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Abstract

Quantitative Electroencephalogram (QEEG) and EEG source localization 
were used to describe the patho-physiological nature of brain dysfunction 
in children with Attention Deficit Hyperactivity Disorder (ADHD) or Autism 
Spectrum Disorder (ASD). QEEG frequency analyses revealed 4 subtypes that 
differed both in severity of abnormality and relative frequency of occurrence in 
both disorders but do not clarify distinctive neural networks associated within 
each of the disorders. Multivariate discriminant analyses proved to be effective 
in discriminating clinical groups from normal and from each other with high 
levels of sensitivity and specificity. EEG source localization indicted that ADHD 
was characterized by functional abnormality within the thalamus, hippocampus, 
caudate nucleus, and anterior cingulate, frontal/striatal, temporal, and parietal 
regions bilaterally and ASD by functional abnormality within the thalamus, 
hippocampus, caudate nucleus, and posterior cingulate, supramarginal gyrus, 
lateral and medial occipital/temporal, superior parietal, and occipital cortical 
regions bilaterally.
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diagnosis of children with learning disorders and those with various 
subtypes of attention deficit disorder [1]. 

Variable Resolution Electromagnetic Tomography (VARETA) 
is a 3 dimensional source localization method that uses surface 
recorded EEG to analyze current density and to identify the most 
probable neuro-anatomical generators of each EEG frequency band. 
The results of these analyses can be used to generate maps based 
upon a probabilistic brain atlas resembling slices obtained from a 
Magnetic Resonance Image (MRI) [6]. When z-score transformed 
relative to a normal population these VARETA brain images can 
be used to depict the cortical and sub-cortical structures involved 
in the pathophysiology of various neuro-cognitive disorders. The 
VARETA technique has been shown to be useful in the identification 
of the neuro-anatomical structures involved in; (1) epileptic activity 
generation [7,8], (2) hypoperfused regions due to neurocysticercosis, 
reversible ischemic attacks, and cerebral artery disease [6,9,10], (3) 
space occupying lesions [11,12], (4) the localization of cognitive 
processes [13], obsessive-compulsive disorder [14], and attention 
deficit disorder [15].

The present study was designed to document QEEG differences 
between large samples of children diagnosed with ASD, ADHD, 
and a matched sample of children with no known neurological or 
psychiatric disorders. The goal was to document the specific types 
of QEEG profiles found within these populations and to develop 
QEEG feature based discriminant functions (possible biomarkers) 
to distinguish children with ASD and those with ADHD from the 
normal population of children as well as from each other. VARETA 
was utilized to identify the neuro-anatomical structures that underlie 
the pathophysiology of the childhood syndromes of ASD and ADHD 

Background
Attention Deficit Hyperactivity Disorder (ADHD) and Autistic 

Spectrum Disorder (ASD) are two neurodevelopmental disorders 
which at various times in the past 40 years have been described 
as being epidemic in their scale amongst childhood psychiatric 
disorders. Both disorders occur early in childhood and can have 
extreme effects on the lives of these children. ADHD is characterized 
by symptoms of inattention, impulsive behavior, and varying degrees 
of hyperactivity which often result in problems in learning, cognition, 
and social interactions. Autistic spectrum disorder is characterized by 
deficits in social interaction and communication often accompanied 
by repetitive behavior and dysfunction in executive function, 
language, and emotional behavior. ASD individuals can also exhibit 
impaired attention regulation processes such as distractibility or at 
other times significant problems with hyper-focusing and difficulty 
in shifting their attention as needed. While several recent studies have 
documented the neuro-physiological and neuro-anatomical nature 
of these disorders [1,2], there are no published studies that examine 
the similarities and differences between the brain structures and 
neurological functions compromised within each if these disorders 
and a set of heuristics that can help provide the discriminability of 
these disorders

Quantitative EEG (QEEG) is a valuable technique used in the 
diagnosis and treatment of children and adults with psychiatric 
and neurological disorders [3,4]. The clinical utility of QEEG 
in child and adolescent psychiatric disorders including autism, 
specific developmental disorders, and attention deficit disorder has 
been documented [5]. QEEG is useful for aiding in the differential 
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and to identify any neurophysiological subtypes that exist within each 
disorder. We also identify the cortical and subcortical regions that 
generate abnormal activity within each disorder and then localize 
the anatomical differences between the two disorders. Collaborative 
evidence supporting our findings will be provided by reviewing the 
findings from brain structural imaging studies (MRI, fMRI, PET) of 
these two disorders.

