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Relation of Electroencephalographic Delta Activity to

Behavioral Response in Electroshock

Quantitative Serial Studies

MAX FINK, M.D., and ROBERT L. KAHN, Ph.D., Glzn Oaks, N. Y.

Recent theories of electroshock therapy -
have emphasized the role of neurophysiologic
changes as the basis for the therapeutic ac-
tion of electroshock. Consistent with these
theories, we have observed a relation between
changes in certain measures of brain func-
tion and behavioral response. We have noted
that evaluations of clinical improvement fol-
lowing electroshock are related to changes in
orientation and confabulation after intra-
venous amobarbital,* learning and recall,?
and syntactical aspects of language.®

In view of these observations, it could be
expected that electroencephalographic studies
would show a similar relationship. Numerous
observers have reported consistent changes in
the electroencephalogram after electrically
induced convulsions. There is diffuse slow-
ing with increased voltage and dysrhythmic
activity.”'? Fast activity decreases, both in
voltage and in percent time,'® and in patients
who are intensively treated there is a slowing
of persistent alpha frequencies.'* The degree,
duration, and extent of delta activity are
directly related to the frequency and number
of grand mal convulsions.®'* Such activity
is usually symmetric and appears maximal
in anterior leads, and the electroencephalog-
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raphic effects usually disappear in the four
to eight weeks following the last treatment.®?

In contrast to the consistency of these
observations, studies of the relationship be-
tween the electroencephalographic and the
clinical changes show conflicting results.
Chusid and Pacella,’® after an extensive
review of the literature, concluded that the
number of treatments rather than the degree
of induced delta activity, was the primary
factor related to a favorable therapeutic re-
sponse. On the other hand, Hoagland et
al.® reported a relation between changes in
the percent time fast activity (more than 13
cps) and independent clinical ratings of be-
havioral change. Roth?2 similarly reported
a relationship between changes in the clinical
state and alterations in the delta response
induced by intravenous thiopental sodium.

The divergent observations reflect varia-
tions in methodology. The present study is
an attempt to apply quantitative methods of
analysis of serial electroencephalographic
records to this problem. The purpose of this
study is to determine (1) the relation of
changes in electroencephalographic delta
activity to the behavioral response in electro-
shock, and (2) if a relationship does exist,
the significance it may have for an under-
standing of the electroshock process.

Subjects and Method

1. In the initial series, 24 consecutive patients re-
ferred for electroshock were studied. Electro-
encephalograms were obtained prior to treatment
and at weekly intervals during and after treatment,
using an eight-channel Medcraft electroencephalo-
graph and needle electrodes. Recording was bi-
polar, and hyperventilation activation was utilized
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during each recording. During the treatment pe-
riod, records were taken on the day following a
treatment, generally 25 to 31 hours later.

Grand mal electroshock therapy was administered
by staff psychiatrists, using a Reiter C-47 electro-
stimulator. Treatment schedules were three times
a week, and the number of treatments varied from
9 to 33. As patients showed a clinical response,
the psychiatrist tended to give fewer and more
widely spaced treatments. There were 15 women
and 9 men in the series, and the ages ranged from
24 to 68, with a median of 47 years.

Evaluation of EEG Records—A total of 160
records were obtained on these subjects. Follow-
ing the suggestion of Strauss,”” the delta index was
determined for three lead combinations (frontal-
parietal, anterior temporal-vertex, and parietal-ear
lobe) for 60 seconds of recording for each lead.
The delta index is defined as the percent time
occupied by waves of 7 cps or slower.

The run of each selected lead combination was
scanned, and 180 cm. (60 seconds) of recording that
was artifact-free was noted. An additive map
measure was run along the base of all waves of
7 cps or slower, determining the number of centi-
meters occupied by such slow activity. The ratio
of this figure to 180 was the delta index of that
combination. :

After these measurements were made, the rec-
ord was scanned for the slowest frequency clearly
identified at least twice in these selected lead
combinations, and for the highest voltage of these
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slow waves. The total record was also scanned
for burst activity. The duration of burst activity,
the regularity (modulation) of the waves in the
burst, and average voltage were noted.

In the final estimates of degree of delta activity,
the average delta index for the three lead com-
binations, the highest delta index in any one lead,
the slowest frequency, highest delta voltage, and
duration of longest period of burst activity were
listed for each record. The 160 records were ar-
ranged in sequence for each index and the per-
centile rank determined. The ranks were added
and the records then arranged in rank order ac-
cording to this score. On the basis that the higher
score reflected a greater degree of delta activity,
the upper third of the records was classified as
“high-degree delta”; the middle third, as “mod-
erate-degree delta,” and the lowest third, as “low-
degree delta.” An example of each is shown in
Figures 1, 2, and 3, respectively.

High-degree delta records were characterized
by an average delta index of at least 18%, a delta
index of 21% or more in one of the three meas-
ured Jeads, a slowest frequency of less than 334
cps, a highest delta voltage of more than 100gv,
and a burst duration of at least two and a half
seconds.

Low-degree delta records were characterized by
an average delta index of less than 2%, a highest
delta index in one lead of 3% or less, frequencies
no slower than 55 cps, voltages of less than 60uv,
and burst duration of less than one-half second.
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Fig. 1.—Low-degree delta activity.
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Fig. 2—Moderate-degree delta activity.
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Moderate-degree delta records were between these
two groups, with an average delta index between
2% and 18%, a highest delta index in one lead of
3% to 20%, a slowest frequency of 4-5 cps, high-
est amplitude of between 60uv and 90uv, and burst
duration of one-half to two seconds.

2. In a second series, of 54 consecutive, un-
selected electroshock patients, electroencephalo-
graphic records were obtained prior to treatment,
during the second and third weeks of treatment,
and two weeks after treatment.

These records were analyzed using measures
identical with those in the initial series. Using
the original cut-off points, these records were
classified as high-, moderate-, and low-degree-delta
records, and the initial observations were tested in
a predictive study of therapeutic response.

Evaluation of Clinical Response.—All patients
were observed for at least eight weeks after ter-
mination of therapy. The patient’s response to
electroshock was determined on the basis of the
resident psychiatrist’s impression, the staff opinion,
the nurse’s notes, and the clinical evaluation of the
supervisor in charge of electroshock. The patients
were divided into three groups—much improved,
moderately improved, and unimproved—according
to the following criteria:

A. Much Improved: The 11 cases in this group
were regarded as showing recovery or marked
improvement. These patients no longer presented
the symptoms which brought them into the hos-
pital; their doctors felt they were better, and the
nurses’ notes confirmed such aspects as being able
to sleep without medication, better appetite, and
improved capacity to get along with others and
participate in hospital activities.

B. Moderately Improved: The six patients in
this group showed some improvement but continued
to manifest symptoms of mental illness. These
patients typically showed symptomatic relief; i. e.,
acute depressive features might be gone, but the
dramatic change, so evident in the first group,
was not apparent. Each patient continued to show
some noticeable disturbance, such as obsessional
thinking, paranoid ideas, or somatic preoccupation.

C. Minimally or Unimproved: In this group
were placed seven patients in whom change was
not clearly noticeable, who showed equivocal or
transient changes, or who became worse. They
showed fluctuations in behavior, at times appearing
less ill. The changes were not sustained, however,
so that by the end of treatment they appeared
much as before.

Results

1. Degree of EEG Delta Activity and
Clinical Ratings.—The initial analyses of the
relation between the degree of induced delta
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activity and clinical ratings demonstrated a
significant relationship between the early ap-
pearance of high-degree delta activity and the
“much-improved” clinical ratings. Of the
records in patients who were rated as much
improved, 80% were classified as high-de-
gree delta in the second week, 91% in the
third week, and 88% in the fourth week of
treatment. Of the records in patients who
were rated as unimproved, none showed
high-degree delta in the second or third
weeks of treatment, and only 20% were
classified as high-degree delta in the fourth
week. The data are expressed in Table 1
and graphically in Figure 4.

