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ABSTRACT

Introduction Compression is the mainstay of treatment
for venous leg ulcers (VLUs) and there are few effective
adjuvant treatments. There is only observational evidence
supporting the use of hypochlorous acid (HOCI) as a topical
wound solution on VLU and some limited randomised
evidence for the effect of a prescribed regimen of exercise.
Methods and analysis The Factorial4VLU trial is a
pragmatic, blinded, factorial randomised controlled

trial, with 380 participants receiving either a prescribed
exercise regimen compared with usual care and either
active HOCI wound solution or placebo wound solution at
each dressing change for up to 24 weeks. All participants
will receive compression therapy. The primary outcome is
the proportion of participants with healed VLU at 12 weeks
after randomisation as adjudicated by blinded review of
ulcer photographs. Secondary outcomes are proportion
healed at 24 weeks, time to healing, estimated change

in ulcer area, change in 2-Minute Walk Test, change in
health-related quality of life, incidence of infection and
incidence of all-cause adverse events. If either of the
interventions shows a statistically significant positive
difference on healing outcomes, cost-effectiveness will be
modelled using a health service perspective.

Ethics and dissemination The Factorial4VLU trial
received ethical approval from the Northern B Health and
Disability Ethics Committee. We plan to publish the results
within 1year of trial completion and will include the results
on the trial registration page.

Trial registration numbers Australia and New Zealand
Clinical Trials Register (http://www.anzctr.org.au)
(ACTRN12620000116921); Universal Trial Number (WHO)
(U1111-1236-2997).

INTRODUCTION

Effective treatment for venous leg ulcer-
ation (VLU) involves correcting the under-
lying venous hypertension associated with
chronic venous insufficiency with a form of
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Strengths and limitations of this study

» This trial will evaluate the effectiveness of two inter-
ventions within one trial.

» This trial uses a pragmatic design to maximise ex-
ternal validity of the findings.

» While the hypochlorous acid intervention is fully
blinded, the exercise intervention is single blinded
with blinded adjudication of the complete healing
outcomes via ulcer photographs. Being open label
for all other outcomes in the exercise arm may in-
troduce bias into some outcome assessments, for
example, health-related quality of life and incidence
of adverse events.

compression therapy. However, about half
of treated patients remain unhealed after
12 weeks.! ? Early endovenous ablation of
superficial venous reflux increases VLU
healing,3 but the procedure is not funded
in New Zealand and may not be readily
available or accessible in other jurisdictions.
Pentoxifylline is available in New Zealand,4
but its use is limited, despite guideline
recommendations.’ Thus, other adjuvant
treatments are needed to promote ulcer
healing. In this study, we examine the role
of exercise and topical hypochlorous acid
(HOCI) as adjuvant treatments.

Exercise and VLU healing

Calf muscle contraction promotes venous
return but dysfunction in the calf muscle
pump along with valve impairment or
damage in the venous bed leads to venous
hypertension allowing fluid and large mole-
cules to escape into surrounding tissue,
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causing oedema and trophic skin changes. The most
severe effect of these changes is VLU. VLU is associ-
ated with poorer calf muscle strength and reduced
calf muscle endurance,’” lower calf muscle pump ejec-
tion fractions and greater residual volume fractions.”
Patients with VLU also tend to walk less than those
without VLU.”

A systematic review of adjuvant exercise interventions
for treating VLU found five trials (n=190) of different
exercise regimens that could be included in a meta-
analysis."” The overall effect was in favour of exercise,
with 14 extra cases healed per 100 patients at 12 weeks
(risk difference 14%, 95% CI 1% to 27%). Subgroup
analysis by type of exercise regimen showed the addi-
tion of 30-minute walking three times per week, or a
similar activity, to a daily regimen of progressive resis-
tance exercise appeared to increase VLU healing at 12
weeks by an extra 27 cases healed per 100 patients (two
trials, n=102, risk difference 27%, 95% CI 9% to 45%).

The two trials in this subgroup were small and differed
in mode of delivery. One trial (n=63) was home based,
while the second trial was gym based and there were
differences in the exercise regimens.''™"® However, the
use of gyms is not a scalable intervention in most coun-
tries, whereas home-based exercise regimens that do not
require extra equipment are an intervention that could
be widely deployed.

The effects of HOCI on wound healing

Static progress to wound healing is associated with
chronic infection and may be caused by biofilms."*
However, identifying biofilm in wounds is difficult as
wounds with devitalised tissue do not invariably support
a biofilm, whereas wounds that appear healthy can
support biofilm."” Bioburden (the quantity of bacteria
present in a wound) is also associated with wound dura-
tion, with longer duration wounds having a greater
presence of bacterial species that are known to inhibit
healing.16

HOCI is water and sodium chloride electrolysed to
create reactive oxygen and chlorine in a pH neutral
solution that has antimicrobial activity.'” HOCI can
disrupt and prevent biofilm and is bactericidal in low
concentrations against common species that are asso-
ciated with delayed healing, for example, Pseudomonas
spp.17 Two trials (n=100) of HOCI in diabetic foot ulcers
(DFUs) have used healing as an outcome, but both trials
compared HOCI with povidone-iodine, which is not a suit-
able comparison group to extrapolate to VLU."® ' HOCI
use has been reported in four case series of VLU, with
minimal adverse effects and suggested improvements in
healing,'® ' 22! but there are no randomised trials of
HOCI in VLU.

Thus, there is a need for definitive trials of both exer-
cise and HOCI for treating VLU. The aim of this factorial
trial is to evaluate the effectiveness of each intervention
on VLU healing as an adjunct to compression therapy.

