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INTRODUCTION

The electroencephalogram (EEG) has made a limited
contribution to an understanding of psychological processes.
Changes in the frequency and locaslization of the predomi=-
nant background rhythms parallel physlological development
from infancy to adulthood; veriations of the normal EEG
pattern also reflect changes in the states of sleep and
waking. The presentation of varying kinds of stimuli, how=-
ever, produces a dismaying uniformity of response on the
normal EEG.

Effect of stimulation on the normal EEG. The wealth

of material on the effects of stlmulation on the normal

EEG has been summerized by a number of writers (39, L6,

52, 63). Under conditions of relaxation, the EEG of the
normal adult 1s characterized by the presence of the alpha
rhythm. Stimulation of any modality can produce at least

a transient depression of the alpha rhythm. In 1ts place,
a low voltage fast activity appears, usually referred to

as an activation pattern, or arousal reaction. The EEG
pattern most consistently found to be assoclated with prob-
lem solving and emotlonal situations is also that of low
voltage, fast frequency activity. Xennedy and hils asgociates
(45) have reported that tasks involving thinking oroduce a
specific EEG pattern - kappa waves - but this finding has
not been confirmed by other workers as yet. Hoagland and

his co-workers (32) reported that emotional stimuli in
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edults produce an increase in slow waves, but subsequeni
investigations have not been able to reproduce these re-
sults (231, 53%). Walter (86) has noted that emotional situa-
tions consistently produce an increase in four to seven per
second waves in children under three years of age. This
change may represent a relative increase in the amount of
fast frequencies, and thus may be anaslogous to the increased
fast waves observed in adults in emotional situations.

It has often been assumed that the suppression or
blocking of the alpha 1s directly due to the desynchronizing
effect of the afferent impulses arriving at the cortex. How=-
ever, the latency of the arousal reaction is between two-
and four-tenths of & second, longer than the time necessary
for an afferent stimulus to arrive at the cortex. 1In fact,
it has been shown that the motor response to a light stimulus
in a simple reaction time test may precede the alpha block=-
ing (79). Further, an activation pattern may be produced
in the absence of afferent stimulation, as in trying to see
in the dark, and alpha may persist in the presence of stlim-
ulation, as in the so-called adaptation of the alpha block=-
ing to light. Thus many workers (Lj1) have concluded that
the background corticsl activity must be regulated by a sub=~
cortical pacemaker. Recent investigatlions have demonstrated
the existence of such pacemskers in the reticular formation
of the brain stem and thalamus. An activation pattern can
be reproduced by electrical stimulation with high frequenciles

of the reticular systems (4O, 60), and appropriate stimulation
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of parts of the thalamic reticular formation can reproduce

a pattern similar to that of the normal rhythmic activity

(40).

Al though a widé variety of stimull appear to be able to
produce an activation pattern, the length of time for which
this pattern l1s meintained does depend somewhat on the kind
of stimulus situation. For example, the more difficult an
arlthmetic problem, the longer is the alpha usually suppressed.
Jasper and Cruikshank (Lj1) have concluded that it is the
"gttention value" of a gilven stimulus situatlon rather than
the modal or intensity attributes of the stimulus that de-
termine the extent of effect on the alpha rhythm. If 1t is
assumed that the attention value of a stimulus derives from,
or relates to, the complexity of the thought processes it
arouses, then the maintenance of an activation pattern 1is
depencdent on the complexity of a thought sequence.

Darrow (18) has pointed out that a state of asynchro-
nous excitation would be conduclve to the maintenance of
highly organized thought processes. The presence of rhythmic
activity would render large groups of cells simultbtaneously
refractory to stimulation, and thus limit the number of
cells available for integration into thought processes.

If, then, the presence of the alpha rhythm is assoqiated
with a limitetlon of thought processes, it is pertinent to
inquire whether a similar relationshlp exlsts between abnormal
degrees of hypersynchrony and thought processes. However,

few attempts have been made to investigate systematically
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the effects of stimulation on pathological wave forms. The
avallsble evidence indicates that stimull may have both an
inhibiting and an augmenting effect on abnormelity.

Effects of stimulation on the abnormal EEG. A wide

variety of stimuli have been observed to inhlbit slow waves.
The bursts of slow waves occurring in idilopathlc epilepsy
can be inhibited by visual and auditory stimuli, or by the
mental activity of solving an arithmetic problem. Barker
and Barker (5) imply that this effect can be found in all
cases; other workers (48, 80, 85) have observed it only in
e small proportion of patients. Cobb has reported that
visual stimull may inhibit the rhythmic slow waves, either
unilaterel or bilateral, appearing with tumours (16) and
head injuries (15). Intense concentration on a problem can
suppress the slow waves occurring with prolonged deprivation
of sleep (10). A few workers (35, 47, L9) have noted that
the slow waves occurring after electro-convulsive-therapy
can also be diminished by various stimull, or concentration
on a problem. Lesions of the posterior hypothalamus and
brain stem reticular system produce slow waves that can be
regularly inhibited by visuel and suditory stimulation
(36, 54).

These observations are consistent with the finding in
the study of the normal EEG that a stimulus or thought may
be 1lncompatible wifh rhythmic sctivity. However, the

evidence is still fragmentary. It is not clear from the
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clinical reports how frequently this effect may be obtained
for the various kinds of abnormality, how long the sup=-
pression of abnormality can be maintained, or what stimulil
are most effective in producing the suppression. The
animal studies clearly show that a state of wakefulness or
activity inhibits the generalized slow waves produced by
lesions of the reticular system. The extent of this sup-
pression did appear to vary somewhat with different stimu-
lating situations, but adequate comparative data have not
been reported.

Although stimulation does appear to inhibit slow waves,
many workers have reported that stimulatlon may also precipi-
tate bursts of abnormality. However, these data are confus-
ing, since a number of different phenomens appear to be in-
volved. Four types of response to stimulation can be
distinguished, of which only the first two can be considered
to represent a precipitation of abnormality by stimulation.
In the other cases, i1t will be suggested thet the sbnormality
appeared when a thought process was disrupted, or completed.

(1) In certain cases of focal epilepsy, it is clear that
an attack may be precipitated by a sensory stimulus that
projects speciflically to the pathological cortical area. In
the electrographic study of one such case, 1t was found that
the abnormel discharge appeared simultaneously with the

stimulus (24). Thus, the precipitation of abnormality can
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be attfibuted directly to the arrival of the stimulus at
the cortex. However, it i1s interesting to note that stim-
ulation did not produce an abnormel burst when the subject
was warned that the stimulus (tap on left shoulder) would
be applied. That is, although stimulation could elicit
abnormality under certain conditions, this abnormality
could, in turn, be inhibited by the presence of & particular
thought activity (expectation of the stimulus).

Barker and Barker (5) have reported an exception to
the general finding thet only sensory stimuli related to
the focus of aebnormal dlscharge can precipitate an attacke
These authors found that emotional stimuli could elicit
abnormel waves in a case with a focal abnormality. However,
the only evidence given is one example of "splking" in the
right temporal lobe; these waves look more like an electro=-
cardiographic artifact than genuine EEG abnormality. The
wave form, the amplitude, and the regular rate of discharge
are atypical for a spike abnormslity, but are conslistent
with the interpretation of an artifsct synchronous with the
heart beat. This artifact may simply have become more
apparent when the alpha was inhibited by emotional stimula-
tion, and thus could be mistaken for the precipltation of
abnormality by the stimulus.

(2) The second type of response to stimulation refers

to the observation that attacks may be precipitated in cases
of myoclonic epllepsy by different kinds of stimull - a sudden

sensory stimulus, volitional musculer effort, and psychic
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upsets (28). Dawson (19) studied the electrographic

responses in a few such cases, using a tap on the patellar
tendon as the stimulus. These records show, in contrast

to the case of focal abnormality, that it 1s not the initial
arrival of the stimulus at the cortex that elicits the

attack, since the abnormel EEG discharge first makes 1lts
appearance about four-tenths of a second after the aspplica-
tion of the stimulus. This latency is of the order of the
alpha blockling to stimulation, and thus msy be a precipita-
tion of abnormallty produced by a stimulus acting through a
diffuse projection system. Although clinical evidence of
attacks can be produced by other kinds of stimuli, it is

not known whether e similar latency exists between the time

of presentation of these other stimuli and sabnormel burstse.

It will be suggested later that the effect of "psychic upsets”
in producing sbnormelity is not a simple precipitation of
abnormality by an emotional stimulus.