TABLE 1.—Electroencephalographic Percentage of
High-Degree Delta Records

Treatment
Period
1-3 46 7-9 10-12
Much improved (11) 25 80 91 88
Moderately improved (6) 0 16 50 40
Unimproved (7) 0 0 0 20

2. Delta Indices and Clinical Ratings.—An
analysis of the relation between each of the
five indices used in the final estimate of the
degree of delta activity and the clinical rat-
ings also show significant correlations. In
Figure 54 to E, each index is related to the
number of convulsive treatments and the
eventual therapeutic evaluation. The curves
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each index of delta activity.

for the highest-amplitude delta activity (Fig.
5C) and the slowest frequency (Fig. 5D)
are most similar to the curves for the degree
of delta activity (Fig. 4).

The other three indices (Fig. 54, B, C)
clearly differentiate the much improved
group from the patients with the other two
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ratings, but fail clearly to distinguish the
moderate and unimproved groups. With in-
creasing treatment, however, the separation
of classes becomes clearer.

Each index of delta activity, therefore,
demonstrates a relation to the eventual short-
term clinical rating which is much like that
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TABLE 2.—Intercorrelations of Individual Indices and Degree of Delta Activity

B s Highest
‘ e . Glemen

Average delta o +0.98
Highest delta in one lead -+0.98

Lowest frequency —0.79 —0.67
Highest amplitude +0.72 +0.72
Longest duration bursts +0.67 +0.68
Degree of delta activity +0.80 +0.84

Longest, Degree

Froquenéy  Ampitade  Bursis.  Acivity
—0.79 +0.72 +0.67 +0.80
—0.67 +0.72 +0.68 +0.84
i —0.78 —0.47 —0.90
—0.78 o +0.57 +40.88
—0.47 +0.57 o +0.63

—0.90 -+0.88 +0.63

demonstrated for the combined index of de-
gree of delta activity.

The intercorrelations of each of these in-
dices are shown in Table 2. All correlations
are significant at better than the 1% level of
confidence, although the highest correlations
with the degree of delta activity are noted
for the frequency and amplitude measures.
The lowest correlations are noted for the
duration of burst activity. These observa-
tions indicate that in future studies or in
clinical application frequency response and
amplitude changes may serve as criteria for
the degree of induced delta activity.

3. EEG Delta Activity as Index of Clinical
Outcome.—Following these observations, a
study was undertaken to determine whether
the degree of delta response was predictive
of the short-term therapeutic outcome. On
the basis of the observation that the much
improved patients had developed high-degree
delta activity early and had sustained such
activity, electroencephalograms were ob-
tained during the second and third weeks of
treatment on 54 consecutive electroshock
patients,

The records were scored as to whether
high-degree delta activity was achieved dur-
ing both, one, or neither of the four-six and
seven-nine treatment periods, and the data

were related to the clinical evaluations
(Table 3).

Of the patients who manifested high-degree
delta activity during the second and third
weeks of treatment, 67% were rated as much
improved, while only 30% of patients with-
out high-degree delta activity were so rated.
Thus, the early induction and persistence of

- high-degree delta activity are seen to be re-

lated to the short-term clinical evaluation.

Comment

The present study demonstrates a con-
sistent relationship between the degree and
duration of induced electroencephalographic
delta activity and clinical evaluation of be-
havioral change. While it is conceivable that
the difference between our results and
previous reports may be due to a variation
in population, it is more likely that methodo-
logical aspects are important factors. Serial
records were obtained during the course of
therapy, so that the sequence of electro-
encephalographic change was evident. The
records were obtained at a constant time in-
terval following a treatment. Finally, quan-
titative analyses of the records were made
instead of relying on clinical impressions.
Of other investigators of this problem, both

TABLE 3.—Patients with High-Delta Activity During Second and Third Weeks of
Treatment *

Clinical Rating

EEG Delta Much Improved
Both high (18) 12 (67%)
One high  (16) 4 (25%)
None high (20) 6 (30%)

Moderately Improved Unimproved
4 (22%) 2 (11%)
8 (50%) 4 (256%)
7 (35%) 7 (35%)

* Significant at the 29, level of confidence.
Fink—Kahn
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Roth 2 and Hoagland et al.,'® who carried
out systematic EEG analyses, were also able
to demonstrate a relationship between EEG
variables and behavioral changes.

Two aspects of these observations warrant
further elaboration: the relation and role of
the induced neurophysiologic change to the
behavioral response, and the significance of
these observations for a theory of the mode
of action of electroshock therapy.

1. Relation of Neurophysiologic Change to
Behavior.—Behavioral change is a consistent
accompaniment of alteration in cerebral
function. Changes in mood, language, atti-
tude, judgment, thought process, perception,
and insight attend changes in cerebral func-
tion, from whatever cause, and have been
extensively documented in the neurologic
literature.

In this study, electroshock has been shown

consistently to alter the electroencephalogram

in a fashion which we have come to associate
with states of altered cerebral function. The
studies of Davis and Davis,'® Ostow and
Strauss,!® Ostow and Ostow,?° and Jung 2!
have affirmed the significance of diffuse delta
activity as an index of altered brain func-
tion. Symmetric, dysrhythmic delta activity
has been interpreted as evidence of dysfunc-
tion of midline hypothalamic centers—the
centrencephalic system.'® Such activity is
also indicative of an alteration in the state
of consciousness, more marked alteration
being directly related to the duration, ampli-
tude, and frequency of the slow-wave
activity.'®2522  The demonstrated relation-
ship between induced delta activity and be-
havioral  response after electroshock,
therefore, permits the conclusion that
changes in the centrencephalic system with
attendant alteration in consciousness are
the physiologic basis of the electroshock
process.* A similar conclusion was presented
by Roth 2® on the basis of his studies of the

* The biochemical substrate of this process has
received limited study. Emphasis has been placed
on acetylcholine-cholinesterase change,** altera-
tion in blood-brain barrier,® and changes in ionic
and protein equilibria *** by different investigators,
without definitive conclusions.
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effect of thiopental on electroencephalo-
graphic delta activity.

Another example of the relation of the
electroencephalographic delta activity to be-
havior is seen in reports of epileptic patients.
Landolt #8:2% describes a young epileptic who
was ordinarily pleasant, friendly, and coop-
erative for his clinic visits. At these times,
records were consistently dsyrhythmic. On
one occasion he was surly, irritable, and
withdrawn, and his EEG was without delta
activity. On the subsequent visit, the EEG
was again dysrhythmic, and a behavioral
“improvement” was noted. Similar observa-
tions have been reported by Brockman et
al.?® and Fabing.3!

In a previous study * we had applied the
amobarbital test for brain disease®? in a
serial fashion to this group of patients and
reported a relationship between changes in
this index of cerebral function and be-
havioral change. Were other tests of cerebral
function to be applied in a similar fashion, it
is anticipated that these, too, would demon-
strate consistent changes during treatment
and a relation to behavioral response, within
the limits of the sensitivity of the test to re-
flect changes in cerebral function. In this
context, electroshock may be said to be a
method of inducing a state of altered brain
function for extended periods, in order to
achieve changes in behavior.

From this point of view, the development
of a significant degree of electroencephalo-
graphic delta activity may be a readily de-
termined guide in the rational management
of electroshock therapy. In these studies we
have examined various delta indices and/or
the intercorrelations and have noted that the
amplitude and the frequency of the induced
slow waves are the best guide to the degree
of delta activity. In patients in whom the
behavioral response to electroshock is incon-
sistent with the therapeutic expectation, ex-
amination of the electroencephalogram may
provide a criterion for clarification. If the
induced slow-wave activity is faster than 4
cps and lower than 100wv in anterior
temporal-ear lobe or anterior temporal-
frontal lead combinations, then there is

Vol. 78, Nov.; 1957
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presumptive evidence of inadequate electro-
shock therapy. When frequencies less than
3% cps and voltages higher than 100uv are
maintained for a number of weeks, the as-
sumption may be made that an adequate
degree of altered brain function had been
induced and that other factors (environ-
mental, personality, pathophysiologic) were
operating to preclude a favorable behavioral
response to electroshock. A similar applica-
tion can be made for amobarbital tests* or
syntactic language after intravenous amo-
barbital.®

2. Theory of Electroshock Action.—These
studies of the electroshock process have
demonstrated that alteration in brain func-
tion is induced early and is sustained in
patients in whom the greatest degree of
behavioral change is noted. We have em-
phasized high-degree EEG delta activity and
positive amobarbital tests as indices of
altered cerebral function, with the knowledge
that other indices of altered brain function,
applied in the same serial fashion, may also
show significant alterations and a relation
to behavioral change.

