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A prospective, one-group, pretest-posttest study design was employed on forty participants (n=40) with bilateral limb ischemia
(ABPI <0.90), diabetes mellitus and calf muscle claudication. Participants received a fixed program of calf muscle electrical

stimulation with varying frequency (1-250Hz) on both ischemic limbs (N=80) for 1 hour per day for 13 weeks. The absolute

claudication distance was employed as serial outcome measure to assess maximal walking capacity at baseline and following the
intervention. Statistical significant improvement was registered in mean absolute claudication distance (p= 0.000; Wilcoxon Signed

Ranks test) at follow-up relative to baseline.

INTRODUCTION
Peripheral artery disease (PAD) is a highly prevalent disease
estimated to affect over 200 million people worldwide." It is defined as
a partial or complete obstruction of arteries due to the development
of atherosclerosis* and can affect all arteries distal to the aortic
bifurcation.’ The presence of lower-limb atherosclerosis significantly
increases the risk of cardiovascular and non-cardiovascular-related
death while the disease causes walking impairment that can lead
to intermittent claudication.* Patients with concomitant diabetes
mellitus are considered particularly vulnerable as they carry a poorer
prognosis than those with either disease alone.*® ‘
Evidence shows that claudicants have poorer abilities in daily
tasks such as ambulation,” reduced quality of life* and have been
associated with higher prevalence of depression.” Furthermore,
several studies have shown that poor walking time is an independent
predictor of cardiovascular events and mortality in PAD patients.**
Guidelines on the management of patients with PAD
recommend supervised exercise training as a first line therapy to
improve claudication symptoms.'>** Exercise training comes with
a number of barriers particularly in the elderly population. The
majority of studies advocate supervised exercise programs; however,
the usefulness of unsupervised programs has not been well
established.? Factors such as motivation to exercise, osteoarthritis
and psychosocial factors may preclude adherence to any form
of exercise therapy.'*** Patients with co-morbid disease such as
congestive heart failure or chronic obstructive pulmonary disease
may also be advised to avoid strenuous cardiovascular activities.
As aresult, in this vulnerable population there is a clear
lack of treatment options available. In this context, electrical
stimulation (ES) technology has been proposed as a potential
alternative or adjunct to traditional exercise.'*'* However, only
a few studies have evaluated the effectiveness of this therapeutic

measure in PAD patients.'"®*’ Such studies are either conducted
on laboratory ischemic animal models while those actually
conducted on human are few and far between.*” This paucity
has contributed to uncertainty amongst health care professionals
on the use of such a technology as part of a treatment plan.

The aim of this study was to provide further insights on
electrical stimulation by investigating whether sustained calf-muscle
electro-stimulation for a duration of 13 weeks results in measurable
improvement in functional walking capacity in PAD patients
having concomitant diabetes mellitus and claudication symptoms.

METHODOLOGY
Participants were recruited randomly from a Mater Dei hospital
vascular database of patients with the following inclusion criteria:
1. Diabetes;
2. PAD defined with an Ankle Brachial Pressure Index (ABPI) <0.9;
3. Abnormal spectral waveforms on the dorsalis pedis and posterior
tibial arteries on both legs and suffering from calf muscle
intermittent claudication reproducible on a graded treadmill test.

Exclusion criteria were aimed to control confounding variables.
These included patients with renal disease, medial artery calcification
(ABPI >1.3) and sensory or autonomic neuropathy. Patients on oral
claudication therapy or who had impediments to treadmill exercise,
including previous foot/ toe amputations and physical/ physmloglcal
reasons such as blindness, were also excluded.

Eligible subjects were initially assessed (pretest) to establish
a baseline and followed up after 13 weeks of ES intervention
(posttest) in a temperature and humidity controlled laboratory at
the Faculty of Health Sciences, University of Malta. The resting
ABPI and spectral Doppler waveforms of the posterior and dorsalis
pedis artery were measured at baseline to confirm the presence of
PAD in accordance with the inclusion criteria set in the study.
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The absolute claudication distance (ACD) was employed as the
primary outcome measure to evaluate the therapeutic effects of ES on
claudication symptoms. The ACD is defined as the distance at which
claudication becomes severe and forces the participant to stop* and
was acquired using a graded treadmill protocol.* The treadmill
was initiated and maintained at a fixed speed of 3.2km/h while the
treadmill grade was gradually increased by 2 degrees every 2 minutes
up to a maximum of 10 degrees from an initial inclination of 0
degrees in accordance with the literature.**

The Veinoplus Arterial model 2.1 (Ad Rem® Technologies, France)
was used to generate the muscular contractions throughout the course
of the intervention as per manufacturer’s instructions. This battery-
operated device consists of a central unit with two adhesive electrodes
attached transcutaneously on the calf muscle, generating the required
electrical stimulation at varying frequencies (1-250Hz) through a series
of rectangular pulses of low energy (<25uC) and low voltage (50V
peak) within a fixed 1 hour session.