(3) The third type of response refers to the appearance
of rhythmic activity that occurs a relatively long time after
the stimulus is first presented. 1In these cases, it 1is sug-
gested that the abnormality indicates a state of relaxation,
or a completion of the thought activity produced by the stim-
ulus. Ingram and his assoclates (36) have reported that a
sensory stimulus evokes a burst of rhythmic slow waves in
animals showing savage behavior after bilateral lesions of
the ventromedisl nucleus of the hypothalamus. Thls discharge

appears from one to three seconds after the stimulus, and
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could be interpreted as a relaxation potentisl occurring
after the response to the stimulus is over. Similarly,
the observatlons that eye~closing may evoke bursts of
rhythmic abnormality in cases with idiopathic epilepsy (85)
and brain lesions (15, 16) may also be included under the
category of a relaxation ebnormality. That is, the abnormel-
ity 1s augmented after the visual stimulation has stopped.
Hill (%31) has reported that, under certain conditions, pain=-
ful stimuli such as pln~prick can evoke rhythmlc waves of
four to seven per second in psatients with abnormal EEG's.

The Barkers (5) have reported that similar stimuli can pro-
duce abnormal bursts in patients with l1dlopathic epilepsy.
Although these authors do not glve preclse information on
the time relation between the stimulus and the appearance
of the abnormel burst, the general description suggests that
these, too, may be examples of abnormality appearing some
time after the stimulus.

(L}) The fourth type of response to stimulation refers
to the report of Barker and Barker (5) that abnormality may
be precipitated in epileptics by emotionally disturbing
stimulli. They state that, in many patlents, ".... bursts
of abnormal waves occurred only with the interruption into
consciousness of obviously siegnificant thoughts and feelings"
{(p. 92). The case studies show that the abnormality occurred
when the patient began to hesitate in hls recounting of some
informatlon, apparently unsure of what to say next. As the

authors have emphasized, thls hesitation was apparently due
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to a conflict of thoughts, or & sudden recollection of
previously forgotten thoughts.

The Barkers then polnt out that the abnormel burst
i1s, in turn, interrupted by the resumption of communication.
That is, the discussion continues of the same "emotional® |
topic, yet vithout bursts of slow waves. The asuthors con-
clude that, "The convulsive reaction is, therefore, an
accompaniment of the brief dlsruption of eawareness and
communi cation, that is, of integrative activity" (p. 92).

This latter statement seems toc be an accurate descrip-
tion of the sequence of events, but does not ascribe any
unique role to emotional stimuli in producing the convulsive
reection. The same conclusion could be drawn from the
Barkers' cwn observatlons on the time of appearance of ab-
normel bursts during the non-emotional activity of solving
arithretic problems. The bursts occurred cduring long pauses
bétween the answers in a serisl arithmetic problem, or after
the problem was completed. Again the convulsive reaction can
be considered an "accompaniment of the brlef disruption of
integrative activity'.

Assuming that thought processes are the neural correlates
of the "integrative activity", these authors seem to be saying
that slow waves appear in the absence of an organized thought
sequence. That 1s, the gbnormelity eppeared when the thought
sequence wes completed, as 1n the solution to an arlthmetic
problem, or when there was a disorganization of the thought

process, as in the conflict of thoughts in the discussion of
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personal problems. If it is assumed that s disorganization
of thought processes occurs more readily in the discussion
of emotional subjects, (or 1s characteristic of "emotion'"
(29)), then it would be expected that bursts of abnormelity
would occur under the conditions described by the Barkers.
However, the implication of such results is not that an
emotional stimulus ("obviously significant thoughts and
feelings"), elicits abnormelity in the way that & sensory
stimulus may produce an gbnormel burst in certain cases of
epllepsy. Rather, it could be concluded that the distinte~
gration of an organized thought provides an opportunity for
other autonomous processes to control central nervous system
activity. (In the normal case, the anaslogue of the abnormal
bursts occurring in eplleptics mey be the "facilitation' of
alpha occasionally found in emotional situations (82)).
Although the Barkers have made z most interesting and
cetailed study of the relstionship between conditions of
stimulation and chenges in EEG pattern, it is rather dirf-
flcult to generalize from their data. The subjects of their
investigatlion represent & particular group of epileptics,
those who showed little or no ebnormality under the usual,
relaxed conditions of recording. Informetion is not given
of the number of subjects studied, or in what proportion
were found the various effects that were described. The
authors have focussed their attention on the time of
appearance of the bursts of slow waves, but have not ade=-

quately compared the total asmounts of abnormality occurring
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under the various concditions. Also, it is not clear from
their report whether an investigation was made of the
frequency of bursts appearing with the discussicn of none-
emotiocnal topics.

Statement of problem. It is clear from the data
avalleble that little is known of the effects of stimu=~
letion on abnormel slow waves. The evicdence suggests that
various stimuli or thought processes inhibit slow waves;
the experiment to be reported here will attempt to study
this phenomenon systematically. It i1s not known how fre-
quently the suppression mey be obtained with various types
of ebnormality, how long this effect cen be mainteined, or
whet stimuli asre most effective in producing the suppression.

Such informetlon would be relevant to an understaending
of thought brocesses. It was previously polinted out that
the presence of rhythmic activity would tend to limit
thought by rendering large croups of cells simrultaneously
refractory to stimulastion, and thus unavsileble for inte=-
gration into thought processes. The effect of stimuletion
on the normel EFEG 1s consistent with thls assvmption since
the glpha rhythm is inhibited by activity such as problem-
solving. It is pertinent to lnaguire, then, whether & sim-
iler relstionship exists between pasthological rhythms and
various kinds of thought processes.

The experimental study that is to be reported will be
limited to the investigation of one type of abnormality,

the rhythnic slow waves svpearing after electroconvulsive
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therapy. The electroencephaslographic rindings assoclated
with electroshock will now be described, and the relevance
of this experiment to an uncderstanding of the mechanism
of these slow waves will be pointed oute.

General charscter of the abnormality. The electro=-

encephalographic abnormality found most frequently after
electroshock consists of bursts of high voltage slow

vwaves from both sides of the head. The slow waves occur
predominantly in frontel areas (7, 17, 35, 6l), slthough
they may also spreasd to posterior regions. Other variations
in the EEG pattern following electroshock have also been
described, but these changes occur less conslistently than
the slow waves.

Some workers have found that the alpha rhythm becomes
slower (L}, 87); others report that the alpha frequency
does not change (i, 3lj). Proctor and Goodwin (68, 69)
have pointed out that this discrepancy may, in part, be
due to the use of different types of stimulating current.
Levy and his colleagues (l;9) have noted that & few records
simply show increased random or bete activity; Calloway's
data (13) suggest that this type of pattern is likely to
occur et the end of a course of intensive electroshock.
Although there are reports of indivicuel recorcs that show
increases in fast waves, 1t has been found that the amount
of fast waves 1s decreased 1n most subjects after electro-
shock (26, 3%). The report of Gottlieb end his co-workers

(26) has clearly shown that this decrease is due to the
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effects of electroshock itself, and is not relsted to
clinical improvement, as suggested by Hoaglend and his
assoclates (33). Since psychiatric patients show a
higher proportion of fast waves than the normel populstion
(12), the decrease after electroshock may not represent a
change towards greater abnormeslity. For the purposes of
thls discussion, then, only the avpearance of slow waves
will be referred to as abnormality.

The frontal locélization end bileteral character of
the ebnormality does not appear to be due to the position
of the stimulating electrodes. Although 1t has been found
that the area beneath the shocking electrocdes may show
earlier, and more pronounced, changes than other areas
(11, 59), stimulation with varied electrode placements has
indicated that the frontal areas sre selectively suscep-
tible to the development of slow waves (l;7). Regardless
of whether the electrodes sre pleced on one, or both,
sides of the heed, the abnormality appears bilaterally
(25, 51, 59, 64, B7). This 1s consistent with the finding
that the stimulating current follcws neuronal pathways,
traversing both sides of the braln and into deep structures
(55). On the basis of EEG studies during electrically-
induced seizures, Bickford and his colleagues (£) have
suggested that the seizure may begin only after the current
hes spread to subcortical structures.

Amount of abnormslity. The amount of abnormality

observed at sny given time is largely dependent on the
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stege of the treatment period at which the recording is
made. Slow waves first appear after three to six treat-
ments (7, 59, 69). The amount of abnormelity is inversely
related to the length of time elapsing between the last
shock and the EEG recording (6, 17, 61). As treatment con=-
tinues, the amount of abnormslity lncreases, and the length
of time for which the slow waves persist 1s also increased
(7, 17, 3L, 35, 61, 87). Callowey (13) and Honcke (3l)
heve noted that the amount of abnormality tends to reach
a maximum, after which further treatment does not produce
an increased guantity of slow waves.

The amount of abnormelity alsc appeers to be directly
related to the amount of electrical energy required to
produce the convulsion (34, 51, 69, 87). Thus two factors
in the method of treatment appear to contribute to the
amount of aebnormelity observed. First, repetitive convul-
sions themselves produce pathological effects. Secondly,
the extent of cell disturbance due to spread of current
may be determined by the amount of electricael energy used
to produce the convulsion.

