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Electroencephalographic Correlates of the Electroshock Process

During the past few years, renewed attention has been given to the

relation between changes in measures of cerebral function, and the behavioral

changes induced by electroshock (l, 2). Alteration in various aspects of
the electroencephalogram has been emphasized by various observers (3, h)

as a sensitive index of changes in cerebral function. In an initial
study in this laboratory, a significant relationship between the degree

' and duration of induced delta activity and clinical evaluation of

"improvement" was observed (6). Subsequent studies have focused on

various parameters of the EEG changes including frequency of treatment,'
type of current, age of subject and pre-treatment record characteristics.
It is the purpose of this report to assess the relation of these aSpects
of treatment to changes in the EEG and in clinical response; and to

describe the role of serial electroencephalograms in the rational man-
agement and study of convulsive therapies.
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man:
One hundred and seventy-three consecutive electroshock referrals

have been studied. Electroencephalograms were taken before treatment,
and on a day after treatment at weekly intervals during and following
the course of therapy until the record had achieved its pre-treatment

characteristics. Patients in whom the pre-treatment electroencephalogram
demonstrated slow wave or spike activity were excluded from the series.

All the EEG records were quantitatively measured for the amount of

delta activity. On the basis of the per-cent time, slowest frequency,

highest voltage and longest duration of bursts of slow waves, in selected
lead combinations, the records were classified into "high," "moderate"

and "low" degrees of delta activity, according to criteria previously

published (6).
Three convulsive techniques were employed: suprathreshold alternating .

current, threshold alternating current and parathreshold unidirectional
current methods. The alternating current suprathreShold (7) and unidirect-
ional parathreshold (8) treatments followed established techniques. In
the threshold alternating current method, patients without prior sedation
received small amounts of current (90 volts for 0.2 second), usually
sufficient for a petit mal response. At 20 second intervals voltage, and
if necessary, duration.was increased until a grand mal convulsion was in-
duced. The minimal voltage and duration necessary to induce a grand mal

was the threshold value.
In addition, a convulsive-subconvulsive control study was instituted

during a period of these observations. Randomly selected patients referred
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for electrotherapy received subconvulsive therapy instead of grand mal.

In this technique, patients were given pentothal intravenously until
asleep, and then either low voltage unidirectional current fbr 60 seconds

(8) or alternating current of 80 to 120 volts for 0.2 second were admin-

istered for one to three applications, for a total of 2h to 36 petit mal
responses.

Of the 173 electrotherapy referrals, lh6 received grand mal therapy -
57 by threshold alternating current, 26 by suprathreshold alternating
current and 63 by parathreshold unidirectional current methods. Twenty-

seven subjects received a course of subconvulsive therapy.

All treatments were given three times a week, for 12-20 treannents.
Patients Who failed to develop a significant behavioral or clinical response,

or middle or high degrees of delta activity in the EEG, were subsequently
treated five to ten times per week.

Evaluations of clinical reaponse were made by the supervising psychia-

trist and resident therapists on two occasions. At the height of the treat-
ment effect, the degree of behavioral change was scored as ”marked,"

"moderate," "minimal” orfhone." These ratings were estimates of the change

in behavior in interviews and on the ward from the pre-treatment patterns.
Ratings of "improvement" were also made by these physicians two to three
weeks after treatment was terminated. These ratings were value judgments

and were based on the four-fold classification of "recovered," "much improved,"

"improved” and "unimproved or worse" (2, 6).



RESULTS:

1. Variability in Delta Activity'with Convulsive Therapy:

The wide variability in the degree of induced delta activity
reparted in the initial 2h patients {6) is confinned in these series of
convulsive therapy referrals (Table I). While the number of high degree

records increases with treatment, 27% in the third week, and 18% in the

fourth week, are still rated as ”low" degrees of delta activity.

TABLE I
Degree of EEG Delta Activity with Convulsive Therapy

(Per-cent of Group)

Treatment Period

High Degree h 28 h6 60

Moderate Degree 12 21 27 22

Lou'Degree 68 h8 25 18

No Delta Activity 16 3 2 o

2. Role of Convulsion in EEG Response:

The significance of the convulsion per gg in the EEG and

behavioral response was assessed in the convulsive-subconvulsive study.
Of the h? subjects*'who received convulsive therapy in this study, 9 had

* These included 28 subjects who received grand mal therapy on a random
selection basis, plus 19 subconvulsive subjects referred for a "second
course" of therapy.
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high degree delta records in both second, third and fourth weeks of treat-
ment, 12 during two of the three weeks, and 13 during one of the test
periods. Thirteen of the h? subjects failed to show a high degree delta
record on convulsive therapy.

Of the 27 subjects who received subconvulsive therapy, however, none

demonstrated middle or high degree delta activity records during any week

of treatment. Low degrees of delta activity were noted in three subjects
during both the second and third weeks of treatment, and in 8 subjects
during the fourth week.

In concurrent behavioral ratings, 25 of initial 28 subjects in the
convulsive group showed marked behavioral change; while of the subconvulsive

group, 21; of the 27 showed Bdnimal or no behavioral changes (Table II).
Of the latter group, 19 were referred for a second course of therapy.
In 1h of these, grand mal electroshock induced high degree delta activity
and all showed a significant behavioral change. Of the five who failed
to demonstrate high degree delta activity on convulsive electroShock, all
showed middle degree records; and three of the five Showed a behavioral

change. Thus, of the h? convulsive therapy subjects, h2 showed a significant
behavioral change.
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TABLE II
Ratings of Behavioral Change: Convulsive - Sdbconvulsive Therapies

(Fburth-Fifth'weeks of Treatment),

marked Moderate Minimal yggg
Convulsive Therapy (A?) 27 15 5

i

0

Subconvulsive Therapy (27) O 3 8 16

In evaluations of the degree of "improvement" tWo weeks after treatment,
51% of the convulsive therapy group were rated as "much improved" or
"recovered," and 32% as "improved" (Table III). On discharge, 51% were

evaluated as sustaining the same degrees of improvement, while h2% were

"improved," and only 7% were ”unimproved." 0f the subconvulsive group,
however, 11% were rated in the first two categories, 19% in the "improved,"

but 70% were “unimproved," two weeks after treatment. As these were re-
ferred for a second course of therapy, hosPital discharge evaluations do

not reflect the effects of subconvulsive therapy.

TABLE III
Ratings of Improvement: CoHVulsive-Subconvulsive Therapies

(TWO Weeks After Last Treatment)
Recovered Much Improved Improved Unimproved,

worse

Convulsive Therapy (h?) 9 15 15 8

Sdbconvulsive Therapy (27) 2 l 5 19



Convulsive therapy induced significantly greater behavioral change

and more favorable evaluations of improvement than did subconvulsive therapy.
The clinical observations thus parallel the electroencephalographic data.

Also, patients who showed.neither an EEG or a behavioral response to Sub-

convulsive therapy, Showed both EEG and behavioral changes when placed on

convulsive therapy.

3. Role of Type of Convulsive Therapy:

In view of the variety of electroshock techniques employed, and

the relationship between EEG delta activity and the behavioral response, an

analysis of the effect of type of electroshock on EEG delta activity was

undertaken. The results are graphically presented in Figures 1 and 2. The

first figure relates the treatment type to the percentage of records demon-

strating high degrees of EEG delta activity in each treatment group during

the second, third and fburth weeks of treatment. In each period, treatnent
with alternating current at suprathreshold strength gave the highest percentage
of high degree delta records. Treatment with unidirectional current and with

alternating current at threshold strength was less effective than the supra-
threshold alternating current technique in each period; the unidirectional

current treatment being more effective than the threShold alternating current
method only early in the course'of therapy.* Subconvulsive techniques

yielded no high degree delta activity records.
The second figure demonstrates the same relationship by measuring the

per cent of each treatment group showing no delta activity or only low degrees

* The differences between suprathreshold and threShold treatment methods are
significant at .05 by chi square in the h-é and 7-9 treatment periods, but
not in 10-12 period. Parathreshold treatment methods are not significantly
different free the other two methods during any treatment_period.
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of such activity. Here, the subconvulsive group is 100% for each
treatment period. Suprathreshold alternating current techniques show

the least number of such records in eaoh period, with threShold and

parathreshold techniques in between.

h. Freguenqy of Treatment:

Another factor in the rate of development of delta activity
is the frequency of treatment. While all patients were initially treated
three times a week, a number who failed to develop high degrees of delta
activity were treated more intensively. In nine such patients, treatments
were given daily or twice daily, and in each instance middle or high

degrees of delta activity were induced. Similar EEG correlates were

previously demonstrated by Pacella at 31. (9), and Callaway (10).
5. Factor of Age:

V

In the initial series of'patients, it was noted that younger
patients, under hS years of age, developed greater degrees of delta
activity during the first and second weeks of treatment; while older

subjects developed such activity to a significant degree during the third
week. By the fourth week of treatment, age no longer differentiated
between the groups. Combining the data from all convulsive therapies
supports this observation. During the Second week, h3% of records are
measured high degree delta in patients under the age of no; but only 30%

in patients from h0-60, and 18% in patients 61 and over. In the third
and fourth weeks, the differences are no longer present and approximately

