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Abstract

This observational case series reports the evaluation of a novel neuromuscular electri-
cal stimulation device (geko™) that stimulates the common peroneal nerve at the fibular
head as an adjunctive therapy in patients with non-healing venous leg ulcers. The aim
was to evaluate and determine if the geko™ device was effective in this population and
should be added to the medical supply formulary. Patients whose wounds had failed to
heal within 24 weeks of standard therapy were identified in two community settings in
Ontario. A total of 11 patients consented to the evaluation with a combined 107-year
history of recalcitrant leg ulcers. Although the pre-geko™ healing rate was unknown,
all ulcers were considered non-healing. With geko™, the average weekly percentage
reduction in surface area for all patients was 4-5% and for the six adherent to geko™ and
best practices 7-0%. By comparison, the average weekly percentage reduction for mea-
surable wounds in the five non-adherent patients was 1-8%. Requirements for success
appear to include an arterial status adequate for healing, effective and prompt manage-
ment of wound infections and adherence to the treatment schedule. The geko™ device
has been added to the medical supply formulary in one centre and is pending in the other.

of peripheral arterial disease, trauma, lymphoedema, diabetes,
arthritis or malignancy (3).

A total of 55 years after Dr. George Winter (1) identified
moisture-retentive dressings as an enhancement to wound heal-
ing, countless dressing choices now exist for local wound
care, which constitute external treatment. However, a key first
step in the wound bed preparation paradigm (2) is to ‘treat
the cause’, optimising comorbidities that contribute to the ini-
tial wounding or delayed healing (e.g. compression therapy to
decrease venous reflux). Venous leg ulcers (VLUs), which are
the most frequent type of lower leg ulcerations, usually occur
as a result of disease or dysfunction of the superficial, perfora-
tor or deep veins or of the calf muscle pump, collectively called
chronic venous insufficiency. They can also have components
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original online publication]
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VLUs can be a costly challenge to the health-care system and
to individuals. Affecting approximately 1% of the population

Key Messages

e an easy-to-use, self-contained, painless and wearable
neuromuscular electrical stimulation device that targets
the common peroneal nerve using neuromuscular elec-
trostimulation (NMES) technology, acting as a calf mus-
cle pump, has demonstrated applicability in healing in
recalcitrant venous leg ulcers

e this retrospective study describes the first experience
of using the geko™ neuromuscular electrostimulation
device to treat recalcitrant lower leg wounds
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Figure 1 OnPulse geko™ T-2 and R-2 devices.

in the Western world (4), some VLUs will heal within 12-24
weeks with appropriate wound care and compression of the leg
(4,5). Conversely, VLUs can be associated with poor healing
even when the ankle brachial pressure index (ABPI) is >0-5,
indicating arterial flow adequate for healing (6) and compres-
sion therapy with best practice wound care are utilised (7-9).
Despite treatment with the ‘gold standard’, 10-20% of VLUs
will remain unhealed after 2 years (10), increasing costs and
affecting quality of life (11,12). This has an adverse impact on
the physical and psychological well-being of the patient (13).
Introducing more advanced therapies in combination with com-
pression may reduce total treatment costs and shorten the length
of time to closure (12).

Effective adjunctive therapies to improve the function of
the calf and foot skeletal muscle pumps may include a struc-
tured physical therapy exercise programme for 6 months (14),
requiring a referral to physiotherapy and a commitment to
exercise. Intermittent pneumatic compression (IPC) is also rec-
ommended (15), which stimulates the calf muscle pump when
at rest, consisting of a mechanical pump and inflatable sleeves
that fit over the leg with variable cycle times and inflation pres-
sures. The patient cannot ambulate during the therapy, which is
up to 4 hours per day.

A new modality, the geko™ neuromuscular electrostimula-
tion (NMES) medical device (FirstKind Ltd, High Wycombe,
UK), is light weight (10g), wrist watch-sized, easy to use,
self-contained, self-adhesive and battery operated (Figure 1)
and may be of clinical importance in managing symptomatic
venous disease (16), particularly in patients who are not physi-
cally active. When compared to IPC, in two studies, the geko™
device was superior in increasing both venous and arterial
femoral blood volume flow in healthy volunteers by 101% and
75%, respectively (17), and microcirculatory flux by 400%
(P<0-001) (18).

