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Abstract

Electroencephalographic (EEG) findings on depressive patients indicate theta and alpha activity higher than in
normal controls. Extensive literature reports on the effectiveness of neurofeedback techniques in the treatment of
cognitive and behavioral disorders by training the patients to modulate their brain activities, as reflected in their
electroencephalogram. Three unmedicated, depressed individuals participated in this study of infra-low
frequency neurofeedback (ILF NF) training. Along with the pre- and posttreatment Depression Rating Scales
assessment, quantitative EEGs (QEEG) were recorded in eyes-open and eyes-closed resting states and during
the visual cued Go/NoGo task before and after 20 sessions of training. Along with remission of the clinical
symptoms of depression, significant decrease of theta power over frontal and central areas was observed in all
three patients under all test conditions. These gEEG dynamics might be a correlate of ILF NF-related recovery of
the appropriate level of frontal cortical activation.
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Introduction

Depression is one of the most widespread mental
health concerns, causing significant personal
distress. The condition does not spontaneously
remit in many individuals, and treatment is required
for a return to an acceptable quality of life and ability
to work. The clinical picture of depression is
characterized by distinct emotional symptoms as
well as by alterations of cognitive functions such as
concentration, memory, and executive control
(Austin, Mitchell, & Goodwin, 2001; Porter,
Gallagher, Thompson, & Young, 2003).

Electrophysiological studies indicate abnormalities in
spontaneous  electroencephalogram (EEG) in
depressed subjects as compared to healthy peers.
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The most consistent EEG findings are asymmetry in
the alpha band expressed in the increased alpha
power in the left frontal region (Davidson, 1995;
Davidson & Henriques, 2000; Davidson et al., 2002;
Tomarken & Keener, 1998) and/or in the right
parieto-temporal region (Allen, lacono, Depue, &
Arbisi, 1993; Bruder et al.,, 1997; Henriques &
Davidson, 1990), bilaterally increased frontal alpha
(Brenner et al., 1986; John, Prichep, Fridman, &
Easton, 1988; Lieber & Newbury, 1988; Pollock &
Schneider, 1990). The inverse relation between
alpha power in EEG and cortical activation (Cook,
O’Hara, Uijtdehaage, Mandelkern, & Leuchter, 1998)
can reflect cortical hypoactivation in these areas of
the brain. Several studies reported an increase in
slow-wave activity over the right (Kwon, Youn, &
Jung, 1996; Volf & Passynkova, 2002) and left
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(Roemer, Shagass, Dubin, Jaffe, & Siegal, 1992)
hemispheres.

Elevated power in alpha, theta, and beta bands in
posterior cortical areas was observed in our studies
(Grin-Yatsenko, Baas, Ponomarev, & Kropotov,
2009, 2010). Increased theta power has been found
in depressed patients in several studies (for review
see Olbrich & Arns, 2013). A widespread scalp
distribution of theta has been associated with
decreased alertness and impaired information
processing (Schacter, 1977). The few studies that
have investigated theta in major depressive disorder
(MDD) using source-localized theta have found this
increased theta to be localized to the anterior
cingulate cortex (ACC; Jaworska, Blier, Fusee, &
Knott, 2012; Korb, Cook, Hunter, & Leuchter, 2008).
The results of Pizzagalli, Oakes, and Davidson’s
study (2003) revealed a link between theta and
cerebral metabolism in the ACC as well as disruption
of functional connectivity within fronto-cingulate
pathways in depression. Association of the
increased widespread frontal theta with
nonresponse to antidepressant treatment was
reported in several studies (Arns, Drinkenburg,
Fitzgerald, & Kenemans, 2012; losifescu et al.,
2009; Knott, Telner, Lapierre, Browne, & Horn,
1996; Suffin & Emory, 1995). High frontal and
rostral anterior cingulate theta was found in
depressed patients in a study by Arns and
colleagues (2016) and associated with treatment
nonresponse.

