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ore than 24 million Americans have dia-
betes, and it is estimated that between 
40% and 50% of these people will 
experience some form of nerve damage 
from their diabetes.1 Diabetic periph-
eral neuropathy (DPN) is a major cause 

of morbidity in patients, which is often manifested in the 
form of pain. 

Considered the most distressing symptom of DPN, 
pain can be potentially disabling.2 Pharmacologic treat-
ment of pain in patients with DPN includes tricyclic 
antidepressants, selective serotonin and norepinephrine 
reuptake inhibitors, and anticonvulsants.3 The only two 
drugs approved by the FDA for DPN are the antidepres-
sant duloxetine (Cymbalta) and the anticonvulsant pre-
gabalin (Lyrica). Patients with localized DPN may also 
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Editor’s Note: This article describes an advance in electromagnetic treatment—the simultaneous 
use of a local anesthetic with an electric current. The two combined measures produce a block of 
nerve transmission by different mechanisms, which not only provide immediate pain relief but lasting 
relief in many patients by a reset mechanism that we, frankly, don’t fully understand. 

Many studies show that electric currents and electromagnetic energy waves derived from an 
electric current, including laser, infrared, and radio, provide short-term pain relief by blocking nerve 
transmission at the spinal cord gates, releasing local endorphins, and reducing edema. Tissue healing, 
which provides long-term relief, is produced by activation of fibroblasts and angiogenesis. The study 
described in this paper tackles a difficult patient population: diabetics with neuropathy. Results were 
outstanding. We should now seriously consider adding a local anesthetic to our electromagnetic 
treatments to enhance therapeutic outcomes.
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try lidocaine patches (Lidoderm) 
or capsaicin before using a systemic 
medication.4 

Despite advances in understanding 
the metabolic causes of neuropathy, 
treatments aimed at interrupting the 
pathological processes have been lim-
ited. What is known is that the first 
pathological change in the micro-
vasculature is vasoconstriction, and 
as the disease progresses, neuronal 
dysfunction correlates closely with 
the development of vascular abnor-
malities, such as capillary basement 
membrane thickening and endothe-
lial hyperplasia, which contribute 
to diminished oxygen tension and 
hypoxia. 

Neuronal ischemia is a well-estab-
lished characteristic of diabetic neu-
ropathy (DN). Since all organs and 
systems are innervated, DN affects 
all peripheral nerves, including pain 
fibers, motor neurons, and auto-
nomic nerves. 

Available treatment options offer 

limited efficacy and potential side 
effects.5 Therefore, our approach was 
to combine bupivacaine with electri-
cal stimulation. The bupivacaine is 
used to dilate capillaries and venules 
in the microcirculatory system, 
thereby causing increased circula-
tion, which has been shown effective 
in various clinical studies to decrease 
pain in diabetic and nondiabetic 
patients.6 The electrical stimulation 
will provide both varied amplitudes 
and frequencies of electronic signals 
through computer-controlled, exog-
enously delivered specific parameter 
electroanalgesia.

While both bupivacaine and elec-
trical stimulation are well studied, it 
is appropriate to further describe the 
difference between the electroanal-
gesia chosen versus standard electric 
current devices. Most electric current 
devices fall into a low frequency class 
with an amplitude modulation (AM) 
output of <2,000 Hz and 20 mAmp 
power. In these types of low-level 

machines, pain decrease is noted but 
there is no prolonged relief of pain.7 
The device used in this study incor-
porates both AM, frequency modu-
lation (FM), and AM/FM modes of 
stimulation to prevent accommoda-
tion. A frequency range of 2,500 to  
23,000 Hz  with an energy delivery 
of up to 100 mAmp is possible. This 
allows for all of the benefits of medium 
frequency (2,000 to 100,000 Hz) 
stimulation, giving the patient the best 
possible chance for pain relief.

Methods
One hundred fourteen patients who 
had DPN-related pain were offered 
entry in this open-label trial. All 
study participants received a descrip-
tion of the treatment protocol and 
provided written informed consent 
to participate in the study. A total of 
101 patients chose to complete the 
combined electric current and local 
anesthetic therapy protocol. The first 
patient enrolled in the trial in May 
2008 and the last to enroll was in July 
2010. 

