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ABSTRACT The aim of this article is to present own obtained results in a pilot study performed with the use of cranial electrotherapy
stimulation (CES).

The evaluated sample comprised patients with a) anxiety and depression, b) cystic fibrosis, c) moderate hypertension, as well as d) ADHD children.
Each group is containing of 10 patients. All problems were diagnosed according DSM-IV criteria.

For measuring behavioral issues Child Depression Inventory (CDI), Scale for Anxiety for Adolescents (SCAN) and Beck Depression Inventory (BDI)

were applied.

Quantitative electroencephalography (qEEG) is performed for evaluation the brain spectra before and after treatment. Spectrum weighted

frequency was calculated in CZ to measure general mental arousal.

Obtained results confirm the efficacy of CES treatment in different psycho physiological disorders such as general anxiety, moderate depression
and hypertension butin nonlinear dependences.No significant results are obtained for ADHD children. However, for ADHD children neurofeedback

is more effective.

KEYWORDS : cranial electrostimulation therapy, depression, anxiety,

moderatehypertension.

Background

Although the effect of electrical current on living tissues has been
known for centuries, systematic research in this field was performed-
mostly in the last years of 20-th century. It was proved that a week
scalp direct current can influence prolonged changes in brain ex-
citability. Conventional neural networks are characterized by many
neurons coupled together through synapses. The activity, synchroni-
zation, plasticity and excitability of the network are then controlled
by its synaptic connectivity. Cranial electrotherapy stimulation could
change synaptic activity by fluctuations in specific ionic or neuro-
transmitters concentration and in this way to modulate neuronal ex-
citability (Durand, 2010).

It is known from the basic neurophysiology that direct current shifts
membrane potential of neurons toward either hypo or hyper polari-
zation, depending on the direction of the current. Week direct current
placed on the scalp changes membrane potentials of cortical neurons
only slightly.

Controlled studies provide evidence that CES is effective for anxiety
(Kirsch,2007; Winick, 1999), depression (Millet, 2009; Gilula, 2005),
headaches (Tarasova,2008), fibromyalgia (Smith,2000), smoking ces-
sation (Wing, 2013), drug withdrawal symptoms (Lori,2010), post-
traumatic stress disorder (Novakovic, 2011), obesity (Bolotova, 2010),
pain (Jung, 2012), hypertension (Podzolkov, 1992), for neuroenhance-
ment in aging patients (Zimerman, 2013; Fujiyama, 2014), for ame-
liorate sustained attention (Chen, 2011) as well as in Alzheimer dis-
ease (Scherder, 2006).

It remains not quite clear how the electrical current from CES may al-
ter brain activity. It is supposed that abouta half of the applied CES
current enters the brain, with the highest levels of current recorded in
the thalamus. One theory suggests that the cranial alternating current
stimulation interferes with ongoing brain wave oscillations by intro-
ducing cortical noise (Zaghi,2010). In vitro studies of rat brain slices
show that high-frequency (50-200 Hz) sinusoidal current stimulation
suppresses activity in cell bodies and axons (Jensen and Durand,
2007). Perhaps the most investigated effects to date of CES have
come from electroencephalographic studies, which have found re-
cordings to be altered during and after treatment with CES. Applying
CES at 0.5- and 100Hz resulted in simultaneous EEG downward shift
in mean alpha frequency, with greater effect for 100 Hz stimulation
(Schroeder and Barr cited in Higgins 2009).

Changes in EEG pattern could be obtain also with neurofeedback

training, which is additional non-invasive and cost-effective tool used
widely in psychophysiology (Pop-Jordanova2009). Neurofeedback
is a technique in which a person uses information about a normally
unconscious body functions (blood pressure, muscle tension, heart
rate, electrical brain activity etc.) to gain conscious control over these
functions.

The aim of this article is to present the results of our pilot study of the
use of CES, used for the first time in our region.

Subjects and method

In this study following subgroups of patients were included: a) ado-
lescents with depression and high anxiety; b) adolescents with cystic
fibrosis (CF) supposing to have anxiety and depression, both groups
with mean age 20,77 £ 5.5 years; c) children with ADHD, mean age
8.5 + 1.2 years, d) adults with moderate hypertension, mean age 65.2
+ 7.5 years. Each subgroup includes 10 patients, both gender.

