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ABSTRACT
This study was undertaken to investigate the efficacy of ultra-low microcurrent
delivered by the Electro Pressure Regeneration Therapy (EPRT) device for the management of chronic wounds. In this study, 23 patients with chronic skin ulcers and
2 with abdominal dehiscence that was present for an average of 16.5 mo, who
were not responsive to standard conservative treatment in a hospital setting, were
treated with the EPRT device. Wounds were treated with direct current (maximum
of 3 mA) of 1 polarity for 11.5 min and then with a current of the opposite polarity for another 11.5 min. Treatment was applied through ultra-low microcurrents
(in the mA to nA range) conducted through special wraps applied above and
below the wound. The results revealed that 34.8% of cases achieved complete
wound healing after an average of 45.6 h of treatment, and 39.1% achieved ≥50%
healing after an average of 39.7 h of treatment. Several patients achieved significant results after 1 to 2 treatments. The EPRT device not only accelerated healing
but also appeared to negate the effect of a person’s age on wound healing.
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INTRODUCTION
Problems in wound healing continue to cause significant morbidity and mortality. It has been shown that high-voltage and low-pulsed electrical currents augment
wound healing.1-5 Electrical stimulation, which has been shown to clearly enhance
healing of pressure ulcers in a significant number of individuals with spinal cord
injury,6 has shown beneficial effects during the inflammatory, proliferation, and maturation phases of a wound.5
Recently, microcurrent stimulation has received attention as another type of electrotherapy that has proven effective in wound healing. Microcurrent electrical neuromuscular stimulation, a subsensory modality that employs current intensities
between 1 and 999 µA, has been successfully used to enhance soft-tissue healing and
to treat fracture nonunion.7-9 Electrical stimulation at 20 µA, which induces the flow of
electrons into the skin and subcutaneous injury, can effect wound healing.10
Electroacupuncture treatment, a technique that uses stimulation of acupuncture needles with a low-frequency microcurrent, suppresses myostatin expression, which
leads to a satellite cell–related proliferative reaction and repair in skeletal muscle.11
Cranial electrotherapy stimulation, a noninvasive technique that delivers a microcurrent to the brain via ear clip electrodes, has effectively treated several neurologic
and psychiatric disorders; it can effectively treat chronic pain in those with spinal cord
injury and is considered to be an effective agent for the treatment of fibromyalgia.12,13
In a study by El-Husseini et al,14 microcurrent skin patch therapy after total knee
arthroplasty led to better pain control with a markedly decreased need for tramadol
as compared with the control group. This was accompanied by better wound healing
and lower drain volume.14 Further, microcurrent relieves myocontracture and can
enhance conventional rehabilitation programs for children with cerebral palsy.15
Studies from the 1980s suggest that microcurrent therapy is effective at relieving the
adverse effects of radiation therapy.16 A total of 26 patients with head and neck cancer
who were experiencing the late effects of radiotherapy were treated with impedancecontrolled microcurrent therapy for 1 wk. At the end of the course of microcurrent
therapy, 92% of 26 patients exhibited improved cervical rotation, 85% had improved
cervical extension/flexion, and 81% had improved cervical lateral flexion.17 Treatment
of 30 healthy men with induced muscle damage by means of Accustat electromembrane microcurrent therapy reduced symptom severity.18 Microcurrent stimulation
relieves the pain in temporomandibular joints through internal derangement.19
Microcurrent treatment, at an output of 100 µA and at individual subsensory levels,
effectively reduced postexercise creatine kinase levels after induction of muscle damage.20 In addition, the results showed enhanced soft tissue healing and treatment of
fracture nonunion after subsensory electrostimulation.7-9 Accustat reduces some of the
clinical features of delayed-onset muscle soreness. The mechanisms of action are not
known but may be related to a reduction in disturbance of intracellular Ca2+.
This clinical trial was conducted to evaluate the safety and efficacy of the Electro
Pressure Regeneration Therapy (EPRT) device for healing of stage II to IV ulcers that
have shown no significant response to conventional therapy over a period of ≥3 mo.
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PATIENTS AND METHODS
The EPRT is an electrical device that sends a pulsating stream of electrons in a relatively low concentration throughout the body. The device is noninvasive and delivers
electrical currents that are compatible with the natural electrical energy of the human
body. It is a battery-operated device that delivers a direct current (maximum of 3 mA)
of 1 polarity for 11.5 min and then switches to the opposite polarity for another
11.5 min. The device produces a current range of 3 mA down to 100 nA. The frequency used produces a cycle that lasts approximately 23 min. The device was designed to
switch the direction of current flow halfway through the cycle. It runs on a rechargeable battery that produces a square wave bipolar current with voltage ranging from
5 V up to a maximum of 40 V. Electrodes are applied in 2 layers, and tap water is used
as the conducting medium. The wraps cover a large surface area, thus reducing resistance and allowing an optimum number of electrons to flow freely into tissues.
A total of 25 patients with chronic wounds that were present for a period ranging
from 3 to 60 mo were treated. Patient age ranged from 20 to 85 y. Assessment of ulcers
was based on the scale used by the National Pressure Ulcer Advisory Panel Consensus
Development Conference. In all, 18 lesions were stage III or IV, and 3 were stage II.
The 4 remaining wounds were not staged. Lesions were present for an average of
18.5 mo. Associated conditions of chronic wounds included acquired immune deficiency syndrome, arterial insufficiency, cerebrovascular accident, chronic obstructive
pulmonary disease, chronic renal failure, congestive heart failure, spinal cord injury,
traumatic brain injury, and venous stasis (Table). Patients were treated for approximately 3.5 h/d, 5 d/wk, until the lesions had healed. A 12-wk maximum was allowed
for healing to take place. All patients were inpatients and were on wound care treatment for at least 3 mo prior to the start of this study; no improvement in their condition was observed. For 23 min/d, patients were wrapped, above and below the wound,
with the spongy bandage soaked in water. Conductive silicone electrodes were then
wrapped over these and attached to the device with stud clips. For the first cycle,
the device was set at a current output of 3 µA. For the subsequent 8 cycles of treatment,
the device was set at an output of 400 nA, and treatment was continued for 3 h.
The rate of wound closure was measured by reduction in size in square centimeters per
day. The rate of closure for the 3 groups was then averaged (younger than 50 y, between
50 and 70 y, and older than 70 y). Comparisons were also made between the length of
time that the lesion was present and the length of time that treatment was provided.

