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1 | INTRODUCTION
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Abstract

Activation of the venous muscle pumps by neuromuscular stimulation of the
common peroneal nerve has been previously shown to increase venous and
arterial flow in the legs of healthy subjects. The aim of this study is to deter-
mine whether a similar effect is observed in patients with chronic venous leg
ulcers. 1 Hz intermittent electrostimulation of the common peroneal nerve
was applied to 14 patients with ulcers between 1 and 10 cm in diameter,
eliciting a small, painless, regular, muscular twitch of the leg. Flow was mea-
sured using Duplex ultrasound in the popliteal vein and the popliteal artery.
Peak arterial velocity increased from 57 to 78 cm/s (P = .001) in sitting posi-
tion, and from 79 to 98 cm/s in recumbent position (P = .001). Peak venous
velocity increased from 10 to 33 cm/s (P = .001) sitting, and from 14 to 47 cm/s
(P = .001) recumbent. Significant increases were observed in both venous and
arterial blood flow in the lower limb. This suggestsed that activation of the
venous muscle pump and improvement of arterial flow assisted oxygen deliv-
ery at the wound site. Moreover this may be a worthwhile intervention to
assist in the healing of venous leg ulcers, and may provide a mechanistic expla-
nation for the increased healing rates previously reported with neuromuscular
stimulation of the common peroneal nerve.
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recognised that calf and foot muscle pump dysfunction
contributes significantly to the development of chronic

Venous leg ulcers are principally distinguished by their
aetiology." Chronic venous insufficiency, as a result of
occlusion or failure of the venous pump system leads
to elevated ambulatory and resting venous pressures
in the leg, with accompanying microvascular and
macrovascular disturbances and oedema.” It is also well

venous insufficiency and venous ulcers.> Treatment for
venous ulcers is primarily based on interventions at the
macrovascular level, most commonly compression,
which aims to reduce oedema and aid venous return.*
Local wound care, however, remains of secondary
importance.
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Activation of the venous muscle pumps of the leg by
means of 1 Hz intermittent neuromuscular electrical
stimulation (NMES) of the common peroneal nerve has
been shown to increase not only venous flow, but also to
augment arterial flow and skin microvascular flow in
healthy individuals.>® It has also been shown to augment
venous flow in the femoral vein of patients with venous
insufficiency.” One of the author (SD) was privileged to
be the assessor for early stage assessment for PhD by Miss
Katie William, who is well known for her original work
on NMES device.

In addition to being one of the most common
symptoms of venous disease, oedema® also plays a
causative role in the pathophysiology’ of chronic
venous insufficiency, and many different therapies
including NMES are prescribed to reduce oedema.'®
NMES has also been shown to reduce oedema in
patients with lymphedema,'! and in patients following
total hip replacement surgery.'> NMES has been used
successfully to treat hard-to-heal leg ulcers'*'* and
has been shown to promote a significant increase in
leg ulcer healing rate."”

This is a single centre open label study measuring the
effect of neuromuscular stimulation on lower limb arterial
and venous blood flow in patients with venous leg ulcers.
Innate baseline blood flow was compared with blood flow
during 1 Hz neuromuscular electrostimulation of the com-
mon peroneal nerve.

2 | AIMS

The aim of this study is to determine whether 1 Hz inter-
mittent NMES of the common peroneal nerve increases
venous and arterial blood flow in the lower limbs of
patients with venous ulcers.

3 | METHODS

The study was approved by the National and local ethic
committee with the study reference number:
16/L0O/1091. IRAS project number: 185818.

3.1 | Study population

Fourteen outpatients with venous leg ulcers attending
the wound clinic at Ealing Hospital participated in the
study. Patients signed an informed consent form, and
underwent an examination for vital signs, past medical
history, and demographics, for screening according to the
following criteria:
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Key messages

« 14 patients with chronic venous ulcers were
given intermittent neuromuscular stimulation
of the common peroneal nerve

« the flow was measured using a Duplex ultra-
sound in the popliteal vein and artery. Both
were significantly increased by stimulation

« neuromuscular stimulation of the common
peroneal nerve increases arterial and venous
velocity in patients with venous leg ulcers

Inclusion criteria

Age > 18 years

Intact healthy skin at the site of device application
Able to understand the Patient Information Sheet
Willing and able to give informed consent

Willing and able to follow the requirements of the protocol
Subjects who had a chronic venous leg ulcer
(i.e. >6 weeks, CEAP classification of C6) greater than
1 cm?, greater than 2 cm minimum diameter, and less
than 10 cm in maximum diameter

ABPI of >0.8

Patients treated with Class II below the knee compression

Exclusion criteria

Wound infection either acute or chronic

History of significant haematological disorders or
DVT within the preceding 6 months

pregnant

Pacemakers or implantable defibrillators

Use of any other neuro-modulation device

Current use of TENS in the pelvic region, back or legs
Use of investigational drug or device within the past
4 weeks that may interfere with this study

Recent surgery that may affect the study (such as
abdominopelvic, or lower limb) in the opinion of the
investigator.

