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Quantitative Studies of Slow Wave Activity

Max !'ink, M.D,
Robert L. Kahn, Ph.D.
Hillside Hospital, Glen Oaks, New York

Despite repeated attempts, correlations between slow wave activity ine
duced by electroshock and subsequent therapeutic outcome have been unsuccessful.
However, ecertain conclusions are warranted from previous studies (1), Electroe
shock therapy induces alterations in the electroencephalogram in all subjects,
Three patterns are generally described: 1) slowing of the alpha frequencies
2) the appearance of random, symmetriec slow wave activity, generally of high
voltage which may appear as burst activity; and 3) diminution of beta frequene
cies in rmate and amplitude, There is a direct relation between the degree of
these changes, and the number and frequency of treatments. In many subjects
a saturation point of change is described, which can be maintained by further
treatment, but which is apparently not increased. Such induced electroencephal-
ographic changes are reversible. The rate of return of the cerebral pattemns
to the pretreatment levels is generally 1 to L weeks, depending directly on the
number, frequency and the type of treatment.

Another area of agreement among the cited authors is the lack of direct
relationship between degree of manifest memory loss and confusion and the
degree of electroencephalographic abnormality. Cases are described of severe
memory changes with few treatments and without significant electroencephalographic
change; and also of severe changes in cerebral rhythms without manifest c¢linical
confusion of memory impairment, In these reports, it is stated that such ore
ganic confusion also correlates poorly with clinical results.
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Two studies, however, may be cited as noting a correlation between
electroencephalographic changes and clinical improvement. Hoagland, Malamud,
Kaufman and Pincus in their 1946 study of involutional women (2) reported a
relation between changes in their clinical rating scale and the perwcent
time more than 13 cycles per second activity. As the disturbed behavior be-
came more manifest, the fast activity increased., As treatment induced behaviore
al improvement, such fast activity diminished. With recurrence of symptoms,
there was an increage in the § time 13 cycles per second activity.

More recently, Roth (3) described a relationship between thiopentone
induced EEG changes and the recovery process. Roth noted that slow wave acte
ivityas seen in a routine post-shock record was irregular in appearance, and
he confirmed the reports that it could not be satisfactorily related to ime
provement, However, by administering an intravenous solution of the thiopen=
tone, he elicited characteristic changes in the EEG after electroshock in every
subjects BEarly, there was random irregular slow wave activity, which increased
with more treatment to a highly rhythmic, bilaterally synchronous, high ampe
litude delta runs and bursts. These were chiefly 2-3 cycles per second, with
voltages of 200-350 microvolts and continuous durations of 30-80 seconds. When
the resting record evinced rhythmic delta activity, thiopentone increased its
voltage and duration, spread its area, and decreased its basic frequency. Roth
believed that these changes were related to the process of recovery, and he
concluded: "The development of a typical EEG change does not ensure recovery
and 10 of the 36 patients who attained such a change failed to remit for longer
than two weeks. But transient improvement in clinical condition secemed to be
related to the EEG change even in these patients., If we are correct in connect-
ing the EEG changes with the therapeutic effect it would seem, since most of the
patients develop typical changes, that the physiological basis for improvement
is acquired by the majority of casesy it may or may not prove effective in proe
moting recovery,."
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While these two studies demonstrate a relationship between clinical result
and EEG abnormality, the majority of reports fail to do so. It is not likaly
that this discrepancy is the result of different populations, but rather, the
differences in methods of evaluating improvement, the time of evaluation, and
differences in estimating changes in eerebral function.

In the course of studies of altered brain function induced by electro-
shock at the Hillside Hospital in New York, further data on the relationship
between EEG changes and clinical effects of electroshock were collected. The
general results of previous investigations on the alterations in the EEG with
electroshock were confirmed, but also, a definite relationship between EEG
effects and the clinieal result was demonstrated, Three foci are presented
today:

(1) The EFG pattemns following electroshock and their relation to ime

provement,

(2) The intercorrelations of different quantifications of delta activity.