All patients obtained 10 sessions of cranial electrotherapy (5+5 with
weekend pause), using Alpha StimR modality, with 350 mA current
power during 20 minutes. The electrodes were placed on both ear
lobes.

Behavioral measurement comprised: Child Depression Inventory (CDI)
and Scale for anxiety for adolescents (SCAN) as well as Beck Depres-
sion Inventory (BDI) for adults. Patients with moderate hypertension
were checked for arterial tension and pulse before and after each ses-
sion of CES.

QEEG analysis using Mizar equipment with 19 electrodes placement
was made before and after all CES sessions. Spectrum weighted fre-
quency (brain-rate parameter) is calculated in CZ using the following
formula(introduced in 2005 by Pop-Jordanova N. and Pop-Jordanov J.)
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where the index idenote the frequency band, and Vi is corresponding
mean amplitude of the electric potential.

For statistics the descriptive method (mean values and standard de-
viation) as well as Student’s t-test were used. Results are presented in
tables and graphics.
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Results
Obtained results for SCAN and CDI are presented on Fig. 1.
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Fig.1 Results obtained with CDI and SCAN before and
after treatment

For the group of adolescents, as can be seen, only scores on SCAN
showed significant diminishing after CES treatment. Depression
scores are also diminished, but without statistical significance.

In adults, mean BDI scores before treatment were 25 + 2.45 (con-
firming moderate depression) and were reduced to 14+ 1.33 (mild
depression) after the treatment. Obtained statistical significance is on
the level p< 0.05.

Numerical changes in pulse and arterial tension are presented on Ta-
ble 1.

Table 1 Student t- test for changes of arterial tension
and pulse

TA before TA after t- value p value
126.3333 113.0952

+13.18 +6.46 43 0.000047*
Pulse before | p 0 after t- value p value
69.16+84  lg385:88 |82 0.0011*

The qEEG recording was made before and after 10 sessions of cranial
electrotherapy in two conditions: eyes open and eyes closed.

Fig. 1 shows brain spectra for adolescent patient with anxiety in eyes
closed condition. As can be seen beta frequency is dominant confirm-
ing the high anxiety which is reduced after electro stimulation (Fig 2).
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Fig. 1 Brain map in adolescent with high anxiety in EC
condition

(Vertical axis shows % of relative power in uV2, horizontal axis pre-

sents frequencies in Hz, colors are related to power as shown on leg-

ends near the brain map; red signify maximal intensity of frequency
band; High beta in frontal region is related to anxiety)
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Fig. 2 Spectra of the same patient after CES treatment
(there is decrease of beta in frontal region)

Alpha waves calculated separately in different scalp points before and
after CES treatment are presented on Fig. 3. It is obvious that alpha
brain waves are higher after cranial electro stimulation. Theta fre-
quencies are alsochangedafter stimulation therapy (Fig.4).
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Fig. 4 Changes of theta brain waves

Calculated brain-rate parameter in CZ shows small shifting trough
under arousal (Table 2). Using neurofeedback in ADHD children we
obtained changes in EEG spectra and brain-rate parameter as well.
Figure5shows our own obtained results concerning neurofeedback
treatment in ADHD children.lt is well presented that neurofeedback
treatment changes the power of theta, beta brain waves, the ratio
theta/beta, as well as the brain rate.

Table 2: Brain rate parameter (before and after CES)

After
Before training training
Disorder EC EO EC EO
Anxiety-adults | 10.54 8.56 9.45 7.26
Anxiety-children |8.19 7.57 7.23 6.45
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Figure 5. Changes of biofeedback parameters (before
and after NF training)

Discussion

A bibliography cited by Kirsch, listed 126 scientific studies of CES in-
volving human subjects and 29 animal studies. Generally, indications
for CES in these studies were depression, general anxiety and sleep
problems and the author confirms the very good obtained results.

In 2006, Ray B. Smith published one of several meta-analyses on the
body of research performed with CES devices. The result of the anal-
ysis showed that the overall effectiveness of CES was improvementin
67%for sleep problems and in 47% for depression.