Following a demonstration session, recruited participants
were given written instructions and log sheets to record daily use.
Participants were instructed to use the device at any time of the
day for 13 consecutive weeks in the seated position with the legs
hanging down, manually and gradually increasing the intensity of the
stimulation from the control unit along the intervention period. The
optimal intensity of stimulation was set manually at the beginning of
each session by the participants and was defined as the point at which a
visible but comfortable calf contraction occurred on both limbs.

At the end of the 13 week period, participants were re-
assessed under the same baseline laboratory conditions and
utilizing the same treadmill protocol. Data was analyzed on IBM
SPSS version 21. The Kolmogorov-Smirnov test revealed a non-
normal distribution of the ACD data sets for both baseline and
follow-up results. As a result, the Wilcoxon Signed Rank Test was
used to evaluate for any significant differences in mean absolute
claudication distance (ACD) at follow-up relative to baseline.
Ethical permission was sought and obtained from the University
Research Ethics Committee prior to initiation of a prospective,
one-group, pretest-posttest study design. All participants signed
an informed consent prior to inclusion in the study after being
provided with an information sheet in Maltese or English,
depending on their preferred language. All investigations were
carried out in accordance with the Declaration of Helsinki (2008).

RESULTS

From an initial assessment of 81 subjects, forty participants (30 males, 10
females; N=80 limbs) satisfied the inclusion criteria and were recruited in
this study. At baseline, the cohort had a mean age 71 years (SD= 7); mean
BMI 28.8 (SD=3.7) and mean ABPI 0.70 (SD=0.12).

The mean intervention period was 91.68 days (SD= 6.23) as
quantified from the participant’s log-sheets. No evidence of non-
compliance was reported while no subjects were lost to follow-up.

At baseline, the mean ACD registered was 333.71 meters
(SD=208). After 13 weeks of treatment the mean ACD was registered
to be 470.7 meters (SD=279). This translated in a mean improvement
in the ACD of 137 meters (SD= 136), an improvement in maximum
walking capacity of 41% relative to baseline that was found to be
statistically significant (p= 0.000; Wilcoxon Signed Ranks Test).

DISCUSSION
This study confirmed a significant improvement in maximal walking

capacity on a treadmill in claudicants as evidenced by a mean
increase (p=0.000) in the ACD of 137 meters following a consecutive
period of 91.68 days (SD= 6.23) of 1 hour ES of the calf muscles per
day.

The effects of ES on ischemic muscles is thought to include
the augmentation of angiogenesis and morphological muscular
adaptation.”?’ Studies have shown that ES augments the endogenous
production of growth factors including vascular endothelial growth
factor (VEGF) and expression of VEGF receptors such as fetal liver
kinase 1 (FLK1), facilitating angiogenesis in ischemic muscle. %%
The growth of new capillary networks within the ischemic muscle
increases blood flow and oxygen availability to the exercising muscle,
thereby lessening the ischemic symptoms.* Additionally, muscle
fiber activation is enhanced by ES, while selective recruitment of
fatigue-resistant Type 1 muscle fibers is also thought to contribute
to the improvement in claudication symptoms.**” These findings
open up new opportunities of non-invasive treatment options for
the claudicants population. Electrical stimulation has the potential
of improving the functional walking capacity in claudicants with
diabetes, thereby improving their outlook and quality of life.
Furthermore, the ability of ES to produce muscular exercise activity
without gross movement of joints or whole body exercise is an added
advantage particularly in patients with co-morbid disease such as
severe osteoarthritis, chronic heart failure or pulmonary diseases.

Thus, ES should be considered as an adjunct treatment
modality in order to improve walking capacity in symptomatic
PAD patients living with Type 2 diabetes, particularly those who
are impeded from undergoing vascular procedures, have already
undergone these procedures but remain symptomatic and those
who cannot perform exercise due to co-morbid disease.

It is recommended that a randomized controlled trial in a
larger population is conducted in Malta with a view to strengthen
the findings. This was not possible during this study due to ethical
considerations regarding the use of placebo-controlled randomized
trials and the inability to recruit an appropriately matched control
group as a result of a limited number of available participants
satisfying the inclusion-exclusion criteria. By evaluating the macro-
and micro-circulatory response to ES, future studies may also reveal
whether the effectiveness of ES of varying low to high frequencies
may extend beyond improving muscular ischemic symptoms.

CONCLUSIONS

Electrical calf muscle stimulation significantly increased walking
capacity in claudicants living with type 2 diabetes. ES should

be considered as an adjunct treatment modality for claudicants
who are precluded from following active physical exercise
programs, such as the elderly, those with a lack of motivation

to exercise, patients with arthritis and other physiological and
psychosocial factors that make walking difficult.
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