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KEY POINTS
! Cranial electrotherapy stimulation (CES) is a US Food and Drug Administration–approved,
prescriptive, noninvasive electromedical treatment that has been shown to decrease
anxiety, insomnia, and depression significantly.
! Side effects from CES are mild and self-limiting (<1%); these include vertigo, skin irritation
at electrode sites, and headaches.
! A functional magnetic resonance imaging study showed that CES causes cortical deactivation, producing changes similar to those produced by anxiolytic medications. Electroencephalographic studies show that CES increases alpha activity (increased relaxation),
decreases delta activity (reduced fatigue), and decreased beta activity (decreased ruminative thoughts).
! Neurotransmitter studies revealed that CES increased blood plasma levels of b endorphin,
adrenocorticotrophic hormone, serotonin, melatonin, norepinephrine, and cholinesterase.
CES also decreased serum cortisol levels.
! CES treatments are cumulative; however, most patients show at least some improvement
after the first treatment. Depression can take up to 3 weeks for initial response. Insomnia
varies widely with some individuals having improved sleep immediately and others not
having improved sleep until 2 months into treatment.
! A trial treatment in the office or clinic can identify those individuals who readily respond to
CES treatment. CES can also be used during psychotherapy sessions and with medications, hypnosis, and biofeedback to decrease patient anxiety.
! CES is cost-effective compared with drugs and other devices used in psychiatry. It is easy
to use in both clinical and home settings.
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INTRODUCTION

Cranial electrotherapy stimulation (CES) uses medical devices about the size of a cell
phone that send a pulsed, weak electrical current (<4 mA) to the brain via electrodes
placed on the ear lobes, maxilla-occipital junction, mastoid processes, or temples.
CES was first cleared for interstate marketing and export by the US Food and Drug
Administration for the treatment of anxiety, depression, and insomnia in 1979 and
its use in clinical practice has steadily increased over time. The primary treatments
used today for anxiety, depression, and insomnia are pharmaceuticals and psychotherapy. Both approaches have limitations in terms of effectiveness, side effects,
costs, or time required. During the last decade, an increasing number of psychiatrists
are integrating CES treatments into their clinical practice because it is noninvasive,
has few side effects (1% or less), and treats anxiety, depression, and insomnia simultaneously. However, many clinicians are still unfamiliar with the considerable scientific
evidence demonstrating the efficacy of some CES devices. This article summarizes
neurophysiologic effects and the clinical research on CES as well as methods for integrating CES into the treatment of anxiety, depression, and insomnia.

NEUROPHYSIOLOGIC EFFECTS AND RESEARCH STUDIES

The brain functions electrochemically and can be readily modulated by electrical
intervention. Research conducted at the Biomedical Engineering Program of the
University of Texas at Austin indicated that from 1 mA of current, about 5 mA/cm2
of CES reaches the thalamic area at a radius of 13.30 mm and may facilitate the
release of neurotransmitters, which in turn could cause physiologic effects such as
relaxation.1 CES is believed to affect the subcortical brain structures known to regulate emotions, such as the reticular activating system, thalamus, and hypothalamus,
as well as the limbic system. CES may stimulate regions that regulate pain messages,
neurotransmitter function, and hormone production via the hypothalamic-pituitary
axis.2 CES treatments induce significant changes in the electroencephalogram,
increasing alpha (8–12 Hz) relative power and decreasing relative power in the delta
(0–3.5 Hz) and beta (12.5–30 Hz) frequencies.3 Increased alpha correlates with
improved relaxation and increased mental alertness or clarity. Decreased delta
waves indicate a reduction in fatigue. Beta-wave reductions between 20 and 30 Hz
correlate with decreases in anxiety, ruminative thoughts, and obsessive/compulsive-like behaviors.
Low-resolution electromagnetic tomography and functional magnetic resonance
imaging studies showed that CES reached all cortical and subcortical areas of the
brain, producing changes similar to those induced by anxiolytic medications.4,5
Many symptoms seen in psychiatric conditions, such as anxiety, insomnia, and attention deficit disorders, are thought to be exacerbated by excess cortical activation.6,7 A
recent functional magnetic resonance imaging study showed that CES causes cortical
brain deactivation in the midline frontal and parietal regions of the brain after one
20-minute treatment.4
CES treatments have been found to induce changes in neurohormones and neurotransmitters that have been implicated in psychiatric disorders: substantial increases
in beta endorphins, adrenocorticotrophic hormone, and serotonin; moderate increases
in melatonin and norepinephrine, modest or unquantified increases in cholinesterase,
gamma-aminobutyric acid, and dehydroepiandrosterone, and moderate reductions
in cortisol.8,9 Table 1 shows some of the chemical changes associated with use of
the LISS CES device.
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Table 1
Mean changes in neurochemicals in blood plasma after one 20-minute CES session

