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Abstract:
Attention Deficit Hyperactivity Disorder (ADHD) often manifests during childhood, and typically impacts children
from the age of four to fifteen. There is a lack of optimum levels of catecholamine’s like dopamine and
norepinephrine present. Psychostimulants such as methylphenidate and phenethylamine, modulate these
catecholamine’s, which are the primary treatment option for ADHD in children.
These drugs remain the treatment of choice, but their long-term effect and safety is still under scrutiny. Non-
pharmaceutical treatment options for this complex disorder may be of benefit in this population, with fewer side
effects, whose incidence is 8-12% of children worldwide. This preliminary review of the literature is guided by two
questions: 1) How electroencephalogram-neurofeedback (EEG-NF) reduces inattention, hyperactivity, and
impulsivity in children diagnosed with ADHD and 2) what are some of the limitations of this treatment modality.
Hypovolemia of PFC is detected in ADHD and it is associated with the symptoms of inattention. Several studies in
this review have suggested that NF training produced microstructural changes in the gray and white matter of the
cerebral cortex. Increases in alpha wave and reduction in beta wave brain function are often found on the
electroencephalogram in ADHD. Electroencephalogram-neurofeedback (EEG-NF) provides a continuous feedback.
The study participants showed improved attention, cognitive functions, reduced distractibility, and improvement in
IQ. This treatment modality utilizes operant conditioning and trained children to gain control of their cortical
functions.
This paper explores the impact of NF on ADHD symptoms, it also provides a brief overview of neuroanatomy and
neurotransmitters of this disorder, electroencephalogram, the even related potential, biomarkers of EEG, side
effects of medical regimens, and limitations of NF.
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INTRODUCTION:

It is estimated that approximately 11% (6.4 million)
of children between the ages of four and seventeen
were diagnosed with ADHD in 2011 (Visser et al.,
2014). Children diagnosed with ADHD have
increased from 7.8% in 2003 to 9.5% in 2007, and to
11.0% in 2011 (Visser et al., 2014). Interestingly, the
research showed a wide difference in the number of
children diagnosed with ADHD throughout the
country. For example, it was 5.6% in Nevada and
18.7% in Kentucky (CDC). Boys typically seem to
have a higher incidence and prevalence than girls
(Visser et al., 2014).

The core symptoms of ADHD are impaired attention,
excessive motor activity and impulsivity. There is no
single diagnostic test for this disorder and it often
involves a multi-step process. Children with anxiety,
depression, and certain type of learning disorder can
also have symptoms of inattention, motor activity,
and impulsivity in children. The prefrontal cortex
(PFC) is connected to the amygdala and the basal
ganglia. These  structures are rich in
neurotransmitters  like  dopamine (DA) and
norepinephrine  (NE). Both the structures and
neurotransmitters control  behavioral inhibition,
working memory, and reward reversal symptoms of
ADHD. Details are discussed under the heading of
neuroanatomy.

Diagnostic Criteria of ADHD (DSM-5):

Six or more symptoms of inattention for children up
to age 16, five or more for adolescents 17 and older.
The symptoms of inattention must be present for at
least 6 months and they are inappropriate for
developmental level (DSM-5):

1.  Often has trouble holding attention on tasks or
play activities.

2. Often does not seem to listen when spoken to
directly.

3. Often does not follow through on instructions
and fails to finish schoolwork, chores, or
duties in the workplace (e.qg., loses focus, side-
tracked).

4, Often has trouble organizing tasks and
activities.

5. Often avoids, dislikes, or is reluctant to do
tasks that require mental effort over a long
period of time (such as schoolwork or
homework).

6. Often loses things necessary for tasks and
activities (e.g. school materials, pencils,
books, tools, wallets, Kkeys, paperwork,
eyeglasses, mobile telephones).

7. Is often easily distracted.
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8.  Is often forgetful in daily activities.

Six or more symptoms of hyperactivity-impulsivity
(HI) for children up to age 16, five or more for
adolescents 17 and older, and adults. The symptoms
of hyperactivity-impulsivity must be present for at
least 6 months to an extent that is disruptive and
inappropriate for the person’s developmental level
(DSM-5):

1. Often fidgets with or taps hands or feet, or
squirms in seat.

2. Often leaves seat in situations when remaining
seated is expected.

3. Often runs about or climbs in situations where
it is not appropriate (adolescents or adults may
be limited to feeling restless).

