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Abstract

The standard treatment for patients with confirmed Venous Leg Ulcers (VLUSs)
is compression therapy to improve the function of the calf muscle pump. There
is a significant cohort of patients who are unable to tolerate optimal compres-
sion therapy or indeed any level of compression therapy. In addition, there is a
cohort of patients who can tolerate compression whose ulcers show little or no
evidence of healing. There is a need for ways to further improve calf muscle
pump function and to improve venous ulcer healing in these patients. Pub-
lished data were reviewed on the use of Muscle Pump Activation (MPA) using
common peroneal nerve neuromuscular electrical stimulation (NMES) to
improve calf muscle pump function. There is physiological evidence that MPA
can improve calf muscle pump function and venous return in both control sub-
jects and in patients with venous disease. The use of MPA has also been shown
to improve venous flow volume and venous flow velocity on ultrasound scan-
ning in patients with venous disease. MPA has been shown to improve micro-
circulation in the skin using Laser Doppler and laser Doppler Speckle Contrast
Imaging, in both normal subjects as well as in patients with venous disease
and VLU. A recent randomized controlled trial of MPA plus compression ther-
apy compared with compression therapy alone, found significantly faster rates
of healing with the use of MPA in addition to compression therapy. There are
indications for the use of MPA as an adjunctive treatment to enhance calf mus-
cle pump function in patients with VLU:

« who cannot tolerate compression therapy

« who can only tolerate suboptimal, low-level compression
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1 | INTRODUCTION

Chronic venous leg ulceration (VLU) typically occurs on
the lower leg anywhere from the ankle to the knee, and
the underlying cause has been identified as an abnormal
calf muscle pump function." Venous insufficiency alone
is not sufficient to cause ulceration; however, when it
results in a deficiency in the calf muscle pump function,
VLU is more likely to occur.” Abnormal calf muscle
pump function might be contributed to by changes in the
deep veins, the superficial veins, the calf muscle function
itself or an immobile or fixed ankle joint.> The venous
changes may result from a prior deep vein thrombosis
causing secondary incompetence or obstruction, from pri-
mary incompetence of the valves or from a genetic abnor-
mality in the veins.?

In the normal physiological response, when subjects
are sitting or standing, venous pressure in the legs is high
and that high pressure results in fluid and protein leaking
into the interstitial tissues.* With exercise, pressure
reduces in the veins and as a result the efflux of fluid and
protein is reduced, which enables fluid and protein to
return to the intravascular compartment. With chronic
venous disease (CVD), the venous pressure with exercise
reduces to a lesser extent depending on the severity of
the venous disease.”* ° This is termed ambulatory venous
hypertension and can cause the following changes:
microcirculatory changes in the skin, reduced tissue oxy-
genation, lipodermatoscelosis (woody fibrosis due to
fibrin deposits) with pigmentation (due to haemorrhage
of red blood cells with deposits of melanin and hemosid-
erin) and scarring in the dermis and subcutaneous tissue,
and pitting edema in the leg (often first present around

« whose ulcer healing remains slow or stalled with optimal compression.

compression bandages, muscle pump function, venous return, venous ulcer, wound healing

The Muscle Pump Activation device improves venous return in normal sub-
jects and in patients with venous leg ulcers.The Muscle Pump Activator device

« as an adjunct to standard of care compression therapy to accelerate venous
leg ulcer healing in patients whose ulcer healing remains slow or stalled

« as an adjunct to suboptimal therapy in patients who cannot tolerate optimal
compression therapy in order the improve calf muscle pump function and
venous leg ulcer healing

« in patients who cannot tolerate any compression therapy to improve calf
muscle pump function, to help facilitate some level of compression therapy
and to potentially improve venous leg ulcer healing.

the medial malleolus where the greater saphenous vein is
superficial). These changes result in an impaired healing
process and potential development of VLU. Patients may
report symptoms of leg heaviness, fatigue, cramping, ach-
ing or other painful sensations, skin itch and restless legs.

