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Quantitative EEG and Substance Abuse

- As | write this editoriakintroducing a supple-

- mentto the October issue dealing with duantitative
EEG (QEEG) changes associafed with substance
abuse, | amlooking at a small stnp of paper recent-

- ly given tome by Dr. Charles Henry. Itis a portion of
a single-channel EEG recorded on ticker tape in

1939, and we are considering how and‘where to

display and preserve it, perhaps on the Offner
~ instrument first used by Dr. Milton Parker to record
EEGs at Ohio State in 1946, now stripped of its
" galvanometers but handsomely stained and pol-
ished. These artifacts and others like them no
doubt in the possession of many readers remind
us of a time when electroencephalography
promised to reveal many exciting secrets of normal
and abnormal brain function. First in the hands of
Hans Berger.and then in the laboratories of Fred-
eric and Erna Gibbs as well as the other EEG pio-
neers, alterations in the morphology. frequency,
and eventually topography of EEG signals

- promised better understanding and more accu-,

rate diagnosis of neurological and psychiatric dis-
orders, and seemed to oﬁer a way to measure the
effect.of drugs on the Brain.

Some of that excitement has diminished over
the past half century, as the diagnostic palm has
‘passed to 'some degree.from EEG to imaging
modalities, first computed tomography and then
magnetic resonance, and now SPECT and PET
and functional MRI. The principal remalnmg
advantages for EEG and related tests are relative
ease and cheapness of administration, and well-
documented sensitivity, pariicularly in patients
with epilepsy, to functional aiterations that have no
- counterpart in altered brairi structure. One might
think that fairly inexpensive tests that could be
quickly conducted and readily repeated would
find great favor at a time of financial constraint and
cost containment in.medicine. Moreover, theoreti-
cal tools for processing and transformation of the
EEG signals in various ways have been avajlable
for some time, and the computer revolution that
has so comprehensively transformed maodern
medicine might be expected to facilitate the
extraction from complex brainwaves of patterns
* and changes that are not as rapidly or easily
grasped by the unaided eye. It is a great irony
indeed that, as the Decade of the Brain draws to

its. ciose the role of the fastest and cheapest mea-
sure of brain function in an outpatient setting is a
matter of doubt, and as the Century of the Com-

“puter redches its end; the application of comput-: .
er tgchniques to electrodnagnos:s is a matter of

controversy.

The regular reader of Clinical- EEG will: know
that :issues of sensitivity-and specmcnty in EEG -
and evoked potentials are regularly dealt with. .
The potential perils of QEEG techniques, partic-
ularly in psychiatric and neurodevelopmental
applications, have also been discussed in these .
pages. It is nevertheless exciting-to see neuro-

. Physiology generally and QEEG particularly

advance to a point from which it may have some

inflience on defining and solving the problems of -
the day. Dr. Braverman's work with Dr, Blum gives..
new meaning to the congcept of cerebral dys- ~
rhythmia as a medical disorder of the brain which

«is exacerbated by drug abuse.

There is probably no reader, in the United
States or elsewhere, who is not aware of the
medical, economic, social and politicat aspects g
of escalating use of illicit substances, particylar-
ly among young people. It.is generally agreed _

that neurologic examination, CAT scan, and MRl
.|magmg are of limited value in measuring the' o
effects of substance use and abuse, short of -

long-term systémic consequences or cata- - -

" strophic complications. Despnte much work in -

this area, standard EEG and evoked potentials
are also of limited value. There is increasing evi- .
dence; much of it in this journal, that QEEG tech- . -
niques improve neuropsychiatric diagnosis and

facilitate psychotropic drug treatment. Drs. Eric

Braverman and Kenneth Blum have, in extensive
studies retrospective and’ prospect:ve over a
seven-year period, shown QEEG changes not
evident in other clinical’and imaging modalities
in patients' with substance abuse.problems not

- yet attended by long-term complications, in

whose care education and rehabilitation are still
possible and crucially important. Such findings
suggest that QEEG.may be a cost-effective
adjunct in the evaluation, treatment, and educa-
tion of substance-abusing patients. As the prob-
lems of drug abuse and its consequences are -
the focus of increasing concern in our society,



Pictoral Proof of Brain Damage Caused by Drugs
-~ Published in Clinical EEG |
. Eric Braverman, M.D. & Kenneth Blum, Ph.D.

AR | - RESPONSE -

David Smith, M.D. o |
President, American Society of Addiction Medicine

Founder & President, Baight/Ashbury Free Clinics, Inc., San Francisco

. "The Braverman and Blum stuay, I l}u'nlt.- will be a very important breakthrough
in strengthening our scientific basis of addiction medicine”

~® - "The study identifies in a very graph!c}’orm, the nature of the biological basis of
addiction" Lo '

. "The phoiog-aphs devéloped by Braverman and Blum will help young people in
perceiving high risk in experimenting with potent Dsychoactive drugs, such as
. aleohol, cocaine and marifuana”

J "The study is very significant because it establishes a much better understanding
of the electrophysiological brain function as measured by EEG/BEAM in
Individuals, both predisposed to addiction and those who have comorbidity with
depression and substance use disorder"

. *Using this new technology, especiaily the visualization of this brain dysfunction,
will not only help science but will also help prevention and treatment”

o “The Braverman and Blum study is a stepping stone and will have great impact-as

a monitoring device in assisting clinicians in terms of observations related to
freatment progress in the addict”

o “Proper utilization of the Pphotographs developed by Braverman and Blum could
- have significant impact in affecting those young people having comorbidity with
-depression and substance use disorder, Ppotentially preventing teenage suicide "

. “In summary, in a certain sense, a picture is worth a thousand words"
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To whom it may concem:

Alan Walden, D.C., C.Ad., has been working i in the detox department of the
Haight Ashbury Free Clmlcs A chiropractor, Dr. Walden is also trained -
and Board Certified by the American College of Addictionolagy and.
Compulswe Disorders. He renders subluxation-based chiropractic care
using Dr. Jay Holder's Torque-Release Technique and protoeols

For many years this clinic has introduced many innovative strategies in
addiction treatment. Patients are.responding favorably to non-force
chiropractic care. :
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Dear Invitee,

How often are-you approached with an opportunity to
participate in an historical event? Well, here is a chance for
that moment in time to actually occur. .

Because of your interest and position in the field of health
and well-being, you are cordially invited to attend:

THE FIRST CONFERENCE ON
“REWARD DEFICIENCY SYNDROME."
GENETIC ANTECEDENTS AND
CLINICAL PATHWAYS.

The conference is being held at the prestigious Ritz
Carlton Hotel in San Francisco on November 12th - 13th, 2000.
The actual scientific program will consist of presentations by
leading experts on molecular genetics, psychopharmacology,
‘psychiatry and addictioriology from the National Institutes of
Drug Abuse, National Brookhaven Laboratories, Yale Univer-
- sity, UCLA, University of Pittsburgh, University of Texas, City
of Hope National Medical Center, Boston University, among
other world class institutions. They will present the most cur-
rent findings related to dysfunctional reward behaviors includ-
ing alcoholism, opiate dependence, psychostimulant abuse,
smoking behavior, carbohydrate binge eating, pathological
gambling, attention deficit disorders, Tourettes Syndrome, vio-
lent behaviors and other related behaviors.

- Unlike other scientific meetings, the purpose of this con-. .

ference is to bring Iéading scientists and well-known celebri-
ties such as Nick Nolte, the conference spokesperson, face-to-
face to discuss openly their affliction.

The total cost of the conference is only $295 (tax deduct-
ible). This includes a one-day scientific session (from 8:00
AM to 11:00 PM). You will also enjoy a once-in-a-lifetime
Luncheon and Press Conference with Nick Nelte and the
scientific speakers.

