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Abstract:

Background: Randomized controlled trials using complete healing as an endpoint suffer
from poor statistical power, owing to the heterogeneity of wounds and their healing
trajectories. The Food and Drug Administration (FDA) has recently consulted with expert
groups to consider percentage area reduction (PAR) of the wound over a 4-week period as

a valid intermediate endpoint, creating the opportunity for more powerful study designs.

Methods: A within-subject controlled study design comparing the PAR of venous'leg ulcers
in patients over 4 weeks receiving differentinterventions: 29 patients received multi-layer
compression over 4 weeks, followed by neuromuscular stimulation (NMES) of the leg
muscle pump in addition to compression fora further4-weeks. Paired comparison was
then made of PAR between the two phases. A second cohort of 22 patients received only

multi-layer compression throughout both4-week phases:

Results: Patients randomized to NMES saw a significant increase in'healing rate compared
to compression alone, whereas patients receiving compression only saw no significant

change in healing rate throughout the course of the study.

Conclusions: Intermittent NMES of the common peroneal nerve significantly accelerates
the healing of venous leg ulcers: It is well tolerated by patients and deserves serious
consideration as an adjuvant to compression therapy. PAR'is'a useful'metric for comparing
the performance of wound healing interventions, and the self-controlled trial design
allows sensitive discrimination with a relatively small number of subjects over a reasonably

short trial period.

The study is reported according to the CONSORT reporting guidelines.
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Introduction
The management of venous leg ulcers (VLU) in the USA alone costs more than $14 billion

annually (1); and represents a significant burden worldwide, both financially and socially (2).

A systematic review (3) considered the effectiveness of a long list of interventions
currently indicated for healing venous leg ulcers, including: compression bandages and
stockings, topical negative pressure, oral pentoxifylline, laser treatment, skin grafting,
superficial vein'surgery (perforator ligation, saphenous vein stripping), therapeutic
tltrasound) leg ulcer clinics, leg elevation, and activity advice. Of these, Gnly compression

and pentoxifylline had statistically significant evidence to support their use.

The design of studies to evaluate wound healing interventions tends to follow the standard
of evidence conventionally set by regulatory bodies and payors: a randomized controlled
trial (RCT) consisting of inter-cohort comparison, with complete healing as the primary
outcome. (4). However, this trial design may not be the most appropriate for wound
healing studies in the real world (5) and may in part explain the scarcity of quality
evidence. The great heterogeneity of ulcers (and their healing trajectories) makes it
difficult to match control and intervention groups and necessitates many months of
follow=up'(6). Even if the intervention being evaluated has a very substantial effect, a very
lengthy trial with a prohibitively large number (beyond the resources of the investigator to
achieve) of stratified subjects would be required to observe that effect with any validity or
statistical significance. Furthermore, it has beenreported that the rate and frequency of
tlcer healing is grossly overestimated in the literature (7) causing many studies to be

further under-powered and under-resourced at the outset.

There has been a call for alternate endpoints such as rate of wound closure over a
specified period to be used for evaluations (8, 9). This approach is advantageous not only
because of the logistic advantage of a smaller window of observation (reducing cost and
subject attrition, whilst improving immediacy of results), but because it allows for more
statistically powerful study designs, such as the self-controlled or within-patient controlled

model which is deployed with success in other fields (10). Here, each subject’s own rate of
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healing during a run-in phase is compared to that subject’s own rate of healing during the

treatment phase. This eliminates much of the heterogeneity and many of the
confounders, so greatly improving the statistical sensitivity and power of the study. Within
subject control is not possible for a design using complete healing as a metric, as the
healed wound is thereafter unavailable for comparison with the other intervention.

The Food and Drug Administration (FDA) has recently begun to review its position on
acceptable study endpoints forwound studies (11, 12): Whereas complete wound closure
has hitherto been the only recognized endpoint, recent consultation with expert groups
has led to the consideration of percentage area reduction (PAR) of the wound over a 4-
week period as an endpoint. (13, 14). It has been demonstrated that PAR follows a near-
linear trajectory over this period (15); and this makes it possible to observe any change in
the rate of area reduction attributable to the introduction of a new intervention.