The standard treatment for patients with confirmed
VLU is to use optimal compression therapy (30-40 mm
Hg) to improve calf muscle pump function. This has the
effect of improving venous return, reducing ambulatory
venous hypertension and reducing edema.”® With com-
pression therapy, the expelled venous volume increases
and the ambulatory venous hypertension reduces. This
enables the venous return of fluid and protein resulting
in improved wound healing. The venous return and
ambulatory venous hypertension are improved with
patients wearing compression during exercise. However,
when patients stand or sit for prolonged periods, some
benefits of compression are lost, but it does continue to
have some impact on the control of oedema. There are
different types of compression therapy that include elas-
tic and inelastic systems. These could include multilayer
compression wraps, mechanical forms of compression,
compression stockings and adjustable wraps with hook
and loop fasteners. While there are debates on optimal
compression therapy types, there is consensus that
improving calf muscle pump function enables VLUs to
heal or to heal at a faster rate with compression than
without compression.”™*

Supervised exercise programmes have also been uti-
lized in patients with venous leg ulcers (VLUs) to help
improve calf muscle pump function, to improve patients'
venous ejection fraction'*'* and to significantly improve
VLU healing when it is added as an adjunct to VLU
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compression therapy.'* Although beneficial, supervised
exercise programmes are not always accessible for
patients with VLUs and may not be suitable for patients
with limited mobility.

There is a significant cohort of patients who are
unable to tolerate optimal compression therapy or indeed
any level of compression therapy and who are unable to
participate in a supervised exercise programmes. A
review of concordance with compression therapy in
VLUs found that in the treatment of active VLUs, non-
concordance was the lowest in randomized controlled tri-
als at rates of 2% to 4%, while in real world studies, the
rates of non-concordance were between 10% and 80%."
In the Canadian Bandaging Trial that evaluated two dif-
ferent compression bandaging systems, the number of
patients who either refused the compression system or
who had to cease treatment due to problems with the
compression system was 16.0%."" In that study, when all
causes for ceasing compression were considered, this
represented 23.8% of patients in the study. In these
patients, clinicians may use no compression, or a lower
level of compression therapy in the hope that with time
patients may be able to tolerate optimal compression
therapy. There is no effective method to improve the calf
muscle pump function in patients who have little or no
compression. In some centres, these patients are catego-
rized as receiving maintenance therapy for their VLUs
and may also be regarded as unhealable without the use
of compression therapy.

In addition, there is a cohort of patients who can tol-
erate compression whose ulcers show little or no evi-
dence of healing. In the Canadian Bandaging Trial,"'
24.3% of patients had unhealed ulcers after 24 weeks of
treatment and 12.0% after 36 weeks of treatment. Clini-
cians have traditionally not had other readily available
options to improve calf muscle pump function and hence
to improve the rate of wound healing in these patients.
They may at times try different types of compression to
see if that will have an effect, but these patients often
remain slow to heal. Non-healing or slow to heal ulcers
impact quality of life for the patients and result in exces-
sive costs to the healthcare system.

There is therefore a place for other methods to
improve calf muscle pump function in patients with VLU
that can act as an adjunct to compression therapy and
supervised exercise programmes. Activation of the calf
muscle pump using neuromuscular electrical stimulation
(NMES) is an option to improve the calf muscle pump as
an adjunct to compression therapy. There have been a
number of methods to achieve this which have included
direct stimulation of muscles in the lower leg by elec-
trodes applied over different calf muscles'®; applying
electrical stimulation over the common peroneal nerve to
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achieve activation of the muscles in the anterior and lat-
eral compartments of the lower leg,17 and the use of a
footplate to stimulate muscles in the foot and the leg.'®
Direct stimulation of the muscles of the posterior com-
partment can impact both motor and sensory nerves and
is recommended for use for up to 30-min periods only.'®
The foot plate device requires direct contact with the skin
of the foot; hence, it is not able to be used concurrently
with compression bandages or stockings and is normally
recommended for up to 30 minutes per day.'® Electrical
stimulation of the common peroneal nerve using the
MPA device (geko™, Firstkind Ltd, UK) is able to be
delivered continuously and is recommended for use for
12 hours per day for patients with VLU." By activating
the muscles of the anterior and lateral compartments of
the lower leg, the flexor muscles of the calf are passively
stretched and this passive motion acts as a calf muscle
pump.?® This has the advantage of providing continuous
improvement of calf muscle pump function when
patients are at lying, sitting or standing. The benefits of
improved calf muscle pump function have been shown to
reverse when the device is not actively being used'’;
hence, the use of the continuously applied MPA device
has optimal benefits of improving calf muscle pump
function in patients with VLU and therefore improving
healing.