We are looking forward to spending this historical day
with vou! i ; i e

PATH FOUNDATION BOARD
Eric Braverman

Kenneth Blum Nick Nolte
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his conk -ace will present new evidence
1 that supports involvement of the dopamine
D2 receptor and of other genes: in reward,
addiction vulnerability and in the emerging con-
cept “Reward Deficiency Syndrome.” It will serve
as a stepping stone for discussions of targeted treat-
ment approaches to reward-deficiency disorders,
which may afflict as many as 88 million individu-
als in the United States. We will discuss genetic
involvement and the dramatic importance of na-
ture (as well as nurture) in addictions to alcohol,
opiates, psychostimulants, nicotine, cannabis,
pathological gambling, sex, violence and foads.
Clinical and genetic correlates, evolving traditional
and alternative medical treatments, behavioral and
electrophysiological approaches, and dietary av-
enues will be presented.

- his conference will focus, in a one-day
meeting, on unbiased 30-minute presenta- -

tions of data by leading scientists in the field
followed by discussion and dialogues with well-
known individuals about the problems faced by

" those with such genetic antecedents. Presentations

will be geared for both scientific rigor and clarity
for the public. An evening session will focus on

potential clinical aspects.

ponsored by
: The PATH Foundatioi

. Nationa[ Institute of Drug Abuse (NIDA

Nick Nolt,

American College of Addictionology &
Compulsive Disorder:

AminoVene, Inc

Biozone, Inc

; Energy Wellness

Israel Board of Addiction Professionals
Journal of Psychoactive Drugs

' Nutrigenomics, Inc.
Pharmacogenomics, Inc.

Recovery Systems, Inc.

Conference Chairperson: Kenneth Blum
Conference Co-Chairperson: Ernest Noble

B ) Scismjfic Co-Chairpersons: George Uhl and

Nora Volkow

Clinical Co-Chairpersons: Eric Braverman and
David E. Smith

Conference Spokesperson: Nick Noite

Daniel G. Amen, M.D.
Kenneth Blum, Ph.D.
Michael Bozarth, Ph.D.*
Eric Braverman, M.D.

Eliot Gardner, Ph.D.
Shirley Hill, Ph.D.

Jay M. Holder, D.C., C.Ad.
Kathleen"Kantak, Ph.D.
Theresa Kosten, Ph.D,

Joel Lubar, Ph.D.

Barry McCaffrey, General*
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University of North Texas, Denton, Texas, PATH Foundation, NYC
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this-may be an area In which clinical neurophys-
iology can beneficially impact a major public
health problem, as Berger, the Gibbses, and so
-many others attempted to do.

This prospect should be exciting to electroen-

- cephalographers. Because of this excitement and
. vthe timelinessof the subject, we publlshed the
Braverman and Blum study in an expedlted fash-
ion, as a'supplement so that color graphics
would be readily visible to all. We hope that ttis

In the last five years there has been a surge in
substance abuse amongst teenagers in the Unit-

ed:States. Unfortunately this increase parallels,
_expandung scientific knowledge about the:dam-’

. aging effects of drugs on brain function. The
- Braverman and Blum study identifies increased

- electrophyswlqgacal disturbances in substance
abuse disorder sybjects. They correlate such dis-

©1986 VOL. 27 NO. 4

timely contribution will draw attention to our disci-
pline and journal, and to the promise of pharma-
co electroencephalography for modern neu-
ropsychiatry. Finally, we are grateful to Dr. David
Smith, President of the American Society of Addic-
tion Medicine, for putting this work in the per-
spective of current addiction research and treat-

~ ment. This supplement may be the beginning of

fruitful collaboration between clinical neurophysi-
ology and clinical addictionology.

Miles E. Drake, Jr., M.D.
Chief Editor -
Clinical Electroencephalography

turbances with ‘genetic evndence suggesting a
premorbid existence of brain: dysfuncuon making
the subjects more susceptible to the disabling
effects of drug abuse. Such research has impor-
tant implications for better understanding of the
biological basis for the disease of addiction as well

.as providing a stronger scientific basis for preven-
tion and early intervention for high risk individuals.

David Smith, M.D.

President of the

American Society of Addiction Medicine
Founder and President of the

‘ Haight/Ashbury Free Clinics, Inc.
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Substance Use Disorder Exacerbates
Brain’ EIectrophysnologlcal Abnormalities
ina Psychiatrically-Ill Populatlon

A

Eric R. Bravermen and-Kenneth Blurn

ABSTRACT

Objective: To assess by brain electncal activity

mapping whether cocaine and alcohol abuse
and dependence would exacerbate electro-
physiological abnotmalities in a psychiatrically-
il population.

" Design, Setting, and Particlpants Utilizing a
brain mapping system, we assessed EEG, Spec-
tral Analysis (Quantitative EEG[QEEG]), Evoked
- Potentials (Auditory and Visual), and P300 (cogni-
~ tive evoked potential), in a total of 111 probands
divided into three groups: controls (N = 16), psy-
- chiatrically-ill without comorbid substance use

disorder (N = 34), and psychiatrically-ill with_

. comorbid substance use disorder (cocaine and
. alcohol abuse and dependence) (N = 61), atan
outpatient neuropsychiatric clinic. With regard to
demographic data, the group parﬂmpatmg in this
study did not differ significantly. Acomparison was
made among the groups'lo assist in diffefentiating
the effects of substance.use disorder compared
to psychiatric disease on brain electrical activity.
Main Outcome Measures: An assessment of
_electrophysiological abnormalities and their
brain location in psychiattic and substance use
disorder patients was done w:th a brain electrical
activity mapping test.
Main Results: Among the non-substance use
disorder, psychiatrically-ill (Pl) and substante
- use disorder, psychiatrically-ill (PI/SD) groups,
significantly different brain map abnormalities
were observed relative to an assesséd normal
population MANOVA (P=.017). Moreover, with
regard to Spectral Analysis, ANOVA was signifi-
cant at a P=.038, and we found a weighted linear
trend of increased abnormal total spectral analy-
- sis (P=.0113), whereby substance use was sig-
nificantly worse than controls. Mofeover among
the Pl-and PI/SD groups, significantly greater
total evoked potential (EP) brain map abnormal-
ities were observed when compared with a char-
acterized normal population (P=.0023) with
increasing abnormalities as a function.of sub-

stance use disorder as measured by a we:ghted
linear trend (P=.0022). In otder to determine the
site of the EPS abnormalities, we evaluated these -
abnormalities by location. In this regard, we
found all temporal abnormalities (AVBITA, see
Table 2) among the Pl and PI/SD groups to be
significantly greater relative to an assessed nar-
mal population (P=.0026). Furthermore, we

observed a linear trend of increased temporal - -

abnormalities with increasing substance use
disorder (P<.0008). In terms of bitemporal_
abnormalities (AVBIT) among the Pl and PI/SD

- groups, we also found significantly more bitem- -

poral lobe abnormalities in the PI/SD group com-
pared to our control population (P=.009). Addi-
tionally, a weighted linear trend of increased
abnormal bitemporal lobe abnormalities was
observed with i increasing substance use disor-
der (P=.0022). In the frontal lobe similar findings
were observed. With AVBIFA the ANOVA was
P<.011, with a weighted linear trend of P<.005
and the PI/SD group were significantly more

abnormal than Pl or CS on a Duncan Range test.

It is noteworthy that in a selected group of
depressed (Major Depressive Dlsorder Recur-
rent, 296.3) patients, we found profound abnor-
malities in the various brain map parameters -
tested. MANOVA and Univariate ANOVA's
revealed. sugnlflcantly greater abnormalities in
the Pl and PI/SD groups compared to assessed
controls. A MANOVA for total brain abnormalities
was significant at P=.043 and univariate ANOVA's
for composite measurements of TSA (P=.017),
EPS ‘(P=.0002). AVBITA (P=.000015), and AVBIT

Eric R. Braverman, M. D is from the Department of Psychia-
try, New York University School of Medicine, New York, New
York, and the PATH Foundation, Princelon, New Jersey. Ken-
neth Blum, Ph.D.. is from the Department of Behavioral Sci-
ancaes, University of Tekas, Houston TX, Schoo! of Public Health
at San Antonio, Texas. and the PATH Foundation, Princeton,
New Jersey.