METHODS AND ANALYSIS

Trial design

The Factorial4VLU trial is a pragmatic, blinded, factorial
randomised controlled trial with participants receiving
either a prescribed exercise regimen compared with usual
care and either HOCI wound solution or placebo wound
solution at each dressing change (figure 1) for up to 24
weeks. Block randomisation is being used, stratified by
study centre and prognostic index (ulcer size and dura-
tion)* to ensure a balance of participants with severity of
ulceration within study centres and to isolate any centre
effect. Participants in both arms will receive compression
therapy (specific compression system guided by patient
and/or clinical preference), which is standard care deliv-
ered by district nursing services at the study centres.

Case definition

A patient will be considered to have a VLU where other
causative aetiologies have been ruled out, the ulcer appears
clinically venous (presentation may include any or all of
the following: moist, shallow, irregular shape; haemosid-
erin pigmentation; venous eczema; ankle oedema; ankle
flare; lipodermatosclerosis), and the patient has an Ankle
Brachial Index of greater than or equal to 0.8 obtained
within the last 3months to rule out significant arterial
insufficiency. There will be no minimum or maximum
ulcer area for inclusion.

Anincident VLU will be either (a) any new lesion in the
skin on the leg (below the knee) that has been present for
4 or more weeks and meets the case definition for VLU,
or (b) where a patient with a history of VLU re-presents
to the service earlier than 4weeks since onset of the lesion
where the new ulcer is diagnosed as a VLU. Patients
already in compression treatment for VLU will be consid-
ered to have prevalent VLU. Patients with incident and
prevalent VLU will be eligible for the trial.

Inclusion criteria

Patients with leg ulcers will be eligible for inclusion if they
are aged 18 years or older and able to provide written
informed consent, determined to have a VLU, able to
tolerate compression therapy and are judged as being
able to safely mobilise (with or without walking aids) by
the research nurse.

Exclusion criteria

Patients will be excluded from participation if they have
a hypersensitivity to HOCI or sodium hypochlorite, have
a fixed ankle joint (ie, surgically fixated, not a joint with
restricted range of motion), a VLU with exposed bone
or tendon, a history of rheumatoid arthritis or vasculitis,
uncontrolled diabetes (defined as glycosylated haemo-
globin >100), severe liver failure (indicated by jaundice),
severe heart failure (defined as short of breath while
seated), or renal failure (estimated glomerular filtration
rate <30), severe peripheral arterial disease (defined
by inability to walk even short distances without pain),
suspected or diagnosed skin malignancy associated with
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Figure 1

leg ulcer, or any other threat to safe participation. Patients
with wound infection requiring treatment with antibiotics
or a medicated dressing at registration will be deferred
from consideration until the infection resolves.

Consent

All participants will receive a participant information
sheet (PIS) that includes the informed consent form
(ICF). The research nurses will discuss the PIS/ICF with
potential participants as well as any other persons the
participant wishes to include, for example, caregivers or
family members. Participants must give written informed
consent if they wish to participate. Participation is volun-
tary and participants will be free to withdraw at any time
without this decision influencing their usual treatment.

Recruitment

Patients with VLU will be recruited from the community-
based district nursing services at study centres, starting 1
March 2020 through to 30 October 2021, with follow-up
concluded by 1 May 2022. The centres are based in
the Auckland, Counties Manukau, Capital and Coast,
and Southern District Health Boards district nursing
services and the Nurse Maude Association community
nursing services in four cities in New Zealand (Auckland,
Wellington, Christchurch and Dunedin). A 0.5 full time
equivalent research nurse has been seconded to the trial
from each study centre. All but one research nurse have
been involved in our previous trials and they all received
2-day induction training in the trial procedures, which
has been followed up by sixweekly Zoom meetings to
discuss and resolve any implementation issues.

Prescribed
Exercise and

Exercise
Placebo HOCI
VS

Usual care
(no prescribed Usual
exercise) and care
Placebo HOCI

Placebo

Potentially eligible patients will be identified from
screening by the research nurses or by notification from
community nurses (figure 2). The research nurses will
phone and visit these patients to screen for eligibility
and obtain informed consent to participate. The location
for these visits may be a clinic, the patient’s home, work-
place, or other venue convenient to, and nominated by,
the participants. Eligible patients with incident VLU must
be treated for 1week with compression therapy before
randomisation to ensure they are tolerant of compres-
sion. Patients with prevalent VLU in compression may be
randomised immediately after registration and baseline
assessments.

Randomisation and allocation concealment

Participants will be randomised in a 1:1 ratio to one of the
four trial cells using stratified block randomisation with
block sizes of 4. Randomisation will be stratified by trial
centre and prognostic index (one stratum being VLU
<5cm? and <6-month duration with the second stratum
being either VLU area >5 cm? or VLU duration >6 months,
or both VLU area >5 cm® and VLU duration >6 months).*
The randomisation sequence will be prepared by the trial
statistician and loaded into Research Electronic Data
Capture (REDCap) databases to be accessed one partici-
pant at a time by the research nurse via a computer tablet
(Samsung S6 LTE) at the point of randomisation.

Blinding

The HOCI wound solution arm of the trial will be
placebo-controlled (purified water with added preser-
vative to provide the same shelf life once opened as the
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Figure 2

Screening for potential participants by
Research Nurse or notification by
community nurse.
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Telephone contact by Research Nurse
to begin eligibility screening, arrange
Visit 1 and send out PIS/ICF
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eligibility, answers questions, obtains
informed consent and registers
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M ES

v

Is the participant an incident patient
with VLU ie no history of compression
tolerance?
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Contact 3 - VISIT WEEK 0
(Randomisation)
NB Contacts 2 and 3 may be the same
visit for prevalent patients

Research Nurse completes eligibility
screen, obtains baseline data,
randomises participant, dresses ulcer,
puts participant back in compression,
leaves assigned wound solution and
instructs participant in exercises.
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one visit per week) and notifiies
Research Nurse of any adverse events.
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Primary endpoint data collection visit
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Community nurse continues ulcer care
as per normal practice (approximately
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Detailed trial schematic showing participant contacts and measures. HRQoL, health-related quality of life; ICF,
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informed consent form; PIS, participant information sheet; VLU, venous leg ulcer.