A recent review (16) identified new technological developments for wound healing
deemed worthy of further investigation, including activation of the'leg muscle pumps by
feuromuscular electrostimulation (NMES). Subsequently, a within-patient controlled study
was conducted to evaluate the effects of a new intervention on the healing rate of venous
leg ulcers (17). The study compared the Wound Margin Advance (WMA) and Percentage
Area Reduction (PAR) for venous leg ulcers receiving 12 hours per day intermittent NMES
of the common peroneal nerve as an adjuvant to'compression, compared to compression
alone. The research protocol was approved by London - Riverside Research Ethics
Committee (initial favourable opinion 30 Jan 2018), and all participants gave written
informed consent. The primary endpoint in the study protocol was WMA, whereas PAR
Wwas calculated post hoc: Both metrics showed a substantial and significant effect for the
intervention.

This paper discusses the usefulness of the within-patient controlled study model (with
particular reference to the metric of PAR over 4 weeks now being considered as a trial
éndpoint' by FDA)- and compares it to the relative insensitivity of inter-group control in the

more conventional RCT model.
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Methods

60 subjects, from 23 wound care clinics) with venous leg ulcers were randomized to 2
groups: one to receive standard of care (SOC) consisting of multi-layer compression
bandaging, and the other to receive NMES for 12 hours per day in addition to SOC.
Randomization allocation ratio was 1:1 using the Castor EDC platform with variable block

sizes of 3 and 6.

NMES consisted of the geko™ device (Firstkind'ltd, Daresbury) applied as per the
manufacturer’s instructions superficially to the lateral aspect of the leg just below the
knee. The device stimulates the common peroneal nerve as it passes by the head of fibula,
activating the venous muscle pump, and so augmenting venous, arterial, and
microvascular flow (18). The device delivers a charge-balanced pulse at 1 second intervals,
and the settings were adjusted so that a visible twitch of the foot was elicited. Each device
nominally lasts 24 hours, so each was used for 12 hours treatment on 2 successive days. To
maintain skin hygiene, the device is removed and stored overnight between 12-hour wear
sessions.

Inclusion Criteria:

e Aged 18 years or over and able to provide written informed consent.

e Chronic venous leg ulcer determined to be due to underlying venous disease
following evaluation in a multidisciplinary clinic setting or by a vascular surgeon, GP
or Nurse Specialist

e Ulcer size between 3cm? and 39 cm? at study enrolment.

e Ulcer present for at least 6 weeks but no more than 5 years prior to study entry.

e Ankle-Brachial Pressure Index (ABPI) of 0.8-1.2 at study entry or within 8 weeks of
study entry.

e No clinical infection in the study leg for a minimum of 48 hours prior to study entry.

e No systemic antimicrobial treatment for a minimum of seven days prior to study

entry prescribed for index ulcer wound infection.


Margaret Dotson

Margaret Dotson

Margaret Dotson


Advances in Wound Care

A novel randomized trial protocol for evaluating wound healing interventions. (DOI: 10.1089/wound.2023.0058)

This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.

Page 6 of 22

Exclusion Criteria:

e Known allergy to any of the protocol-stipulated treatments, or non-tolerance of
multilayer, multicomponent compression therapy intended for the treatment of
venous leg ulcers.

e History of significant haematological disorders (e.g., Sickle Cell disease).

e History of Deep Vein Thrombosis (DVT) within six months preceding study entry

e History of Pyoderma Gangrenosum or other inflammatory ulceration.

e Pregnancy or breast feeding.

e Use of investigational drug or device within four weeks prior to study entry that
may interfere with this study.

e Use of any neuro-modulation device.

e Surgery during three months prior to study entry (such as abdominal,
gynaecological, hip or knee replacement)

e Any medication deemed by the Investigator to potentially interfere with the study
treatment (e.g., systemic steroids).

e Participation in any other clinical study.