The geko™ device is fitted to the skin of the inferolateral
aspect of the knee joint at the fibular head, where it stimulates
the common peroneal nerve prior to branching into the deep and
superficial peroneal nerves. This activates the peroneus longus
and peroneus brevis muscle groups, while the deeper peroneal
nerve activates the tibialis anterior, extensor hallucis longus,
extensor digitorum longus, peroneus tertius and extensor dig-
itorum brevis muscle groups (19). They are all related to the
reaction of the venous muscle pumps of the lower leg (Figure 2).
The device is worn on both legs, and its stimulation level is set
to the minimum setting that can achieve an upward and outward
twitching of the foot when raised from the ground (20).

Initially developed to prevent postoperative deep vein throm-
bosis (DVT), it stimulates 50—70% of the blood flow generated
by 10 consecutive full dorsiflexions (considered to equivalent
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Figure 2 Common (blue) and superficial (purple) peroneal nerve branch
cutaneous distributions and motor branches. (From Haymaker W, Wood-
hall B. Peripheral Nerve Injuries: Principles of Diagnosis. Philadelphia, WB
Saunders, 1953.) Used with permission.

that achieved by walking) measured by photophlesmography
(PPG) (P =0-0004) in the dorsal veins of the foot and by strain
gauge phlesmography (SPG) in changes to mid-calf circumfer-
ence measured (P <0-001) (20). The geko™ device increases
venous, arterial and microcirculatory blood flow in the lower
limb in people with chronic venous insufficiency (21,22) and
intermittent claudication (23), reduces chronic leg oedema in
some individuals (21,22,24), acts as a calf-muscle pump (25)
and maintains TCpO2 (20), promoting conditions suitable for
wound healing.

It is licenced by Health Canada for clinical indications that
include increasing blood flow, treating oedema and promoting
wound healing.

This paper describes the evaluation of the geko™ device
by the Erie-St. Clair Community Care Access Centre (ESC
CCAC) and Hamilton Niagara Haldiman Brant (HNHB)
CCAC in Ontario, Canada. The objective was to determine the
wound-healing response to the geko™ device as an adjunct
to standard of care for patients with non-healing VLUs and if
the technology should be made available for routine care in the
community setting.

Materials and methods

The geko™ devices were provided free of charge by Perfuse
Medtec Inc. The evaluation started with the geko™ T-1 and
T-2 devices and then moved to R-2 devices for all patients (see
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Box 1), set at a level that achieved discernible movement of the
specified muscles of the calf and foot or the highest setting if
no discernible movement was seen. Leg straps were provided
as an additional optional method of securing the device.

BOX 1 geko™ SPECIFICATIONS

T-1: 27mA constant current output with 7 pulse width
settings of 70—560 ps

T-2: 27 mA constant current output with 7 pulse width
settings of 50—400 ps; lighter weight with longer strap
R-2: 54 mA constant current output with 8 pulse width
settings of 50—-560 ps, also lighter, longer and with a higher
current output

Education and training in the use of the geko™ device and
skin care was provided to the nurses, the patient and/or family
member. There is an increased risk of developing dermatitis in
response to known sensitisers, including adhesives for people
with CVI (26). When used for DVT prophylaxis, it is worn 24
hours per day continuously. Because the geko™ device adheres
to the skin with a proprietary adhesive/ conductive gel, we
wished to minimise the risk of rash. In consultation with First
Kind, a titrating plan was developed in which the device would
be worn for 2 hours per day X7 days, then increased to 4, 6 and 8
hours per day based on client tolerance and skin integrity. This
was to reduce the time that the skin would be in contact and tried
to align with the number of hours per day when patients would
be more likely to be sitting, where the device produces a more
noticeable muscle response. The use of the geko™ device was
to be combined with appropriate compression therapy of the
affected lower leg as an adjunct to, not in place of, compression.
Standard-of-care treatments would be modified as needed in
response to wound characteristics.

Reassessment at 2, 4, 6 and 12 weeks would include wound
measurements and photographs, determining patient tolerance
and recording the geko™ setting. If there was over 50%
improvement at 12 weeks, the device could be continued, with
ongoing evaluation. If patients were deemed to be non-adherent
to the use of the device, they would be removed from the eval-
uation.

