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Sleep, Memory
Maintenance,
and Mental Disorders
J. Lee Kavanau, Ph.D.

Memory circuits of the brain are activated by self-
generated brain waves, primarily during sleep.
These activations refresh the efficacies (strengths)
of synapses in affected circuits, maintaining the
efficacies at the “dedicated” values that support
circuit functions. The neural pathologies underly-
ing many mental disorders appear to exert their
deleterious influences by inducing abnormalities
in brain waves. The abnormal waves, in turn, fail
to sustain dedicated synaptic efficacies in memory
circuits, leading to mental malfunction. Dreaming
is an “unconscious” awareness of circuit rein-
forcement during sleep, with dream contents be-
ing derived from the activated circuits. When syn-
aptic efficacies are degraded, the dreams are
illusory.
(The Journal of Neuropsychiatry and Clinical

Neurosciences 2000; 12:199–208)

It has been said that “in spite of an enormous amountof research, the causes of all major mental disorders
are still unknown” (Licinio, p. 198).1 While this may
hold true generally for ultimate causes of mental dis-
orders, that is, for the underlying pathologies, there is
reason for optimism regarding proximate causes, that is,
the mechanisms by which the underlying pathologies
become manifested as mental disorders. A chain of find-
ings, the first link of which dates to over 200 years ago
and the most recent to 1999, are helping to bring these
mechanisms into focus.
The Scottish royal physician Cullen2 was the first to

analogize illusory dreams (those containing impossible,
incongruent, or bizarre content) with delirium. He
found that “there are in this state false perceptions, false
associations, false judgements, and disproportionate
emotions; in short all the circumstances by which I have
above defined delirium” (p. 130).
Dream theorists of the 19th century saw dreams “as a

form of delirium that at best mimics the conditions of
creative thought” (Hunt, p. 10).3 A most pertinent ob-
servation was that of De Manacéı̈ne,4 who observed,
with remarkable prescience, that dreams “have a direct
salutory influence insofar as they serve to exercise
regions of the brain which in the waking state remain
unemployed” (p. 312). Inasmuch as “day residues” oc-



Name /oak/jn 122_5y4350/M _200        05/01/2000 07:50AM     Plate # 0 g 200   # 2

200 J Neuropsychiatry Clin Neurosci 12:2, Spring 2000

SLEEP, MEMORY, AND MENTAL DISORDERS

cur in 47% to 49% of dreams,5 it is tacit to De Mana-
céı̈ne’s observation that although many brain circuits
may be “exercised” during dreams, it is primarily the
infrequently employed circuits that are in need of rein-
forcement.
Another, and until its time the most direct, proposed

link between illusory dreams and mental disorders was
made by Bleuler6 and adopted and extended by Kelly.7

In essence, they suggested that the delusions in schizo-
phrenia have their origin in remembered illusory
dreams that masquerade as authentic experiences. This
view harmonizes with the findings of Broughton8 that
patients with narcolepsy-cataplexy, with its vivid hyp-
nagogic hallucinations and its characteristic intensifica-
tion of dreaming, also have difficulty in distinguishing
their intense dream experiences from reality.9

Cartwright’s10 subjects described their experiences
with delirium-producing agents as “like dreaming,”
while Hunt3 found that dreaming typically “showed a
delirium profile, the sort of diffuse and subtle decrement
characteristic of alcohol- and fever-induced states” (p.
71). Most recently, Hobson11 observed of “our nightly
madness” that “dreaming is more like organic delirium
than any other pathological condition of the mind. . . .
The common features of normal [dreaming, a healthy
psychosis] and abnormal delirium are disorientation, in-
attention, impoverished memory, confabulation, visual
hallucinations, and abundant emotions” (p. 121).
In view of these many instances in which very close

relations have been inferred between illusory dreams
and states of delirium, I undertake here a broadly based
analysis of how illusory dreams are generated, for the
insights it might give into the genesis of mental disor-
ders. A brief review of the mechanisms of dream genesis
precedes a discussion of the role of circuit reinforcement
through synaptic efficacy (strength) refreshment and the
mechanisms by which it is achieved. When these mech-
anisms fail in the normal course of events, dreams may
become illusory, and illusory awake experiences may
occur. Failures of synaptic efficacy refreshment by ab-
normal brain waves traceable to underlying brain pa-
thologies are then discussed, along with examples of
mental malfunction that may result. Last, the electro-
encephalographic (EEG) abnormalities accompanying
mental disorders, influences of psychoactive drugs on
EEGs, and therapeutic avenues are considered.