(3) The relation of these observations to a theory of eleectroshock action.
SUBJECTS AND METHOD: Twenty-four consecutive patients referred for electro-

shock were studied, Electroencephalograms were done
prior to treatment, at weekly intervals during treatment and after treatment.
An 8 channel Medcraft instrument, needle electrodes, and bipolar recording
was useds Hyperventilation was the only activation technic utilized. During
treatment, records were taken the day after, generally 25 to 31 hours after
treatment,

The treatments were administered by the staff psychiatriste, using a
Reiter C L7 electrostimlator, Treatment schedules were three times a week;
and the number of treatments varied from 9 to 33. As patients showed clinical
improvement, the psychiatrist tended to give fewer treatments, and more widely
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spaceds, There were 15 women and 9 men in the series, and ages ranged from 2k
to 68 with 2 median of 47.
EVALUATION OF CLINICAL RESPONSE: All the patients were observed for at least
eitht weeks after termination of therapy.
The patient's response to electroshock was determined on the basis of the
resident psychiatrist's impression, staff opinion, the nurse's notes and the
clinical evaluation of the supervisor in charge of eleetroshock, The patients
were divided into three groups = mrl&d:\: improved, moderately improved and
unimproved,

A. HMarkedly Improved: The 1l cases in this group were regarded as
showing recovery or marked improvement, These patients no longer showed the
symptoms which brought them inte the hospitals their doctor felt they were
bettery and the nurses! notes confimmed such aspects as being able to sleep
without medication, better appetite, and improved capacity to get along with
the other patients and participate in hospital activities.

B. Moderstely Improved: The six patients in this group showed some
improvement but continued to manifest indications 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, Fach patient continued to show some noticable 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 noticable or who showed only equivocal or transe
ient improvement. Some showed fluctuations in behavior, at times appearing
somewhal improved., But the changes were not sustained, so that by the end of
treatment, they appeared much as they did before.
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We are aware of the difficuliies in evaluating improvement, Others might
have differed in the estimates of change in these patients, In any case, by
using this threefold classification, the differences between the first and third
groups will be distinct.

EVALUATION OF EFG RECORDS: A total of 160 records were obtained in these sub=
Jects, Following the suggestion of Strauss (L), the
delta index was determined for three lead combinations (frontaleparietal,

anterior temporal - vertex, and parictal-ear lobe) for 180 seconds of recording
for each lead. The delta index is defined as the per-cent time oceupied by
waves of 7 eps or slower., The average delta-index for the three leads, .and the
highest delta index in any lead were the indices used in the final tabulation.

Simultaneously, the record was scanned for the slowest frequency idene
tified at least twice in any lead; the highest voltage of any delta wave; and
the duration of the longest burst,

On the basis of these five indices of slow wave activity the records
were placed in a rank order from the greatest abnormality to the lowest. The
160 records were then divided into 3 groupe = i.e. upper third= high degree EEG
abnormality, and lowest third = low degree abnormality,

RESULTS: 1. Our results show a positive correlation between early high degree
EEG abnormality and improvement., These relationships are demonstrated
in Slide I.

By utilizing these quantifications of slow wave abnormality induced by
electroshock, we conclude that such EiG abnormality induced in the first 3 weeks
of treatment is an essential pre-requisite for the short term favorsble clinical
response.,

2, What relationships exist between each of the indices, first with the
clinical response, and then amongst each other? ‘
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Similar analyses of the relation of each of the indices and clinical result
showed identical curves to the group curve shown before, Slide 2 shmm the
relation of the delta index to improvement. The mean index in the much improved
group jumps to 52% by the 7-9 treatment; while the moderately improved and une
improved proups show a gradual, slow increase to 10-20% by the 10«12 treatment.

A similar set of curves is demonstrated in slide 3 for the mean highest
percent time delta in one lead,

In the next slide the mean slowest frequency is recorded, and this, too,
shows the same significant relationships. While the much improved patients
show delta waves down to 3 cps or less by the second week of treatment, the
other two groups rarely reach L eps by the fourth week of treatment.

Slide 5 shows the same comlu‘i;im for the mean highest amplitude, the
much improved group show higher voltages by the second week and by the fourth
week the differences are persistent for all three groups.

