
 

www.kjponline.com // ISSN: 2395-1486  
59 

New in Psychiatry 

EEG NEUROFEEDBACK – A NOVEL TREATMENT 

MODALITY FOR CHILDREN WITH ATTENTION 

DEFICIT HYPERACTIVITY DISORDER  

ARUN MP  

Assistant Professor, Dept. of Psychiatry, Academy of Medical Sciences, Pariyaram.  

Correspondence: Assistant professor, Dept. of Psychiatry, Academy of Medical Sciences, Pariyaram, Kannur 670503. 

Email: arunpalayat@gmail.com 

 

Attention Deficit Hyperactivity Disorder 

(ADHD) is one of the most common 

childhood and adolescent behavioral 

disorders.
1 
A recent Indian study reported a 

community prevalence rate of 11.3%.
2 

The 

illness predominantly affects boys,
3 

and 

frequently leads to significant social and 

academic difficulties.
4 

Without effective 

treatment, children with ADHD are at 

greater risk to develop academic and 

behavioral problems, beget co- morbid 

psychiatric conditions like  mood and 

anxiety disorders or substance use 

disorders,
5,6

 or incur accidental injuries.
7 

NEUROBIOLOGY OF ADHD 

Current etiological theories of ADHD 

emphasize the central role of attentional and 

executive dysfunctions.
8,9

 A growing body 

of evidence supports a model in which 

multiple genetic and environmental factors 

interact during early development to create 

a neurobiological susceptibility to the 

disorder, the expression of which is 

mediated by alterations in different neural 

networks and deficits in the 

neuropsychological functions they 

subserve.
10 Frontostriatal network is a likely 

contributor to the pathophysiology of 

ADHD, and reductions have been observed 

in the total cerebral volume and in the 

volumes of prefrontal cortex, basal ganglia 

(striatum), dorsal anterior cingulate cortex, 

corpus callosum and cerebellum in those 

affected by the condition.
11

 A 

developmental trajectories study revealed  
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Table 1: Scalp EEG frequencies associated with various mental states

a delay in cortical maturation, and 

demonstrated that different clinical 

outcomes may be associated with different 

developmental trajectories in adolescence 

and beyond.
12

 

CURRENT TREATMENT OPTIONS 

Both psychological and pharmacological 

therapies have been shown to benefit 

ADHD patients.
13

 Medications like 

methylphenidate (MPH), atomoxetine and 

clonidine, and psychological interventions 

like behavioral therapy, parent training and 

social skills training are commonly 

recommended in ADHD treatment. 

Though medications are considered the 

most effective treatment,
 14 

there is 

insufficient evidence for their long term 

efficacy.
15 

Studies show that 2-10% of 

patients prescribed MPH discontinue it due 

to adverse effects.
16 

Stimulants cannot be 

used in those with previous sensitivity to 

them, glaucoma, symptomatic 

cardiovascular disease, hyperthyroidism, or 

hypertension. Besides, children with 

ADHD and their parents are concerned 

about possible long-term effects of 

medications.
17 

Though psychological 

interventions are often advocated and used, 

according to a recent metaanalysis of RCTs, 

studies that employed blinded assessments 

have not found significant efficacy to most 

such interventions.
18 

All these point to a 

need for other treatment modalities that are 

more effective and acceptable. 

BRAINWAVES IN ADHD 

Scalp electroencephalogram (EEG) 

frequencies have been broadly associated 

with various mental states (Table 1).
19

 Scalp 

EEG can be quantitatively measured using 

spectral analysis, and Quantitative EEG 

(QEEG) studies demonstrate deviations 

from the normal pattern in many 

neuropsychiatric conditions, including 

ADHD.
20

 

Children with ADHD have been found to 

have increased theta (slow wave) activity 

and decreased beta (fast wave) activity than 

normal controls.
21 

QEEG studies of ADHD 

patients have consistently revealed 

increased frontocentral theta band activity 

and increased theta to beta (θ/β) power 

ratio during rest.
22

 85-90% of ADHD 

patients display signs of cortical 

“hypoarousal” — quantitatively described 

as elevated relative theta power, reduced 

relative alpha and beta power, and elevated 

theta/alpha and theta/beta power ratios. 