The marked indlvicdual veriability in the amount of
abnormallity (§h, 35) produced by electroshock can be, in
part, attributed to dilfferences in age and pre-treatment
EEG. Patlients under 25 years develop more abnormslity than
those from 25 to 145 years (35, 87); the data also suggest
that the ebnormelity incresses again above the esge of L5

years (87). More pronounced asbnormality has also been
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reported in patients showing ebnormal EEG's prior to treat-
ment; in those with a focal dlsturbence, the ebnormal area
was selectively sensitive (L, 3L, 61, 6li). It is interest-
ing to note that Greenblatt and his associates (27), in =
survey of the routine pre-treatment EEG's of psychiatric
patlents, similarly found 2 higher incidence of ebnormality
in patients below 25 years, and above L5 years, in compari-
son with those patients between these ages. Thus it is
possible that the greater sabnormallty observed in young
send old patlents after electroshock may be related to an
abnormal pre=-shock EEG as well as to age itself.

Several reports have appeared describing changes in
the amount of abnormality produced by various drugs. These
findings will be reviewed later in the discussion of theories
concerning the phyéiological changes responsible for the
EEG abnormalitye.

Reversibllity of sbnormality. When treatment 1s stopped,

the slow weves gradually decrease, and the EEG returns to
normal. The record may remain abnormal for as little as @&
week, or occasionally as long as ten months (6l). Unless
a large number of treatments are given, the majority of
records seem to return to normel within a month.

Callaway (13) has reported a somewhat différent pettern
of change 1n those petlents glven intensive electroshock,.
By the end of the last treatment, the EEG's no longer showed

high voltage slow waves, but were characterized by low
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voltage, fast activity. During the first three days
followlng cessaticn of treatment, there was a marked
increase 1n the emount of slow waves. This asbnormality
then decreased, and the EEG developed its normal pattern.
It has been suggested that the slow wave increase follow=-
ing treatment mey be indicative of a continuing pathologlical
process (7). Hcwever, it could also be assumed that the
slow waves represent the first stage of recovery from the
depression of cortical activity observed by the end of the
course of treatment. Jasper and hls co-workers (h2) have
noted depressed cortical actlvity in severe head injuries,
and report that recovery from this stege is accompanied
by the sppeerance of high emplitude, random and rhythmic
slow waves.

Although most reports say that the EEG returns to
normel within a short time aefter treatment, the EEG may
not return to its pre-shock pattern. It has often been
observed that the post-shock elpha 1s of the same fre~
quency as pre-shock, but of distinctly higher amplitude
(7, 49, 6L). Whether or not thls indicates more normal
function 1s a moot point; Schwab (76) has commented that
an increased alpha 1ls zlso seen after head injuries,
Kennard and Willner (Ll;) have found that after electro-
shock, & signhificant number of children's EEG's show an
increased stabllity end uniformity of patterﬁ, which
may be the equivalent of the change of alphas pattern in

adults. Lennox and her assoclates (i7) have cogently
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pointed out that the reversibility of EEG slow waves is
not inconsistent with permanent pathological changes
since electrographic slowing generally correlates only
with acute cerebrsl insult. Finally, the observation
(17, 3L) that EEG sbnormality develops more quickly in
those patients who have previously had a course of
treatment suggests that electroshock may leave neuro=-
physiological changes outlasting those observed in the
EEG by present methods.

Theories. Three types of theories have appeared
concerning the physiological changes responsible for the
EEG changes. XEG abnormelity has been considered as due
to (1) destruction or injury to brain cells without
reference to the particular structures or areas involved,
(2) disturbance in the metabolism of brsin tlssue, and
(3) changes in specific neural systems.

(1) Wwalter (84), in discussing the finding that
petechial heamorrhages may occur with electroshock, says
" ... there 1s a possibility that the transient effect of
such haemorrhages is responsible for the EEG observations"
(pe 72). However, the finding of petechial heamorrhages
after electroshock has not been confirmed by subsequent
investigations (3). After an extensive review of the
animal studies, Kalinowsky and Hoch (Li3) have concluded
that electroconvulsive therspy produces no important

morphological changes in the brain. Experimental studles
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since then support this point of view (22, 23, 77). Thus
it is unlikely that the EEG abnormality can be ascribed to
structural damege of nervous tissue. However, one dif-
filculty in generelizing from the experimental data to
humens 1s the fact that monkeys, on whom most of the
neuropathological studies have been done, do not show as
severe or prolonged slow waves as humans (47). The few
reports avallable on human material do not clarify the
problem. The findings are contradictory (43), and must
be evaluated cautiously since they represent a selected
sample of the total group of patlents treated with electro-
shock.

(2) Lennox and her co-workers (;7) have suggested
that anoxla mey be one of the factors producing the EEG
abnormality. These workers found that, in monkeys, the
administration of benzedrine prior to electroshock markedly
reduced the amount of slow waves usually found after the
convulsion. The authors point out that benzedrine has a
similar effect on the slow waves observed after anoxia.
Although the mechanism by which benzedrine prevented the
post=-convulsive slowing is not known, the authors suggest
that this effect is due to both the increased blood supply
and the stimulating effects on the central nervous system
produced by the drug.

Aird and his associates (2) have presented evidence

to show that changes in the permeability of the blood-brain
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barrier may be responsible for the EEG abnormality.
These authors found that the permeabllity of the blood-
brain barrier was increased in cats given electroshock.
Half the animals were then injected with trypsn red, a
substance that decreases the permeability of the blood-
brain barrier. The EEG's of these animals were normal,
while those of the control group, without the drug,
showed the usual smount of slow waves. Alrd (1) has
reported a simllar increase in the permeability of the
blood~brain barrier, and a reversibility of EEG ebnorm-
ality with trypan red, in an experimental study of head
injuries in animals. It is difficult to evaluate the
significance of Aird's work since the amount of trypan
red used to produce the normal ZEG is considered to be
a toxlc dose (21). In fact, the permeabllity estimates
efter the administration of trypan red in conjunction
with electroshock are significantly lower than the
normal control values. Thus Alrd's results raise the prob-
lem of how an abnormally decreased permeability of the
blood-brain barrier can produce a normal EEG, whereas
abnormal slow waves occur wlith a pathologically increased
‘permeability. Since the normal state of permeability
exlsting prior to electroshock is not restored by trypan
red, 1t appears that this drug does not simply reverse
the changes produced by electroshocke.

In addition to the reports just discussed, other

workers (11, %0, 1,3, 78) have surgested that an impairment



~20~-
of cerebral metabollsm mey account for the EEG abnormality.
However, this type of theory cannot be considered a com-
plete explsnation of the EEG changes. The various meta=-
volic disturbances described are not speclific to electro=-
shock, but also occur under conditlions in which the EEG
is not the same as that observed after electroshocks.
Further, even if a pattern of metabolic changes were found
to occur specifically in response to electroshock, 1t is
still unlikely that the EEG findings could be explained
wil thout reference to neural organizations and connectlons,
If cerebral metabollic dysfunction were the dlrect cause of
EEG abnormality, then one would expect continuous abnorm=-
ality, perhaps of a random and non=-localized type. However,
the EEG after electroshock is frequently normal for periods
of time, with the abnormality usually apvearing in the
form of rhythmic bursts. Thus it 1s suggested that, al=-
though metabolic disturbence may be the primary cause of
the fact that changes in neursl functioning do occur, the
kind of chenge must also depend on the organization of the
central nervous system itself. That is, cumulative meta-
bolic changes may selectively alter the activity of neural
systems; the kind and extent of these latter neural changes
would then determine the character of the EEG abnormallty.
The questlon of defining such neursl chenges is still un-
answered. Finelly, 1t might be pointed out that meta-
bolic changes could also occur secondarily as a result of

neural changes.
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(3) The only hypothesis relating changes in the
nervous system to the EEG ebnormelity is that recently
proposed by Roth and McClatchey (73). Threse authors
have suggested that electroshock blocks the brain stem
reticuler system, and relesses the activity of the
thalamic reticuler pacemsker. However, this conclusion
does not seem justified. TFirst, the authors seem to
assume thet the normal activity of the thalemic centre
produces s rhythmlic three-per-second discnarge, whereas
Jasper (Lj0) has suggested that this system is concerned
with the regulation of the normal alpha rhythm as well
as sponteneous pathological rhythmse. Thus 1t nray be
correct to conclude that the activity of the thalamic
syétem has been changed, but this change may not be a
simple release phenomenon. Secondly, the conclusion that
the activity of the brain stem reticuler formation in
particular has been blocked, is based on the §bservations
of Moruzzi and Maéoun (60) that barbiturates selectively
inhibit the activity of this system. However, Roth and
McClatchey have not reported control studies using
sleep=-producing agents other than barblturates. Thus
it is not known whether eny sedative would produce the
effect observed by these authors, or whether the results
are due specifically to the action of the barbiturates
on the brein stem system. While objectives have been
reised to the speciflcity of the theory of Roth and
McClatchey, thelr suggestion that electroshock produces

a change in the activity of sub~cortical pacemakers can

be considered to be a fruitful hypothesis.
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Elaboration of experimental problem. The experiment

to be reported of the effects of stimulation on slow waves

| is relevant to theories concerning the physiological changes

responsible for thls abnormality. If stimulation can alter

the EEG pattern, then it is clear thet neural connections,

as well as metabolic changes, are determinants of the

abnormality. Meany studies have indicated that there

are sub-cortical centres concerned with the regulation

of cortical activity in states of excitation and reste.