Method
Normal population

A sample of 105 normal children from the NYU database of 
normal children was selected to match the age and sex distributions 
of our sample of ASD and ADHD children. All normal subjects 
were free of neurological or medical disease, had no history of head 
injury, drug or alcohol abuse, were of normal IQ, showed evidence 
of adequate functioning at home/school for the past two years, and 
had not taken any prescription medication for at least 90 days prior 
to evaluation. Specific details of the procedures used to establish the 
normal data base have been previously published [16]. The reliability 
of this normal data base has been validated using independent 
samples of normal individuals [17-22]. This replication of the age-
regression equations developed on the above data base justifies their 
generalized application [23].

Clinical populations
All Autistic Spectrum Disordered (ASD) children used in this 

study were referred to the Neurodevelopment Center in Providence 
Rhode Island or the Neurorehabilitation and Neuropsychological 
Center in Massapequa, New York. All ADHD children were 
referred to the Developmental Pediatrics and Learning Disorders 
Clinic in Sydney, Australia. Samples of 105 children were entered 
into this study from each of these clinical groups. All children were 
examined by a neuropsychologist and had a neuropsychological and 
QEEG evaluation. Children with histories of epilepsy, drug abuse, 
head injury, or psychotic disorders were excluded. The clinical and 
neuropsychological evaluations obtained on each child were those 
tests routinely administered at each outpatient clinic. None of 
children used in this sample, were on any medications. 

The demographic information from these samples is shown 
in Table 1 indicating no significant differences between groups in 
terms of age or sex. None of the children used in this sample were 
on medication at the time of QEEG testing. An additional 14 ASD 
children had QEEG evaluations while on medication and these 
children were used to test for general medication effects on the QEEG.

Quantitative EEG (QEEG) methodology
The neurometric method of QEEG data collection and analysis 

was utilized. The EEG power at each frequency, recorded from 19 
electrodes located on the scalp in compliance with internationally 
standardized procedures, is subjected to visual editing to remove 
artifactual contamination by non-cerebral sources such as movements 
and then subjected to computer analysis to extract a wide variety of 
descriptive measures. The measures are grouped by broad frequency 
bands, into which the EEG is conventionally divided: delta (1.5-3.5 
Hz), theta (3.5-7.5 Hz), alpha (7.5-12.5 Hz), and beta (12.5-25 Hz). 
For each broad band frequency band, univariate measures were 
derived for: 1) absolute power; 2) relative power; 3) interhemispheric 
and intrahemispheric power asymmetry; and 4) interhemispheric 
and intrahemispheric coherence. Additionally, measures for 
various multivariate regional absolute power, relative power, power 
asymmetry, and coherence measures across the frequency spectrum; 
and multivariate measures collapsed across all frequency ranges were 
derived. The interested reader is referred to several published papers 
for a detailed description of this technique and the development of 
the normal EEG database [22,24,25]. 

All ADHD and ASD children were seated comfortably in a sound 
and light attenuated room during the evaluation. Electrode caps 
were used to place recording electrodes over the 19 standard regions 
defined by the International 10/20 system referenced to linked ears. 
All electrode impedance levels were kept below 5000 ohms. Twenty 
to thirty minutes of continuous eyes closed resting EEG was recorded 
using a Spectrum 32 (ADHD) or Deymed (ASD) EEG system. An 
experienced EEG technician observed the continuous EEG being 
recorded and selected from 1 to 2 minutes of artifact-free EEG 
for further analysis. All EEG was digitized and placed onto CDs 
for entry into a computer for subsequent quantification. Prior to 
EEG quantification, all EEG was examined by one of the authors 
who removed artifact contaminated epochs missed by the first 
technician. Particular care was taken to prevent EEG contamination 
due to drowsiness, and to exclude EEG segments contaminated by 
horizontal and lateral eye-movement, muscle activity, ECG artifact, 
or by EEG transients due to sharp waves or paroxysmal activity. 
EEG quantification was restricted to those children from whom a 
minimum of one minute of artifact-free EEG (24 epochs) could be 
obtained. Prior research has shown that this is the minimum amount 
of EEG required to obtain reliable quantitative EEG measures [26]. 
The artifact free EEG segments were read into the Nxlink software 
for quantification. This software converts the Deymed and Spectrum 
32 EEG segments to meet the amplifier and frequency characteristics 
under which the normal database was collected and to equivocate 
digitized information collected from the different amplifier systems. 
The artifact-free EEG from each channel was then converted from the 
time to the frequency domain via Fast Fourier Transform (FFT). Each 