RESULTS
Of the 25 patients who were treated for chronic wounds, 9 were younger than 50 y,
8 were between 50 and 70, and 8 were older than 70 y. Among these 25 lesions, 23 were
caused by pressure. The average healing rate for the 3 age groups was measured in
centimeters per day as follows: 20 to 49 y–0.74 cm2/d; 50 to 70 y–0.73 cm2/d; and older
than 70 y–0.73 cm2/d.
The length of treatment necessary for complete healing was directly proportional to
the duration of the lesion (Fig 1). Although no surgical debridement was performed,
all necrotic tissue appeared to reabsorb spontaneously and was replaced with healthy
granulation tissue and/or skin. Of all the stage III/IV lesions, 7 healed completely
over a period of treatment (18–91 h, with an average of 50.5 h of treatment).
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Stage IV sacral ulcer for 4 mo
Stage III ulcer of left heel for 1 y
Stage IV ulcer of left heel for 1 y
Stage II knee ulcer for 1 mo
Stage II ulcer of left knee for 9 mo
Stage IV sacral ulcer for 3 mo
Stage IV sacral ulcer for 3 mo
Stage III heel ulcer for 6 mo
Stage II sacral lesion for 1 mo
Stage IV ulcer of right heel for 5 mo
Dehisced abdominal wound for 2 mo
Stage IV right gluteal ulcer for 14 mo
Stage IV sacral ulcer for 2 y
Stage IV left gluteal ulcer for 18 mo
Stage III ulcer of left hip for 4 mo
Dehisced abdominal wound for 3 mo
Ulcer on left outer foot for 3 y
Stage III ankle lesion for 5 y
Stage IV ulcer of right hip for 7 y

5
14
26
2
3
8
3

4
8
10
3
22
3
16

4
3
5
3
4

Quadriplegia
Subdural hematoma
Paraplegia, diabetes
Brain lesion
Paraplegia

Respiratory failure
Hypertension, COPD
Guillain-Barré syndrome
Respiratory failure
Respiratory failure
Spina bifida
Quadriplegia

Quadriplegia
CHF
Paraplegia
COPD, hypertension
Paraplegia
Paraplegia
CVA

Diabetes, renal failure,
hypertension
HIV, PVD, paraplegia

Diabetes, COPD
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Diabetes, renal failure,
hypertension
HIV, PVD, paraplegia