DREAM GENESIS

The most widely accepted view of the genesis of illusory
and authentic dreams (the latter being those actually or
plausibly within the realm of experience) is supported

by the studies of many investigators (see reviews12,13).
In the views of Hobson and McCarley,14 Greenberg,15

and Antrobus,16,17 dreaming is a by-product of, and
tightly linked to, the mental activities that normally oc-
cur during sleep. Thus, dreams are thought to accom-
pany the process of activating brain circuits for the pur-
poses of consolidating very recent (labile) memories (the
“day residues” of Freud) and reinforcing older, already
consolidated (stable) memories. Because synapses are
subject continuously to degradative and depletional
processes, if they were not periodically refreshed during
sleep, many memories would be lost. The contents of
the dreams that occur when ensembles of memory cir-
cuits are reinforced are thought to be derived from the
memories stored in the circuits, some of which may be
combined in incongruous or bizarre ways.

“Dedicated” Synaptic Efficacies and Efficacy Refreshment
The efficacy or strength of a synapse refers to the facility
with which the presynaptic neuron transmits an im-
pulse or an altered potential to the postsynaptic neuron.
The greater the synaptic efficacy, the smaller the fre-
quency or magnitude of the potential required at the
presynaptic membrane to produce a given level of
change at the postsynaptic membrane. “Dedicated” or
functional synaptic efficacies become established ini-
tially in memory circuits by a tailoring of their values
for specific functions in the course of use of the circuits
for those functions (see review12). When the functions
recur sufficiently frequently, the tailored efficacy values
are maintained (refreshed) by virtue of an intrinsic
activity-dependent synaptic plasticity—the property of
automatic augmentation of synaptic efficacy through
use—whereupon the efficacies do not require refresh-
ment during sleep.

Reinforcement During Sleep Is Predominantly by
Slow Waves
Further analysis of the connection between illusory
dreams and mental disorders requires an inquiry into
the precise mechanisms by which circuits underlying
dreams are activated. This is another domain in which
intensive studies have been carried out. Self-generated
electrical potentials (brain waves) are thought to con-
solidate and reinforce memory circuits during sleep—
in both rapid-eye-movement (REM) and non-REM
(NREM) states. The potentials are believed to be pri-
marily oscillations (slow waves) at frequencies below
about 14 cycles per second (Hz).
Examples of possible reinforcing slow waves are the

theta rhythm (4–10 Hz) of REM sleep; irregular sharp
spikes (1/50–3 Hz) of NREM sleep; cyclic trains of sin-
gle spikes or rhythmic spike bursts in thalamocortical
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axons resulting from spindle (7–14 Hz) and delta (1–4
Hz) oscillations; continuous synaptic bombardment
from the intrinsic neocortical networks that generate the
slow sleep rhythm (0̃.3 Hz) of NREM sleep, and the al-
pha rhythm (8–12 Hz) of quiet wakefulness. Sawtooth
waves (2–3 Hz) and a distinctive delta-wave pattern that
occur during REM sleep also may be involved, and re-
inforcing actions of waves in the beta–gamma range
(14–80 Hz) cannot be excluded (see review12). It is rea-
sonable to anticipate that mental malfunction probably
results when these mechanisms fail in some way, even
merely by being withheld.

IlLLUSORY DREAM GENESIS

Several proposals have been advanced to account for
illusory dreams. In one view, the absence of external sen-
sory input during REM sleep deprives the brain of its
normally coordinating contextual restraints.18 In an-
other, illusory dreams derive from impaired binding of
circuits without real-world feedback.19 In a third view,
such dreams stem from abnormal alignments or parti-
cipation of the underlying circuits.20 Although it is not
unlikely that such influences play roles, most dreams are
ordinary and mundane, with authentic content. These
dreams presumably are similar to illusory dreams in cir-
cuit binding, alignments, participation, and contextual
restraints. Accordingly, additional influences must be at
work that underlie the dreams’ illusory content. It has
been proposed13 that the principal bases for the differ-
ences between illusory and authentic dreams, and also
for the occurrence of some mental disorders, lie in the
conditions of circuits as they are being activated—“com-
petent” versus “incompetent”—and in the condition of
the activating slow waves—normal versus pathologi-
cally altered.

The Precise States of Synaptic Efficacies
During Refreshment
Preservation of authentic memories in a circuit entails
maintenance of the dedicated values of synaptic effica-
cies for the circuit’s specific functions. Two crucial ques-
tions, almost completely untreated until very recently,13

pertain to the precise states of the synaptic efficacies in
circuits being reinforced and to the precise conditions
that constitute dedicated synaptic efficacies. Specifically,
is a dedicated synaptic efficacy value sharply defined,
with a slight deviation above or below the value having
a deleterious effect on circuit function? Or does the
value cover a range over which the synapse operates in
the dedicated manner, but outside of which the circuit
becomes “incompetent”? Or is a dedicated efficacy

