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OBJECTIVE — To evaluate the efficacy of transcutaneous electrotherapy for chronic painful
peripheral neuropathy in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS — Thirty-one patients with symptoms and
signs of peripheral neuropathy were randomized to the electrotherapy or sham treatment (con-
trol) group. The electrostimulation was given by a portable unit (H-Wave machine) that gen-
erated a biphasic, exponentially decaying waveform (pulse width 4 ms, 25-35 V, ^ 2 Hz).
Patients treated each of their lower extremities for 30 min daily for 4 weeks at home. Nine
patients from the sham-treatment group participated for a second period, during which all of
them received the active electrotherapy. Patient's degree of pain and discomfort was graded on
a scale of 0 to 5.

RESULTS — In the sham-treated group (n = 13), the neuropathic symptoms improved in five
(38%) patients, and the pain score declined from 2.92 ± 0.13 to 2.38 ± 0.26 (P < 0.04), sug-
gesting a procedure-related placebo effect. In the electrotherapy group (n = 18), symptomatic
improvement was seen in 15 (83%) cases, 3 of which were completely asymptomatic; the pain
score declined from 3.17 ± 0.12 to 1.44 ± 0.25 (P < 0.01) and the posttreatment pain scores
were considerably lower (P < 0.03), indicating a substantial treatment effect over and above
any placebo influence. Patients in the electrotherapy group reported greater reduction in symp-
toms (52 ± 7% vs. 27 ± 10% in control subjects, P < 0.05) on an analog scale. Moreover, the
electrotherapy decreased pain scores (from 3.0 ± 0.62 to 1.56 ± 0.32, P < 0.02) in nine patients
who had received sham treatment earlier.

CONCLUSIONS — A form of transcutaneous electrotherapy ameliorated the pain and dis-
comfort associated with peripheral neuropathy. This novel modality offers a potential non-
pharmacological treatment option.

Peripheral neuropathy is a common
complication of diabetes, afflicting
>36% of NIDDM individuals (1).

Because the etiology of diabetic neuropathy
is not well understood, symptomatic treat-
ment remains the mainstay of management.
Analgesics, tricyclic antidepressants, and
anticonvulsant drugs are often prescribed,
with variable responses (2,3). The aldolase
reductase inhibitors are investigational at
present (4,5). Electrotherapy, a nonphar-
macological approach, has been used to
alleviate chronic pain associated with arthri-

tis and rheumatological conditions (6). It is
conceivable that electrotherapy may also
help in chronic painful peripheral neu-
ropathy associated with diabetes. We have
evaluated the efficacy and safety of such a
therapeutic modality.

RESEARCH DESIGN AND
METHODS

Study patients
Patients referred for evaluation and treat-
ment of peripheral neuropathy were invited
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to participate in a study protocol approved
by our institutional review board. Patients
with the following characteristics were
included in the study: men or women, age
31 to 70 years, with documented type 2 dia-
betes and symptoms of painful peripheral
neuropathy involving both lower extremi-
ties for >2 months. We excluded patients
having clinical evidence of vascular insuffi-
ciency of legs or feet (history of claudication,
discoloration of skin, ulceration), uncon-
trolled angina pectoris, cardiac arrhythmia,
congestive heart failure, myocardial infarc-
tion within the past 6 months, untreated
hypertension, cerebrovascular ischemia,
psychiatric disease or substance abuse
including alcohol, biochemical evidence of
significant renal (serum creatinine >177
umol/1) or liver disease. Patients on corti-
costeroid, dilantin, or chemotherapeutic
agents were also excluded.

Study design
A detailed history and a physical examina-
tion were performed to establish eligibility
on the initial visit. The patient's pain was
graded (Table 1), and patients with scores
of 5:2 were selected for the study. All
patients were advised to discontinue anal-
gesics, including tricyclic antidepressants.
Participants were randomly assigned, in a
single-blind fashion, to either (1) transcu-
taneous electrotherapy or (2) sham-treat-
ment (control) group. The former group
received working electrotherapy machines,
and the control group received machines
with inactive electrodes. Each patient was
individually instructed how to place the
electrodes and how to use the machine.
One of the investigators explained to each
patient individually that one might not feel
electrical sensations at the electrodes
because of possible variation in patients'
sensory perception thresholds. The treat-
ment process was demonstrated with an
assigned machine, thereby providing expe-
rience and feel of the electrodes. The
assigned electrotherapy machine was then
lent for home use. Patients returned after 1
week, and one of the investigators reviewed
treatment technique and proper use of the
machine. The symptoms and signs of
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Table 1—Criteria used for grading pain

Grade Symptoms and affective description

0 No symptoms
1 Minimal burning pain with or without paresthesias. Some discomfort but bearable.

Insignificant problem in daily activities.
2 Mild burning pain with or without paresthesias. Uncomfortable most of the day

Occasional pain during night. Some disturbance of daily activities. Patient
wants treatment.

3 Burning pain of moderate intensity with paresthesias disturbing the night sleep.
Distressing and distracting, causing difficulty in daily activities.

