— Journal of Neurotherapy: Investigations in
NEUROTHERAPY Neuromodulation, Neurofeedback and Applied
Neuroscience

New Technology: A Biological Understanding of
Attention Deficit Hyperactivity Disorder and its

Treatment

David B. Plude ®

& Minnesota School of Professional Psychology, Duluth, Minnesota
Published online: 18 Oct 2008.

To cite this article: David B. Plude (1996) New Technology: A Biological Understanding of Attention Deficit
Hyperactivity Disorder and its Treatment, Journal of Neurotherapy: Investigations in Neuromodulation, Neurofeedback
and Applied Neuroscience, 1:3, 10-14, DOI: 10.1300/J184v01n03_02

To link to this article: http://dx.doi.org/10.1300/J184v01n03_02

PLEASE SCROLL DOWN FOR ARTICLE

© International Society for Neurofeedback and Research (ISNR), all rights reserved. This article (the “Article”) may be
accessed online from ISNR at no charge. The Article may be viewed online, stored in electronic or physical form, or archived
for research, teaching, and private study purposes. The Article may be archived in public libraries or university libraries at the
direction of said public library or university library. Any other reproduction of the Article for redistribution, sale, resale, loan,
sublicensing, systematic supply, or other distribution, including both physical and electronic reproduction for such purposes,
is expressly forbidden. Preparing or reproducing derivative works of this article is expressly forbidden. ISNR makes no
representation or warranty as to the accuracy or completeness of any content in the Article. From 1995 to 2013 the Journal
of Neurotherapy was the official publication of ISNR (www. Isnr.org); on April 27, 2016 ISNR acquired the journal from Taylor
& Francis Group, LLC. In 2014, ISNR established its official open-access journal NeuroRegulation (ISSN: 2373-0587;
www.neuroregulation.org).

THIS OPEN-ACCESS CONTENT MADE POSSIBLE BY THESE GENEROUS SPONSORS

BrainMaster Technologies, Inc.

rrteaaawirri—ell TTEUTOLAE 2NN

From the decade of the brain into the new millenium

~ Applied Neuroscience, Inc.
AASAA AN AAvn A | NS | 0.0 SOUNDHEALTH
- 2 > CLIN'C N PRODUCTS INC

Seamiless Integration of gEEG and EEG Biofeedback



http://dx.doi.org/10.1300/J184v01n03_02
http://dx.doi.org/10.1300/J184v01n03_02
http://www.neuroregulation.org/
http://brainmaster.com/
http://www.neurocaregroup.com/
http://www.appliedneuroscience.com/
http://www.swingleclinic.com/

New Technolo

7: A Biological Understanding of

Attention Deficit Hyperactivity Disorder and its
Treatment

David B. Plude, Minnesota School of Professional Psychology

Currently, the most common treatment methodology for ADHD is the use of stim -
ulant medication. However, recent advances in computer technology and medical equip -
ment have enabled scientists to study neurological processes more effectively, which has
led to alternatives for treating ADHD. This paper describes some of the new technology.

Recent advances in computer technology
and medical equipment have enabled scien-
tists to study neurological processes more
effectively on living subjects. Such advance-
ment has enabled scientists to gather data
that was once only available after the sub-
ject was deceased. Magnetic resonance
imaging (MRI), positron emission topogra-
phy (PET), and -electroencephalograph
(EEG) are methods of monitoring neurologi-
cal activity that have created vast opportu-
nities to learn how the human brain func-
tions. More importantly, however, is that
experiments or interventions can now be
conducted more reliably on living subjects
and the neurclogical, cognitive, and/or
behavioral results can be monitored upon
completion of the intervention.