Thus a study of the relationship between asctivity and

EEG abnormelity may provide additionel information on

the neursasl changes occurring as a result of electroshocks
Also, such an investigation has methodological

implications for studles attempting to relate observations

on behavior to the abnormality found 1n the LEG. If

stimulation can diminish slow waves, then it is necessary

to know the extent of this effect under conditions com-

parable to those iIn which the observations of behavior

are made.

In summary, then, the experimental problem is to
investigate the effect of stimulation in reducing the slow
waves occurring after electroshock. Thlis study has im-
plications (1) for an understanding of thinking processes,
and (2) for theories concerning the neural changes pro-

duced by electroshock.
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PROCEDURE

Electrode placements. The electrode placements used are

shown in Figure l. Four electrodes were placed on symmetrical
areas on each side of the head; the EEG wss recorded between
fronto-central (F-C) leads, and parieto-occipitel (P-0) leads,
from each hemisphere. Prellminary work indicated that when the
subject was doing the various tasks to be described below, least
artifect was obtained with this recording arrengement. Elec-
trodes were aglso placed near the right eye. Eye movements were
recorded simulteneously with the EEG in order to distinguish
the slow wave artifact caused by these movements from genuine
ebnormality. Silver - silver-~chlorided electrodes were used.
The patient lay on his back, in a seml-recumbent position, in
a moderately bright room. The recordings were taken on a Grass
EEG machine, console Nodel 111C.

Recording. The procedure was as follows:
4} minutes recording with eyes closed, relaxed
l; minutes recording with eyes open, relaxed
1 minute recording with eyes closed, relaxed
Ly minutes recording with eyes closed, tapping
1 minute recording with eyes closed, relexed

4 minutes recording with eyes closed, doing serial arithmetic
problems

1l minute recording with eyes closed, relexed
6 minutes recording with eyes closed, doing a reaction time test

li minutes recording with eyes closed, relaxed
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Electrodes were placed on the encirecled positions.
In the samples of EEG records to be shown later,

FR-CENT refers to a linkage between F3z and C3, or F, and

Cas
PAR-OCC refers to a linkage between Pz and Oy, or P4 and 0.
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A few minutes of instructicns intervened before each of the
tasks. Thlis time varied with the patlent and the task, and
was longest in the case of the reaction time test since the
patient was given a few minutes of practice.

In the eyes open task, the patient was simply told to
open his eyes and relex again. In the tapping test, the
patient tapped with a metal stilette on a small metsel plate
so that the tapping was recorded simultaneously with the EEG.
The patient was told to tap at any rate he wished, and that
the speed did not meke any difference to the test.

The serlal arithmetlc really consisted of several tasks.
The natient was first told to start at one and add by threes
untll he came to 100. The other arithmetic problems were, in
the following order, to count backwards by threes from 101, to
count backwards by sevens from 100, fo count backwards from
100 by sixes, and to count backwards from 100 by eights. The
patient was given only enough problems to complete the four
minutes of arithmetic, excluding the time for instructions for
each new problem.

In the complex reaction time test, the apparatus described
by Bjerner (9) was used. The patient pressed a small lever
which provided the stimulus, and thus determined the rate of
stimulation for himself. The stimulus consisted of either a
bell, a buzzer, or the bell and buzzer together; the various
stimuli appeared in random order. The patient responded to each

of these stimuli by pressing the lever left, right, and up,
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respectlvely. After each response, the lever automatically
returned to its starting position; the patient then pressed it
again, starting another cycle of stimulus and response.

With a small group of patients, the ZEG was recorded con-
tinuously for 30 minutes under conditions of relaxation with
eyes closed.

Scoring. Since the main interest in this study was the
effect of the various tasks on the abnormal waves, the scoring
wes devised to measure the amount of abnormality present in the
recording. Abnormelity was defined as & series of waves of five
per second or less that continued for at least one second with
an amplitude greater than 20 microvolts. Six-per-second waves
of greater than 50 microvolts were also considered sbnormal,
and, in those cases for whom pre=shock recordings under the
test conditions were available, six=per-second waves of greater
then 20 microvelts were similarly marked as abnormasl if they had
not appeared in the pre-shock recordc.

The length of time each series of slow waves was present,
and the meximum voltage of each such burst, were recorded. An
arbltrary unit of abnormality was then set up which utilized
both the number of seconds during which ebnormality was present,
and the emplltude of the sbnormal bursts. That is, the number
of units of abnormelity was equel to the total number of seconds
of ebnormelity multiplied by the average of the maximum voltages,
divided by 20. For example, 1 unit of abnormality would mean one
second of abnormal waves with a maximum voltage of 21-29 micro=-

volts (1 x %%); 2 units of abnormality could mean 2 seconds of
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abnormal waves with an average meximum voltage of 21=-2¢ micro-
volts, or 1 second of ebnormsl waves with a maximum voltage of
L0=li9 microvolts; and so on. In two cases with practically con=-
tinuous abnormelity, the average maximum voltage was calculated
by averaging the maximum voltage in every five seconds of re=-
cording.

Since all reports describlng the EEG abnormslity after electro-
shock agree that the slow waves are maximal iIn frontel areas, only
the fronto-central recordings were scored for abnormelity. When
the slow waves were not identical from both sides of the head,
the measurements were taken from the side showing the higher
amplitude, and more prolonged, burst.

The emount of time during which alpha was present was cal=-
culated for the parieto-occipital recordings, alpha being counted
as present regardless of whether it appeared in one or both
parieto-occipital leads. Any half~-second containing waves from
§-13 per second and greater than 15 microvolts was counted as
alpha. The alpha score was a rougher measure than the abnormality
score since the varying voltage of the alpha in different parts
of the record was not included.

Subjects. The subjects uvsed in this experiment were psychiatric
patients receiving electroshock. The maln results deal with an
analysis of 22 records obtained from 16 patients - one record from
each of 1l patients, 2 records from each of l patlients, and 3
records from 1 patient. When more than one recording was made on

a patient, the seversl records were taken at different stages in
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the course of treatment.

The 22 records were selected from a group of 4,0; the dis-
carded ones could not be scored because of either absence of
abnormallty, or excess of artifact. Seven records were taken
after 3 to li treatments, 11 after 7 to 9 treatygents, and L after
12 to 22 treatments. Three recordings were %:ifn 3 to 6 hours
after a treatmént, 17 were taken 2|} to 30 hours after treatment;
and 2 were taken more than .8 hours after treatment.

The group conslsted of ten females and six males, of whom
seven were dlagnosed as having schizophrenia, three as having
manic~-depressive psychosis, five as having psychoneurosis with
depression, and one as having involutional psychosis:melancholla.
The mean age was 33 years, with a range of 13 to 66 years.

Pre~shock EEG's, recorded under the conditions of stimulation
previously described, were also available for 13 psychlatric
patients who were all candidetes for electroshock. Six of these
form part of the group of 16 patients whose post~shock EEG's were
used for snelyslis. The grouvup of patients with pre-shock EEG's
consisted of eight females and five males, of whom four were
diagnosed as schizophrenic, one as manic~depressive, five as
psychoneurotic with depression, and three as melancholic
(involutional psychosis). The mean age was 43 years, with a
range of 22 to 66 years. With respect to sex, age, and diagnosis,
then, the composition of the pre- and post-=shock groups did not
differ significantly from each other. Thus the performance of
the pre-shock group on the various tasks used in the experiment
was used as control data to evaluate the effects of electric

shock on the performance of the post-shock group.
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TABIE 1

Comparison of abnormality under varied conditions of recording

RELAX 1 EYES OPEN TAPPING ARITH, REACT.TIME RELAX 2
(A) UNITS OF ABNORMALITY DURING FIRST MINUTE
Mean 52 19 30 15 13 36
Range 0-294 0-72 0250 0-191 0-110 0-211
Significant differences., less abnormality was observed during:

Eyes open .02 _ — — - —_—

Tapping .02 —-— - — e ——
Ari‘bhme tic .01 — 001 - - 001
Reaction time ,01 - .01 - — 01

(B) UNITS OF ABNORMALITY DURING FOUR MINUTES
Mean R09 105 175 85 72 08
Range 0-1136 0-396 0-998 0-€18 0-5R5 0-1189

Significant differences. Less abnormality was observed during:

Eyes open 01 - .01 —— —— <05
Ari.thnle tic 'y 01 . 02 001 —— s ] 01
Reaction time ,01 .02 .01 —-— - .01

(C) NUMBER OF SECONDS BEFORE ABNORMALITY APPEARED
Mean 35 91 41 105 89 49
Range 0-240 3-240 3240 5-240 R=R40 1-240

Significant differences., Abnormality developed more slowly during:

Eyes open Q01 - — — - .01
Arithmetic 01 .05 .01 - - 01
Reaction time ,01 — .02 —-— - .01

(D) LENGTH, IN SECONDS, OF BURSTS OF ABNORMALITY
Mean 1.9 1.4 1.8 1.2 1.2 1.7
Range 1-5,0 1-4,2 1-4,5 1-5.5 1-2.8 1-4,7
Significant differences. The length of burst was shorter during:
Eyes open 01 - .02 —— - —

Arithmetic 01 - 0% - - +0R
Reac tion time . Ol 3 05 . OS —— - . 05
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RESULTS

The results clearly show that less abnormality appeared
when the recording was done under conditions of stimulation than
under conditions of relaxation. Stimulation not only reduced
the amount of abnormelity, but also delayed the time of appearance
of the first burst of slow waves, and shortened the length of the
bursts.

