
High-Tone External Muscle Stimulation in
End-Stage Renal Disease: Effects on
Symptomatic Diabetic and Uremic Peripheral
Neuropathy
A. Klassen, Dipl-Psych,* B. Di Iorio, Dr med,† P. Guastaferro, Dr med,† U. Bahner, Prof
Dr med,‡ A. Heidland, Prof Dr med Dr hc mult,*‡ and N. De Santo, Prof Dr med§

Objective and Design: Pain and peripheral neuropathy are frequent complications of end-stage renal disease
(ESRD). Because drug treatment is associated with numerous side effects and is largely ineffective in many mainte-
nance hemodialysis (MHD) patients, nonpharmacologic strategies such as electrotherapy are a potential recourse.
Among various forms of electrostimulation, high-tone external muscle stimulation (HTEMS) is a promising alternative
treatment for symptomatic diabetic peripheral polyneuropathy (PPN), as demonstrated in a short-term study. Based
on these novel findings, we performed a prospective, nonrandomized, pilot trial in MHD patients to determine (1)
whether HTEMS is also effective in treating diabetic PPN in the uremic state, and (2) whether uremic PPN is similarly
modulated.

Patients and Interventions: In total, 40 MHD patients diagnosed with symptomatic PPN (25 with diabetic and 15
with uremic PPN) were enrolled. Both lower extremities were treated intradialytically with HTEMS for 1 hour, three
times a week. Initially, a subgroup of 12 patients was followed for 4 weeks, and a further 28 patients for 12 weeks.
The patients’ degree of neuropathy was graded at baseline before HTEMS and after 1 and 3 months, respectively.
Five neuropathic symptoms (tingling, burning, pain, numbness, and numbness in painful areas) as well as sleep dis-
turbances were measured, using the 10-point Neuropathic Pain Scale of Galer and Jensen (Neurology 48:332-338,
1997). A positive response was defined as the improvement of one symptom or more, by at least 3 points. Other
parameters included blood pressure, heart rate, dry body weight, and a routine laboratory investigation.

Results: The HTEMS led to a significant improvement in all five neuropathic symptoms, and to a significant reduc-
tion in sleep disturbances for both diabetic and uremic PPN. The response was independent of the patient’s age, with
a responder rate of 73%. The improvement of neuropathy was time-dependent, with the best results achieved after
3 months of treatment. The HTEMS was well-tolerated by nearly all patients.

Conclusions: This pilot study shows for the first time that HTEMS can ameliorate the discomfort and pain asso-
ciated with both diabetic and uremic PPN in MHD patients, and could be a valuable supplement in the treatment of
pain and neuropathic discomfort in patients who do not respond to, or are unable to participate in, exercise programs
during hemodialysis treatment.
! 2008 by the National Kidney Foundation, Inc.

PAIN IS A FREQUENT COMPLICATION
of end-stage renal disease (ESRD), and has a

profoundly negative impact on patients’ quality of
life. In particular, in peripheral diabetic neuropa-
thy, loss of sensation is a forerunner of neuropathic
ulcers and the leading cause of amputation.1

According to a prospective Canadian study of
maintenance hemodialysis (MHD) patients, pain
was prevalent in .50% of patients, of whom
83% reported a pain intensity ranging from
moderate to severe.2 Most patients suffered from
pain brought on by musculoskeletal disorders.
The prevalence of pain because of peripheral
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polyneuropathy (PPN) and peripheral vascular
disease averaged 13% and 10%, respectively.2

Moreover, the Pain Management Index was neg-
ative in 75% of patients, indicating the inefficacy
of many analgetic drug therapies (anticonvulsants,
tricyclic antidepressants, and opioids), which are
associated with a multitude of side effects, such
as sedation, nausea, and dry mouth.2

With regard to manifesting fewer side effects,
nonpharmacologic strategies are of growing im-
portance. Unfortunately, relaxation techniques,
hypnosis, and meditation are of limited value.
There is evidence that aerobic exercise training
can modify the natural course of diabetic PPN,
or even prevent its onset.3 However, physical ex-
ercise (though strongly recommended) is difficult
to realize for many (often immobile) MHD pa-
tients, who have a low physical functional capacity
as a consequence of their multiple comorbidities.