Attention deficit hyperactivity disorder
(ADHD) is a significant problem in the Uni-
ted States, estimated to affect 3-5 percent of
the population (Ingersoll & Goldstein, 1998,
chap. 1). The American Psychiatric Associa-
tion recently revised the diagnostic criteria
for ADHD in the Diagnostic and Statistical
Manual for Mental Disorders, Fourth
Edition (1994). The diagnostic criteria for
attention problems include, but are not lim-
ited to, difficulty sustaining attention, dis-
tractibility, and memory problems. Some of
the criteria needed for the additional diag-
nosis of hyperactivity include difficulty sit-
ting still, excessive interruptions, and rest-
lessness.
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The correct etiology and treatment
methodology of attention deficit hyperactiv-
ity disorder (ADHD) has generated signifi-
cant controversies between researchers,
professionals, and parents. Two of the most
frequently disagreed upon questions are:
what causes ADHD and what is the best
method to treat it?

For years the cause of ADHD was
linked to numerous social and behavioral
sources such as prenatal problems, poor
parenting, and improper diet (Ingersoll &
Goldstein, 1993, chap 1). Currently, the
most common treatment methodology for
ADHD is the use of stimulant medication
(Klorman, Brumaghim, Fitzpatrick, &
Borgstedt, 1990). Until recently the role
stimulant medication plays in both reduc-
ing attention problems and hyperactivity
has not been well understood. What is
known, however, is that children diagnosed
with ADHD usually respond positively to
stimulant medications. For instance,
Rapport et al. (1994) found that the use of
methylphenidate accounted for a 46%
increase in attention, 32% increase in acad-
emic efficiency, and a 27% increase in com-
pleted work. Symptoms of hyperactivity
were also significantly reduced. Barrick-
man et al. (1995) found that both bupropi-
on and methylphenidate reduced scores on
the Connors Rating Scale for Teachers and
Parents significantly on variables measur-
ing hyperactivity.

Copyright © 1996 ISNR. All rights reserved.



PET Scans

While there has been limited consistent
evidence explaining the neurological effects
stimulant medication has on an individual,
recent research and new technology may
have the answer. The most recent and sig-
nificant studies regarding the brain funec-
tioning in ADHD individuals involves the
use of brain imaging techniques. Zametkin
et al. (1990), using PET scan technology, dis-
covered that adults with hyperactivity of
childhood onset had significantly lower cere-
bral glucose metabolism levels than the con-
trol group while participating in a continu-
ous performance task. The slower metabo-
lism was particularly significant in the pre-
motor cortex and the superior prefrontal
cortex. Global cerebral glucose levels of the
males tested was 8% lower than that of the
controls, while the female ADHD group dis-
played a 12.7% reduction in comparison to
their control group.

It appears as though these results may
be generalizable to the public due to the
nature of the sample. The individuals select-
ed for the study were screened for both
affective and personality disorders using the
Schedule for Affective Disorders and
Schizophrenia assessment device. They
were also administered the Wide Range
Achievement Test and the Wechsler
Intelligence Test for Adults (Revised) to
assess for learning disabilities. In addition,
the subjects were screened for a current
and/or historical problem with substance
abuse. The subjects chosen were functioning
socially and occupationally. It appears to be
the authors’ opinion that more impaired
individuals would have even more signifi-
cant abnormalities. The concluding remarks
of the authors indicate that the prefrontal
regions may play a vital role in the inhibi-
tion of responses, inattentiveness, and dis-
tractibility. In another study, Enrst et al.
(1994) tried to replicate the work of
Zametkin. This study involved the same
strict controls as performed in the Zametkin
study, however the subjects were adolescent
boys and girls diagnosed with ADHD. They
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did find similar results while conducting
PET scans on adolescent girls diagnosed
with ADHD. During 2 continuous auditory
performance task, the cerebral glucose
metabolism in ADHD girls was 15% lower
than the non-ADHD control group. On the
other hand, this study was unable to find
significant differences in glucose metabo-
lism levels between adolescent males with
ADHD and the male control group. Ernst
explains this discrepancy: “The less con-
stricting adult environment may be more
accommodating to ADHD symptoms, giving
the appearance of a reduction in symptoms.
It is conceivable, then, that adults who par-
ticipated in our previous study were the
most severely impaired because they had
been unsuccessful in adapting to their
symptoms in adulthood” (p. 864).