EEG biofeedback (neurofeedback) has been found
to be effective in modifying brain function and
producing significant improvements in the clinical
picture of depressive patients (Baehr, Rosenfeld, &
Baehr, 2001; Hammond, 2000; Othmer, 1994;
Rosenfeld, Baehr, Baehr, Gotlib, & Ranganath,
1996). The Othmer approach was an evolution of
the original Sterman protocol for seizure
management, which consisted of reinforcement of
narrow-band EEG activity in the low beta band.
Sterman had settled on 12-15 Hz as a standard
approach (Sterman & Friar, 1972). This was
referred to as the sensorimotor rhythm (SMR). Work
with traumatic brain injury by Ayers (1987) led to the
adoption of 15-18 Hz reinforcement (betal) as a
standard training band by Othmers as well, and
recovery from the associated depression was
routinely reported.  Othmers then coupled left-
hemisphere training in the beta1l band with SMR
training of the right sensorimotor strip in order to
address both the left and right hemisphere aspects
of the depressive syndrome. By 1997 the training
had moved off the sensorimotor strip to engage the
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prefrontal region with Fp1-C3 for improved
activation, and the parietal region with C4-Pz for
right-hemisphere overarousal (Othmer, Othmer, &
Kaiser, 1999).

In the early years of this century the training
frequencies started to be optimized for each client
for improved training efficiency, and this led to a
progression to ever lower target frequencies in order
to meet the needs of the most challenging clients.
Eventually this progression led to the adoption of
training in the slow cortical potential (SCP) domain
(i.e., below 0.1 Hz). This was referred to as infra-low
frequency (ILF) training because it was still found to
be highly frequency-specific. In this region one had
direct access to a measure of cortical activation.
That is to say, whereas the SCP reflects various
physiological influences, the short-term dynamics of
the signal appear to track the dynamics of cortical
activation. By using bipolar montage, the
measurement is sensitive to the differential cortical
activation at the two sites.

The ILF training introduces some novelty into the
standard training approach. The feedback to the
client is based on a band-limited signal at
frequencies below 0.1 Hz, the ILF region. Hence the
signal is slowly varying, and thus potentially boring
to the trainee. Moreover, the signal level on the
screen is arbitrary; the sign of the signal is arbitrary;
and the scale factor with which the signal is
presented is arbitrary. In consequence, feedback
options are provided in which the feedback signal is
imbedded in visual imagery of greater visual interest.
Thus, the feedback signal is likely to be covert in the
perspective of the client. This means that the
trainee is not able to volitionally follow the feedback
signal.  This in turn implies that feedback is
contingent on detection of the relevance of the
feedback signal to internal state. Trainees typically
respond to the signal in a matter of minutes. This
becomes apparent through the induction of state
shifts—in arousal, vigilance, alertness, and in an
emotional state.

This novel approach to training raises a number of
questions that have been dealt with at length
elsewhere. The question of the frequency-specificity
was first treated theoretically in 2008 (Othmer,
2008). The question of how the brain engages with
such slow signals is discussed at length in a more
recent publication (Othmer & Othmer, 2017). The
mechanisms of recovery are deemed to involve
primarily induced alterations of both steady-state
and dynamic functional connectivity (Othmer,
Othmer, Kaiser, & Putnam, 2013). Evidence for this
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proposition has recently been furnished through
research performed at the Russian Ministry of Health
in Moscow. Functional magnetic resonance imaging
(fMRI) data were obtained on a number of trainees
after single sessions of ILF neurofeedback using
procedures identical to those at issue here. Some
systematic changes in functional connectivity within
the default mode were observed (Dobrushina,
2015).

The first publication on the new method was an
observational study on the effect of the ILF training
on chronic pain, in particular Complex Regional Pain
Syndrome (CRPS1; Jensen, Grierson, Tracy-Smith,
Bacigalupi, & Othmer, 2007). The second was a
case series on combat-related PTSD (Othmer &
Othmer, 2009). The third was a case series on
pediatric epilepsy (Legarda, McMahon, Othmer, &
Othmer, 2011). A fourth publication considered the
application of the method to pediatric neurology
generally (Othmer, Othmer, & Legarda, 2011).
Finally, the method is placed in its historical context,
and described in considerable detail, in a more
recent publication (Othmer et al., 2013). Clinical
data are shown for recovery from attentional deficits
in a large cohort.