4. Often unable to play or take part in leisure
activities quietly.

5. Is often "on the go" acting as if "driven by a
motor".

6.  Often talks excessively.

7. Often blurts out an answer before a question
has been completed.

8.  Often has trouble waiting his/her turn.

9. Often interrupts or intrudes on others (e.g.,

butts into conversations or games).

In addition, the following conditions must be met
(DSM-5):

1. Several inattentive or hyperactive-impulsive
symptoms were present before age 12 years.

2. Several symptoms are present in two or more
setting, (e.g., at home, school or work; with
friends or relatives; in other activities).

3. There is clear evidence that the symptoms
interfere with, or reduce the quality of, social,
school, or work functioning.

4.  The symptoms do not happen only during the
course of schizophrenia or another psychotic
disorder. The symptoms are not better
explained by another mental disorder (e.g.
Mood Disorder, Anxiety Disorder,
Dissociative Disorder, or a Personality
Disorder).

The American Psychiatric Association's Diagnostic
and Statistical Manual, Fifth edition (DSM-5),
stresses that only trained health care providers can
diagnose or treat ADHD. This diagnostic standard
put forth by DSM-5 ensures that people are
appropriately diagnosed and treated for ADHD.

Neuroanatomy of ADHD:
Symptoms of this disorder are rooted in structural
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and functional disturbances in the prefrontal cortex of
the brain. The neuropsychological and imaging
studies showed that ADHD was not only associated
with the reduction in the prefrontal cortex (PFC)
volume, but also its connections to the striatum and
cerebellum. In addition, Castellanos et al. (2008)
reported a lower functional connectivity (FC)
between the anterior cingulate and posterior cingulate
cortex regions in individuals diagnosed with ADHD.
The connection between precuneus (posterior
cingulate cortex), the ventromedial prefrontal cortex,
and portions of posterior cingulate cortex were
associated with attention and focus. This may explain
the inability to focus in children with ADHD
(Castellanos et al., 2008).

Itami & Uno (2002) suggested that lesions in the PFC
produced symptoms similar to ADHD. This indicated
that PFC regulates behavioral inhibition, working
memory, and reward reversal. Not only the PFC was
hypovolemic, but it also differed in its connections to
striatum and cerebellum in individuals with ADHD
(Itami & Uno, 2002). In addition, the PFC in the right
hemisphere controls behavioral inhibition. Brennan
& Arnsten (2008) showed that the loss of integrity of
the PFC structures and lower levels of connectivity
are responsible for distractibility, forgetfulness,
impulsivity, poor planning, and motor hyperactivity.

Neurotransmitters of ADHD

The three major catecholamines are: 1) epinephrine
(adrenaline), 2) norepinephrine (noradrenaline), and
3) dopamine. The balance between these
catecholamines is crucial to focus and concentrate on
a task at hand (Brennan & Arnsten, 2008). The
striatum is a subcortical part of the brain, and it is
made up of the putamen and the caudate nucleus. The
striatum plays a role in planning and movement
pathways (Dai et al., 2012). The changes in
connectivity among these can be responsible for the
motor hyperactivity in ADHD children.

There are a wide range of reasons for the children’s
inability to focus and pay attention in a classroom
setting. These symptoms are closely linked to the
diagnosis of ADHD and it seems logical for a teacher
to associate a student’s disruptive behavior to
ADHD. This is why DSM-5 stresses that only trained
health care providers can diagnose or treat ADHD.
Suboptimal levels of both norepinephrine (NE) and
dopamine (DA) heavily influence the PFC.
Therefore, low levels of catecholamines result in
fatigue and high levels of catecholamines lead to
stress (Brennan & Arnsten, 2008).