value merely a minimum, with the synapse retaining its
functional competence at higher values? If the value is
sharply defined, as in the first alternative, or covers a
range, as in the second, does each synapse retain a “rec-
ord” of the specific value or of the value-range limits,
such that efficacy refreshment ceases upon attainment
of the value or of the upper limit?What is themagnitude
of the time required for refreshment to achieve dedi-
cated values, and does it occur gradually (incremen-
tally) or abruptly?
There is no definitive answer to any of these ques-

tions. However, very recent findings, and other consid-
erations treated below, are providing guidance. For
long-term refreshment of the efficacies of CA3–CA1 syn-
apses in the hippocampus, at least, efficacy enhance-
ment appears to occur on an all-or-none basis, with
individual synapses having different induction thresh-
olds.21 Existence of these different induction thresholds
supports the view that different synapses in circuits for
a specific function can retain individual “records” of sin-
gular or minimum and/or maximum dedicated efficacy
values for that function.
On the other hand, for synaptic efficacy refreshments

that require protein synthesis, synaptic activations lead
to a local dendritic accumulation of newly synthesized
messenger RNA (mRNA) and proteins22 and to poly-
adenylation of certain mRNAs.23 These findings suggest
that the efficacies of these synapses are refreshed by a
gradual, rather than an abrupt, process.

“Incompetent” Circuits and Incremental Refreshment
In another very pertinent matter, what would occur if,
in the distributed circuitry representing a scene in a
dream or memory, efficacies of a small fraction of the
synapses—of the many millions to hundreds of millions
involved—were altered from their dedicated values for
the authentic scene? In answer to this question, one
would not expect the scene to be degraded beyond rec-
ognition; rather, unpredictable, probably relatively mi-
nor alterations might occur—distortions, background or
location changes, or altered temporal settings or iden-
tities.
Coupling this probable outcome with the knowledge

that synaptic efficacies are subject to continuous dele-
terious influences; that they are refreshed by slowwaves
during lengthy periods of sleep; and that efficacy alter-
ations by individual activations commonly are additive
(as in presynaptic facilitation) leads to two potentially
significant implications. First, efficacy refreshment of
many synapses may, as suggested above, be a gradual
(incremental) process that often requires considerable
time and is not necessarily completed in one night. Sec-
ond, synaptic efficacy refreshment by slow waves often
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may act on synapses with partially degraded effica-
cies.13

Circuit Reinforcement Priorities
There evidently is a high priority for consolidation of
significant memories of the previous day, perhaps also
for others recently acquired, and for reinforcement of all
circuits with critical information. Otherwise, we have no
information on what determines which portions of the
vast memory stores become reinforced on any given
night of sleep. Since it is well known that many mem-
ories gradually weaken over time, one likely circum-
stance (taking a cue from the accumulation of mutations
in genotypes) is that all very old (childhood) memory
circuits become reinforced regularly, but that efficacy er-
rors accumulate in proportion to the age of the circuits.

“Incompetent” Circuitry, Illusory Dreams, and Faulty
Recall in Normal Individuals
Consideration of the above points—the existence of de-
cayed synaptic efficacies in incompetent memory cir-
cuits; the expected deviations from reality of memories
stored in these circuits; and the lengthy periods thatmay
be required to restore dedicated synaptic efficacies in
some circuits—leads to the following conclusions. It is
a reasonable supposition that, even in normal individ-
uals, the efficacies of some synapses, among the many
trillions that exist, are below their dedicated values at
any given time; in accord with the above proposal, some
synaptic efficacies in circuits for very old memories may
be in a weakened state at all times.
Reasoning from these points of view, dreams of au-

thentic content may result from activations of recently
consolidated circuits, or of other circuits with fully re-
freshed synaptic efficacies. Many illusory dreams, on the
other hand, may result from the activation of older, in-
competent circuits containing synapses with efficacies in
various decay states—even with impaired efficacy in
only a single synapse. However, a direct effect of im-
paired efficacies is unlikely to be the only causative in-
fluence. Indirect effects probably also play roles in gen-
erating illusory dreams, particularly in the combination
of circuit outputs. The mechanisms that combine the
outputs of complementary circuitry apparently lose
their specificity when any of the circuits to be combined
are incompetent. Normally addressing the output of a
circuit’s authentic complement, they instead lead to
combinations with the output of uncomplementary cir-
cuitry, the result being that the corresponding dream
mentation is incoherent or bizarre.
Contents of existing incompetent circuits must be

relatively inaccessible or rarely recalled during wake-
fulness. Otherwise hallucinations and faulty recall

would be common in normal, awake individuals. Since
most incompetent circuits probably are for very old
memories, and a large fraction of adult dreams harken
back to childhood experiences,24 particularly in the
aged,4 a rich substrate for illusory dreams probably ex-
ists at all times.
The foregoing proposals also help to elucidate other