Reprint requests should be addressed to Kenneth Blum,
Ph.D.. Department of Behavioral Sciences, University of
Texas, Houston, School of Public Health at San Antonio, 7703
Floyd Curl Drive, San Antonio, Texas:78284.
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(P<.00002) are also significant. With regard to
. EPS and AVBITA a weighted linear trend was

“observed where there were increasing abnor-

" malities with increasing substance use disorder, :
P=.0001 and P=.000003, respectively. Most- .

“importantly we found that in addition to
increased abnormalities with increasing sub-
“stance use disorder the PI/SD group had signifi-
~ cantly more abnormalities compared to the Pl
group with regard to both the TSA (P<.05) and

AVBIT (P<.05) composite parameters as mea- -
sured by a Duncan Rénge test. Additionally, we

found increased abnormalities in EPS in the

frontal (but not occipital and parietal) lobes, - '

AVBIF (P=.0116) and AVBIFA (P=.0116), of both
‘the Pl and PI/SD groups, where PI/SD groups

 had more abnormalities relative to Pkand CSin -

our total population as well as the select

. depressed group, with a weighted linear trendof -

P=,0054 and P=.0065 respectively.

‘Conclusion: Comorbid substance use disorder ."
* in psychiatric probands (especially in depressed
* patients) significantly exacerbates a potential.
‘premorbid vulnerability, and suggests a gene- -
.environment interaction which leads psychiatri-

cally-disturbed individuals with substance use
disorder to worsen their brain dysfunction, par-
ticularly in the bitemporal regions of the brain.

INTRODUCTION A

Thiis study of substance use disorder utilizes
. QEEG or spectral analysis and evoked potentials
~topographically mapped, and demonstrates sig-

nificant electrophysiolagical abnormalities in an

‘outpatient clinical neuropsychiatric setting. -

" ‘Brain electrical activity mapping, including
QEEG and cortical evoked potentials, has
revealed the existence of subtle neurological

. changes in a wide variety of subjects', including

schizophrenics,?® criminals,”® depressives,’

' Alzheimer's,"" toxic exXposures,'#'* metabolic -
- encephalopathy,'s AIDS,' attention deficit disorder
_and their response to medicatién, ™" and alco-
hdlism and drug abuse.?" Weil-developed criteria.

for utilization of brain electrophysiological mapping

has therefore been established for psychotic of

affective disturbances and impulse conitrol disor-
ders, as well as other organic behavioral disor-

. ders.2>% Moreover, the American Psychiatric Asso-
~ ciation Task Force recently embraced the..
 utilization of brain electrical activity mapping as a-
promising technique for elucidating brain iinesses .

- (see review by Duffy et af).* Visual interpretation
“of EEG patterns of psychiatric patients in actuality
may in the future be passe.*"“?
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The rationale for.the present investigation
stems from several previous studies that have

" demonstrated changes in EEG;®** spectral
-analysis,?**¢ evoked potential (i.e. auditory
* evoked response),2 P300,% as well as neu-

ropsychological deficits®*¥ in a variety of sub-
stance use disorders and children at risk for

_ these disorders. These studies, although sugges-

tive, were generally compriséd of a small number

. of subjects and did not systematically include a

full spectrum of comorbid eléctrophysiological
parameters tested in psychiatric patients with
and without substance use-disorder.

However, many authors have reported find-
ings of increased paroxysmal EEG changes ina
variety of psychiatric patients with'an observed
treatment response to anticonvulsants.‘** Oth-
ers claim that the electroencephalographic dif-
ferences of psychiatric patients from the normal
population may be explained by drug effects,
metabolic disturbances, or brain injury. -

It is'well known that drugs can induce neyro-
transmitter deficits in the deep limbic structures
(located in the temporal lobe),*#’leading to focal
electrophysiological abnormalities. Those topo-
graphical changes may be an important marker or
component which motivates an individual's desire
to engage in substance use. Bailenger and Post®
have suggested that the kindlirg phenomenon of
the limbic system may be a factor in both the crav-
ing and withdrawal of substance use disorder sub-
jects. Moreover, Goldstein and colleagues report-
ed on the importance of kindling (kindling refers
to the tendency of some brain areas to react to
repeated low-level electfical stimulation by pro-

. gressively boosting electrical discharges andthus

lowering seizure thresholds)**%in endogenous
depression, which may be exacerbated. by sub-
stance use disorders.* in one study of sub-
stance use disorders comorbid psychiatric disor- -
der was found to be as higlvas 70-80%.%'

Gerez and Tello® have provided. specific evi-
dence that supports the kindling model of drug-
seeking behavior. They found that structural
abnormalities and/or neuropsychological abnor-
malities were observed in only those individuals
with focal topographical changes. Moreover, they
found that focal EEG and evoked potential
changes predicted good response to anticonvul-
sants, while the presence of epileptiform (EEG)
activity without focal changes did not. Focal
evoked potential abnormalities probably have a
clinical utility in predicting anticonvulsant respon-
sive treatment in the substance use disorder sub-
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jects as well. In this regard, over two decades ear-
lier, anticonvulsanits were explored as potential
~ withdrawal agents, especially in the treatment of
alcoholism. More recently, Halikas et al.* first
* used the.iminostilbene derivative carbamazepine
to reduce craving response of severe cocaine
abusers, possibly by lowering seizure thresh-
- oldas suggested by Mott and associates in chil-
* dren predisposed to seizures.ss Additionally,
: Stuppaeck-and co-workers® have suggested
that carbamazepiné (CBZ) may be used as the
drug of choice in non-delirious alcohol withdraw-

al. However, the response to CBZ treatment has -

" been variable, as evidenced by negative stud-
- ies,5 which may suggest subpopulations of
'fesponsive or unresponsive cases, possibly
based on both genetic and electrophysiological
disturbances which can be identified by standard
electrophysiological activity mapping.

Since epileptic-like focis? are detected:-in the
absence of epileptiform-like activity by spectral
analysis' (coefficient of variation for each band),
. and by changes in the evoked potential, we
* investigated topographical changes in patients

with substance use disordets which might.help

characterize these individuals for treatment. Fur-
thermore, due to a lack of systematic data on a
multitude of electrophysiological parameters in
substance use disorder subjects, a definitive
study characterizing a widespread presence of
. electrophysiological disturbance in a psychiatric
population seemed warranted. Moreover, comor-
bidity of psychiatric disease in substance use
disorder populations has now been well estab-
lished.*% Therefore, we decided to electrophysi-
ologically map and compare a substance use

- . disorder population with comorbid psychiatric

disease to non-substance use disorder controls
with no significantly different psychiatric diag-
noses. Our primary goal was to differentiate
potential éxacerbation of electrophysiological
abnormalities and their location in a substance
use disorder and psychiatrically-ill populatlon

SUBJECTS AND METHODS -
. Atotal of 111 subjects (107 white, 2 Asian, and
2 black) were selected for study from approxi-
~ mately 5000 visits from 800 patients to an outpa-
“tient private clinical practice (Medical and Neu-
topsychiatric) and research foundation in
Princeton, New Jersey, in a one-year period. The
subjects entered assessment through word of
mouth, physician referral, and media announce-

‘ments. These patients. were highly motivated for :

compliance, since services provided by the clin-
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ic were costly, and they were informed that results
and future treatment would be optimized by a
brain map taken in a drug-free patient, All sub-
jects in the substance use disorder group were
cllnica!ly established to have had early full (DSM

. IV).semission of substance use disorder.® The

demographlc breakdown of our sample base is
deséribed in Table 1. Age, gender, and psychiatric
diagnosis were-not sighificantly different between

~ either Pl and PI/SD probands. The mean age

between all gfoups was assessed and did not
significantly.differ (P=. 756). The mean age of 63. -
men (44.7 + 1.9) and the mean age of 48 females
(46.8 + 1.9) were.not statlstucally different (P=.46).
For this investigation, in 16 controls (CS), sexual
selection included 63 percent females and 37
percent males; in 34 Pl probands, 62 percent
females and 38 percent males; and in the 61
PI/SD group, 52 percent females and 48 percent
males (P=.835). Pearson Chi Square revealed a
non-significant difference between groups in
terms of all diagnoses (P=.117) and the 3 main
diagnoses (P=.46).

