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Major depressive disorder (MDD) 
is a common mental illness af-
fecting approximately 2.5% 

of the general population. MDD is one 
of the leading causes of disability; it is 
projected to have the second highest 
burden of disease (measured in disabil-
ity-adjusted life years) by 2020 (WHO). 
MDD has negative social consequences 
in terms of reduced employment and 
psychosocial impairment (Anderson et 
al. 2011). The pathophysiology of de-
pression involves both external social 
stressors and internal genetic vulner-
ability.

Anxiety disorders are among the 
most common of all mental disorders 
(Kessler et al. 2005). The diagnostic and 
statistical manual of mental disorders 
(DSM-IV-TR)[2] includes generalized 
anxiety disorder (GAD; a chronic form 
of anxiety characterized by excessive, 
uncontrollable worry), panic disorder 
(PD; with recurrent, unexpected parox-
ysms of anxiety, somatic and autonomic 
symptoms and fear), phobic disorders 
[e.g., specific phobias, agoraphobia, so-
cial phobia (SP)], post-traumatic stress 
disorder (PTSD; characterized by un-
wanted, intrusive remembrances—as 
daytime thoughts and night-time 
dreams and nightmares—and avoid-
ance of activities and other cues associ-
ated with prior life-threatening trauma) 
and obsessive-compulsive disorder 
(OCD; with recurrent obsessions and 
compulsions in this category.

In addition to psychotherapy and 
pharmacotherapy, other noninvasive 
modalities including neurofeedback 

(NFB), repetitive transcranial Magnetic 
Stimulation (rTMS) and transcranial Di-
rect Current Stimulation (tDCS) have 
been found effective in the treatment 
of these conditions (Alonzo et al. 2013, 
Stevens, 2014). TMS has also been ap-
proved by the FDA for the treatment of 
medically resistant depression (Stevens, 
2014). In addition to noninvasive mo-
dalities of the treatment of depression 
and anxiety, other invasive techniques 
were introduced as potential therapy 
including Vagus Nerve Stimulation 
(VNS) and Deep Brain Stimulation (DBS). 
DBS, especially with Subcallosal Cingu-
late (Brodmann’s area 25), has been re-
ported to be beneficial in depression 
cases resistant to conventional medi-
cal therapy (Riva-Posse et al. 2013 and 
Schlaepfer et al. 2013). Unfortunately, 
any invasive procedure carries a risk of 
potential complications and side ef-
fects including bleeding, infection and 
misplacement of an active electrode 
(Williams and Okun 2013). NFB (in con-
trast to the above invasive methods) is 
not associated with any major side ef-
fects or intrusive methodology and is 
relatively inexpensive. It has also been 
underestimated in the clinical arena as 
a potential therapeutic modality. Stan-
dard one- or two-electrode NFB has 
been reported as beneficial in relieving 
depression symptoms in several inves-
tigations, including a randomized con-
trolled study (Choi et al. 2011). 

In z-score NFB, a real-time com-
parison to an age-matched population 
of healthy subjects is used for data ac-
quisition, simplifying protocol genera-

tion, and allowing clinicians to target 
modules and hubs that indicate dys-
regulation and instability in networks 
related to symptoms (Thatcher, 2013). 
Z-score NFB increases specificity in op-
erant conditioning, providing a guide 
that links extreme z-score outliers to 
symptoms, and then reinforcing z-score 
shifts toward states of greater homeo-
stasis and stability. The goal is increased 
efficiency of information processing in 
brain networks related to the patient’s 
symptoms (Thatcher, 2013).

A recently introduced method 
called Low Resolution Electromagnetic 
Tomography (LORETA) z-score NFB is ca-
pable of targeting specific dysregulated 
anatomical structures, many of which 
are in deeper cortical locations (Ko-
berda et al., 2013; Thatcher, 2013). For 
example, the Insula and Anterior Cin-
gulate has been identified as potential 
NFB target sites to improve pain control 
in patients who display electrical dys-
regulation of these areas (Koberda et al. 
2013).

Our neurology center conducted 
z-score LORETA NFB therapy of 31 pa-
tients with depression and associated 
anxiety. In addition to depression and 
anxiety, these patients frequently re-
ported other coexisting problems like 
cognitive dysfunction, OCD, and/or 
chronic pain. Most patients were found 
to have qEEG abnormalities including 
alpha power increase, asymmetry, and/
or LORETA electrical dysregulation in 
frontal areas (Figure 1). 