2/3rds of the subjects have high degree delta records when treated 3

times per week.
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TABLE IV

Variation in Per Cent High Degree Delta EEG Records with Age *
9

Treatment Period

Second week Third week Fourth'week

es in. is. 2:2 nee
To ho years (28) 15% 61% 69%

’41-50 Years (28) 29% h0% 56%

51-60 years (28) 32% 56% 55%

Over 61 years (18)
'

18% 50% 80%

6. Pre-Treatnent Record Characteristics:
Previous reports, summarized by Chusid and Pacella (3),

noted a significant relationship between pre-treatmnt reca» rd character-

istics and the degree of induced "abnonnality." Predominant alpha rhythm,

“abnormal" (3) or “borderline abnormal" (11) records were more liable to

develop alterations in the EEG than those with predominantly low voltage

fast activity patterns.
In these series of patients, subjects whose pre-treatment'record

demonstrated diffuse slow wave activity, spike or spike wave activity
were not included in the statistical analyses. Eight such subjects were

«- The difference in incidence of hig1 degree records is significant at .01
level of confidence between the second and fourth weeks and .05 between
the second and third weeks of treatment in patients over 50 years of age;
but is not significantly different for these periods in groups under 50
years.
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treated with convulsive techniques, however; and seven of them developed

high degrees of delta activity earlier, and for'more sustained periods,
than patients without such pre-treatment abnormality.

.

A Specific analysis of the relation between pre-treatment alpha
and the degree of induced delta activity was undertaken. Rank order

correlations of the preetreatment per cent time alpha in selected leads

(anterior temporaldvertex) with the degree of delta activity during the

third and fourth weeks of treatment in h3 patients demonstrated correlations
of +.2h and +.3S reapectively. The relationship in the fourth week is
significant at the .05 level of confidence; while that in the third week

fails of significance, although the trend is indicated.
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DISCUSSION:

Two aspects of these studies warrant discussion: the significance of
the convulsion in the electroshock process; and the role of serial electro-
encephalograms in the rational management and’study of convulsive therapies.

In the early studies of convulsive therapy numerous authors, including
Kalinowsky 23 El. (12) and Pacella gt.§£. (9), emphasized both the clinical
and electroencephalographic differences between grand mal and petit mal
responses. While grand mal seizures induced clinical improvement in 60

to 80% of cases, petit mal induced changes in less than 25% of subjects.
Similarly, electroencephalograms in grand mal therapy demonstrate delta

activity, while in petit mal therapy, no delta activity is seen.
In subsequent years, various subconvulsive, brief stimulus, unidirect-

ional stimulating, monopolar stimulating, and focal convulsive techniques
have been described, and in each, in.turn,,discarded in routine therapy.
Bergman §§.§l, (13), for example, in describing the electroencephalographic
effects of focal seizure techniques noted that 70% of patients had normal

records at 15 such "seizures;“ while 70-75% had "abnormal” records after
grand mal seizures. Ulettgt El, (1h), in a careful convulsive-subconvulsive
control study,reported a significant difference in the clinical response of

patients receiving convulsive therapies (60-80%) and those receiving sub-
convulsive (33%), or controls (38%). He noted fine discrepancy in the EEG

reSponse in the two groups, and emphasized the significance of the seizure
for the therapeutic effect. ReCent additional reports by various observers,
based on a variety of data further emphasize flue significance of the convulsion
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in the therapeutic response (h, 15, 16). The evidence thus indicates that
convulsions per g2 are, or reflect, the significant physiologic events

which are the basis for therapeutic efficacy of convulsive therapies.
If the convulsion is the essential element both in the EEG and in

the behavioral response, does the mode of induction of the seizure play

any role in.this reSponse?. In the studies reported here, small differences
in both the degree of EEG delta activity and the rate of its development

were observed between different methods of induction of grand mal seizure.
Ulett gt 3;, (1h) reported an improvement rate of 57% for the

alternating current cenvulsive technique, and 76% for the photo-metrazol

technique. While the differences are small, the authors ascribe greater
clinical efficacy to the convulsive photoametrazol technique. In a

discussion of this report, Kalinowsky noted.that metrazol convulsions
have impressed various workers as being more efficacious than electrically
induced convulsions. More recently, Edwalds, (17) describing a new

convulsant drug, PM 1090, ascribed to it clinical results slightly better
than electroconvulsive techniques.

we have further noted that the convulsions induced by various

techniques have varying characteristics of latency, duration, preponderance~
of clonic or tonic phase, apnea, 332. All grand mal seizures are seemingly

not equivalent; and a seizure is not an "all or none" phenomenon.

Different seizure patterns occur and these may reflect differences in the
physiologic effect of different treatment methods. Further studies of

this problem are in progress (18).
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While this variability in clinical results is reported, it is clear
that with repeated canvulsions, no matter how induced, improvenent rates
of 60 to 80 per cent are observed. The differences between various types
of treatment are small, and, for the most part, may be readily obviated by

the simple expedient of increasing the frequency or number of treatments.
We may conclude that convulsive therapy is nonpspecific with regard to the

way the convulsion is induced. The significant element is the brain change

subsequent to the convulsion, and not the agent used in bringing about

this brain change. In previous reports (6, 19, 20) we have noted that
convulsive therapy is also non-Specific with regard to its application

in mental illness, and in its clinical and behavioral effects. The present

studies, amplify , therefore, the previous conclusion of the non-Specificity
of convulsive therapies.

we have applied methods of quantitative, serial EEG analyses in the

studies reported here. While clinical estimates of behavioral change

have yielded similar data, such evaluations are more dependent on the

attitudes of the observer (21), and less amenable to quantification than

the EEG. Application of EEG analyses to problemsin convulsive therapies
provides a rational basis for the comparison of different treatment

techniques.
“we have previously noted that EEG analyses may be applied in the

clinical management of patients receiving convulsive therapy (6). In

patients who fail to show a significant behavioral response on treatnent
regimens of three times per week, an electroencephalogram may serve as a



guide for further therapy. In those subjects in.whom high degree delta
activity has not been induced, increasing treatment frequency, withholding

premedication, or shifting to a more effective oonvulsant method, may

result in the neurophysiologic changes. If the degree of delta activity
is high and sustained for a number of weeks, other factors as personality
(22) or environmental (19) may be assumed to preclude a satisfactory
behavioral response, even when the neurophysiologic substrate is assured;
and further convulsive therapy may well be discontinued. A similar

application has been suggested by Roth (5) for thiopental activated
EEG records.

The successful application of quantitative EEG techniques to

convulsive therapies, has led to their application to other physio-
dynamic therapies. Recent reports from these laboratories note a

similar application for the rational management and understanding of

psychopharmacologic agents (20).
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sunnru AND CONCLUSIONS:

Serial quantitative analysis of the degree of induced EEG delta

activity were made in 173 consecutive electrotherapy referrals. Patients
were treated by three convulsive methods: suprathreShold alternating current,
threshold alternating current and parathreshold unidirectional current. Random

electrotherapy patients received a course of subcdnvulsive treatment instead
of grand mal, in a convulsive-subconvulsive control study.

1. An induced grand mal convulsion is essential both for the electro-
encephalographic and the behavioral changes ascribed to ”shock" therapy.

2. The rate and degree of induced EEG delta activity is dependent upon:

(a) Mode of seizure induction: suprathreshold alternating current
techniques induce EEG changes earlier and to a higher degree than threshold

techniques. The results of unidirectional current methods fall between these
two techniques.

(b) Frequency of treatment: increasing frequency inereases degree

of EEG delta activity.
(c) Age of subject: Patients under hS develop greater degrees of

delta activity earlier than older patients, but by the fourth week of treat-
ment, differences are insignificant.

(d) Pre-treatment record characteristics: Patients with dysrhythmic

records or high per-cent time alpha activity develop greater degrees of delta

activityearlier than patients with low per-cent time alpha activity.
3. It is suggested that serial quantitative electroencephalography

provides a rational basis for the study and the clinical management of

convulsive therapies.
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ELECTROENCEPHALOGRAPHIC COR-
RELATES OF THE ELECTRO-

SHOCK PROCESS
MAX FINK, M.D., and MARTIN A. GREEN, M.D.

From the Department of Experimental Psychi:atry, Hillside Hospital, Glen Oaks, .N. Y.
Problem :
In the course of an evaluation of the role of al-tered brain function in the electroshock process, therelation between electroencephalographic changeand behavioral response has been re-assessed.

Subjects and Method:
Eighty consecutive electroshock patients havebeen studied. All patients received electroenceph-

alograms before treatment; on a day after a treat-ment at weekly intervals during, and following the
course of therapy until the records had achievedtheir pre-treatment characteristics. Treatment pro-cedures varial, including unidirectional and alter-
nating current electroshock, and subconvulsive tech-
nics with Pentothal premedication. Treatment was
usually instituted at three times per week for 12-20
treatments. Patients who failed to develop a clini-
cal response, or EEG changes of significant degree,
were subsequently treated at 5-10 times per week.
The EEG records were classified for degree of

delta activity into “high," “middle” and “low" de-
gree delta records using the following indices: the
percent-time delta; highest percent-time delta in
any lead; slowest wave in the record; highest ampli-tude of delta; and duration of burst activity. (Arch.
Neurol. & Psychiat., 78: 516-525, 1957.)

