The Treatment of Fibromyalgia with
Cranial Electrotherapy Stimulation

Alan 5. Lichtbroun, Mei-Ming C. Raicer, Ray B. Smith

In cranial electrotherapy stimulation (CES), microcurrent levels of electrical
stimulation are passed across the head via electrodes clipped to the ear
lobes. After successful clinical use of CES with fibromyalgia patients in our
clinic, it was decided to test these results with a double-blind, placebo-con-
trolled study in which 60 randomly assigned patients were given 3 weeks
of 1-hour-daily CES treatments, sham CES treatments, or were held as wait-
in-line controls for any placebo effect in the sham-treated patients. Treated
pafients showed a 28% improvement in tender puint scores, and a 27% im-
provement in self-rated scores of general pain level. The number of subjects
rating their quality of sleep as poor dropped from 60% at the beginning of
the study to 5%. In addition, there were significant gains in the self-rated
feelings of well-being and quality of life, plus gains in six stress-related
psychological test measures. No placebo effect was found amony the sham-
treated controls. A theoretical role of CES in affecting the brain’s pain mes-
sage mechanisms and/or neurchormonal control systems is discussed. It is
concluded that CES is as effective as the drug therapies in several trials,
with no negative side effects, and deserves further consideration as an ad-
ditional agent for the treatment of fibromyaigia. (J Clin Rheumatol
2001;7:72-78)
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Since CES arrived in the United
States in the late 1960s, over 125
human and animal studies have

ranial electrotherapy stimu-
lation (CES) is a U.S. Food
and Drug Administration—

recognized, drug-free treatment for
anxiety, depression, and insomnia.
CES typically involves the passage
of microcurrent levels of hiphasic
electrical stimulation across the
head for from 20 minutes to an
hour daily for a few days to a few
weeks, depending on the disorder
being treated. The stimulation lev-
els applied in double-blind re-
search studies are always below
sensation fevel, and are also often
at this level during the normal clin-
ical use of CES.
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been completed (1). Most of the ani-
mal studies were performed to elicit
mechanisms of action, patterns of
electrical current transfer through
the brain, and related phvsiologic
concomitants to the stimulation.
Thestudies by Pozos etal.indogs at
the University of Tennessee Med-
ical Center vielded strong inferen-
tial evidence that CES worked to
bring neurotransmitters in the brain
back into homeostatic balance, once
he had mechanically disrupted that
balance (2).

Whereas many  earlier clini-
cians doubted that an electric cur-
rent of such small intensity actually
entered the brain, rather than just
spreading around the scalp tissue
and hair, researchers at the Univer-
sity of Wisconsin Medical School
used monkeys to show that 42% of
the current applied at the skin sur-
face traveled throughout the brain,
canalizing especially across the
limbic system {3).

Early CES research on anxiety
and depression often used inpa-
tient populations of addicts who
were experiencing the drug absti-
nence syndrome. If was in these
studies that CES was found invalu-
able in inducing medication-free
reductions in anxiety and depres-
sion while simultaneously improv-
ing sleep {4, 5). it was also during
these studies that the benefits of
CES in improving cognitive dys-
functiom were found (6-8). For ex-
ample, it was discovered that the 24
months of total sobriety that were
normally required to bring an alco-
holic patient’s cognitive function
back to normal could be accom-
plished with 3 weeks of 45- 60-
minute-daily CES treatments. Cog-
nitive recovery findings were later
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extended to other clinical groups
such as patients with closed head
injuries (9) and children and adults
with attention deficit disorder {10).
Electroencephalographic studies in
patients with insomnia have found
CES effective in reducing sleep
onaet time, number of awakenings
during the night, time spent in
stage IV (delta) sleep, and patient
report of feeling rested upon awak-
ening (11). Most recently, it has
been noted that CES is associated
with an increase in insulin-like
growth factor-1 {IGF-1) levels in
older female patients {12).

Perhaps because of its use in
the treatment of various stress dis-
orders, CES is finding an ever-
greater use in the treatment of sev-
eral pain syndromes (13). Many
clinicians believe that the pain
threshold tends to lower in re-
sponse to stress and rise as stress is
reduced. Schuster states, “Patients’
psychological states influence their
perceptions of pain; anxiety can de-
crease patients’ pain thresholds. In-
creased anxiety . . . can increase
pain” (14). Bennett agrees, saying,
“there is . . . overwhelming evi-
dence that psychologic factors do
affect perception of pain. . .” (15).