mental phenomena in healthy individuals. Consider the
above conclusion that incompetent circuitry with rela-
tively inaccessible or rarely recalled contents exists. Evi-
dence supporting this conclusion is that hallucinations
and bizarre mentation sometimes occur in normal in-
dividuals during periods of quiet wakefulness, and they
also can be induced in a variety of psychophysiological
conditions,18,25 including sleep deprivation. The hallu-
cinations that sometimes occur after sleep deprivation
presumably reflect the accumulation of degraded cir-
cuitry during a lengthy absence of the circuit reinforce-
ment normally provided by sleep.
In another context, although one may not take the re-

sults of regression hypnosis at face value, the results also
accord with the thesis that incompetent circuitry nor-
mally exists, particularly for memories of the distant
past. Adults taken back in time sometimes claim to re-
member their first school days, including detailed im-
ages of classrooms, teachers, classmates, and even
sounds and feelings. However, attempts to verify these
reexperiences reveal that they are prone to fantasies, dis-
tortion, and inaccuracies.26,27

The presence of inauthentic content of reexperiences
sometimes is taken to mean that “the psyche smoothly
fills up inconvenient gaps in the mental image.”28 How-
ever, from the viewpoints presented here, this inauthen-
tic content may instead be faithful recall, but from par-
tially degraded circuitry. Because hypnosis can enhance
access to memories that previously were unavailable to
consciousness (as is also true of some delirious and feb-
rile states4), this interpretation accords well with the
finding that hypnotic age regression can “contaminate”
later awake memories and the frequent conviction of
subjects that their inaccurate memories recovered dur-
ing hypnosis are, in fact, accurate.26 If the recall is from
degraded circuitry, it would illustrate how faithful recall
from incompetent circuitry can masquerade convinc-
ingly as authentic recall, even to normal individuals.

ABNORMAL SLOW WAVES AND GENESIS OF
MENTAL DISORDERS

Organic Delirium and the Remedial Action of
Electroconvulsive Therapy
Assuming that illusory dreams in normal individuals
often are the direct or indirect result of activation of in-
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competent circuits, and recalling the very close link be-
tween illusory dreams and delirium, it becomes likely
that organic delirium is produced when incompetent
circuitry of pathological origin is activated. To account
for the origin of such incompetent circuitry, it has been
suggested that the ultimate pathological basis for or-
ganic delirium leads to abnormalities in some of the
slow waves (deviations from normal frequency, form,
magnitude, spiking, or topographical distribution) of
sleep that normally provide circuit reinforcement. These
abnormal slow waves, in turn, cause deleterious alter-
ations in synaptic efficacies in affected circuits. With loss
of dedicated synaptic efficacies in these circuits, activa-
tion produces hallucinations, illusory recall, and other
hallmarks of delirium.13

Adopting this view of the genesis of organic delirium,
it seems likely that the efficacious, but temporary, re-
medial influence of electroconvulsive therapy (ECT) and
pharmacoconvulsive therapy on organic delirium29

hinges on temporary suppression of the abnormal slow-
wave regimes, allowing spontaneous resumption of re-
medial slow waves. These remedial regimes act to re-
store dedicated synaptic efficacies in incompetent
circuitry. On ECT maintenance therapy, the abnormal
slow waves remain suppressed, and remedial reinforce-
ment regimes, with their alleviating influences, prevail.
But when maintenance therapy ceases, the abnormal
slow waves may regain dominance because of the un-
derlying pathology, leading to the return of delirium.13

The mechanism proposed for the specific remedial ef-
fects of ECT—suppression of abnormal slow waves and
resumption of remedial reinforcement of incompetent
circuitry during and following seizures, and residually
during sleep on immediately following nights—has the
potential to resolve some of the classic problems of ECT.
One of these problems involves “identifying those
changes that were in the therapeutic chain, that changed
over time in parallel with the changes in mood and af-
fect, and that persisted with a time course that could be
related to the persistence of the behavioral effects”
(Fink,29 p. 74).
Because the brain waves that accomplish circuit re-

inforcement are believed to be predominantly at low fre-
quencies, it is pertinent to inquire into the nature of the
remedial brain waves that are “induced” by ECT. Most
of the electroencephalographic energy accompanying
and following the seizures is found in delta waves at
about 3 Hz, and these are suspected to be crucial to the
therapeutic effect.30 The increase in amplitude and
buildup of slow waves are of longer duration when a
series of treatments is given, and they tend to be non-
specific, having a therapeutic effect in a variety of neu-
ropathologies.31

The above paradigm of alleviation of delirium by ECT
helps to account for the equal remedial effectiveness of
ECT for severe mania and severe depression, clinically
assumed to be opposing neurohumoral pathological
processes.29 The paradigm also is consistent with the
need for a period ofmaturation for ECT effects, andwith
the exertion of a specific antidelirium effect on under-
lying pathophysiological mechanisms in some disor-
ders, including delirium tremens, CNS syphilis, typhoid
catatonia, and phencyclidine psychosis.32