In order td further characterize the seventy of
substance use disorder, we subdivided 61 Pl sub-
jectsinto 19 alcohol abusers {(31%) 30500 (AA)],
23 alcohol dependent [(38%) 30390 (AD)),and

119 (31%) cocaine dependence and abuse using

subjects (COKE) categonzed as 304.20 cocaine’
depehdence [(16%) 304.20 (N= 10)] and cocaine
abusk [(15%) 305.60 (N=9)). Age, gender, and
diagnosis demographic data of these sub-
groups are ullustrated in Table 1

Selection Criterla and
Assassment instruments

The following selection criteria and assess-
ment instruments were utilized: (1) DSM IV Axis |
diagnoses of a psychiatric disease; (2) clear pre-
dominance of one symptom type; (3) absence of
neurological symptoins as identified by history,
physical examination, as well as, in'some cases,
neurological examination at the time of the brain
map study; (4) medication-free for at least 24-72 -
hours prior to the brain map; (5) drug-free for at
least one month prior to the brain Mmap; (6) when

_necessary we utilized the Millon Clinical Multiax-

ial.Inventory |l to clarify’ the dlagnosrs {7)
Holmes Rahe Life Events Scale;® (8) at least one
injtial psychiatric (modified structured) clinical
interview drawn from DSM IV and a comprehen-
sive’ psychiatric:history, a modified Brief Psychi-.
atric Rating Scale and a modified Hamilton
Depression and Anxiety. Scale, and a blind con-
firming follow-up evaluation and or review by a




Table 1

Demographnc and d\agnostuc charactensm:s of controls, psychiatrically-ill patients,
and categorized substance use disorders Mlh evidence of comorbid psychiatric problems

AHJYHDOTYHJIONIOHLOZ13 WOINIO

. . Sex? - i
Group CT Number Age = SE! M (%) F (%) Dysthymia® GAD® Unipolar Blpolar ADHD® Schizophrenia
' % - % % % % % o
’ Control 16 489 + 39 375 625 o o o 0 0 0

Psychiatric Pi ' .34 455 + 24 382 618 353 .29 353 - 29 206 29

AA (a) 19 461232 - 474 526 527 53 105 0 ’ 2141 . 105

AD (b) v 23 471+ 28 522 - 478 435 o~ 174 o ) 348 43

COKE (c) 19 425+39 421 579 263 0 263 21 211 - 53

AD +COKE =~ 42 450+ 33" 476 524 357 -0 214 85 286 438

PSD(d) = - .61 453+ 33 475 525 40  16. 180 66 . 26.2 66

. AA = Alcohol Abuse - _ . ' ' }

. AD = Alcohol Dependence

COKE . =-Cocaine Abuse and Dependence

. PIfSD = Psychiatrically-il Substance Use Disorder consists of a, b,c

. Analysis of Variance P = .756 -

Pearson Chi Square P = 835

. All diagnoses Pearson Chi Square P = 117 .

. Psychiatric diagnoses Pearson Chi Square P = 46 o : : =
GAD ="Generalized Anxiety Disorder '

. ADHD = Attention Deficit Hyperactivity Disorder NOS

mg\»wgu—tapc’m
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CLINICAL ELECTROENGEPHALOGRAPHY

board certified or eligible psychiatrist! (9) in
select patients the Minnesota Multiphasic Per-
sonality Inventory-2 as well as Neuropsycholog-
ical Assessment; (10) all subjects also filled out a
Medical History and Brain Mapping Assessment
Inventory; (11) follow-up consisted of one or
more interviews within two to four weeks of initial
entry into the study; and (12) medically evaluat-
ed as free from neurological disease.

All patients met the minimum DSM IV Axis | eri-

teria of at least one of six psychiatric diagnoses:
dysthymia (300.4), generalized anxiety disorder

(GAD) (300.02), bipolar | disorder, most recent

episode unspecified (296.7), attention deficit
hyperactivity disorder (not otherwise specified,
314.9), major depressive disorder (recurrent,
296:3), and schizophrenia (paranoid type, 295.30)
. (Table I). All subjects were psychiatrically assessed
by similar instruments as described above.

Since it is difficult to accurately ascertain life-
time substance use (LSU) disorder, in patientses
~ inour study we assessed LSU ulilizing a number of
criteria and instruments (see below) and faund the
Pl and CS groups to be free from any LSU.

To assess alcohol and drug dependency
and abuse patterns, each subject received-a
structured interview to determine the pres-
ence/absence of a substance use disorder by a
certified drug and alcohol-counselor; and a con-
ferring blind psychiatric review by a consulting

board certified or board eligible psychiatrist.-

Clinical exam verified abstinence prior to testing.
- Utilizing these assessment tools we were able

to ascertain early full remission of substance use

disorder (DSM V). )

For 111 of the subjects, substance use was
assessed according to the following: (1).DSM IV
lifetime psychoactive substance use disorder
(cocaine abuse, 305.60 and cocaine depen-
dence, 304.20); (2) DSM IV alcohol depen-
dence (303.80) and alcohol abuse (305.00); and
(3) utilization of the alcohol and drug use history
inventory - an 18-page questionnaire developed
by Dr. Ernest Noble at UCLA. Validity of the UCLA
questionnaire was further verified by SADQ
analysis as observed in previous studies.®*’ This
last procedure assessed for a family history of
alcohol/drugs, frequency and quantity of peak
psychoactive lifetime use, as well as clinical his-
tory of treatment. This quantity-frequency
approach was chosen because of evidence
that heavy use of alcohol'may display signifi-
cant heritability. This instrument also provided
an assessment of drug/alcohol severity use pat-

©1896 VOL. 27 NO. 4

terns. Selection mandated that the drug use
was not active for at least four weeks prior to the
brain map, as asgassed by history. The patients
were assessed for life time use; and came to an
outpatient clinic to enhance well being and/or
recovery. There was a 100% agreament on drug
use history between two independent clinical
raters. Additionally, to further categorize each
substance use disorder subject, their first drug of -
choice was assessed. All subjects were part of a
catehment study involving DRD2 receptor gene
which received IRB approval from the University
of Texas Health Science Center at San Antonio
and PATH Foundation, and whereby the patient
filled out an approved consent form.

ELECTROPHYSIOLOGICAL METHODS
A‘total of 111 subjects were analyzed by
BEAM® (Nicolet Instruments). A 24-channel EEG

- recorder was utilized using the standard 10/20 -

system of electrode placemant, plus two earlobe
and two supraorbital electrodes, and two EKG
electrodes connected to the cervical spine. Our
group used electrocap and found no diftference
between BEAM® with or without electrocap. Elec-

" trocap has been used effectively at major centers

in epilepsy research.®7 Digitized EEG was
recorded in.-monapolar (LR linked ears left over
right) and bipolar (LR 3, 4 linked ears left over
fight) montage for one hour. Digitized EEGs, spec-
tral analysis, and EP (evoked potentials) were
stored on an optical disc. Eye, EMG, and EKG
monitors were employéd throughout the record-
Ing. Grass photic stimulation (model PS22C) at .5
hertz was performed. The tracing captured wake- .
fulness and drowsiness. The BEAM® procedure
consists of an EEG, eyes open and eyes closed,
spectral analysis, Visual Evoked Respanse (VER)
(3 runs of 100 flashes at 5 hertz), Auditory Evoked
Response (AER) (3 runs of 100 clicks by ear-