The fibromyalgia literature has
documented problems in fibro-
myalgia patients that involve many
of the arcas in which CES has been
found effective. One reviewer
found studies in which insomnia
was a major contributing problem
in fibromyalgia (16), and Wolfe
found that more than 75% of pa-
tients with fibromyalgia experience
a nonrestorative sleep pattern (17).
Another reviewer noted that in ad-
dition to sleep problems, the fi-
bromyalgia patients also suffered
from marked anxiety and depres-
sion (18). Another study has found
consistently low levels of IGF-1 lev-
els in fibromyalgia patients when
compared with nonfibromyalgia
controls {19).

Although we have treated a
large number of fibromyalgia pa-
tients in our clinic over the years,
we unly recently became aware of
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the CES research findings. Once
this research was brought to our at-
tention, we completed a successful
vpen clinical trial of CES treatment
of our fibromyalgia patients. Atter
that, we decided to perform a dou-
ble-blind, placebo-controlled study
to see if these effects were attribut-
able to the CES treatment or to
placebo effect alone.

PATIENTS AND METHODS

After approval of the study
protocol by the Investigational Re-
view Board of the Robert Wood
Johnson Medical School, 60 pa-
tients from our large fibromyalgia
practice signed volunteer consent
forms to participate in the study.
The first author (ASL), a physi-
cian, had previously diagnosed
them as having fibromyalgia, using
the criteria set forth by the Ameri-
can College of Rheumatology (20).
The subjects” age range was 23 to
82 years {mean, 50); there were
two men and 58 wemen including
two African Americans and one
Asian American. They had suf-
fered with fibromyalgia from 1 to
40 vears, with an average of 11
vears. No change was made in the
medical treatment regimen then
underway of any subject in the
studw.

The subjects were randomly as-
signed into three separate groups
by an office secretary who drew
their names, which were on sepa-
rate, sealed slips of paper in a con-
tainer. Groups I and II were as-
signed to CES devices that would
provide either subsensation treat-
ment or sham treatment. Group [11
served as wait-in-linc placebo con-
trols, to control for any placcbo ef-
fect experienced by the sham-
treated group. The Alpha-Stim CES
device was used {Electromedical
Products International, Inc., Min-
eral Wells, TX). Each device was
preset to provide 1 hour of 100-p A,
modified square-wave biphasic
stimulation on a 50% duty cycle at
0.5 Hz, and to automatically turn
off at the end of the hour. To pre-
vent the subjects from increasing

the current fron the 100-pA preset-
ting, once the current level had
been set, the current setting dial
was removed from the device and
the space that it occupied was per-
manently sealed. All treatment was
given via electrodes clipped to the
ear lobes. Sham treatment was pro-
vided by identical ear clip elec-
trodes that did not pass current. All
ear clip electrodes had a number
etched on them, identifying cach as
real or sham treating, and the code
was kept in a sealed envelope away
from the study site.

All subjects, the staff, the ex-
amining physician, and the psy-
chometrician remained blind to
the treatment conditions. After the
study, the staff opened the code en-
velope and separated the patient
evaluation forms into treatment,
sham treatment, or placebo control
groups. The statistician who evalu-
ated the final study results re-
mained blind to the treatment
conditions, working from three
identical groups of study data dur-
ing the data analysis. The above
procedures rendered the study es-
sentially quadruple-blind.

Just prior to beginning the
treatment phase of the study, the
study physician pretested all pa-
tients on nine bilateral tender
points and three bilateral sham ten-
der points. The sham points were
on the biceps, the abdomen, and
the gastrocnemius. Any scores ob-
tained at these points were sub-
tracted from the total tender point
score. The patients then completed
self-ratings of overall pain, quality
of sleep, feeling of well-being, and
quality of life, all en 10-point self-
rating forms that were provided.
Finally, the patients completed the
Profile of Mood States {POMS) (Ed-
ucational and Industrial Testing
Service, San Dicgo, CA), a stan-
dardized paper and pencil psycho-
logical test measuring the follow-
ing mood factors: tension/anxicty,
depression /dejection, anger/hos-
tility, energy/vigor, fatiguc/iner-
tia, and confusion/bewilderment.
An overall total mood disturbance
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score could also be computed with
a formula given in the POMS user’s
manual.

Following the pretests, subjects
in groups 1 and I1 were taught how
to use the CES unit, and they were
instructed to use it every day for 1
hour over a 3-week period. At the
end of that time, they returned to
the clinic for postireatment evalua-
ticns as above. Group Il subjects
were given no CES device, but they
were told to return in 3 weeks for
retesting.

