analyses, 
including participants with no protocol violations or 
deviations. Missing data will also be explored, with both 
completed cases and imputed cases analysed.

Data will be analysed by using Stata V.18 software. 
The change from baseline in walk distance will be anal-
ysed using a linear mixed model with factors for treat-
ment group, time, time-by-group interaction term and 
subject as a random effect. Baseline walk distance will be 
included as a covariate, as will a term for the baseline-by-
time interaction so that the stronger correlation between 
baseline and the earlier time point (week 6) does not 

overemphasise the baseline covariate and then overcor-
rect later time points. Treatment effects at each post-
baseline time point will be estimated using the marginal 
means. This approach provides a clinically interpretable 
measure of the treatment effects across the study period 
and accounts for the correlation structure in repeated 
measures. Inclusion of the time-by-group interaction 
gives full flexibility in having different treatment effects 
at each time point and thus enables estimates of NMES 
versus CON to be obtained at the 6-week, 12-week and 
18-week time points. The primary comparison will be 
NMES vs CON at the 12-week time point. The compar-
ison of NMES versus CON at the 6-week time point is a 
secondary endpoint. Participants will repeat all outcome 
measures (primary, secondary and exploratory) at week 
18, that is, following the 6-week off-intervention phase. 
This postintervention period is included as an explor-
atory assessment of the short-term maintenance of treat-
ment (NMES and CON) effects on all outcomes.

For all analyses, p<0.05 will be, a priori, considered 
statistically significant. In addition to the planned anal-
yses, the average device use time will be compared 
between groups using either an independent samples 
t-test or Mann-Whitney U test. The analysis of secondary 
outcomes will be undertaken regardless of whether the 
primary outcome is statistically significant. Adjustment 
for multiplicity for secondary outcomes and the Family 
Wise Error Rate will be undertaken using Hochberg 
adjustment.

Subgroup analyses will be undertaken to determine the 
consistency of effects and safety across the study popula-
tion and to assess the influence of key variables on trial 
outcomes. Subgroups will include, but not be limited to, 
age, sex, anatomical site of disease, disease severity and 
recruitment source (eg, public vs private hospital clinics). 
Analyses will also include an assessment of outcomes 
against established minimum clinically important differ-
ence (MCID) values. Where relevant MCID values have 
been established and published for people with PAD, 
these will be used to guide the interpretation of results 
during the primary analysis. MCID values established in 
people without PAD will be considered where appropriate.

Sample size calculation
To date, there have been four published studies of 
NMES in patients with PAD where maximum walking 
distance on a treadmill test was reported as the primary 
outcome33 71–73; this includes two pilot studies with no 
control.33 73 Based on these available studies, the effect 
size for NMES on maximum treadmill walking distance 
in patients with PAD ranges from 0.52 to 0.93. There have 
been no previous studies of the effect of NMES on 6MWT 
distance in patients with PAD. Previous trials of lower 
limb NMES in patients with other chronic diseases (eg, 
heart failure and chronic obstructive pulmonary disease) 
where 6MWT distance was the primary outcome indicate 
a potential effect of ≥30 m with an SD of 90 m.74 75 This 
provides a small effect size of 0.33. With a required power 
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of 80%, alpha of 0.05, measurements at 2 time points 
(Baseline, Week 12) an expected correlation over time 
of 0.7, and an expected effect size of 0.33, and based on 
a linear mixed effects model, 74 participants would be 
required in each group. Allowing for ~18% drop-out or 
non-compliance and non-adherence, 90 participants will 
be recruited in each group.

Patient and public involvement
The design of the intervention was informed through 
preliminary studies and pilot investigations including 
people with and without PAD. Feedback will be provided 
to all participants at the completion of the trial which will 
include a summary of trial outcomes, and participants 
will be informed at that time which intervention group 
they had been assigned to during the trial. This feedback 
will be prepared in a brief report and provided in person 
(or via videoconference) and participants will have the 
opportunity to ask questions about the trial design, proce-
dures and outcomes. The outcome measures for the trial 
specifically include an assessment of patient experience 
and preferences. Where incidental findings are uncov-
ered during the research, these will be discussed with 
participants.

ETHICS AND DISSEMINATION
Ethics, protocol amendments, dissemination and 
confidentiality
This study is approved by the Human Research Ethics 
Committees of Queensland Health Metro North Hospital 
and Health Service (78962) and the University of the 
Sunshine Coast (A21659). This study will be conducted 
in accordance with the Declaration of Helsinki and the 
International Conference on Harmonisation Good Clin-
ical Practice guidelines. In addition, all local and site-
specific research and clinical governance approvals have 
been obtained prior to the enrolment of participants. 
Written informed consent will be required from all partic-
ipants upon study enrolment and prior to the collection 
of study data. Any significant protocol amendments will 
be approved by the Trial Steering Committee (refer to 
authors’ contribution section), Actegy Pty Ltd (funder) 
and the Human Research Ethics Committees.

The study results will be published in peer-reviewed 
medical and scientific journals and presented at scien-
tific conferences by the authors, regardless of the study 
outcomes. Authorship will be granted to individuals 
making a substantial contribution to the design, initiation 
or conduct of the trial and/or analysis and interpretation 
of trial data. The trial funder will not be involved in the 
analysis or interpretation of data and findings.