_

Evaluations of change in behavior were made bythe supervising psychiatrist at the height of the
electroshock effect; and ratings of improvement
were made two to three weeks following the ter-
mination of therapy.
Results .'

1) The appearance of a high degree EEG delta
activity during the second and third weeks of treat-
ment was significantly correlated with change in
behavior and ratings of improvement.
3) High EEG delta activity was induced in pa-tients receiving convulsive electroshock only, and

~ was not observed in subCOnvulsive therapy.
3) Alternating current instruments induced high

degree EEG delta activity earlier than unidirectional

‘

di' erences were eliminated.
'4) There was a direct relation between the degree

of EEG delta activity and the frequency of treat-
ment; and an inverse relationship to age.

.4];
”firuments,

but by the 4th week of treatment, the3, ._

Conclusion:
1) There is a relationship between the degree of

EEG delta activity in the EEG and clinical change
in behavior. .
2) The time of the appearance of EEG delta ac-

tivity and its persistence is related to:
a) induction of grand mal seizures;
b) type of current employed;
0) frequency of treatment; and

; d) age of the patientAvf"’4 3) Early. and sustained high degree electroen-
cephalographic delta activity is a necessary,, though
not sufficient, pre-requisite for improvement in the
electroshock process.
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Electroencephalographic Correlates of the Electroshock

H Process *-
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* From the Department of Experimental Psychiatry, Hillside Hospital, Glen
=,\ Oaks, New York.



Problem:

In the course of an evaluation of the role of altered brain function
in the electroshock process, the relation between electroencephalographic
change and behavioral reSponse has been re-assessed.
Subjects and Method:

Eighty consecutive electroshock patients have been studied. All pat-
ients received electroencephalogram before treatment” on a day after a

card»treatment at weekly intervalsduring, and followingmgofiuntime re-IKE/MA
. cords had achieved their pie-treatment characteristics. WW‘ -~ .“ 7 1-..9- ~. . ~~~~~ . ~ ~

'
.

mm ' . Treatment was”will.
stituted at three times per week for 12—20 treatments. West-of atients
who failed to develop a clinical response, or EEG changes of significant de-
gree, were At atedWM 9"“ M" /{“" W‘

The EEG records were classified for degree of delta abnomality fiihM
“high" "middle" and "low"m records/gang the following indices:
the percent-time delta; highest percent-time delta :1 any .0 lead; slowest
wave in the record; highest amplitude oi‘ delta; and duration of burst act-
ivity.ng W a: Kiwi”WW W' gsM by the supervising psychiatrist dan—

* fin «Ede:94‘»!wa i/fal law/Mm 3f Mflmdgmmzé ram
5"“ M -Ax/1 74 MM fxwvm/ 1‘41. “fimmmal? A}. I’lZunfgy

Results:

1) A positive correlation was established between the development of
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EEG Correlates of Electroshock Process

During the past few years, incnasing attention has been given to the
ic

relation between changes in the electroencephalogram and the behavioral

change induced by electroshock. The initial application of EEG techniques

to the electr0310ck problem in the period l9hO-l950, was summarized in an

excellent review by Chusid and Pacella in 1952, who noted that the number

of treatments rather than the degree of induced neurophysiologic change

(reflected in the EEG) was the primary factor related to favorable thera-

peutic outcome. These studies, largely based on descriptive analyses of

pre and post-treatment records, were followed by serial quantitative

analyses.

In 1951 and 1952, Roth analyzed the EEG activated by this- thiopental
delta

in patients during a course of ECT and noted that induced detal activity

was related to the process of recovery. He concluded that "

In 1953, in the laboratories at Hillside Hospital, we undertook an

analysis of neurophysiologic bases of electroshock, based on a hypothesis

expressed by Weinstein and his coaworkere in which they related improvement

in electroshock to persistent states of altered cerebral function. Our
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first studies utilized the amobarbital test and these, parenthetically,

did show a relationShip between changes in language and ratings of im—

provement. Our second index was the delta index of the electroencephalogram.

In our original review of patients, recently reported, we noted a

significant relationship between the degree and duration of the induced

delta activity and clinical evaluation of behavioral change and "improvement."

It is our purpose tonight to review these findings; to describe subsequent

studies in which various aSpects of the treatment process were related to

the degree of EEG delta activity; and to conclude with a summary of the

present neurophysiologic adaptive view of convulsive therapy.

One hundred and forty-eight consecutive patien electroshock referrals

have been studied. Electroencephalograms were taken before treatment, on

a day after a treatment at weekly intervals during, and following the

course of therapy, until the record had achieved its pre-treatment character-

istics. Various treatment procedures have been used, including alternating

current threshold and suprathreshold electrodhock; parathreshold unidirectional

current electroshock; and subconvulsive techniques with pentothal premedication.
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The alternating current suprathreshold K ) and unidirectional parathreshold

(Reiter) teChniques are well described in the threshold alternating current

methods, patients, without prior sedation, received a low current, 90 volts

for 0.1 second, which was usually sufficient for a petit mal absence. At

20 second intervals, voltage was increased by 10 volts up to 1&0 volts, 0.1

second. Voltage was then reduced to 100 volts x 0.2 second, and increased

by 10 volt steps until a grand mal convulsion was induced. The voltage and

time just necessary to induce a grand mal was the threshold value. In

subconvulsive techniques, patients were given pentothal intravenously until

asleep, and then either low voltage unidirectional current for 60 seconds;

. n ”a . .or alternating current of 80 volts x 0.1 second were administered for one

to three applications.

All treatments were given three times a week initially, for 12-00

treatments. Patients who failed to develop a significant behavioral or

clinical reSponse, or EEG changes of significant degree, were subsequently

treated 5-10 times per week.

All EEG records were quantitatively measured for the degree of delta

activity. This index was determined by measuring the per cent time delta



.u-

in 180 seconds of each of three lead combinations, and both the average

_and the highest index in any one lead were used; the slowest frequency

and highest amplitude delta; and the duration of the longest burst .

Records in the initial series were placed into sequence. The upper third -

those with the greatest changes in slow wave activity - were called "High

Degree Delta Activity." The middle and lower thirds were "Moderate Degree

Delta Activity" and "Low Degree Delta Activity." The specific limits of

each range are described in the earlier report.

The following three slides demonstrate a High-Middle and Low degree

record obtained during the fourth week of treatment.

(Figs. 1, 2, 3)

Evaluations of changes in behavior were made by the supervising

psychiatrist and resident therapist at the height of the treatment effect.

The ratings of "improvement" were made by these physicians two to three

weeks after treatment was terminated, and were based on the four fold

classification of "re00vered," "much improved," "Improved" and "unimproved

or‘worse."

In our initial reports ( , ) we noted that patients who developed
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high degree delta activity early, and in whom such delta activity was

sustained, were evaluated as "much improved" or "recovered" with a significantly

greater incidence than those patients who failed to demonstrate such delta

activity. These observations are portrayed in slide h.

(Slide h; Graph EST #1)

These patients had been treated with a unidirectional convulsive therapy.

In a subsequent series of 5b patients, a predictive study was undertaken

in which the degree of delta activity induced during the second and third

weeks of treatment was determined. 0f the subjects in whom high degrees of

delta activity were induced during both weeks, 67% were eventually rated as

much improved; while of those who did not have a high degree record in

either week, only 30% were so evaluated. Of these patients, half were

treated with a unidiructional current; and half with a suprathreshold

alternating current technique.

Slide 5 - (Table I, Exp. Studies)

Results:

1. Role of Convulsion§:in Therapy.

In the most recent series of patients, randomly selected subjects
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received subconvulsive therapies instead of grand mal; and both alternating

current and unidirectional current techniques were used.

Of the subjects who received convulsive therapy, ______had high

degree delta records in both second, third and fourth weeks of treatment;

.____ during two of the three weeks, and ____ during only one of the test

periods. Only _____ subjects failed to show a single high record on con-

vulsive therapy.
27

Of the/subjects who received subconvulsive therapy, however, none

demonstrated middle or high degree delta activity records during any week

of treatment. Low degrees of delta activity were noted in three subjects

during both the second and third weeks of treatment, and in 8 subjects

during the fourth week.

Concurrent analyses of the behavioral ratings showed _____ of the con-

vulsive group rated as showing marked behavioral change; while of the

suboonvulsive group, 25 showed no behavioral changes. Of these, nineteen

were referred for a second course of therapy. In 1h of these, grand mal

electroshock induced high degree delta activity and all showed a significant

behavioral change. Of the five who failed to demonstrate high degree delta

activity on convulsive electroshock, all-showed middle degree records;



-7-

and two of the five showed a behavioral change.