Regulation of attention and behavior in PFC requires
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an optimal balance of catecholamines. Fatigue is
associated with insufficient catecholamines and stress
is associated with excessive catecholamines. This
imbalance may produce symptoms of inattention and
hyperactivity similar to symptomatology of ADHD.
These symptoms may also stem from epigenetics,
genetics differences, lesions in the PFC, diet, and the
psychosocial environment of children diagnosed with
ADHD. Studies show a link between heterogeneity of
catecholamine genes and ADHD (Matthews et al.,
2012). Matthews et al (2012) also stated that
catechol-o-methyltransferase (COMT) gene plays an
integral role in working memory and genetic
variation in COMT genes in children with ADHD.
This gene can cause memory problems in ADHD.

The Cambridge Neuropsychological Test Automated
Battery = (CANTAB)  measures  psychomotor
coordination and motor speed, reasoning and
planning abilities, memory (spatial working memory,
pattern recognition memory, spatial recognition
memory), and attention. In a study done by Matthews
et al (2008), the CANTAB established a direct link
between COMT genotype and four aspects of
memory that are involved in the inattention
symptoms of ADHD. This explained why children
with ADHD have a difficult time with spatial
recognition and spatial working memory. Studies
revealed that optimum levels of dopamine aided the
met-COMT allele in its ability to improve working
memory in ADHD.

Electroencephalogram:

An electroencephalogram (EEG) is a test that can
help to measure electrical activity of the brain. It
uses electrodes to detect the brain wave activity and
these electrodes are attached to the head with a
conductive gel. Electrodes placed on the forehead
detect and transmit electrical signals from the frontal
lobe of the brain to a polygraph that produce separate
graphs on moving paper using an ink writing pen or
on a computer screen. Analog-to-digital converters
are used to extract various wave bands (alpha, beta,
theta, and gamma). Hans Berger was the father of
EEG and he described normal brain wave activity
(Haas, 2005).

Sensorimotor rhythm (SMR) is an oscillatory idle
rhythm of synchronized electromagnetic brain
activity and it appears in spindles on EEG.
Sensorimotor rhythm is mainly recorded in the
sensorimotor region of the frontal lobe. During states
of immobility, higher amplitudes of SMR were noted
(Tansey, 1984).

Heinrich, et al (2004) described that the slow electro-
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cortical potentials (SCPs) account for a significant
fraction of the readiness potential (RP). Slow electro-
cortical potentials (SCPs) are the manifestation of
common activity of different neuronal regions of the
frontal cortex. Heinrich, et al (2004), also suggested
that the individual potential shifts preceding self-
initiated movements. These potentials are classified
as showing negative or positive shifts on EEG. The
ongoing negative shifts of the SCPs facilitate self-
initiated movement but are not related to processes
involved in motor decision. The negative or positive
shift can be used in developing a personalized
neurofeedback training program.

The event readiness potential is a measure of activity
in the motor cortex of the brain leading up to
voluntary muscle movement. It is the manifestation
of cortical contribution to the pre-motor planning of
voluntary movement (Kornhuber et al., 1990). The
readiness potential is detected as a slowly rising
negative wave (down ward deflection on EEG) in
response to components of the event-related potential
(Kornhuber et al., 1990).

The slow cortical potential (SCP) is a suitable
measure of central arousal and it plays an important
role in the management of ADHD, because it is often
associated with sustained activation of the
sympathetic nervous system (Heinrich, et al., 2004).
These slow waves are ideally suited to capture the
mental workload and amount of neural activation
associated with a specific cognitive process
(Drechsler et al., 2007).

The EEG is generated by changes in action potential
(electrical activity) on the membranes of cells located
in the cerebral cortex and the thalamus acts as a
pacemaker of the cerebral cortex similar to sinoatrial
node (SA) in the heart (Haas, 2005).

The cerebral cortex signals are grouped together by
location, amplitude, frequency and duration of
specific types of EEG activity. Amplitude is a
measure of the magnitude of the EEG signal, either
of the whole band wave or of a sub-band of the wave
signal. Amplitude is measured in microvolts but is
commonly described in terms of being low, medium
or high with respect to age-appropriate EEG norms
(Schwartz & Andrasik, 2003). Electroencephalogram
(EEG) provides an objective and quantitative analysis
of brain wave functions and EEG plays a critical role
in neurofeedback treatment for ADHD. However, it
is also important to consider that EEG changes with
age. Bresnahan et al (1999), reported an increase in
theta and a reduction in beta activity in the ADHD
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groups with age compared with the normal controls.