In the management of pain, various forms of
electro-medical therapy figure prominently. Most
commonly used are transcutaneous electrical
nerve stimulation (TENS)4 and percutaneous elec-
trical nerve stimulation (PENS), which combines
TENS and acupuncture.5 Both treatments were
shown to ameliorate painful diabetic neuropathy.
Another very effective therapy in patients with
painful diabetic PPN is spinal-cord stimulation
(SCS), which simultaneously improves exercise
tolerance.6 Spinal-cord stimulation also proved
successful in patients with intractable angina pec-
toris, in whom angioplastyor coronary bypass graft
surgery could not be performed.7,8 This form of
electrotherapy was also recommended for pain be-
cause of lower-limb ischemia in subjects unsuitable
for vascular reconstruction.9 Recently the effect of
SCS was studied in eight MHD patients. Within
a treatment period of 6 to 12 months, SCS dramat-
ically lowered pain, improved patient quality of
life, and appeared to delay ischemic skin lesions
and amputation in patients at Leriche-Fontaine
stage 2 or 3.10 However, SCS therapy may be
associated with severe complications, such as
life-threatening infections (of 3% to 5% of SCS-
treated patients).11

Within the new generation of electrotherapy
techniques is the so-called ‘‘high-tone external
muscle stimulation’’ (HTEMS). Whereas classical
electrotherapy uses fixed carrier frequencies of
typically 4000 Hz, the frequencies of HTEMS
are continuously scanned from 4096 to 31,768
Hz, allowing for a much higher power of up to

5000 mW to be introduced to the muscles treated.
In a short-term (3 consecutive days), comparative
investigation in subjects with symptomatic diabetic
PPN, HTEMS alleviated discomfort and pain
more effectively than did TENS. Moreover, this
kind of therapy exhibited no harmful side effects.12

Based on these novel findings, our objective
was to determine (1) whether HTEMS is likewise
effective in diabetic ESRD patients with symp-
tomatic PPN, and (2) whether the uremic PPN
is similarly modulated. Subsequently, a multicenter
pilot study was conducted in MHD patients. The
results indicated a significant improvement of
pain and discomfort, in symptomatic uremic and
diabetic PPN.

Methods

A prospective, nonrandomized, clinical pilot
study was performed in MHD patients (with
moderate discomfort or pain for at least 3 months)
from five dialysis centers in Germany (KfH-Kid-
ney Centers in Aschaffenburg, Frankfurt, Würz-
burg, the St. Marien Hospital in Duisburg) and
Italy (Ospedale A. Landolfi, Solofra). In total, 40
patients, aged between 50 and 93 years (71.8 SD
6 11.2 years), and who had received hemodialysis
for a minimum of 6 months, were enrolled.
Patients receiving MHD and with complicating
peripheral vascular disease were included in the
investigation. Analgetic drugs were permitted,
but were reduced to an as-needed basis.

We excluded patients with a pacemaker, a
recent myocardial infarction, severe congestive
heart failure, central neurologic disorders (e.g.,
Parkinson’s disease, epilepsy, or multiple sclerosis),
psychiatric disorders, and bacterial infections. The
baseline characteristics of patients are summarized
in Table 1.

The diagnosis of symptomatic PPN was based
on the medical history, a neurologic investigation,
and the presence of the following neuropathic
symptoms: tingling, burning, pain, numbness,
and numbness in painful areas, as well as sleep dis-
orders.

External muscle stimulation was performed
with a HiTop 184 appliance (GBO Medizintech-
nik, Rimbach, Germany), which is a nonportable
230-V power-supply device.12 For HTEMS ther-
apy, the electrodes were placed on the femoral
muscles, and in some cases on the calves as well
(Fig. 1). The intensity of electrical stimulation
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was adjusted to suit the comfort level of each in-
dividual patient without producing discomfort or
pain. All subjects were treated for 1 hour during
the hemodialysis session, three times weekly. Ini-
tially, 12 patients were followed for 1 month, and
a further 28 patients were followed for a treatment
period of 3 months.

The primary outcome measure was the poten-
tial modulation of intensity of neuropathic symp-
toms. For purposes of grading these symptoms,
patients were requested to record their baseline
levels of pain and discomfort, using a visual 10-
point analogue scale, ranging from 0 (‘‘no symp-
toms’’) to 10 (‘‘worst ever felt’’).13 Improvement
was defined as a decline of $3 points of at least
one symptom.