We have been impressed that the ratings
of improvement are value judgments of the
behavioral response. All patients in whom
cerebral changes are induced by electroshock
manifest changes in behavior. The range of
behavioral patterns induced under these con-
ditions is wide. Only certain patterns are
evaluated as improved, however, while
others are regarded as “unimproved.” “Im-
provement” is a special case of behavioral
response, being a subjective evaluation on
the part of the observer that the patient is
“better.” Electroshock does not induce “im-
provement”; it induces a milieu of cerebral
activity in which behavior is different than
before electroshock. To the extent that the
induced behavior in depressed patients is
perceived as less complaining, depressed,
agitated, or anxious, or in schizophrenic
patients as less delusional, hallucinatory, or
excited, the patient is evaluated as “im-
proved.” When behavior, however, is per-
ceived as anxious, agitated, paranoid,
complaining, or withdrawn, it is evaluated

Fink—Kahn

as “unimproved.” The particular type of
behavioral pattern induced by electroshock
is dependent on a number of factors, such as
personality.3?

Another aspect of the rating of im-
provement is the environmental response to
the induced behavior. The modification of
mutism, withdrawal, and negativism to ex-
citement, overactivity, and irritability may
be considered a positive movement by the
therapist but a disorganization by the ward
physician or family. The goals of the
therapist and the family, and their expecta-
tions and tolerances, are significant factors
in the behavioral response of the patient to
therapy, and, also, in the ratings of improve-
ment.

These same factors are significant in the
duration of the electroshock effect. The in-
duced change in cerebral function persists
for only two to eight weeks following even
intensive courses of therapy. In many cases,
the behavioral response is limited to this
period of altered brain physiology. When in-
duced changes in behavior are not adaptive
in the milieu of the patient, the behavior
reverts to pretreatment patterns. In other
instances, the induced behavior is adaptive
to the environment, and, we assume, sus-
tained thereafter not by the initial change
in brain function but by the newly developed
interaction of ‘the subject with environment.
That this is indeed true is seen by the fre-
quent successful adaptation of the patient
to the hospital milieu after electroshock, only
to have a recurrence of symptoms when dis-
charge planning is discussed or discharge
is consummated. Altered brain function
provides the physiologic milieu in which
there is an altered interaction with the en-
vironment—the doctor, family, or society.

These observations lead to the conclusion
that electroshock therapy is a mnonspecific
induction of persistent states of altered
cerebral function. Such altered cerebral
function provides the physiologic milieu for
an alteration of the organism’s adaptive
interpersonal behavior. Changes are in-
duced in perception, language, mood, recall,
and judgment which constitute a mode of
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interaction with the environment. The type
of behavior induced under these conditions
is dependent upon the personality of the
subject, the environment in which the inter-
action occurs, and the duration of the state
of altered cerebral function.

A similar view of the electroshock process
was initially expressed by Weinstein, Linn,
and Kahn,! who emphasized the interrela-
tionship of neurophysiologic changes and
behavioral response. This description of the
electroshock process is also consistent with
the observations of Ulett et al.3* Roth,2 and
nird et als

The neurophysiologic-adaptive interpreta-
tion of electroshock provides an operational
definition of the process, which has promise
of further elaboration and observation. Such
a hypothesis also has application to an under-
standing of therapeutic process in insulin
coma therapy, lobotomy, and tranquilizing
agents.

Summary and Conclusions

Serial electroencephalograms obtained at
weekly intervals in 24 consecutive patients
referred for electroshock were quantitatively
analyzed for the degree of delta activity.

A significant relationship was found be-
tween the degree and duration of induced
delta activity and the clinical evaluation of
behavioral change. The results were con-
firmed in a predictive study in an additional
54 patients.

Differences between these results and
those obtained by others are explained in
terms of differences in methodology.

A neurophysiologic-adaptive interpreta-
tion of the electroshock process is presented.
It is concluded that electroshock is the nen-
specific induction of persistent states of
altered cerebral function, providing the
physiologic milieu in which changes in adap-
tive interpersonal behavior occur.

Improvement after electroshock is seen
as a special case of behavioral response under
these conditions. The rating is an evaluation
by an observer depending on numerous
factors, including the type of adaptation, the
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goal and expectation of the observer
(therapist, family, or administrator), and
the setting in which the behavior occurs.

Mrs. Helen Donovan, Miss Gayle Wankel, and
Mrs. Hannah Mosquera gave technical assistance
in this study.

Hillside Hospital.
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felation of ¥EO Delta Aetivity to Dehavioral Resnonse in Tlestroshoct:
Quantitative Serial Studies,

fooent theories of electroshock thewapy ( 1, 2, 3 ) have emphasised
the role of neurophysiclogic changes as the basis for the therapeutie
action of electroshock. Consistent with these theories, we have observed
amwmwummummmw
hevioral respense, Ve have noted that evaluations of olinical improvement
following electroshook are related to changes in orientation and confabulation
after intrevencus amobartital (4), learuing and recall (5), and syntactical
aspocts of language (&),

In view of these cbservations it could be expected that electreencephe
alographic studies would show a simdlar relationship, Numerous observers
have veported consistent changes in the electroencephalogram after elecirice
ally induced convulsions, There is diffuss slowing with increased veltage
and dysrhytimie setivity (7 - 12), PFast activity docreases, both in voltage
and in percontetime (13), and in patients who are intensively treated, there
is a slowing of persistent alpha frequencies (1), The degres, duretion and
extort of delta activity is directly velated to the frequency and nusber of
grand mal convulsions (8 « 1h). Sueh activity is ueually symmetric, appears
maxizal in anterior leads, and the electroencephalographic effects usually
disappear in the Le8 weeks following the last treatment (8, 9).

In cortrest to the consistency of these cbservations, studies of the
relatlonshilp between the electroencerhalographie and the clinical changes
show cenflicting results, Chusid and Facella (15), after an extensive ree
view of the literature, concluded that the mmber of treatmenis ratier tha:
the degree of induced delta activity was the primary factor related to a
favorable therapeutic response, On the other hand, Hoagland gt al (16)
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reported & relation between changes in the percent time fast activity
(more than 13 ops) a-d independent cliniesl ratings of behaviorel change,
Roth (2) similaly veported & relationship between changes in the elinical
state and alterations in the delta respense induced by intravencus thioe
pentons

The divergent observations reflect variations in methodelogy. The
present study is an attempt to apply quantitative methods of analysis of
serial electroencephalographic records to this problem. The purpose of
this study is to determine:

1) The relation of changes in electroencephelographic delta to the
behaviorel response in electroshockt and

2) If a velationship does exist, the significance it may have for
an understanding of the electroshock process,
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[S_AND METHOD: a) Im the initial series, twenty-four consecutive
mWMtwmmmm. flectroencephalograns
were done prior to treatment, and at weelly intervals during and after
treatment, using an § charmel Mederalt electroencephalograph and needle
electrodes, imcording was bipolar, and hyperventilation sctivation was
taken on the day following & treatment, generally 25 to 31 hours later.
using & Relter Celi7 electrostimulator, Treatment schedules were thvee
times & weel, and the mumber of treatments varied from § to 33, As patients
 showed & oliniecal response, the psychiatrist tended to give fewer and more
widely spaced treatments, Theve were 15 women and § men in the series, and
the ages yanged frem 24 to 60 with a mediam of L7,

mtion of HEC Zecords: A total of 160 records were cbtained in these
subjocts, Following the suggestion of Streuss (17) the delta index was
deternined for three lead combinations (frentaleparietal, anterior temporal -
vertex, and parietaleear lobe) for 60 secends of recording for each lead,
The delta index is defined as the perecent bime occupled by waves of 7 eps
or slouer,

mmwmmmmmummwmmw
meters (60 seconds) of recording that was artifsct free was noted, in
additive map measure was run along the base of all waves of 7 eps or slower
deternining the musber of centimeters cocupied by such slow activity, The
umamnmammmmuwumtmm.