Electrode Placement:

Electrode placement can be done using the 10-20
system — standardized placement or 19 active
electrodes and 2 references (earlobes) or an 8-channel
(electrode) setting. As discussed above, the
electrodes are placed to detect and transmit brain
activity from different parts of the brain to a
polygraph. The electrodes are placed from Nasion
(depression on bridge of nose) to Inion (the back of
the skull), and from right temple to the left temple
region (Monastra et al., 2005). The newer systems are
using wireless technology and eliminate the use of
electrodes. The Play Attention System is an example
of wireless technology and is discussed under the
electroencephalogram-neurofeedback (EEG-NF)
section of this paper.

Brain Wave Frequency Pattern:

The major brain waves recorded on an EEG are: delta
(0.5-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13+
Hz), and SMR (12-14 Hz) (Jasper, 1958; Lubar &
Shouse, 1976; Schwartz & Andrasik, 2003; Tasney,
1984). Delta activity is most prominent during deep
sleep or unconscious state and theta activity is
produced as an individual begins to fall asleep. Alpha
waves are associated with passive awareness or relax
state and beta waves are linked to high degree of
external focus or active awareness, and SMR spindles
are prominent during motor inactivity.

The Event-Related Potential (ERP)

The event-related potential (ERP) measures the
electrical activity of the cerebral cortex that
represents a distinct phase of cortical processing.
Selective attention and conscious discrimination are
two components of ERP that correspond to the
intensity of a stimulus. An ERP is recorded using the
non-invasive EEG cap. The event-related potential
(ERP) is often used as an investigative, diagnostic,
and prognostic tool in neuroscience and clinical
medicine (Patel & Azzam, 2005).

The P300 (P3) is a positive wave (upward deflection
on EEG). It is elicited in the process of decision-
making and it usually appears at 300 ms post-
stimulus. It is associated with decision-making
processes. Modifications in P3 are often detected in
conditions that impair cognitive function (Patel &
Azzam, 2005). The P2 is also a positive wave and it
is involved in memory functions. Variability in P200
peak amplitude suggests that there are differences in
the anterior and posterior region of brain during
memory tasks like encoding words (Sokhadze et al.,
2012). This study also noticed that P200 was
involved in a cognitive matching system that
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compares sensory inputs with stored memory.

N200 (N2) is a negative wave (downward deflection
on EEG). It is related to response inhibition, response
conflict, and error monitoring (Folstein et al., 2013).
The N200 negative wave usually appears 200-350 ms
post-stimulus. The N200 is typically evoked before
the motor response. This suggests that it is linked to
the cognitive processes of stimulus identification and
distinction.

Patel and Azzam (2005), suggested that the P300 was
not only involved in the processes of working
memory, but it also interacted with the N200 in the
control of motor response to external cues. Through
the use of a “GO/NOGO” paradigm, requiring
subjects to identify targets either with a motor
response or a suppression of activity, it was possible
to examine the processes associated with voluntary
movement. Similarly, Sokhadze et al. (2012) found
more significant delay in the appearance of P300,
P200, and N200 waves post-stimulu in the children
diagnosed with ADHD. The N200 and the P300 can
explain the deficit in executive functions during an
external performance task such as homework in
ADHD children (Sokhadze et al., 2012). The N200 is
typically evoked before the motor response,
suggesting that it is linked to the cognitive processes
of stimulus identification and distinction in ADHD
(Sokhadze et al., 2012; Patel & Azzam, 2005). These
ERP studies support that some aspects of the
psychophysiology of ADHD could be due to changes
such as post-stimulus appearance time and alteration
in amplitude of P2, P3, and N2 in the frontal cortex.

The contingent negative variance (CNV) affects
neuronal circuits underlying resource allocation
during cognitive preparation (Walter et al., 1964).
The contingent negative variation (CNV) consists of
slow negative potentials on EEG. It depends on the
association of preparatory and imperative stimuli
during a warned reaction task requiring a response
(Heinrich et al., 2007; Holtman et al., 2014).