Of the 101 patients evaluated, 
there were 58 females and 43 males. 
The mean age of the study partici-
pants was 66.5 years old with a range 
of 31 to 87 years old. Patient ethnic-
ity included 87% Caucasians, 9% 
Blacks, 4% Hispanics. 

The entry criteria for this study 
were pain symptoms related to DPN. 
Figure 1 describes the primary and 
secondary pain characterized by each 
patient. Of the 101 patients enrolled, 
67.6% had confirmed type 1 diabe-
tes mellitus or type 2 diabetes, and 
32.4% had prediabetes. 

Procedures
Out of the 101 patients, 60 received 
a baseline nerve conduction study 
(NCS) before their first treatment. 
Patients received a total of 12 elec-
troanalgesia treatments, which were 
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Figure 1. Reported pre-treatment pain symptoms. All patients evaluated (n=101) were asked to 
describe their pain symptoms (some only had primary symptoms).
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given 3 times per week (Monday, 
Wednesday, and Friday) for 4 weeks. 
The treatment duration was 25 min-
utes applied to either one or both 
feet, depending on where the neurop-
athy was present. During the first and 
third (Monday and Friday) treatment 
of each week, injections of 0.25% 
bupivacaine were performed using a 
27-gauge needle. The injection sites 
were determined by the peripheral 
distribution of neuropathic pain. Up 
to four nerves were blocked in the 
same visit, including the sural, super-
ficial peroneal, deep peroneal, saphe-
nous, and posterior tibial. 

Pre- and post-treatment pain assess-
ments were given to each patient. The 
two assessments provided were the 
numeric rating system (NRS); and 
a quality of life pain questionnaire, 
which was administered either before 
or during treatment. The question-
naire measured and assessed quality 
of life–related items such as sleep, 
balance, walking, exercise, and par-
ticipation in everyday activities cre-
ating a post-treatment score for each 
patient. At the conclusion of the 
study, if patients reported an incom-
plete response (defined as any pain 
score greater than 0 on the numeric 
rating scale) from the initial protocol, 
they were offered to complete a sec-
ond course of therapy. 

Of the 101 study participants, a 
subset of 60 were given a post–NCS 
to measure the effects of treatment on 
the function and ability of electrical 
conductance of the motor and sen-
sory nerve.

Results
The average pre-treated pain score 
on a scale of 0 to 10 was 5.39, and 
the average post-treatment score was 
0.98, indicating an 81.8% reduction 
in symptoms. It is important to note 
that 31 of the 101 patients reported 
numbness as their primary symptom, 

which they did not define as pain, 
thereby entering an N/A when ques-
tioned by staff members. The above 
results interpret all N/A answers as 
a “0.” If we evaluate the 70 patients 
who did not report numbness as their 
primary symptom, the pre-treatment 
pain scores were 7.79, and the post-
treatment pain score was 1.0, indicat-
ing an 87.2% reduction in symptoms. 

The results in the first column of 
Table 1 identify the same 31 patients 
as those who did not receive an 
improvement in pain, but the patient 
response questionnaire captured their 
improvement in quality of life. Post-
treatment quality of life benefits 
included improved pain-free sleep-
ing, balance, walking, and enhanced 
ability to exercise—all of which were 
reported consistently across both 
genders.

Twenty-three patients who reported 
an improved pain score had recorded 
an NRS score indicating that their 
pain was not entirely resolved. These 
patients requested a second course 
of treatment to further improve the 
pain response. At the conclusion of 
the second treatment, all study par-
ticipants reported a pain score of “0,” 
and responses to the pain question-
naire (quality of life) showed that 15 
of the 23 patients had a 90% to 99% 
improvement; 5 patients had an 80% 
to 89% improvement; 2 patients 
had a 70% to 79% improvement; 
and 1 patient had a 0% to 9% 
improvement. 