Normal Kids
ASD ADHD

F value P value
Mean (SD) Range Mean (SD) Range

Age: 9.98 (2.98) 6-17 10.01 3.3 6-17 10.03 3.1 6-17 0.1 <.99

VIQ: WNL 97.0 9.4 73-118 90.9 18.0 44-136 3.5 <.06

PIQ: WNL 97.8 9.5 74-126 92.7 17.0 46-136 16.2 <.0001

IQ: WNL 99.2 9.7 85-127 89.8 15.6 53-130 14.4 <.0002

Sex 92 males; 13 females 92 males; 13 females 92 males; 13 females

Table 1: Table showing findings for matching samples on age, sex and IQ.
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QEEG measure was compared to the mean and standard deviation of 
that measure obtained from the age-regressed normal database using 
a Z or standard score. 

The VARETA technique
In the last few years a new method for localizing electrical activity 

in the brain, called Variable Resolution Electromagnetic Tomography 
(VARETA), has been developed. This imaging technique allows an 
estimation of the distribution of the electrical generators for each 
frequency band within the brain, by applying a mathematical inverse 
solution to the EEG data. The anatomical definitions of regional 
probability for source localization used in VARETA are derived 
from a Probabilistic Brain Atlas (PBA) developed at the Montreal 
Neurological Institute [27]. Use of the PBA obviates the need for 
individual MRI scans, in exchange for sacrificing precise anatomical 
localization. Three-dimensional coordinates for the position of 
each scalp electrode position, defined by the proportional 10/20 
International Electrode Placement System, have been published [28]. 
These coordinates were used to project each electrode position onto 
the average surface of the mean dimensions of an age appropriate 
head, thus placing the proportional EEG electrode set into spatial 
registration with the proportional PBA. Based on this EEG-MRI head 
model, the problem of the 3-D sources of EEG may be specified in 
the frequency domain [6,29,30]. Resting, eyes closed EEGs from the 
normal population, constituted a normative database for VARETA 
using narrow band spectral analysis between 0.39 Hz to 19 Hz in 
increments of 0.39 Hz [31]. Using the resulting set of normal values 
for narrow band spectral power at each scalp electrode [29,32], the 
sources of power at each frequency were localized. Three-dimensional 
color-coded tomographic images were then generated, with source 
generator distributions superimposed upon the transaxial, coronal, 
and sagittal slices color-coded as z-score deviations from the normal 
population. The VARETA method is a useful adjunct to QEEG 
analysis. It provides additional information about the localization 
of the abnormal sources of surface electrical activity. Nevertheless, 
VARETA, like other inverse methods, presents some limitations: 
it represents an approximate solution for the most probable 
neuroanatomical generators. However studies have demonstrated the 
spatial resolution of such imaging techniques is with 5 mm consistent 
with MRI imaging for specific locations. 

Results
QEEG discriminant analysis findings

A series of step-wise discriminant analyses were calculated 

comparing the normal children with ASD children, the normal 
children with the children with ADHD, and the ASD and ADHD 
children with each other. QEEG variables entered were selected 
using analysis of variance comparisons between the two groups with 
those variables with the highest F-ratios and lowest inter-correlations 
chosen. A total of 5 variables were used to discriminate the normal 
from the ADHD children with a sensitivity of 93.3%. A specificity of 
88.6% with Positive Predictive Validity (PPV) of 89.1% and Negative 
Predictive Validity (NPV) of 93.0%. Variables utilized included delta 
and theta relative power and frontal coherence measures. A total of 
5 variables were utilized to discriminate the normal from the ASD 
children with 92.3% sensitivity and 95.6% specificity. The positive 
predictive value was 95.5% and the negative predictive value was 
92.6%. QEEG variables utilized included delta mean frequency, theta 
coherence, delta relative power, frontal/temporal alpha asymmetry, 
and frontal/temporal theta relative power. A total of 4 variables 
were used to discriminate the ASD from the ADHD children with 
82.9% sensitivity, 79.0% specificity and PPV of 82.0% and NPV of 
79.0%. Variables utilized included measures of delta absolute power, 
frontal theta coherence, and alpha temporal asymmetry and frontal/
posterior theta asymmetry. 