These changes are mainly seen over the 

frontal and central midline areas. A smaller 

EEG Rhythm Frequency(Hz) Associated Mental States 

Delta 1-4 Sleep. Dominant in infants 

Theta 3-7 Drowsiness 

Alpha 8-12 Alertness 

SMR 12-15 Mentally alert 

Beta 13-21 Focused 

High Beta 20-32 Intensity 

Gamma 38-42 Important in learning 



 

www.kjponline.com // ISSN: 2395-1486  
61 

subgroup of patients exhibits an EEG 

pattern suggestive of “hyperarousal” — 

with greater relative beta activity, decreased 

relative alpha activity, and decreased 

theta/beta power ratios diffusely across 

multiple cortical recording sites.
23 

EEG NEUROFEEDBACK— AN 

INTRODUCTION 

The concept of EEG neurofeedback (EEG-

NF) originated from observation by 

Sterman that cats conditioned to produce a 

specific EEG frequency called Sensory 

Motor Rhythm (SMR; 12-15Hz) exhibited 

an elevated seizure threshold when exposed 

to the convulsant agent methyl hydrazine.
24

 

Subsequent studies by Sterman and others 

demonstrated that approximately 80% of 

patients with medically intractable epilepsy 

experience a clinically significant (>50%) 

reduction in seizure frequency after a course 

of EEG-NF that rewards the SMR 

frequency.
25

 

Modern EEG-NF systems consist of a set of 

EEG sensors and a signal amplifier 

connected to computers with software 

capable of analyzing the EEG signals, 

displaying relevant signals to the patient, 

and providing rewards or inhibitions in the 

form of feedbacks through visuals, sounds, 

or both. A typical EEG-NF setup involves 

the patient seated in a reclining chair, 

watching a video display that provides video 

and audio feedback, while the therapist 

monitors a second video display that 

provides detailed, real-time data on the 

patient’s EEG during the session. A course 

of EEG-NF consists of at least 20 half-hour 

sessions administered over a 6- to 12-week 

period. EEG-NF have been tried in 

psychiatric disorders like addiction.
26

 

EEG-NF FOR ADHD 

Several studies have shown that EEG-NF is 

an efficacious and promising treatment for 

ADHD. Here, children with ADHD learn 

to enhance the desirable EEG frequencies 

and suppress the undesirable frequencies at 

the selected scalp location(s). This is 

achieved by rewarding them, for example by 

allowing to progress in a video game, when 

they are able to increase the desirable 

frequencies and/or reduce the undesirable 

frequencies. For hypoaroused patients, 

Lubar JF have developed EEG-NF 

protocols that inhibit cortical slowing and 

reward higher frequencies, with the goal of 

normalizing EEG activity in regions 

considered responsible for attention and 

behavioral control.
27

 Children with ADHD 

who received EEG-NF training have been 

able to decrease theta activity, which is 

associated with daydreaming or distraction, 

and increase beta activity, which is 

associated with sustained attention.
28

 

EFFICACY OF EEG-NF IN ADHD 

Multiple studies, of varying methodological 

vigor, have evaluated the efficacy EEG-NF 

in treatment of children with ADHD. 

Case studies: Thompson and Thompson 

reported improvements in QEEG and 

performance in a continuous performance 

task, and a mean gain in full-scale IQ of 12 

points, after 40 sessions of EEG-NF in111 

ADHD patients.
29

 Kaiser and Othmer 

reported that EEG-NF improved 

attentiveness and impulse control in186 

patients with ADHD.
30
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Studies with a control group: Rossiter and 

La Vaque compared the effects of 20 

sessions of EEG-NF with effects of 

stimulant medication (MPH or dextro-

ampetamine) in 46 ADHD patients aged 8-

21 years divided into two matched groups.  

The EEG-NF group demonstrated 

significant improvements in several 

psychometric test scores, though no 

significant intergroup differences were 

noticed.
31

 

A randomized waiting-list trial involving 16 

ADHD children aged 8-10 years was 

conducted by Carmody et al.
32

 12 patients 

treated with EEG-NF exhibited reduced 

impulsivity and were rated more attentive 

by their teachers. However, follow-up 

QEEG testing did not demonstrate 

consistent electrophysiological 

improvement after EEG-NF. 