Participants and procedures

Patients whose wounds had failed to heal within 24 weeks of
standard therapy were identified and consented to treatment.
The group decided that although several of the following are
considered to be warnings in the geko™ Instructions for Use,
patients would be excluded in any of the following situations:
<18 years of age, a recent history of DVT or development of
DVT during evaluation, patients with cardiac demand pacemak-
ers or implanted/external medical devices or patients presenting
with a history of contact dermatitis and patients with a history
of poor adherence to a prescribed plan of care (nursing/ physi-
cian/CCAC opinion). Standard of care for VLUs should include
compression therapy following lower leg assessment and ankle
brachial pressure index (ABPI) and moist wound healing. An
ABPI of >0-6 was chosen to ensure that patients had arterial
circulation adequate for healing.

C. Harris et al.

Ethical considerations

Each patient consented to participate and to share their
anonymised results for evaluation and publication. Patients
could withdraw for any reason, without risk to their ongo-
ing standard of care. Approval to publish the results was
obtained from the Regional Centre for Excellence in Ethics,
Homewood Health Centre, 150 Delhi Street, Guelph, Ontario,
NI1E 6 K9.

Statistics

Percent change in ulcer surface area (SA) is calculated from
the initial ulcer SA (cm?) to the final ulcer SA (cm?) attained
per the formula in Box 2 (27). The weekly ulcer healing rate
is determined by dividing the results from the formula by the
number of weeks between the initial ulcer and final ulcer SA
measurement. The ulcers were followed to complete reepithe-
lialisation (healing), patient discharge or the point of evaluation.
Cumulative proportion of ulcers healed were determined for
patients adhering and not adhering to geko™ therapy through
50 weeks.

BOX 2 PERCENTAGE CHANGE IN SURFACE
AREA (cm?)

Surface area * initial (SAI) — Surface area final (SAF)
Surface area initial (SAI)
X 100 = % Healing rate

*SA =Surface area calculated as
length X perpendicular widest width

longest

Results

A total of 11 patients with 30 wounds and a combined 107-year
history of VLUs started treatment with the geko™ devices
between April and September 2014. All wounds were recal-
citrant to current treatment and were considered non-healing
and followed up until June/July 2015. Table 1 summarises the
demographics.

Table 1 Patient demographics

Demographic Erie-St. Clair CCAC and HNHB CCAC

Number of patients i

Average age 69-9vyears (range: 49-90 years)
Gender 54.5% were male and 45-5% female
ABPI values >0-8:6 Not known:5

100% non-healing

10-6 years (range: 0-54-53 years). Total
of 107 years with ulcers

21cm? (range of 0-12-247 cm?)

64% wearing compression of some
type

100% were using advanced wound
care products

Status of leg ulcer

Average duration of leg
ulcer(s)

Average size of leg ulcer

Use of compression therapy

Use of advanced wound
products

1102 © 2017 The Authors. International Wound Journal published by Medicalhelplines.com Inc and John Wiley & Sons Ltd.
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Figure 3 Cumulative proportion healed with geko™ and Best Practices.
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Figure 4 Proportion of wounds healed, improving or deteriorating for
patients adherent to geko™ and/or Best Practices

Six patients started on the geko™ T-1, two on the T-2
(both 27mA) and three on the new higher-current geko™
R-2 (54 mA). Those requiring a higher current had a lack of
visual calf muscle contraction and outward foot movement with
geko™ stimulation because of oedema, obesity and/or woody
fibrosis. Regardless of the type of device, some patients could
decrease to a lower setting within a few weeks.

The average weekly % change in SA for the 28 measured
wounds was a 4-5% reduction (range —3%—40%). Two cir-
cumferential leg wounds in one patient were never measured.
Six patients (54%) with 16 wounds were adherent to geko™,
and best practice wound care had a 7% reduction in SA per
week. In retrospect, one patient who was adherent to care was
likely not healable, having been offered amputation prior to the
evaluation. By removing her data, the average weekly percent-
age change for adherent, healable patients is 7-6% (reduction).
By comparison, the average weekly percentage change for
wounds in the five (46%) patients non-adherent with the wound
care plan and/or geko™ with 12 measurable wounds was

75.00%

68.75%

8.33% 8.33%

36 48

WEEKS

8.33%, 8%

33.33%, 33%

58.33%, 59%

m Healed
W Improving
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Figure 5 Proportion of wounds healed, improving or deteriorating for
patients non-adherent to geko™ and/or Best Practices.