- phone), and P300 tests done by standard audito-

ry oddball paradigm of burst tones (1 Khz fre-
quent, 2 Khz rare tone, 85 db SPL [Sound
Pressure Level] with analysis of difference
between fréquent and rare tone, see Table 2).
Interobserver reliability was 100% for topo-
graphical changes in EEG in all subjects includ-
ed in this study. EEG was read by an independent
electroenicephalographer without knowledge of
subject diagnosis and a conferring physician
trained in EEG. Encephalographers rated each
EEG study, using conventional EEG criteria to
assess the degree of cerebral dysrhythmia,
including estimated posterior dominant frequen-
cy and amount of slow wave activity in the theta .
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T
Table 2 -
Brain electncal aCtIVIty map )ping parameters measured and composnes
. Evoked : -
EEG and Evoked - Potentials P300 Cbgmtnve Composites And
Spectral Analysns . Potentials Locations Evoked Potenttals Subcomposites
EEG - VER AERF VPZ - TBA..
ECLD ECPD AER VERF PZT ' ’ ~TSA
- ECLT EOPT  VERS - AERBIF : EPS
ECLA | EOPA AERS " VERBIF : - EPS-L
ECLB ~ EOPB - . . AERT . . . AVBIF
ECLSD EOPSD | VERT ‘ _ ... AVBIFA
ECLST. EOPST - . AERBIT i . . AVBIT
: . VERBIT | ok -
ECLSA EOPSA AERP : - AVBITA
ECLSB EOPSB VERP ' AVBIP
ECLDCV  EOPDCV . AERBIP . - AVBIPA
ECLTCV EOPTCV VERBIP S " - AVBIO
. ECLACV. EOPACV . ~ AERO o C AVBIOA
. ECLBCV EOPBCV VERO '
' AERBIO
. . VERBIO .
DEFINITION OF PARAMETERS; DEFINITION OF COMPOSITES:
EEG:. Electroencephalograph " TBA  Total Brain Mapping Abnormalities
ECL Eyes closed. : TSA  Total Spectral Abnormalities )
D Delta - EPS  AER, AERS, VER, VERS Evoked Potential
T Theta ‘ EPS-L - All EPS-abnormalities by lochtion
P _ A Alpha : g AERF  AER Frontal
B Beta VERF  VER Frontal
S Symmetry - AERBIF  AER Bifrontal
. CV  Coefficient.of variation VERBIF  VER Bifrontal
EOP Eyes opened AERT  AER Temporal
VER Visual evoked response VERT VER Temporal
AER  Auditory evoked response AERBIT  AER Bitemporal
~dV Differential voltage of P300 VERBIT VER Bitemporal
PZ  Parietal Central Electrode AERP  AER Parietal

T Time _ . VERP  VER Parietal
" ' AERBIP  AER Biparietal
VERBIP  VER Biparietal
AERO  AER Occipital
VERO . VER Qccipital
AERBIO  AER+VER Bioccipital
VERBIO. VER Bioccipital .
AVBIF  AER+VER Bifrontal
AVBIFA  AER+VER All Frontal )
(AERF+VERF+AERBIF+VERBIF)
AVBIT AER+VER Bitemporal
AVBITA  AER+VER All Temporal Sites.
(AERBIT+VERBIT+AERT+VERT)
AVBIP  AER+VER Biparietal
AVBIPA  AER+VER All Parietal .
(AEHP+VERP+AERBIP+VERBIP)
AVBIO  AER+VER Bioccipital
AVBIOA AER+VER All Occipital
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Table 3

Brain map comparisons between controls and depressed
psychxamcally-stl patients with and without comorb:d substance use disorder*

Paired comparison of

Brain Map ' MANOVA’ ANOVA 'Weighted-Linear Means-Duncan-Range
Composite P value? P valug Trend P Valug Range Test (P < .05)°
TBA 0005 NA 0001 NA }
TSA .0.008 0038 ‘0013 - CS, Pl < PI/SD

- EPS 0004 00023 0.0022 CS < P, PI/SD
vPZ . 0045 00447 00182 CS < PI/SD
PZT 0.288 0.312 0.346 NA

1. The total sample size for this study was 39 probands which was subdivided into 16 controls, 12
depressed psychiatrically-ill patients without co-morbid substance use-disorder and 11 depressed
psychiatrically-ill patients with_co-morbid substance use diisorder. .

2. VPZ and PZT groups N=32 therefore MANOVA was done on 32 probands.

3. Contro! group = CS/ Psychiatrically-ill without comorbid substance use disorder = Pi,
Psychiatrically-ill with comorbid substance use dlsorder = PI/SD

correlated.-8-8"Moreover, in order to further
" reduce or even avoid false positives in clinica|
QEEG, it becomies not only necessary but expe-
dient to repeat all study conditions multiple times

and retain as clinically relevant only those that .

show consistency.across all trials.*®’®We are the
- first to use such composite scores in the subse-
_ quent statistical analysis, but the same pattern
was described by Duffy. It is our contention that
by utilizing both composite measures and
MANOVA, the “too many statistical tests" criti-
cism has been adequately answered. However
in an attempt to further reduce the Type | error
possibility, we decided to utilize the multivariaté
analysis of variance (MANQOVA) approach which
reduces the number of tests measured (TBA-
Total Brain Abnormalities-all BEAM parameters).
This approach provided between-group com-
-parisans for those composite EEG measurss,

displaying univariate analysis or variance (ANO-

VA). For statistical calculations we employed the

SPSS computer program (Statistical Package for

the Social Sciences, SPSS, Inc., version 4.0).
Weighted linear trends were examined in the
ANOVAs. A linear increase in abnormal values
was predicted going from control to Pi to PI/SD

(alcoho! abuse and alcohol dependence and

then cocaine abuse and dependence).
We further employed a Duncan Range test for
paired comparison of means. The alpha proba-
. bility level was set at .05 for significance. -

: RESULTS

Table 3 shows the mean difference, MANOVAs :

weighted linear trends, and paired comparisons
- of the means in a number of composite parame-

3

12

ters including TBA, TSA, EPS, as well two' inde-

pendent P300 measures VPZ and PZT. The Table

includes all parameters analyzed and signifi-

"cance of the ANOVAS was not adjusted for the

number of tests that were performed. Comparison
within these composite groups and between

assessed controls, Pl and PI/SD groups revealed.

a number of significant differences in terms of
electrophysiological abnormalities as measured
by brajn electroactivity mapping.

in terms ‘of TBA, utilizing the MANOVA
approach, we found that with regard to this com-
posite (see Table 2) both Pl and PI/SD.groups had

more total brain electrophysiological abnormalities -

relative to CS (P=.017). A linear contrast revealed
increasing TBA's with increasing substance use
disorder (P=.003). MANOVA P values were TSA
008, EPS .004, VPZ 045, PZT .288, respectively.

The MANOVA had an N=89 due to missing P300 "

values, therefore we praceded to the ANOVAs.

- In terms of the univariate ANOVA's we found a
number of interesting and significant findings.
We found that with regards to the composite TSA
(see Table 2), both the Pl and PI/SD groups had
more overall abnormalities in brain topography

relative to CS. In the TSA composite we found an’

ANOVA of P=.038.

Moreover, utilizing a weighted linear trend
(P=.0113) there were increasing spectral abnor-
malities with increased substance use disorder.

-The Duncan Range test further revealed that

the PI/SD group had significantly greater abnor-
malities than the CS group. (see Table 3).

Similar results were found for the event-related . °
potential composite we termed EPS (see Table .

o)
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Table 4

, Brain map comparisons between controls and depressed
psychiatrically-ill patients with and without comorbid Substance use disorder!

Paired comparison of

Brain Map MANOVA ANOVA » Weighted-Linear Mearis-Duncan Range
~ Composite P value? P value Trend P Value Range Test (P < '05)°
. TBA . . 0043 NA 0006 NA - -
" TSA 0065 00169 00059 - CS, Pl < PI/SD

EPS 0.001 0.0002 0.0001 CS < P, Pi/SD

vPz © 0080 00904 0034 NA .

PZT 0.288 0.288 0.26 NA

1. The total sample siz? for this study was 39 probands which was subdivided into 16 controls, 12
depressed psychiatrically-ill patients without co-morbid substance use disorder and 11 depressed
psychiatrically-ill patients with co-morbid substance use diisorder. * :

* 2. VPZ and PZT groups N=32 thersfore MANOVA was done on 32 probands.

