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Neurofeedback (NF) is based on brain imaging
studies, quantitative electroencephalography
(qQEEG),! positron emission tomography? and
single photon emission computed tomography
(SPECT),*>*>% which all show cortical brainwave
slowing in the majority of attention deficit
hyperactivity disorder (ADHD) patients, as well
as too much or too little coherence across func-
tional areas of the brain. Evoked potentials too,
reveal subtypes of ADHD, which are known as
endophenotypes and will influence the
Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V), due to be pub-
lished in 2011. An endophenotype is both a psy-
chiatric concept and a biological marker
forming a link between the genotype and the
phenotype.” Diverse behavioural symptoms of a
complex disease, such as ADHD, are grouped
into a set of up or down regulated genes that
from a cluster - eventually a neural network. For
example, impulsivity; the correlation between
gene expression and behavioural measures of
impulsivity, such as the delay-discounting task
and other behavioural measures, suggest an
interaction between genes expressing mesolim-
bic dopamine activiation and impulsivity.

The brain areas mediating attention, impulsiv-
ity and hyperactivity have been of particular inter-
est to neuroscientists specialising in ADHD. These
are the right prefrontal cortices and anterior cin-
gulate gyrus responsible for attention and the
basal ganglia and cerebellum involved in move-
ment control. Abnormalities in EEG results have
been reported in children with ADHD for some
decades; an extensive review of the literature was
published in 19918 and a meta-analysis appeared
more recently.” A review of the efficacy of NF for
ADHD was published in 2000.°

Typologies of ADHD can be distinguished using
EEG and, in particular, qEEG which takes into
account the interaction between the frequency
(Hz) and amplitude (uV) of the electrophysiology
of the brain. The major pattern associated with
the inattentive type of ADHD is excessive low
frequency (4-7 Hz) combined with too little high
frequency (18-21 Hz) in midline and frontal cor-
tices,'!> while a smaller proportion of ‘hyper-
aroused’ patients will exhibit raised levels of high
amplitude and frequency (above 21 Hz) activity.

The brain’s rhythms have an organising princi-
ple so that each person has an optimum ’‘set-
point’ of oscillation. However, genetic, traumatic
or environmental events can deregulate these

rhythms leaving individuals in unstable emo-
tional, cognitive or physical states, unable to draw
on normal inhibitory and excitatory mechanisms,
thus affecting impulsivity, alertness and attention.

Given the consistency of findings that brainwave
excesses/deficits are associated with ADHD,1314
and that these abnormal cortical rhythms can be
normalised with NF to reduce symptoms,'>!° the
technique became a viable alternative to medica-
tion in the USA, especially in cases where drugs did
not decrease symptoms or the side-effects required
withdrawal.!”!® Many Eastern European countries,
do not allow the use of stimulants for children and
NF has a greater use in these locations.

The mechanics of neurofeedback

The whole idea of abnormally slow or fast brain-
waves is built on years of research, first on EEG
sleep patterns and, later, on the correlation of the
level of arousal to particular frequency bands. It is
accepted by all neuropsychologists that there is an
inverted U-shape to emotional state, with slow
frequencies associated with drowsiness and fast
frequencies associated with anxiety, anger or
hypervigilance. While all frequencies are appropri-
ate for a given situation, the midrange frequencies
(12-21 Hz) are those that most people want to be
able to produce at will and benefit from the associ-
ated feelings of calm, control and mental alertness.

NF can be described as biofeedback for the
brain. Biological sensors are placed on the scalp
and these electrodes convey the electrophysiology
of the underlying brain to a computer that dis-
plays the raw EEG signal. This is then split into fre-
quency bands (see Figure 1): slow — up to 7 Hz;
medium - 8-12 Hz; fast - 13-21 Hz.

The higher the frequency the more aroused,
mentally and physically, the person is. Frequencies
above 21 Hz are associated with excessive auto-
nomic arousal from anxiety to anger, while very
fast rhythms, above 40 Hz (gamma), fulfil func-
tions beyond arousal. Conceptualisations range
from a ‘perceptual binding’ of incoming sensory
data to aspects of learning and memory.'*?°

The aim of the NF practitioner is to encourage
the production of healthier brainwaves, so that
the patient who has an excessive slow wave is
helped to produce a faster, higher, frequency.
Thus, the patient learns to increase the voltage in
that ‘rewarded’ frequency, at the same time as
reducing the voltage of the very slow (less than
seven cycles per second) and very fast (more than
22 cycles per second) sets of brainwaves. The
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feedback software gives a signal (auditory, visual
or vibratory) when the patient produces more
normal brainwaves at least 60-70% of the session.