Finally, slide 6 shows the mean duration of bursts. The records of the
much improved patients show longer bursts, averaging more than 7 seconds by
the third week of treatment, Bursts are less frequent in the unimproved and
moderately improved groups and are significantly shorter in duration. Not noted
here, however, is the factor of regularity of bursts. In the longer bursts, wave
forms fmqmﬂ.y were more regular in frequency and amplitude, than in the other
two groups,

These studies may be interpreted as demonstrating that each of these meas-
ures of slow wave activity arise from the same physiological process, and assume
the same simmificance in relation to the disturbances in cerebral function ine
duced by electroshock,

3. Finally, can these alterations in the EEG be correlated with other &se
pects of cerebral function which may have been altered by electroshock? In
these studies, three other indices of cerebral function were assayed - the amytal



improvement following electroshock is the result of the creation in the patient
of a milieu of altered brain function in which new patterns of adaptation, parte
icularly those of denial, may be maintained, These EEG studies demonstrate
that an altered milieu of cerebral function as measured by delte abnormality is
a pre-requisite for improvement. To this extent the first part of the Weinsteine
Kahn hypothesis is supported.

Secondly, these studies point to the validity of quantitative EEG studies
for the elucidation of mechanisms of behavior.
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Quantitative Studies of Slow Wave Activity
Following Electroshock

Despite repeated attempts, correlations between slow wave activity induced
by electroshock and subsequent therapeutic outcome have been unsuccessful, Cere
tain conclusions from previous studies are warrented, however, All patients sub=
Jected to electroshock therapy suffer alterations in the electroencephalographic
patterns, Three pattems are renerally described as 1) the slowing of the alpha
frequencies; 2) the appearance of random, symmetric slow wave activity, generally
of high voltage which progresses to burst activity; the 3) deminution of beta
frequencies in rate and amplitude, There is a direct relation between the degree
of these changes, and the number and frequency of treatments, In many subjects a
saturation point of change is descriﬁod, which can be maintained by further treat-
ment, but which, seemingly, is not increased, Alaé, such electroencephalographic
changes are reversible, The rate of return of the cerebral patterns to the pre~'
treatment levels is generally 1 to L weeks, depending directly again on the number,
frequency and the type of treatment,

Another area of agreement among the cited authors is the lack of direct relatione
ship between degree of manifest memory loss and confusion and the degree of electe
roencephalographic abnormality, Cases are cited of severe memory changes with
few treatments and without significant electroencephalographic change; and
also-of sevare chanses in cerebral rhythms without manifest clinical cone
fusion or memory impairment, In these reports, emphasis is requently"
latﬁ on such orpganic confusion also correlating poorly with clinical

resul is,
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Two studies, however, may be cited which noted a correlation between
Electroencephalographic changes and clinical improvement, Hoagland, Male
amud, Kaufman and Pesecus in this 1946 study of involutional women -(changes
in the electroencephalogram and in the excretion of 17 ketostercids accom=
panying electroshock therapy of agitated depression, Psychosom, Med. 8:
21i6-251, 1946), reported a relation between changes in their clinical
rating scale and the per cent time 13 cps activity as the disturbed be-
havior became more manifest, the 13 eps activity increased. So treatmeht
induced behavioural improvement, 13 cps activity diminished, With recurrence
of symptoms, there was an increase in the % time 13 cps activity,