1-82% (reduction). Four of the five were withdrawn from the
evaluation and returned to previous standard of care. Figure 3
shows the cumulative proportion of wounds healed; Figure 4
shows the proportion of wounds healed, improving or deteri-
orating for adherent patients, while Figure 5 shows the same
analysis for non-adherent patients.

The following case studies are an example of the cases
seen. Patient 1 was male, aged 75, with a 10-year history of
ulcerations, closures and recurrences. His ABPIs were: Rt.
1-07, Lt. 1-09, with previous bilateral knee replacements with
peripheral oedema, two ulcers on left leg: SAs: 8-74 and 4-5 cm?
(Figures 5A and B) and a history of several pseudomonas
aeruginosa infections. His pain went from 8 of 10 at baseline
to 5 of 10. He could not tolerate compression initially, but with
geko™, he was able to start with low and move to moderate
compression. He achieved 100% closure of both wounds at 32
weeks (Figure 6). He found the device very comfortable and
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Figure 6 Patient 1 Left medial ulcers at baseline, (B) 26 weeks, (C)
closed at 32 weeks.

often forgot that he was wearing it. He believed that he had
increased sensation in his legs after starting to wear the geko™.

Patient 2 was male who was 62 years of age with a 9-year
history of open VLUs bilaterally, with seven wounds, all
0-2—0-5 cm deep: two on left medial aspect with an SA of 0-63
and 5-28 cm?, respectively, one x-shaped wound on the medial
right leg with a SA of 52-5cm?, four clustered on the lateral
right leg with total SA of 6-93 cm?, a right posterior ulcer that

C. Harris et al.

occurred at 27 weeks SA 15cm? and a left posterior ulcer that
occurred at 40 weeks with SA of 3-78 cm®. His ABPIs were
adequate for high-compression bandages. He had many wound
infections prior to starting geko™. He was not initially adher-
ent with wearing the geko™ and then wore it for longer than
advised. When he developed rashes at the application sites, he
tried to solve the problem on his own by modifying the device
backing, making it worse. He missed wound clinic and nursing
appointments, with dressings staying on longer than intended,
developing infections that resulted in wound deterioration at
27 weeks. Once he was given long-term antibiotic treatment,
became more adherent to keeping his appointments and used
the geko ™ as advised, the new right posterior wound closed 12
weeks after it was first documented, the left medial wound had
a remarkable reduction of 90%, the right lateral had a reduction
of 61%, and the right medial decreased by 77% by 50 weeks
(Figure 7). He continued to wear the geko™ device past the
evaluation date.

Discussion

The term ‘adherence to treatment’ describes the willingness
and follow-through required for patients to follow a therapeutic
regimen (28). Five patients were considered to be non-adherent
because of underuse, overuse and tampering with the device.
Barriers to adherence include the complexity of the regimen and
failure of the patient to understand the importance of adherence,
possibly because of poor communication (29). Post-evaluation
interviews could have helped to determine why the geko™
devices were overused or underused or not used as instructed.
This is a new technology, and all care providers may not have
provided consistent instructions on wear times and instructions
for use. One patient preferred to wear the geko™ devices while
standing at work for the entire shift. When standing, with 0° of
knee flexion, compared with sitting with knee flexed to 90°, the
common peroneal nerve moves away from the fibular head by
an average of 17 mm, (30) and visual response of the muscles
to the geko™ device decrease. When Jawad et al. tested the
geko™ response compared to IPC in blood flow volume and
velocity, they used a ‘threshold setting’, the minimum setting
to elicit a minor muscular contraction in the calf, compared to
the ‘normal clinical setting” wherein the upward and outward
twitching of the foot is seen (18). In the threshold setting, there
was a 14% increase in venous blood flow, while in the normal
clinical setting, there was a 33% increase. It appears reasonable
to assume that a patient who is upright and is not able to be
seated any of the time while wearing the geko™ will have a
lower rate of healing.