4 Intense burning pain, intermittent. Presence of paresthesias. Significantly
disturbed night sleep due to pain. Unbearable. Patient unable to function.

5 Extremely intense burning pain, constant, excruciating. Presence of paresthesias.
Very disturbed night sleep. Patient asking for strong analgesics.

peripheral neuropathy were re-evaluated
after 1 month. At that visit, the electrother-
apy machine was returned.

We offered participation for a second
treatment period to those patients who
were in the control group but had contin-
ued pain scores of ^ 2 . During that phase of
study, all patients were treated with work-
ing machines.

Patients were examined 1 month after
discontinuation of electrotherapy to assess
neuropathic symptoms. If the pain had
returned or worsened, they were offered
the electrotherapy in office.

Grading of pain
Patients' descriptions of symptoms, pares-
thesias, intensity and frequency of pain, sleep
disturbance (due to neuropathic pain), and
functional impediment were used to grade
the pain and discomfort level on a scale of 0
to 5 (Table 1). The verbal pain descriptors
were adapted from a previously validated
instrument (7,8). In addition, an analog scale
was used to record the overall improvement
in symptoms at follow-up visits.

Transcutaneous electrotherapy
Electrotherapy was given by a portable,
rechargeable unit, the H-Wave machine
(Electronic Waveform Lab, Huntington
Beach, CA), which has output parameters
that are distinct from the other available
transcutaneous electrical nerve stimulation
(TENS) modalities. It generates a biphasic,
exponentially decaying waveform with
pulse widths of 4 ms and ^35 V The elec-
tric current strength varies with voltage
setup to a maximum of 35 mA, and the
pulse frequency is user adjustable (2-70
Hz). Because of a specific waveform, the

muscular contractions are nonfatiguing.
The portable unit has two channels and
delivers bipolar electrical stimuli via four
skin-applied electrodes.

For the transcutaneous electrostimula-
tion, four self-adhesive electrodes were
positioned in the following fashion: J) 3
inches above the patella and 3 inches medi-
ally, over the vastus medialis oblique; 2) 3
inches above patella and 3 inches laterally,
over the lower portion of vastus lateralis; 3)
on the neck of fibula; and 4) on the gas-
trocnemius muscle about 3 inches below
the center of popliteal fossa. The electrode
positions were marked by a skin marker.
Patients were instructed to treat each lower
extremity for 30 min every day at home.
They adjusted the intensity dial between 7
and 9 (25-35 V) and the frequency above
minimum (^2 Hz) depending on individ-
ual comfort levels.

Statistical analysis
Wilcoxon's rank-sum test was used for ana-
lyzing changes in the pain scores among
groups. The percent improvement in
symptoms was analyzed by Students t test.

Table 2—Clinical data

Statistical calculations were performed
using Dyna-stat Professional Statistics Soft-
ware (Dynamic Microsystems, Washing-
ton, DC) on an IBM PC.

RESULTS — The clinical features of the
31 patients studied are summarized in
Table 2. At the initial visit, each patient
complained of pain and burning in the
feet. Physical examination revealed total
loss of touch sensation at toes and plantar
aspects in nine cases. The vibration sense at
big toes was lost in 10 patients, and the
ankle jerk was absent in 21. On pain grad-
ing, 23 patients scored 3, 5 patients scored
4, and 3 patients scored 2. The pain scores
and duration of neuropathic symptoms did
not differ between the patients randomized
to the electrotherapy or sham-treatment
(control) group.

Sham treatment
There were 13 patients in this group. Neu-
ropathic symptoms did not change in eight
(62%) of these patients, and their pain
scores remained unaltered (Figure 1A). The
pain scores improved by one grade in three
cases and by two grades in two other
patients. Mean pain score declined from
2.92 ± 0.13 to 2.38 ± 0.26; this grade
reduction of 0.54 ± 0.21 was significant
(Wilcoxon matched-pair test, 2 = —2.023,
P = 0.04), suggesting a procedure-related
placebo effect.

Transcutaneous electrotherapy
Symptomatic improvement was seen in 15
(83%) of the 18 patients in this group; 3 of
them improved by 3 grades, 8 by 2, and the
other 4 by 1 (Fig. IB). Three patients, who
had initial pain scores of 3, became com-
pletely asymptomatic. The group mean
score declined from 3.17 ± 0.12 to 1.44 ±
0.25, and these changes were highly signifi-
cant (Wilcoxon matched-pair test, 2 =
-3.45,P<0.01). The posttreatment pain

n
Age (years)
Sex (M/F)
BMI (kg/m2)
Duration of diabetes (years)
Duration of neuropathic symptoms (months)
Average pain grade

Treatment group

Sham (control)

13
59 ±3

5/8
30.5 ±1.8

12 ±2
22 ±4

2.92 ±0.13

Electrotherapy

18
53 ±4
7/11

29.2 ±2 .9

9 ± 2
16 ± 3

3.17 ±0.12
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Electrotherapy for neuropathy
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Figure 1—Change of pain grades in individual patients in the sham-treatment (control) group (A) and
active electrotherapy group (B).

scores were lower for these patients com-
pared with those for the sham-treated
patients (1.44 ± 0.25 vs. 2.38 ± 0.26,
Wilcoxon's rank-sum test, Z = — 2.12, P <
0.03), indicating a substantial treatment
effect over and above any placebo influence.