QEEG subtypes
In processing the ADHD and ASD data, we examined the narrow 

band spectral analyses from .39 to 19 Hz for each child across all 
19 electrode placements and identified the frequency at which the 
maximum deviation from normal occurred. We then used these 
narrow band spectral results to place the ASD and ADHD children 
separately into 4 sub-types or phenotypes to include those with 
maximal narrow band spectral deviations from normal that fell 
between; (1) 3.9-6.63 Hz, (2) 7.02-8.58 Hz, (3) 8.97-10.53 Hz, and (4) 
10.92-14.04 Hz. Results from these analyses are listed in Table 2. 

For ADHD, these subtypes included 17.5%, 25.5%, 24.1%, and 
13.9% of these children respectively. For ASD, these subtypes included 
15.3%, 17.5%, 23.4%, and 24.1% of these children respectively. While 
the distributions of these EEG frequency based subtypes were similar 
for both developmental disorders, more ADHD children showed 
abnormality between 7 and 9 Hz (high theta and low alpha) and more 
ASD children had abnormal findings between 11 to 14 Hz activities 
(beta). In addition, 19.0% of the ADHD and 19.7% of the ASD children 
had narrow band spectral analysis which failed to show a clear cut 
maximum peak deviation from normal and these children were 

Cluster Subtypes of significant (p<.10)  QEEG variable deviations*

Clinical Group Cluster 1 Cluster 2 Cluster 3 Cluster 4

ADHD

↓ Generalized Delta
↑ Generalized Theta
↑Central & Temporal 

Beta

↓ Generalized Delta
↑ Generalized Theta (esp Frontal)
↑ Generalized Alpha (esp Central)

↓Posterior relative pwr Beta

↓ Generalized Delta
↑ Frontal Theta

↑Generalized Alpha
↓Posterior Beta

↓ Frontal and Central Delta
↑ Frontal Theta

↑Frontal and Central Beta

Representative % 17.5% 25.5% 24.1% 13.9%

ASD

↓Generalized Delta
↑Generalized Theta

↓Posterior Alpha
↑Frontal Beta

↓Generalized Delta
↑Generalized Theta

↑Generalized Alpha (esp Frontal and Central)
↓Posterior Beta

↓Generalized Delta
↓Central and Posterior Theta

↑Generalized Alpha

↓General Delta
↑Frontal and Central Alpha

↑Generalized Beta

Representative  % 15.3% 17.5% 23.4% 24.1%

Table 2: Table showing a summary of the qEEG cluster types, their representation in the clinical groups, and the relative trends in Z-scores in these clusters for each 
clinical group.

*All measures were of absolute power unless otherwise specified 
Note that a common subtype characteristic across all clusters for both clinical populations is the presence of Delta deficits.
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not included within the present analyses. Group average VARETA 
images were then constructed for each of the 4 above defined subtypes 
separately for the ADHD and ASD children. Analysis of variance ‘F’ 
ratios were calculated comparing the VARETA images of the ADHD 
and ASD children at each of the 4 narrow band frequency groupings. 

QEEG subtype differences
In order to document the QEEG differences between each of the 

ADHD and ASD subtypes defined in this study on the basis of the 
narrow spectral band findings described above, we calculated group 
average head maps of z-score relative power across the traditional 
delta, theta, alpha, and beta frequency bands. This makes the present 
work more amenable for comparison with other published studies 
which utilize these frequency bands. Figure 1 presents these head 
maps separately for the ADHD and ASD children with each grouping 
representing a neurophysiological subtype of each disorder based 
upon frequency distribution differences. Table 2 summarizes these 
general subtypes for power measures exceeding p< .10 in tabular 
form. 