2. Factor of Type of Therapy:

In view of the variety of electroshock techniques employed, and the

relationship between EEG delta activity and the behavioral response, an

analysis of the effect of type of electroshock in EEG delta activity

was undertaken. The results are graphically presented in Figures 6 and

7. The first related the percentage of records in each treatment group

during the second, third and fourth weeks of treatment who demonstrated

high degrees of EEG delta activity. In each period,threshold alternating

current techniques gave a lower percentage of high degree delta records.

The unidirectional technique was also less effective'than the supra-

threshold alternating current technique, in all these periods. Although

more effective than threshold alternating current methods early in the

course of therapy. Note, that subconvulsive techniques yield no high

degree delta activity records.

In the next figure, the converse is demonstrated. The relationship

between type of treatment, treatment period and percentage of treatment

group showing no delta activity or only low degrees of such activity.



-3-

Here, the subconvulsive group is 100% for each treatment period. Supra-

threshold alternating current techniques show the least number of Such

records in each period.

3. Frequency of Treatment:

Another factor on the rate of development of delta activity is the

frequency treatment. While all patients were initially treated three

times a week, a number who failed to develop high degrees of delta activity

on convulsive therapies were treated more intensively. Treatments were

given daily or twice daily. In all sudh instances high degrees of delta

activity were induced.

u. Factors of Age and Diagnosis:

In the initial series of patients, it was noted that younger patients,

under #5 years of age, developedlgreater degrees of delta activity during

the first and second weeks of treatment; while older subjects developed

such activity to a significant degree during the third week. By the fourth

week of treatment, age was no longer a differentiating aSpect between the

groups. With increasing series of patients, utilizing various treatment

techniques, the differences between successive groups is largely a matter

of treatment technique rather than age.
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Similarly, conventional discharge diagnoses bear no relation either

to the rate or degree of delta activity induced. The delta activity induced

in young schizophrenics, older depressed, older schizophrenic paranoid, and

younger reactive depressed subjects are similar in indidence of high,

middle and low degrees at different stages of therapy. The diagnosis is

not, of itself, a significant neurophysiologic factor in electroshock.



combining the data from all convulsive therapies supports this observa—

tion. During the second week,h3% of records are high degree delta in

patients ho; but only 30% in patients from uo-so, and 18% 61 and over.

In the third and fourth weeks, the differences are no longer present

and approximately 2/3 of the subjects have high degree delta records

when treated 3 times per week.

TABLE

Variation in % High Degree Delta EEG Records with Age

Treatment Pe riod

To ho years (28) h3% 61% 69%

hl-SO (25) 29% h0% 56%

51-60 (28) 32% 56% 55%

61+ (18) 18% 50% 80%

S. Pre-Treatment Record Characteristibs:

Previous reports, summarized by Chusid and Pacella; ( ) rated

a significant relationship between pre-treatment records characteristics and

the degree of induced "abnormality? Escords with predominant alpha

rhythm or "abnormal" (Chusid and Pacella) or "borderline abnonnal"
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(Bagchi §£.El) records were more liable to developé alterations in the

EEG than those with predominantly low voltage fast activity patterns.

Rank order correlations of the pre-treahent per cent time

alpha in selected leads (anterior temporal - vertex) with the degree of

delta activity during the third and fourth weeks of treatment in h3

patients demonstrated correlations of +.2h and +.35 reSpectively
The rehationship in the fourth week is significant at the .05 level of

confidence; while that in the third week fails of significance, although

the trend is apparently indicated.

Discussion:

Two aspects of these studies warrant discussion; the significance

of the convulsion in the electroshock process; and fine role of electro-

encephalography in the rational management and study of convulsive therapies.

(1) Significance of Convulsions:

In the initial studies of convulsive therapy numerous authors,
Kalinowsky

including Kalmaasky at al,(l9h2), and Pacella gt_§l:(l9h2) emphasized both

the clinical and electroencephalographic differences between the grand-mal

and petit-mal responses. While grand mal seizures induced clinical im-

provement in 60 to 80% of cases, petit mal induced changes in less than
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25% of subjects. Similarly, the electroencephalographic reSponse to

grand mal is one of delta activity, and to petit mal, is no delta activity.

In subsequent years, various subconvulsive, brief stimulus,

unidirectional stimulating, monopolar stimulating, focal convulsive

techniques have been described, and each, in turn, discarded in routine

therapy. Bergman gt_§l”( ) for example, in describing the electroencquh-

eIographic effects of focal seizure techniques noted that l0% of the

patients had normal records after 15 such "seizures;" while 20 - 75% had

"abnormal" records after grand mal seizures. Ulett gt §l° ( ), in a

careful control convulsive-subconvulsive amdy, reported the significant

differences in the clinical changes between the convulsive therapies

(60-80%) and subconvulsive (33%), and noted the discrepancy in EEQ

response in the two groups, and emphasized the significance of the

seizure for the therapeutic effect.

These studies emphasize the significance of the grand mal

convulsion, both for the clinical therapeutic effect and the electro-

encephalographic reaponse. Recent reports by various observers, and

based on a variety of data, support this conclusion.

If the convulsion is the essential element in the EEG and
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behavioral reSponse in electrotherapy, does it matter in what way the

convulsion is induced?. In the studies reported here, small differences

in both the degree of EEG delta activity and the rate of the development

were observed. Clinical evaluation demonstrated concomitant greater

degrees of clinical efficacy for the suprathreshold alternating current

method to the two other convulsive techniques.

'Other studies have also shown differences in clinical results

for various convulsive techniques. Ulett gt_§l. ( ) noted similar

differences in clinical results in a study of patients receiving alter-

nating current5'and photic-metrazole convulsive and subconvulsive techniques.

He reported improvement rate of Sl%,'76% and 33% respectively; and

concluded, that the convulsive photoshock technique had the greatest

clinical efficacy. Epstein and Wender (1955) compared alternating and

unidirectional current techniques, and reported no difference in clinical

results but that unidirectional techniques required one to two treatments

more than alternating current methods. More recently, Edwalds, describing

a new convulsant drug,.Hfl 1090, ascribed to it a clinical efficacy slightly

greater than electroconvulsive techniques.
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while some variability in clinical results is reported, it
is clear that with repeated convulsions, no matter how induced, im-

provement rates of 60 - 80% are induced; The differences are small,

and for the most part, may be obviated by increasing the frequency of

treatment. we may conclude that convulsive therapy is non-specific with

regard to its mode of induction. In previous reports (EEG Theory) we

have noted tat convulsive therapy is non-specific with regard to their

application in mental illness, nor is their clinical or behavioral effects.

The present studies amplify, therefore, the previous conclusion that

convulsive therapies are non-Specific.

2. Role of Electroencephalography in Convulsive Therapy:

we have applied methods of quantitative, serial EEG analyses

in the studies reported here. While clinical estimates of behavioral

change may give similar data, such evaluations are more closely dependent

on the attitudes of the observer ( ) than the EEG. Further application

of EEG Analyses to other problems in convulsive therapies may provide a

rational basis for comparison of different treatment techniques.



We have previously noted that EEG analyses may be applied

in the clinical management of patients receiving convulsive therapy.

_

of
In our experience, the early and sustained induction of high degreaydelta

activity provides the physiologic basis for behavioral change in con—

vulsive therapy. An electroencephalogram in patients who fail to show

a significant behavioral response on treatment regimens of three times

per week may serve as a rational basis for clinical management. In those

subjects in whom high delta activity has not been induced, increasing

treatment frequency, withholding premedication, or shifting to a thera-

peutically more effective convulsant method, may result in the neuro-

physiologic changes. If the degree of delta activity is high; and it

may be maintained for a number of weeks, other factors, as personality

( ) or environmental ( ) may be assumed to preclude s satisfactory be-

havioral response, even when the neurophysiologic substrate is assured;

and further convulsive therapy may welllae discontinued. A similar

application has been suggested by Roth ( ) for thiopental activated

EEG records.
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lhe successful application of quantitative EEG techniques

to convulsive therapies, has led to their application to other physio-

dynamic therapies. Recent reports from these laboratories note a similar

application for the rational management and understanding of psycho-

pharmacologic agents ( ).

Summary and Conclusions:
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gagglnnianus

1.‘ In aerial qynntitativn analysis of degroe of induced EEG delta

aetitity in anhjocta receiving variant convnlaivo therapies, a poaitdvu

relationship betuoon the digrea o! indueod delta activity and bath tbs

dagroe oi'bohavioral ehnngo and ratings of impruvamsnt is reported.

2. An induced grand mfll convulaian 1: elscntinl for both the EEG

and behlviaral change.

3. Th3 rate and dogrcc‘of induced dalta activity is dependent upon:

a. Hbdo at soiturc inductian

b. Fruqunncy at treatment

a. Ag. 0! lnb3oct

d. Pre¢treatmsnt EEG record characteristics

h. It is recommended that aerial quantitative electroencephalography

pmuvidoa a rational basis both for the study and clinical managenant or

variaus paychodynlmie therapies.
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EEG Correlates of the Electroshock Pincess

During the past feW'years, renewed attention has been given to the

relation between changes in the electroencephalogram and behavioral changes

induced by electroshock. In 1953, in the laboratories at Hillside Hospital,

an analysis of neurophysiologic aspects of electroshock was undertaken. The

studies were based on a hypothesis expressed by Weinstein and his co-workers

( ) in which they related improvement in.electro$hock to the development of

persistent states of altered cerebral function.