Electroencephalogram (EEG) Biomarkers
Properties of an electroencephalogram can serve as a
unique biomarker to administer individualized
neurofeedback training. Arns et al (2012), described
five unique EEG biomarkers: 1) excess fronto-central
theta, especially on the midline region of the frontal
lobe, 2) excess fronto-central alpha, especially during
eyes open during a task, 3) excess beta or beta
spindles, 4) Sensorimotor rhythm (SMR) spindles or
SMR/theta, and 5) no clear EEG pattern. Targeting
individual EEG biomarkers can improve the
treatment outcomes.
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Electroencephalogram-Neurofeedback:
Electroencephalogram-neurofeedback (EEG-NF)
uses basic principles of EEG to establish brain
activity in children diagnosed with ADHD. Electrode
placement typically follows the International 10/20
System (Shouse & Lubar, 1997). During each
session, an individual wears a helmet equipped with
sensors that record alpha, theta and beta wave activity
(Roja & Chan, 2005).

The Play Attentions System:

The Play Attention System is a computer based video
game-like interface with different programs focusing
on different learning tasks such as attention, auditory
processing, social cues, and memory. A small
hardware device that fits in an armband sleeve, which
is placed on a user’s arm. It is crucial that the three-
dry disk shaped sensors on the sleeve must be in
direct contact with the skin. It is necessary to record
and transmit brain signals via a wireless technology.

Neurofeedback Protocols:

Electroencephalogram biomarkers can be used to
apply an appropriate neurofeedback.

Some of the neurofeedback protocols include SMR
protocol, theta/beta protocol, beta-downtraining
protocol, frontal alpha protocol, and alpha protocol
(Arns et al., 2009) Neurofeedback resulted in large
and clinically relevant effect sizes (ES) for ATT and
impulsivity and a low to medium ES for
hyperactivity (Arns et al., 2009).

A low amplitude of SMR on an EEG is indicative of
hyperkinetic symptom profile and it would be most
appropriate  to apply SMR protocol during
neurofeedback training so that user can learn to
increase SMR amplitude to reduce symptoms of
motor hyperactivity (Arns et al., 2009).

Electroencephalogram-Neurofeedback Training:
Electroencephalogram (EEG) electrodes are attached
to the head with a conductive gel according to the 10-
20 international electrode placement system or 8-
channel (electrode). During training, participants sit
in a comfortable armchair. Brain-wave signals are
amplified for processing by analog-to-digital
converters and polygraphs to extract pure delta, theta,
alpha, beta, and gamma bands of the EEG (Hardt,
2012).

The training starts with a baseline EEG to establish
the wave pattern of trainees. EEG biomarkers are
often included to create an individualized training
program. Neurofeedback training is rooted in basic
operant conditioning. Trainees receive continual
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feedback, which serve as reward for producing a
specified EEG pattern. The reward is built into the
training software. Upon producing the desired EEG
brain wave such as beta wave, the trainee receives an
auditory tone and/or a visual display on the computer
screen as a reward. The software references the EEG
amplitudes, typically in more than one spectral band
simultaneously. This offers a continuous feedback to
a trainee in comprehensible sensory forms (Schwartz
& Andrasik, 2003).

The short-term goal is to cultivate attention so that a
trainee can finish the task at hand without worrying
about changing the brainwave. The initial phase of
the training revolves around meeting the situational
demands such as homework, transition between jobs,
follow multiple step directions, and improve social
interactions. Once the brain begins to exercise this
ability, as with other types of learning, the
assumption is that it will most likely hone this skill
until the symptoms of ADHD are managed.

The Play Attention System is one of the aids to
improve attention stamina, discriminatory processing,
visual tracking, motor, and social skills through
playing. For example, by improving focus and
attention, a child can have an Orca swim to the
bottom of the ocean, and as soon as the child loses
focus, the Orca starts to swim away. This continuous
feedback is also captured and stored on the computer.
This data can be used later to generate progress
reports. A reward system is used to motivate
children. For example, children get points for
maintaining focus and avoiding distractions. These
points can be redeemed for a sleep over or buying a
toy or a clothing item.

The long-term objective is to develop state-
appropriate cortical regulation. During this phase, the
purpose is to improve short-term memory, auditory
and visual discrimination, and auditory sequencing.
These skills are needed to engage effectively outside
the training environment (laboratory/clinical office).
The objective of the training is to assist children in
managing their ADHD symptoms. It may help
reduce the dose of medication or may eliminate the
need of psychostimulants.