Typically, at least for children, the signal used
in NF will be very much like a computer game, so
that points are scored for keeping a car on a road,
a monkey climbing a tree, and so on, in exchange
for a tangible reward. For adults, the signal used in
NF might simply be maintaining music (if the
patient drops below the 70% threshold, the music
stops) or even watching a graphical interaction of
their own brainwaves (the frequency amplitude
and interactions of their own brainwaves can be
displayed as a sort of dynamic bar chart that they
are encouraged to control). The reward is either
the calmer or else more alert feeling that the
production of these healthier brainwaves can
bring and it is held to be a case of operant condi-
tioning of the brain. Making this state conscious,
explicit and accurately attributed to a focusing of
the brain by the patient is the first step in becom-
ing aware of one’s feeling state and typically takes
up to six sessions,?! but once the patient can link
their brainwave state to their psychological state
the therapeutic process has begun.

Peripheral measures of biofeedback, such as
breathing rate, heart rate variability, galvanic skin
response or temperature control are frequently
used to introduce the patient to the idea of volun-
tary control of his or her physiology.

Does it last?

It is one thing to be able to steer a car along a
tortuous mountain road with one’s rewarded
brainwave on a biofeedback computer game, but
it is quite another to be able to generalise the

electrophysiology of attention, alertness or calm-
ness to the classroom or workplace. NF is not elec-
troconvulsive therapy, transcranial magnetic
stimulation or anything that forces the brain-
waves to alter. It simply provides a signal for the
patient who cannot, before they are properly
trained, recognise and produce their optimum
brainwave state at will. However, after a few ses-
sions of being ‘rewarded’ the brain resets itself to a
new steady state. The new steady state of the brain
is the real reward - it feels good, and many
patients will recognise this sensation after three or
four sessions. Each session strengthens the neural
network involved, as the amplitude increases or
decreases according to the needs of the individual
patient, and any changes are recorded.

While simple success is measured by a small,
but steadily increasing, amplitude of the rewarded
frequency, the NF practitioner expects to see the
EEG normalised after 20 sessions or so. However,
amplitude may change ahead of behaviour and
vice versa, so some researchers think that the
critical variable in the situation is flexibility, in
other words, being able to match appropriate
psychophysiology to the demands of the situa-
tion. There are also individual differences in one’s
ability to condition onself - that is be aware of
one’s own internal state and have the motivation
to change. If your status depends on being the bad
boy of the class (often a preferred label to cover
the fear of being thought stupid) then it is a long
slog for the NF practioner. Often the patient is
given ‘homework’, such as listening to recordings
of the weekly NF session every day, or how to
anchor the new feeling of calm to sustain it
outside the NF clinic. Pre- and post-treatment

Figure 1. Electro-
encephalography
frequency bands
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measures of attention and impulsivity can be
taken with a computerised continuous perfor-
mance test (available at www.braintrain.com).

Reviews of the efficacy of NF in controlled stud-
ies using an ‘ABA’ design show improvement on
standardised intelligence tests (due to increases in
working memory), attention and behavioural
control.!® For example, Lubar?> decreased ADHD
symptoms by downtraining (decreasing ampli-
tude) theta but then reproduced the same symp-
toms by uptraining these low frequencies.
Although this is a recognised scientific paradigm,
ethical funding committees research no longer
allow this on human subjects. Comparisons of the
effectiveness of NF versus medication have gener-
ally shown NF to be at least as effective, if not
better, than the latter option.!°

Undoubtedly, medication is immediately effec-
tive, however, issues regarding non-compliance
and long-term side-effects are now being recog-
nised. A recent, large-scale, long-term study'!
showed that, after 14 months, drugs for ADHD
were, in many cases, less effective than they had
been initially. However, the major drawback of
medication is the implication for the patient. A pill
implies illness, whereas NF shows the patient how
to control his own brain. An eight-year-old child
with ADHD may think that he is ‘ill’ and that a pill
will solve his problems, but this is possibly not the
best lesson to learn. Empowering a child to see that
their difficulty can be overcome with mental effort
and practice may help him or her in the long term.