Wrmmmmgmmmmmm
slowest frequeney clearly identified ab least twice in these selected lead
conbinetions, and for the highest volbage of these slow waves, The total.
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mecord was aleo scanced for burst activity., The duration of burst activity,
the regulavity (modulation) of the waves in the burst, and aversge voltage
were noted.

In the final estimates of degres of delta activity, the aversge delta
index for the 3 lead combinations, the highest delda index in any one lead,
the slowest frequency, highest delta veltage and duration of longest period
of burst activity were listed for esch record, The 10 records were arranged
in sequence {or sach index ard the percentile rank determinsd, The ranks
wore added and the records then arranged in rank onder according to this
score, On the basis that the higher score reflected a greater degree of
delta sotivity, the upper third of the records were ¢lsssified as "high
dogree delta,” the middle third as "moderate degrec delta” and the lowest
tiird as "low degree delta,"

High degree delta records were characterigsed by an average delta
index of at least 184; a delts index of 205 or more in one of the three
measured leads; slowest frequency of less than 3 3/L eps; highest delta
mmmwmummwammmawamam
seconds,

Low degree delta records were charecterized by an average delta index
of less than 243 highest delta index in one lead of 3% or lessy Irequencies
mnmrmsmmmm'mmﬁQmmmmmm
less than 1/2 second, Moderate degree delta rocords were betwes: these two
groups with an average delta index betweon 2 and 10%; highest delta index
in ene lead of 3 to 208; slowest frequency of heS cpsj highest amplitude
between 60-90 miorovolts; and burst duration of 1/2 to 2 seconds,

) In a second series of fifty-four consecutive, unselected slectro-






shock patients, electroencephalographic records were obtained prior to
troatnent, dudng the second and thind weeks of treatment, and two weeks
after treataent, |

These records were analysed using the identical measures as in the
initis) series, Using the original euteeff points, these records were
classified into high, noderate and low degres delta records, and the
initial cbeervations were tested in a predictive study of therapeutdie
respanse, |
Evelustion of Clinical Respense: ALl patients were observed for at least
eight weeks after termination of therapye The patient's response to electro-
shock was determined on the basis of the resident peychistrist's impression,
the staff opinion, the nurse's notes and the elinical evalustion of the
supervisor in charge of electroshock, The ratients were divided inte three
groups - much improved, moderately improved and unimproved - according %o

the following eriteria,

Ay luch Improved: The 11 cases in this group were regarded as showing
recovery or mrked improvement, These ratients no longer showed the symptoms
wideh brought them into the hospitalj their doctors felt they were better;
and the nursds' notes confirmed such sspects ss being able to sleep without
medication, better appetite, and improved capacity to get aleng with others
~ and participate in hospital sctivities,

jpderately Improved: The six patients in this group showsd some
improvement but continued to manifest symptoms of mental illnese, These
patients typically showed symptomatic relief, i,e. acute depressive foatures
might be pone, but the dramatic charge So evident in the first group was not
spparent, Each patient contirued to show some noticesble disturbance such







in whom chenge was not ¢learly noticeable, who showed equivocal or transient
changes, or who became worse. They showed fluctuations in behavier, at
times appearing less {11, The changes were not sustained, however, so that
by the end of treatment, they appeared much as before,







dolta activity and clintos) retings demamstrated & significant velatiamw
rated o8 much Smproved, 00 were classified as high degree delts in the
second wedlsy 919 An the third week and 087 in the fourth week of freatuent,
OF the veconds in yatients who were reted as unlmproved, none were high
degrec delta in the pecond or third weoks of treatment, snd endy 204 were
high degree delta in the fourth wesk, The data is expressed in Table I,
EBQ - % High Degree Delts lecords

N
0 W
o

, Dolts Indices and Cliriosl) Retiors:

An analyels of the relation between each of the five indices used
in the final estinate of the degrec of delta sotivity and the elinioenl
index io related to the nuber of cavulsive trestnents and the eventual
{figure 50) and the slowest frequeney (figure 50) are mootsimiler to the
curvee for the dogree of dolte astivity mm ke
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The other three indices (Figures 5A, B, C) clearly differentiate
the much improved group from the patients in the other two retings, but
fail to clearly distinguish the moderate and wiimproved growps, With
incveasing treatment, however, the separation of classes becomes clearer,

Bach index of delta sctivity, therefore, demonstrates o relation %o
the eventual short term clinlcsl rabing which is much like that demonstrated
for the coubined index of degree of delta setivity,

The intercorrelations of each of these indices are shown in Table 1I,
Al correlations are significant &t better than the 1% level of confidence,
althourh the highest correlstions with the degree of delta astivity arve noted
for the freguency and amplitude measures, The lowest correlations ave noted
for the duration of burst activity, These observations indicate that in
future studies or in cliniesl applicatien frequency response and amplitude
changes ma; serve as criteria for the degres of induced delta activity,

Average Mhm Lowest Highest  Duration of Delta
Mh Ome Lead Frequeney Amplitude Bursts Aotdvity

Delta - -9 .72 +,67 +,00

Highest Delta

i One lead L1 - b7 72 +,68 +,8h
Lowest Frequency =79 «ub7 et w8 -ali? -s50
Highest Amplitude +,72 +.72 -y 78 - #,57 #,08
Longest Duration

barsta *,67 +,68 wali? +.57 w——— +463

Degree of ' ‘
Delta Activity +00 +.8 50 +,80 +,63 —







0 Dolte Activity as Index of Climdgal Cubcome

Fellowin: these observations, a study was undertaken to determine
whethor the desvee of delts response wee predictive of the short tem
therepsutie octovne, On the bawie of the cbosrvation that the ymch ime
proved ratients had developed high degres delie setivity early asd bnd
suidoved during both, ono or neither of the hed and T«§ treatment perdods,

Both High (38) 2 (618) b (22%5) 2 (%)
e High  (36) b (280 8 (%o8) b (258)
Nowe High (R0) 6 (%) 7 (35%) T (25%)
Of the retlents who manigest high degree delta metivity during the second and
 thisd vecks of trestment, €71 were rated ss much improved, while oxly 30%
esrly induttion and persistence of high degres delte sotivity is seon %o

be related to the short tem cliniea) evaluation.

# Sigrificent st the 25 level of coulidenos,







the degrec and duration of induced electrosncephalographic delta activity
and eliniecsl eveluation of behavieral change, While it is conceivable that
he difference between our results and provious reports may be due to a
variation in population, it ie more likely that methodological aspects ave
fmportant factors, Derisl resords were cbtained during the course of therapy,
8o that the sequence of electroencerhslographic change was evident, The
records were cbbained at 2 constant ¢ine intervel following & treatment,
Finally, quantititative analyses of the records were made instead of row
Lring on elinical dmpressions, Of other investigators of this problem,
both Toth (2) and Hoagland gt 8l (16), who carried out systematic XNG

and behevlorel changes,

Two aspeets of these observations warrant further elsboration: the
mmm&mwwammmw
response; and the significance of these oheervations for a theory of the
wxmwmmmw»

(a) Helation o siclogie Change o Behavior '

mmmunmmmwam
in corebral funetion, Changes in meood, language, attitude, judgment,
thought process, perception, and insight adtend changes in cerebral function,
from uhatever cause, and have besn extensively documented in the neurologic
literature,