Other recorded parameters included systolic
and diastolic blood pressure, heart rate, and dry
body weight. Further, a routine laboratory inves-
tigation was performed, including measurements
of albumin, C-reactive protein, and Hemoglobin
A1c (HbA1c) in diabetics.

All data are expressed as mean 6 SD. Changes
in the investigated parameters were calculated by

paired Student t test (two-tailed), with P , .05
considered statistically significant. All analyses
were performed using Microsoft Excel (Red-
mond, WA).

Results

In our 40 MHD patients, the neuropathic
symptoms of pain and discomfort exhibited sig-
nificant improvements in terms of tingling, burn-
ing, pain, numbness, and numbness in painful
areas (P ,.005). Even the sleep disorders induced
by neuropathy were significantly improved during
long-term HTEMS therapy (P , .005) (Fig. 2).
The amelioration of symptoms of peripheral
neuropathy was observed after only 4 weeks of
HTEMS treatment in a subgroup of 12 patients.
Concerning the underlining neuropathy, the re-
sponse was significant in both uremic and diabetic
polyneuropathy, with the exception of the neuro-
pathic symptom ‘‘numbness in painful areas.’’ In
that case, the improvement in patients with ure-
mic polyneuropathy was not statistically signifi-
cant. The response was independent of patients’
age or sex.

When defining a positive response as the im-
provement of one symptom or more by at least
3 points, the response rate for all 40 MHD patients
averaged 73% (29 out of 40). In the subgroup of
patients with uremic PPN, the response rate was
higher compared with their counterparts with
diabetic PPN (11 out of 15, or 80%, versus 18 out
of 25, or 72%).

When comparing the improvement of neuro-
pathic symptoms in the initial subgroup of 12
patients treated with HTEMS for 4 weeks with
the 28 patients treated for 12 weeks, the difference

Table 1. Characteristics of Forty Maintenance Hemodialysis Patients Who Participated in This Study

Patient Characteristics All Patients (N 5 40) Diabetic PPN (n 5 25) Uremic PPN (n 5 15)

Age (y) (mean 6 SD) 71.8 6 11.2 71.2 6 11.4 72.8 6 11.1
Age range (y) 50–93 51–93 50–87
Sex (men/women) 25/15 16/9 9/6
Renal diagnoses

Diabetic nephropathy 24 24
Chronic glomerulonephritis 6 6
Ischemic renal failure 5 5
Pyelonephritis 1 1
Wegener’s Granulomatosis 2 2
Polycystic kidney disease 2 1 1

Peripheral arterial disease 8 7 1

PPN, peripheral polyneuropathy.

Figure 1. High-tone external muscle stimulation of
thighs and calves in a maintenance hemodialysis
patient with the HiTop 184 device (GBO Medizin-
technik, Rimbach, Germany).
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in response rate was considerable, at 58% (7 out
of 12) versus 79% (22 out of 28), respectively. The
response rate was clearly dependent on the dura-
tion of HTEMS treatment.

The HTEMS was well-tolerated by all subjects
in the study, apart from one patient who reported
enhanced nervousness and sleeplessness after only
three sessions of treatment. She was subsequently
excluded from the investigation. After 4 to 6
weeks, some patients reported an increase in over-
all well-being, accompanied by a rise in muscle
strength.

During the treatment period, HTEMS had no
significant effect on systolic and diastolic blood
pressure or on heart rate. Similarly, there were
no significant changes in dry body weight. Con-
cerning blood chemistry, the albumin concentra-
tion was followed in 26 MHD patients. Whereas
there was no significant change within the first 4
weeks of HTEMS, after 12 weeks of treatment,
a clear trend toward a higher albumin concentra-
tion was observed. There were no significant
changes in C-reactive protein and HbA1C in
the diabetic MHD patients.

Discussion

In our prospective, nonrandomized pilot study
of MHD patients, we found significant improve-
ment in the neuropathic symptoms of tingling,
burning, pain, numbness, and numbness in pain-
ful areas. The response was comparable between

patients with diabetic PPN and those with uremic
PPN. This implies that HTEMS alleviates neuro-
pathic symptoms of different pathogeneses. In
addition, patients’ quality of sleep was significantly
improved, in terms of less frequent nighttime
waking on account of pain and discomfort. The
treatment effects were clearly dependent on the
duration of HTEMS therapy, with the best results
observed after .4 weeks.