More recently, Roth (changes in the EEG under Barbiturate Anesthesia
Produced by Electroconvulsive Treatment and Their Significance for the
Theory of ECT action, EEG and Clin, Neurophys, 3t 261-280, 1951) described
a series of studies in which a relationship between t.héopcntono induced
EEC changes and the recovery process was elicited, Roth noted that slow
wave activity as seen in a routine record was irregular in appearance,
and he confimmed the reports that it could not be satisfactorily related
to improvement, By administering an intravenous solution of a barbiturate
throperitone, Roth elicited characteristic changes in the LEG after electro-
shock in every subject, Early there was random irregular slow wave activity,
which, with more treatment, increased to a highly rhythmic, bilaterally
synchronous, high amplitude delta runs and bursts, These were chiefly
2-3 cps, with voltages of 200-350 uv and continuous durations of 30-80
seconds, When th#® resting record evinced rhythmic delta activity, th‘lo-
pentone increased its voltage and duration, spread its area, and decreased
its basic frequency, Roth believed that these changu were related to the
process of recovery, although, %he concluded: " However, the development of
a typical EEG change does :iot ensure recovery and 10 of the 36 patients who
atteined such a change failed to remit for longer than two weeks, Bub
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transient improvement in clinical condition seemed to be related to the
EEG change even in these patients, If we are correct in connecting the
EEG changes with the therapeutic effect it would seem, sirce most of the
patients cdevelop typical changes, that the physiological basis for ime
provement is acquired by the majority of cases; it may or may not prove
éffective in promoting recovery,"
In the course of studies of altered brain function induced by electro-
shock at the Hillside Hospital in New York, further data on the relatione .
ships between !ECG changes and clinical effects of electroshock were collected.
The general results of pﬁvioua investigations on the alterations in the
EEG with electroshock were confirmed, but also, a definite relationship -
between EE“ effects and the clinical result was Jemonstrated, Three foeci
are presented today:
(1) The uEC patterns following electroshock and their relation to
improvement.,
(2) The intercorrelations of different quantifications of delta
activity, v
(3) The mhtion of these observations to a theory of electroshock
_action, :

SUBJECTS AND METHOD: Twenty-four consecutive patients referred for electro-

shock were studied, Electroencephalograms were done
prior Lo treatment, An 8 channel Mederaft instrument , needle electrodes,
and bipolar recording was used, Hyperventilation was the only activation
technic used, During treatment, records were taken on the day after a
treatment, penerelly 25 to 31 hours after treatment,
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See treatments were administered by the staff psychiatrists, using
a Reiter C 47 electrostimulator, Treatment schedules were three times a
week; and the number of treatments varied from 9 to 33. As patients showed
clinical improvement, the psychiatrist tended to give fewer treatments,
and more urdely spaced, There were 15 women and 9 men in the series, and
the ages ranged from 24 to 68 with a median of 47,
EVALUATION OF CLINICAL RESPONSEs All the patients waxﬁ observed for at

least eight weeks after termination of
therapy. The patient's response to electroshock was made on the basis
of the resident psychiatrist's impression, staff opinion, the nurse's
notes and the clinical evaluation of the supervision in charge of electro-
shock, The patients were devided into three groups - markedly improved,
moderately improved and unimproved, as to their short term (1-2 menths)
response to electroshock,

A, Markedly Improved: The 11 cases in this group were regarded as
showing recovery or marked improvement, These patients no longer showed
the symptoms which brought them into the hospital; 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 the other patients and participate in hospital activities,

B, Moderately Improved: The six patients in this group showed
some improvement but continued to manifest indications of mental illness,
These patients typically showed symptomatic relief, ie,, acute depressive
features nﬂght be gone, but the dramatic change so evident in the first
group was not apparent, Bach patient continued to show some noticable
disturbance such as obnssiénal thinking, parancid ideas, or somatic
preoccupation,



Co Minimally or Unimproved: In this group were placed seven patients
in whom change was not clearly noticable or who showed only equivocal or

transient improvement, Some showed fluctuations in behavior, at times appearing
somewhat improved, But the change was not sustained, so that by the end
of treatment, they appeared much as they did before,

We are aware of the difficulties in evaluating improvement, Others
might have differed in the estimates of change in these patients, In any
case, by using this threefold classification, the differences between the
first and third groups will be distinct,

ZVALUATION OF EEC RECORDS: A total of 160 records were obtained in these

subjects, Following the suggestion of Dr, Hans
Strauss (Clinical and Electroencephalographic Studies - Correlations of
Mentel, Electroencephalographic and Anatomice Changes in Cases with Urganie
Brain Disease, Am, J, Psychiat, 101: L4250, 194L), the delta index was
determined for three leads (frontal-parietal, anterior temporal, vertex,
and parietal-ear lobe) for 180 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 average delta-index for the three leads, and the highest delta
index in any lead were ten indices used in the final tabulation,