It was found that the EEGs of an independent sample of 14 
medicated ASD children were distributed across all subtypes. 
ANOVAs computed comparing relative power findings between the 
medicated and non-medicated children indicated that medication 
resulted in less of a delta relative power deficit (p< .01), especially in 
frontal and central regions, and an increase in frontal alpha (p< .01) 
and beta (p< .03) relative power.

VARETA subtypes
Figures 2,3,4, and 5 present the group average VARETA images 

in the axial plane for each narrow frequency band grouped separately 
for the ADHD and ASD children as well as the analysis of variance 
F-values for the significance of the difference between the ADHD and 
ASD groups. All VARETA images use threshold scaling such that 
colors shown represent statistically significant deviations from the 
normal population (upper two panels of each figure) or significant 
ANOVA differences between the ADHD and ASD children (bottom 

panel each figure). Note that the anatomical location of abnormal 
neurophysiological activity is very consistent across the ADHD and 
ASD subtypes with greater differences seen when comparing each 
ADHD and ASD subtype against each other. Consistent differences 
were seen between the ADHD and ASD subtypes at each frequency 
and these differences showed virtually the same pattern of anatomical 
abnormality across subtypes. In other words, despite the different 
frequency distributions noted between ADHD and ASD subtypes 
(as demonstrated in Figure 1; Table 2), the neuroanatomical 
structures identified by VARETA as showing abnormal activity are 
consistent within both the ADHD and ASD populations which differ 
significantly from one another.

Table 3 presents a comparison of the anatomical regions 
showing abnormal neurophysiological activity for the ADHD and 
ASD children. In general, ADHD is characterized by abnormal 
increased neurophysiological activity in the thalamus, caudate 
nucleus, cingulate, and in frontal, temporal, precentral, postcentral, 
parietal, and occipital cortical regions with decreased activity in the 
cerebellum. ASD children were characterized by increased activity in 
the cerebellum, thalamus, hippocampus, in parahippocampal, cuneus, 
cingulate, and lingual gyri, and in temporal, precentral, postcentral, 
parietal, and occipital cortical regions. In ADHD, abnormal activity 
was greater in inferior and superior frontal regions, in precentral 
and postcentral cortical regions, and in anterior cingulate cortex 
and frontal/striatal regions than in ASD. In ASD, abnormal activity 
was greater than in ADHD in cerebellum, parahippocamus, lingual 

Figure 1: Figure showing univariate Z-score brain maps for a variety of broad 
bands of the qEEG.

23

23

Figure 2: Figure showing VARETA structures and corresponding Z-scores in 
current density for the broad band 4-6 Hz activity.
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and parahippocampal gyri, and in occipital/temporal and posterior 
cingulate cortical regions.

Discussion
The majority of children with attention deficit disorder and 

those with ASD show QEEG abnormality indicative of functional 
impairment at sub-cortical and cortical regions. When very narrow 
band z-scored spectral components are examined within these two 
populations of children, 4 major subtypes or phenotypes of QEEG 
abnormality are identified and these were illustrated using the 
traditional broad band spectral components of z-relative power 
in Figure 1 and Table 2. When examining these findings, the 
commonalities of the QEEG features found in both the ADHD and 
ASD subgroups include generalized decreased delta activity and 
increased generalized theta activity. While some children from both 
the ADHD and ASD population fall into each of the four subtypes; 
theta excess, theta and alpha excess, alpha excess, and beta excess, the 
percentages of children within each subtype and the overall nature of 
each subtype varies across diagnostic category. A greater percentage 
of the ADHD children fell within the theta and alpha excess subtype 
(25.5% vs. 17.5%) while more ASD children showed a beta excess 
(24.1% vs. 13.8%). The ADHD children within all subtypes showed 
increased frontal theta not seen in the ASD children, and the degree 

of delta deficit present within each subtype was greater for the ASD 
population which also showed a greater degree of beta excess across 
subtypes than did the ADHD children. This beta excess is partially 
due to medication effects although the finding of a greater beta excess 
in ASD holds true when the medicated children were removed from 
all analyses. The beta excess present is noteworthy and was present 
with or without the presence of medication. The increased frontal 
abnormality in ADHD may reflect frontal/striatal dysfunction and 
the disruption of executive function often associated with problems 
of attention [33]. The deficit of delta common in ASD may reflect the 
cortical and subcortical connectivity issues often described in ASD 
[34]. The delta EEG rhythm has been hypothesized to play a role as 
an integrative mechanism across brain regions with two thalamo/
cortical networks active. The first network involves the thalamus and 
its’ connections to specific cortical regions and the second, involving 
delta, as a global integrative network [35]. In fact, Alper [36] suggests 
that delta power is modulated by dopamine and acts by facilitating 
the transition between local and global brain states.