In this study, electroshook has been shown to consistently slter the
electroentephalogren in & fashion which we have come to assoclate with
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states of altered cerebral function, The studies of Davis and Davis (18),
Ostow and Stweuss (19), Ostow and Ostow (20) and Jung (21) have affimmed
the significance of diffuse delta activity as an index of altered brain
function, Symmetric, dysriythmic delta setivity has been interpreted as
evidence of dysfunction of midline hypothalamic centers - the cembrencephalic
systen (19)s Such activity is also indicative of an alteration in the state
of consciousness, with more marked alteration being directly related to the
 dustdon, auplitude and frequency of the slow vave sstivity (18, 21, 22),
. The demcnstrated relationship between induced delta activity and behaviorel
response after electroshock, therefore, permits the conclusion thabt changes
in the centrencephalie system with attendant slteration in consclousness
are the physiclogic basis of the electroshock process,# A similar conclusion
was presented by Roth (23) on the basis of his studies of the effect of
thiopentone on electroencephalographic dolba,

hknother exanple of the relation of the electroencephalographic delta
to behavior is seen in reports of epiloptic patients, Lendelt (20) (29)
deseribes & young epileptic who was ordinarily pleasant, friendly and eoop-
erative for his clinic visits, At these times, records were consistently
dysrhythmie, On one oceasion he was surly, irriteble and withdramm, and
his EEC was without delta activity, On the subsequent visit, the EiG was
again dysrhytimic and & behaviorsl "improvement" was noted, Similar obe
servations have been reported by Drockman et al (30) and Fabing (31),

Saamnan g

«mb%mmummmnmummmm%k.
Sashants taa 3 Seand on sestohends o i g st |
(25), alteration in blood=brain barrier (3) and changes in ionic and

equilibria (26) (27) by different investigators, without define
itive conclusions,
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In & previous study (L) we had applied the amobarbital test for
brain disesse (32) 4a a serial fashion to this group of patients, and ree
ported a relatdonship between changes in this index of cerebrel function
and behavioval changs, VWere other teste of cerebral function to be applied
in & similar serisl fashisn, it is anticipated that thess, too, would
deacnstrate consistent changes during treatsent and & relation to behavioral
responge, within the limits of the sensitivity of the test to reflect changes
in eerebrel function, In this context, electroshock may be sald to be &
method of indueing a state of altered brein function for extended periods,
in order to schieve changes in behavier,

Fpoa this point of view, the development of a significant degree of
electroenceghalographic delta may be a readily detemmined guide in the
rationsl management of electroshock therapy. Jii thees studies we have
that the smplitude and the frequenty of the induced slow waves are the bast
guide to the degree of delts astivity, In yatients in whom the behavioral
response to slectrosheck is inconsistent with the therapeutic expectation,
ification, If the induced slow wave sctivity is faster than L ops and
Jower than 100 mierovelts in anterior temporal - ear lobe or ssterioy
temporel - froctal lesd combinations, then there ie presumptive evidence
of inadequate olectroshock thorapy. When frequencies less than 37 eps and
voltagss higher than 100 microvelts are maintaised for & muiber of weeks,
the assusption may be made that an adequate degree of altered brain function
had been induced, and that other facters, (emvironmental, personality, pathoe
physislogic) wore operating to preclude a favorsble hebaviorsl response %o
electroshock, A similar application can bo made for amobarvital tests (L)
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or syntactic languape after intravenous sscbarbitel (6),
(®) : ¢ o

alterstion 4n ivain function is indused early and sustained in patients in

whon the groatest degree of behaviowal change 18 noted, We have saphasised

high degree E0 delta motivity and positive amobarbital tests se indices of
sltered cerebral function, with the knowledge t'at other indices of altered
brain function, applied in the sume serisl fashion, may also show significant
alterations and a relation to behaviorsl change,.

We have been impressed that the retings of improvement are value
Judgnents of the behsvioral response, Aill patients in whom cercbral chanpes
are induced by olectroshock manifest changes in behavior, The range of bee
bavioral patterns induced under these condivions is wide, Umly certain
Mmmluﬂawmmm“mmu
"undmproved.” "Improvement” is & specisl case of behavioral response,
bedns & subjective evaluation on the part of the cbserver that the patient
ie "betitey,” Ficetrosheck doss not indude “imprevementy” it induces a
miliou of corebral activity in whieh hehavior is different than before slectroe
shock, To the extent that the indueed behavior in depressed patients is pore
ceived as less complaining, depressed, agiteted or anxious, or in sehisophrenic
patients as less delusiomal, hallucinetery or excited, the patient is evaluated
ss "improved”, When behavior, however, is perceived as anxious, agitated,
parencid, complaining, or withdrews, it ie evalusted as "unimproved.” Ihis
particular type of behaviorsl patter:s indused by elsctroshock, is dependent
on & mumber of factors, such &5 porsenslity (33).
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Another aspsct of the mtine of fmprovement is the ervivermentsl wee
sponse to the induced behavior, The medificetion of mutism, withdrawal
and negativisn to excitement, overactivity and irritability may be censidered
a positive movement by the therapist but a disorganisation by the ward physe
foien or fanily, The goals of the therepist and the family, and thelr sxe
sponse of the patient to therapy, and also, in the ratings of improvement,

Those same factors are signifieant in the duration of the elactyoe
shook effect, The induced change in eevebral function persists for enly
2«0 wooke following even intensive courses of therspy. In many ctses, the
behavioral response is limited to this period of altered brein physiclogye
When induced changes in behavier are not adaptive in the milieu of the
patient, the bebavior reverts to pre-treatment patterns, In other instances,
the induced behavior is adeplive to the suvironment, and, we 4OSuMe, Sulw
tained thereafter not by the initial change in brain furmetion, but Ly the
nevly developed interaction of the subjoet with enviromment, That this is
indeed true is seen by the frequent successful adaptation of the patient
to0 the hosrdtal milieu after electrvshesk, enly to have a recurrence of
symptons when diseharge plasning 18 diseussed or discharge is eonsumated,
Altered brain funcidon provides the physiclogic milieu in which there is
an altered interaction with the envirenment - the doctor, family or soelety.
15 2 nenespevific induction of pereistent states of altered cercbral funetion,
Sush alteved cerebral function provides the physiclogic milieu for an alteres
tdon of the organism's adapbtive interperscnsl behavior. Changes are induced
umm.mw,m,ﬁ%mwmmmmm
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mode of interaction with the envirenment, The type of behavier induced
under these eonditions is dependent wpon $he persomality of the subject,
the envirensent in which the interastion oceurs, and the duration of the
state of altered cerebral function,
, A slmilar view of the electroshock process was initially expressed
by Welnstedn, Iins and Xehn (1), who onphssised the interrelaticaship of
neuropiyysiologie changes and behavioral response, This deseripties of the
electroshook procoss is also consistent with the observations of Ulett gt al
(ﬁb’;m“)wuﬁ&&(”a

The neurephysio daptive interpretation of electroshock provides
an operationsl definition of the process which has promise of further slabe
oration and cbservation, Such & hypothesis alse has application to an
mmm«mwwam“mw,mm
tranguillizing agents,







SWEA T AT COINLUSIONS ¢
consecutive patients referred for elsotroshock were quantitatively anslysecd
for the degree of delta setivity.

2. A signdficant relationshiy was found betwson the degree and
duration of induced delts activity and clinical eveluation of behavieral
change, The vesults were confirmed in & predictive study in an sdditionsl
Sh patients,

3. Differences betwoen these results and those obtained by others
are expladned 4n teme of differences in methodology.

‘ ks A neurephysiolog ptive interpretation of the electroshock
process is presented, It 1s concluded that electroshock is the son-specifie
oeour.

¢, Impvovement after electrogheck is Seen as a specisl case of
vehaviorsl vespense under these conditionse The rating is an evaluation
by an observer depending en userous factors, including the type of adaptes
tieny the goel and expeutalden of the cbserver (therspist, fmily, or ade
ministretor), and the setting in which the behavior oscurs,
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Relation of il Bﬂ, Delta Activity to Behavioral Response in Electroshocks
: Quantitative Serial Studies,

m&m ';heonaa of electroshock therapy ( 1, 2, 3) have emphasized the

role of neurophysiclogic changes as the basis for the therapeutic action of

—

electroshocic, Consistent with these theories, we have observed a relation

between changes in certain measures of brain function and behavioral response.