The fact that the results were positive
only for the female subjects may suggest
that the female adolescent ADHD sample
may be more representative of the adult
ADHD sample in the previous study. It may
also be suggested that “the stability of the
ADHD diagnosis was reported much higher
for girls than boys” (Ernst et al., 1994, p.
866). Zametkin et al. (1990) supported this
finding that adult males with ADHD
showed an 8% decrease in glucose metabo-
lism, while adult females showed a 12.7%
decrease in metabolic activity.

Matochik et al. (1993) found that stimu-
lant medications do affect cerebral metabo-
lism levels in adult individuals diagnosed
with ADHD. The results of his study suggest
that the effects of stimulant medication on
neurophysiological processes are not actual-
ly increasing the metabolic activity of cer-
tain regions of the brain, but rather they are
governing the use of glucose throughout the
brain. Before and after PET scans were con-
ducted on 27 adult outpatient subjects diag-
nosed with ADHD. After analyses of their
data, it was found that 9 of 18 regions actu-
ally decreased in metabolic activity after the
administration of stimulant medication,
while the other 7 areas increased in meta-
bolic activity. Matochik et al. found that
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there were significant increases in metabol-
ic activity in the following regions: anterior
medial frontal, right anterior temporal, pos-
terior temporal, and middle temporal; and
sub-cortical regions, right thalamus, and
caudate.

While Matochik’s hypothesis that stimu-
lant medication’s primary function was to
increase cerebral metabolic activity was not
entirely correct, it is apparent that stimu-
lants indirectly increase metabolic activity
in certain regions of the brain. It could be
speculated then, that the decrease in meta-
bolic activity that stimulant medications
cause in other regions of the brain may have
more of an inhibitory effect on an individ-
ual’s cognitions and behaviors.

In conclusion, PET scan technology has
shown that there are decreased levels of
cerebral metabolic activity in the frontal
region of both adolescent and adult individ-
uals with ADHD. It is possible that this has
a significant effect on both the premotor cor-
tex and superior frontal cortex. This may
explain the symptomology that is character-
ized by an inability to inhibit motor activity,
sustain attention, and memory difficulties.
The gender and age differences give some
understanding of the complexity and depth
of this problem. While it was hypothesized
that stimulants increase global glucose
metabolism, it is apparent that stimulants
alter the use of glucose throughout the
brain. It seems obvious that the recent
development of these technologies may lead
one to the answers, however it may first
have to forego many new questions.

Power Spectral Analyses of EEG

Another means to measure levels of neu-
rophysiological activity is by means of EEG
recordings. While the use of EEG data has
been around for more than 20 years, the
computerization of this instrument has
given scientists the ability to topographical-
ly analyze individual results and statistical-
ly compare them to group results.

The neural frequencies measured using
power spectral analyses (PSI) include delta,
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theta, alpha, and beta. Delta frequencies
(Bestak, 1984) are typically produced when
an individual is in a deep sleep. Theta fre-
quencies are produced when an individual is
in a rather light state of sleep. Alpha activi-
ty is usually the highest amplitude neural
frequency, produced when an individual is
awake and in a fairly re-laxed state. Beta
activity increases as the individual becomes
more focused or is in-volved in more com-
plex cognitive processes.

By means of a 16 channel multi-elec-
trode EEG, Mann et al. (1992) achieved 80%
diagnostic accuracy of individuals meeting
the criteria for ADHD. His results confirmed
those of Zametkin’s, finding evidence that
during cognitive tasks there is hypoactiva-
tion of the frontal neocortex. That is, in the
frontal region, individuals with ADHD tend
to produce higher amplitude theta activity
during cognitive tasks which is usually only
produced during a light sleep with limited
awareness. During the same cognitive task,
ADHD subjects were found to produce low
amplitude beta activity which is typically
enhanced during more difficult cognitive
tasks. When involved in complex cognitive
processes the typical individual responds
quite differently, with beta activation and
suppression of theta activity creating a
more alert and focused state of mind, rather
than an inattentive state similar to day
dreaming.