a

Neurochemical

Change

Implications

Beta endorphin

[ 98%

Decreases pain

Adrenocorticotrophic hormone

[ 75%

Promotes homeostasis

Serotonin (5HT)

[ 50%

Improves mood
Increases pain tolerance
Decreases insomnia

Melatonin

[ 25%

Induces sleep

Norepinephrine

[ 24%

Increases pleasure
Increases arousal

Cortisol

Y 18%

Reduces stress response

Cholinesterase

[ 8%

Increases relaxation

gamma-Aminobutyric acid

[a

Decreases spasticity

Dehydroepiandrosterone

[a

Improves immune system functioning

Percentage increase not stated in source.

Cranial Electrotherapy Stimulation for Anxiety, Depression, Insomnia

There is a wealth of data on CES from more than 40 years of research. In 3 randomized, double-blind, sham-controlled studies and 1 investigator-blind study with
a control group that included 227 subjects, the active CES groups had significantly
lower scores on anxiety outcome measures than the sham or control groups.10–13
Effect sizes ranged from d 5 "0.60 (moderate) to d 5 "0.88 (high). Effect sizes
from 2 open clinical trials (N 5 208) investigating the efficacy of CES for anxiety
were also robust at d 5 "0.75 (moderate) and d 5 "1.52 (very high) on the Fourdimensional Anxiety and Depression Scale and the Hamilton Anxiety Rating Scale
(HARS), respectively.14,15 CES was also shown to decrease depression14,16 and
insomnia significantly.17,18 These studies used the Alpha-Stim (Electromedical Products International, Inc, Mineral Wells, Texas) brand of CES device with reliable and
valid outcome measurement scales. A limitation of these CES randomized controlled
trials (RCT) is that they were small with the number of subjects ranging from 33 to 74.
These studies need to be replicated with a larger number of subjects. Three
studies11–13 used a rigorous double-blind, sham-controlled RCT design, whereas
the remaining studies cited were RCTs or open-label studies. Additional, ongoing
double-blind, sham-controlled RCTs with larger numbers of subjects, funded by the
National Institutes of Health, Department of Defense, and Veterans Administration,
will strengthen the evidence for CES treatments.
Cranial Electrotherapy Stimulation for Assaultive Behavior