Linden et al studied 18 ADHD children 

aged 5-15 years after randomly assigning 

them to a “waiting list” or an EEG-NF 

group. The EEG-NF group demonstrated a 

significant increase in IQ (nine points) 

compared to the control group, and there 

was a significant decrease in their inattentive 

behaviors as rated by parents.
33

 

The largest published controlled trial of 

EEG-NF for ADHD was conducted by 

Monastra et al.
34 

Ten patients aged 6 to 19 

years were divided into two groups. One 

group received MPH, while the other group 

received both MPH and EEG-NF. Post-

treatment assessments were conducted after 

one year of therapy while patients continued 

to take MPH and then after a one-week 

medication washout. The EEG-NF-plus-

medication group, which received an 

average of 43 sessions of EEG-NF designed 

to reduce cortical slowing to within one 

standard deviation of same age peers, had 

greater reductions in inattention and 

hyperactivity as reported by parents and 

teachers. Only this group demonstrated a 

sustained improvement after medication 

wash out. 

deBeus et al used a double blind cross over 

design for 52 ADHD children aged 7- 10 

years. Half of them had the inattentive 

subtype of ADHD, while the other half had 

the combined subtype. All subjects received 

20 NF sessions and 20 sham feedback 

sessions in random assignments. Active 

treatment protocol in this study was theta 

suppression, and enhancement of SMR or 

beta. NF resulted in better ADHD ratings at 

home, better ability to work with others, and 

better results in computerized assessment of 

attention.
 35

 

Levesque et al evaluated the impact of EEG-

NF on brain function in ADHD using 

functional magnetic resonance imaging 

(fMRI) in conjunction with psychometric 

tests.
36

 After EEG-NF sessions, the children 

exhibited improved attentional performance 

and distinctive activation of the right 

anterior cingulate cortex on fMRI. Such 

changes were not observed in the untreated 

controls. 

A recent Chinese study too evaluated the 

efficacy of combined MPH and EEG-NF. 40 

ADHD patients aged 7 to 16 years were 

randomly assigned to the combination 

group (MPH and EEG-NF) or the control 

group (MPH and non-feedback attention 

training). Patients were evaluated at 

baseline, after 20 treatment sessions, 40 

treatment sessions, and six months.  The 

combination group had significantly better 

symptom reduction and improvements in 

related behavioral and brain functions.
37 
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LIMITATIONS IN AVAILABLE 

RESEARCH  

Majority of the available studies on efficacy 

of EEG-NF in ADHD have methodological 

flaws like lack of blinding or absence of a 

placebo arm. Methodologically sound 

studies are still lacking in this area. 

Incorporation of a placebo feedback 

condition can minimizes the effect of 

unspecific factors and help in blinding. 

However, use of a placebo group for a 

condition like ADHD may be unethical as 

other effective treatments are available.
38 

It 

should also be noted that some studies that 

did include a placebo group or a blinded 

design did not find EEG-NF to be superior 

toplacebo-NF.
39, 40, 41

 

ADVERSE EFFECTS 

EEG-NF is associated with minimal adverse 

effects. There are chances of increased 

irritability, moodiness, and hyperactivity 

when stimulants and EEG-NF are 

combined.
42 

Dose of stimulants might have 

to be reduced or eliminated once 

improvement is noticed after NF sessions. 

Patients occasionally report transitory 

headaches, tiredness, and/or dizziness after 

the sessions. EEG-NF also has the potential 

to decrease or increase the seizure threshold 

depending on the frequencies and sensor 

locations used, as reported by Sterman in his 

original studies.
43

 Patients with a history of 

epilepsy should receive NF only from 

practitioners well-versed in EEG-NF for 

seizure disorders. 

INDIAN SCENARIO 

Not many centers in our country use this 

modality for children with ADHD yet. 

Subsequently, no Indian data on efficacy of 

EEG-NF in ADHD is currently available. 

Department of Neuropsychology, 

NIMHANS, Bangalore has the facility to 

use NF as an optional treatment for children 

with ADHD. Some private centers, like 

Medha Mind Enhancement Co (P) Ltd, 

Chennai, too use EEG-NF to treat some 

neurological disorders, autism, and ADHD. 

SUMMARY AND CONCLUSIONS 

EEG-NF is a novel therapeutic method for 

ADHD, and there is some evidence that it 

improves the patients’ inattention and other 

behavioral and cognitive symptoms. EEG-

NF is associated with minimal adverse 

effects, and can be used alone or in 

combination with medications to enhance 

their efficacy. Though double-blind placebo 

controlled studies have recently raised some 

doubts about its efficacy, EEG-NF remains 

an option to consider in ADHD 

management at least as an add-on to 

pharmacological interventions. 
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