The goal of this study was to assess objectively the
efficacy of infra-low frequency neurofeedback by
comparing qEEG data before and after 20 sessions
in depressed subjects, along with the assessment of
the treatment results using three Depression Rating
Scales. The working hypothesis is that the
improvement of symptoms of depression correlates
with decrease of alpha or theta power in EEG in the
resting state and task conditions. The follow-up part
of our study consisted of the assessment of the
gEEG data and the Depression Rating Scales
parameters in one year after the first, pretreatment
examination.

Methods

Participants
Three depressed individuals participated in our
study.

Case A. A 43-year-old male suffered from anxiety,
depression, chronic fatigue, concentration and
memory problems, chronic headache, and joint pain.
He has a history of early childhood psychological
trauma and difficulties with social communications.
This could also be a case of high-functioning autism,
but he was never examined to establish that
diagnosis.
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Case B. A 50-year-old male suffered from
depression, loss of interest and motivation to
engage in any activity, chronic fatigue, unexplained
mood swings during the day, anxiety, tendency to
hypercontrol, concentration and memory problems,
learning difficulties, alcohol addiction, and sleep
problems. He has a history of prenatal stress and
childhood psychological trauma (he was brought up
without a father).

Case C. A 35-year-old female with chronic fatigue
and depression, problems with volitional regulation,
the tendency of procrastination, and perfectionism.
She also suffers from concentration and working
memory problems for the last several years, as well
as premenstrual syndrome (PMS). She has a
history of early childhood psychological trauma and
difficulties with social communication in childhood.

Patients A and B have suffered from depressive
complaints for decades; patient C only for the last 6
months. None of the patients sought out doctors for
their condition, nor had they ever taken
antidepressants.

The baseline investigation consisted of symptom
profiles, Depression Rating Scales: Montgomery-
Asberg  Depression Rating  Scale (MADRS),
Hamilton Depression Rating Scale (HAMD), and
Beck Depression Inventory (BDI); qEEG in eyes-
closed, eyes-open conditions, and in visual cued
Go/NoGo test. This took place 1-7 days before
undertaking the course of NF training sessions.
gEEG parameters were compared with the HBI
normative Database. All the tests were repeated
after 20 sessions in 1-7 days after the last session,
and then again in one year after the first testing.
The results of the second and third testing were
compared with the pretreatment baseline.

The investigation was carried out in accordance with
the declaration of Helsinki and has been approved
by the ethics committee of the Institute of Human
Brain of the Russian Academy of Sciences, Saint
Petersburg. All participants gave written informed
consent prior the experiments.

EEG Investigation

EEG was recorded using a Mitsar 21-channel EEG
system (Mitsar, Ltd, St. Petersburg, Russia).
Nineteen silver-chloride electrodes were applied
according to the International 10-20 system. The
input signals referenced to linked ears were filtered
between 0.5 and 50 Hz and digitized at a rate of 250
Hz. The ground electrode was placed on the
forehead. All electrode impedances were kept
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below 5 kQ. EEG was recorded in eyes-closed and
eyes-open resting conditions, at least three minutes
for every period, and during performance of the
visual cued Go/NoGo task that uses pictures of 20
different animals, 20 different plants, and 20 different
humans (together with a distracting beep tone) as
stimuli (Kropotov, 2009). One trial consisted of the
sequential presentation of two pictures (prime and
target), presented for 100 ms each, with an ISI of
1000 ms (SOA = 1100 ms). Trials were separated
by 1500 ms. Patients were instructed to press the
left button of the computer mouse as quickly as
possible when an animal was followed by an animal
(Go condition), and not to respond when an animal
was followed by a plant (NoGo condition), or when a
plant was followed by a plant or a human (distractor
condition). The response interval lasted from 100 to
1000 ms. The task consisted of 100 Go trials, 100
NoGo trials, and 200 distractor trials. Trials were
presented pseudo-randomly with equal probability.
All trials were presented to the subject on a
computer screen 1.5 m in front of them using the
PsyTask software (Mitsar Ltd., St. Petersburg,
Russia). The centrally presented stimuli subtended
an approximate visual angle of 3°. Trials with
omission and commission errors were excluded from
analysis. Quantitative data were obtained using
WInEEG software. The epochs with excessive
amplitude of nonfiltered EEG and/or excessive high
and slow frequency activity were automatically
marked and excluded from further analysis.