Diseases

Female
Female
Male
Male
Male

Male
Male
Male
Female
Male
Male
Male

Male
Female
Male
Female
Male
Male
Female

Male

Male

Male

Male
Male
Male

Sex

58
48
65
54
20

85
74
70
56
35
36
49

53
71
22
77
53
30
72

41

71

41

74
50
71

Age, y

CHF=congestive heart failure; COPD=chronic obstructive pulmonary disease; CVA=cerebrovascular accident; HIV=human immunodeficiency virus;
PVD=peripheral vascular disease.
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Fig 1. The length of treatment necessary for complete healing was directly
proportional to lesion duration.
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Fig 2. Healing rate as related to patient age.
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An additional 7 lesions healed by ≥50% over an average of 46 h of treatment. The
remaining 4 lesions (III/IV) showed clearing of infection and necrotic tissue and
influx of healthy granulation tissue, with an average of 26% healing over an average
of 15.5 h of treatment. The 3 stage II lesions achieved complete healing over an average of 15 h of treatment. Of the 4 nonstaged wounds, 2 dehisced abdominal wounds
and 1 ulcer of the left foot showed partial healing. Complete healing of the wound on
the right foot with osteomyelitis was achieved. The Table summarizes demographic
data, wound characteristics, and patient response to ultra-low microcurrent therapy.
All patients showed the same response to ultra-low microcurrent therapy regardless
of their age, and all age groups showed similar healing rates when treated with ultralow microcurrent (Fig 2).

DISCUSSION
Cells have complex electricity that is sensitive to changes in electrical fields.
Metabolic, immunologic, and physiologic changes have been found to develop in different cell cultures after electrical current is applied. Endogenous bioelectricity, which
includes electrical current and electrical potential, is essential for life. Electrical fields
have been shown to control the direction and rate of epithelial cells that migrate into
the wound. The investigators found that direct electrical therapy was effective in healing gum abscesses and accelerating wound healing.21 Substances that increase the
electrical field, such as prostaglandin E2, enhance the wound healing rate and increase
cell division.22-24 Electrical fields stimulate secretion of growth factor.24 Low µA current
stimulates adenosine triphosphate production.25 Another study found that microcurrent stimulates dermal fibroblasts and U937 cells to secrete transforming growth
factor-β1, which is an important regulator of cell-mediated inflammation and tissue
regeneration.26
In one study, Accustat electromembrane reduced the severity of symptoms in
30 healthy men with induced muscle damage; the beneficial effects of microcurrent
therapy on muscle damage are likely related to maintenance of intracellular Ca2+
homeostasis after muscle-damaging exercise.18 Further, an increase in collagen concentration has been found in and around the wound. A similar suggestion was
reported when microcurrent was used for soft tissue repair.27 The higher level of
intracellular calcium encourages increased synthesis of adenosine triphosphate, and
protein synthesis is encouraged by mechanisms that control DNA, thus promoting
cellular repair and replication.25
Direct and indirect evidence suggests that free radicals play a key role in normal
biologic function and in the pathogenesis of certain human diseases. Oxidative stress
as a consequence of an imbalance in prooxidant-antioxidant homeostasis in chronic
wounds is thought to drive a deleterious sequence of events, finally resulting in the
nonhealing state. Because the inflammatory phase does not resolve in chronic
wounds, the load of reactive oxygen species persists over a long time with subsequent
continuous damage and perpetuation of the inflammation.28 Patients with chronic
lesions due to debilitating disease are expected to have high levels of free radicals.
Their wounds are generally necrotic and infected with poor healing potential, again
indicating a high concentration of free radicals.
Macrophage-derived cytokines expected at the wound site include tumor necrosis factor and platelet-derived growth factor. Platelet-derived growth factor function
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is subject to redox control at multiple levels. Tumor necrosis factor-α biosynthesis
has been shown to be reactive oxygen species–inducible as well.29,30 Actually, the
device used in this experiment was supposed to deliver electrons to tissues and then
to saturated free radicals with required electrons. The fact that these electrons are
focused on a small region of the body may explain why healing changes appeared
so rapidly.
The actual tissue regeneration coupled with absence of the age factor in healing,
along with concomitant improvement noted in the general condition of the patient,
points to a highly potent antioxidant effect on local tissues, as well as on tissues in general. This reduces free radicals and might facilitate tissue repair. Additional studies are
needed to substantiate this suggestion. Per the protocol, each patient was considered
a control for himself because of the chronicity of the lesions and the patient’s lack of
responsiveness to conventional therapy; however, the main limitation of the study is
the lack of a control group. Therefore, a randomized, controlled study would be the
appropriate next component of the current research plan.
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