We have noted &-MGMMOR mré clinical improvement following
ane adotel Ho

electroshock Aa& changes in orientation and confabulation after intravenous

amobarbital ()y), leaming and recall (5), and syntactical aspects of language

(6)s '

In view of these observations it could be expected that electroencephal-
ographic studies would show a similar relationship, MNumerous observers have
revorted consistent changes in the electroencephalogram after electrically
induced convuisions., There is diffuse slowing with increased volitage and dyse
rhythmic aetivity (7 - 12), Fast activity decreases, both in voltage and in
percent~tine (13), and in patients who are intensively treated, there is a
slowing of persistent alpha frequencies (1), The degree, duration and extent
of delta activity is directly related to the frequency and number ol grand
mal convulsions (8 -- ). Such activity is usually symmetrie, appears maximal
in anterior leads, and the electroencephalographic effects usually disarpear
in L= weeks following the last treatment 8, 9).

In contrast to the consistency of these observations, studies of the
relationship between the electroencephalographic and the clinical changes show
conflicting results., Chusid and Pacella (15), after an extensive review of
the literature, concluded that the number of treatments rather than the degree
of induced delta activity was the primary factor related to a favoralle thera-
peutic response, On the other hand, Hoagland et al (16) reported a relation
between changes in the percent time fast activity (more than 13 eps) and
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inderendent clinical ratings of behavioral change., Roth (2) similarly
reported a relationship between changes in the clinical e;;ﬁhn and altera=
tions in the delta response induced by intravenous thiopentone.

The divirgent observations reflect variations in methodology. The
present study ie an attempt to apply quantitative methods of enalysis of
serial electroencephalographic records to this problem, The purpose of this
study is to determine: . o

1) %The relation ok;\:ibétmencepMogmphic delta chemmes mQMﬁom
response in electroshock: and /’AN :

2) if wweh a relationship exists, the significance it may have for an

understanding of the electroshock proeess,
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SUBJECTS AND METHOD: a) In the initial series, twenty-four consecutive
patients referrsd for electroshock were studied, Electroencephalograms were
done prior to treatment, and at weckly intervals during and after treatment
using an § chanrel Mederait electroencephalograph and needle electrodes, Ree
cording was bipolar, and hyperventilation activation was utilized during each
recording, During the treatment period, records were taken on the day following
a treatuent, gonerally 25 to 31 hours later.

Grand-mal electrosnock therapy was administered by staff psychiatrisis
using 2 Reiter Ce47 electrostimulator, ¥reatment schedules were three times
a weeky and the number of treatments varied from 9 to 33. As patients showed
a clinical response, the psychiatrist tended to give fewer and more widely
spaced treatments. There were 15 women and 9 men in the series, and the ages
ranged from 2l to 68 with a median of L7.

Eveluation of EEC Records: A total of 160 records were obtained in these

subjects, Following the suggestion of Strauss (17) the delta index was deter-
mined for three lead combinations (frontal-parietal, anterior temporsl - vertex,
and parietal-car lobe) for 60 seconds of recording for each lead, The delta
index is defined as the per-cent time occupied by waves of 7 cps or slower.

The run of each selected lead combination was ocanned and 180 centimeters
(60 seconds) of recording that was artifact free was noted, An additive map
measure was run along the base of all waves of 7 cps or slower determining the
number of centimeters cccupied by such slow activity. The ratio of this figure
to 180 was the delta index of that combination.

After these measurements were made, the record was scanned for the slowest
frequency clearly identified at least tuice in these selected lead combinations,
and for the highest voltage of these slow waves, The total record was alse

‘scanned for burst activity. The duration of burst activity, the regularity

(modulation) of the waves in the burst, and average voltage were noted,
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In the final estimates of degree of delta activity, the average delta
index for the 3 lead combinatiocns, the highest delta index in any one lead,
the slowest frequency, highest delta voltage and duration of longest period
of burst activity were listed for each record. The 160 records were arranged
in sequence for each index and the percentile rank determined. The ranks were
;dded and the records then arranged in renk order accordins to thies score, On
the bvasis that the higher score reflected a grester degree of delta activity,
the upper third of the records were classified as "high degree delta reseseds,
the middle third as "moderate degree delta" and the lowest third as "low degree’
delta”,

High degree delta records were characterized by an average delis index
of at least 18%; a himwsst delta index of ‘21% or more in one of the three
measured leads; slowest frequency of less than 3 3/h epsy highest delta
voltage more than 100 microveltes and a burst Mtim of at least 2 1/2
saconda.’

Low degree dglta records were characterized by an average delta index of
less than 2%3 highest delta index in one lead of 3% or lessy frequencies no
slower than 5 1/2 epsj voltages less than 60 microvoltsj and burst duration
less than 1/2 second, Moderate degree delta records were between %these two
groups with an average delta index between 2% and 18%; highest d~ita index in
one lead of 3 to 20%; slowest frequency of Li=5 cps; highest amplitude between
6090 microvoltsy and burst duration of 1/2 to 2 seconds.

b) In a second series of fifty-four consecutive, unselected electro=
shock patients, electrvencephalographic records were obtained prior to treate
ment, during the second and third weeks of treatment, and two weeks after
treatment,

These records were analyzed nsin- the identical measures as in the initial
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series, Usine the original cut-off pointe, these records were classified into
high, moderate and low degree delta roecords, and the initial observations were
tested in a predictive study of therapeutic response,

Evaluetion of Clinical Fesponse: All patients were observed for at least eight
weeks after termination of therspy. The patient's response Lo electroshock was
determined on the basis of the resident psychiatrist's impression, the staff
opinion, the nurse's notes and the clinical evaluation of the supervisor in

charse of electroshock. The patients were divided into three groups - much
improved, moderately improved and unimproved - according to the follewing criteria,

A, Much Improved: The 11 cases in this group were regarded as showing
recovery or marked improvement, These patiente no longer showed the symptoms
which brought them into the hospital; their doctors felt they were betters
and the nurses' notes confimed such aspects as being able to sleep withoub
mdiaatien, better appetite, and improved capacity to get along with others
and participate in hospital activities,

B, Moderately Improved: The six patients in this group showed some in-
provement but continued to menifest symptoms of mental illness., These patients
typiecally showed _tylptmtic relief, i.,8., acute depressive features micht be
gone, but the dramatic change so evident in the first group was not apparent,
Each patient comtinued to show somo noticeable disturbance such as obsessional
thinking, paranoid ideas, or somatic preoccupation,

C. Minimally or Unimproved: In this group were placed seven patients in
whom change was not clearly noticeable, who showed equivocal or transient
changes, or who became worse, They showed fluctuations in behavior, at times
appearing less 111, The changes were not sustained, however, so that by the
end of treatment, they appsared much as before,
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RESULTS :
1, Depree of EEG Delta Activity and :

The initial enalyses of the relation between the degree of induced delta
activity and clinical ratings demonstrated a significant relationship between
the carly aﬁpeamnce of high degree delta activity and the "mmeh improved”
clinical ratings, Of. the records in patients who were rated as much improved,

| 80% were classified as high degree delta in the second weeky 91% in the third
ﬁaek and 88% in the fourth week of treatment, Of the records in patients whe
wvere rated as unimproved, none were high degree delta in the second or third
weeks of treaiment, and only 20% were high degree delta in the fourth week, The
data is expressed in Table I, a.nd graéhicauy in Figure l:_./
TABLE I
EEG - % High Degree Delta Records

Treatrent
~Reied )ed beb 79 )O3
Modem]l_ li o "Tnproved (6). il 16 50 Lo
Sibeves (1) h. @ :* =

2, Delta ‘ndices and Clinical Ratings:

An analysis of the relatiocn between each of the five indices used in the
final estimate of the degree of delta metivity and the clinical ratings also
shows significant correlations, In figures Swf each index is tod to
the nuber of comvulsive treaiments and the eventual therapeutic evaluation,
The eurves for the highest amplitude delta (figure (7‘:) and the slowest frequency

(g}
(figure §) are most similar to the curves for the degree of delta activity
(figure L)e

| Cabe
The other three indices (figures 5;,579‘} clearly differentiate the much

improved group from the patients in the other two ratings; but fail te clearly
distinguish the moderate and wnimproved groups. With increasing treatment,
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however, the separation of classes becomes clearer.