Neurofeedback

The instrument used for the clinical neurofeedback
was the Cygnet system (BEE Medic), consisting of
the NeuroAmp Il and Cygnet software, integrated
with Somatic Vision video feedback and run on a
Windows 7 operating system using a standard
personal computer (PC) with a high-resolution
monitor. The optimal reinforcement frequency
(ORF) was determined for each subject at the
beginning of each neurofeedback session on the
basis of subjective patient’s report. Training was
performed with bipolar placement of silver/silver
chloride scalp electrodes applied using Ten20
Conductive electrode paste at T4-P4 and T4-Fp2
(according to standard 10-20 system) during the first
several sessions, with subsequent adding of T4-T3
and T3-Fp1 locations. The “ground” electrode was
placed at Fpz. Each patient received 20 separate
30- to 45-minute neurofeedback sessions over a
period of 7-8 weeks. For each subject the
frequency in the infra-slow band was selected
individually with bipolar recordings at P4-T4, T4-Fp2,
T3-T4, and T3-Fp1. The localization of electrodes
was based on the neurofeedback approach
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developed by Susan Othmer (2017), which involves
parameter optimization based on the clinical
response.

Statistical Analysis

The Student criterion was used to estimate statistical
significance of differences of EEG spectra values
when comparing individual data with the HBI
Normative Database and the dynamics of individual
EEG spectral parameters after and before treatment.
This analysis was performed for each condition (EO,
EC, and the Go/NoGo task) separately and was
carried out for total signal power in five frequency
bands: & (1.5-4.0 Hz), theta (4-8 Hz), a (8-12 Hz),
B1 (12-20 Hz) and B2 (20-30 Hz), that was
computed as a sum of power for corresponding
frequencies.

Results

Assessment Before Initiating Neurofeedback
Case A. Depression scales and inventory. MADRS
rating = 26. BDI rating = 16. HAMD rating = 21. In
sum the Depression scales ratings indicated
moderate degree of depression.

EEG investigation (as compared to the HBI
Normative Database). Eyes-open state: elevated
absolute theta activity of 6-8 Hz over midline frontal-
central area (Fz, Cz) (t = 2.23, p < .05) and relative
beta2 activity over the parietal and posterior
temporal area (f = —2.94, p < .01); increased relative
a power (8-9.5 Hz) over occipital, parietal, and
posterior temporal cortical areas with maximal
difference at P4 (t = 2.66, p < .01).

Eyes-closed state: increased relative slow a activity
of 7.5-8.5 Hz over occipital, parietal, and posterior
temporal areas (t = 2.58, p < .05) and relative beta2
activity over frontal-central area (t = 3.47, p < .001).

Go/NoGo task: increased absolute theta activity of
5.5-7 Hz over frontal area (t = 2.04, p < .05), and
absolute beta2 activity of 25-28Hz over midline
frontal area (Fz; t = 2.38, p < .05). Slow a rhythm
spread over anterior cortical areas, relative slow a
power (7.5-9.5 Hz) is increased over occipital,
parietal, and posterior temporal cortical areas with
maximum at P3 (t = 2.65, p < .01).

The increased level of theta and slow a activity over
the frontal area might be a correlate of poor
concentration, and with depressive symptoms.
Enhanced high beta power over frontal-central
region can be a sign of anxiety.
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Case B. Depression scales and inventory. MADRS
rating = 20. BDI rating = 26. HAMD rating = 16. In
sum the Depression scales ratings indicated mild to
moderate degree of depression.

EEG investigation (as compared to the HBI
Normative Database). Eyes-open state: increased
relative a power of 9.5-10.5Hz over parietal, central
and frontal areas, maximal at Cz (t = 2.54, p < .05).
Episodic groups of a and theta waves arise at
temporal sites of both left and right hemispheres.

Eyes-closed state: a rhythm of 10 Hz spread over
frontal cortical areas, episodes of a and theta waves
at temporal sites of both left and right hemispheres.