Since the range of scores was very wide, and the distributions
skewed, the chi-square method of evaluating the significance of
the differences was used. The number of records showing increases
and decreasés in abnormallty was compared to the number of such
changes expected by chance. During the first minute of recordlng,
each of the four methods of stimulation was effective in reducing
the amount of abnormality compared to the first minute of the first
relaxation period (Table 1,A). Except for tapping, stimulation
also inhibited abnormality as indicated by the other measures
used (Table 1 - B,C,D). That is, in comparison with the first re-
laxation period, stimulation reduced the abnormallty appearing
during the total four minute perlods, delayed the appearance of
the first burst of slow waves, and shortened the averageée length
of these bursts. Although the emphasis in this investigation is
on the control of frontel abnormality by stimulation, 1t was also
noted that the parieto-occlipital alpha, when it appeared, tended
to be better organized under conditions of activity. Figure 2
1llustrates the normalizing effect of stimulation on the anterior

end posterior EEG patterns.
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EEG PATTERNS UNDER VARIED CONDITIONS OF RECORDING

(A) 5 seconds after recording begun (B) 2 minutes after recording begun
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FIGURE 2

In order to obtain comparable records, samples were selected fram the
EEG of one subject at the same points in time for each of the
recording conditions. The first samples were taken after five

seconds of recording (A), the second after two minutes of recording (B).



-7 -

The effect on the EEG of the tasks used in this experiment
constitute the maln source of evidence that stimulation reduces
abnormality. Additional evidence of this effect was provided by
other stimulating events occurring fortuitously during the re-
cording. For example, 1t was observed that the effort to inhibit
sneezing produced a prolonged and complete suppression of slow
waves (Fig. 3,E). Parts A, B and D in figure 3 illustrate the
effect of other sopontaneous activities, or endogenous stimulil,
in reducing abnormelity. Unfortunately, the arrows marking the
beginning of overt activity (A,D) are accurate only within one=-
half second; 1t would be of interest to know more precisely the
time relation between the beginning of the motor activity and
the dlsappearance of the abnormellty. However, parts C and E
of figure % suggest, respectively, that neither an external sen=-
sory input nor an overt motor act are essential determinants of
a prolonged suppression of abnormality. Another example lndlcatling
thaet the thought process is important in decreasing the abnormelity
was the observation, in one record, that a sudden, frightening
nolse produced a very marked decrease in abnormality for several
minutes.

Differential effects of the tasks. A more reliable source

of evidence that the reduction in ebnormallity is not simply re-
lated to the amount of external stimulation or motor activity,

1s the order of effectiveness of the different tasks in sup-
pressing the slow waves. The effectiveness of the varlous methods
decreased significantly in the following order - (i) arithmetic

and reaction time, (2) eyes open, and (3) tapping (Table 1). The
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SUPPRESSION OF ABNORMALITY BY STIMULATION
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FIGURE 3

B -~ Spontaneous movements were frequently associated with a diminution
in abnormaliby.

C = Note the adaptation to the stimulus.

D - The patient's question was response to the noise, and appeared

to interrupt a burst of slow waves., However, it may be that the
abnormal burst spontaneously terminated itself, and that the patient
could ask her question only after this had occurred.

E - After the second sneeze at the end of the fourth line, the

patient volunteered the information that she had been trying to stop

this sneeze, but finally could no longer control it.
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amount of motor and sensory stimulation involﬁed in each of
the tasks clearly does not follow this order. The arithmetic
task provided the least sensory stimulation and motor activity
since the patient gave a response, aloud, once every four
seconds. Reaction time provided auditory and motor stimull for
two out of every four seconds; eyes open provicded a persistent
source of visuel stimull; tapping provided auditory and motor
stimull from teaps at the rate of almost three per second.

Tepping has more of an effect on the abnormality than is
apparent at first glance, although this effect i1s somewhat
paradoxical. During the total fpur minutes, half the group
increased in abnormelity, and half the group decreased. Although
these sub=groups did not differ from each other with respect to
age, number of treatments, or lapse of time between the last
treatment and the EEG recording, they did differ in smount of
abnormality. The units of abnormality shown by the group that
decreased during tapping were %61 and 278 during the first
relaxation and tapping periods respectively. The same measures
for the group that increased during tapping were 50 and 78 units.
Thus the direction of change during tapping appeared to be re=-
lated to the amount of abnormality inltially shown in the first
relaxation period. Seventy per cent of the records with less
then 160 units of abnormity during the first relaxation period
increased in abnormality durlng tapplng, whereas every one of
the seven records with greater than 160 units of abnormality
decreased. Using chi-square with Yates'! correction, this dif-

ference is significant beyond the .01 level.



-5

It can be seen from figure |, that there probably was a
cumulative decrease in abnormality over the total series of
recording conditions. Since all the methods of stimulation
were used in the same order, it may be thought that the effective-
ness of arithmetic and reaction time in reducing abnormality was
due to their positlion in the sequence of recording conditions
rather then to the properties of the tasks themselves. However,
two sets of facts suggest that this was not so. First, if the
observed effect of arithmetic and reaction time were simply a
cumulative one, tapping should have had a greater effect than
it did. Though tapping was the second stimulation, it did not
decresse abnormality as much as either the preceding or the
followlng stimulation. Secondly, figure li shows that the
abnormality lncreased during each of the one-minute relaxation
periods that followed the periods of activity. Thus, the level
of abnormality, decreased by each task, had returned to approx-
imately the pre~stimulation level before the next task was
begun. Although there is a conslistent decline in abnormality
during the relaxation periods, the amount of abnormality during
the first relaxation period is not significantly greater than
any of the other relaxatlon periods.

The only task that produced a significantly prolonged
inhibition of abnormality was reaction time, the last in the
series of stimulating conditions. The amount of abnormality
present during the flrst minute of relaxation after reaction
time was less than that apvsaring during the first minutes of

relaxation after tapping, and after arithmetic. These differences
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are significant at the .05 level. The effect of reaction time
in producing a more sustained decrease in abnormallity than
arithmetic and tapping may not be due to the quality of the
stimulation itself, but to the fact that the reaction time task
continued for six minutes whereas the other tasks lasted for
only four minutes.

Although the various methods of stimulation do appear to
have a differential effect on the amount of abnormality, this
difference is least marked during the first minute of recording
(Table 1lA). However, all the tasks have thelr most marked
effect on the abnormelity at the beginning since the amount of
slow waves appears to increase with time (Fig. 5). Thus the
distinction between the various tasks seems to be in the extent
to which they can maintain the low level of abnormallty initielly
induced by a wlide variety of stimuli.

Change 1n abnormality with time. Let us consider the change

in abnormelity with time since this characteristic of the EEG
pattern after electroshock has not been previously descrilbed.

An sttempt was made to investigate this phenomenon by recording
continuously for 30 minutes. However, it was found that it was
difficult to maintein a state of relaxation in the subjects for
this length of time. ©Noises around the laboratory changed the
degree of alertness and the level of abnormality; the patlents
themselves interrupted the procedure to ask questions, which
activity again changed the EEG picture. Another change in level

of activity was that produced by the tendency on the part of
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most patlents to osclllaste between periods of wakefulness and
what appeared to be light sleep. During these latter periods,
the abnormality diminished; slight noises could produce greater
wakefulness, and frequently a burst of slow waves.

In general, it was observed that the amount of abnormelity
increased, and then decreased, as the subject passed from a state
of alertness to early sleep. Some of the specific patterns of
change are shown in table 2. The results wlth patients A, B
and C suggest that more abnormality is found during an uninterrupted
period of wakefulness at the end of a half-hour recording than
during a similsr wakeful period at the beginning of the recording.
Patlents D, E, and F showed increases and then declines in the
amount of aebnormality with time; patient G showed an osclllating
decline from the beginning of the recording. In patients D, E,
and F, the consecutive periods during which abnormallty was
calculated were interrupted by an external stimulus, in the
case of patient G, by the patient herself.