According to the research studies, a typical program
offers 20 to 40 sessions, 2 to 3 times per week (Arns
et al., 2009; Drechsler et al., 2007; Fuchs et al.,
2003). However, in the presence of comorbid
symptoms, more sessions may be needed. The cost
varies and ranges from fifty to two hundred dollars
(Lansbergen et al., 2011). The healthcare insurance
companies seldom cover EEG biofeedback, but
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private clinics offer payment plans and special
treatment packages (Baydala& Wikman 2001;
Masterpasqua et al., 2003).

Seven controlled trials have assessed the efficacy of
neurofeedback training (EEG and SCP) as a
treatment option for ADHD in the pediatric
population. These trials reported improvements in
ADHD symptoms as well as cognitive functions such
as enhanced attention and inhibition after
neurofeedback training compared to the control
group (Drechsler et al., 2007; 2009; Heinrich et al.,
2004; Levesque et al., 2006). Similar improvements
were also reported by controlled trials compared to
psychostimulants (Fuchs et al.,, 2003; Rossiter,
2004).

Quantitative Electroencephalography (qEEG) is a
procedure that processes the recorded EEG activity
from a multi-electrode recording using a computer.
This multi-channel EEG data is processed with
various computerized algorithms. The digital data is
statistically analyzed, sometimes comparing values
with “normative” database reference values. The
processed EEG is commonly converted into color
maps of brain functioning called, brain maps (Arns,
et al., 2012). QEEG neurofeedback resulted in large
and clinically relevant effect sizes (ES) for ATT and
impulsivity and a low to medium ES for
hyperactivity (Arns et al., 2009).

Medical Regimens:

Optimum levels of catecholamine like dopamine
(DA) and norepinephrine (NE) are essential in the
PFC to achieve the peak attention and focus. A
decrease or increase in the levels of these
cathecholamines in the PFC is associated with the
symptoms of ADHD. This relationship between
between catecholamines and the functions of PFC is
utilized by psychostimulants like methylphenidate
(MPH). Methylphenidate is often the drug of choice
in the treatment of ADHD in children. It works by
increasing extracellular catecholamine by inhibiting
the reuptake of catecholamine such as dopamine and
norepinephrine (Arnsten & Dudley, 2005). Optimum
levels of DA and NE can assist PFC in accomplishing
executive functions like reasoning, organizing,
problem solving, and planning (Arnsten & Dudley,
2005). Higher levels in catecholamines in the
postsynaptic cleft stimulated the central nervous
systems, which further improved the function of PFC
in ADHD (Markowitz et al., 1999).

Stimulants:
Methylphenidate (MPH) is associated  with
improvements in alertness, reduction in fatigue, and
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improvements in attention span. This makes MPH a
useful medicine for ADHD. However,
psychostimulant ~ drugs  (Concerta, Metadate,
Adderall, and Ritalin) have numerous serious side
effects. Markowitz et al (1999), pointed that MPH
suppresses appetite, activates the sympathetic
nervous system, and can also cause arrhythmias.
Drugs in the stimulant class are also associated with
increased risk of eating disorders and mood disorders
(Markowitz et al., 1999). Methylphenidate (MPH)
acts fast to improve the release and/or inhibit the
reuptake of both DA and NE. The fast increase in DA
and NE makes MPH a drug of choice as it works to
improve the working-memory in ADHD children
(Wigal, 2009). This is why NE and DA modulators
play a big role in treating inattention symptoms of
ADHD. The right dose of psychostimulants is usually
found by a trial and error method (Wigal et al., 2006).
The abuse and dependence are not common in US
high schools. Nonetheless, the parents are often
nervous that their teenagers may abuse these
stimulants.

Non-Stimulants:

Modafinil is not a stimulant but acts like a stimulant
such as methylphenidate and amphetamine. It
promotes attention by increasing the activity in the
frontal cortex (Wigal et al., 2006). The film-coated
tables were well tolerated and provided overall relief
from the symptoms of ADHD. Stimulants are most
widely prescribed, but Wigal et al (2006) reported
that about 30% of all children diagnosed with ADHD
do not respond to them.