All subjects were told that
those sham-treated and placebo-
controlled patients who did not re-
ceive treatment during the study
would be provided CES treatment
after the conclusion of the double-
blinded part of the study if they
wished. That treatment would be
in an open, non—double-blind clini-
cal trial in which each patient
would be provided an Alpha-5tim
CES unit o use at home, and they
would be allowed to adjust the
stimulation intensitv to maximum
comfort level

During the study, a clinical
staff member called each member
of groups | and Il once a week
to check on compliance. It was
checked again when subjects came
in for final study evaluations.

RESULTS

Ne differences were found on
the 12 pretest measures among the
three study groups at the begin-
ning of the study. The question
sometimes arises in studies of this
kind if the study outcome might be
attributed to differences in patient
medications in the various study
groups. We did not control specifi-
cally for that, assuming that the
randomization of patients into the
three groups would scatter this ef-
tect more or less equally across the
groups. These results indicate that
the assumption was correct.

The double-blind conditien de-
pended on the stimulation current
being below sensation threshold in
most patients so that the patients
would not know whether or not
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they were actually receiving treat-
ment. CES electrodes contain a felt
covering that is thoroughly wetted
prior to placing it on the patient,
and many patients experience the
cold covering as stimalation, and
they report & feeling of tingling,
even after the moistened felt has
warmed to skin temperature. Be-
cause sham-treated patients have
been just as likely to report this sen-
sation as have treated patients in
past studies, we did not ask for
this information from the patients.
After the study, however, four pa-
tients volunteered the information
that they had felt a tingling sensa-
tion from the electrodes during the
study. Two were later tound te be
sham treated and two had received
actual treatment.

The double-blind treated group
had significant mean gains on ten-
der point score {f = 2.27, p < 001},
self-rated pain (f = 3.04, p << 0.002),
quality of sleep (# = 2.05, p < 0.02),
feeling of well-being (¢ = 1.67, p <
0.05), and quaiity of life ({ = 1.92,
p < (L03). There were 38 degrees
of freedom on each analysis. The
sham-treated and placebo-con-
trolled groups had no positive
gains during the study.

Since subsensation CES at 100
RA is a very small leve] of stimula-

tion, it was decided also to com-
pare the treated subjects in the dou-
ble-blind study against those in the
poststudy open clinical group who
reported having used an intensity
of stimulation that was above sen-
sation level.

Only 23 of the 40 control pa-
tients opted for actual CES treat-
ment after their participation in the
double-blind part of the studw
When the test scores of those who
came in for the additional treat-
ment were compared with those of
the group not asking for additional
treatment, no differences were
found on their 12 pretest measures
except on the self-rated quality of
life, in which those requesting
treatment had significantly lower
scores (£ = 2,48, df = 38, p < 0.02).

The four groups that were ana-
lyzed are shown in Figure 1, where
it can be seen that there was no
positive placebo effect among the
sham-treated patients on the scores
presented.  One-tailed analyses
were performed to see if the ob-
served mean reductions of the
scores among the treated groups
were significant.

The open clinical group had
significant gains on tender point
scores (= 3.27, p < 0.001), self-
rated pain (f = 1.68, p <= 0.05), qual-
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FIGURE 1. Response of patients on varions measures.
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ity of sleep (t = 3.89, p < 0.001}), feel-
ing of well-being (t = 533, p <
0.001}, and quality of life (¢ = 5.23,
p < 0.001). There were 44 degrees
of freedom in each analysis.

Figure 2 shows the distribu-
tion of pre- and posttreatment self-
rated pain scores for all study sub-
jects, whe ultimately received CES
treatment during the study, either
double-blind or open clinical. It
can be seen that the pain scores
dropped off in intensity fairly dra-
matically for many of the subjects
after treatment. Overall, there was
a 27% reduction in self rated pain
scores among the treated group
and a 28% decrease in the tender
point scores.

Among the areas tested, the
self-rated sleep score was the one
that showed the greatest improve-
ment from the cpen clinical freat-
ment, which provided a higher
level of stimulation intensity. Fig-
ure 3 shows that fewer than 5% of
the patients in this group ended the
study reporting little or no sleep,
whereas over 60% of the study
group reported little or no sleep on
entering the study. Again, there
was no significant placebo effect on
sleep from the sham treatment.

There were fairly dramatic im-
provements on all of the psycho-
logical factors measured among
the subjects receiving deuble-blind
CES treatment, as can be seen in
Figure 4. Because of wide varia-
tion among scores across all sub-
jects, parametric testing could only
find significance on the vigor score
(t = 2.97; p < 0.01, two-tailed) and
fatigue score {f = 193, p =< 0.03,
one-tailed p < 0.06 two-tailed; df =
38).