Patient entered on screening log by
Research Nurse

Patient sent PIS/ICF

ICF signed, name, date of birth, sex,
ethnicity, and inclusion/exclusion
criteria collected

ONE WEEK RUN-IN PHASE of treatment
with compression to be completed
before randomisation

Baseline assessments
1. Clinical & ulcer history
2. Ulcer measurement
3. Concurrent medications
4. HRQolL questionnaires
5. Ulcer photos
6. 2-minute walk test (2MWT)
7. Pain assessment

Secondary endpoints
Ulcer-related pain
Exercise adherence

Endpoints
Primary: Proportion healed
(ulcer photo)
Secondary: Time to healing, 2MWT,
Adverse events

Secondary endpoint
Exercise adherence

Secondary endpoints
Proportion healed (ulcer photo)
Time to healing
Ulcer area
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HRQolL
Health resource use
Adverse events
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HOCI solution) with the active and placebo solutions
contained in matching bottles. The investigators, partici-
pants, research nurses and district nurses will be blinded
to the intervention in the HOCI arm of the trial.

It is not possible to blind participants, research nurses
and community nurses to the participant’s assignment to
exercise. However, outcome assessment for the primary
endpoint and two secondary endpoints (proportion
healed at 24 weeks and time-to-complete healing) will be
blinded by using assessors (A], JW) unaware of treatment
allocation to adjudicate the healing status of the ulcer
from the endpoint photographs. Where a status cannot
be determined from the photograph, the ulcer will be
considered unhealed. Where the adjudicators disagree,
they will meet to arrive at a consensus decision on the
ulcer status. These processes were successfully used in a
previous trial, where the agreement between the adjudi-
cators was 91% (kappa 0.81), and agreement between the
research nurses and adjudicators was 96% (kappa 0.93).*

Photographs of the leg and reference ulcer will be taken
at baseline and endpoint by the research nurses using a
Panasonic Lumix TZ80 with autoflash and macro-settings
and loaded onto a secure web-based server (OwnCloud).
The baseline photographs will be available to the adju-
dicators to ensure the same ulcer (or ulcer site) is being
reviewed for the 12-week and 24-week endpoint adjudi-
cations. The photographs will be assessed by the study
project manager and the principal investigator shortly
after each visit to ensure image quality. If the image quality
is poor, the research nurse will return to the participant to
rephotograph the leg and reference ulcer (or ulcer site).

On study completion, the Trial Steering Committee
(TSC) will interpret study results blinded to treatment
allocation and the code broken only after TSC agrees to
an interpretation.

Sample size calculation

We estimate 380 participants will be required. A sample
size of 344 will be sufficient to show a 17% absolute differ-
ence in proportion completely healed at 90% power with
an alpha of 0.05 at 12 weeks. This difference is smaller
than the 27% difference in healing found in the system-
atic review of exercise trials or the 55% difference in
healing found in the HOCI trial in DFUs.'”'® Despite our
previous trials having very high follow-up rates (98%-—
100%) on the primary outcome,' *** we have allowed for
10% loss to follow-up, and thus 190 in each group will be
required if our assumptions are correct.

While a minimum of 24-week follow-up is recom-
mended in VLU trials and a time-to-event outcome is
preferable for primary outcome,” we had no informa-
tion on the likely effects of either exercise or HOCI on
VLU healing at 24 weeks on which to base a sample size
calculation. We did have sufficient information to use for
number healed at 12 weeks and hence our choice of that
outcome as primary outcome on which to base a sample
size calculation.

Baseline data collection

Demographic data collection will include age, sex, self-
identified ethnicity, education, employment, height,
weight, smoking history, ulcer history (duration, size,
number of episodes, type of compression system, Clin-
ical Venous Severity Score and pain), clinical history
(diabetes, history of deep vein thrombosis, joint replace-
ment, leg fractures, treatments for varicosities), estimated
walking time per week and current medications (table 1).
We will also collect health-related quality of life (HRQolL)
assessments and distance walked using a 2-Minute Walk
Test (2MWT). All data will be entered into REDCap by
the research nurses.

Primary outcome

The primary outcome is the proportion of patients to
have a healed reference ulcer (defined at baseline assess-
ment as the largest VLU where there is more than one
VLU) at 12 weeks as adjudicated by the blinded review of
ulcer photographs. Healing will be defined as complete
epithelialisation of the reference ulcer with absence of
scab. If a light scab is present, the research nurses will
gently remove it in order to determine whether there is
complete epithelialisation under the scab.

Secondary outcomes

Secondary outcomes are limited to time to healing,
proportion of patients with a healed VLU at 24 weeks,
change in ulcer pain to 12 weeks, estimated change in
ulcer area from baseline to 24weeks, change in 2MWT
at 24 weeks, change in HRQoL at 24weeks, exercise
adherence to 24weeks, and incidence of systemic VLU
infection and incidence of adverse events (table 1).
Agreement between the research nurse assessors and the
blinded adjudicators on the 12-week and 24-week healing
outcomes will be reported. While high levels of agree-
ment have been reported in trials reporting both blinded
and open-label outcome assessor, unblinded assessors do
overestimate treatment effects.”®

Change in ulcer area will be estimated using a pragmatic
approach to ulcer measurement. We will use maximum
ulcer width and length as inputs into calculating the area
of an ellipse. The area of an ellipse is closely correlated to
actual ulcer area (r=0.95),27 which we have verified from
analysis of our data (r=0.92) from a previous trial.!