Simultaneously, the record was scanned for the slowest frequency
T identified at least twice in any lead; the highest voltage of any
delta wave; and the furation of the longest burst, %er aspects record-
ed, but not used in the final evaluation, were the regularity of burst acte
ivity, alowing of alpha activity; and the degree frequencies and amplitude
of fas% activities, These indices did not lend themselves to statistical
study; and were not identifiable in all the records, Fast activities were
readily altered by the clinical administration of barbiturates, As this



medication could not be controlled our evaluations of fast activity followe
ing electroshock are not satisfactory, and the results of Hoagland &t al,
have not been subjected to study here.

On the basis of the few indices of slow wave activity used, - i.e.,
the average delta index, the highest delta index, the slowest bursts -
the records were placed in a rank order from the greatest abnormality o
the lowest, The 160 records were then divided into 3 groups - ie.e upper
third = high degree EEG abnormality and lowest third = Low degree abnormal-
ity.
RESULTS:

1, What is the correlation between high ddgree EEG abnormality

and c¢linical evaluation of short term (1-2 month) response to electro-

shock? There was a pdsitivc correlation between early high degree abnormality

xfimy and improvement, Uf the much improved patients, 25% showed a high
degree abnormality after one week of treatment; 80% after two weeks and
over 90% after 3 weeks, In the unimproved patients, however, none had
a high degree abnormality record during the first 3 weeks and only one
had such a record by the fourth week of treatment., The records of the
moderately improved patients fell in between these two groups., These
relationships are demonstrated in Slide I, ‘

Sy ubilizing these quantifications of slow wave abnormality ine
duced by electroshock, we conclude that such EEC abnormality induced
in the first 3 weeks of treatment is essential for the short term clinical
respense,

2, What correlations exist between each of the indices, first with

the clinical response, and then among each other?
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Similar analyses of the relation of each of the indices and clinical
result showed iddntical curves to the group curve shown before, Slide 2 ’
shows the relation of the delta index to improvement. The mean index in
the much improved group jumps to 52% by the 7-9 treatment; while the mode
erately improved and unimproved groups show a gradual, slow increase to
10-20% by the 10-12 treatment, '

A similar set of curves is demonstrated in slide 3 for the mean
highest percent time delta in one lead,

In the next slide the mean slowest frequency is recorded, and this
too shows the same significant relationships, While the much improved
patients show delta waves down to 3 cps or less by the second week of
treatment, the other two groups barely reach L cps by the fourth week of
treatment,

311& 5 shows the same correlations for the mean highest amplitude

The much improved group show higher voltages by the second w-ek and by
the fourth week the differences are persestent for all three groups,

Finally, slide 6 shows the mean duration of bursts, The records
of the much improved patients show longer bursts, averaging more than 7
seconds by the third week of treatment, Bursts are less frequent in the
unimproved and moderately improved groups and are significantly shorter
in duration, Not noted here, also is the faetar or regulousity of vursts,
In the long bursty, wave forms frequently were more regular in frequency
and amplitude, than in the other two groups}

These studies may be interpreted as demonstrating that each of these
measures of slow wave activity arise from the same physiological process,
and aun‘c the same significance in relation to the disturbances in cerebral
funetion indufed by electroshock,
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3. Finally, can these alterations in the IEG be correlated with other
aspects of cerebral funetion which may have been altered by electroshock?
In these studies, three other indices of cerebral function were assayede-
the amytal test of Weinstein and Kahn tests of double simultaneous tactile
stimulation and tests of memory and recall, Of these three indices, only
the amytal test showed a positive correlation with izprovement and with
the EEG, In this test, the subject is interviewed and questions of orient-
ation of intravenous sodium am tal, the.questions are repeated errors in
orientation, confabulation, denial of illness and reduplication are scored
as "positive" amytal test, and are indicative of cerebral dyifunction.
Correct responses to these questions after amytel are a "negative" amye
tal test, .