Figures 6, 7 and 8 illustrate decreases in abnormality con-
comitant with a flattening of the alpha, suggesting that these
were periods of light sleep. It is often difficult to differ-
entiate the EEG flattening of early sleep from the flattening
of an arousal or activation pattern. However, figure 7 clearly
shows that the flattening is assoclated with a brief "loss of
conscilousness™, since the patient stopped tapping during the
flat periods, and spontaneously resumed the task wlith the return

of alpha and frontal abnormelity. The record in figure 8 showed
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TABLE 2

Changes in amount of abnormality with continuous recording

Patient Units of abnormality during consecutive minutes
A 0 0 O 5 .seeeee € 4 3 4
0 3 0 4..000ee 9 0 4 7
19 26 18 53 s.eesee 32 59 69 46
8 53 50 38 70 59 29 22
49 74 87 124 16 99 97 1R7 sieeees 35 34 17 4R 65 R4 31 R7
294 351 339 330 330 333 357 354 ...ee.s 278 150 185 150 152

Q@ "5 M O a o

40 38 35 41 29 20 37

The dotted sections refer to a R0 to 30 minute period for which no measure-

ments of abnormality were made.



CONGOMITANT VARIATION IN ALPHA PATTERN AND FRONTAL ABNORMALITY

CONTINUOUS RECORDING
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CESSATION OF TAPPING DURING EEG FLATTENING

CONTINUCUS RECORDING
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Sample F: FR-TEMP refers to placements Fz and Cq in figure 1.

TEMP-PAR refers to placements C, and Py in figure 1.
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irregular bursts of slow waves only before, and after, perilods
of light sleep. This pattern seems to exemplify, in the extreme,
the general finding that slow waves were most prominent under
conditlons of maximal relaxation, and then decreased again as
relaxation merged into sleep.

Additions]l observations on the effects of stimulation.

During the relaxatlon periods in which no abnormallty was
present, 1t was noted that frequently a noise wuld produce a
brief inhibition of alpha, followed by a return of alpha and a
burst of frontal abnormality. Abnormality appearing a few
seconds after the stilmulus is referred to as the delayed response
in figure 9. The appearance of this delayed response was noted
in epproximately half the records. In the previous discussion
of a simlilar effect reported by other workers, 1t was polnted
out that the burst of slow waves following stimulation may
indicate the return of a relaxed state after the arousal response
to the stimulus 1tself is over. The fact that the reappesarance
of the alpha coincides with, or frequently precedes, the burst
of slow waves 1s consistent with this interpretation. In a
few records, a somewhat céifferent effect was observed; a burst
of abnormality followed almost immediately after the stimulus.
Al though the delayed and immediete responses have not been in-
vestlgated systematically, these observations seemed worthy of
report as phenomena meriting further study.

Observation have also been made that suggest that the effect
of stimulation in suppressing or eliciting slow waves is not

limited to the abnormality occurring after electroshock. Figures
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FIGURE 9
In the delayed response to stimulation, the EEG seems to follow a
pattern of suppression of the alpha by the stimulus, then a return
of alpha followed by a burst of fronto-central abnormality. DNote the

similarity to this sequence of events in the case of an apparently
spontaneous burst in (2) D, starting at the point marked X.
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10 and 11 illustrate the results of stimulatlon observed in some
records of psychlatric patients wlith abnormal EEG's. Again, these
data are not presented as proof that stimulation affects the slow
wave pattern, but merely as observations suggesting other areas
for investigation with the present procedure of recording under
conditions of activitye.

Alpha changes. The arithmetlc and reasction time tasks

appeared to produce a more marked inhibition of parieto=occipital
alpha 1n the pre-electroshock group than the post-shock groupe.
The amount of alpha was less during arithmetic and resction time
than during relexetion in Bl per cent of the subjects in the pre-
shock group. This change 1s significantly different from chance
at the .05 level, and 1s consistent wlith the reports in the
1iterature that arlthmetlic decreases the amount of alpha. In
the post-shock group, 55 percent decreased during arithmetic and
68 per cent during reaction time; neither of these changes is
slgnificantly different from chance. It might be suggested that
increases in amount of alpha in the post-shock group occurred as
part of the "normalizing" effect of stimulation, with which this
study hes been concerned. However, a consistent relationship
between amount of alpha and asmount of abnormallity was not found.
While the pre- and post-shock groups do appear to differ
in the extent to which the alpha 1s decreased during activity,
the results must be interpreted cautiously slnce these groups do
not differ significantly from each other. If the data from the

two groups are comblned, on the assumption that they are drawn



EFFECT OF ARITHMETIC ON ABNORMALITY OBSERVED IN LOBOTOMIZED PATIENT
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FIGURE 10
Individual arithmetic problems were given to the patient; the
beginning of each problem is marked QUES,, the end is marked ANS,

In line D, note the apparent interruption of abnormal bursts by

the presentation of a problem.
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PRECIPITATION AND SUPPRESSION OF ABNORMALITY BY SUDDEN SOUND
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FIGURE 11
A - Precipitation of an abnormal burst. This patient was a 28=year-old
woman diagnosed as a chronic anxiety state.
B - Suppression and precipitation of abnormality. This patient
was a 25-year-old woman with a differential diagnosis of anxiety
depression or idiopathic epilepsy.
CENT-PAR refers to placements Cz and Pz in figure 1.
CENT-VERT refers to placements Cz and C midline in figure 1.
C and D - Suppression and precipitation of abnormal bursts. This

patient was a 17-year-old girl diagnosed as a behavior problem,
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from the same population, the percentage of decreases in slpha
durlng activity is not different from that expected by chance.
The reports in the llterature, however, consistently lead one to
expect a significant decrease with tasks such as arithmetic.
Thus the data suggest two possible interpretations. Either the
whole psychiatric population differs from & normel group, or

the pre-shock group is not different from the normal population,
but is different from the post-shock group. (A third possibility,
of course, is that these particular samples were not represente-
tive of the general populations.) A more sensitive measure than
that used here for evalusting the difference between the groups
would be a comparison of the means of groups ratched for the
amount of alpha present during relaxation. This method could
not be used with the data obtained in thls experiment beceuse
the amount of alphe present during relaxation was greater in the
post-shock group than in the pre-shock groupe.

Task performance. The last point for consideration 1s the

relaticon of the performance on the various tasks to the EEG
measurements. Despite the consistent increases in abnormality
during the four minute recording periods, there were no signifi-
cant changes in the performance of the tapping and reesction time
tests. Slnce the arithmetlc problems tended to ilncrease in dif-
ficulty throughout the task, the performence at different points
in time could not be compared. There was slso no difference in
the tapping behaviour between those records that increassed, and

those that decreased, in ebnormality during the tapping period.
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The reaction time test provided en excellent opportunity for
eveluating the time relation between bursts of slow waves and
periods of stimulation end relaxation, but a quantitative
analysis of thls material has not yet been done. However,
inspectlon of the records suggests that abnormality appeared
most frequently during the intervals between a response and
the next stimulus (Fig. 12). It is interesting to note that
a discernible latency often appeared between the sounding of
the stimulus and the suppressiocn of the abnormality (Fig. 12).

When the pre-shock group i1s compered with the post-shock
group, no difference 1s found in the performance on the
arithmetic or reaction time tasks. 1In the tappling test, how-
ever, the control group tapped at a rate of 58%7 times in 30
seconds, the shocked group at a rate of 83+9 times in 30
seconds. This difference is significant at the .05 level,

In those patients for whom more than one post-shock EEG
was availeble, the task behavior was considered in relation
to the incressed abnormality. There was a tendency for the
tapping rate to rise vith greater abnormality, but the groups
were small and the difference was not significant. With the
arithmetic, there was a tendency for the time and errors to
increase with greater abnormelity, but again this difference

was not statistically significant.
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FIGURE 12

The abnormality may overlap the stimulus (the second stimulus in C,
the three stimuli in D), but does not appear to overlap the
begimming of the response.

It is interesting to note that the most prolonged period during
which abnormality was absent occurred after the last response in
line A, the only incorrect response in this particular section

of record.
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DISCUSSION

Some simple techniques have been described with
which to investigate the effects of thought processes
on sbnormal slow waves in & systematic and quantitative
manner. The results have clearly shown that the slow
waves appearing after electroshock can be inhibited by
thought processes; the extent of thls effect appeared
to cdepend on the complexity of the conceptual activity.
These findings have implications for an understanding
of the neural changes produced by electroshock, and the
physiological basis of thought processes.

The discussion will deal with an eleboration of
the following two points. First, the fact that the
emount of slow waves 1s related to the level of slert-
ness suggests that electroshock produces a disturbance
in the neural systems maintaining the normel state of
wakefulness. Secondly, the results indicate that there
is an incompatibllity between thought processes and
slow waves. As the study of the effects of varied
sctivities on the normal BEEG has slso shown, conceptuel
activity tends to be assoclated with an asynchronous
Flring of cells.