3. Control group = CS, Psychiatrically-iff without comorbid substance use disorder =PI

Psychiatrically-ill with comorbid substance use disorder = PI/SD.

2). In this regard, both the Pl and PI/SD groups
had more event-related potential abnormalities

relative to CS. We found that in the EPS compos- .

ite the resultant ANOVA was significant at
(P=.0023). A weighted linear trend (P=.0022)
showed increasing event-related potential abnor-
malities with increased substance use disorder.

_-Additionally, the Duncan Range test revealed that

both the Pi and PI/SD groups had significantly .

‘greater abnormalities than-the CS group.

With regard to the P300 data in particular VPZ

(seeTable 2), we found a significant ANOVA

- (P=0447). Aweighted linear trend also revealed

significance (P=.0182), supporting increased -

abnormalities with incrdasing substance use

disorder. A Duncan Range test further revealed -
that the PI/SD group had a significantly greater :

number of abnormalities than the CS group (see
Table 3). in contrast, no significant ANOVA was
found with the PZT measutément (see Table 3).

In order to further characterize the data, we

-decided to subdivide the Pl and P/SD groups

into only those patients diagnosed with major
depressive iliness. Table 4 shows statistical com-

| . parisons of the means in 16 CS, 12 Pl and 11

PI/SD subjects.

In the selected depressed group, we found
that with regard to the TBA composite, utilizing
the MANOVA approach, both Pl and PI/SD
groups had more total brairi‘electrophysiologi-
cal abnormalities relative to CS (P<.043). Alinear

set MANOVA analysis resulted in a N=32, Loss of
a measure's significant effect in-the depressed

‘subjects js due to smallér sample sizes, notto .

any reduction in group mean differences. In
terms of spectral analysis, we found that in ths
depressed population, with fegard to the com-
posite TSA, both the Pl and PI/SD groups had
more overall abnormalities in brain topography
relative to CS. In the TSA composite we found an
ANOVA of P=.0169. Moreover, utilizing a weighted
linear trend’(P=.0059) there were increasing -

spectral ab.no'rmalities with increased substance oL
use disorder. The Duncan Range test revealed .
that the.PI/SD group had significantly.greater .

abnormalities than the Pl group and CS (by

weighted linear trend only). . .
As with the combined groupsin the selected

depressed subjécts, groups were found for the

- event-related potential composite, EPS. Both

contrast revealed increasing TBA's with increas-

ing substance use disorder (P<.006). MANOVA P
values reveal TSA .065; EPS .001, VPZ .09,PZT
.288, respectively. With regard to the P300 data

the Pl and PI/SD groups had more event-related
potential abnormalities relative to CS. We found

that in the EPS-composite the resultant ANOVA . -

was significant at P = .0002. The weighted linear
trend showed once again, as with the TSA com-
posite, increasing abnormalities with increased
substance use disorder (P=.0001). However the
Duncan Range test revealed that unlike the TSA
composite there was no significant difference
between the Pl and PI/SD groups in terms of num-
ber of abnormalities. .
With regard to the P300 data, in the depressed
group, specifically VPZ (see Table 2), we found no
significant ANOVA at the .05 level (P=.0904). How-

~ ever, a weighted linear trend did reveal sjgnifi-

cance (P=.034), supporting increased abnor-

13
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Table§

Brain map compansons combined with controls and
psychiatrically-ill patients with and without comorbid substance use disorder!

Paired Comiparison of

Brain Map MANOVA ANOVA Weighted-Linear Means-Duncan Range
" Composite - P value P valug’ Trend P value Range Test (P < 057
EPS-L - 0007 NA 0012 ;
AVBIF - 0043 00426 00153 . CS< PI/SD
AVBIFA oon - 00110 0.0050 "~ CS, Pl < PI/SD
. AVBIT 0.003 0009 00022 CS < PI/SD
. AVBITA .0001 0.005 0.0008 CS<P|,PI/SD
AVBIP 0.222 102218 01548 NA
AVBIPA 0.097 00969 00505 NA
AVBIO 0945 09454 06376 NA
AVBIOA 0.980 0.9797 08797 NA

1. The total sample-size for this study was 111 probands which was subdwided into 16 conirols, 34
psychiatrically-il patients without comorbid substance use disorder and 61 psychiatrically-ill
patients with comorbid substance use disorder. -

2. Control group =

CS; Psychiatrically-ill without coqorbid substance use disorder

Pl,

~ Psychiatrically-ill with comorbid substance use disorder = PI/SD.

malities with increasing substance use disorder. In
contrast, no significant ANOVA was found with the
PZT measurement (see Table 3).

We decided therefore, to systematically eval-
uate the location of evoked potential abnormali-
tiesin AER and VER files.

“In terms of EPS-L (Table §), utilizing the
MANOVA approach, we found that with regard
to this composite (see Table 2 and Table 5) both
Pt and PI/SD groups had more total brain elec-
trophysiological abnormaiities relative to CS
(P=.025). A linear contrast test.-revealed increas-
ing abnormaliffes with increasing substance

- use disorder {P=.036).

With reference to the composite trend AVBIF
-(see Table 5), an ANOVA revealed that both the
- Pl and PI/SD groups had more bifrontal abnor-
- malities in the event-related potential file relative
to CS. Thus, we found an ANOVA of P=.0426.
Moreover, a weighted: linear trend test showed
" increasing frontal lobe abnormalities with
increasing substance use disorder (P=.0153).
Furthermore the Duncan Range test revealed

that the PI/SD as expected through a literature.

-review®, had significantly greater abnormalities

with all frontal abnormalities AVBIFA (see Table
5), whereby an ANOVA was significant at the
P=.0110 level with a:weighted linear trend at a
P=.005 level. The Duncan Range test also
revealed that both PI and FI/SD groups had sig-
nificantly more abnormalities in the event-related

¥
potential file relative to CS (see Table 5).

- Furthermore, with regard to composite AVBIT
(see Table 2), an ANOVA revealed that both the

" Pland PI/SD groups had more bitemporal abnor-

malities in the event-related potential file relative .
to CS. Thus, we found an ANOVA of P=.009. More-
over, utilizing a weighted linear trend (P=.0022) -
the results showed that increasing EP abnormal-
ities in both temporal lobes increased with sub-
stance use disorder. Additionally the Duncan
Range test showed that the PI/SD group had
more abnormalities than controis but did not dif-
fer significantly from the PI group (see Table 5).
Moreover, when we evaluated the AVBITA comn-
posite (see Table 2), a similar result occurred. An

. ANOVA revealed that both the Pl and PI/SD

. -than the CS group. Similar results were obtéined
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groups had more total temporal abnormalities in
the EP file relative to CS (P= .0026). Aweighted lin-
ear trend showed increasing abnormalities in the
bitemporal lobes with increasing substance use
disorder (P=.0008). When the Duncan Range
test was applied we found that the PI/SD and P
group was worse than CS, but Pl and P!/SD
groups were not significantly different.

When we calculated similar statistics- with
regard to the EP composite AVBIP, AVBIPA, - -

AVBIO and AVBIOA (see Table 5), no significant

differences were observed utilizing ANOVA-(see
P values in Table 5) at the .05 level.

- Table 6 shows the MANOVA for EPS-L in
depressed patients only whereby P=.00026 with
a weighted linear trend of P=.000067. Moreover,
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Table 6 _

Brain map comparisons between controls and depressed .

psychiatrically-ill patients with and without comorbid substance use disorder"'

| A . ‘ Paired Comparison of
_Brain»Ma'p - MANOVA “ANQOVA Weighted-Linear -Means-Duncan Range
Composite P value P value Trend P value . . Range Test (P < .05)
_EPSL 000026 NA 0000067 NA
~ AVBIF 0012 00116 00054 CS, Pl < PI/SD
AVBIFA 0012 00116 00065 CS, Pl <« PIfSD
- AVBIT ~ 000002 . 000002 0.0000,04' ‘CS <« Pl.< PYSD
AVBITA 0000015 0000015 0.000003 . CS <Pl < PI/SD
AVBIP 0154 01542 - 01454 © NA :
AVBIPA 0077 00770 00645 NA
AVBIO 0393 0.3935 o417 NA
.- AVBIOA 0.725 0.7250 0.5221 NA

1. The total sample size for this study was 111 probands' which was subdivided into 16 controls, 34
psychiatrically-ill patients without comorbid substance use disorder and. 61 psychiatrically-ill
patients with comorbid substance use dijsorder. )

2. Control group = CS; Psychiatrically-ill without comotpid substance use disorder = P,
Psychiatrically-ill with comorbid substance use disorder = Pi/SD. - .