In thii initial EEG study ( ), we noted a significant relationship

between the degree and duration of the induced delta activity and clinical

evaluations of tIhI=HIIEIEIIEZl=E=IIi§"improvement." It is the purpose of

this report to review these findings; to describe recent studies in which

various neurophysiologic aSpects of the treatment process were assessed; and

to suggest the application of electroencephalography in.studies and rational

management of physiodynamic therapies.

One hundred and forty-eight consecutive electroshock referrals have

been studied. Electroencephalograms were taken before treatment, and on

a day after a treatment at weekly intervals during and following the course
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of therapy until the record had achieved its pre-treatment characteristics.

. M"
fiignificant asymmetry were eggpktfd’ef’d from the series. {

- . .
.,,.,;‘""flWh

‘

. gMW’O‘Mmmws-‘W
{V

IN flag»!
Patientsbflwyhgug‘pre-treatment EEG demonstrated slogwgave or spike activity,

M an...“

.up-w‘

Four treatmentt procedures employing different types of stimuli have

. 1)
'

V

i

been used;/alternating current at-threshold strength; 2) alternating current

at suprathreshold strength; 3)- unidirectional current (parathreshold);

h) subconvulsive techniques with pentothal premedication. The alternating

current suprathreshold ( ) and unidirectional parathreshold ( ) techniques

are well described. In the threshold alternating current method patients,

without prior sedation, received low currents, (90 volts for 0.1 second),

usually Sufficient for a petit mal response. At 20 second intervals, voltage ,_

and, if necessary, duration! were increased until a grand mal convulsion was

induced. thewmwmm
In subconvulsive techniques, patients were given pentothal intravenously

until asleep, and then either low voltage unidirectional current for (30

seconds ( ); or alternating current of 80 to 120 volts x 0.1 second were

administered for one to three applications, for a total of 2).; to 36 petit mal

treatments .
l



All treatments were given three'times a week initially, for 12-20

treatments. Patients who failed to develop a significant behavioral or

clinical response, or‘EEG changes of significant degree, were subsequently

treated 5-10 times per week.

All EEG records were quantitatively measured for the degree of delta

MM‘AWWWe! MlWM! M
activity Masada—WW "high, "

"moderate" or "low" degreet ‘ delta activity,30W
.

.
.

l‘
.

I i 5 3

The following three slides demonstrate a high, middle and low degree

delta record: during the fourth week of treatment.

(Figs. 1, 2,3)

Evaluations of changes in behavior were made by the supervising psychiatrist

and resident therapist at the heigat of the treatment effect. The ratings

of "improvement" were made by these physicians tw0 to three weeks after

treatment was terminated, and were based on the four fold classification of
_ ”va"recovered," ”much improved,"nand "unimproved or worse."

In our initial reports (' , ') we noted that patients who developed



high degree delta activity early, and in whom such delta activity was

sustained, were evaluated as "much improved" or "recovered" with a significantly

greater incidence than those patients who failed to demonstrate such delta

activity. These observations are portrayed in slide h.
(Slide u: Graph Est #1)

Ecsults:

“W i“! 5" . .The relation etween neurophysiologic and behaVioral response W111 be

assessed according to five aspects:
01)

2) Type of Convulsive Therapy

3) Frequency of Treatment

h) Factor of Age

5) Pre-treatment Record Characteristics

’Of the uz’subgacts’WHo”retaived‘ccnvuISive‘tnerapy,7 nan nigh UEgIEE"

delta records in both second, third and fourth weeks of treatment; 12 during

two of the three weeks, and 13 during only one of the test periods. Thirteen

of the u? subjects failed to show a single high degree delta record on

convulsive therapy.

Of the 27 subjects who received subconvulsive therapy, however, none



high degree delta activity early, and in whom such delta activity was

sustained, were evaluated as "much improved" or "recovered" with a significantly

greater incidence than those patients who failed to demonstrate sudh delta

activity. These observations are portrayed in slide h.
(Slide u: Graph Est #1)
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Results:

1. convulsive vs Subconvulsive Techniques:

In the most recent series eizpahaaaih randomly selected patients re—

ferred for electrotherapy received subconvulsive therapies instead of grand

mal; and both alternating current and unidirectional current techniques were

used.

or the h? subjects who received convulsive therapy, 9 had high degree

delta records in both second, third and fourth weeks of treatment; 12 during

two of the three weeks, and 13 during only one of the test periods. Thirteen

of the h? subjects failed to show a single high degree delta record on

convulsive therapy.

Of the 27 subjects who received subconvulsive therapy, however, none
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/
demonstrated middle or high degree delta activity records during any week

Y3...”

of treatment.§
x

(

Low degrees of delta activity were notedhifiwthree subjects

during both tgexsecond and third weeks of treatment, and inAB subjects
I“ “W", V .V,. ,,Y .,.,_,_.,.-‘ ”mud,” , v

’dmfigthefourth Week

Concurrent alli'lll=l==I-I behavioral ratings showed hZ of the h?

subjects in the convulsive group rated as shining marked behavioral change;
,

‘ hatwhile of the subconvulsive group, 25 of the 27 minimal or no behav-

ioral changes. Of the latter group, 19 were referred for a second course

of therapy. In 1h of these, grand mal electroshock induced high degree delta
,. .. n...» . 4,7,.“ .;...-....‘..,r,, 9...“; .. n .mm ., 3., r. e r. a 7.“,_,. ”a”..~-wms...mu m-..

activity and all showed a significant behavioral change.#fgf the five Who~~
"Walnut... V.-.~...,..,..~..,.u.ma..~m.—.~..._..Mn...._,.m.. m ..,,,.A. . .- t. ' ------—--- """ I”

,451/

failed to demgnstrate high degreewdeita activity on convulsive”2lectroshock,
.2a”I/VFI' My"

:
’

“(my“if 5"“
. Mm)“.-

.all shdwed middle degreeprecords; and two of the five showed a behaVioral./ We“
, ”n,mmwm .,wmlumwflun.4f.a/r/, ,

,//'change.;r
Thus, convulsive therapy induced significantly greater behavioral changes

associated with EEG delta activity, while subconvulsive therapy induced

minimal behavioral change, and minimal EEG delta activity. Furthermore,

patients showing neither an EEG or behavioral response to subconvulsive

therapy, showed both the-EEG and behavioral changes when placed on convulsive

therapy.
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2. Role of Type of Convulsive Therapy:

In view of the variety of electrOShock techniques employed, and the

relationship between EEG delta activity and the behavioral response, an

analysis of the effect of type of electroshock on EEG delta activity was

undertaken. The results are graphically presented in Figures 5 and 6.

The first figure relates the treatment type to the percentage of records

in each treatment group during the second, third and fourth weeks of treat-

ment demonstrating high degrees of EEG delta activity. In each period,

treatment with alternating current at suprathreshbld strength gave the

highest percentage of high degree delta records. ieeetment'uéth-unidirect-

ional current and*lith alternating current at threshold strength was less

effective than the suprathreshold alternating current technique, in each

period; a the udtfiiEgfigie;;%reurrent treatment being more effective than

the threshold alternating current method only early in the course of therapy.

Subconvulsive techniques yield no high degree delta activity records.

The next figure demonstrates the same relationship by measuring the

treatment
per cent of each/group showing no delta activity or only low degrees of

such activity. Here, the subconvulsive group is 100% for each treatment
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period. Suprathreshold alternating current techniques show the least

number of such records in each period, with threshold and parathreshold

techniques in between.

3. Frequency of Treatment:

Another factor dn the rate of development of delta activity is the

frequency of treatment. While all patients were initially treated three

times aweek, a number who failed to develop high degrees of delta activity

on convulsive therapies were treated more intensively. In nine such patients,

treatments were given daily or_twice daily, and in each instance middle or

high degrees of delta activity were induced. Similar EEG correlates were

previouSly demonstrated by Pacella gt El. ( ), and Callaway ( ).

h. Factor of Age:

In the initial series of patients, it was noted that younger patients,

under hS years of age, developed greater degrees of delta activity during the

first and second weeks cf treatnent; while older subjects developed such

activity to a significant degree during fine third week. By the fourth week .

of treatment, age was no longer a differentiating asPect between the groups.
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Combining the data from all convulsive therapies supports this observation.