Change in HRQoL will be assessed using two generic
instruments, the Short Form-12 and EuroQoL 5
Dimension 5 Level (EQ5D—5L),28 % and one disease-
specific instrument, the Charing Cross Venous Ulcer
Questionnaire.*

For change in ulcer pain, all participants will self-record
ulcer pain once each week for 12 weeks using a 0-10 pain
score in a participant diary, prompted by an automated
email reminder or a text from the research nurse (where
the participant does not have an email address).

The 2MWT is an objective measure of function. It will
be measured at baseline and at 12 and 24 weeks. Between-
test changes of about 12 m on the 2MWT are considered
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Table 1 SPIRIT schedule of of enrolment, interventions and assessments

Visit 1 Visit 2 Email or phone Visit 3 Visit 4
research nurse research nurse contacts research nurse research nurse

Timing Week -1 Week 0 Weeks 1-24 Week 12 Week 24
Case record form A B,M, Q C,M, X C,H,M, Q, X
General data

Eligibility criteria X X

Age and sex X

Ethnicity X

Informed consent X

Clinical history X

Record or obtain ABI X
Clinical information

Concomitant medications X X X

Compression system X X

Ulcer measurement X X X
(max WxL)

Photograph ulcer X X X

Ulcer healing X X
Other data collection

Ulcer-related pain to 12 X X X

weeks

Exercise adherence to 24 X X

weeks

Quality of life measures X X

Ulcer-related infection X X

2-Minute Walk Test X X X

Adverse events X X X

Health resource use X

End of trial participant survey X
Treatment allocation

Wound solution X

Exercise programme X

ABI, Ankle Brachial Index; SPIRIT, Standard Protocol Items: Recommendations for Interventional Trials.

a meaningful clinical difference.”’ Change in 2MWT will
obtained from a timed test of all participants at baseline,
12 and 24 weeks. Each participant will be asked to walk
around an indoor course of two cones laid out 3 m apart
within the visit setting, thatis, in a hallway within the home
or clinic. The number of 3-metre lengths completed
within 2min will be counted and the completed distance
estimated from the number of lengths. Where a partici-
pant finishes the 2min between the cones, the distance
will be measured from centre of the last cone passed to
the heel of the participant.

Exercise adherence for the participants in the exercise
arm will be measured until 24 weeks. Participants will be
asked to log the completed number of heel raises and
walking each day in an exercise diary provided at rando-
misation until the 24-week endpoint. Participants will be

sent an automated email reminder each week (generated
in REDCap), or if they do not have an email address, they
will receive a weekly text or call from the research nurse.

Incidence of systemic VLU infection will be measured
three ways: (1) proportion of patients that have suffered
infections up to 24 weeks; (2) incidence of VLU infec-
tions up to 24 weeks and (3) time to first episode of infec-
tion at 24 weeks. We will use a simple empirical definition
of infection, namely presence of signs and symptoms of
infection in the ulcer combined with treatment with anti-
biotics. Episodes of infection will be treated as indepen-
dent if more than 21 days passes between prescriptions.
We will obtain the information about antibiotic use as
part of concomitant medication data collected at 12 and
24 weeks, and from the participant’s clinical record and
electronic community-dispensing portals.
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All-cause adverse events, including serious adverse
events (SAEs), will be reported to the research nurse
by either participants or district nurses throughout
the follow-up period. Reporting will also be prompted
during research contacts at weeks 12 and 24. An adverse
event will be defined as any untoward medical event
irrespective of whether it is thought to be related to the
treatment or not. Adverse events reports will be reviewed
by one of the medically qualified co-investigators blinded
to participant allocation, with the relationship to treat-
ment coded using the WHO Uppsala Monitoring Centre
system for causality assessment.”® Adverse events will
be coded using the Medical Dictionary for Regulatory
Activities and study-specific leg ulcer codes. SAEs will
include hospitalisation or prolongation of hospitalisa-
tion, life-threatening condition, significant disability or
impairment, death, birth defect or any other important
medical event. SAEs will be notified to the study project
manager as soon as they are detected and will be moni-
tored to resolution by the coordinating centre. Although
not anticipated, any sudden unexpected serious adverse
reactions (SUSARs) will be documented and notified
to TSC, the Data Safety Monitoring Board (DSMB),
the ethics committee, and the manufacturer, if appro-
priate, as soon as the coordinating centre is alerted to
the SUSAR.

Cost-effectiveness modelling

Should either of the interventions be effective, we will
conduct cost-effectiveness modelling to assess the costs
and consequences of using exercise or HOCI as an adju-
vant to compression therapy in community-based partici-
pants with VLUs. We will use a health service perspective
to identify the cost of the interventions. We know from a
previous study that the major cost drivers will be the use
of health services." These costs include district nursing
time, dressing materials and compression bandages used
at each visit, general practitioner and other practitioner
visits for VLU care, drugs dispensed for VLU treatment
and secondary care (emergency department visits and
days hospitalised for VLU treatment). We will be able
to determine the number of community nursing visits,
community drug dispensing and hospitalisations from
electronic records at each study site. We will elicit infor-
mation on compression systems and dressings at the base-
line, 12-week and 24-week visits, as well information about
other primary care visits during the 12-week and 24-week
visits. We will use published resources to estimate costs,
with local costs used if published resources are not avail-
able. We will establish health utilities using the EQ5D to
produce quality-adjusted life years (QALYs). Costs will be
annualised (as the follow-up period is for 24 weeks) and
the final models (base case and alternatives) will report
on the incremental cost-effectiveness ratio (cost per addi-
tional healed VLU) and cost per QALY. We will use boot-
strapping to estimate levels of uncertainty around the
point estimates.