Recent event-related potential studies
have also generated interesting results
regarding the neurological activity of those
diagnosed with ADHD. Event-related poten-
tial studies conducted by Robaey et al.
(1992) hypothesized that the difficulties
ADHD children have may be due to their
reduced ability to relay information regard-
ing controlled cognitive processes. He con-
tinued to hypothesize that most of their
impulsive and distractable behaviors are a
result of their tendency to function in neur-
al frequencies that tend to involve automat-
ic cognitive and behavioral processes. His
experiment involved testing ADHD children
with a stimuli screen that presented two dif-



ferent types of tasks. During the first task,
the child was asked to differentiate between
repeated and novel visual images, thus tap-
ping into the more automatic type of pro-
cessing. The second task involved the chil-
dren identifying novel words that did not
correlate with the selected classification, to
measure more controlled cognitive processes
of reading and category differentiation. The
results suggested that the ADHD children
actually performed better at recognizing or
detecting novel stimuli of a basic shape or
form. The evoked-related potentials on
these tasks showed the P250 in the centro-
frontal area was significantly larger in the
ADHD group. In fact, they were larger
regardless if it was a repeated or a novel
stimuli, suggesting that the children’s orien-
tation to differences between environmental
stimuli was enhanced regardless of its rele-
vance. However, their ability to produce
and/or sustain P300 event-related poten-
tials in the centro-frontal area was limited
during the reading tasks. Thus, while the
ADHD children were superior in their abili-
ty to detect stimuli, their ability to interpret
the stimuli’s meaning was more limited
than that of the control group.

MRI Results

A recent MRI study conducted by
Semrud-Clikeman et al. (1994) indicates
that children with ADHD have a less devel-
oped splenial area of the corpus callosum.
While her sample size was small and this is
the first study of its type, the author specu-
lates that there is a possibility of a relation-
ship between her findings and that of
Zametkin and his colleagues. She believes
that the lowered metabolism found in the
posterior cortical regions that Zametkin’s
study identified may be related to a smaller
splenium with fewer fibers for interhemi-
spheric communication.

EEG Training as a Treatment

The results from these new technologies
has created significant insight into a previ-
ously misunderstood disorder of early child-
hood. It has also begun to increase the
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options available when considering treat-
ment of ADHD. Lubar (1992), a pioneer in
the new field of neurotherapy, has found
that by training individuals to reduce exces-
sive slow wave theta activity and increase
the more intense beta activity in the frontal
lobe, they are able to reduce symptoms of
hyperactivity, and increase their levels of
focus and concentration. Lubar reports that
after 30-40 sessions of neurotherapy indi-
viduals with ADHD show significant acade-
mic improvement and score significantly
higher on intelligence testing.

In conclusion, it is obvious that all of the
preceding research is in its early stages and
that more research is needed prior to mak-
ing firm conclusions. The effect of this new
technology represents significant advances
for the field of psychology. While most of the
research in this article is relatively new, it
seems evident that the cerebral glucose
metabolism levels of those diagnosed with
ADHD seem to identify both underactivity
and overactivity in different regions of the
brain. This is most significant in the frontal
lobe. Both electroencephalogram and
evoked potential studies tend to support
this conclusion. Given that the effects of
stimulant medication for ADHD have been
proven to be significant for many years, it is
encouraging that other treatment options
such as neurotherapy and diagnostically
accurate devices such as power spectrum
analyses are becoming available.

While behavioral elements will continue
to play a role in the understanding of
ADHD, it is obvious that more biological
explanations will be available in the near
future. Based on the results of this research
regarding new technology on the etiology
and treatment of ADHD, it seems apparent
that the confusion about its cause is related
to the diffuse nature in which it affects the
brain. Variables of attention, memory, and
motor activity are all affected and it does
not seem possible that any one region of the
brain will ever be identified as responsible
for ADHD.
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