Recent trauma to the lower limbs

Size of leg incompatible with the NMES device.
Obesity (BMI > 34)

Any medication deemed to be significant by the
Investigator

Diabetes

Clinical evidence of peripheral arterial disease (i.e. signs
or symptoms, in the opinion of the researcher)
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The somewhat lengthy list of exclusion criteria served
to reduce confounders and provide homogeneity to the
patient group insofar as possible.

3.4 | Study procedure

All the measurements were performed by an accredited
vascular sonographer and the procedure was completed
in all the 14 patients with meaningful data for analysis.
Median patient age was 68 years, with an interquartile
range of 61 to 79. The Median BMI was 27.9, with an
interquartile range of 25.9 to 29.5. All patients were
determined by Duplex ultrasound to have venous
insufficiency.

The geko (T-2 and R-2) devices (Firstkind Ltd.,
Daresbury, UK) are small disposable, internally powered,
NMES devices that are applied externally to the leg. The
T-2 device has a fixed 27 mA current and the R-2 current
is fixed at 54 mA. The R-2 delivers a higher current to the
patient and is intended for patients who do not achieve
visible twitch stimulation with the T-2 device. The
devices are self-adhesive and are applied to the outer/pos-
terior aspect of the knee, as shown in Figure 1, such that
the dotted reference line on the device is aligned with the
fibular head. This positioning enables integral electrodes
to apply a stimulus to the lateral popliteal nerve (often
additionally termed the common peroneal) immediately
proximal to its anterior/posterior branch. This nerve con-
trols the contraction of several muscles in the lower leg:

FIGURE 1

tibialis anterior, extensor hallucis longus, extensor
digitorum longus, peroneous longus, brevis and tertius,
extensor digitorum brevis, and extensor hallucis brevis.'®
Intermittent (1 Hz) stimulation of this nerve causes a
reciprocating contraction of the muscles in the leg, acti-
vating the leg venous muscle pump. Device setting was
adjusted to the minimum stimulus to achieve a visible
twitch of the foot. The device is a commercially available
and CE marked (GB12/87339; SGS, United Kingdom Ltd.
notified body CE1639) device.

3.5 | Venous and arterial parameters

Venous and arterial flow parameters were measured
using Imaging Doppler Ultrasound (GE Logic e Premium
BT11 Ultrasound, GE Healthcare) with a linear probe
(GE Probe - 9 -RS, GE Healthcare). Measurements were
made of Peak Velocity (PV), Volume Flow (VF), and Ves-
sel Diameter (D). The transducer was placed on the pop-
liteal vein distal to the bifurcation. Venous flow was
verified to be phasic with respiration. The probe was
placed with the sample gate at 45° within the vein, and
sample volume matched the vein diameter. Three sam-
ples were taken, each with a 6 second duration. This pro-
cess was then repeated for the popliteal artery.
Measurements were taken in both the seated (with knee
bent and leg dependant) and the recumbent supine posi-
tion (with leg straight and horizontal). Measurements
were not made in the standing position, because it was

7

Fitting the NMES device to the leg in the presence of compression bandaging
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anticipated that patients would be unable to stand for the
30 minutes duration of the measurements without fatigue
or movement artefact. Measurements were made
according to the timeline in Figure 2.

Differences between intervention and baseline were
tested using paired sample Student's -test.

4 | RESULTS
41 | Arterial blood flow
Figure 3 shows the peak arterial velocity (mean for all

subjects +/— Standard error of the mean SEM). In both
the seated position and the recumbent position, a very

significant (P < .001) increase can be seen when the
NMES device is switched on.

The arterial volume flow in the seated position
exhibits the same pattern, with NMES showing a very
significant (P < .001) increase over baseline (Figure 4).
The arterial volume flow in the recumbent supine posi-
tion exhibits substantial noise in both baseline and
NMES data. Nevertheless, NMES showed a significant
(P < .04) increase.