Different protocols used with neurofeedback therapy can induce
changes in the electroencephalogram, as well. Our experience in
this field is very positive, especially in the treatment of stress-related
disorders, but also in high functioning autism (Pop-Jordanova 2009,
2010). In addition, calculated brain-rate parameter was shown as a
simple indicator of arousal level (Pop-Jordanova and Pop-Jordanov,
2004, 2005, 2010).

It was proved that CES treatments are cumulative; however, most pa-
tients show at least some improvementafter the first treatment.

CES is cost-effective compared with drugs and other devices used in
psychiatry. It is easyto use in both clinical and home settings.How-
ever, in modern medicine biophysical tools are used frequently as a
unique or additional therapies which highly diminish use of drugs.

Conclusion

Our results in this pilot study confirm efficacy of electro stimulation
therapy in patients with moderate hypertension, anxiety and depres-
sion. We did not obtained significant improvement for symptoma-
tology in ADHD children. This group of patients respond very well to
neurofeedback therapy.

The effects of cranial electro stimulation therapy are nonlinear with
the clinical symptoms as well as with the duration of the treatment.

Improved research designs, larger sample sizes, more integrity in data

collection, and improved data analysis are needed in the future.
The exact mechanism of action of CES remains unclear but it is sup-
posed that it reduces the stress that underpins many emotional dis-
orders. In addition, CES may stimulate regions that regulate pain mes-
sages, neurotransmitter function, and hormone production via the
hypothalamic-pituitary axis (Feusner, 2012; Nitsche, 2011; O’Connell,
2010).

It can be disputable if this modality influence directly on the brain or
it is indirectly, through vagal stimulation. Because the vagus nerve is
associated with many different functions and brain regions, research
is being done to determine its usefulness in treating illnesses such
as anxiety disorders, Alzheimer’s disease, migraines, fibromy-
algia, obesity, and tinnitus, conditions very similar to these treated
with CES.

It is proved that 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. Increased alpha correlates with improved relaxation
and increased mental alertness or clarity. Decreased delta waves in-
dicate a reduction in fatigue. Beta-wave reductions between 20 and
30 Hz correlate with decreases in anxiety, ruminative thoughts, and
obsessive/compulsive-like behaviors (Kennerly, 2004).

REF E RE NCES 1. Bolotova NV, Aver'ianov AP, Dronova EG, Raigorodskii luM, Levit SV. (2012) Transcranial physical methods for correction of neuroendocrine
and cerebral disorders in adolescent girls with obesity. Ter Arkh. 84(10):33-6. | 2. Chen MJ, Thompson T, Kropotov J, Gruzelier JH. (2011) Beneficial
effects of electrostimulation contingencies on sustained attention and electrocortical activity. CNS Neurosci Ther. 17(5):311-26. | 3. Durand

D, Park EH, Jensen AL.(2010) Potassium diffusive coupling in neural networks. Philos Trans R Soc Lond B Biol Sci. 365(1551): 2347-2362. doi: 10.1098/rstb.2010.0050 | 4. Feusner

J, MadsenS,Moody T, Bohon C, Hembacher E, BookheimerS,BystritskyA. (2012) Effects of cranial electrotherapy stimulation on resting state brain activity | Brain and Behavior, 2

(3):211-220 5. Fujiyama H, Hyde J, Hinder MR, Kim SJ, McCormack GH, Vickers JC, Summers JJ. (2014) Delayed plastic responses to anodal tDCS in older adults.Front Aging Neurosci.

6:115. doi: 10.3389/fnagi.2014.00115. eCollection 2014. | 6. Gilula MF, Kirsch DL. (2005) Cranial electrotherapy stimulation review: a safer alternative to psychopharmaceuticals in

the treatment of depression. Journal of Neurotherapy, 9(2), 63-77 | 7. Higgins E., George M. (2009) Brain stimulation therapy for clinicians, American Psychiatry Publishing Inc. | 8.