An adverse event consisting of a skin rash appeared at the
device application site involving 45-1% of patients occurring at
45 days on average. It is unclear whether the rash was related to
folliculitis, sensitivity or other factors. Rashes were addressed
by alternating the fitting site with two other locations, local
skin care advised by nurses/physicians and, if required, taking
a break from wearing the device to allow the rash to dissipate.
Only two patients had to discontinue the product because of
skin irritation, but both were non-adherent to the advised plan
of care. The development of skin reactions with the geko™
device in this CVI population are acknowledged, and at the time
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Figure 7 (A) Right posterior and left medial ulcers at 27 weeks with
infection. (B) New right posterior ankle healed in 12 weeks. (C) Left
medial at 50 weeks (23 weeks from largest size).

Neuromuscular electrical stimulation geko™ device for recalcitrant VLUs

of writing, further research and development has resulted in a
new product that should result in the decreased incidence of
skin rash.

Although the hours of wear were initially titrated to avoid
rash, it proved difficult to follow for patients and nurses.
After review, it was decided that a standard of 6 hours per
day, 5 days per week should be the protocol of use with 2
days off, specifically to give the skin a rest from the adhe-
sive. The group decided on 2hours per day, 3 days per
week for 1 month after wound closure to give extra cir-
culatory support while the new skin became more durably
healed. This was based on the Canadian Physical Activity
Guidelines for Older Adults, (http://www.csep.ca/CMFiles/
Guidelines/CSEP_PAGuidelines_older-adults_en.pdf).

Unexpected but very positive results included pain reduction,
so two patients who could not tolerate compression prior to the
evaluation started compression therapy. One described having
more sensation in his legs over the time of wearing the geko™
yet was comfortable and able to go from no compression to
a moderate 2-layer system, while a third increased their level
of compression. Compression therapy is key in treating CVI,
but it is not clear which interventions improve adherence to
compression therapy (30). If the geko™ device can help to
achieve optimal compression, it will be a valuable adjunct to
best practice care.

Limitations

Although the intention was NOT to include patients who did
not have circulation adequate for healing, we failed to insist on
knowing the ABPI before patients were started in the evalua-
tion. Even so, with ABPIs adequate for healing, success with the
product was not guaranteed; non-adherence to the geko™ use
guidelines or failing to keep physician or nursing appointments
appears to be a big factor in the failure to improve. We also were
unsuccessful in predicting which patients would adhere to the
treatment plan and may have created selection bias in trying to
do so.

This was an evaluation involving several nursing agencies
in two geographical areas, and patient information was not
always available or recorded consistently. Much of it was
collected retrospectively, which has disadvantages vis-a-vis
prospective studies. Future evaluations or studies would benefit
from one consistent, shareable method of documentation. It
may be prudent to limit evaluations to a set period such as
8—10 weeks’ maximum and, beyond measuring wound healing,
consider changes in wound characteristics such as increased
granulation, decreased exudate, decreased pain and oedema as
markers of improvement. There should be clear endpoints of
therapy when it is shown that patients are not following the
treatment plan despite repeated learning opportunities.

Conclusions

This evaluation of the geko™ device was to determine if there
would be a positive impact on wound healing, in patients with
recalcitrant VLUs. To achieve a mean weekly 4-5% reduction
in wound size in a group of 11 patients who had a combined
107-year history (average of 10 years) is extremely exciting.
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The results suggest that the use of the novel geko™ device can
play a positive role as an adjunct therapy for chronic VLUs.
Requirements for success appear to include an arterial status
adequate for healing, prompt management of wound infections
and adherence to the treatment plan. Importantly, adherent
patients or family members quickly mastered the application
and removal of the device and care for the skin under the geko™
site, showing the ease of use of the device. At the time of writ-
ing, Erie St. Clair CCAC has added this to their formulary, and
it is being added or is pending in four others in the Province
of Ontario. Further research is required to fully understand the
benefits provided by the device, the optimal dosage or wear time
and the patient population most likely to respond. Many of these
patients described feeling new hope when they started the eval-
uation, and for many, this hope appears to have been justified.
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