In the next slide, #7, the percentage positive amytal tests are
compared for each of the three groups, with the number of weeks of treat-
ment, The difference between the much improved and the other two groups
is striking, While every patient in the much improved group had a positive
amytal by the third week of treatment, ence the abnormality persisted;
in thé unimproved groups only one patient had a positive amytal and this
was transient despite continued treatment,

In slide # 8, the co relation between the amytal testing and the
high degree EEG abnormality shows a distinct correlation which is statise
tically significant, '

What of the simultaneous tactile tests and the tests of memory and

recall? These indices showed no correlation with improvement, In this
respect, it can be concluded that there are various types of cerebral dyse
function and that one cannot speak in gross temms of a lark of correlation
between the EEG and cerebral dysfunction or organic psychoses,
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At this point I should like to summarize our findings and express
some thoughts as to their significance for a theory of electroshock action,
There is little doubt that electroshock induces delta abnormality in the
EEG, It is symmetric, chiefly frontal, but with increasing treatment,
spreads to all leads, With increasing treatment thrﬁ'aquancioa became
slower, the amplitudes higher, the burst activity longer and more regular,
While delta abnormality is present in every repord after electroshock, its
degree is variable, Roth's experiment's inducing increasing delta abnomality
with barbiturate are significant in predwbing the later changes induced by
further electroshock, In some subjects however, a high .degrao delta abnor-
mality is not induced despite extensive treatment,

Our correlations of degree of delta abnormality with improvement are
significant for the mechanism of electroshock therapy. An early, sustained
alteration in cerebral function as measured by the EEG, and also by the
amytal test, a e a necessary pre-requisite for improvement, Where such
chan es fail to occur in the EEC (and in the amytal test), shbesd a sig-
nificant clinical improvement will fail to occur in the patient's behavior,
The fact that the correlations were not %nt with memory loss, points
to the possibility that this is not a significant factor in improvement,

In econclusion, these studies lend mors tp a theory of EST
action recently enumerated by Weinstein and one of us (Kahn). These
authors poatmud that improvement following electroshock is the result
of the creation in the patient of a miliou of altered brain function in
which new p&ttéma of adaptation, rarticulorly those of denial, may be maine
tained, There EEG studies demonstrate that an altered milieu of cerebral
function as measured by delta abnormality is a pre-requisite for improvee
ment, To this extent the first part of the Weinstein-Kahn hypothesis is
supported,



Secondly, these studies point to the significance of quantitative
EEG studies for the elucidation of mechanisms of behavior,
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From: Dr. Max Fink
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Quantitative Studies of Slow Wave Activity Pollowing Electroshock #
Robert L, Kalm, Phe D

In the course of an ivvestigation of altered brain function following
- alestroshosk, varieus measuves of slow vave activity were correlated with altere
ation in behaviowr. Flectrooenc logrems were done on 2h consecutive patients
refered for eloctroshock therapy. Hecords were taken prior to and at weekly
time slow waves ( 7 eps or lese ) for thres given lead combinations (fromtale
paristal, arterior temporalevertex, and paristalesar lebe), the highest perwcemt
time slow wave in any one lead combination, the lowest slow wave Irequency, the
of pereentile scores obtained for each factor, the relative position of each res
cord was dotemined, Those in the upper third of the distributiom were considered
to have high degree atnommality, while those in the lower third were low degree
abnomality. latings of degree of alleration in Lehaviour were uade by the supere
proved," and "unimproved."
(1) A positive correlation between degree of alteration in bee
ients, 25% showed high degree ENG abnomality after one week of treatuent, 80%
after two woeks and over 90% aftor three wooks, In the unimproved patients, howe
every, none had a high degree abmormality record during the firet dhwee weeks and




<

aly one had such & record by the fourth week of treatment,

(2) Analyzing the relation of altered behaviour to each of the
measures of vlow vave activity, denenstrates a positive correlation for each
index,

(3) Each of the indices of slow wave activity were significantly
correlated with each other,
The significanco of these observeticns for electroshock thorapy, and the
validity of these indices in electroshock sbuties will be diseussed,

# From the Research Service, iillside Hospital, Glen Oaks, New York
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Quantitative Studies of Slow Wave Activity

Following Electroshock

Hax Fink, M.DQ
Robert L. Kahn, Ph,D.