Jensen AL, Durand DM. (2007) Suppression of axonal conduction by sinusoidal stimulation in rat hippocampus in vitro. J. Neural Eng. 4:1-16. | 9. Jung K, Lelic D, Rottmann S, Drewes

AM, Petrini L, Ellrich J. (2012) Electrical low-frequency stimulation induces central neuroplastic changes of pain processing in man. Eur J Pain. 16 (4):509-21. | 10. Kennerly R. (2004)

QEEG analysis of cranial electrotherapy: a pilot study. Journal of Neurotherapy, (8)2:112-113.| 11. Kirsch DL. and Gilula M. (2007) A Review and Meta-Analysis of Cranial Electrother-

apy Stimulation in the Treatment of Anxiety Disorders - Part 1 Practical Pain Management, 7(2):40-47. | 12. Kirsch DL. and Gilula M. (2007) Cranial Electrotherapy Stimulation in the

Treatment of Anxiety Disorders: Statistical Considerations - Part 2 Practical Pain Management, 7(3):22-39. | 13. Lori K, Pam M, Todd C, Brian E. (2010) New and Promising Technol-

ogies in the Field of Addiction Recovery: Highlights of Emerging Benefits Journal of Social Work Practice in the Addictions. 10(4):331-338. | 14. Millet B. (2009) Electrostimulation

techniques in treatment for severe depression.Encephale. 2009, 35 Suppl 7:5325-9. | 15. Nitsche MA, Paulus W. (2011) Transcranial direct current stimulation--update 2011. Restor

Neurol Neurosci. 29(6):463-92 | 16. NovakovicV, Sher L, Kyle L,Mindes J, Golier J, YehudaR. (2011) Brain stimulation in posttraumatic stress disorder. European Journal of Pyschotrau-

matology, 2: 5609. | 17. O’Connell NE, Wand BM, Marston L, Spencer S, DeSouza LH. (2010) Non-invasive brain stimulation techniques for chronic pain. Cochrane Database Syst. Rev

[Review]9:1-82. | 18. Podzolkov VI, Mel'nikova TS, Suvorova IA, Churganova Liu, Starovoitova SP. (1992) Cranialelectrostimulation—a new nondrug method of treating the initial

stage of hypertension.TerArkh. 64(1):24-7 | 19. Pop-Jordanova N, Pop-Jordanov J. (2005) Spectrum Weighted EEG Frequency (“Brain-rate”) as a Quantitative Indicator of Mental

Arousal, MASA, Contributions, Sec. Biol.Med.Sci, XXVI ,2 : 35-42. | 20. Pop-Jordanov J, Pop-Jordanova N. (2010) Quantum transition probabilities and the level of Consciousness.

Journal of Psychophysiology, 24(2):136-140 | 21. Pop-Jordanova N. (2009) Biofeedback application for somatoform disorders and attention deficit hyperactivity disorder (ADHD)

in children. Int J Med Sci,1(2):17-22 | | 22. Scherder EJ, van Tol MJ, Swaab DF. (2006) High-frequency cranialelectrostimulation (CES) in patients with probable Alzheimer's disease.

Am J Phys Med Rehabil. 85(7):614-8. | 23. Smith R. (2006) Cranial electrotherapy stimulation. A Monograph, Washington.D.C. | 24. Tarasova SV, Amelin AV, Skoromets AA. (2008)

Fluvoxamine, amitriptyline and transcranial electrostimulation of the brain in the treatment of chronic daily headache.Zh Nevrol Psikhiatr Im S S Korsakova. 108(6):43-6. | 25. Wing

VC, Barr MS, Wass CE, Lipsman N, Lozano AM, Daskalakis ZJ, George TP. (2013) Brain stimulation methods to treat tobacco addiction.BrainStimul. 6(3):221-30. | 26. Winick, Reid L.

(1999) Cranial electrotherapy stimulation (CES): a safe and effective low cost means of anxiety control in a dental practice. General Dentistry. 47(1):50-55. | 27. Zaghi S, Acar M,

Hultgren B, Boggio P, Fregni F. (2010) Noninvasive Brain Stimulation with Low-Intensity Electrical Currents: Putative Mechanisms of Action for Direct and Alternating Current Stim-

ulation. Neuroscientist. 16(3):285-307 | 28. Zimerman, M., Nitsch, M., Giraux, P, Gerloff, C,, Cohen, LG., and Hummel, FC. (2013) Neuroenhancement of the aging brain: restoring skill

acquisition in old subjects. Ann. Neurol. 73, 10-15.

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 3