During the second week, h3% of records are high degree delta in patients

under'the age of ho; h=t===:;.30% in patients from hO-CO, and 18% in

M cue-yaw ~ ‘' WW ,
patients 61 and over. In the third and fourth weeks, the differences arep

W.
A,“W “by"~

.W‘ ‘
W";0. 1M . , on.» “5.”. m1”-. . n.-9,. .. 1‘ at A"www-W” ”a“

h/‘ WWW, Wn.fi,,,,.,-r..m
WM Mama.WW“”w" ”QM 4m HM\ ‘f"‘4 wwww‘t “ "

n:/}pfiger present andfidpproXimately 2/;xtf the subjects have high degree
M”

«idelta records when treated 3 timéé per W99§° ,fffl

TABLE

Variation in % High Degree Delta EEG Records with Age *

Treatment Pariod

5g:
' in is. 2:2 are

To no years (28) m 61% 69%

ul-so (28) 29% m 56%

51-60 (28) 432% 56% 55%

61+ (18) 18% 50% 80%

* The difference in incidence of high degree records is significant at .Ol%
between the second and fourth weeks and .05% between the second and third
weeks of treatment in patients over 50 years of age; but is not significantlydifferent for these periods in groups under 50 years.



S. Pre-Treatment Record Characteristics:
In earlier studies, a relationship between pre-treatment record \

characteristics, notably degree of abnormality or predominant alpha, and

the degree of induced "abnormality" was noted ( , ). g

In these series of patients, subjects whose pre-treatment record

demonstrated slow wave activity of a diffuse, or dysrhythmic variety, or

Spike or Spike wave activity were not included in the statistical analyses.
W,Eight such subjects were treated with convulsive techniques and seven of them

developed high degrees of delta activity earlier, and for more sustained

periods than in patients without such pre-treatment abnormality.

A Specific analysis of the relation between pre-treatment alpha and

delta activity was undertakenjémk order correlations of the pre-treatment

per cent time alpha ée—Ge-lMed-fieds—éea-teWfl—aemfi-with the

degree of delta activity during the third-and four weeks of treatment in I43

4. M if
' f5” 4d”

patients demonstrated correlation‘ of 4'“ +.35’M. 95’M/Wima .
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5. Pie-Treatment Record Characteristics:

Previous reports, summarized by Chusid and Pacella,( ) noted a

significant relationship between pre-treat ment record characteristics and

the degree of induced "abnormality." Records with predominant alpha rhythn

or "abnormal" (Chusid and Pacella) or "borderline abnormal" (Bagchi 33 13;.)

records were more liable to develop alterations in the EEG than those with

predominantly low voltage fast activity patterns.

In these series of patients, subjects whose pre-treatment record~

demonstrated slow wave activity of a diffuse, or dysrhythmic variety, or

Spike or Spike wave activity were not included in the statistical analyses.
W,Eight such subjects were treated with convulsive techniquesfland seven of them

developed high degrees of delta activity earlier, and for more sustained

periods than in patients without such pre-treatment abnormality.

A Specific analysis of the relation between pre-treatment alpha and

delta activity was undertaken'éxk. order correlations of the pre-treatment

per cent time alphaWWWWith the

degree of delta activity during the third—and four weeks of treatment in 1.13

a, W [a
'
”(tyne/l @4’”

patients demonstrated correlation( of 4'“ +35)M, 05’M/W/mu .

,1
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Discussion:

Two aspects of these studies warrant discussion; the significance of

the convulsion in the electroshock process; and the role of serial electro-

encephalogragh in the rational management and study of convulsive therapies.

(1) Significance of Convulsions:’

In the initial studies of convulsive therapy numerous authors,

including Kalinowsky gt_gl. (19h2), and Pacella gt fil‘ (19h2) emphasized both

the clinical and electroencephalographic differences between the grand mal.
anthem," k»

idwmaewa‘huwmmmm.
‘3' I'“.fi:W’"amhma-~vmmm~a

, i
and petit mal responses. While

.. r { ',>~'(:.w Sa-‘iukw‘fl-‘Ih-m‘yow'wwmmmww“‘ , .. “7:4!“ "5 ’ ‘
., “vfiflu “2.

12qut‘w''mal seizures induced c " calngflmd prove-
gfietrfi‘w

affix),

‘ ducedfiphafiges in less than 25% 0
MW“

4745“

M WW 7

one of delta activity:‘and to petit mal, is no delta activity.M . mm M

In subsequent years, various subconvulsive, brief stimulus, unidirectional

stimulating, monopolar stimulating, focal convulsive techniques have been
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described, and each, in turn, discarded in routine therapy. Bergman gt al.

( ) for example, in describing the electroencephalographic effects of

focal seizure techniques noted that 70% of patients had normal records
I 4

after 15 such "seizures;" while 70 - 75% had "abnormal" records after grand

mal seizures. Ulett 23 El. ( ), in a careful control convulsive-subconvulsive

study, reported a significant difference in clinical reSponse of patients

receiving convulsive therapies (60-80%) and those receiving subconvulsive

w”
. as; .

6L.
(33%).{es—eontrele-438%92JHe noted the discrepancy in the EEG response in

the two groups, and emphasized the significance of the seizure for the

therapeutic effect. Recent additidnal reports by various observers, based

on a variety of data,&emphasize the significance of the convulsion.

(Weinstein and Kahn, Roth, Fleming). Thus, the evidence indicates that

convulsions per se, are’or reflectlgthe significant physiologic events

0 .

which are the bases for therapeutic efficacy of "convulsive therapies."
. . both

If the convulsion is the essential element/in the EEG and in the

behavioral reponse, does the mode of induction of the seizure play any dLr

role in this reSponse?. In the studies reported here, small but statisti-

cally significant differences in both the degree of EEG delta activity
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and the rate of its development were observed between different methods

of induction of grand mal seizure.

Ulett gt al, ( ) reported an improvement rate of 57% for alternating

current convulsive technidue, but 76% for the photic metrazol technique,

and concluded that the convulsive photo-metrazol technique had a

greater clinical efficacy. More recently, Edwalds, describing a new

convulsant drug, PM 1090, ascribed to it a clinical efficacy slightly

greater than electroconvulsive techniques.

"we have further noted that the convulsions induced by various

techniques have varying characteristics of latency, duration, preponderance

of clonic or tonic phase, apnea, etc. All grand mal seizures are

seemingly not equivalent; and a



‘ 92;},

.13-

seizure is not an "all or none" phenomenon. Different; seizure patterns

occur and these may reflect the differences in physiologic effect of the

different treatment method: Further studies of this problem are in

progress.

While this variability in clinical results is reported, it is clear

that with repeated convulsions, no matter how induced, improvement rates

of 60 - 80% are obServed. The differences between various types of treatment

are small, and, for the most part, may be obviated by increasing the frequency

or number of treatments. We may conclude‘that convulsive therapy is non-

Specific with regard to the way the convulsion is induced. The significant

element is the brain change subsequent to the convulsion, and not the agent

‘ \. \‘>
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2. Role of Electroencephalography in Convulsive Therapy:

We have applied methods of quantitative, serial EEG analyses in

the studies reported here. While clinical estimates of behavioral change

may give similar data, such evaluations are more dependent on the attitudes
Wt. Wé‘v M30

of the observer ( 3 than the EEG.‘ Further application of EEG analyses to

(5M a
other problems in convulsive therapies'mey providfiérational basis rer'ZZ‘

\

MM41$;r’.11.~:a"3"‘“é-e?fof different treatment techniques.

we have previously noted that EEG analyses may be applied in the

clinical management of patients receiving convulsive therapy ( ). In

the experiences reported here, the early and sustained induction of high

degrees of delta activity provides the physiologic basis for behavioral

change in convulsive therapy. An electroencephalogram in patients who

fail to show a significant behavioral response on treatment regimens of

three times per week may serve as a rational basis for clinical manage-

ment. In those subjects in whom high delta activity has not been induced,

increasing treatment frequency, withholding premedication, or shifting to

a therapeutically more effective convulsant method, may result in the

neurophysiologic changes. If the degree of delta activity is high; and

it may be maintained for a number of weeks, other factors, as personality
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( ) or environmental ( ) may be assumed to preclude a satisfactory

behavioral response, even when the neurophsyiologic substrate is assured;

and further convulsive therapy may well be discontinued. A similar applica-

tion has been suggested by Roth ( ‘) for thiopental activated EEG records.
«AW‘~ V,nm4.~~-> *MM‘

The successful application of quantitative EEG techniques to

convulsive therapies, has led to their application to other physiodynamic

therapies. Recent reports from these laboratories note a similar application

for the rational management and understanding of psychopharmacologic

agents.( ).

. ..,. awuwlw'uuw...
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Conclusions:

1. In serial quantitative analysis of degree of induced EEG delta

activity in subjects receiving various convulsive therapies, a positive

relationship between the degree of induced delta activity and both the

degree of behavioral change and ratings of improvement is reported.

2. An induced grand mal convulsion is essential for both the EEG

and behavioral change.

3. The rate and degree of induced delta activity is dependent upon:

a. Mode of seizure induction

_

b. Eiequency of treatment

c. Age of subject

.

d. Pre-treatment EEG record characteristics

'h. It is recommended that serial quantitative electroencephalography

provides a rational basis both for the study and clinical management of

S
various pix-Lodynamic therapies.
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EEG Correlates of the Electroshock Process

During the past few years, renewed attention has been given b

flie relation between changes in the electroencephalogram and behavioral

changes induced by electroshock ( l-h ). Based on a hypothesis expressed

by weinstein and his coaworkers (5% in which they related improvement in
electroshock to the development of persistent states of altered cerebral

function, an analysis of the neurophysiologic aSpects of electroshock was

undertaken in the laboratories at the Hillside Hospital in 1953.