A summary graphic of the study design and participant allocation is shown in figure 1. In
the case of both arms, each subject spent 4 weeks on a run-in control phase receiving SOC
only. Thereafter, the SOC randomized cohort continued to receive SOC for a further 4
weeks, whereas the NMES randomized cohort received NMES in addition to SOC for a
further 4 weeks. The study was not powered to compare healing rates between the two
randomized cohorts, but rather for each cohort to compare paired healing rates between
intervention phase and run-in phase within the same patient.

At day 0, and at every weekly visit Until'day 56'(8 weeks), wounds were photographed pre-
debridement using the Aranz SilhouetteStar ™ portable digital camera:a non-contact
device for imaging and measuring ulcers. All images were sent in random order to an
independent wound expert for delineation of the wound perimeter. The assessor was
blinded to intervention as well as to the date of each image. All calculations used in the

analysis (WMA & PAR) were post processed.
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The initial wound measurement and 4 subsequent weekly measurements for each of the
two phases of the study (run-in, and treatment), were converted to percentages of the
area at the initial visit of the respective phase. For each phase a slope was then calculated
by linear regression, to give a percentage area reduction per day. Electronic laboratory
notebook was not used. Subject data was collected using the Castor EDC platform. The
study is reported according to the CONSORT reporting guidelines (19).

Results

Table 1 shows the demographics of the subjects, comparing the group randomized to
compression only (SOC) with the group randomized to compression plus NMES for 12
hours per day (SOC + NMES 12hr). No significant demographic differences were found
between groups according to un-paired t-tests. Given the immense heterogeneity of
venous ulcers in general, it is unsurprising to see some degree of inter-group variation e.g.,
Body Mass Index (BMI) and age of study ulcer, and this (perhaps inevitable) level of
heterogeneity would be problematic in a classic inter-cohort RCT design. However, in this
within patient-controlled design, each subject’s intervention phase is compared with

his/her own run-in phase, so accommodating these differences.

26 subjects were randomized to SOC and 834'to'SOC plus’NMES: Of these two groups, in the
SOC arm 4 subjects were excluded: 1 infection, 2 wounds too small at randomization and 1
inflammation at wound site. For the SOC plus NMES arm: 2 subjects were excluded due to
non-adherence to NMES therapy (94.1% adherence), and three due to wound being too
small at randomization. Overall, 22 subjects completed the SOC arm, and 29 the SOC plus

NMES arm (figure 1).

Results were analyzed on a ModifiedIntention To Treat (MITT) basis. In this instance, a Per
Protocol (PP) yields the same dataset, since there were no crossovers between

randomized groups.

Figure 2 shows the mean healing rates in each group, during run-in phase compared with
treatment phase. The treatment phase with NMES as an adjunct to compression showed a

wound closure trajectory, over 4 weeks, that was significantly greater (p=0.016) than
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compression alone in the run-in phase for that cohort. Meanwhile, (figure 3) no significant
difference was found between run-in phase (compression only) and intervention phase

(also compression only) in the SOC randomized cohort.

Discussion

The study was not designed or powered for cohort comparisons between patients
randomized to different groups. Whereas within-patient control eliminates between-
patient heterogeneity and confounders, these would be reintroduced by any between-
group comparisons, so impugning the power of the analysis. Therefore, no'comparison'is
made between the healing rates in the treatment phases of the two groups. Similarly, any
change in healing rate between run-in and treatment phases is made only within groups,
not between groups: In this sense, the control group (receiving SOC only throughout run-in
and treatment phases) does not serve as a comparator for the NMES group. Rather, it
serves as a check that the assumption underpinning the validity of the self-controlled
model - a stable baseline healing rate over the period of study — holds true. A healing rate
which differed significantly between run-in and treatment phase for the control group

would have called this assumption into question.

Of the 171 subjects originally recruited, 120 did not meet the inclusion/exclusion criteria
(see figure 1). This drop-out rate is substantial and may have been mitigated by less
stringent inclusion/exclusion criteria: However, this would also have increased
heterogeneity, and so reduced statistical power. This illustrates the balance to be struck

between the internal validity of the study and recruitment efficiency.