Go/NoGo task: Increased relative a power of 9.5—
11Hz over temporal, central and frontal areas,
maximal at Cz (t = -2.46, p < .05).

The increased level of a activity over frontal area,
and increased a and theta activity over temporal
areas might be a marker of chronic stress,
depression, fatigue, and poor concentration.

Case C. Depression scales and inventory. MADRS
rating = 17. BDI rating = 18. HAMD rating = 15. In
sum the Depression scales ratings indicated mild to
moderate degree of depression.

EEG investigation (as compared to the HBI
Normative Database). Eyes-open state: episodes of
spreading of a rhythm over frontal cortical areas.
Increased absolute beta2 (t = -3.70, p < .001) and
increased relative theta (t = -5.63, p < .0001), a (t =
-3.82, p < .001) and beta2 (t = -3.44, p < .001)
activity over frontal areas.

Eyes-closed state: increased relative theta power
over parietal (t = -4.78, p < .0001) and left posterior
temporal area (f = -2.99, p < .001); prevalence of a
rhythm of 11 Hz over the left parietal-occipital area,
spreading of a rhythm over frontal cortical areas.
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Go/NoGo task: Increasing of both absolute (f =
-2.79, p <.01) and relative (t = -2.91, p < .01) beta2
activity over frontal and central area.

The spreading of a activity over the frontal area
might be a correlate of poor concentration, volitional
regulation and working memory, and also with
depressive complaints. Increased beta activity and
high-frequency basic rhythm can be the signs of
high vigilance and perfectionism.

Posttreatment Assessment

Case A. After completion of 20 neurofeedback
(NFB) sessions, the patient indicated disappearance
of tension in his body and an increase of energy
level. He has improved the perception of his body
and the surrounding space. His headaches became
less intense and arose more seldom. He reported
on improvement of concentration and stable positive
mood from the middle of the training course.

Control assessment. The Depression profile score
during the second testing was: MADRS rating = 2
(improvement of 92.3%). BDI rating 1
(improvement of 93.75%). HAMD rating 2
(improvement of 90.5%). After NFB course the
Depression scales ratings indicated no signs of
depression.

EEG in eyes-open condition (Figure 1) showed
significant decrease of both theta (t = 12.80, p
< .0001) and beta2 (t = 5.88, p < .0001) activity at
frontal and central sites; during Go/NoGo task
performance decreasing of absolute theta (t = 5.68,
p < .0001), and beta2 (t = 288.71, p < .001) power
was also most prominent over frontal and central
cortical areas (Figure 3). The absolute a rhythm
power decreased significantly at all sites mostly in
eyes-open condition with maximal differences at P4
(t = -6.60, p < .0001), which reflects the higher
cortical activation. In eyes-closed state a power
increased in parietal cortical areas (Figure 2), which
might relate to a better ability to relax.
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Figure 1. Dynamics of EEG spectra after ILF NF course in depressed patients in eyes-open
condition. Grand average power spectra of the raw EEG in patients A, B, and C are presented in (a). X-
axis = frequency in Hz, Y axis = power in pV2. Maps of theta power in the selected frequency band
(indicated below the maps) in pretreatment and posttreatment EEGs are represented in (b) and (c)
correspondingly. Maps of difference of theta power in the selected frequency between posttreatment and
pretreatment EEGs are shown in (d). Scale is presented at right of the maps.

Case B.

After completion of 20 NFB sessions, the patient
reported a dramatic decrease of inner tension and
reactivity to stressful situations. His emotional
stability increased, and the level of anxiety
diminished. Relationship with other people
improved; he began to understand them better. He
has significantly reduced the use of alcohol. He
reported that confidence, calmness, and a sense of
power had returned to him. The depressive mood
disappeared, and he felt clarity in his mind and had
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constructive ideas on the organization of his future
life.