All individual participant information will be deiden-
tified in the reporting of data and resulting publications 
or presentations to fully protect the confidentiality of 
participants. Participants will be informed at the time of 
consent that reports from the study will be prepared and 
will be submitted for publication. Participant information 

will normally be presented as group data. If necessary, 
information obtained from specific individuals may be 
presented; however, names will not be used to identify 
the individuals. Participants will only be identified in such 
publications by an identification number and possibly 
their age and sex. All participants will be informed of the 
group they were allocated to at the end of the trial, and 
all participants, regardless of group, will be offered a Revi-
tive NMES device to keep at the end of the trial.

Adverse events
Study and non-study-related AEs including any untoward 
medical occurrence, unintended medical treatment, 
unreported disease or injury, or any untoward clinical 
signs (including abnormal laboratory findings) will be 
recorded throughout the trial. AEs will be graded by the 
PI or delegate as either (1) mild (tolerated and causing 
no limitation of usual activities), (2) moderate (causing 
some limitation of usual activities) or (3) severe (causing 
inability to carry out usual activities). Furthermore, the 
PI or delegate will determine the AEs causality in relation 
to the trial procedures based on the temporal relation-
ship and their clinical judgement. AEs will be classified 
as being (1) definitely related, (2) probably related, (3) 
possibly related, (4) unlikely or (5) not related to the 
study intervention or procedures. The clinical course of 
each event will be followed until resolution, stabilisation 
or until it has been determined that the study interven-
tion or participation is not the cause. All logged events 
will be summarised and reported to the relevant ethics 
committees and governance agencies as part of the 
reporting requirements.

AESIs include events that are thought to be potentially 
associated with the study intervention (NMES/CON) or 
the disease being studied (PAD) that warrant investiga-
tion into the participant’s safety. All AESIs will be investi-
gated by study staff for the purpose of immediate revision 
of the intervention for safety, or to prompt the partici-
pant to be reviewed by their medical practitioner. In the 
event of an AESI, the PI will be notified immediately. If 
required, the participant will be directed to receive the 
appropriate medical attention. If the AESI uncovers a 
significant safety issue with the protocol or intervention, 
the Trial Steering Committee (TSC), sponsor, funder 
and ethics committees will be promptly notified, and the 
protocol or intervention will be reviewed.

Serious AEs
A serious AE (SAE) is defined as a medical occurrence 
that either (1) results in death, (2) is life-threatening in 
the opinion of the attending clinician, (3) requires inpa-
tient hospitalisation or prolongation of existing hospital-
isation, (4) results in persistent or significant disability 
or incapacity or (5) is an important medical event in the 
opinion of the study medical practitioner. All SAEs will be 
reported within 24 hours of occurrence to all investiga-
tors including the TSC, the study funder and the research 
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ethics committees in accordance with National Health 
and Medical Research Council of Australia guidelines.

An independent medical monitor will be appointed 
and report to the TSC to investigate any SAEs that may 
be related to the trial procedures. A safety board will be 
convened if deemed necessary, for example, where a 
trend in incidents or events is noted, by the TSC. SAE 
reports and relevant correspondence will be included in 
the participant’s case report form and study file. Any SAE 
that occurs after the study period and is considered to be 
possibly related to the intervention will also be recorded 
and reported immediately. Safety assessments will be 
performed on the intention-to-treat dataset and the per-
protocol dataset to determine any effect of treatment allo-
cation (NMES or CON) during the study period on total 
AEs, SAEs and AESIs.

Data management
All data collected during the trial will be coded and will be 
stored for a minimum of 15 years. Prospective participants 
will be assigned a screening number and on consenting 
to the trial they will be assigned a participant identifica-
tion code. A coding log will be maintained and kept in 
a secure location as per the trial management plan and 
the University of the Sunshine Coast data security policy. 
Only the PI and authorised personnel will have access to 
participants’ individual identifiable and sensitive data. 
Access to the coding log would only occur in the case 
where further medical history information is required in 
relation to a specific participant, in case of an emergency 
(eg, to identify contact for the next of kin), or during 
the investigation of an AE. Access to the final dataset will 
be provided to the trial statistician for the purposes of 
carrying out the planned analyses. Ongoing access to the 
data will only be available to the research team for the 
purpose of carrying out related research. On completion 
of the trial and publications, the funder will be transferred 
the trial outcome data. This will not include source docu-
ments or medical records and will be fully anonymised. 
All identifiable information will be removed. Participants 
will be fully informed of this prior to consent.

Trial management
The trial will be overseen by a TSC comprising lead inves-
tigators with expertise in vascular surgery and medicine, 
biostatistics, clinical trial methodology and other relevant 
individuals as required, all with appropriate clinical and/
or research expertise relevant to the design and conduct 
of the trial. The TSC has the right to appoint new members 
and co-opt others to add to the integrity of the conduct 
of the study and analyses. The day-to-day activities of the 
Foot-PAD trial will be managed by the trial coordinator 
under the supervision of the PI. The PI will facilitate data 
quality assurance processes including random internal 
monitoring of data and trial compliance.
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