Wound healing studies are notoriously difficult to do and rarely demonstrate an effect
with statistical significance. It has been noted that they conventionally fail to recruit
enough participants (20). A Cochrane review (21) found that even for compression — one
of only two wound interventions to meet the threshold of clinical evidence - only 48 RCTs
out of many thousands of studies in the literature were deemed eligible, of which only 8
had significant stand-alone findings of effectiveness. Studies are frequently improperly

designed (for example with too few subjects) or imperfectly executed owing to the costs
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and difficulties in maintaining the requisite high levels of recruitment and assessment over

a necessarily long period (22). In'large part, the difficulties stem from the predominance of
complete healing as the outcome of choice, which creates several problems. Being a binary
outcome categorical variable (healed/not healed), it can only be analysed using frequency
statistics, which are the most coarse in terms of statistical significance. This, as well as the
immense heterogeneity of wounds, requires cohorts with substantial numbers of subjects
to yield statistical power. Given the necessarily lengthy duration of a trial before complete
healing is observed in a suitable number of subjects, the logistics of the study become

almost prohibitive.

In recent years, experts have called for intermediate endpoints to be recognised (23, 24).
In 2020, the FDA identified five new primary endpoints for consideration: PAR over 4
weeks, reduced infection, reduced pain, increased ambulation, and quality of life (25). Of
these, PAR'is the only truly quantitative'metric, and so offers the best opportunity for

statistical power in study design.

In the wider world of medical products beyond wounds, there has been a call for the more
widespread use of self-controlled studies (26) whereby between-patient confounders are
inherently eliminated. The self-controlled study may take the form of a contralateral
control (27, 28), or using a separate control site on the patient (29, 30). This approach is
not directly applicable to the study of venous leg ulcers, as it is rare to find a perfectly
matching contralateral ulcer for comparison. One study in pressure ulcers (31) used a
separate part of the same pressure ulcer as a control, but this relies on some assumptions
about the homogeneity of the ulcer, and the spatial uniformity of conditions including
applied pressure. A preferable approach may be pre- versus post-treatment self-controlled
comparisons, which can be made where within-patient, time-varying confounding factors
are absent or small relative to between-patient confounders (32, 33). This study model is
capable of identifying significant differences between treatment regimens with relatively
few subjects (34, 35). A recent review revealed that this model was greatly underused in

studies that met the criteria (36).
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To compare healing rate longitudinally using a within patient control two stage model

before and after the introduction of an intervention, it is first necessary to assume that
baseline healing follows a constant linear trajectory over the time interval in question.
Only then is it possible or valid to observe a discontinuity in that trajectory when the
intervention is introduced. PAR has been shown to follow a linear trajectory with respect
to time (15), making it a suitable metric for this purpose. Healing rate over 4 weeks has

previously been used as the primary outcome in RCTs for comparing interventions (37).

In this self-controlled study, the addition of Intermittent NIMES of the common peroneal
nerve over a 4-week period doubled the rate of PAR, relative to a 4-week run-in period
with'compression alone (p=0.016): The device was well tolerated, with 94.1% of subjects
adhering to NMES therapy. This level of confidence in the efficacy of the intervention to
accelerate wound healing was achieved in 8 weeks, with fewer than 60 subjects. This can
be contrasted starkly with the discerning power of a cohort comparison for complete
healing. In the follow-up phase of the published study, 27% of the control group patients
had healed by 3 months, whereas 42% of the NMES patients had healed by 3 months.
Though apparently substantial, this increase is not statistically significant, owing to the
binomial nature of the outcome, and the insufficient number of subjects in the follow-up
phase of the study. Assuming healing rates of 27% vs 42%, a sample size calculation for a
cohort comparison (38) yields a required n of 412 patients, placing the study in a different

category of feasibility even with this substantial effect size.