Statistical analyses

Data analyses will be specified a priori in a statistical anal-
ysis plan prepared by the trial statistician (and agreed
by all members of the TSC). Data will be entered into
REDCap databases hosted at the University of Auckland.
REDCap is a secure, web-based application designed to
support data capture for research studies.” The data will
be extracted into SAS V.9.4 (SAS Institute) for analysis.

Analysis will be at the margins comparing each inter-
vention (exercise vs no exercise, HOCI vs placebo). There
will be no analysis for interaction and analyses will use the
intention-to-treat principle. Binary outcomes will be anal-
ysed using logistic regression. Sensitivity analyses will be
undertaken to determine the impact of missing data and
adherence. Continuous outcomes (with 95% ClIs) will be
analysed using multiple linear regression and adjusted
for baseline value and other covariates if needed. Change
in ulcerrelated pain will be analysed using repeated
measures model with adjustment for baseline value. Time-
to-event data will be analysed using Kaplan-Meier plots
and log rank test. Cox regression will be used with time-
to-event data adjusted for stratification factors and any
imbalance in covariates. The assumption of proportion-
ality will be checked using standard graphical techniques.
Adverse events will be analysed using incidence rate ratios
with reporting guided by the Consolidated Standards of
Reporting Trials extension statement on reporting of
harms and a recent systematic review on adverse event
reporting in VLU trials.”* * No interim analyses will be
undertaken.

Should the treatments prove effective in the primary
analysis, heterogeneity of effects will be analysed on
proportion healed using subgroups specified a priori
in the analysis plan. Likely subgroups will be age, sex,
ethnicity, ulcer size at baseline, ulcer duration, prognostic
index and study centre.

Treatment period and follow-up

The allocated treatment will be continued until complete
healing or end of the trial after 24 weeks’ treatment. The
research nurses are trained in leg ulcer care and most
have been involved in previous 4VLU trials. The research
nurses will deputise for the community nurses on research
visits. In between research visits, care will be delivered by
community nurses. All participants will be followed up
at the scheduled timepoints irrespective of whether they
continue with the assigned treatment (figure 2). The only
exception to follow-up will be if the participant requests
withdrawal of their data from the trial.

Intervention and control treatments
Participants will be allocated to one of four cells in this
factorial trial (figure 1) and these treatments are all in
addition to compression therapy.

Cell 1: prescribed regimen of exercise and active HOCI.
The prescribed regimen of progressive resistance exer-
cise consists of daily lower leg exercises to increase calf
muscle strength at least until ulcer healing (three sets of
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seated exercises starting with 10 repetitions per set and
increasing up to 25 repetitions per set, before progressing
to standing two-legged exercises and then standing one-
legged exercises) with the participants' body weight
providing the resistance element. Participants progress
to the next stage of exercise when they are comfortable
with achieving the current step. The exercise regimen
is supported with a resource book that provides general
advice about venous ulceration and demonstrates the
exercises, plus includes a goal setting diary (which will
be assisted by trained research nurses) and an exercise
diary to record adherence. The prescribed regimen also
includes a target of walking for 30 minutes each day, 3 days
per week. The regimen will be demonstrated one-to-one
by the research nurses. Participants will perform the
resistance exercises wherever they are comfortable, for
example, their own home for the duration of the trial (24
weeks) or until the ulcer is healed, whichever is earlier.

The HOCI wound solution will be sprayed on the ulcer
at each dressing change, the wound debrided as required,
devitalised tissue and debris will be removed, and then the
wound solution reapplied before the ulcer is redressed.
Venous ulcers are typically redressed once per week, but
may be redressed more frequently as indicated. Dressings
are usually changed by nurses, but may be changed by
some self-managing patients if they are wearing compres-
sion hosiery or wraps. The wound solution will be used
for the duration of the trial (24 weeks) or until the ulcer
is healed, whichever is earlier.

Cell 2: prescribed regimen of exercise and placebo HOCI (puri-
fied water plus preservative). The prescribed regimen of
progressive resistance exercise and the use of the purified
water wound solution is as described in arm 1.

Cell 3: usual care and active HOCl wound solution. The
usual care regimen is supported by a participant resource
book that provides general advice about venous ulcer-
ation. The wound solution will be sprayed on the ulcer at
each dressing change, the wound debrided as required,
devitalised tissue and debris will be removed, and the the
wound solution reapplied before the ulcer is redressed.
The wound solution will be used for the duration of the
trial (24 weeks) or until the ulcer is healed, whichever is
earlier.

Cell 4: usual care and placebo HOCI (purified water plus
preservative). The usual care regimen and the use of the
purified water wound solution will be as described in arm
3.

Background treatments

All participants will receive compression therapy as a
background treatment. The choice of compression
system will be guided by clinician and/or patient prefer-
ence included in the centre’s formulary, such as Coban,
Coban Lite, Coban Self-adherent, Comprilan, Lastodur,
Profore, Profore Lite, Roselastic, Setopress, Surepress,
compression hosiery and wraps. Any primary and
secondary dressing may be used with the chosen compres-
sion system.

Throughout the trial, a participant’s general prac-
titioner, nurse practitioner or specialist physician will
be free to prescribe whatever concomitant treatments
are necessary for the appropriate management of their
patients. Concomitant medications, including comple-
mentary and alternative treatments, supplements and
vitamins, will be recorded at each research visit.