In fig initial EEG study,” a significant relationship between

the degree and duration of the induced delta activity and clinical eval-
uations of behavioral change and "improvement" was reportedayeThis study

was based on convulsions induced by a unidirectional current instrument

'(Reiter). Subsequent eXperiences with alternating current techniques
demonstrated differences in the rate and degree of development of delta

activity. Age of subject and frequency of treatment were also factors
in the EEG reSponse to convulsions. It is the purpose of this report to
assess the role of treatment method, age of subject, frequency of treatment

and pre-treatment EEG record Characteristics in the EEG and clinical re-
sponse to convulsive therapy.

Method:
: fl

One hundred and £e££f3i=irt consecutive electroshock referrals have

been studied. Electroencephalograms were taken before treatment, and on

a day after a treatment at weekly intervals during and following the course

of therapy until the record had achieved its pre-treatment characteristics.
Patients in.whom the pre-treatment electroencephalogram demonstrated slow

AsymmeM/
wave or Spike activity, or significant aaaynetcy; were excluded from the

series.
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Four eatments proceo employing different ‘ van-us of stimuli
have been used' , alte .‘. ‘. current at t-- old strengthf" ~.

_ al - ‘

a _

nat' current at suprathreshold - ngth;
‘ ‘directio: ‘ current

4 w(parathreshold); t) s unvulsive techniques with -ntothal premedication.
The alternating current suprathreshold (7) and unidirectional parathreshold

kmW(8) techniQues aae‘ well described. In the threshold alternating currentMW .,

methodfiatients, without prior sedation, received b‘ currenté’ (90 volts
for? second), usually sufficient for a petit mal response. At 20

. , . odes
second intewals‘voltage, and; if necessary, duration! ale-re increased

mwmnl- Wuntil a grand mal convulsion was induced. The “voltage and be necessary
to 3", induce a grand mal was the threshold value.

In subconvulsive techniques, patients were given pentothal intra-
venously until asleep, and then either low voltage, unidirectional current

gor (>0 seconds (8); or alternating currentoi' 80 to l20 voltsfirézsecond

were administered for one to three applications, for a total of 2b to 3.6

petit mal
All treatments were given three times a week initially, for 12-20

treatments. Patients who failed to develop a significant behavioral or
Mew$3 :13;gmWmm 55;,

clinical reSponse, or b
‘

, were subsequently
Jo(1%

All EEG records were quantitatively measured for the degree of delta
treats times per week.

activity. The "records were evaluated as to whether they demonstrated "high,"
"moderate" or "low" degrees of delta activity, according; to criteria pre-
viously published (6).

Evaluations of changes in behavior were made by the supervising

psychiatrist and resident therapist at the height of the treatment effect)

‘

"Nu“
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and were scored as "marked," "moderate,"'hdndmal" or "none.” The

ratings of "improvement" were made by these physicians two to three weeks

after treatment was terminated, and were based on the four fold classifica—

tion of "recovered,” "much improved," and "unimproved or worse.“ (6)

Results:

1. Convulsive vs Subconvulsive Techniques: 6";gr

W ' MW, WW .

Of the h? subjectstwho received convulsive therapgrfglhad
high degree

I

delta records in-both second, third and fourth weeks of treatment; 12 during
two of the three weeks, and 13 during one of the test periods. Thirteen

of the )4? subjects failed to Show a “a high degree delta record on

convulsive therapy.
Of the 27 subjects who received subconvulsive therapy, however, none

demonstrated middle or high degree delta activity records during any week

of treatment. Low degrees of delta activity were noted in three subjects

during both the second and third weeks of treatment, and in 8 subjects

during the fourth week.
‘

21‘ neahJ-l’
ln concurrent behavioral ratings, hirof the.fifl subjects in the

convulsive group showed marked behavioral change; while of the subcdn-

vulsive group, 2h of the 27 showed minimal or no behavioral changes.

(Table I). Of the latter group, 19 were referred for a second course of

therapy. In lb of these, grand mal electroshock induced high degree delta

*» Y‘aab éacbndldb .RE niekagd: uan
AAAAaaeut ynxuduvuax “Gunrfl nta. waT‘5~/::L¢Gfie

ham, W‘LWM ,_ "WwthwfiW‘ fl
,
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activity and all showed a significant behavioral change. Of the five who

failed to demonstrate high degree delta activity on convulsive electro-
shock, all Showed middle degree records; and two of the five Showed a

' 9““..44 b
behafloral change. m. *3L 47WWW! 4‘
hawk»: 3 TABIE ImRatings of Behavioral Change; Convulsive—SubconvulsiveTherapies

(Tourth-Fifth'weeks of Treatment)

Degree of Change

Marked Moderate Minimal None

ConvulSive Therapy (h?) 27 15 S O

Subconvulsive Therapy (27) O 3 8 16

In evaluations two weeks after-treatment of the degree of "improve-

ment," 51% of the convulsive therapy grongj::ted as "much improved" or

"recovered," and 32% as "improved."qag% discharge, 51% were evaluatedileZS

sustaining the same degrees of improvement, while h2% were "improved,"

and only 7% were "unimproved." Of the subconvulsive group, however, 11%

were rated in the first two categorie51’19% in the "improved,“ but 70%

were
"unimproved;"figfigeiggége§:§§:$§%§:red for a second course of therapy,

hOSpital discharge evaluations do not reflect the effects of subconvulsive

therapy.
TABLE II

Ratings of Improvement: Convulsive-Subconvulsive Therapies
(Two'fleeks After Last Treatment)

Recovered Much Improved Improved Unimproved
Worse

Convulsive Therapy (h?) 9 15 15 8

Subconvulsive Therapy (27) 2 l S 19
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din=;.€onvulsive therapyinduced signiiicantly greater behavioral

MM“change and eva uations of improvement thangsubconvulsive therapy which-IW. The clinical observations“ ”A“!

We
parallel the electroencephalogr . Also, patients who showed neither an

-EEG or a behavioral response to subconvulsive therapy, showed both EEG

and behavioral changes when placed on convulsive therapy.

2.- Role of Type of Convulsive Therapy;

In view of the variety of electroshock techniques employed, and

the relationship between EEG delta activity and the behavioral response,

an analgrsis of the effect oi‘ type of electroshock on EEG delta actvity
was undertaken. The results are graphically presented in Figures 1 and

2. The first figure relates the treatment type to the percentage of

record ‘n each treatment group during the second, third and fourth weeks

of
tre:Egentgggégggggating:high degrees of EEG delta actigggi) In each

period, treatment with alternating current at suprathreshold strength gave

the highest percentage of high degree delta records. Treatment with uni-

directional current and with alternating current at threshold strength was

less efi'ective than the suprathreshold alternating current techniquef.in

each period; the unidirectional current treatment being more effective

than the threshold alternating current method only early in the course

of therapy.* Vsubconvulsive techniques yielded no high degree delta

activity records.
The second figure demonstrates the same relationship by measuring

the per cent of each treatment group showing no delta activity or only low

7“: Eur, i-o an. 7—9 tre ent perins, the a‘, ncés ..-»_. :v-n supra-
“-3 .l- . - thre o'd reatv t etho’.'5 si " Can at .05 by chi
ou- - vDi7”e~' ces b tw-z para j hold met‘ods, and for each method

in} --12 0-" 0d“; no ' ignifican .
dWL-

‘
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degrees of such activity. Here, the subconvulsive group is lOO%_for

each treatment period. Suprathreshold alternating current techniques
show the least number of such records in each period, with threshold
and parathreshold techniques in between.

3. Frequengy of Treatment:

Another factor in the rate of development of delta activity is the

frequency of treatment. While all patients were initially treated three
ltimes a week, a number who failed to develop high degrees cf delta

activity on convulsive therapies were treated more intensively. In nine

such patients, treatments were given daily or twice daily, and in each

instance middle or high degrees of delta activity were induced. Similar
EEG correlates were previously demonstrated by Pacella gt'gl. (9), and
Callaway (10).
h. Factor of Age:

In the initial series of patients, it was noted that younger patients,
under hS years of age, developed greater degrees of delta activity during
the first and second weeks of treatment; while older subjects developed

such activity to a significant degree during the third week. By the

fourth week of treatment, age was no longer a differentiating aSpect between

the groups. Combining the data from.all convulsive therapies supports this
observation. IMring the second week, h3% of records are high degree delta
in patients under the age of no; but only 30% in patients from uo—oo, and

18% in patients 61 and over. In the third and fourth weeks, the differences
are no longer present and approximately 2/3rds of the subjects have high

degree delta records when treated 3 times per week.
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TABLE III
Variation in % High Degree Delta EEG Records With Age %

Treatment Period
SuwdM film W£59. £211 lit-.9. k2 $9.213

To DO years (28) h3% 61% 69%

Lil-50 (28) 29%
' W W

31-66 (28)
‘

32% 56% 55%

61+
‘

(18) 18% 50% 80%

5. Pre-Treatment Record Characteristics:
*

Previous reports, summarized by Chusid and Pacella, ($3 noted a

significant relationship between pre—treatment record characteristics
and the degree of induced "abnormality." Predominant alpha rhythm,

"abnormal" (3» or "borderline abnormal" (11) records were more liable
to develop alterations in the EEG than those with predominantly low

voltage fast activity patterns.
In these series of patients, subjects whose pre-treatment record

demonstrated diffuse slow wave activity, spike or spike wave activity
were not included in the statistical analyses. Eight such subjects were

”treated with convulsive technique? and saven of them developed high degrees
of delta activity earlier, and for'more sustained periods, than patients
without such pre-treatment abnormality.