Control assessment. The Depression profile score
during the second testing was: MADRS rating = 6
(improvement of 70%). BDI rating = 2 (improvement
of 92.3%). HAMD rating = 5 (improvement of
68.75%). After NFB course the Depression scales
ratings indicated no signs of depression.
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EEG showed a significant decreasing of power of
both alpha (t = 7.97, p < .0001) and theta (f = 48.74,
p < .0001) activity over frontal area in eyes-open
state (Figure 1), and decreasing of theta power over
frontal, central and parietal area during Go/NoGo
task performance (Figure 3) with maximal changes

Case A
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at Fz (t = 2.39, p < .05), which might be a result of
better activation of frontal cortex. In eyes-closed
state the maximum of alpha rhythm power shifted
from the parietal to the occipital area (Figure 2),
which is a normal distribution of the alpha rhythm
with eyes closed.
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Figure 2. Dynamics of EEG spectra after ILF NF course in depressed patients in eyes-closed
condition. Grand average power spectra of the raw EEG in patients A, B, and C are presented in (a). X-
axis = frequency in Hz, Y axis = power in pV2. Maps of theta power in the selected frequency band
(indicated below the maps) in pretreatment and posttreatment EEGs are represented in (b) and (c)
correspondingly. Maps of difference of theta power in the selected frequency between posttreatment and
pretreatment EEGs are shown in (d). Scale is presented at right of the maps.
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Case C. After completion of 20 NFB sessions, the
patient reported remarkable improvement of her
mood and decrease of anxiety level. She became
calmer, more able to deal with sudden unplanned
and stressful events. She developed the intention to
act to achieve new goals and a clear understanding
of what activities are necessary and valuable, and
which are not. She started to exercise regularly; her
mental performance and success at work increased
remarkably.

Control assessment. The Depression profile score
during the second testing was: MADRS rating = 4
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(improvement of 76.5%). BDI rating
(improvement of 83.3%). HAMD rating
(improvement of 81.4%). After NFB course the
Depression scales ratings indicated no signs of
depression.

= 3
= 3

EEG showed a significant decreasing of power of
theta activity (¢ = 3.82, p < .001) at frontal and
central sites in eyes-open condition (Figure 1), and
decreasing of theta power over frontal and central
sites during Go/NoGo task (t = 11.45, p < .0001),
which might be a correlate of the higher cortical
functional activity in this region (Figure 3).
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Figure 3. Dynamics of EEG spectra after ILF NF course in depressed patients during Go/NoGo task
performance. Grand average power spectra of the raw EEG in patients A, B, and C are presented in (a).

X-axis = frequency in Hz, Y axis = power in pV2

Maps of theta power in the selected frequency band

(indicated below the maps) in pretreatment and posttreatment EEGs are represented in (b) and (c)
correspondingly. Maps of difference of theta power in the selected frequency between posttreatment and
pretreatment EEGs are shown in (d). Scale is presented at right of the maps.
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Follow-up Assessment

Case A. One year after the start of the ILF NF
course, the patient reported that all positive changes
in his state remained despite the fact that he has
been overloaded by work. He perceives his
thoughts, emotions, and moods mindfully, and he is
able to manage them. The headaches arise very
seldom, and his improved concentration has
maintained.

Control assessment (as compared to the
pretreatment assessment). The Depression profile
score during the second testing was: MADRS rating
= 0 (improvement of 100%). BDI rating = 1
(improvement of 94%). HAMD rating = O
(improvement of 100%). The Depression scales
ratings indicated no signs of depression, and the
scores improved as compared to in posttreatment
assessment.

EEG. Decrease of theta activity at frontal and central
sites observed after treatment remains in the third
EEG in eyes-open (Figure 1) and eyes-closed
(Figure 2) state. However, during Go/NoGo task
performance theta power at anterior sites returned to
the pretreatment level (Figure 3). Alpha power
decreased at central and parietal sites in all states,
and increased at occipital sites in the last EEG,
which corresponds to the normal alpha rhythm
distribution.

Case B. One vyear after the pretreatment
investigation, the patient reported that improvement
of his mood after ILF NF remained steady. He does
not suffer from the mood swings any more, and
depressive and unsettling thoughts arise quite
rarely. He seldom uses alcohol, sleeps well, his
emotional stability and level of energy are high, and
he experiences “lust for life.” Yet there remain the
concentration problems, and his memory is still poor.