Where a participant develops an infection related
to the VLU during the course of treatment, the district
nurses may use a medicated dressing for the treatment
of the infection for recommended maximum period of
2weeks. The medicated dressing will be selected from the
formulary of medicated dressings available at each study
centre, including silver, iodine, or honey-impregnated
dressings as per clinician and/or participant preference.
The participant will also be referred to a general practi-
tioner or nurse practitioner for a prescription of an anti-
biotic where warranted. Each infection will be considered
an adverse event, and participants and district nurses will
be requested to notify the research nurse.

Data safety and monitoring

A DSMB has been established to review safety informa-
tion. The DSMB consists of a senior biostatistician (Chair)
and two other University of Auckland staff members with
relevant expertise who are not involved with the trial and
will meet not less than sixmonthly. The DSMB will draw
up their own charter and will be free to review any infor-
mation or study process in addition to reviewing safety
data. The DSMB will make recommendations to the TSC
on the continuation of the trial after each meeting or
after a SUSAR.

The trial will be monitored by the project manager (AW)
and the following information will be audited: admission
to the district nursing service to verify the patient detail,
record of consent, key baseline and outcome variables.
Monitoring will begin once five participants have been
randomised at a study centre.

Ethics and dissemination

Ethical approval for the trial was obtained on 6 January
2020 from the Northern B Health and Disability Ethics
Committee (Reference 19/NTB/151) by the trial coordi-
nating centre (National Institute for Health Innovation).
The trial participants are covered by the government-
funded national no-fault insurance scheme where partic-
ipants suffer harm from their involvement in the trial.
Locality approvals were obtained from each of the organ-
isations responsible for the participating study centres
prior to the trial start on 1 March 2020. Changes to the
protocol are sought as required, incorporated into the
trial registration as appropriate once notification of
approval has been received, and communicated to the
site investigators and research nurses. We will publish the
peer-reviewed results of this trial in a journal within 1year
of completing follow-up. The results will be notified to
the participants on trial completion.
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Trial status

Recruitment to the trial commenced from 1 March 2020
and five participants were randomised by 19 March 2020.
On 22 March 2020, due to the COVID-19 pandemic and
evidence of community transmission in New Zealand, the
New Zealand government declared ‘level 3’ restrictions
(gatherings cancelled, public venues closed and defer-
ment of elective healthcare procedures) with planned
escalation to ‘level 4’ (level 3 restrictions plus suspension
of all non-essential work, non-essential workers required
to stay at home, closure of all educational institutions and
reprioritisation of healthcare services, except for essential
workers) within 48 hours. In anticipation of these restric-
tions, we decided to suspend recruitment into the Factori-
al4VLU trial on 20 March 2020. Recruitment restarted at
the study centres on various dates in June 2020. The two
Auckland centres had a further suspension of recruitment
for 3weeks in August-September 2020 due to a commu-
nity outbreak and escalation of restrictions to level 3.
Negotiations with the study centres have since resulted in
agreement to continue participant recruitment up to and
including during level 3 restrictions. Future participant
recruitment will only be suspended if the government
announces level 4 restrictions.

Author affiliations

'School of Nursing, University of Auckland, Auckland, New Zealand

ZNational Institute for Health Innovation, University of Auckland, Auckland, New
Zealand

%Blood and Cancer Directorate, Auckland District Health Board, Auckland, New
Zealand

*Hope Foundation for Research on Ageing, Auckland, New Zealand

SCentre for Sport and Exercise Science, Sheffield Hallam University, Sheffield, UK
%School of Nursing, University of Tasmania, Launceston, Tasmania, Australia

Twitter Andrew Jull @1CommonReader and Chris Bullen @DrChrisBullen

Acknowledgements The authors wish to thank the site investigators (Sue
Fenwick, Trish Johns, Natalie Scott, Cathy Hammond, Emil Schmidt) and the
research nurses (Kate Wotton, Janet Patterson, Alice Bourke, Sian Ellis, Sue Lee),
respectively, at Auckland District Health Board, Counties Manukau District Health
Board, Capital and Coast District Health Board, Nurse Maude Association and
Southern District Health Board for their continued support of the 4VLU research
collaboration. The authors wish to acknowledge the contribution of the members
of the 4VLU Data Safety Monitoring Board, Professor Thomas Lumley, Associate
Professor Joanne Barnes and Dr Vanessa Selak.

Contributors AJ is the principal investigator, led all stages of the design
development, grant application and protocol development. AJ drafted the
manuscript. AW, CB, VP, JGMP, GL, JW, MK and JO’B all contributed to the study
design, grant application and protocol development. All authors edited the draft
manuscript and approved the manuscript for submission. AJ, AW, CB, VP, GL, and
JW are members of the TSC. MK and JO’B are international advisors to the project.

Funding This trial is funded by a project grant (#19/069) from the Health Research
Council of New Zealand (www.hrc.govt.nz). The hypochlorous acid is supplied by Te
Arai BioFarma.

Disclaimer Neither the Health Research Council nor Te Arai BioFarma has any
role in the conduct and analysis of the trial, nor will they have any role in the
interpretation or decision to publish the findings from the trial.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

Author note AJ is a registered nurse and professor at the School of Nursing as
well as a senior research fellow at the National Institute for Health Innovation,

both at the University of Auckland. AW is a senior project manager at the National
Institute for Health Innovation at the University of Auckland. CB is a public

health physician and director of the National Institute for Health Innovation at

the University of Auckland. VP is a senior biostatistician at the National Institute

for Health Innovation at the University of Auckland. JGMP is a registered
physiotherapist and associate professor in the School of Nursing at the University
of Auckland. GL is a medical oncologist, leader in Maori Health and qualified in
health economics. JW is a geriatrician and executive officer of the HOPE Foundation
for Research on Aging. MK is a reader in clinical physiology at Sheffield Hallam
University. JO'B is an exercise scientist and registered nurse lecturing in nursing at
the University of Tasmania.