Hillside Hospital, Glen Oaks, New York

Despite repeated attempts correlations between slow wave activity induced
by electroshock and subsequent therapeutic out.cog\e have been unsuccessful, Howe

ever, certain conclus:.ons“'from previous stud:x.esf re V&@ Al}-patientssub-
rarderteq Sl
jeebed—bo ELectroshock therapy suffer alterations in the electroencephalogram.,<- atk
p,(,uff & .

7 Three pattems are generally described:ss 1) e slowing of the alpha frequen-

cies; 2) the appearance of random, symmetric slow wave activity, generally of
A AO
high voltage which prdg-lz;soa e burst activity; and 3) diminution of beta fre-
quencies in rate and amplitude. There is a direct relation between the degree
of these changes, and the number and frequency of treatments. In many subjects
a saturation point of change is described, which can be maintained by further
Affotewn "%y Awdercrd
treatment, but which Seemiwglss is not increased., -Ad=m, Such electroencephal—
ographic changes are reversible. The rate of return of the cerebral patterns to
the pretreatment levels is generally 1 to L weeks\;ﬁ/@ending directly agess on
the number, frequency and the type of treatment.
Another area of agreement among the cited authors is the lack of direct re-
lationship between degree of manifest memory loss and confusion and the degree
: : oF
of electroencephalographic abnomality. Cases are described ,Severe memory changes
with few treatments and without significant electroencephalographic change; and
also of severe changes in cerebral rhythms without manifest clinical confusion
i+ c4aTED ol

or memory impairment, In these reports, émphesis is frequemtdy iaid ®wm such

organic confusion also correla& poorly with clinical results,

s

Presented at the Eastern E E G Society, Bethedda, — Septembee 30, 1956
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Two studies, however, may be cited as noting a correlation between Electro-
f >
encephalographic changes and clinical improvement. Hoagland, Malamud, Kaufman
A (2
and Pincus in their 1946 study of involutional women - {changes-in-the electro-

15-19H6) reported a

relation between changes in their clinical rating scale and the per-cent time

more than 13%1;- activity., As the disturbed behavior became more manifest, the
% activity increased., As treatment induced behavi@ral improvenment, -k3epe W.Z,

activity diminished. With recurrence of symptoms, there was an increase in the

o 4
% time 13 %G @%ivm —
3) Moaler

More recently, Hoth {Changes—in—the-EEG-underBarbiturate Anesthesia—Pro=
-duced by - -and-Their Pignificanee-forthe Theory of
~ECT-actiony-EEG-and-Cliny Neurophyse-3:-261w280,-1951)- described a relationship

between 'bh;opentone induced EEG changes and the recovery process. Roth noted

that slow wave activity as seen in a routine post-shock record was irregular in
appearance, and he confirmed the reports that it could not be satisfactorily
related té improvement., However, by administering an intravenous solution of

the besesprreaie thiopefn{tone, he elicited characteristic changes in the EEG after
electroshock in every subject. Earlylthere was random irregular slow wave acte

ivity, which;,Cth more treatmentl increased to a highly rhythmic, bilaterally

synchronous, high amplitude delta runs and bursts, These were chiefly 2-3 my ,au el
MmitRovolts
with voltages of 200-350 m¥ and continuous durations of 30-80 seconds, When

the resting record evinced rhythmic delta activity, thiopentone increased its
voltage and duration, spread its area, and decreased its basic frequency. Roth

believed that these changes were related to the process of recovery, and



he concluded: "The development of a typical EEG change does not ensure recovery
and 10 of the 36 patients who attained such a change failed toremit for longer
than two weeks. But transient improvement in clinical condition seemed to be
related to the EEG change even in these patients. If we are correct in connecte
ing the EEG changes with the therapeutic effect it would seem, since most of the
patients develop typical changes, that the physiological basis for improvement
is acquired by the majority of cases; it may or may not prove effective in pro-
moting recovery."