4.2 | Venous blood flow

Peak venous velocity with NMES showed a highly signifi-
cant (P < .001) increase over baseline, both in the seated

Recruitment

\, J kL

Informed Consent, Medical History,
Vitals and Physical Examination

Subject Joumey

[ )

Sitting Phase

Stabilisation Period
10 Mins

Duplex Ultrsound Imaging

3
geko™ applied and NMES of Peroneal

Nerve Activated

Stabilisation Period
10 Mins

Duplex Ultrsound Imaging

Recumbant
Phase

Stabilisation Pernod
10 Mins

Duplex Ultrsound Imaging

geko™ applied and NMES of Peroneal

Nerve Activated

Stabilisation Perniod
10 Mins

Duplex Ultrsound Imaging

FIGURE 2 Timeline of
measurements
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FIGURE 3 Peak Arterial Velocity at baseline and during
NMES stimulation for seated and recumbent subjects
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FIGURE 4 Mean Arterial volume flow at baseline and during
NMES stimulation for seated and recumbent subjects

peak venous velocity em/s
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FIGURE 5 Peak venous velocity at baseline and during
NMES stimulation for seated and recumbent subjects

position and in the recumbent position (Figure 5). Refer-
ring to Figure 6, in both the seated position and the
recumbent position the mean value for venous flow is
higher with NMES, but the high level of noise renders
this difference statistically insignificant.

mean venous flow ml/min

FIGURE 6 Mean venous volume flow at baseline and during
NMES stimulation for seated and recumbent subjects

5 | DISCUSSION

Several systematic reviews have concluded that electrical
stimulation has a beneficial effect in healing chronic
wounds'”'® However, these reviews have included many
different modalities of electrical stimulation. Points of
variance included the positioning of electrodes (overlaid
on the wound, across the wound, adjacent to the wound,
or remote to the wound), current waveform (constant
current, pulsed current, high frequency, low frequency),
and stated mechanism of action. A systematic review
comparing outcomes for different modalities found that
pulsed electrical stimulation was significantly more effec-
tive than continuous current.*

The mechanism of action for the geko device is dis-
tinct from the mechanism of the electrical stimulation
devices reported in these reviews. Accessing the common
peroneal nerve at a point just proximal to the deep/super-
ficial branch, it stimulates both branches, eliciting a
momentary twitch in a complex of muscles in the leg
compartment. By delivering this stimulation intermit-
tently (once per second) as a single pulse, a reciprocating
action is achieved, which activates the venous muscle
pump of the leg.

In this study, muscle pump activation in patients with
venous leg ulcers produced substantial and highly signifi-
cant augmentation of both arterial and venous velocity in
the large vessels of the leg. This augmentation was unaf-
fected by postural changes, being observed in both seated
and recumbent positions. Additionally, arterial mean vol-
ume flow showed a significant increase. While the
increase in mean venous volume flow was not statisti-
cally significant, this is likely attributable to the large
amount of noise present in the signal for this measure-
ment. Typically, patients with poorly functioning venous
valves exhibit substantial retrograde flow in the intervals
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between activations of the muscle pump, and although
substantially elevated forward flows are observed this
introduces a wide scatter to the distribution of mean flow
throughout the cycle.

Although this increase in blood flow as a result of
intermittent NMES has been previously demonstrated in
healthy subjects, patients with venous leg ulcers are
known to have compromised function of the venous mus-
cle pump,* thus playing an important role in the patho-
physiology of venous disease.”” Therefore, it is of
considerable interest that this augmentative effect of
NMES has been confirmed in this patient group.

Physical exercises aimed at activating the muscle
pump?* such as toe raises have been used with some suc-
cess for healing venous leg ulcers,” and it has been
shown that even minor movements of the foot are effec-
tive.?> Furthermore, it has been found that poor muscle
pump function can be improved by regular activation.®
However, typically poor adherence to exercise regimens
has been reported®’*® with consequent reduction in effi-
cacy. For exercise regimes to be effective, costly supervi-
sion is required.”®>° The NMES device tested, which
mimics the effect of exercise in activating the leg muscle
pump, was informally observed to be well tolerated by
patients with no complaints of discomfort, and quick and
easy to apply. It has the advantage of being self-contained
and self-adhesive, with no wires to obstruct ambulation.
Good patient adherence has been reported'®>!
previously.

The substantial increases to macrovascular flow
achieved by activating the muscle pumps in patients with
incompetent valves and venous disease suggest that inter-
mittent NMES may be a worthwhile intervention to assist
in the healing of venous leg ulcers; this may explain the
increased healing rates with NMES previously
reported.®'°

It is of interest that NMES demonstrated improve-
ment in venous and arterial circulation in this group of
patients with chronic venous disease and incompetent
valves. Whether improvement in arterial circulation has
any beneficial effect in the healing of venous ulcers
remains to be established. This study is not a randomised
controlled trial and does not follow patients up in the
long term to establish the effect of NMES on healing or
recurrence rates of venous leg ulcers. A randomised con-
trolled trial to examine this would be of great value.

6 | CONCLUSIONS

Activation of lower limb muscle pumps by 1 Hz intermit-
tent neuromuscular stimulation of the common peroneal
nerve provides substantial augmentation of venous and

arterial flow in the lower limb of patients with venous leg
ulcers. This has important implications in the manage-
ment of patients with venous leg ulcers.
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