There are cohorts of patients with VLU who need
assistance beyond compression and exercise programmes
to improve their calf muscle pump function. These
cohorts include patients with VLU who cannot exercise
or tolerate any compression; patients who can only toler-
ate low level compression; and patients who can tolerate
optimal compression, but whose ulcer healing remains
slow or stalled.

2 | METHODS
The published literature on the impact of activation of
the calf muscle pump by NMES of the common peroneal
nerve was evaluated. From the literature, the goal was to
determine the impact of NMES of the common peroneal
nerve on venous return and microcirculation in normal
subjects, in patients with venous disease and in patients
with VLUs. In particular, the goal was to review litera-
ture on the continuous use of NMES of the common
peroneal nerve using the MPA device (geko™). The
objective was to summarize the data on the impact of
MPA on the venous physiology and on improving VLU
healing.

The search of published literature was conducted
using combinations of search terms to identify papers
that reported the impact on venous function in both
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TABLE 1 Summary of literature search.

Secondary

Primary search phrases search phrases

(a) Summary of search terms used for identification of
published literature

Neuromuscular electrical stimulation of ~ Venous return

the common peroneal nerve

Neuromuscular electrostimulation of the ~ Lower limb blood
common peroneal nerve flow

Venous ulceration

Wound healing
(b) Summary of identified articles
Articles identified 112
Articles excluded after review of title, 90
abstract and or full article
Articles identified 22

volunteers and patients with venous disease and that
reported the impact on ulcer healing. The search terms
are summarized in Table 1a with the primary terms being
using in conjunction with the secondary terms. These
searches incorporated databases including Medline,
CINAHL, Web of Science, Cochrane database and Google
Scholar. Further papers were assessed from the refer-
ences listed in papers that were identified from the
searches. The objective was to include only published
papers that had utilized NMES of the common peroneal
nerve and that had assessed its impact on venous return
or on the healing of venous ulcers. Book chapters, theses
for higher degrees and conference presentations and
posters were excluded. Table 1b summarizes the papers
that were identified and screened and the number that
were found to have met the criteria and to have evaluated
the impact on venous physiology or on VLU healing.

3 | RESULTS

3.1 | Improvement of calf muscle pump
function and skin microcirculation with
the use of MPA

There was evidence of improvement in calf muscle pump
function in healthy volunteers by using electrodes placed
over the common peroneal nerve and connecting those to
an electrical stimulation device. There was evidence a sig-
nificant increase in both flow velocity and flow volume,
as assessed by ultrasound evaluation in both the femoral
vein and the popliteal vein*'~>* (Table 2).

Continuous stimulation using the MPA device has
also been used in healthy volunteers (Table 2). Flow
velocity was improved in all studies.'”**° Only three
studies measured flow volume, and in two, there was sig-
nificant improvement compared with baseline.”** In
one, there was significant improvement compared with
intermittent pneumatic compression but a non-
significant increase compared with baseline.”* One study
calculated ejection volume which did not significantly
improve.*

There were two studies using the MPA device in
patients with venous disease, and there was improvement
in flow velocity in both studies’**' (Table 3). In one
study, there was a significant improvement in flow vol-
ume in patients with superficial venous disease and those
with deep vein reflux, but not those with deep vein
obstruction.®® In the other study, there was a non-
significant increase in flow volume.*"