A Specific analysis of the relation between pre—treatment alpha

and the degree of induced delta activity was undertaken, Rank order

* The difference in incidence of high degree records is significant at
.0 between the second and fourth weeks and .051 between the second
and third weeks of treatment in patients over 50 years of age; but is
not significantly different for these periods in groups under 50 years.

WWWM
*7
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correlations of the pre-treatment per cent time alpha in selected leads

(anterior temporalavertex) with the degree of delta activity during the

third and fourth weeks of treatment in h3 patients demonstrated correla-

_tions of +.2u and +.35 reSpectively. The relationship in the fourth
week is significant at the .05 level of confidence; while that in the

third'week fails of significance, although the trend is indicated.

Two aspects of these studies warrant discussion; the significance
of the convulsion in the electroshock process; and the role of serial
electroencephalograms in the rational management and study of convulsive

therapies.
(1) Significance of Convulsions:

In the éfiéggél studies of convulsive therapy numerous authors,

including Kalinowsky 2:". g. (12), and Pacella §_t_ 3;]: (9)7 emphasized both

the clinical and electroenCephalographic'differences between grand mal

and petit mal responses. While grand mal seizures induced clinical improve-

ment in 60 to 80% of cases, petit mal induced changes in less than 25% of

subjects. Similarly, electroencephalograms in grand mal therapy demonstate

delta activity, while in petit mal therapy, no delta activity is seen.
In subsequent years, various subconvulsive, brief stimulus, unidirectional

stimulating, monopolar stimulating, and focal convulsive tedhniques have
been described, and in each, in turn, discarded in routine therapy. Bergman

§t_al, (13b for example, in describing the electroencephalographic effects
of focal seizure techniques noted that 70% of patients had normal records

after 15 such "seizures;”'while 70-75% had "abnormal" records after grandJ
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mal seizures. Ulett gt a;. (1h), in a careful control convulsive-sub-

convulsive study, reported a significant difference in the clinical response
of patients receiving convulsive therapies (60-80%) and those receiving
subconvulsive (33%), or controls (38%). He noted the discrepancy in the

EEG response in the two groups, and emphasized the significance of the

seizure for the therapeutic effect. Recent additional reports by various

observers, based on a variety of data further emphasize the significance,
of the convulsion in the therapeutiC'responSe (1, l5, 16).ffieinstein—endW The evidence thus indicates that convulsions per; se_
are, or reflect, the significant physiologic events which are the basis
fortherapeutic efficacy of convulsive therapies.

If the convulsion is the essential element both in the EEG and in
the behavioral reSponse, does the mode of induction of the seizure play

any role in this reSponse?. In the studies reported here, small differences

in both the degree of EEG delta activity and the rate of its development

were observed between differentxnethods of induction of grand mal seizure.jh/§

Ulett gt a}: (11;) reportedan improvement rate of 57% for the alter-
nating current convulsive technique, and 70% for the phodio-metrazol technique.
While the differences are small, the authors ascribe greater clinical
efficacy to the convulSive photo-metrazol technique. In a discussion of

this repert, Kalinowsky noted that metrazol convulsions have impressed

'various workers as being more efficacious than electrically induced con-

vulsions. More recently, Edualds, (l7) describing a new convulsant drug,
Eh 1090, ascribed to it a clinical results slightly better than electro-
convulsive techniques.

'We have further noted that the convulsions induced by various tech-

niques have varying characteristics of latency, duration, preponderance
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of clonic or tonic phase, apnea, etc. "All grand mal seizures are seemingly

not equivalent; and a seizure is not an "all or none" phenomenon. Different
seizure patterns occur and these may reflect the differences inhphysiologic
effect of the different treatment methodfp Further studies of this problem
‘are in progress.

While this variability in clinical results is reported, it is clear
that with repeated convulsions, no matter how induced, improvement rates
'of 00 - 80% are observed. The differences between various types of treatment

are small, and, for the most part, may benobv1ated byzincreagang the frequency

or number of treatments. we may conclude that convulsive therapy is DOD?

specific with regard to the way the convulsion is induced. The significant
element is the brain change subsequent to the convulsion, and not the agent
used in bringing about this brain change. In previous reports (6, 18, 19)

we have noted that convulsive therapy is also non-specific with regard to
its application in mental illness, and in its clinical and behavioral effects.-
The present studies amplify, therefore, the previous conclusion of the non-

Specificity of convulsive therapies.
2. Role of Electroencephalography in Oonvulsive Therapy:

we have applied methods of quantitative, serial EEG analyses in the
studies reported here. While clinical estimates of behavioral change have

yielded similar data, such evaluations are more dependent on the attitudes
of the observer (20), and less amenable to quantification than the EEG.

Further application of EEG-analyses to other problems in convulsive therapies
provide a rational basis for the comparison of different treatment techniques.

we have previously noted that EEG analysis may be applied in the

clinical management of patients receiving convulsive therapy (6). In patients
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Who fail to show a significant behavioral response on treatment regimens

of three times per week, an electroencephalogrammay serve as a guide

for further therapy. In thise subjects in whom high degree delta activity
has not been induced, increasing treatment frequency, withholding pre-
medication, or shifting to a more effective convulsant method, may result
in the neurophysiologic changes. If the degree of delta‘activity is high
and sustained for a number of weeks, other factora',as personality (21)

or environment#(18) may be assumed to preclude a satisfactory behavioral

reSponse, even when the neurophysiologic substrate is assured; and further
convulsive therapy may well be discontinued. A similar application has

been suggested by Roth (3) for thiopental activated EEG records.
The successful application of quantitative EEG techniques to

convulsive therapies, has led to their application to other physiodynamic
therapies. Recent reports from these laboratories note a similar application
for the rational management and understanding of psychopharmacologic agents

(19).
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Reprinted from Diseases of the Nervous System, Vol. XIX, No. 5, May 1958.

Electroencephalographic Correlates of the
Electroshock Process

MAX FINK, M.D., and MARTIN A. GREEN, M.D.
In the course of an evaluation of the role of a1-

tered brain function in the electroshock process, the
relation between electroencephalographic change
and behavioral response has been re—assessed.

Subjects and Method:
Eighty consecutive electroshock patients have

been studied. All patients received electroenceph-
alograms before treatment, on a day after a treat-
ment at weekly intervals during, and following the
course of therapy until the records had achieved
their pre-treatment characteristics. Treatment pro-
cedures varied, including unidirectional and alter—
nating current electroshock, and subconvulsive tech-
nics with Pentothal premedication. Treatment was
usually instituted at three times per week for 12 to
20 treatments. Patients who failed to develop a clini-
cal response, or EEG changes of significant degree,
Were subsequently treated at 5 to 10 times per week.
The EEG records were classified for degree of

delta activity into “high,” “middle” and “low” de-
gree delta records using the following indices: the
percent-time delta; highest percent-time delta in
any lead; slowest wave in the record; highest ampli—
tude of delta; and duration of burst activity. (Arch.
Neurol. & Psychiat., 78: 516-525, 1957.)
Evaluations of change in behavior were made by

the supervising psychiatrist at the height of the

Read at the meeting of Eastern Psychiatric Re-
search Association, Inc., held Feb. 6, 1958.

electroshock effect; and ratings of improvement
were made two to three weeks following the ter-
mination of therapy.
Results:
1) The appearance of a high degree EEG delta

activity during the second and third weeks of treat-
ment was significantly correlated with change in
behavior and ratings of improvement.
3) High EEG delta activity was induced in pa-

tients receiving convulsive electroshock only, and
was not observed in subconvulsive therapy.
3) Alternating current instruments induced high

degree EEG delta activity earlier than unidirectional
instruments, but by the 4th week of treatment, the
differences were eliminated.
4) There was a direct relation between the degree

of EEG delta activity and the frequency of treat-
ment; and an inverse relationship to age.
Conclusion:
1) There is a relationship between the degree of

EEG delta activity in the EEG and clinical change
in behavior. -

2) The time of the appearance of EEG delta ac-
tivity and its persistence is related to:
a) induction of grand mal seizures;
b) type of current employed;
0) frequency of treatment; and
d) age of the patient.
3) Early and sustained high degree electroen-

cephalographic delta activity is a necessary, though
not sufficient, pre-requisite for improvement in the
electroshock process.
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