Clarke [37] used cluster analysis of QEEG to document the 
existence of three ADHD subtypes in a sample of 184 ADHD boys 
and 40 age and gender-matched controls. Subtype 1 showed increased 
total power, increased relative theta and decreased relative delta and 
beta waves, and type 2 showed increased relative theta and decreased 
relative alpha and increased central/posterior relative delta. The third 
subtype showed increased relative beta and decreased relative alpha 
activity. These findings are similar to those reported in the present 
paper for our ADHD population. These findings are also in agreement 
with previous studies of eyes-closed resting QEEG in 407 children 
with ADHD or ADD. In these studies, QEEG frequency abnormality 

33

22

Figure 3: Figure showing VARETA structures and corresponding Z-scores in 
current density for the broad band 7-9 Hz activity. 

31

30

Figure 4: Figure showing VARETA structures and corresponding Z-scores in 
current density for the broad band 9-10 Hz activity.
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occurred in over 80% of these children with theta and alpha excess the 
most prevalent abnormal finding. Frontal and central regions were 
most likely to be involved, and if generalized, the magnitude of the 
frequency abnormality was greatest in these regions [38-40].

Studies of EEG frequency abnormality in children with ASD 
have provided less consistent results over those seen in ADHD. 
For example, two studies showed decreased delta frontally [2,41], 
while one found increased activity in the delta range [42]. Two 
studies reported increased generalized delta or described “slowing” 
[43,44]. Three studies showed theta increases [2,42,45], while one 
study reported reduced theta [41]. These inconsistencies do not 
appear to be accounted for by considering whether the study was 
done with the subjects in a resting state or under task conditions. 
By contrast, findings have been quite consistent with spectral power 
analyses of faster frequencies, alpha through gamma. All studies 
that completed spectral power analyses reported reduced alpha 
power [41,43] and increased beta [2,42,46,47] and gamma power 
[48]. These inconsistent results are possibly due to effects of early 
use of psychotropic medications on brain-behavior development 
[5] even when the subjects at the time of study were off medication 
and/or due to the limited sample sizes utilized and may also reflect 
the heterogeneity found in this population of children. In the 
present study with substantially larger samples of ASD children this 
heterogeneity is substantiated by the existence of at least 4 subtypes of 

QEEG frequency abnormality which encompass most of the findings 
described above.

The results of the VARETA analyses suggests that despite 
different patterns of EEG frequency abnormality across ADHD and 
ASD children, abnormalities occur in specific regions of interest 
between ADHD and ASD children which are noteworthy. More 
specifically, abnormalities are noted in the Thalamus, Caudate, 
Hippocampus, Post-Central Gyrus, Angular Gyrus, Cuneus, and 
Lingual Gyrus. The co-occurring abnormalities in these common 
structures likely accounts for many of the commonalities found in 
these two clinical populations. There appears to be a single underlying 
neurophysiological pathway or network that can be identified within 
each disorder. When processed using the VARETA software all four 
QEEG subtypes within a diagnostic category showed similar patterns 
of sub-cortical and cortical abnormality with consistent differences 
between the ADHD and ASD children present for each subtype. 
VARETA images of ADHD children revealed functional abnormality 
within the thalamus, hippocampus, and caudate nucleus that spread 
to and included the anterior cingulate, frontal/striatal, temporal, and 
parietal regions bilaterally. VARETA images of ASD children revealed 
functional abnormality within the thalamus, hippocampus, and 
caudate nucleus that spread to and included the posterior cingulate, 
supramarginal gyrus, lateral and medial occipital/temporal, superior 
parietal, and occipital cortical regions bilaterally. The sub-cortical 
and cortical regions showing abnormal neurophysiological function 
in ADHD and ASD children identified using QEEG based VARETA 
imaging agrees with the findings based upon other neuroimaging 
techniques such as MRI, fMRI, and PET.