Other Psychoses
Some psychoses other than delirium also may be attrib-
utable to a breakdown of normal slow-wave reinforce-
ment regimes, particularly psychoses that benefit from
ECT (including even severe depressive syndromes that
are unresponsive to antidepressant drug therapy29). For
these other psychoses, the breakdown of normal slow-
wave regimes of reinforcement apparently leads to in-
competent states in specific ensembles of neural circuits,
among which those that secrete psychoactive substances
could be expected to be prominent.
Incompetence, of course, would be most evident in

circuits in frequent use, particularly cognitive and sen-
sory circuits. Use of incompetent circuits during wake-
fulness could be expected to give rise to the same illu-
sory thoughts, hallucinations, and mood alterations that
occur in dreams that result from reinforcement of simi-
larly incompetent circuits during sleep.

Hallucinations, Illusions, and Recurring Nightmares
Accompanying Spontaneous Epileptic Seizures
Circuit activations (discharges) brought about by ab-
normal slow waves apparently cause some spontaneous
epileptic seizures, which perhaps are triggeredwhen the
appropriate stimulus recruits a critical mass of abnor-
mally discharging neurons.33 Because dreams are
thought to accompany normal regimes of circuit rein-
forcement during sleep, one might expect abnormal ac-
tivation regimes also to be accompanied by dreamlike
mentation. Indeed, nocturnal seizures are thought to be
causally linked to dream generation.9 Psychomotor sei-
zures (fits) that arise primarily from limbic structures of
the temporal lobe (and exogenous electrical stimulation
of these structures) frequently are accompanied by il-
lusions, hallucinations, recall, and perceptual distor-
tions. These often include visual and auditory compo-
nents, which are usually more vivid and intrusive than
commonplace recollections.34

It is most significant that the mentation that accom-
panies temporal lobe seizures occurs only as the seizures
begin.34 Accordingly, it appears that mentation can be
elicited, during a seizure’s onset, by the initial regimes
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of reinforcement that became altered pathologically to
cause the seizures. But beyond a certain point the pro-
gression of these brain waves toward becoming epilep-
tiform apparently is too great, and the waves no longer
can elicit mentation.
The above progression accords with the observed

merging of sleep spindles into epileptiform discharges
during the seizures that accompany the abnormal sleep
of patients with generalized epilepsies.35 The initial
sleep spindles and accompanying normal slow waves
presumably produce dreamlike mentation, but the ca-
pability is lost as discharges become epileptiform.34

Correlations between mentation and temporal lobe
epilepsy extend beyond the above-mentioned early
manifestations. Full-blown conscious psychoses of
schizophrenic or manic-depressive types also occur in a
minority of individuals during the interictal periods.
And the epileptic attacks tend to be much diminished
at a time when the psychoses are fully developed.36,37

From the present point of view, in which the seizures
and the psychoses are thought to have their origin in
essentially the same phenomenon, namely, circuit acti-
vation by pathologically altered slow waves, the corre-
lations appear in a new light. It appears that in time
(sometimes only after several years), repeated regimes
of the epileptiform discharges that cause the seizures
also begin to influence deleteriously the normal postictal
slow-wave reinforcement regimes (a phenomenon pos-
sibly related to kindling). When these regimes also be-
come pathologically deviant, the conscious psychoses
ensue.
To the extent that different episodes of nocturnal sei-

zures are induced by abnormal slow-wave excitations in
the same brain region, one would expect the dreams or
other induced mentation to be similar to one another
across seizures. This follows because authentic or faulty
memories encoded in essentially the same brain region
would become activated, and in essentially the same
manner. The phenomena associated with seizures that
lead to recurring nightmares amply support this expec-
tation and also are consonant with other expectations
based on the above analysis.
It is relatively well established in clinical neurology

that seizure disorders, which commonly occur during
NREM sleep, may be associated with recurring night-
mares, a link recognized even in antiquity. Recurring
nightmares (repeated experience of the same dream or
of dreams with a stereotypical theme, sometimes in the
form of a hallucinatory aura) usually indicate a dis-
charging lesion in an identical brain region, the right
temporal lobe. The perceptual content of these night-
mares is consistent with such a focus, typically including
smells, affects, and reminiscences. The nightmares

sometimes precede the onset of frank epilepsy; at other
times they occur simultaneously with the onset of sei-
zures, or they may immediately precede the seizures as
dreamy-state aurae.9

Accordingly, it appears that each seizure-inducing
discharge localized in a particular brain region produces
a recurring nightmare (which also can be elicited by sur-
gical stimulation in that region9), but the nightmare oc-
curs only initially, presumably before the activating
abnormal waveforms become too epileptiform to be ac-
companied by mentation. Non–seizure-inducing electri-
cal excitation of awake patients at the same point in the
temporal lobe also may induce recurring mentation—
that is, a series of hallucinatory experiences with a ste-
reotyped theme but different specific details, although
the evidence for this is not as strong.38

On the assumption that ECT temporarily suppresses
seizure-inducing abnormal slow waves, it is of particu-
lar interest that ECT also can produce marked remedi-
ation of an akinetic-rigid syndrome.39 This finding sug-
gests that in addition to being able to induce involuntary
motor activity (seizures), abnormal slow waves also can
suppress voluntary motor activity. (See also the discus-
sion of Parkinson’s disease below.)