MPA in healthy volunteers has also demonstrated
significant improvement in microcirculation in the
skin using both Laser Doppler assessment on the foot
and leg,'”**** and Laser Doppler Speckle Contrast
Imaging in the thigh®® (Table 4). In assessment of
microcirculation of the skin in patients with venous
disease (Table 5) there was a significant improvement
in microcirculation as assessed by Laser Doppler flux
on the foot in patients with superficial venous disease
and with deep vein obstruction, but not with deep
venous insufficiency.?® In patients with active VLUs,
there was significant improvement using Laser
Speckle Contrast Imaging in both flux and pulsatility,
in both the ulcer base and in the peri-ulcer surround-
ing skin.>*

3.2 | Improvement of venous ulcer
healing with MPA
Data from case series® *° and a recent randomized con-
trolled trial'® have demonstrated that the use of MPA can
improve the healing rates of VLUs. The case studies
include observational patient cohort studies with difficult
to heal venous ulcers that provide consistent indications
of improved healing with MPA with and without com-
pression therapy.”>*° An amalgamation of case series of
patients from the community found that 30 of 70 patients
achieved complete healing after an average of 9 weeks of
MPA application.** A randomized controlled trial
of MPA plus compression therapy compared with com-
pression therapy alone documented significantly faster
rates of VLU healing with the use of MPA device in addi-
tion to compression therapy."’
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TABLE 3
venous disease.

NMES Subject Study
Paper device number Subjects design
Williams®  Geko T-1 40 10 healthy ~ Four group
4-6 h/day, 10 Venous comparative
5 days/ Disease study
week, for Superficial
6 weeks 10 Deep vein
insufficiency
10 Deep vein
obstruction

Das®! Geko T-2 14 Patients with  Single-arm
and R-2 active within-
venous subject
ulceration comparisons

Note: flow volume mL/min; flow velocity cm/s.
*Median (IQR).

"Mean.

*p < 0.01; **p < 0.05; ***Not significant.

4 | DISCUSSION

Clinicians have long been challenged with VLU patient
treatment options when patients cannot for multiple rea-
sons tolerate compression therapy. This review has iden-
tified that there is good evidence that the use of MPA can
improve calf muscle pump function in normal subjects
and in patients with venous disease.

Flow velocity in the veins in the leg has been consis-
tently demonstrated to significantly improve with the use
of MPA in normal subjects and in patients with venous
disease. One of the studies in patients with venous dis-
ease demonstrated that the improvement was significant
in patients with superficial venous disease, but it was not
significant in patients with deep venous disease.

Flow velocity in the lower limb veins in response to
MPA was not assessed in all of the studies on normal
subjects; however, in those in which it was assessed,
improvement was significant in all except one study. In
patients with venous disease, one study showed that flow
volume improved significantly in patients with superfi-
cial and deep vein insufficiency, but the improvement
was not significant in patients with deep vein obstruc-
tion. One further study showed that the improvement
was not significant.

Microcirculation had significant improvement with
the use of MPA in both normal subjects and in patients

P - WiLEY-L 7o

Impact of neuromuscular electrical stimulation (NMES) of the common peroneal nerve on venous physiology in subjects with

Venous flow

assessment Ultrasound comparisons
Ultrasound % change from baseline®
femoral vein Flow velocity ~ Flow volume
during th .
stimulation Healthy 34.8 (—4-81)*  22.5(—10-40)
VD 62.8 (25-138)*  37.5
superficial (—=10-172)**
VD deep 9.0 (—10-84)*** 17.4 (1-49)**
insufficiency
VD Deep 14.8 (—8-51)** 5.9 (—11-21)***
obstruction
Ultrasound of Flow velocity®  Flow volume®
popliteal vein Base  Stim  Base  Stim
seated and
Seated 10 33* Non-significant
recumbent .
increase
Recumbent 14 47* Non-significant

increase

with venous disease. In subjects with venous disease,
there was significant improvement in patients with
superficial venous disease and in those with deep venous
obstruction, but not in those with deep venous
insufficiency.

There is consistent evidence of improvement of
venous flow velocity and venous flow volume and in
microcirculation in both normal subjects and in patients
with venous disease. In some of the studied cohorts the
improvements were not statistically significant which
could in part be related to the small sizes of the cohorts
of subjects in the different studies.