BEEG changes following electroshock. Before dis-

cussing the neurel changes produced by electroshock,

some of the EEG fincings assoclated with electroshock
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Pelationship between slow waves and state of excitation

Slow
waves

Alert Relaxed Asleep

FIGURE 13

~— abnormal slow waves

- == slow waves occurring in sleep
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wlll be considered in greater deteil. The results
previously reported on the relation of abnormality
to the state of a2lertness can be summarized by the
hypothetical curve of figure 13. This relationship
is consistent with the finding that benzedrine increases
alertness and decreases slow waves (,,7), and that bar-
biturates increase slow waves just prior to the first
signs of sleep (73). The finding that the abnormality
decreesses with a state of extreme relaxation may be
helpful in understanding (1) the EEG findings with
intensive electroshock, and (2) some of the more de-
tailed results of this experiment.

(1) Callaway (13) reported that the amount of slow
waves increased during the first few days of intensive
electroshock, and then decreased, at which time the
patients freduently appeared s8leepy and inactive. After
treatment was stopped, there was a transient increase in
slow waves before the LEG gradually returned to normal.
If the EEG "flatness" at the end of the course of treat-
ment is related to an extremply relaxed, stuporous state,
then it would be expected that the first sign of in-
creased alertness and recovery would be the increase 1in
slow waves observed by Callaway. This hypothesis could
be tested by recording the EEG under conditlons of re-
laxation and activity at the end of the course of inten-
give treatment. If the EEC is abnormally flat under

conditions of relaxation, it 1s suggested that simple
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activity (e.g., tapping) would increase the amount of
slow waves.

(2) In the experiment reported here, the distribu-
tion of abnormality durlng the four minute recording
periods was markedly different in the first and second
relaxation periods (Fig. 5). During the first relaxa-
tion period, the amount of abnormality was the same
during each of the four minutes. During the second
relaxation period, the amount of abnormality increased
strikingly from the first to the fourth minute. When
the recording for the first relaxation period was begun,
the spontaneous level of slertness weas not controlled;
that is, some patlents were likely to have been very
alert, and others rather relaxed. Thus the group as a
whole would not be expected to show consistent changes
with time, and the curve of abnormality for the four
minute period would be rather flat. At the beginning
of the second relaxation period, however, the subjects
were all likely to be in a more simllar state of alert-
ness because of the previous performance of the various
tasks. Hence the direction of change would be relatively
uniform for the group as & whole, and *he curve of
abnormality for the four minute period would be expected
to increase as the group passed from alertness to & more
relaxed state.

Congider next the effects of tapplng an ebnormality.

In the group with the greater amount of abnormality during
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relaxatlion, tapplng decreased the abnormality; in the
other group, tapping increased the abnormality. In
the latter group, the lesser amount of abnormality
observed during the relaxation period mey have been due
to a stronger tendency on the part of these patients
to shift quickly to the light sleep part of the curve.
During the tan»ping task, however, the activity would
have been adequate to prevent sleen, or at least shorten
the periods of sleep, yet not sufflciently stimulating
to maintain a state of alertness. Thus the amount of
slow weves present cduring tapping would be greater than
during relaxation.

Neursal chanses produced by electroshock. The re-

sults have clearly shown that the amount of ¥EG abnorm-
ality produced by electroshock 1s related to changes in
the level of wakefulness. DMNMuch evidence is now avallable
to 1ndicate that the sleep~-waking cycle is controlled

by centres in the diencephalon and brain stem. Jasper
and his co-workers (l;0) have suggested that the thalamic
reticular system is concernsd with the regulation of
spontaneous waking cortical rhythms such as the alpha
rhythm. There 1s some overlap of this system with the
area from which sleep may be obtalned by electrical
stirulation (40). The work of Nauta (62) suggests that
the anterior hypothalamus also constitutes part of the
sleep systeme. The posterior part of thne hypothalamus

and the brain stem reticular formation clearly appear
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to be concerned with the maintenance of a waking state
(36, 54, 71). Lesions of these latter waking centres
have produced behavioral evidence of somnolence, and
slow waves in the EEG that can be inhibited by sensory
stimulation (36, 5l).

These electrographic effects apvear to be analogous
to those observed after electroshock. That is, intrinsic
regulating processes were unable to maintain the normal

state of wakefulness after electroshock; the ZEG was

characterized by an hypersynchrony that could be inhibited
by stimulation. Thus, it may be suggested that the EEG
slow waves occurring after electroshock are not directly
due to & generszlized, abnormal firing of cells as a result
of injury or metabolic disturbance. Rather, the particu=-
lar form of the EEG abnormality seems to depend on changes
in the functional relationships of diencephalic and brain
stem systems controlling spontaneous rhythms. This hy-
pothesis 1s simllar to that recently proposed by Roth

and McClatchey (73), although certain objections were
previously raised to some of the specific conclusions

of these authors.

Until more information is avallable on the inter-
relations of the thalamic and brain stem reticular
systems, the locus of the changes produced by electro-
shock cannot be preclsely defined. It can only be
suggested that the predominant change 1s a defect of

the systems maintaeining the normal state of wakefulness,
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since apparently normal records can be obtalned under
conditions of extreme slertness and light sleep. This
conclusion is consistent with clinical and physiological
studies indicating that the hypothalamus and other sub-
cortical centres are affected by electroshock (20, 25).

Although the systems controlling the normal state
of wakefulness appear to be disturbed in all the patlents
studied, the results obtained during tapplng suggest that,
in some patients, the sleep centre has become dominant
over the waking centre. It was previously pointed out
that the effect of tapping in decreasing ebnormality in
the one group, and increasing abnormality in the other
grouvp, was related to the amount of slow waves shown
during the period of relaxation. Since the number of
treatments and age distribution was the same in both
groups, it was suggested that the lesser abnormality
shown by one group may have been due to the fact that
these patlents reached a‘state of extreme relaxation
(early sleep) more quickly than the patients of the
other group. That is, the recording procedure used in
this experiment may have distingulshed two types of
reaction to electroshock. In one group, electroshock
may have shifted the balance between waking and sleeping
centres so that the sleep centre assumed a relative
dominence. In the other group, the activity of these
centres may have been disturbed without any shift in the

dominance, It is interesting to note that some workers
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have reported thet the clinical results anpear to be
better in those patients with less XEG abnormelity
(3L, 69); other writers have commented that electro-
shock 1s most effective in those patients with sleep
disturbances (57, 7L). The tentative hypothesis can
be made, then, that a better clinical result is ob-
teined in those patients in whom electroshock produces
a dominance of sleep centres over weking centres.

Pattern of firing associated with thought processes.

Assuming, now, that the waking system does not function
normally after electroshock, the problem arises of how
the activation pattern®™ assoclated with thought processes
can be produced. There are two possibilities. Fimwst,
the arrival of afferent impuleses at the cortex may 1t-
self produce an activation pattern. Secondly, Lindsley
and his colleagues have suggested that "It seems more
likely that such activation develops upon arrival of

afferent impulses at the thalamus....." (5, ps 497).

% Some liberty 1is being taken with the use of the
word, "activation pattern". This term is usually meant
to refer to a waking pattern of low voltage, high fre-
quency waves. In this discussion, the term 1s used to
refer to a relative activation, that 1s, the replacement
of high voltage, slow waves by eitnher a low voltage, high

frequency wave-pattern, or an alpha rhythm.
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Thlis latter possibility seems more consistent with the
fact that a dlscernible latency appeared between the
stimulus and the appearance of the desynchronized
activation pattern in the records observed in this
investigation, and is also evident in some of the
1llustrations of Lindsley, lagoun, and thelr co-workers
(5, 60). Thls latency, comparsble to that of the normal
arousal reactlion observed in the blocking of the alpha
to stimulation, is longer than that to be expected if
the stimulus arriving at the cortex produced the asynchrony.

In discussing the mechanism for arousal after electro-
shock, it 1s not necessary to assume that the centre for
activation 1s above the rostral end of the brain stem
since it is unlikely that electroshock exerts an effect
similar to the cutting of pathways as in the experiments
of Lindsley et al. It may be that electroshock causes
a change in the spontaneous dlscharge of the brain stem
reticular system, which can, howsver, be aroused to a
more normel state of activity by stimulation. The main
point to be noted is that the initiasl arousal, at léast,
1s more likely to be caused by the stimulus acting through
a diffuse projectlon system than through the specialized
sensory projection systems. (This diffuse system will
8imply be referred to as the reticular system without any
distinction between thalamic and brain stem components.)

Once the actlvation pattern has appeared, the length

of time for which it is maintained varies with different
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thought processes. It 1s possible that the charescteristics
of the afferent stimuli first arousing the reticular form-
ation aan exclte this system to varying degrees, although
it is difficult to see how stirull varying in quality rather
than intensity could exert such an effect. A4t any rate,
there is no evidence yet avalilable that could demonstrate
such an effect, since the single stimuli used in this
Investigation, or those used by other workers, have
usueally lasted long enough to overlap the appearance of
an arousal reaction.