Figure 2 shows LORETA images be-
fore (top image) and after (lower image) 
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completion of 15 sessions of z-score LO-
RETA NFB of a 15-year-old female who 
suffered from extreme anxiety before 
and during horse riding competitions. 
Her symptoms included anxiety with 
palpitations, frequently associated with 
nausea and vomiting. Marked dysregu-
lation of the Anterior Cingulate Sub-
callosal region-Brodmann’s Area (BA) 
25 was identified during the pre-NFB 
LORETA testing (Fig 2) manifesting as 
increased beta activity. Following 15 
NFB sessions, this electrical dysregula-
tion was corrected; as seen on the lower 
portion of the figure 2.

Detailed analysis of our patients 
diagnosed with depression and/or 
anxiety showed that out of 31 included 
in the study, 24 (77%) were found to 
have both subjective and objective (im-
provement of qEEG abnormalities) im-
provement of the symptoms within 10 
sessions of LORETA z-score NFB. I would 
like to focus on just one of our represen-
tative patients who successfully com-
pleted z-score LORETA NFB with marked 
improvement in both depression and 
cognitive function. Cognitive function 
(which is often impaired in patients 
with depression) usually improves after 
NFB therapy.

The following report is a 40-year-
old female who was previously treated 
for major depression and did not re-
spond to pharmacological treatment. 
Prior to neurofeedback, she was treated 
with Electro-Convulsive Therapy (ECT), 
which was not successful in relieving her 
depression. Instead, the individual sus-
tained major memory impairment and 
visual-spatial difficulties. Since she was 
not responding to conventional therapy, 
her psychiatrist referred her to my prac-
tice for NFB therapy. The patient’s cogni-
tive and depressive dysfunction caused 
inability to continue her employment as 
a pharmaceutical representative. Initial 
LORETA showed several areas of electri-

Figure 1: Summary of frequently identified qEEG/LORETA abnormalities in patients suffering 
from depression and anxiety.

Figure 2: 15-year-old female suffering from anxiety. Upper part of the picture shows area of 
electrical dysregulation (area in red) in the Subcallosal Cingulate (BA-25) before NFB therapy. 
Lower part of the picture shows resolution of previously identified dysregulation after 15 
sessions of NFB.

cal dysregulation including (Figure 3A) 
BA-5 (secondary sensorimotor cortex), 
BA-9 (prefrontal cortex), and temporal 
cortex (Figure 3B).

Her computerized cognitive test-

ing before NFB showed deficiency in 
memory, information processing speed 
and visual-spatial domains. After 10 
sessions of z-score LORETA NFB, the 
patient reported major improvement 
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in her mood as well as mild memory 
improvement. Repeated computerized 
cognitive testing revealed marked im-
provement of previously deficient cog-
nitive domains (Fig 4). Memory score in-
creased from 85.4 to 102.8, information 
processing speed rose from 90.8 to 97.7 
and visual-spatial domain went up from 
80.8 to 100.7. Motor skills also demon-
strated a one standard deviation gain in 
efficiency. In addition, post NFB LORETA 
showed an improvement of previously 
identified electrical dysregulation. After 
successful NFB therapy, the patient also 
was able to come back to gainful em-
ployment in the medical field (after few 
years of being unemployed).

This paper illustrates high effec-
tiveness of z-score LORETA NFB therapy 
in complex neuropsychiatric patients, 
where an improvement of depression/
anxiety and other associated cognitive 

Figure 3B: 40-
year-old female 
LORETA after NFB-
shows resolution 
of previously 
electrically 
dysregulated BA-5 
and BA-9.

Figure 3A: Pre-NFB LORETA of 40-year-old female diagnosed with depression associated with 
cognitive dysfunction. Areas of cortical dysregulation are shown in red. After 10 sessions of NFB 
marked improvement of previously identified LORETA abnormalities was noted.
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domains can be achieved in most of the 
patients within just 10 treatment ses-
sions. We also recommend implemen-
tation of qEEG/LORETA brain mapping 
testing in all patients suffering from de-
pression, as well as anxiety. Since qEEG/
LORETA NFB is a non-invasive technique 
and relatively inexpensive, it should be 
considered as the therapy of choice be-
fore other invasive modalities are con-
templated.  