Sleep Deprivation, Recovery Sleep, and Mood Alterations
Viewing a breakdown in normal regimes of reinforce-
ment of circuitry during sleep as the cause of some psy-
choses would help to explain some previously puzzling
findings: namely, that sleep deprivation has mood-
elevating effects in patients with affective disorders, and
that mood depression rebounds significantly in such pa-
tients after they obtain recovery sleep.40–42 The re-
sponses of some patients are so rigidly fixed that de-
pression is readily “turned off” by sleep deprivation and
“turned on again” by sleep.43

These effects lend support to the proposal that it is
abnormal slow-wave activity that influences mood.
Sleep deprivation doubtless is beneficial because it re-
duces or eliminates the abnormal slow waves that de-
grade circuits and produce depression; in contrast, the
recovery sleep is deleterious because abnormal slow
waves resume, leading to further departures of synaptic
efficacies from dedicated values.

Parkinson’s Disease
Management of idiopathic parkinsonism is of particular
interest in connection with the foregoing. ECT is an ef-
fective treatment for the majority of patients with Par-
kinson’s disease and psychiatric comorbidity (aside
from the usual mild cognitive dysfunction, which is
most frequently visuospatial). It temporarily improves
both the psychiatric and the motor symptoms.44 The
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psychiatric improvements presumably result from grad-
ual restoration of dedicated synaptic efficacies in de-
graded circuits by induced remedial slow-wave rein-
forcement, and the motor improvement presumably
hinges on the rapid suppression of the abnormal slow
waves that activate motor circuits, just as cardiac fibril-
lation is suppressed rapidly by a defibrillating shock as
discussed below.
In line with this interpretation, one might predict that

chronic, appropriate electrical brain stimulation (as op-
posed to ECT maintenance therapy) localized in appro-
priate regions might lead to lengthy suppression of the
abnormal motor circuit activations that produce the par-
kinsonian dyskinesias. Indeed, chronic deep brain
stimulation (170 Hz, 3.2 V) in the globus pallidus inter-
nus or subthalamic nucleus can produce long-lasting
motor remediation.45

Parallels Between the Actions of ECT and Cardiac
Defibrillating Shocks
The remedial action of cardioverter defibrillators on fi-
brillating and rapidly beating hearts46 has close parallels
with remediation of abnormal slow-wave activity by
ECT. Just as the defibrillating shock halts the rapid beat-
ing and fibrillations, followed by onset of a normal
heartbeat rhythm, the electric shock of ECT suppresses
abnormal slow-wave regimes of some circuitry, allow-
ing more nearly normal slow-wave reinforcement re-
gimes to resume; in neither case is the remediation ex-
pected to be permanent. Parallels also extend to shock
remediation of cardiac arrhythmias that are not respon-
sive to pharmacological therapy.
The parallels with cardiac defibrillation suggest that

the normal regimes of reinforcement by slow waves are
intrinsic to brain regions—and that once abnormal slow-
wave activations are suppressed, more nearly normal
regimes resume spontaneously, only gradually to re-
gress under the influence of the underlying pathology.
This suggestion accordswith the finding that rhythmical
electrical activity is an inherent property of isolated ce-
rebral cortex,47 and even of brain slice preparations (lat-
eral geniculate nucleus) in vitro.48 Similarly, Nieder-
meyer49 has suggested that, assuming a state of nearly
total deafferentation in alpha coma (caused by the acute
pathological process), intrinsic activities develop in the
cortex, with the rhythm of alpha coma simply repre-
senting “cortical autorhythmicity.”