Preliminary research on the use of CES in psychiatric populations is extending to
assaultive behaviors. Forty-eight chronically aggressive neuropsychiatric patients
were treated for at least 2 to 3 months with CES at North Texas State Hospital at Vernon, a maximum security psychiatric hospital.19
! The patients, ages 18 to 62, had been hospitalized from a few months to more
than 20 years and included many of the most resistant patients in the maximum
security unit.
! The patients remained on their antipsychotic and mood stabilizing medications
during CES.
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! Every patient had multiple comorbidities: 45 of the 48 carried psychotic diagnoses; mental retardation was present in 31, and central nervous system trauma
was etiologic in 6. Well-controlled seizure disorders were noted in 18.
! Some form of personality disorder was diagnosed in almost all cases, but only
3 were diagnosed primarily with antisocial personality disorder.
! Two patients had Huntington chorea, and 2 others had pervasive developmental
disorder with psychosis.
! One patient met criteria for intermittent explosive disorder.
! Psychotic diagnoses included schizoaffective disorder, 12 (all manic); disorganized schizophrenia, 8; paranoid schizophrenia, 7; undifferentiated schizophrenia, 5; and bipolar disorder (manic), 2.
! Of the 48, 41 had been declared manifestly dangerous.
! The remaining 7 patients had been found incompetent to stand trial on felony
charges involving bodily injury.
Forty of the 48 (83%) responded positively to CES. In the 3 months before CES, the
group committed 1301 acts of aggression. During the 3 months of active CES treatment, there were 767 acts of aggression, a decline of 41% (P<.001). Seclusions
declined 40% (P 5 .05) from 199 to 120, and the number of times patients required
restraint decreased 40% (P<.001) from 446 to 268. Frequency of PRN medication
declined 42% (P<.01) from 648 times over 3 months pretreatment to 377 times during
3 months of active treatment. The decrease of 271 PRN medication doses in 3 months
resulted in a savings of more than $12,000 for these medication expenses alone. Overall, 32 of the 48 patients were able to be discharged from the hospital, and none
returned for at least 2 years, as of the presentation by Childs at the American Psychiatric Association annual conference in 2007. Five of the 6 central nervous system
trauma cases improved. Among the 7 patients previously incompetent to stand trial,
6 who responded to CES were subsequently found competent and have been
returned to the courts for judicial processing. Two other patients, one of whom was
primarily antisocial, and the other with pronounced antisocial traits, were nonresponders to CES.
CLINICAL CONSIDERATIONS AND GUIDELINES

To integrate CES into the practice of psychiatry for the treatment of anxiety, posttraumatic stress disorder, depression, and insomnia, the authors recommend a trial series
of treatments in a clinic or office to evaluate responses in each individual. After the
initial trial, patients can be prescribed a CES device to use at home, giving them
increased control over the management of their symptoms. In addition to a regular
20- to 60-minute treatment daily or every other day, patients can add treatments as
needed. Some clinicians find it useful to set up a CES lounge where patients can
come in for treatments whenever they feel stressed.
Cranial Electrotherapy Stimulation During Psychotherapy Sessions

CES may also be used during psychotherapy sessions. Using CES during a therapy
session decreases anxiety and usually improves the patient’s ability to share problems, concerns, and worries with the therapist, as well as to respond to the therapist’s
questions more effectively. Anecdotal reports from psychiatrists and other mental
health professionals on the use of CES during therapy are consistently enthusiastic.
CES induces a prehypnotic relaxed state of mind and body that is complementary
with many other interventions.
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Concurrent Pharmacotherapy

CES can be used with pharmacologic therapy without concern about potential medication interactions. However, it is important to inform the patient that CES may
decrease the need for medication. As the patient improves, both the psychiatrist
and the patient should be alert for symptoms that may indicate a need for a dosage
adjustment.20
Self-directed Home Treatment

Most individuals are capable of doing self-directed CES therapy at home. Treatments
may need to be performed daily during the first 1 to 3 or 4 weeks and then 2 to 3 times
per week during a maintenance phase. The individual can also use CES as often as
needed, as there are no side effects from extended use, which is especially beneficial
for those individuals diagnosed with posttraumatic stress disorder and those who
experience panic attacks.
EVALUATING IMMEDIATE AND LONG-TERM EFFECTS