Each index of delta activiiy, therefore, demonstrates a relation to the
mntual shfrt term clinical rating which is much like that demonstrated for
tnw mlu activitys

The irtercorrclations of each of these indices are shown in Table II,
A1) correlations arve significant at better than the 1% level of confidence,
although the highest correlations with the degree of delte activity are noted
fqr the frequency and amplitude measures, Tielowest intercorrelations are
noted fo}r the duration of burst activity., These observations indiecate, that
in fn‘wm studies or in clinicel application, frequency response and amplitude
chenges may serve as criteria for the degree of induced delta activity.

TABIE II
Intercorrelations of Individusl Indices and Degree of Delta A/’ ™
A :
‘ Highest Longest Degree
Average delta in Lowest Highest Duretion of Delta
Delta One Lead  Frequency Amplitude Dursts Activity
Average
Mhﬂ — '.'098 "'t79 ’.72 "t67 "CBO
Highest Delta
in One Lead +.98 - : ".67 *072 4068. ‘Om‘
o8t frequency =u79 67 s 78 ~els? -490
Higheet ; '
Amplitudo ’372 +472 "578 - ’QST +.98
leongest
Daration Dursts +,67 +468 "-’J-'Z +.57 ———" +,63
Degree of : :
Delte Activity +.80 +,84 - g0 +,08 +463 —

# A1l eorrelations significant at better than 1% level of confidence,
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3. EEG ‘Mt&gt_iﬁtzaﬁlndﬂofﬁliﬂimlﬁu&!

¥ollowing these m‘%ﬁtudy was undertaken to deterine whether the
degree of delta response was predictive of the short temm therapeutic outcome,
On the basis of the observation that the much improved patients had developed
high degree delta activity early and had sustained such activity, electro=
encephalograms were obtained during the second and third weeks of treatment in
8L concecutive electroshock patients,

The records were scored as to whether high degroe delta activity was
achieved curing both, one or neither of the li=6 and 7-9 treatment periods, and
the date was related to the clinical evaluations (Table III),

mEE 111
Patients with High Delte Activity durine Second, Third weeks of Treatment *
Clinical Ratine
EEG Delta . iuch Improved Joderately Twproved Unimproved
Both High (18) 12 (67%) L (22%) 2 (11%)
One High © (16) ) (26%) 8 (508) L (25%)
None High (20) 6 (30%) 7 (359) 7 (359)

Of the patients who nanifest high degree delta activity during the second and
\rird wesks of Sreatmemt, 675 are Tated a8 such fuproved, vhils only 305 of
patients without high degree delta wtiﬁtywso rated, Thus, the early ine
duetion and persistence of high degree delta activity is seen to be related to
the short tern c¢iinical evalvation,

L s

# Significant at the 23 level of confidence.
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DISCUSSION:

The present study demonstrates a emsistent relationship between the
degreec and duration of induced electreencephalographic delta activity and
clinical evaluation of behavioral change. While it is conceivable that the
difference between our results and previous :eportu may be due to a variation
in population, it is more likely that methodological aspects are important
factors, Serial records were obtained during the course of therapy, so that
the sec.ence of electroencephalographic change was evident, The raéords ware
obtained at a constant time interval following a treatments. Minally, quantita-
tive analyses of the records were made instead of wa on ¢lirical impressions

; B
Of other investigators of this problem, both Foth (2) and Hoagland et 1% [16),
vho ades carried out systematic EEG analyses, were also able to demonstrate a
relationship between EEG variables and behavioral changes.

Two aspects of these observations warrant further elaboration: the ree
lation and role of the induced neuvrophysiologic change# to the behavioral re=
sponse, and the significance of these chservations for a theory of the mode of
action ol electroshock therapy.

(a) Relation of Neuro~Physiocloglc Change to Behavior:
Behavioral change is a consistent accompeniment of alterstion in

cerebral function, Changes in mood, language, attitude, judgment, thought
process, perception, and insight attend chanpes in cerebral function, frem
whatever cause, and have been extensively documented in the neurologic litera=
ture,

In this study, clectroshock has been shown to eonsistently alter the
electroencerhalogram in 2 fashion which we have come to asscociate with states
of altered cerebral funotion, The studies of Davis and Davis (18), Ostow and
Strauss (19), ame Ostow and Ostow (20) and Jung (21) have affirmed the signifie
cance of diffuse delta activity as an index of altered brain function, Symmetriec,
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é,voryb!ﬁc delta activity has been mtamnxc as evidence of dysfunction of

midline hypothelamic and thalamic centers feentrencephslic system} (19), Such
activit is also indicative of an alteration in the state of consciousness,
with more marked alteration being directly related to the duration, anplitude
and frequency of the slow wave activity (IF-, 21, 22), The demonsirated re-
lationship between induced delta activity and behavioral response after electro-
shock, therefore, permits the wbiwes- conclusion that changes in vhe cenbren=
eephalic system with attendant alteration in consciousness w-":‘ the physiclogie

basis of the electroshock procesg, * A similar conclusion mede by loth (23)
J 2leckhtoee.

on the basis of his studies of the e’feet of barbiburate on BES delta, % o geere

Another example of the relation of electroencephalographic delita to _
behavior is eewse scen '&ll i cesseseml reports of epileptic patients, Landolt
(28) (29) desecribes a young epileptic who was ordinarily pleasant, friendly and
socperative for his clinic visits, At these times, records were consistently
dystiiihmic, On one ocoa:uon he was surly, irritable and withdrawn, and his EEG
was without delta activity. On the subsequent visit, the EEG was again dysrhythe
mic and a behavioral "improvement” was noted, Similar obaomtiona%ﬁow
vorted by Brockman et al (30) and Fabing (31).

In & previous study (L) we had applied the amobarbital test for brain
disease (32) in a serial fashion to this group of vatients, and sl reported
a relationship between changes in this index of AlE#eE corebral Tunciion and
behavioral change®. WVere other tests of cerebral function teo be applied in a

similar serial fashion, it is anticipated that these, too, would demonstrate

# The biochemical subetrate of this process hae received limited studi:
Emphasis hes been placed on acstylcholine-cholinesterase changes (24) (25),
alteration in bloodebrain barrier (3) and changes in ionie an protein
equilibria (26) (27) by different investigators, without definitive cone
clusionS,
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eonsistent changes during treatment and a relation te behavioral response,
within the limits of the sensitivity of the test to reflect changes in cere=
bral funetion, In this combext, electreshock may be said to be a method of
inducing a state of altered brain function for extended periods, in order to
achicve sficshwmess] changed /. Lebacate,

Frag thies point of view, the development of a si icant degree of electro-

Ma/&

eneepbe.lograxmia delia may be a ﬁ&ﬁ]\; deteminedu in the retional manage-

e we
ment of electroshock therepys. ,Fcr ufm.cs have exanined various delita indim,

and th%z,cmcmelamgg: mm* the amplitude and the frequency of the wee - g
dumsm olow waves are the best guide to the degree of delta activity, In patients
in vhom the behxv:}oral response to clectroshock is incgmist?nt with the tho'm- 2
peutic mm@ examination of the aloqtroenmﬁnlogﬁn may provide a W
for clax‘ificatien. If the induced slow wave activity is faster than i cpsg and
]mter' than 100 microvolte in anterior temporal - ear lobe or anterior #&mporal -
frontal lead combinations, then there is preswmptive evideme of inadequate
electroshock therapy. When mosie frequoncice see ‘leas thar 33 crog and voltages e
Gne Mosadeinsed

higher than 100 microvelts for a number of weeks, the sssumption may be nade
that an adequate degrec of altered brain funciion had been induced, and that
other factors, (environmental, persénality, pathophysiologic) were operating to
preciude a favorable behavioral response to electroshock. A similar application
can be mde for amobarbital tests (k) oi*igarxzfu:;e changes after iniravenous
emcbarbital (6).