EEG ABNORMALITIES, PSYCHOACTIVE DRUGS,
AND THERAPEUTIC AVENUES

Mental Disorders and Abnormal EEGs
In the light of the foregoing proposals, one would antici-
pate that EEG abnormalities, particularly in slow-wave

activity, would be a hallmark of many mental disorders.
(In this connection, the buildup of delta and theta waves
after ECT tends to be nonspecific, occurring in patients
with a variety of neuropathologies.31) This expectation
is amply fulfilled, although for some disorders the dif-
ferences between patients and control subjects are not
always highly significant (e.g., for obsessive-compulsive
disorder).50

The EEG receives special attention in the differential
diagnosis of delirium, where the degree of diffuse back-
ground slowing in most patients correlates with the de-
gree of cognitive impairment and activity. Slowing of
the classic posterior alpha rhythm (8–12 Hz) is found
early. Subsequent changes, in order of progression, are
generalized delta slowing, a decrease in the EEG level
of reactivity, and, finally, loss of alpha and beta (14–30
Hz) activity, concomitantly with the presence of diffuse,
very slow delta activity.51,52

With very few exceptions, however, such as for delir-
ium tremens and classic petit mal seizures, abnormali-
ties in EEGs accompanying mental disorders are not of
unique diagnostic value. In petit mal seizures there is
an “extremely impressive EEG correlate” consisting of
generalized, synchronous, high-voltage 3-Hz spike and
wave discharges, correlated with a decrement in con-
sciousness.37,51,53 EEG abnormalities provide an irre-
placeably unique function-oriented test in epileptol-
ogy,37 and they are useful in discriminating between
primary and secondary affective disorders.54

In patients with schizophrenia, persistent reductions
in delta-wave sleep (most prominently at �1–2 Hz) are
associated with enduring traits and may reflect thala-
mocortical dysfunction.55 Depressed patients, in gen-
eral, long have been known to have low amounts of
slow-wave sleep (usually delta, stages 3 and 4) and re-
duced REM latency.56–59 However, the departures are
not sufficiently specific to serve as markers for depres-
sive subtypes.60

During drowsiness, children suffering from febrile
convulsions show generalized slow waves with inter-
mixed spikes and sharp waves.61 Patients with focal
slow waves (frontal, parietal, or at other locations) dur-
ing waking (70%) or waking and sleep (30%) usually
have an underlying destructive lesion, sometimes as-
sociated with asymmetrical sleep spindles. Mono-
rhythmic frontal delta activity occurring with hypo-
thalamic, third-ventricle, and posterior fossa masses
usually disappears during NREM sleep but reappears
upon entering REM sleep; however, slow-wave activity
associated with superficial tumors tends to persist dur-
ing NREM sleep.62

Recent studies that correlate fluctuating levels of con-
sciousness (FC) with an attentional choice reaction task
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(CRT) and with cortical arousal as measured with EEGs,
are of particular interest.63 The results are consistent
with the proposal that abnormal brain waves, mostly
slow waves, are the proximate cause of many mental
disorders. Parameters for control subjects and patients
with Alzheimer’s disease (20% generally have FC) and
Lewy body dementia (80% to 90% generally have FC)
were compared. Significant associations were found be-
tween CRT performance, clinical FC scores, and vari-
ability in the delta (0–3.8 Hz) power band, and between
clinical FC scores and variability in the total average
power in the theta (4–7.9 Hz) band.
Performance using the CRT test was found to be a

sensitive marker for FC in both Alzheimer’s and Lewy
body dementia patients. Walker et al.63 suggest that “the
variability pattern of neural activity displayed in the
EEG, particularly in the slow delta frequency band,
could be key in the genesis of FC.” The findings are
consistent with the hypothesis that fluctuating con-
sciousness and cognitive abilities, including attention,
result from an impaired ascending cholinergic activat-
ing system.63 Presumably the impaired activations cause
the EEG fluctuations, which, in turn, lead to the fluctu-
ating levels of consciousness.

Influences of Psychoactive Drugs on EEGs
Once it has been proposed that pathologically altered
brain waves are the proximate cause of many mental
disorders, it is pertinent to inquire into the influences of
efficacious psychoactive drugs on EEGs. Although the
basic assumption of pharmaco-EEG studies has been
that abnormal EEGs merely are evidence of underlying
CNS dysfunctions,64 the studies serve to elucidate both
possible relationships.
A cursory survey of the literature on effects of psy-

choactive drugs reveals a multiplicity of actions, al-
though only the alpha-rhythm changes often are re-
ported.53 Various antidepressants administered to
normal, healthy individuals may increase slow-wave
and fast beta activity, decrease or slow alpha activity,
and reduce or suppress REM sleep. In patientswith vari-
ous forms of depressive illness, antidepressants may in-
crease delta wave intensity or stage 4 sleep and redis-
tribute slow-wave sleep, increase beta and alpha waves,
suppress REM sleep, and restore normal REM sleep la-
tency. In control subjects, antipsychotics may increase
slow-wave or delta, theta, and slow alpha activity while
decreasing fast alpha activity. In patients, antipsychotics
may increase delta activity, amplitude, and total power,
increase theta activity and fast waves, and restore nor-
mal REM-sleep latency.
Specific EEG profiles are reported only for chlorprom-