Of course, ‘talking’ and behavioural therapies
can also result in beneficial changes in metabolic
activity in the brain over time - but the keyword is
time, even long-term cognitive behavioural

therapy has been shown?? to have minimal bene-
fit in terms of the reduction of ADHD symptoms.

Brain-based subtypes of ADHD

Research with qEEG-based diagnosis has led to a
more sophisticated understanding of the brain-
based mechanisms of ADHD. Kropotov,! has
shown subtypes of ADHD, as well as more sophis-
ticated ways of measuring ADHD.

The first subtype, mentioned above, is an
increase of low frequency oscillations in the
frontal lobes - predominantly in the 4-7 Hz
range, known as theta rhythms. Sometimes, delta
waves (1-4 Hz), are also observed. The presence of
excessive low frequencies is characteristic of the
largest group of ADHD sufferers — those with typi-
cal ADHD combined type.!

Secondly, an abnormal increase of frontal mid-
line theta waves in the 5.5-8 Hz range, with its-
maximum amplitude in the frontal midline (see
Figure 2 for the international 10/20 system of
electrode placement). This rhythm is produced in
long bursts of more than one second that increase
with task load. This indicates an abnormal glucose
response to task demands and makes allocating
mental energy to the task in hand very difficult.?*

The third pattern is the opposite of the theta
rhythm - and this is an abnormal increase in beta
frequency, (13-30 Hz) more associated with the
overfocused, angry or anxious type of ADHD.?®

The fourth pattern is an excess of alpha activity
(8-12 Hz) at posterior, central or frontal areas of
the brain - more associated with the dreamy,
inattentive type of ADHD, which is highly
distractible, but not hyperactive.?¢ Amen suggests
two others using SPECT:



® An overactivity in limbic areas combined with
decreased activity in the prefrontal cortex.

@ An overactivity of high frequency spreading
over the whole cerebral cortex, the cingulated
gyrus, parietal, temporal and prefrontal lobes.
This leads to excessive impulsivity, rapid
speech, oversensitivity to sensory stimuli,
unpredictability and cyclic mood changes.?’
Each subtype suggests a different NF protocol, in

other words, a different reward frequency and

placement for the electrodes. It also suggests the
appropriateness of different types of medication
for ADHD subtypes and indicates that co-morbidi-
ties may limit the success of stimulant therapy.

There are also increasing concerns about long-

term side-effects of medication on growth, cardio-

vascular and neurophysiological systems. While

NF remains a safe, non-invasive alternative to

medication the question of efficacy remains

somewhat equivocal. Studies comparing NF with
other modes of attention training or behavioural
techniques (such as breathing control, nutritional
or herbal supplementation, psychotherapy, or

cognitive behavioural therapy)?® usually show a

better reduction in ADHD symptomatology, but

these tend to be fairly small-scale studies.

Actually, the biggest issue with NF as a treatment
is time. NF is a subtle technique, more reliant on
individual motivation than, for instance, drugs are.
It is not unusual for treatment to take six to ten
months if sessions are weekly. In the case of co-
morbidities such as obsessive-compulsive disor-
der, depression and oppositional defiant disorder,
which each have their own risk factors, NF treat-
ment can be too long a slog for all involved. Like
any therapy there are also non-responders. Non-
responders tend to be those patients whose home,
school or work situation does not allow them to
relax and tune into changes in their brainwaves. It
is due to these non-responders that nutritional and
psychological strategies are essential back-up tools
for most NF practitioners. Exact quantitative fig-
ures do not exist, but anecdotal surveys of major
practitioners suggest the usual 80:20 ratio of most
therapies. However, as knowledge about brain
dynamics, such as the coherence, phase and sym-
metry of brain areas, as well as evoked potentials
(which trace the passage of information through
the brain in a time-locked fashion), increases more
sophisticated NF that normalises these is likely to
increase the present success rate of NF in ADHD W
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® Neurofeedback can be described as biofeedback for the
brain. Biological sensors convey the electrophysiology of

the underlying brain to a computer.

® The aim of the neurofeedback practitioner is to
encourage the production of a healthier brainwaves.

@® Many Eastern European countries, do not allow the use of

stimulants for children and, therefore, neurofeedback has

a greater use in these locations.
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