The more relevant problem for this experiment is a
consideration of how more prolonged activity can exert a
differential effect on the meintenance of the state of
arousale. The relative effectiveness of the tasks used
in this experiment suggest that 1t is the complexity of
the thought processes or concepts that is related to the
meintenance of the state of arousal. Tapping was a rela-
tively simple, monotonous task, wlth repetitive auditory
stimulation. Eyes open provided a small range of dif=-
ferent visual stimuli; these stimull might be considered
to be particularly effective in srousing conceptual activity
because of the primary role that vision plays in the activ-
ity of the human organism. Arithmetic and reaction time
were problem-solving tasks.

The presence of a thought process presumably involves
the firing of a certain number of cells. If it 1s assumec
that the more compliceted thls process, the more cells it

controls, then the number of cells avallable for synchronous
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firing would be inversely related to the complexity of
the task. That is, less abnormal slow waves would exist
with greater conceptuel activity.

Since the timing involved in the maintenance of this
thinking process would be very delicate, 1t 1s suggested
thaet a relatively constant background of facilitation
from the reticular system is necessary to enable the
thought sequence to persist for any length of time. The
state of excitation of the reticular system may depend
on the downward flow of impulses from the cortex; thus,
the complexity of the thought process could also control
the degree of facilitation provided by the reticular
system. The mechanism for the inhibition of slow waves,
then, can be considered as one of mutual facllitation
between waking centres and the pattern of cortical firing,
with the diffuse projectlon systems providing the initial
arousael that may be the only conditlon under which the
thought process can begins In the task situation, this
initlel arousal was present before the actual performance

began, since the explanation of the task to be done and

the instructions to begin produced a state of alertness.
Now one may ask why the thought process is not
assoclated with a constant amount of abnormality; that
is, why do the slow waves increase with time? Hebb (29)
has suggested that certain changes occur in the neural
organization of & thought sequence with time. Practice

or performance of a task may so strengthen some connections



-3~
that less fibres are then necessery for the arousal of
the varticular concept. In a larger thought sequence,
practice would allow the sequence to run off wlth the
actual omission of some groups of cells orlginally neces-
sery for its establlishment. This process, affecting both
single concepts and more complicated thought sequences,
would thus leave more cells avallable for synchronous
firing as the performance continued. Consistent with
this hypothesis is the fact that there was no decrement
in the actual performence of the tasks with time. If

the activity were continued for & longer time and the
abnormality increased, however, it may be that at some
point the performance would change, or the sbnormality
would decrease or remain more constant. A similar kind
of process to that just described mey also account for

the fact that the performance of a strongly habltuated

task may continue through a petit mal attack (65).

Behavioral changes produced by electroshock. The

EEG findings can also be relsted to some of the changes

in behevior observed after electroshock. The EEG picture
is one 1In whlch intrinsic regulating processes appear to

be inadequate to maintein a normel state of wakefulness

for any length of time; instead, an abnormel hypersynchrony
develops. However, these abnormal slow waves appear to be
incompatible with complex thinking processes and are
associated with simple, or habitual, thought activity.

Thus one may infer that,after electroshiock, there is a

pauclty of thought content uncder conditions of relaxation
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wvith & minimum of external stimuli. This would be con=-
sistent with the iIlnding that both humen patients and
rats receivling electroshock are frequently lethargic and
show a decrease in spontaneous ectivity (hf). There 1s
elso the interesting case repcrt (58) of e patient,
blinded as an adult, who experienced an intolerable
sense of emtiness and a loss of the capacity to control
his attention voluntarily while receiving electroshock.
This symotom was relieved by external stirulation, such
gs other people's talking to him, touching his hands,
and so on. The authors state that this phenomenon is
sometimes found in the non<blinded, but in an ebortive
form, since vision continually stimulates the stream

of thought.

The difference in amount of abnomallty present
under ccnditions of spontaneous relaexation end under
conditions of externsl stimulation msy have other
parallels in behavior. Kelinowsky and Hoch ([;3) have
pointed out that the procedure of testing the memory
defect after electroshock has revesled less loss than
would be expected from clinical observation of patients
during their spontaneous activitles. Janls (37) has
made the interesting observation that some petients
report that they can recall events 1f they try hard
enough. Masserman and Jacgues (56) noted a loss of
efficiency 1In problem-solving tesks in cats subjected
to electroshock, but found that more adaptive behavior

appesred under conditions of strong motivation. If
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the degree of motivation is considered to refer to

the persistence of firing of a particular pattern of
cells, then it mey be that a strong motivation simply
maintains a normel background of cell sctivity for a
long encugh pericd of time so that complex, adaptive
behavior is more likely to occur.

The effect of stimulation in decreasing abnormelity
1s most marlted at the beginning; the slow waves tend to
increase as a repetitive sctivity 1s continued. This
increase in hypersynchrony with time may provicde an
explanation for the apperently discrepant effects of
electroshock (66, 70) and frontel lobotomy in easing
persistent pein, end yet not changing the response to
brief, painful stimuli (1l;). If the decreased reaction
to paln is dependent on an hypersynchrony, then sa
reaction of pain would be produced upon the initial pre-
gsentaetion of & noxious stimulusg, but would change as
stimulation persisted, and the slow waves returned.

The fact that the thought process controls less of
the corticael firing with time mey also be relested to
the phenomenon of distractiblility and the decreased
capacity to malntain a set found after electroshcck (38).
DM stractibility may simply refer to the lack of a pro-
longed control of cortical firing by a thought process,
and the consequent return of a hypersynchrony. This is
precisely the condition uncer which a new stimulus can
assume control of cortical firing; that is, evoke an

activation pattern, which would be equivalent to "catching
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the attention" of the subject. The rapicdity with which
this cycle of events 1s repeasted would be expected to
vary wlth the degree of interest in, or difficulty of,
the task. Pribram (67) has recently reported that
lobotomized monkeys, who showed & cecrease 1n the abllity
to maintain a set under normal testing conditions, im-
proved in performance when tested uncer conditions that
would contribute to the development of a strong motivatione.

This discussion has suggested thet some of the
behavioral changes occuring after electroshock may be due
to the fect that the thought process controls less of the
cortical firing with time. The objection might be raised
that this process is not peculisr to brain-injured patients,
but occurs normelly. For example, the alphs blocking to
stimulation also "adapts" with repetition of the stimulus.
HEowever, the important difference is thét the degree of
hypersynchrony present in the normal case 1s much less
then that present in the abnormal caese. In the latter,
both anterior and posterior regions participate in the
hypersynchrony, whereas in most normal cases the anterior
regions do not show a well-regulated rhythm. Also, the
abnormel bursts of high voltage slow waves involve the
control of larger groups of cells than those controlled
by the faster, lower voltage alphs rhythm. Thus it is
likely that more susteined conceptual activity could occur
in the presence of a normsel degree of hypersynchrony than

could occur wlth an abnormal hypersynchronye.



SUMMAKY AND CONCLUSIONS

This experiment has investigated the effects of
various activities on the abnormal slow waves appearing
after electroshock. The EEG wes recorded under the
standard condltions of relaxation with the eyes closed,
and under the following conditions of activity: eyes
open and relsxed, tapplng with a metal stilette, dolng
serial arithmetic problems, and performing a complex
reaction time task.

The amount of abnormality appearing under condltions
of activity was significantly less than that occurring
during relaxation. The extent to which the abnormality
was inhlbited varied with the different tasks. The
effectiveness of the tasks in reducing the abnormallty
decreased in the following order: (1) arithmetic and
reaction time, (2) eyes open, (%) tapping.

For any of the four minute periods of recording
under one set of conditions, it waes found that the
amount of ebnormality increased from the first to the
fourth minute. With longer perlods of continuous
recording under conditions of relexation, 1t was noted
that the increase in abnormality tended to reach & peak,
and then declined as the patient reached a state of early
sleep.

The significance of these results can be briefly
summarized. (1) First, some simple technigues have been
described with which to investigate the effect of stimu-
lation on FEG abnormality in & systematic, quantitative

mannere.
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(2) The results suggest that the EEG abnormality
occurrlng after electroshock is predominantly due to a
disturbance of the waking systems in the diencephalon
and brain stem. In addition, the tentative hypothesis
is made that electroshock procuces a relative domlnance
of sleeping centres over waking centres 1In some patients,
end that thls effect may be positively related to clini-
cal recovery.

(3) Complex thinking processes appear to be incom=-
patible with the abnormality occurring after electro-
shock, and it 1s suggested that thls releationship also
exists with other types of rhythmlc, slow wave avnormelity.
The more complex the thought process, the grester the
number of cells that asvpear to be involved in an asynchro-
nous firing pattern.

(L) The results also suggest that the neural pattern
(of a thought sequence) changes as a repetitive activity
1s continued; these changes are consistent with Hebb's
hypothesis of the effects of practice on the organizstion
of thought processes. _

(5) Finally, it 1s concluded that the reticular
systems of the thalamus and brain stem are important
in the regulation of thinking processes, and may, as
Jasper has suggested, be related to the phenomenon of

attention".
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