azine (a tricyclic sedative neuroleptic) and amitriptyline

(a tricyclic antidepressant).64 Chlorpromazine adminis-
tration generally leads to increases in the delta (1.5–5.5
Hz) and theta (5.5–8.5 Hz) powers, with the relative
change in the theta range somewhat greater than that in
the delta range, and to decreases in the lower (8.5–10.5
Hz) and upper (10.5–12 Hz) alpha powers and lower
(12–18 Hz) and upper (21–30 Hz) beta powers. Some
variations are found when the analyses discriminate at
the level of topographic maps. For amitriptyline, there
is a decrease in the alpha and beta powers and an in-
crease in slow-wave powers, with a relatively greater
change in the delta range than in the theta range.
These findings concerning influences of psychoactive

drugs on EEGs are broadly consistent with the theses
proposed here. The findings do not, of course, distin-
guish whether abnormal EEGs are the proximate cause
of mental malfunctions or are merely symptoms of un-
derlying pathologies. Taken together with the above-
described EEG abnormalities that accompany mental
disorders, these results suggest that correlations be-
tween the two manifestations can be complex. Qualita-
tive, quantitative, and distributional deviations of brain
waves from the normal may all make contributions, sug-
gesting the need for in-depth analyses and detailed pre-
morbid and morbid comparisons. Although deviations
involving slow waves appear to be at the heart of the
pathologies, waves at higher frequencies also may be
involved.

Therapeutic Avenues
Aside from psychotherapy, the most promising thera-
peutic avenues for treating mental disorders appear to
be direct surgical intervention, various types of electrical
stimulation, and pharmacological intervention. In terms
primarily of their influences on brain waves, surgical
intervention would seek either to prevent specific dele-
terious discharges or to restore brain waves to their pre-
morbid condition; electrical stimulation when applied
continuously would seek to maintain inhibitory influ-
ences on abnormal discharges, or when applied inter-
mittently it would seek to terminate abnormal brain
waves for greater or lesser periods, allowing normal
brain waves to resume spontaneously; pharmacological
approaches would seek to exploit any modification of
brain wave patterns and sleep parameters that remedi-
ated one or more aspects of mental malfunction. Some
few disorders may be susceptible to self-remediation
through biofeedback.

SUMMARY

Mentation during sleep states is thought to involve ac-
tivation of the brain circuits that store and coordinate
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the use of inherited and experiential information (mem-
ories). All brain circuits are susceptible to spontaneous
degradation of the efficacies (strengths) of their synap-
ses because of turnover and other depletion of mole-
cules essential for synaptic function. Synaptic efficacies
in circuits employed frequently during waking are re-
inforced and maintained at their functional levels in the
course of waking use by virtue of activity-dependent
synaptic plasticity. During sleep, circuit activations in-
duced by spontaneous, self-generated, primarily low-
frequency brain waves refresh synaptic efficacies in cir-
cuits employed infrequently during waking, also by
virtue of activity-dependent synaptic plasticity. This
process is accompanied by dreams whose contents are
derived from the reinforced circuitry. In the absence of
refreshment during sleep, synaptic efficacies in infre-
quently used circuits would decay and the circuits
would become incompetent, their encoded memories
degraded or lost.
Maintenance of infrequently used circuitry during

sleep is not 100% efficient. Efficacy losses accumulate in
the synapses of some circuits, particularly in those for
memories of the distant past.When these “incompetent”
circuits are activated during sleep, illusory or bizarre
dreams are produced. Activation of the circuits during
waking can lead to faulty recall, illusions, and halluci-
nations.
The organic pathologies underlying manymental dis-

orders are believed to cause deviations of the brain’s

self-generated, circuit-reinforcing waves from their nor-
mal parameters (such as frequency, amplitude, and spik-
ing properties) and distribution. When this occurs, the
normal efficacy-refreshing actions become compro-
mised to varying degrees and circuits become partially
degraded. They remain degraded for as long as the
waves remain abnormal and the underlying pathologies
persist. Activation of these incompetent circuits during
waking and sleep leads directly and indirectly to some
of the pathologies that accompany many mental disor-
ders.
Inasmuch as many brain waves appear to be intrinsic

to brain regions, when the shock of electroconvulsive
therapy brings abnormal brain waves to a halt, more
nearly normal brain waves of sleep spontaneously re-
sume and temporarily gain ascendancy. This action is
believed to parallel that by which a defibrillating shock
halts fibrillations and allows the normal heartbeat
rhythm to resume. Examples are given for the remedia-
tive influences of ECT on several mental disorders.
Similarly, efficacious psychoactive drugs are thought

to bring about remedial modifications of the abnormal
brain waves of psychotic patients, leading to more
nearly normal refreshment of synaptic efficacies in de-
graded circuitry. This action is thought to bring about
partial to complete, but temporary, restoration of circuit
competencies, accompanied by remedial influences on
the mental disorders, sleep disorders, seizures, and
other dyskinesias.
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