.. inthese selected depressed subjects, (Table 6)
 similar results were observed with regard to the
.~ AVBIF composite. An ANOVA revealed that the
. PIfSD groups had more EP abnormalities in thé

bifrontal lobes relative to Pl and CS groups

_ (P=.0116). When we compared using Duncan's

differences between the groups, we found that

- the PI/SD group had significantly more abnor-

malities than either Pl or CS groups. A weighted
linear trend test revealed'a highly significant P
value at .0054 (see Table 6).

With regard to the AVBIFA composite, similar

. results were obtained. An ANOVA revealed that

both the Pl and PI/SD groups had more EP abnor-
malities in all frontal iobe abnormalities relative to
CS (P=.0116). Moreover, when we compared the
difference between the groups using Duncan's
Range test, we found that the PI/SD group had

. significantly more abnormalities than either Pl or
-~ CS groups. Awsighted linear trend revealed a sig-
-nificant P value at' 0065 (see Table 6).

* When we looked at the AVBIT composite in

" the depressed patients, we also found a signifi-

cant difference in terms of EP abnormalities

(P=.00002) by ANOVA. In this regard, we also

found that'the PI/SD group had significantly
more bitemporal EP abnormalities than both the
Pl and.CS groups and Pl more than CS. There-

fore in these select depressed patients, a weight--

ed linear trend analysis revealed a significant P
value = .000004) (see Table 6).

Inselected depressed subjects, similar results

~ were observed with regard to the AVBITA com-

posite. An ANOVA revealed that both the P) and
PI/SD groups had more EP abnormalities in all

~ temporal lobes relative to CS (P=.000015). When

we compared differences in the Duncan Range

 test between the groups, we found that the PI/SD

15

and Pl group had significantly more abnormali:
ties than the CS groups-and PI/SD more than Pl
A weighted linear trend revealed a highly signifi-
cant P value at .000003 (see Table 6).

The EPS data, especially with regard to the
AVBIT corfiposite, represent the strongest finding
in the entire data set, and we therefore decided -
to provide a pictorial with regard to this grofound - -
finding (Figure 1A, B, C).

Figure 1A is a significant probability topo-
graphic map (SPM) of the VER in a typical normal .
subject. On visual inspection, a homogenous blue-
black, electrically stable brain electrical activity -
map is seen. Standard deviation (SD) maximum
(6.34) and minimum (-1.00) are shown here as
SPM, and-our control group is not significantly dif-
ferent from the standardized BEAM® controls. Fig-
ure 1B shows a characteristic brain electrical activ- }
ity map of the VER.in a single psychiatrically-ifl -
patient with unipolar deprassion, with d right tem-
poral excess negativity to 280 SD as shown by a -
bright white-blue. The right temporal abnormality
exhibited by the light white-blue area is typical of
individuals wity depression, i.e. mood 'swing_s. pal-
pitations, anxiety, and stress, with or without sub-
stance use disorder. Figure 1C shows a character-
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Figure 1A. is a significant probability topographic map (SPM) of the VER in a typical normal subject.
On visual inspection, a homogenous blueblack, electrically stable brain electrical activity map is
seen. Standard deviation (SD) maximum (0.34) and minimum (-1.00) are shown here as SPM, and our
control group is not significantly different from the standardized BEAM® controls.

Figure 1B, shows a characteristic brain electrical activity map of the VER in a single psychiatrically-ill
patient with unipolar depression, with a right frontal temporal excess negativity to 2.92 SD as shown
by a bright white-blue. The right frontal temporal abnormality exhibited by the light white-blue area is
typical of individuals with depression, ie., mood swings, palpitations, anxiety, and stress, with or with-
out substance use disorder, )

Figure 1C. shows a characteristic brain electrical activity map of the VER in a substance use disor-
der patient with unipolar depression, with a left and right frontal temporal excess negative to 613 SD
as shown by a bright white-blue. This map may also be a characteristic of patients with a history of
substance use disorder with or without depression and violence.

istic brain electrical activity map of the VERina  AVBIO, and AVBIOA (see Table 2) no significant
substance use disorder patient with unipolar  differences were observed utilizing ANOVA (see
depression, with a left and right temporal excess P values in Table 6),

negative to 613 SD-as shown by a bright white-

blue. This map may also be a characteristicof  PISCUSSION

patients with a history of substance use disorder This paper highlights the spectrum of brain

with or without depression and violence.* electrical activity mapping abnormalities associ- .

When we carried out similar statistical tests ated with substance use disorder, predominant-
with regard to the EP composite AVBIP AVBIPA, ly cocaine and alcohol, as well as psychiatric

16
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patients with diagnoses of dysthymia (300.4),
generalized anxiety disorder (GAD){300.02),
bipolar | disorder (most recent episode unspec-
ified, 296.7), attention deficit hyperactivity disor-
der (not otherwise specified, 314.9), major
depressive disorder (recurrent, 296.3), and

‘schizophrenia (paranoid type, 295.30). Support-
ive of targeting these psychiatric diagnoses, it is

noteworthy that recent papers argue in favor of
comorbidity of both attention deficit disorder,
major depression,®# and other psychiatric diag-
noses® with substance use disorder. Depression
may also be a premorbid factor in substance use
disorder®® and in attention deficit disorder,2.%
This is the first time that a study has attempted
to evaluate the effect or impact that comorbid
substance use disorder may have on patients
with psychiatric disease with regard to electro-
physiological parameters.

This work confirms previcus published
reports that indeed there are multiple abnormal-

Jties in brain map components of substance use

disorder populations.®% |n the present study, rel-
ative to CS, both the Pl and PI/SD groups had

‘more total brain abnormalities as assessed by

brain topography. Moreover, utilizing the Duncan
Range test, increasing abnormalities were
observed in the PI/SD groups compared to CS in
spectral analysis.

ltis notewartihy that total brain map abnormali-
ties have been further characterized by lavels of
cerebral dysrhythmia which may represent
degrees of kindling. In this regard, levels of cere-
bral dysrhythmia have been characterized by

- Frank Duffy, M.D. (personal communication)™ and

the Mayo Clinic Rating System,”'to include the fol-
lewing categories: (1) seizures, (2) EEG dysrhyth-
mig, (3) other spectral analysis abnormalities grad-
ed 1-3, (4) coefficient of variation - abnormal
background rhythm; and (5) evoked potential
abnormalities. Of those five categories, the most
sensitive parameter is evoked potential %
Findings from the present study reveal no sig-
nificant differences with regard to non-comput-
erized EEG abnormalities belween all groups
investigated. We did find preliminarily, that the
predominant effect on theta (spectral analysis) in
the Pl and PI/SD groups is not surprising since it
has been reported that theta abnormalities
occur concomitantly with alpha slowing in sub-
stance use disorder??*%3 and psychiatric dis-
eased'88'#2 nopulations. Concerning cerebral
dysrhythmia levels prelirminarily, we also found
that only in the cocaine papulation significant

©1998 VOL. 27 NO. 4

abnormalities occurred in ECLCV and EOPBCV
for the coefficient variation files. Further support
for enhanced cerabral dysrhythmia is derived
from our findings that evoked potential abnor-
malities are greater and more abundant in the
substance use disorder population, as are the
coefficient of variation abnormalities, compared
to the CS group.