Antidepressants:

Antidepressants like bupropion (Wellbutrin,) and
desipramine (Norpramin) are also used to treat
ADHD in patients who are not able to tolerate
stimulants or are unresponsive to them. Clonidine
works as an alpha-2 (02) and an imidazoline receptor
agonist. It binds to the 02 receptors in the central
nervous systems (CNS) and reduces calcium in the
presynaptic cleft (Reis & Piletz, 1997). This leads to
lower levels of NE, which reduces the activity of the
sympathetic nervous system (Reis & Piletz, 1997).

Antidepressants are slower than stimulants and
usually take longer to work. However, these drugs
are a good alternative for ADHD children with an
existing medical condition such as heart conditions,
thyroid diseases, and hypertension (Reis & Piletz,
1997).

DISCUSSION:
With time, reduction in the severity of ADHD
symptoms is often reported, but in 40-60% of all
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cases, the symptoms of this complex disorder persist
in late adolescent and adulthood (Lansbergen et al.,
2011; Tsai et al., 2013). ADHD can lead to poor
academic performance, poor socialization, and
increased traffic accidents because of inattention
(Markowitz et al., 1999). Psychostimulants, in
particular, are the primary pharmaceutical treatment
for ADHD. Approxmately 20% of all children with
ADHD fail to respond to psychostimulants,
regardless of the dose (Molina et al., 2009). The
long-term use of psychostimulants has been linked to
minor and major side effects (Arnsten & Li, 2013;
Markowitz et al., 1999). A significant number of
children start these medicines between 7 and 9 years
of age (Arnsten & Dudley, 2005). The majority
stopped taking psychostimulants within 2 years and
they re-experienced the symptoms of
ADHD(Masterpasqua et al., 2003). According to
Charach et al (2007) and Tsai et al (2013), the side
effects of psychostimulants included growth
retardation, sleep disorders, and decreased appetite.

These studies further necessitate the importance of
exploring non-pharmacological treatments. EEG-
neurofeedback studies suggest that it is a promising
alternative or additional treatment without reported
side effects (Arns et al., 2009; Gevensleben, et al.,
2009; Heinrich et al., 2007; Holtman et al., 2014;
Lansbergen et al., 2011; Monastra et al., 2005;
Shouse & Lubar, 1997).

Shouse & Lubar (1997) found that conscious control
over motor movements led to conditioned increases
in the sensorimotor rhythm (SMR). Increases in SMR
were associated with the reduction in the symptoms
of hyperactivity. Although the study size was small
(21), Shouse & Lubar (1997) suggested that SMR, in
conjunction with medication, proved most effective
to treat physical hyperactivity compared to
medication alone.

The slow cortical potential (SCP) neurofeedback
ADHD treatment differs from SMR, because SCP
rewards changes in the polarity of the EEG
(positivity vs. negativity). This discrete reward
scheme is specific to SCP training (Heinrich, et al.,
2004). Both the SCP and SMR play an important role
in the regulation of cortical excitability, inhibition,
and inattention characteristics of ADHD. These
initial findings contributed to a considerable amount
of research into the treatment of ADHD with EEG
biofeedback or neurofeedback. Many clinicians are
currently using this therapy in their clinics (Heinrich,
et al., 2004). Leins et al (2007) found that both SCP
and Theta/Beta neurofeedback provided
improvements in behavior, attention, and 1Q.Arns et
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al (2012), applied the digital quantitative EEG
neurofeedback to understand the impact on
inattention (ATT), hyperactivity/impulsivity (HI),
and comorbid depressive symptoms. This study
found that QEEG neurofeedback reduced ATT, HI,
and symptoms of depression in children with ADHD.
Changes in N200 and P300 amplitudes in pre and
post-treatment QEEG neurofeedback were the reason
for using individual psychophysiological markers of
EEG Arns et al (2012).

Arns et al (2012), suggested that selecting individual
EEG biomarkers could improve the treatment
outcome, but more research is needed to establish the
efficacy of EEG biomarkers. Individualized
neurofeedback can also be beneficial in treating the
comorbid symptoms in children diagnosed with
ADHD (Arns et al., 2012).