ORCID iDs
Andrew Jull http://orcid.org/0000-0002-8484-3771
Chris Bullen http://orcid.org/0000-0001-6807-2930

REFERENCES

1 Jull A, Walker N, Parag V, et al. Randomized clinical trial of
honey-impregnated dressings for venous leg ulcers. Br J Surg
2008;95:175-82.

2 Jull A, Wadham A, Bullen C, et al. Low dose aspirin as adjuvant
treatment for venous leg ulceration: pragmatic, randomised, double
blind, placebo controlled trial (Aspirin4VLU). BMJ 2017;358:j5157.

3 Gohel MS, Heatley F, Liu X, et al. A randomized trial of early
endovenous ablation in venous ulceration. N Engl J Med
2018;378:2105-14.

4 Jull A, Arroll B, Parag V, et al. Pentoxifylline for treating venous leg
ulcers. Cochrane Database Syst Rev 2007:CD001733.

5 Jull A, Walker N, Parag V. Usual care versus guideline
recommendations for venous ulcer management in New Zealand. NZ
Med J 2009;122:9-18.

6 Newland MR, Patel AR, Prieto L, et al. Neuropathy and gait
disturbances in patients with venous disease: a pilot study. Arch
Dermatol 2009;145:485-6.

7 Yang D, Vandongen YK, Stacey MC. Effect of exercise on calf muscle
pump function in patients with chronic venous disease. Br J Surg
1999;86:338-41.

8 Araki CT, Back TL, Padberg FT, et al. The significance of calf muscle
pump function in venous ulceration. J Vasc Surg 1994;20:872-9.

9 Clarke-Moloney M, Godfrey A, O'Connor V, O’Connor VO, et al.
Mobility in patients with venous leg ulceration. Eur J Vasc Endovasc
Surg 2007;33:488-93.

10 Jull A, Slark J, Parsons J. Prescribed exercise with compression
vs compression alone in treating patients with venous leg
ulcers: a systematic review and meta-analysis. JAMA Dermatol
2018;154:1304-11.

11 O'Brien J, Finlayson K, Kerr G, et al. Evaluating the effectiveness
of a self-management exercise intervention on wound healing,
functional ability and health-related quality of life outcomes in adults
with venous leg ulcers: a randomised controlled trial. Int Wound J
2017;14:130-7.

12 Klonizakis M, Tew GA, Gumber A, et al. Supervised exercise training
as an adjunct therapy for venous leg ulcers: a randomized controlled
feasibility trial. Br J Dermatol 2018;178:1072-82.

13 Klonizakis M, Gumber A, Mcintosh E, et al. Exercise fidelity and
progression in a supervised exercise programme for adults with
venous leg ulcers. Int Wound J 2018;15:822-8.

14 Percival SL, Hill KE, Williams DW, et al. A review of the scientific
evidence for biofilms in wounds. Wound Repair Regen
2012;20:647-57.

15 Dharap SB, Ghag GS, Kulkarni KP, et al. Efficacy and safety
of oxum in treatment of the venous ulcer. J Indian Med Assoc
2008;106:326-30.

16 Niezgoda JA, Sordi PJ, Hermans MHE. Evaluation of Vashe wound
therapy in the clinical management of patients with chronic wounds.
Adv Skin Wound Care 2010;23:352-7.

Jull A, et al. BMJ Open 2021;11:¢043420. doi:10.1136/bmjopen-2020-043420

1ybuAdoo Ag paroalold
"BINOSUOD IUN We|leH PlBusys 1. TZ0Z ‘€2 Areniga- uo /wod [wg uadolwg//:dny woij papeojumoq Tz0oz Areniged 8T Uo 0Zyer0-020z-uadolwa/9eTT 0T St paysiignd 1s11y :uadO NG


https://twitter.com/1CommonReader
https://twitter.com/DrChrisBullen
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8484-3771
http://orcid.org/0000-0001-6807-2930
http://dx.doi.org/10.1002/bjs.6059
http://dx.doi.org/10.1136/bmj.j5157
http://dx.doi.org/10.1056/NEJMoa1801214
http://dx.doi.org/10.1002/14651858.CD001733.pub2
http://dx.doi.org/10.1001/archdermatol.2009.14
http://dx.doi.org/10.1001/archdermatol.2009.14
http://dx.doi.org/10.1046/j.1365-2168.1999.00993.x
http://dx.doi.org/10.1016/0741-5214(94)90223-2
http://dx.doi.org/10.1016/j.ejvs.2006.11.032
http://dx.doi.org/10.1016/j.ejvs.2006.11.032
http://dx.doi.org/10.1001/jamadermatol.2018.3281
http://dx.doi.org/10.1111/iwj.12571
http://dx.doi.org/10.1111/bjd.16089
http://dx.doi.org/10.1111/iwj.12933
http://dx.doi.org/10.1111/j.1524-475X.2012.00836.x
http://www.ncbi.nlm.nih.gov/pubmed/18839643
http://dx.doi.org/10.1097/01.ASW.0000383198.35815.a2
http://bmjopen.bmj.com/

17

18

19

20

Selkon JB, Cherry GW, Wilson JM, et al. Evaluation of hypochlorous
acid washes in the treatment of chronic venous leg ulcers. J Wound
Care 2006;15:33-7.

Piaggesi A, Goretti C, Mazzurco S, et al. A randomized controlled
trial to examine the efficacy and safety of a new super-oxidized
solution for the management of wide postsurgical lesions of the
diabetic foot. Int J Low Extrem Wounds 2010;9:10-15.