P300 abnormalities are well documented but
are not specific to drug abuse as once thought.
They are also common in ADD,"# schizophre-
nia,* delirium and dementia,®* obesity,* and
other psychiatric disorders.”'23234 Qur findings of
a significant decrease of P300 (VPZ) voltage in
the PI/SD group compared to CS is in full agree-
ment with the literature, 230313436

Since we found differences.in the evoked
potential data when we compared P! and PI/SD
with CS groups, especially in the major depres-
sive disorder group, we decided to further char-
acterize these deficits by location. All temporal
parameters were abnormal when P1/SD were
compared to CS in the total psychiatric popula-
tion (see Table 5).

Table 6 (depressed group only) best supports
Figures 1A, B, and C since we found increased
temporal lobe evoked potential abnormalities in
both Pl arid PI/SD groups relative to CS in the
AVBITA composite. It is particularly important
that major depressjon when associated with
substance use disorder produces more organic
abnormalities for if also is associated with an
extremnely high rate of suicide.® In the depressed
patient-group, total bitemporal abnormalities
(AVBIT) are significantly greater in the PEISD
group than in the Pl group. '

These results were also found by others?

~ where substance use disarder subjects had

17

abnormalities in both temporal regions, whereas
rmatched panic disorder controls had the same
abnormalities in only one temporal region.

The bitemporal predominance of evoked
potential abnormalities found in substance use
disorder subjects may have further significance
in that violent drug abusers may also have a pre-
dominance of similar evoked potential abnormal-
ities.® Furthermore, substance use disorders like
premorbid depression may premorbidly predis-
pose probands to subsequent Alzheimer's
encephalopathy, cencomitant attention deficit
disordler, and other psychiatric diseases which
may criginate in the temporal lobes.***” Brain
mapping temporal lobe abnormalities correlate
to hypometabolism on PET scan, which is similar
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to.interictal temporal lobe seizure disorder
patients who also have hypomietabolism.® Our
findings support the hypothesis that severe sub-

" stance use disorder promoates kindling. Moreover,

cocalne is known to induce a kindling or electro-
physiological instability.% This may in part
induce aberrant evoked potential and spectral
analysis abnormalities, as we observed in our
cocaine population as well as others. Similarly,
ethanol also temporarily corrects evoked poten-

* tial abnormalities but also induces a kindling

response.*”# Confirming the potential usefulness

- ofthe current findings, Gerez and Tello® report-
-ed that spectral analysis and evoked potential

changes were better predictors of response to
anticonvulsants than the presence and/or identi-

fication of epileptiform activity through EEG. In:

light of all the evoked potential abnormalities
identitied in both psychiatric and substance use
disorder groups in our study, it is.not surprising
that anticonvulsants have widespread clinical
utility, «46835430 Eyrthermors, other therapeutic

-interventions have also been shown to improve
" evoked potential abnormalities as well as spec-

tral analysis, such as cholinergics,'"'%
cholinesterase inhibitors,®'* dopaminergic and

low refined carbohydrates),'*1%.1 cranial alec-

B trical stimulation,® biofeedback, ' and finally, &
- variety of pharmacothefapeutlc components.m#

s Correction of.evoked potential abnormalities
has been correlated with recovery from psychi-
atric disease and drug use,2s34100.18

In addition, we found increased abnormalities
in the EPS composite in the frontal lobe {but not
the occipital and parietal lobes) of the PI/SD
groups relative to CS in our total population as
well as the select depressivs group. This finding
was not unexpected since it is known that frontal

lobe dysfunction occurs in psychiatric patients:

(i.e. depression,® dysthymia,"? schizophrenia,®
and attention deficit disarder, 9120 as well as m
substance use disorder.#3®

Qur findings should he interpreted with cau-
tion at this time because assessment of sub-

. approximatsly 10-20% of these subjects in each .

©1996 VOL. 27 NO. 4

group had been prescribed medication'in the
last month prior to entering the study but were
asked to terminate this use at least 24 to 72 hours
priorto the brain map. Moreover, the impact if

any due to medication is frequently adjusted by -

an experienced encephalographer. Neverthe-
less, patients were motivated not to use drugs,
and electrophysiological abnormalities are only
partially state related.®® In fact, Blanchey et al°.
found that recovering substance abusers still
had a low P300 even after substance use was
discontinued. The P300 activity only partially

recovers and also represents a genaetic charac-

teristic antedating substance use leading to
cocaine or heroin abuse similar to that observed
in alcoholics.? : o

Implications for Prevention

The most important contributton of this paper

~ is the finding that there are identifiable, increased

-serotonergic agents, %1% stimulants,1518.19.103
amino acids,'**'*” tfrace elements,'®'® diet (i.e.,

stance use disorders a weil as other psychiatric

. medication in terms of recent diug use was not

validated since tissue/fluid drug analysis of each
patient was not performed. However, it is note-
worthy that it is our clinical assessment that, as
mentioned earlier, these patients reported no
substance use at least 4 waeks prior to entry into
the study. Interms of psychiairic medication,

" nence occurs, there appears to be persistence .
of some drug-induced brain elgctrophysiological

18

electrophysiological disturbances (particularly
spectral analysis, i.e., theta, and evoked potentials,

i.e. frontal, temporal and especially bitemporal)in -

substance use disorder subjects when compared

1o a non-substance usse disorder group having

similar psychiatric problems. In preliminary
research increased electrophysiological distur-
bance in the EPS file, is associated with severity of
substgnce use disorder (alcohol dependence is

worse than alcohol abuse and cocainghasa
higher abuse liability - more adverse medical and
social effects), which seems to'parallel the:report-

ed association of the dopamine D2 receptor

(dopamine being an important substrate or

reward) gene variants in severity of alcoholism,*
griet2sgbstance use disorder, 1% and other
psychiatric disorders (Tourstte's,' ADD,*' post-
traurnatic stress disorder,'® obesity,'®') as well ag
receptor expression. 313

This genetic avidence, along with other stud- -
ies of electrophysiological disturbances in chil-

dren of alcoholics,30.31.36.65:07.034.138 gyggests a
premorbid existence of greater electrophysio-
logical disturbances in the cocaine and alcohol
abuse/depandence group in a psychiatrically-ifl
population. However, it has heen reported that

substance use disorder exacerbates brain

mapping parameters,?28.34% and whean absti-

damage in most cases.?527.2834% |t would appear

that both the genotype and phenotype of sub- .

stance use disorders provide useful information

for treatment. ' While it is true that this study is ill- -
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equipped to provide definitive answers with
regard to the gene-environment issue, other

‘work in our laboratory is underway which will

address this issue by evaluating the link between

DRD2 gene variants, brain electrical activity -

mapping and “Reward Deficiency Syndromes"in
a smlar population,

. Finally, we theorize that comorbid substance

use disorder in psychiatric probands significant- .
ly exacerbates a potential premorbid state and

strongly suggests a gene-environment interac-

- tion."s1% The self-medication, or specifically
- cocaine and alcohol abuse/dependence (sub-

stance use disorder), used to relieve these elec-
trophysiological disturbances, unfortunately
results in worsening of brain dysfunction, espe-
cially in the bitemporal lobes of the brain, espe-

* cially in-depressed patients, and the induction of

possible permanent kindling of the brain as evi-
denced (fronto-temporal) by increased EPS and
spectral analysis abnormalities in PI/SD. In this
regard, the kindling model proposes that repeat-
ed environmental stimuyli such as substance use
disaorder, lead-to progressively greater neural
response particularly in the frontal and temporal
regions, which increase brain excitability and

~ lead to long lasting psychiatric disease.

" ©1996 VOL. 27 NO. 4
l L3

reducing potential lifetime substance use disor-

der. Our work suggests that treatment may need

to take'into account genetic,****psychiatric, "
substance use,'**metabolic'and electrophysio-
logical's**comorbid data.
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Appendix

The following figure is included as another example of brain dysfunction'
caused by drug abuse. This material is for Drug Education Programs.

A NORMAL BRAIN  BRAIN INJURY FROM
S DRUGUABUSE

@ Dr. Eric R. Braverman - all photos

Clinical EEG wishes to thank the PATH (Programs for Achieving Total Health) Foundation of Princeton,
New Jersey for underwriting the cost of this supplement and the color graphics.
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