Although no attempt was
made to measure medication use
among patients during the study, it
was noted that several of Lhe pa-
tients who had received actual
treatment, but none of the un-
treated controls, told members of
the research team that they had
compietely eliminated all pain and
sleeping medication by the end of
their 3 weeks of treatment.
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DISCUSSION

We  clesely  approximated
Wolfe’s finding of sleep pattern dis-
turbances in 75% of the fibromyval-
gia patients he studied (17). Sixty
percent of our patients had a simi-
lar complaint going into the study.
Others have also noted this prob-
lem and report that it is most
likely because of intrusion of faster
alpha waves during non-rapid-
eye-mavement sleep (21). Studies
cited above have shown that CES
tends to normalize the electroen-

cephalogram after several treat-
ment sessions (11). In the present
study, the patients responded as if
this might be so, with the vast ma-
jority of thern reporting little or no
restful sleep going into the study
and fewer than 5% of them persist-
ing in this complaint after CES
treatment. Meanwhile, their pain
associated with fibromyalgia was
significantly reduced.

Leventhal concluded his re-
view of 34 studies of drug treat-
ment and 12 studies of nondrug

12

-
o

s Pra Traatment
= = Post Treatment

f=]

Number of Patients Reporting
=2

1 2 3 4 5 8 7 8 S 10
Ascending Pain Level, 10 Point Self Rating Scale
FIGURE 2. Pre- and postireatrent paii scove distribution,

70 '
f _ { Little or No Sleep

# Moderate Sleep

&0 : Good, Very Restful Steep

Percent in Each Sleep Catagory

Sham Rx Sensate CES

Subsensation CES
Group Reporting
FIGURE 3. Slcep pattern of stidy groups.

Pre Study

75



40
30

20 |

Percent Improvemant, Pre to Post Score

Aniety Deprassion Anger

. TPlEacebo Contioks
B Sham CES
ACES Treated

.20 —J

WVigor Fatigue

Total Mood
Chsturbance

Confusion

Psychologlcal Factor Measured

FIGURE 4. Changes in psychological scores pre- to posttreatiment.

treatment of fibromyalgia patients
by saying, “Overall, clinical evi-
dence suggests that the most eoffec-
Hve agents in managing the pain of
fibromyalgia arc those that affect
neurotransmitter metabolism at the
receptor site” {16). CES has been
long thought to have as one of its
major effects a normalizing of the
neurotransmitter homeostasis  in
the brain (2).

Another study cited above con-
cluded that a subset of fibromyal-
gia patients have a dysfunction
traceable to the brain’s hypotha-
lamic pituitary axis (19). CES is al-
most  certainly stimulating  that
axis when it engenders increases
in IGF-1 production in low-1GF-
1-producing females (12).

As to whether CES might
prove to be an acceptabie therapeu-
tic approach to use with fibromval-
gia patients, Leventhal also noted
that fibromvalgia patients in one
study were found to be 91% more
likely to pursue alternative thera-
pies than were the nonfikromyalgia
controls (16).

Among alternative treatments
that have been considered, biofeed-
back in combination with exercise
training and relaxation training re-
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sulted in a significantly greater
benefit and longer lasting improve-
ment over the use of any of those
therapies alone in the fibromyalgia
patients studied (22}. It is interest-
ing to speculate that CES might be
a meaningful addition to such al-
ternative therapeutic procedures.
In our experience, patient accep-
tance of this therapy has been very
high, and CES has been shown to
dramatically potentiate the effects
of biofeedback therapy when the
two are given together (23).

As another nondrug alterna-
tive therapy, acupuncture has lately
been the topic of a National Insti-
tutes of Health consensus report
that stated, “acupuncture may be
useful as an adjunct treatment or
an acceptable alternative or may be
included in a comprehensive man-
agement program” (24). In that
connectiom, the Alpha-Stim 100
provides probe electrodes that are
often used by acupuncturists prac-
ticing electroacupuncture, a ther-
apy that has been rated as good
and sometimes superior to needle
acupuncture alone. Reasons tor the
preference of noninvasive elec-
troacupuncture are the following: it
eliminates the effects of tissue dam-

age caused by manual insertion
and twirling of needles, it avoids
the possibility of transmitting dis-
eases such as acquired immunode-
ficiency syndrome or hepatitis, and
it reduces treatment time on each
treatment point from 20 minutes to
10 to 12 seconds (25). 1t can also be
done by a trained paramedic or by
the patient alone (26).