Objective Results
Pre– and post–NCS assessing both 
motor and sensory nerves were given 
to a subset of patients within one 

Table 1. Patient Response to Pain Scale and Questionnaire

% Improvement 
(Pain Scale)

Number of 
Patients

% Improvement 
(Questionnaire)

Number of 
Patients

100 37 100 0

90-99 2 90-99 38

80-89 13 80-89 27

70-79 3 70-79 16

60-69 6 60-69 7

50-59 4 50-59 2

40-49 2 40-49 0

30-39 1 30-39 2

20-29 2 20-29 4

10-19 0 10-19 3

0-9 31* 0-9 2

*31 patients described numbness as no pain or N/A. Each was recorded as “0.”
Table 1 describes the improvement between pre- and post-treatment scores for all study 
participants. The questionnaire responses help us better understand the 31 patients who 
described numbness as no pain during our visual analogue assessment.  
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month of completion of the com-
bined electric current and local anes-
thetic therapy protocol. A total of 3 
patients out of 60 discontinued the 
trial prior to getting their post-NCS, 
leaving 57 patients for evaluation. 

The results in Table 2 demonstrated 
a trend toward increased ampli-
tude and decreased latency of motor 
nerve function after treatment. These 
trends in motor nerve function may 
represent a decline in neurological 
morbidity of DPN as nerve func-
tion improves. In both sensory nerves 
tested, the plurality of patients did 
not have a recordable response both 
pre- and post-treatment. However, 
more than 40% of patients did show 
an improvement in peroneal sensory 
nerve conduction while more than 
31% showed an improvement in their 
sural sensory nerve.* 

Substudy patients were further cat-
egorized by disease severity. Of the 
57 patients evaluated, by definition, 
19 patients were placed in each cat-
egory: mild, moderate, and severe.8 

The graph in Figure 2 (page 35) 
analyzes the percent of patients strati-
fied by disease severity that showed 
improvement after combined electric 
current and local anesthetic therapy. 
The results indicate that patients 
who were diagnosed and treated ear-
lier had improved motor results and 
significantly better sensory results. 
Also of importance is the difference 
between motor and sensory nerve 

improvement in patients with severe 
symptoms. Because motor response 
typically precludes sensory response, 
it is possible that patients with severe 
disease may not have experienced 
their full results from the treatment 
protocol at the time the NCS was 
completed.

Patients who discontinued the trial 
were a result of personal choice, dis-
interest, and natural death. No trial 
discontinuations were related to the 
combined electric current and local 
anesthetic therapy protocol or side 
effects from either the injections or 
electroanalgesia. 

Out of the 101 study participants, 
23 are 1 year post-treatment without 
relapse of pain symptoms. Each is 
reporting improved quality of life and 
benefitting from the therapy.

Discussion
The results of this open-label trial 
show that combined electric current 
and local anesthetic therapy decreases 
pain in a significant number of 
patients who have DPN. These results 
have been clearly proven subjectively. 
Our objective findings through nerve 
conduction velocity tests have also 
shown improvement in motor nerve 
function after treatment and some 
improvement in sensory nerve func-
tion. Sensory nerve improvement was 
experienced more by patients staged 
with mild disease, which indicates that 
either early diagnosis and treatment 

may be an important factor in pro-
jecting outcomes or that the timing 
of the post-treatment NCS may have 
been too close to the patient’s com-
bined electroanalgesic therapy.  

The skepticism entering the trial 
by all researchers existed on multiple 
levels. First, there was a belief that all 
electricity was considered the same, 
and secondly, we expected that this 
protocol would yield results similar to 
Anodyne. Anodyne is an infrared light 
therapy system that was cleared by the 
FDA in 1994. It uses an 890 nm wave-
length, which provides a combination 
of topical heat and an increased local 
release of nitric oxide to relieve pain. 
While the authors found Anodyne to 
provide some relief, they learned that 
their patients would require contin-
ued maintenance therapy to feel bet-
ter. Moreover, when treatment was 
terminated, most patients became 
symptomatic. 

Our first concern—that all electric-
ity is created equal—was disproved. 
While we are truly in the early phase 
of determining what different ampli-
tudes and frequencies in different 
parts of the body may do for different 
diseases, we are confident that varied 
intensities and duration of electronic 
signals elicit an improved response 
with less accommodation. The identi-
cal protocol was tested with alternative 
electrical stimulation devices, which 
were missing one or more of the key 
differentiating engineered designs of 

Table 2. Patient Response to Motor and Sensory Nerve Conduction Studies (n=57)a

Peroneal Motor Nerve Tibial Motor 
Nerve

 Peroneal Sensory 
Nerve Sural Sensory Nerve

Ankle Fibula Head Ankle Pop Fos Lower Leg Lower Leg

Improvement 25 25 29 27 23 18

No Improvement 30 30 21 21 6 3

No Response 2 2 7 9 28 36
a Patients were randomly selected into a substudy in which 57 patients received pre- and post-treatment nerve conduction velocity studies to determine motor 
and sensory treatment response.  
Pop Fos, popliteal fossa

Continued on Page 35 ››
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the tested product. These character-
istics are a frequency range of 2,500 
to 23,000 Hz, an energy delivery sys-
tem providing up to 100 mAmp, and 
the incorporation of both AM/FM 
modes of stimulation.9 Results using 
two alternative products with the pro-
tocol were less than successful. 