There is growing evidence that the use of MPA in
addition to the standard care that patients are able to
tolerate does improve VLU wound healing. The study
that demonstrated improvement of VLU healing with
MPA in combination with compression therapy, com-
pared with compression therapy alone, highlights the
improvement in wound healing that that MPA brings
to these patients by improving calf muscle pump func-
tion. A key contribution to that improvement in wound
healing in patients with venous ulcers is that MPA pro-
vides continuous improvement in calf muscle pump
function, whether the patient is walking or resting. The
calf muscle function improvement with compression
occurs only when patients are exercising the calf
muscle.
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Impact of neuromuscular electrical stimulation (NMES) of the common peroneal nerve on microcirculation in subjects

without venous disease.

Subject
Paper NMES device number Subjects Study design
Tucker*  Electrodes at CPN 30 Healthy  Single-arm
5-min stimulation within-subject
comparisons
Williams'”  Geko T-1 for 20 mins 10 Healthy Single-arm
Also IPC within-subject
comparisons
Jawad** Geko T-1 for 30 mins 10 Healthy Single-arm
Also IPC within-subject
comparisons
Warwick®® Geko T-1 10 Healthy Single-arm
within-subject
comparisons
Bahadori** Geko 10 Healthy Single-arm
Also IPC within-subject
comparisons

Abbreviation: CPN, common peroneal nerve.

*Flux units, median (interquartile range).

PFlux units, mean (standard deviation).

“Mean (confidence intervals).

*p < 0.01.

Measurement Microcirculation
location improvements
Laser Doppler % Increase in flux from Baseline

Dorsum of foot 525%-2100%*

Laser Doppler Leg % Increase in flux from baseline
251.8%*

Laser Doppler Baseline® Stimulation®

Dorsum of foot 9.45 (7.46) 35.46 (24.26)*

394% Increase from baseline*

% Increase in flux® from baseline
mean of all four positions with and
without a plaster cast 141% (70-212)*

Laser Doppler
Dorsum of foot

Stimulation®

605.7 (321.4)*

Laser Speckle Contrast Baseline®

Imaging thigh 165.2 (86.7)

Mean % increase from baseline—
399.8 (210.1)*

TABLE 5
subjects with venous disease.

Subject Study
Paper NMES device number Subjects design
Williams®  Geko T-1 40 10 healthy Four-group
4-6 h/day, 10 venous comparative
5 days/week, disease study
for 6 weeks superficial
10 feep vein
insufficiency
10 deep vein
obstruction
Das** Geko 16 Patients Single-arm
with VLU within-
subject
“Mean (SD).

*p < 0.01; **p < 0.05.

Impact of neuromuscular electrical stimulation (NMES) of the common peroneal nerve on venous microcirculation in

Venous flow

assessment Ultrasound comparisons

Laser Doppler on % change in flux from

the foot during baseline®
stimulation Healthy 274.8 (279)*
VD superficial 264.9 (283)**
VD deep 69.3 (126)
insufficiency
VD deep 46.9 (50)**
obstruction
Laser Speckle % increase % increase
Contrast Imaging flux % pulsatility
ofucer Ulcer 279+ 170%*
Peri-wound 34%* 173%*

Clinicians do now have an option with the use of
MPA as an adjunct therapy to improve calf muscle pump
function in patients with VLU who cannot tolerate opti-
mal compression therapy and in those patients whose
VLUs are not healing adequately on optimal compression

therapy. There is consistent evidence that MPA does
improve calf muscle pump function and wound healing
and is therefore indicated for these patients. Further
larger studies on the use of MPA in these patients is
needed to confirm these benefits.
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5 | SUMMARY

There is a clear indication from published studies for the
use of MPA to enhance calf muscle pump function as an
adjunct treatment to improve wound healing in the fol-
lowing patient groups with VLU

« patients who cannot tolerate compression therapy

» patients who can only tolerate suboptimal low-level
compression

 patients whose ulcers healing remains slow or stalled
with the use of optimal compression
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