Neuroimaging studies of ADHD indicate decreased regulation 
of the cerebellum and the frontal/striatal system [49] and decreased 
activation of frontal regions and connections between bilateral 

18

30

Figure 5: Figure showing VARETA structures and corresponding Z-scores in 
current density for the broad band 11-14 Hz activity.

Sub Cortical & Cortical
Structures showing 

VARETA Abnormality

Attention Deficit 
Disorder

Autistic Spectrum 
Disorder

Significant 
Differences

Cerebellum X X ADHD less

Thalamus X X None

Caudate X X None

Hippocampus X X None

Inf. Mid. Sup. Temporal ALL Mid & Sup ASD less

Inf. Mid. Sup. Frontal ALL Mid ASD less

Precentral Gyrus X ASD less

Postcentral Gyrus X X None

Inf. Mid. Sup. Occipital X Superior ADHD less
Lat Mid Occipital/

Temporal X ADHD less

Sup. Parietal X X ADHD less

Angular Gyrus X X None

Supramarginal Gyrus X ADHD less

Cuneus X X None

Lingual Gyrus X N None

Cingulate Anterior & 
Posterior Posterior None

Table 3: Brain Structures Showing Abnormal Function using VARETA in Children 
with Attention Deficit Disorder and Autistic Spectrum Disorder.
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prefrontal regions and the temporal and parietal cortices, regions 
important for cognitive flexibility and executive function [33,50,51]. 
Disruptions in function of the frontal\striatal system and its 
connections with the caudate nucleus have also been reported [52]. 
Decreased activation of bilateral parietal regions, the precuneus 
region and the thalamus may indicate disturbances in salient feature 
detection and the ability to shift attention deficits often characteristic 
of ADHD [53]. Significant disturbances in the connections between 
the anterior cingulate cortex, the precuneus region and prefrontal 
cortex and with the posterior cingulate cortex have been reported 
in ADHD [54]. In fact, anterior cingulate cortex function has been 
shown to play a role in the executive control of attention another 
area of attention processing in which those with ADHD often have 
problems [55].

In contrast, neuroimaging studies of ASD suggest abnormal 
function between frontal/striatal systems and more posterior cortical 
regions. This involves the disruption of the frontal/striatal and parietal 
networks important in the social brain system [56], and disruption 
of communication between the frontal/striatal, cerebellum, basal 
ganglia, thalamus, and ventral striatum important in mental 
state attribution and the superior temporal region important in 
perception and eye gaze [57], and decreased grey matter in frontal/
temporal and somatosensory regions involved in social cognition 
[58]. Further studies in ASD note disruption of the connections 
between the posterior cingulate region and the inferior and ventral 
temporal regions involved with the integration of visual and affective 
information [59], decreased activity in the superior temporal region 
and the cerebellum involved in the integration of sensory and limbic 
information and social perceptual skills [60], and decreased caudate 
nucleus volume and repetitive behavior [61].

The sub-cortical and cortical regions showing abnormal 
neurophysiological function in ADHD and ASD children identified 
using QEEG based VARETA imaging is supported by the findings 
described above which were based upon other neuroimaging 
techniques such as MRI, fMRI, and PET. Clearly, both QEEG and 
VARETA can play an important role in identifying the underlying 
physiological abnormality present in both ADHD and ASD. 
Individual patterns of findings may have implications for diagnostic 
purposes as well as for treatment selection and implementation. For 
example individual QEEG frequency profiles can be used to guide 
Neurofeedback to reduce the salient QEEG/VARETA abnormalities. 
Such training protocols have recently shown to have promise in 
ADHD and ASD [62,63]. With the identification of more specific 
network involvement in each of these populations, neurofeedback 
targeting structures using VARETA or LORETA (Low Resolution 
Electromagnetic Tomographic Analyses) may have promise 
for more potent means of achieving clinical improvement [64]. 
Neuropharmacotherapy can also use various pharmacological agents 
guided and assayed by their ability to normalize the QEEG which, 
from other pharmacokinetic studies, will predict favorable clinical 
responses [65].
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