Low–frequency stimulation devices 
(eg, transcutaneous electrical nerve 
stimulation) will stimulate the nerve 
at a frequency that allows the nerve 
to recover between stimulus deliver-
ies. This produces a decrease in pain, 
according to the Melzack and Wall 
theory of gait control of pain at the 
spinal cord level. The energy deliv-
ered is limited, and the therapy has 
no prolonged effect. The use of AM/
FM modulation with a frequency of 
4,000 to 23,000 Hz allows pain con-
trol similar to electric current devices 
but has the added benefit of a pro-
longed effect.10 

High-frequency electroporation of 
the skin results in increased power 
delivered to deep tissue with poten-
tial healing of deep tissue and 
improved blood flow. According to 
Wedensky, inhibition is sustained 
depolarization—an inability to 
recover from depolarization until a 
current exceeds 2,000 Hz through 
multiple stimulations within an 
absolute refractory period of the 
nerve cell. Most nerve cells have abso-
lute refractory periods of 1/1,000 sec-
onds (or more), so a frequency of more 
than 2,000 Hz will cause sustained 
depolarization. Therefore, our stim-
ulation rate of more than 4,000 Hz 
is fast enough to block the propaga-
tion of nerve impulses. The middle 
frequency (2,000 to 100,000 Hz) 
delivered energy that allows cAMP 
(second messenger) to release in 
the cell starting processes for heal-
ing and increased metabolism with 
a balancing of cell function. cAMP 
also blocks release of inflammatory 

mediators from the cell that may 
be partially responsible for the pain 
response.11,12 These responses are 
only seen with frequency rates of 
more than 4,000 to 20,000 Hz,13 
which may help explain the results 
seen in this study.

Nerve blocks interrupt the pas-
sage of impulses through a nerve via 
chemical means. These nerve blocks 
are technically considered electrical 
because they occur at voltage-gated 
channels. We believe that by com-
bining electricity with nerve blocks, 
patients experienced a synergistic 
effect, which led to positive and pro-
longed outcomes. 

Our second concern addressed 
duration of effect and the need 
for maintenance therapy after the 
treatment protocol is complete. 
Currently, 21 of the 101 patients 
evaluated are 1 year or more post-
treatment without relapse of pain 
symptoms. 

The trial results exceeded our 
expectations and patient feedback 
was impressive. There are currently 

few satisfactory therapies available 
that manage the numbness and pain 
associated with DPN. Therefore, 
there is a clear need for additional 
treatments—especially those such as 
combined electric current and local 
anesthetic therapy—that demon-
strate clinical efficacy without the 
side effect profile of other therapies. 
While we are comfortable with the 
clinical results, we have extended 
our goal to further understand the 
physiological effects of combined 
electroanalgesia therapy. The fol-
lowing information is derived from 
an ongoing substudy that assesses 
pre– and post–epidermal nerve fiber 
density (ENFD) biopsies on patients 
who were treated with combined 
electroanalgesia therapy. To date, the 
5 patients who have completed the 
ENFD substudy have experienced 
small nerve fiber regeneration. These 
results are promising and clearly 
require deeper analysis. 

The results of this open-label study 
indicate that using combined electric 
current and local anesthetic therapy 
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Figure 2. NCS findings: results based on disease severity. The 57 patients who had pre– and post–
nerve conduction studies were categorized by disease severity to determine whether early identification 
and treatment of disease yielded improved response.
NCS, nerve conduction study

Continued from Page 26 ››
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to treat the pain and numbness asso-
ciated with DPN is effective and is 
not associated with any side effects. 
Patient follow-up will be provided 
to better understand the duration of 
therapy and its long-term effects on 
motor and sensory nerve function.
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