Three (17%) patients failed to have any
symptomatic relief with electrotherapy Each
of them had scored 3 on pain grading. There
was no discernable difference in clinical fea-
tures between them and the responders.

Nine patients who were in the sham-
treatment (control) group initially partici-
pated in the second phase of study where
each of them received active electrotherapy
Their pain scores decreased significantly
from 3.0 ± 0.62 to 1.56 ± 0.32 (Wilcoxon
matched-pair test, Z = -2.25, P = 0.02); one
of them was completely pain-free (Figure 2).

Patients were questioned for subjective
improvements in their overall neuropathic
symptoms using an analog scale. Ameliora-
tion was significantly greater in the elec-
trotherapy group (52 ± 7% reduction in
symptoms) as compared with the control
group (27 ± 10% reduction, P < 0.05).

Patients felt treatment effect during the
2nd week of electrotherapy, and most
symptomatic relief was achieved by the 3rd
week. On the follow-up visit, a month after
the discontinuation of electrotherapy, there
was a tendency for recurrence of symp-
toms, and therapeutic gains were being lost
progressively.

Side effects
There was no discernable improvement or
deterioration of the neurological signs
during the study period. One patient in
the control group reported burning sen-
sation at the site of electrode placement.
No other local or systemic side effects
were noticed.

Metabolic control
Patients were free from symptoms of
uncontrolled diabetes and had stable body
weights, but their glycosylated hemoglobin
levels were in the "poor" range (>8%) (9).
No attempt was made to modify medical
treatment during the study period.

CONCLUSIONS— In this random-
ized, two-arm clinical study, we observed
that the transcutaneous electrotherapy
reduced the pain and discomfort of periph-
eral neuropathy in 15 of the 18 (83%)
patients. This noninvasive treatment was
safe, with no side effects. It appears that
such a nonpharmacological modality could
be useful for symptomatic relief and offers
a potential treatment option.

The natural course of neuropathic
symptoms is highly variable, and caution
must be exercised in interpreting the out-
come of a short-term treatment modality.
To control this difficulty to some extent, we
had a parallel group of sham-treated
patients. It was of interest that those
patients had significant reduction in pain
scores. While this may represent the course
of disease, we also considered an alternate
explanation that it was a procedure-related
placebo effect. Assuming that the patients
in active transcutaneous electrotherapy
group had similar course, a greater magni-
tude of response (as judged by the pain
scores and reduction in symptoms) pro-
vides evidence for the therapy-induced
beneficial effects. Moreover, when the
sham-treated patients were switched to
active electrotherapy, their pain scores
decreased significantly, giving further sup-
port to our conclusion.

Transcutaneous electrotherapy pro-
duced transient relief of symptoms. We
observed recurrence of patients' pain and
discomfort a few weeks after discontinua-
tion of therapy. This implies that the treat-
ment must be continued. A limited
experience with patients followed in our
office suggests that the treatment can be
given weekly until the patient becomes
pain-free, and then once every month.
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Figure 2—Change of pain grades in nine patients who had initial sham treatment followed with the
active electrotherapy.
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Individual responses to electrother-
apy varied significantly. While 1 of 6
patients became asymptomatic, an equal
number of cases failed to respond. This
should not be surprising because none
of the currently prescribed treatments
has any better outcome. In a group of 53
drug-treated patients studied by Pfeifer
et al. (10), 66% showed some sympto-
matic improvement, 21% became pain-
free, and the remaining 13% were
treatment failures. This corresponds
closely with our study outcome, where
66% improved, 17% were pain-free, and
other 17% were treatment failures. Since
it may be feasible to combine the elec-
trotherapy with pharmaco therapy, we are
investigating the clinical effectiveness of
such a strategy (11).

TENS has neurophysiological and
chemical effects. Walsh et al. (12) observed
an increase in peripheral nerve conduction
latency and mechanical pain threshold
when TENS (0.2 ms pulse, 110 Hz for 5
min) was applied directly over the course
of nerve. It influences neuronal afferent
transmission and conduction velocity,
increases the nociceptive flexion reflex
threshold, and changes the somatosensory
evoked potentials (13-15). A number of
publications show beneficial effect of
TENS in neuromuscular disorders, but its
efficacy is not universally accepted
(6,16-19). Since the wave form, duration,
and frequency of electrostimulation deter-
mine the therapeutic response (12,20,21),
a careful selection of those parameters is
critical. It was fortuitous that the equip-
ment (H-Wave machine), wave form
(bipolar, exponentially decaying), and con-
ditions (4 ms pulse, >2 Hz for 30 min)
used in this study produced a clinically
meaningful outcome. Would another set of
electrostimulatory parameters enhance
symptomatic relief in such patients? That
remains to be investigated.
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