Insofar as all of these are non-
drug therapies, their use in a multi-
modality treatment program could
avoid, to a large extent, most or all
of the major adverse effects listed
in Leventhal's review that resulted
from the various drug therapies.
Those adverse effects were experi-
enced by up to 20% of patients
using them (16). On the other hand,
patients in those studies improved
up to 28% at best, a figure similar to
that found in the present study
whose patients experienced no sig-
nificant negative side cffects. Un-
like medication, there is no ongo-
ing cost to the patient with CES
therapy other than the initial acqui-
sition of the device and training in
its clinical application.

There was some  question
among the research staff as to why
the sham-treated subjects tended to
become worse on most of the pa-
rameters measured whereas their
wail-in-line  placebo- controlled
subjects did not. Although the re-
search protocol was not designed to
answer that question, there is a
strong possibility that patients who
thought they might be receiving
CES treatment did not wish to use
other ftreatment strategies that
might interfere with its possible
effectiveness  during  the study.
Meanwhile, the placebo-controlled
subjects were typically doing every-
thing they couid to ameliorate their
pain symptoms while waiting their
turn for the CES treatment.

In this study, we have shown
that CES is an effective treatment
for several important elements in
the syndrome of fibromyalgia. Be-
cause the study was double-blind,
treatment of very low intensity for
only 1 hour a day was given. The
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control  group  participants who
later received greater stimulation
in the open clinical phase after the
double-blind  study experienced
greater gains in several of the areas
measured.

This study was a first of the use
of CES in fibromyalgia. Additional
research will be needed to validate
these results and to learn how CES
can best be fit into the larger fi-
bromyalgia treatment milieu. Fu-
ture studies might also explore the
effects of extending both the num-
ber of treatments per dav and/or
the number of days in the duration
of treatments, either or both of
which could possibly result in
greater reductions in svmptoms
among their fibromyalgia patients.

For now, because of the limita-
tions of time and space in a typical
office practice, physicians can pos-
sibly best use CES by instructing
the patient in the correct applica-
tion of the electrodes and adjust-
ment of the stimulation fevel and
time controls, then prescribing it
for home use. These instructions
are provided in the patient infor-
mation booklet that comes with the
CES device. The ear clip electrodes
used in this study were placed as
high on the ear lobe as possible and
as close to the cheek as possible, as
is shown in Figure 5. The patient
should be followed every week or
so until the physician feels confi-
dent that the patient is using it cor-
rectly and positive results are being
obtained.

Since CES can potentiate the of-
fects of some medications, the pa-
tient should be monitored more
closely when a new medication is
prescribed or any change in the
dosage of presently prescribed
medications is contemplated. The
patient should alse be monitored
more closely if he or she requests to
be allowed to use the CES device to
reduce or eliminate the use of any
given medication.

The physician should not be
concerned that the patient might
overuse the CES device at home,
since some hospitals withdraw pa-
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FIGURE 5. Ear clip electrode placeicnt on
palients in the study.

tients from benzodiazepines by
treating them with CES 24 hours a
day for 10 days (except when they
are in the shower) and then reeval-
uating their symptoms prior to
adjusting the treatment level. No
negative side effects have been
reported from this use {27). In addi-
tion, cancer patients are clinically
reported to have used CES from 2
to 16 hours a day to control or elim-
inate pain throughout the body for
months at a time (M. Waddington,
personal communication, October
2000).

The physician and patient
working together can usually come
up with the best plan for the use of
CES as the patient gains more expe-
rience with the device and acquires
skill in reporting its effect.
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COMMENTARY

This article is certainly intrigu-
ing. The results are s¢ positive in
such a difficult-to-treat population
that one becomes skeptical. None-
theless, positive results in a double-
blind controlled study need to be
taken seriously.

1 wonder if this study can be
teplicated. 1 have often thought
that therapies that help tibromyal-
gia patients in the short run—ther-
apeutic massage, physical therapy
techniques, and the like—do not

seem very helpful in the long run.
Long-term follow-up of these pa-
tients, especially in a controlled
double-blind setting, wouid be use-
ful.

Tt is hard for me to think that a
therapy as innocuous and simple
as this one can realign neurotrans-
mitters. However, it is hard to dis-
pute the present data. The fact that
U(¥% of the patients treated with the
cranial electrotherapy stimulation
reported improvement in quality of
life compared with a 20" reduction
in patients receiving a sham treat-
ment is truly amazing,

Robert S. Katz, MD
Chicage, Hlinois
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