Prabhakar KBS, Purushotham G, Uma K. Comparison of super-
oxidized solution versus povidine iodine in management of infected
diabetic ulcers: our experience. Int Arch Integr Med 2016;3:151-8.
Bongiovanni CM. Effects of hypochlorous acid solutions on venous
leg ulcers (VLU): experience with 1249 VLUs in 897 patients. J Am

27

28

29

30

of trials with both blinded and non-blinded outcome assessors. BMJ
2012;344:e1119.

Stacey MC, Burnand KG, Layer GT, et al. Measurement of the
healing of venous ulcers. Aust N Z J Surg 1991;61:844-8.

Gandek B, Ware JE, Aaronson NK, et al. Cross-Validation of item
selection and scoring for the SF-12 health survey in nine countries. J
Clin Epidemiol 1998;51:1171-8.

Rabin R, de Charro F. EQ-5D: a measure of health status from the
EuroQol group. Ann Med 2001;33:337-43.

Howard A, Davies AH. Health-related quality of life in patients with
venous ulceration. Phlebology 2001;16:12-16.

Coll Clin Wound Spec 2014;6:32-7. 31 Connelly DM, Thomas BK, Cliffe SJ, et al. Clinical utility of the

21 Armstrong DG, Bohn G, Glat P, et al. Expert recommendations for 2-minute walk test for older adults living in long-term care.
the use of hypochlorous solution: science and clinical application. Physiother Can 2009;61:78-87.
Ostomy Wound Manage 2015;61:2-19. 32 World Health Organization Uppsala Monitoring Centre. The use of

22 Margolis DJ, Berlin JA, Strom BL. Which venous leg ulcers will heal the WHO-UMC system for standardised case causality assessment,
with limb compression bandages? Am J Med 2000;109:15-19. 2013. Available: https://www.who.int/publications/m/item/WHO-

23 Jull A, Wadham A, Bulle_n C, et al. Wool-derived keratin dressings causality-assessment [Accessed 15 February 2021].
versus usual care dressings for treatment of slow healing venous leg 33 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
ulceration: a randomised controlled trial (Keratin4VLU). BMJ Open (REDCap)—A metadata-driven methodology and workflow process
2020;10:e036476. . for providing translational research informatics support. J Biomed

24 Jull A, Parag V, Walker N, et al. The prepare pilot RCT of home-based Inform 2009:42:377-81
progressive resistance exercises for venous leg ulcers. J Wound - A ' .
Care 2009:18:497-503. 34 loannidis JPA, Evans SJW, Getzsche PC, et al. Better reporting

25 Food and Drug Administration. Guidance for industry chronic of harms in randomized trials: an extension of the CONSORT
cutaneous ulcer and burn wounds — developing products for statement. Ann Intern Med 2004;141:781-8.
treatment. Rockville, Maryland: Food and Drug Administration, 2006. 35 Jull A, Biggs R. Adverse event reporting and trial registration in

26 Hrdbjartsson A, Thomsen ASS, Emanuelsson F, et al. Observer bias venous leg ulcer trials published since the 2001 consort statement
in randomised clinical trials with binary outcomes: systematic review revision: a systematic review. J Tissue Viability 2020;29:155-60.

10 Jull A, et al. BMJ Open 2021;11:e043420. doi:10.1136/bmjopen-2020-043420

1ybuAdoo Ag paroalold
"BIHOSUOD 1UN WejjeH paays e TZ0z ‘€z Arenigad uo /wod fwg uadofwg//:dny wol papeojumod ‘TzZ0z Arenigad 8T U0 0Z¥Er0-0202-uadolwd/9eTT 0T S paysiignd sy :uado NG


http://dx.doi.org/10.12968/jowc.2006.15.1.26861
http://dx.doi.org/10.12968/jowc.2006.15.1.26861
http://dx.doi.org/10.1177/1534734610361945
http://dx.doi.org/10.1016/j.jccw.2016.01.001
http://dx.doi.org/10.1016/j.jccw.2016.01.001
http://www.ncbi.nlm.nih.gov/pubmed/28692424
http://dx.doi.org/10.1016/S0002-9343(00)00379-X
http://dx.doi.org/10.1136/bmjopen-2019-036476
http://dx.doi.org/10.12968/jowc.2009.18.12.45606
http://dx.doi.org/10.12968/jowc.2009.18.12.45606
http://dx.doi.org/10.1136/bmj.e1119
http://dx.doi.org/10.1111/j.1445-2197.1991.tb00169.x
http://dx.doi.org/10.1016/S0895-4356(98)00109-7
http://dx.doi.org/10.1016/S0895-4356(98)00109-7
http://dx.doi.org/10.3109/07853890109002087
http://dx.doi.org/10.1177/026835550101600104
http://dx.doi.org/10.3138/physio.61.2.78
https://www.who.int/publications/m/item/WHO-causality-assessment
https://www.who.int/publications/m/item/WHO-causality-assessment
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00009
http://dx.doi.org/10.1016/j.jtv.2019.09.005
http://bmjopen.bmj.com/

	Prescribed exercise regimen versus usual care and hypochlorous acid wound solution versus placebo for treating venous leg ulcers: study protocol for a randomised controlled trial (Factorial4VLU)
	Abstract
	Introduction﻿﻿
	Exercise and VLU healing
	The effects of HOCl on wound healing

	Methods and analysis
	Trial design
	Case definition
	Inclusion criteria
	Exclusion criteria
	Consent
	Recruitment
	Randomisation and allocation concealment
	Blinding
	Sample size calculation
	Baseline data collection
	Primary outcome
	Secondary outcomes
	Cost-effectiveness modelling
	Statistical analyses
	Treatment period and follow-up
	Intervention and control treatments
	Background treatments
	Data safety and monitoring
	Ethics and dissemination
	Trial status

	References