The methodology presented here is not without limitations: allocation blinding is
problematic, since both patient and caregiver can see which intervention is applied;
guestions exist as to external validity, and the generalizability of findings to a larger
population; recruitment, retention, and adherence lead to potential tension between PP
and ITT analyses. However, all these limitations plainly also apply to the traditional
complete healing RCT model, combined with additional problems resulting from inter-

group variances, and the poor discriminant power of a sporadic binary endpoint.
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The binomial nature of complete healing as an outcome, though a shortcoming

statistically, is also one of the principal reasons for its historical use in wound studies.
“Healed/not healed?” has historically been more easily and more reliably observed than
“How much healed?”, since it requires no quantification. This landscape is changing rapidly
now, as more sophisticated wound measuring technologies emerge, which are ever easier
to use, more accurate, less expensive, and more prevalent (39), often requiring only a

smartphone with a suitable application installed.

Conclusions

We need to challenge current dogma that exists in wound studies if we are to make
progress in treating patientswith'chronic wounds: Although it is understandable that
complete healing is the desired outcome for such studies to prove efficacy of an
intervention, the practical challenges encountered in following this approach are often
impossible to overcome. Hence, we still only have minimal proof of any intervention being
effective in such wounds. New ways of approaching this problem are required. The design
used in this study allow us to calculate a healing rate in an individual using current best
practice or standard of care. It can be shown that after a 4-week period of observation,
patients randomised to continue with the standard of care maintained a consistent
healing trajectory, whereas the healing rate in the group of patients additionally exposed
to NMES improved significantly (p=0.016). PAR is a useful alternative to complete healing
as a metric for comparing the performance of wound healing interventions, and the
within-patient controlled trial design allows sensitive discrimination with a relatively small
number of subjects over a reasonably short trial period. We suggest that looking at such
long-term research design challenges with fresh eyes may prevent many more patients
from suffering from chronic wounds for long periods of time when potential interventions

are not seen as having proof of efficacy.
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RCT: randomised controlled trial
SOC: standard of care
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WMA: wound margin advance
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Tablel: Subject demographics

)
% m o (o O N | H | <
9 0 | |8 |4 o (o N |N
- o |o |o |o |o |o |o |o
—
h 8
~ m | | |~ | |1n |© |un
q w | m N | o N s o
v - v & |8 | |Hd o |+ | |«
w o
2 9
< = o0
+ c N Q
O = |8 |® |m (% o I~N [T
O ®© N N o |4 | o | o
» © |2 | |49 |lo |} |4 |9 |;n |
o
~N
N o o o o N g |9
L | o | | |o & |§& |=
“w |N @ &N [N 4 O @ |+ @ |[+HS 1o,
SF o S
O © = |5 = | < |~ o
o L 1@ | |I~N | N |7 o |~ <
a £ 12 | |4 |o |8 |4 |9 | |1

Age of study VLU at enrolment (days)
Age of subject at first VLU (years)

Age (years)
Height (cm)
Weight (Kg)
Wound size (cm?)

BMI
ABPI

*4004d s1y1 wouy Jaip Aew uoisiaA paysiignd |eulj ay] ‘uo11994409 jooud pue SuiipaAkdod o8iapun 031 19A sey 1nq ‘uonedijgnd 4oy pa1dadcde pue pamalnal-193d uaaq sey saded siy |
(8500°€Z0Z PUNOM/E80T 0T :10Q) ‘suolluaAsalul Suljeay punom Suijen|eas 1oy |02030.4d |el4} PSZIWOpUeS [SAOU Y
948D PUNOA Ul SOUBAPY



Page 20 of 22

20

'J00ud SIY} wouy Ja44ip Aew uoisian paysijgnd |euly sy "uoI13234102 jooud pue SunnipaAdod o8i1apun 03 19A sey 1nq ‘uonediignd 4o} pa1dadde pue pamalAal-199d uaaq sey Jaded siy|
(8500°€Z0Z PUNOM/E80T 0T :10Q) "suoliuaAiaul uljeay punom Suijen|eas 1oy |02030.d |el4} PaZIWOpUeS [SAOU Y
948D PUNOA Ul SOUBAPY

Figure 1: Flow chart illustration of the study design and subject accountability.
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Figure 2: Percentage area reduction per day for all subjects randomized to the NMES 12 hrs

daily arm (n=29) during 4-week run-in phase (PAR

treatment phase (PAR
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