Control assessment (as compared to the
pretreatment assessment). The Depression profile
score during the second testing was: MADRS rating
= 5 (improvement of 75%). BDI rating = 9
(improvement of 69.3%). HAMD rating = 3
(improvement of 81.4%). The Depression scales
ratings indicated no signs of depression, and the
scores even improved as compared to the
posttreatment assessment for two of the three
scales.

EEG. Decreasing of theta and alpha activity at
frontal sites observed after treatment remains in the
third EEG in eyes-open (Figure 1) and eyes-closed
(Figure 2) states, and during Go/NoGo test (Figure
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3). Frontal theta power during Go/NoGo task is
lower than in posttreatment EEG. There remains a
decrease of alpha power (as compared to the
pretreatment EEG) in parietal region and alpha
prevalence in occipital area in eyes-closed state.

Case C. One year after the first (pretreatment)
investigation, the patient reports that the positive
shift in her mood obtained after the course of
treatment remains stable. She does not suffer from
depression or fatigue since the training finished. At
the same time, she sometimes experiences
procrastination and insufficient concentration.

Control assessment (as compared to the
pretreatment assessment). The Depression profile
score during the second testing was: MADRS rating
= 4 (improvement of 76.5%). BDI rating = 5
(improvement of 72.2%). HAMD rating = 3
(improvement of 80%). The Depression scales
ratings indicated no signs of depression, and the
scores are about the same level as in posttreatment
assessment.

EEG. The decrease of theta activity at frontal and
central sites in eyes-open condition (Figure 1) and
during Go/NoGo test performance (Figure 3)
observed after treatment remains in the third EEG.
Alpha power decreased at all sites in eyes-open
state and during Go/NoGo test. In eyes-closed state
(Figure 2) the initially excessive alpha power
decreased all over the scalp, but predominantly in
parietal and occipital cortical areas of the left
hemisphere.

Discussion

In our study, we selected a protocol that
implemented infra-slow EEG frequencies (below 0.1
Hz) as a biofeedback parameter in three depressed
individuals. The time course of the signal at these
very slow frequencies reflects variations in cortical
excitability (Vanhatalo et al., 2004; van Putten,
Tjepkema-Cloostermans, & Hofmeijer, 2014). This
suggests that the most direct effect of the
neurofeedback challenge is on the regulation of
tonic central arousal. The within-session effects of
perceived calming are consistent with this
hypothesis.

The choice of principal electrode placements was
driven originally by considerations of functional
neuroanatomy and was then refined on the basis of
empirical observation over the course of many years
(Othmer, 2017). The principal sites correspond with
the multimodal association areas in cortex, which
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reflect cortical activity at its most integrative stage.
These are also the regions most readily subject to
dysregulation. Further, these sites correspond to
those regions in which the principal hubs of the
default mode are accessible to us at the cortical
surface (Buckner, Andrews-Hanna, & Schacter,
2008). Since engagement with the outside world
constitutes at most a modest perturbation on
baseline activity, as demonstrated by cortical
hemodynamics, the burden of functionality is carried
mainly by our task-negative network, the default
mode, and the training addresses itself to that as a
first priority (Raichle, 2011). A secondary objective
is to train the salience network, which mediates
between the task-negative and the task-positive
network, the Central Executive. Menon (2011) has
made the case that a number of major
psychopathologies can be traced to deficits in the
functional connectivities within and among our
intrinsic connectivity networks. Broyd et al. (2009)
have evaluated the role of the default mode in
mental disorders more inclusively.

On the basis of the Menon model, the favorable
outcomes in this study may be attributed at least
partly to the renormalization of functional
connectivity within the default mode, and to altered
relationship between the default mode, the Salience
Network, and the Central Executive. That in turn
would imply improved functionally specific activation,
which could also account for the remediation of the
depressive state. This hypothesis remains to be
proved through independent measurement.