Our data correspond with, and extend, the ear-
lier investigation of short-term (3 consecutive
days) HTEMS treatment.12 Similarly positive ob-
servations were made by Humpert et al.17 during
an 8-week treatment period in 27 patients with
painful diabetic neuropathy.

To date, the mechanisms underlying the im-
provement in neuropathic symptoms after elec-
trotherapy are not well-understood. In various
investigations, improved microcirculation after
electrotherapy was shown.17–19 This effect is par-
ticularly pronounced when using epidural spinal-
cord electrical stimulation in patients with severe
limb ischemia.9 Electrical stimulation was also
shown to improve wound-healing in patients
with diabetic ulcers.20 Enhanced microcircula-
tion, as induced by electrical stimulation, could
be of therapeutic value with regard to the lowered
microcirculation in the peripheral nerves of pa-
tients with diabetic neuropathy.

Another possible underlying mechanism of
electrotherapy is the activation of dorsal columns.
Here, pain input is interrupted via inhibition of

Effects of HTEMS on Neuropathic Symptoms in MHD Patients (N = 40)

0
1
2
3
4
5
6
7
8
9

10

Tingling Burning Pain Numbness Numbness in
Painful Areas

Sleeping
Disorders

Neuropathic Symptoms

In
t
e
n

s
it

y

Before HTEMS After HTEMS

**
** ** **

**
**

Figure 2. Effects of high-
tone external muscle stim-
ulation (HTEMS) on five
neuropathic symptoms
and on sleeping disorders
in maintenance hemodialy-
sis patients. (**P , .005).
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the C fibers.14 Recently, high-frequency TENS
was shown to decrease human motor cortex
excitability.15 Further, it decreased levels of the
excitatory amino acids, glutamate and aspartate, in
the dorsal horn.16

Of particular interest are the metabolic effects
of electrotherapy, which was shown to increase
muscle oxidative capacity.21 Electrical stimulation
of the lower extremities of healthy humans was
shown to enhance energy consumption, carbo-
hydrate oxidation, and whole-body glucose up-
take during a euglycemic clamp.22 Compared
with voluntary cycling exercise at an identical
intensity, electrostimulation resulted in a higher
respiratory gas exchange ratio, indicating higher
carbohydrate oxidation. Furthermore, the en-
hanced glucose removal was not limited to the
exercise period, but persisted after the exercise
period for at least 90 minutes, in contrast to vol-
untary exercise.23 In paraplegic patients, 8 weeks
of treatment (3 hours/week) enhanced the glu-
cose transporters 1 and 4, oxidative capacity,
and insulin sensitivity.24

In line with these observations of enhanced
glucose metabolism, HTEMS (1 hour/day)
induced a significant improvement in HbA1c
(–0.6%) over a treatment period of 6 weeks, asso-
ciated with a decline in body weight (–1.4 kg).25

After the discontinuation of therapy, a renewed
deterioration of these parameters occurred. In
contrast to these findings, we did not observe a sig-
nificant change in HbA1c in our diabetic MHD
patients, which may be a consequence of the
lower treatment frequency of HTEMS therapy
in our investigation (1 hour, 3 times/week). In
fact, in two other patients treated daily with
HTEMS (data not shown), an improvement in
HbA1c and overweight was observed.

Aerobic and resistance exercise are generally
recommended in MHD, particularly to improve
the prevalent sarcopenia and physical fitness of
these patients.26 In principle, similar positive ef-
fects could be achieved by HTEMS in immobile
patients with low physical functional capacity,
making electrotherapy a viable, intermediate
treatment strategy.

Conclusion

According to our data, long-term treatment
with HTEMS in MHD patients can lead to sig-
nificant improvement of neuropathic symptoms.

Many patients also reported a subjective improve-
ment of their general well-being, with greater
muscle strength. The greatest shortcoming of
our study was the lack of a control group, insofar
as no placebo intervention could be implemented.
High-tone external muscle stimulation should be
considered for patients with symptomatic periph-
eral neuropathy who do not respond to, or are
unable to participate in, exercise programs during
hemodialysis treatment.
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