(b ) Theory of Electroshock Actiont

e
Thh gtudies of the electroshock process have demonstrated that altera=-

tion in brain function is induced early and susteined in patients in whom the

‘S
greatest degrecg of behavioral change ewe noted, Wo have emphasized high degree EE;
delta activity tmbthe-onecipeenser—alemwen snd positive amobarbital tests as
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indices of altered cerebral function, with the knowledge that other indices
of aliered brain function, applied in the same serial fashion, may alsc show
significant alterations and a relation to behavioral change,

We have been impressed that the ratings of improvement are value judg=-
ments of the behavioral response, All patisnts in whom cersbral changes are
induced by elaetmhock:unﬂest. changes in behavior, The range of behavioral
patterns induced under these conditions i:s wide., Omly certein patieins are
evaluated as improved, however, while others are regarded as "unimproved".
"Improvenent" is a special case of behaviorel respanse, being 2 subjective
evaluation on the part of the observer that the patient is "better", Electro-
shock does not induce "improvement”s it induces a milieu of cerebral activity
in which behavior is different than before slectroshock. To the extent that
the induced behavior in depressed patients 1s perceived as less complaining,
depressed, agitated or anxious, or in schizophrenic patients as less delusional,
hallucinabory or excited, the patient is evaluated as “improved", When bohavier,
however, is perceived as anxious, agitated, parancic, complaiuing, or withdrawn,
it is evaluated as "unimproved®, This particular type of behavicral pattern ine
‘duced by electroshock, is dependent on a number of factors, such as personality
(33)e

Another aspect of the ratdng of improvement is the envirommental response
to the induced behavior, The modification of mutism, withdrowel and negativism
to sxeitement, overactivity and irritability mey be concidered a positive movee
ment by the therapist but a disorganization by the ward physician or family. The
goals of the thempist_ and the family, and their expectations and tolerances,
are significant factors in the behgvioral response of the patient to therapy,
and also, in the ratings of improvement,

These sane factors are significant in the duration of the electroshock
effects The induced change$ in cercbral fumction persists for only 2«0 weeks
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followine even intensive courses of theraprs In many cases, the behavioral
yespouse is limited to this period .oi‘ altered brain phys’iolég,'}" When induced
changes in behavior are not adaptive in the milien of the patiemt, thé behavior
reverte to pre-treatment patterns, In other instances, the induced behavior is
adaptive to the environment, and, we cssume, susteined thereafter not by the .
initial change in brain function, but by the nowly developed interection of [le
subject with environment, Thet this is indeed true is seen by the frequent
suceessful adaptation of the patient to the hospital milieu after electroshock,
only o have a recwrrence of symptoms when discharge planning is discussed or
discharge is consummated, Altered bra:%.n function provides the physiologic
milieu in which there is an altered interaction with the enviromment - the
doctor, family or socciety,

. These observations lead to the conclusion that electroshock therapy is
a non-specific induction of persistent states of sltered ;‘:‘gﬁmﬁm. Such
" altered cerebral bwedse function provides the physiologie milieu for oo alterae
tion of the organisa's adapt%teygemml behavior, Changes ave induced
in pere-ption, language, mood, recall, and judgment which constifube e ey Mode of
adesiiee Interactiong with the .e:.wimnmm;. The type of =wiwwwswe bohovior
induced wnder these conditions is dependent upon the persemality of the subject,
the enviromment in which the interaction occurs, and the duration of the state '
of altered cerebral function,

A similar view of the electroshock process was initially expressed by
Weinstein, Iim and Kalm (1)y who emphasized the interrelationship of neuroe
physiclogic changes and behavieral responce, This deseription of the electroe
shock process is alsc consistent with the observations of Ulett et al (3k),
Roth (2) and Aird et al (3).

Thi neurophysiologic-adaptive interpretation of clectroshock provides
an operational definition ef the process which has promise of further elaborae




: a
tien and observation, Such e# hypothiesis also has application to an undere
standing of therapeutie process in insulin coma therapy, lobotemy and trane
quillizing agents,.
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SUBIARY ® CONCLUSIONS :
pbfhl*&

1., Serial electroencephalogrems eb-iaked at weekly intervals in 2
consecutive patients referred for electroshock were quantitatively analyzed
for the degree of delta activity,

24+ A significant relationship was found between the degree and duration
of induced delte activity and clinical evaluation of bohavioral chance, The
resulls were confirmed in a predictive study in an additional 5k natiemts,

3. Differences between these results and those obtained by others are
explained in terms of differences in melhodologys

L. A neurophysiologic - adaptive interpretation of the electroshock pro=
cess is presented, It is concluded that electroshock is the non-specific ine
duction of persistent states of aliered cerebral funciion, providing the physiole
ogic milisu in waich changes in adaptive interpersonal behavior occur,

5. Improvemsnt after eleciroshock is seen as a special case of behavioral
responce under these conditions. The rating is an evaluation by an cbserver
depending on numsrous faclorsy including the type of adaptation, the goal and
expectation of the observer (therapist, family or administrator), and the sete
ting in which the behavior cccurs,
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re: Manuscript NMumber 286 ."Relation of EEG Delta
Activity ..." by Fink and Kahn

Dear Doctor Fink:

I am very pleased to inform you that your paper
has been accepted by the Editorial Board for publica-
tion in the A.M.A. ARCHIVES OF NEUROLOGY AND PSYCHIATRY.

It is planned to use your article in an early issue of
the ARCHIVES.

Yours very truly,

ROY R. GRINKER, M.D.

Editor-in-Chief for Psychiatry

P.S. It is necessary for publication that you forward an addi-
tional copy of your paper directly to Mr. G.S.Cooper, Managing
Editor, A.M.A. Specialty Journals, 535 North Dearborn St.,

Chicago 10, Illinois, as soon as possible. Thank you.
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Please return to MD Publications Inc., 30 East 60th St., New York, 22, by Jan. 2 1958.
Relation of Electroencephalographic Helta Activity to Behavigral R%sponse in :
Electroshocke Quantitative Serial Studies, MAX FINK AND ROBERT L. KAHN., AMA-Archives

of Neurology & Psychiatry 78: 516-525, November, 1957

#

In a study of the neurophysiologic correlates of convulsive therapy, serial
electroencephalograns were obtained at weekly intervals in 2l consecutive patients
referred for electroshock. The records were quantitatively analyzed for the
degree of delta activity by measurements of the per cent time delta, lowest fre-
quency and highest amplitude delta in the record, and duration of burst activity.

A significant relationship was found between the degree and duration of
induced delta activity and clinical evaluation of behavioral change. The re-
sults were confirmed in a predictive study in an additional 54 patients.

Differences between these results and those obtained by others are ex-
plained in tems of differences in methodology. g

A neurophysiologic - adaptive interpretation of convulsive therapy is
presented. It is concluded that convulsive therapy is the nonspecific induction
of persistent states of altered cerebral function, providing the physiologic
milieu in which changes in adaptive interpersonal behavior occur.

Improvement after electroconvulsive therapy is seen as a special case
of behavioral response under these conditions. The rating is an evaluation by
an observer depending on numerous factors, including the type of adaptation,

- the goal and expectation of the observer (therapist, family or administrator),

and the setting in which the behavior occurs.



In a study of the neurophysiologic correlates of convulsive therapy,
serial electroencephalograms were obtained at weekly intervals in 24
consecutive patients referred for electroshock. The records were quantita-
tively analyzed for the degree of delta activity by measurements of the
per cent time delta, lowest frequency and highest amplitude delta in the
reéord, and duration of burst activitye |

A significant relationship was found between the degree and duration
of induced delta activity and clinical evaluation of behavioral change.

The results were confirmed in a predictive study in an additional Si
patients.

Differences between these results and those obtained by others are
explained in temms of differences in methodology.

A neurophysiologic - adaptive interpreation of #ke-eile- convulsive
therapy is presented. It is concluded that edsssbmmecorvulsive therapy is
the nonspecific induction of persistent‘states of altered cerebral function,
providing the physiologic milieu in which changes in adaptive interpersonal
behavior occur.

Improvement éfter eledt;ééggzéﬂzz‘gfzzﬁzz a special case of behavioral
response under these conditions., The rating is an evaluation by an observer
depending on numerous factors, including the type of adaptation, the goal
and expectation of the obsetver (therapist, family or administrator), and

the setting in which the behavior occurs.
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