For the above reasons, our approach differs from
the conventional protocols for the treatment of
depression that are based on models of altered
hemispheric asymmetry, and use either an alpha
asymmetry protocol (Baehr & Baehr, 1997; Baehr et
al., 2001; Baehr, Rosefeld, Baehr, & Earnest, 1998,
1999; Choi et al., 2011; Dias & Van Deusen, 2011;
Earnest, 1999; Rosenfeld, 2000; Rosenfeld et al.,
1996) or a relative left frontal beta enhancement with
concomitant theta suppression (Othmer et al., 1999),
or a theta/beta ratio reduction (Dias & Van Deusen,
2011). However, as the results of the present study
indicate, the application of our protocol turns out to
be as effective as conventional protocols.

In each of three patients 20 sessions of this type of
neurofeedback considerably improved mood and
self-organization skills, decreased anxiety and inner
tension, and increased emotional stability and stress
tolerance. Their clinical symptoms, as assessed
with the Depression Rating Scales: MADRS, HAMD
and BDI, improved significantly and did not indicate
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depression any more. Moreover, the improvements
of the Depression profile scores obtained after ILF
NF training remained stable over one year after the
beginning of ILF NF course in all three patients.

Pretreatment gqEEG investigation in two participants
of our study revealed absolute and/or relative theta,
alpha, and beta2 elevation, as compared to the
normative database, in passive conditions and
during Go/NoGo task performance. The differences
were observed mostly in frontal and central areas of
the brain. These findings are in agreement with
studies that found abnormally large theta (Jaworska
et al., 2012; Korb et al., 2008; Strijkstra at al., 2003)
and alpha (Lieber & Newbury, 1988; Pollock &
Schneider, 1990) power in depressed patients in
anterior regions, which may relate to diminished
frontal cortical activation (Cook et al. 1998; Strijkstra
at al., 2003). Enhanced beta activity is also reported
in depressed patients (Fingelkurts et al., 2006; Grin-
Yatsenko et al., 2009, 2010; Shankman & Klein,
2003; Yamada, Kimura, Mori, & Endo, 1995). This
phenomenon was observed in the EEG when
anxiety symptoms were part of the clinical picture.
In one patient, pretreatment theta and beta were
borderline normal, but relative frontal and central
alpha activity was elevated.

Our study showed that ILF NF sessions led to a
significant decrease of theta power over frontal and
central areas in all three patients in passive states
and during Go/NoGo task performance. Besides,
frontal alpha and beta decreased in those patients in
whom the pretreatment powers in these bands were
enhanced. These EEG spectral dynamics might be
a correlate of ILF NF related recovery of the level of
frontal cortical activation.

The results of this research are comparable to the
data of previously reported studies (Baehr, Rosefeld,
& Baehr, 1998; Dias & Van Deusen, 2011; Earnest,
1999; Rosenfeld et al.,, 1996), which used
neurofeedback based on EEG spectra in
depression. Recent studies report on the role of
infra-slow cortical potential oscillations in the
modulation of conventional frequency bands
(Lorincz, Geall, Bao, Crunelli, & Hughes, 2009; van
Putten et al., 2015). Therefore, modulation of these
infra-slow oscillations during ILF NF sessions could
exert a modulating and normalizing influence on
EEG bands in depressed individuals participated in
our study. Conversely, conventional band training
could derive its effectiveness at least partially from
the correlation with infra-low frequency activity. Both
methods appear successful in mobilizing a system
response that gradually allows functional
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renormalization to occur. This may explain the
similarity of positive results in treatment of
depression in our study and in the works of
researchers who used the conventional EEG spectra
neurofeedback in treatment of this disorder.

The follow-up qEEG data showed that decreased
frontal theta power remained stable in two patients.
Still in one patient theta went up almost to the
pretreatment level during the Go/NoGo task
challenge, despite the fact that his clinical
achievements were sustained, and baseline EEG
measures were maintained in their posttraining
status.  This observation could indicate some
ambiguity in the relationship of changes in the level
of theta activity and the efficiency of functioning of
the affective network. The elevated theta activity
could simply be the result of increased cognitive
demand. Probably the interrelation of these
characteristics is more complex than a direct
relationship.

The present study reveals qEEG correlates of ILF
NF in depression. It shows that not only
psychophysical parameters of affective network
functioning improve by the neurotherapy, but also
objective neurophysiological parameters change,
reflecting improvement of emotional stability and
control in depressed individuals after ILF NF.
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