About the author

Dr. J. Lucas Koberda is a board certi-
fied neurologist and an internationally 
trained physician who completed his resi-
dency in Neurology at the Oregon Health 
Sciences University in Portland, Oregon. 
Dr. Koberda is a director of the Tallahas-
see Neurobalance Center (www.Tallahas-
seeNeuroBalanceCenter.com) and also 
affiliated with The Florida State University 
College of Medicine. His main interest is in 
neuro-psychiatry and cognitive enhance-
ment. He uses the newest technology of 
qEEG and LORETA Z-score Neurofeedback 
to successfully diagnose and treat many 

medical conditions including seizures, 
headaches, fibromyalgia chronic pain, 
anxiety, depression, and prior stroke. Dr. 
Koberda has also effectively introduced 
neurofeedback protocols for a cognitive 
enhancement which may help students 
and professionals to improve their mem-
ory, concentration, verbal function, or in-
formation processing speed. 
References

Alonzo A, Chan G, Martin D, Mitchell PB, Loo C. 
J Affect Disord. 2013 Aug 15; 150(1):91-5. doi: 
10.1016/j.jad.2013.02.027. Epub 2013 Mar 
15.Transcranial direct current stimulation 
(tDCS) for depression: analysis of response us-
ing a three-factor structure of the Montgom-
ery-Åsberg depression rating scale.

Andersen I, Thielen K, Bech P, Nygaard E, Diderich-
sen F. Increasing prevalence of depression 
from 2000 to 2006. Scand J Public Health. 2011; 
39:857–863. [PubMed]

Choi SW, Chi SE, Chung SY, Kim JW, Ahn CY, Kim 
HT.Is alpha wave neurofeedback effective with 
randomized clinical trials in depression? A pilot 
study. Neuropsychobiology. 2011.

Kessler RC, Chiu WT, Demler O, Merikangas KR, 
Walters EE. Prevalence, severity, and comor-
bidity of 12-month DSM-IV disorders in the 
National Comorbidity Survey Replication. Arch 
Gen Psychiatry. 2005; 62:617–627.

Koberda JL, Koberda P, Bienkiewicz A, Moses A, 
Koberda L. Pain Management Using 19-Elec-
trode Z-Score LORETA Neurofeedback. Journal 
of Neurotherapy, 2013, 17:3, 179-190.

Riva-Posse P, Holtzheimer PE, Garlow SJ, Mayberg 
HS. Practical considerations in the develop-
ment and refinement of subcallosal cingulate 
white matter deep brain stimulation for treat-
ment-resistant depression. World Neurosurg. 
2013 Sep-Oct; 80(3-4):S27.e25-34. doi: 10.1016/
j.wneu.2012.11.074. Epub 2012 Dec 13.

Schlaepfer TE, Bewernick BH. Handb Clin Neurol. 
2013; 116:235-43. doi: 10.1016/B978-0-444-
53497-2.00018-8. Deep brain stimulation for 
major depression.

Stevens E. Treating Mood Disorders-Vlinical Neu-
rotherapy-Applications and Techniques for 
Treatment. Edited by Cantor and Evans. Else-
vier. 2014.

Thatcher, R. W. (2013). Latest developments in live 
z-score training: Symptom checklist, phase re-
set, and LORETA z-score biofeedback. Journal 
of Neurotherapy, 17, 69–87.

Williams NR, Okun MS. J Clin Invest. 2013 Nov 1; 
123(11):4546-56. doi: 10.1172/JCI68341. Epub 
2013 Nov 1. Deep brain stimulation (DBS) at 
the interface of neurology and psychiatry.

World Health Organization. Information on men-
tal disorders management: depression. Gene-
va: World Health Organization. Available from: 
http://www.who.int/mental_health/manage-
ment/depression/en/

Figure 4: The blue 
line shows scores from 
computerized cognitive 
testing before NFB. The 
red line shows scores 
after 10 sessions of NFB. 
Computerized cognitive 
testing (Neurotrax Corp, 
Bellaire TX) shows data 
based on comparison 
to age and education 
matched controls. Expected 
score is 100 with one 
standard deviation-15.
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