Feelings experienced during a CES treatment are shown in Fig. 1. If the patient feels
heavy, groggy, or euphoric at the end of the allotted time, it is important to continue
the treatment session until the patient feels “light.” At the end of a CES session,
most patients will feel more relaxed, yet alert, and have an increased sense of
well-being.
Evaluating a single 20- to 40-minute trial of CES in a clinic or office will help identify
those individuals who most readily respond to CES. However, CES effects are cumulative so those who do not respond initially may benefit when given daily treatments
(20–60 minutes) for 1 month or longer.21
A psychiatrist who would like to document treatment progress in CES patients may
chose to use the HARS, Hamilton Depression Rating Scale 17, and/or the Pittsburgh
Sleep Quality Index, all of which have proven useful in evaluating CES outcomes. The

Fig. 1. Feelings experienced during CES treatment stages.
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HARS should be administered before and immediately after the first treatment and
after 3 weeks and 6 weeks of daily use. For depression and insomnia, which typically
respond more slowly, patients should be tested before, but not immediately after, the
first treatment. Measurements at 3 weeks and 6 weeks provide useful assessments of
patient progress.
CONTRAINDICATIONS, PRECAUTIONS, AND ADVERSE EFFECTS OF CRANIAL
ELECTROTHERAPY STIMULATION

There are no known contraindications to the use of CES. The only precaution is
regarding use during pregnancy. A study of potential teratogenic effects from CES
was conducted on 844 Spraque-Dawley fetal rats.22 The treated rats were divided
into 3 groups and given CES 1 hour daily throughout their pregnancy at either 10, 100,
or 1000 Hz, while the parameters of 1 V, 0.125 mA, at a 0.22-microseconds pulse width
remained constant. On day 18 of pregnancy, the dams were killed and cesarean section
was performed immediately. After thorough external examination, autopsies evaluated
the palate, heart, major vessels, lungs, liver, kidneys, ureters, and bladder. Examinations
under light microscopy revealed no neural tube defects, limb reduction deformities, or
anterior abdominal wall abnormalities in the controls or in any of the treatment groups.
Skeletal surveys of the fetal rats found no vertebral column, rib, or long bone deformities.
Comparison between groups revealed more pregnancy resorptions and fewer offspring
in all treatment groups compared with the control group, with the difference only reaching significance in the 1000-Hz treatment group. Average fetal weights were inversely
proportional to frequency and were significantly different among groups. Fetal brain
weight followed a similar pattern of reduction, except that weights were not significantly
different between the medium and highest frequency treatment groups.
In their discussion, the researchers stated that, whereas the incidence of congenital
anomalies was zero, the reason pregnancy resorptions were increased may be due to
the CES-treated rats being more complacent. Their behavior resembled the calming
effects of CES in humans. The treated rats were not as active as the control rats.
Accordingly, it is possible that food intake was lowered in the treatment group,
a reasonable implication given the reduction in fetal weights. They concluded that
CES may be embryolethal in the very early stages of pregnancy in the rat and might
cause some miscarriages, especially at 1000 Hz, but there is no evidence of fetotoxic
effects. The relevance of these findings to humans is unknown.
Adverse effects of CES in humans occur in less than 1% of cases and they are
usually mild and self-limiting. These adverse effects include vertigo, skin irritation at
electrode sites, and headaches. Headaches and vertigo are usually associated with
the current being set too high for the individual. These effects resolve when the current
is reduced or within minutes to hours following treatment. Irritation at the electrode site
can be avoided by moving electrodes around slightly during treatments. No serious
adverse effect has ever been reported from using CES.23
SUMMARY

CES can improve the safety and efficacy of treatment of anxiety, insomnia, and
depression. When prescribed for home use, patients are empowered to regulate their
own moods and to overcome their sleep problems, thus enhancing patient outcomes.
Compared with other neuerostimulation techniques for brain repair, CES is noninvasive and less expensive and can be used safely and conveniently by patients at
home. It is useful as an adjunct to medication or psychotherapy or as a stand-alone
treatment. Historically CES has been used as a last resort when medications and other
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interventions fail or are not well tolerated. With an increase in the evidence base for
positive outcomes, more physicians are recognizing CES as a first-line or adjunctive
treatment.
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