Holtman et al (2014), conducted a randomized study
to examine the efficacy of slow cortical potentials
(SCPs) neurofeedback as a non-pharmacological
treatment option for ADHD. This study recruited 144
children and the researchers used German adaptation
of Kiddie-Sads-Present and Lifetime Version (K-
SADS-PL). This instrument assisted the researcher to
rule out comorbid disorders such as major depressive
disorder, anxiety disorders, and behavioral disorders
by interviewing parent/s in the presence of the child.
This instrument also included probes and scoring
criteria for symptom assessment based on DSM-III
and DSM-IV (Kaufman et al., 1999).

Holtman et al (2014), provided 25 sessions (60
minutes each) of SCP neurofeedback to the
experiment group. The clinical global impression
scale (CGI) is used to estimate symptom severity
(CGI-S) and improvement (CGI-I). The clinical
global impression scale (CGI) was a subjective
assessment tool, because it compared the severity of
symptoms among the group. Testhattery for
Attentional Performance (TAP) used the go/nogo and
flexibility (non-verbal) to assess the ability to
suppress a response to an irrelevant stimuli and
ability to shift attentional focus respectively
(Holtman et al., 2014).

Holtman et al (2014), suggested that the CNV could
be associated with improved self-regulatory abilities
in children and provided reduction in the ADHD
symptomatology. Other studies have also found that
the NF training generated a “more negative” CNV in
children with ADHD compared to the control group
(Heinrich et al.,, 2007). Holtman et al (2014),
suggested that the CNV modulation is important in
addressing impaired preparatory processes and
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responding to a stimulus in the treatment of
inattention symptoms of ADHD. A recent study
provided evidence for long term post EEG-
neurofeedback (6 month follow up) benefits in
children with ADHD (Gevensleben et al., 2010).

These positive results after EEG neurofeedback
training in the children with ADHD are welcome
news, but it should be noted that the majority of these
studies had serious methodological problems. The
most common limitations included small sample size,
non-randomized group assignment, and lack of
control conditions (double-blind study). Only three
studies randomized group assignments (Gevensleben
et al., 2010; Heinrich et al., 2004; Levesque et al.,
2006). There is an immense need for large size
randomized control trials to establish the
effectiveness and efficacy of EEG biofeedback.
There is also a big need to refine and standardize the
treatment protocols.

Lack of coverage for this time and labor-intensive
technique, and high number of treatment session are
some of the major obstacles to expand this field.
Electroencephalogram (EEG) biofeedback equipment
ranges from $5,000 to $20,000. The major criticism
of EEG biofeedback treatment is the big time
commitment from both parents and children
(Holtman et al., 2014). A typical treatment includes
on average, 20-40 sessions, which can be costly,
because the majority of health insurance plans do not
cover neurofeedback treatment (Masterpasqua,
2013).

CONCLUSION:

The  complex interaction between PFC,
neurotransmitters, and various tracks that connect
PFC to amygdala and basal ganglia makes it
challenging to develop a universal EEG protocol.
Children diagnosed with ADHD experience an
increase in their theta wave activity and reduction in
their beta wave activity. With age the symptoms of
hyperactivity diminishes and the symptoms of
impulsivity persists. This information can help to
create more effective neurofeedback training
programs.

This preliminary review of the literature found that
neurofeedback is effective in managing symptoms of
inattention and hyperactivity. The slow cortical
potential (SCP) and Beta/Theta neurofeedback also
suggested improvement in 1Q. Effective management
of the symptomatology and an increase in 1Q can
significantly improve the academic performance of
children diagnosed with ADHD. Neurofeedback
affects both behavioral as well as neurophysiological
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parameters such as attention, preparation, time to
process a stimulus, and inhibitory ERP components
(CNV, P 300).

In the recent years, the number and the scientific
quality of research on EEG-based neurofeedback for
ADHD have grown significantly. Studies included in
this review suggested that neurofeedback training
improved the symptoms of ADHD. However, it is
important to discuss if factors such as self-efficacy,

relaxation,

structured learning environment and

routines might have caused the changes in brain
activity.

Irrespective of cost, time commitment, and age-
related changes in EEG, neurofeedback assisted self-
regulation can help a child diagnosed with ADHD
better manage ADHD symptoms.
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