While these two 'studies:demonstrate a relationship between clinical result
and EEG abnormality, the majority of reports fail to do so. It is not likely
that this discrepancy is the result of different populations, but rather, the
differences in methods of evaluating improvement, the time of evaluation, and
differences in estimating changes in cerebral function,

In the course of s tudies of altered brain function induced by electroshock
at the Hillside Hospital in New York, further data on the relationship#d be=
tween EEG changes and clinical effects of electroshock were collected, The
general results of previous investigations on the alterations in the EEG with
electroshock were confirmed, but also, a definite relationship between EEG
effects and the clinical result was demonstrated, Three foci are presented
today:

(1) The EEG patterns following electroshock and their relation to improvement,

(2) The intercorrelations of different quantifications of delta activity.

(3) Athe relation of these observations to a theory of electroshock action.

SUBJECTS AND METHOD: Twenty-four consecutive patients referred for electroshock

were studied, Electroencephalograms were done prior to

treatment, at weekly intervals during treatment and after treatment., An 8 channel
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but the dramatic change so evident in the first group was not apparent. Each
patient continued to show some noticable disturbance such as obsessional thinke
ing, paranoid ideas, or somatic preoccupation,

C. Minimally or Unimproved: In this group were placed seven patients in

whom change was not clearly noticable or who showed only equivocal or transient
improvement. Some showed fluctuations in behavior, at times appearing somewhat
improved. But the changes were not sustained, so that by the end of treatment,
they appeared much as they did before.

We are aware of the difficulties in evaluating improvement., Others might
have differed in the estimates of change in these patients. In any case, by
using this threefold classification, the differences between the first and
third groups will be distinct.

EVALUATION OF EEG RECORDS: A total of 160 records were obtained in these sube-

jects., Following the suggestion of Dmgmilewms Strauss (4’>
{6linical and Llectroencephalographie Studies = Correlations-of Mental, Eleetro-
“Cases with Organic Brain Disease, Ams
~JoPoychiats-101e-42=505-194ir), the delta index was determined for three lead

combinations (frontal-parietal, anterior temporal - vertex, and parietal-ear
lobe) for 180 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 average delta-
index for the three leads, and the highest delta index in any lead were the
indices used in the final tabulation,

Simultaneously, the record was scanned for the slowest frequency identified
at least twice in any lead; the highest voltage of any delta wave; and the dur-

ation of the longest burst.
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Medcratt instrument, needle electrodes, and bipolar recording was used., Hyper=
ventidation was the only activation technic utilized. During treatment s Tecords
were taken the day after, generally 25 to 31 hours after treatment.

The treatments were administered by the staff psychiatrists, using a Reiter
C L7 electrostimulator. Treatment schedules were three times a week; and the
number of treatments varied from 9 to 33. As patients showed clinical improve-
ment, the psychiatrist tended to give fewer treatments, and more widely.f"lspaced.
There were 15 women and 9 men in the series, and ages ranged from 2l to 68 with
a median of L7.

EVALUATION OF CLINICAL RESPONSEs A}l the patients were observed for at least

eight weeks after termination of therapy.
The patient's response to electroshock was determined on the basis of the rese
ident psychiatrist's impression, staff opinion, the nurse's notes and the cline
ical evaluation of the supervisor in charge of electroshock. The patients were
divided into three groups - markedly improved, moderately improved and unimproved.,
A, Markedly Improved: The 11 cases in this group were regarded as showing

recovery or marked improvement. These patients no longer showed the symptoms
which brought them into the hospitalj their doctors felt they were better; and
the nurses' notes confimmed such aspects as being able to sleep without medic-
ation, better appetite, and improved capacity to get along with the other pate
ients and participate in hospital activities.

B. Moderately Improved: The six patients in this group showed some improve=

ment but continued to manifest indications of mental illness, These patients

typically showed symptomatic relief, ie., acute depressive features might be gone,
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On the basis of these five indices of slow wave activity the records were
placed in a rank order from the greateétabnonnality to the lowest. The 160 re=-
cords were then divided into 3 groups --ééf:uﬂ%r third = high degree EEG abnorm-
ality) and lowest third -%w degree abnommality.

RESULTS:1.0ur results show a positive correlation between early high degree EEG
abnormality and improvement, These relationships are demonstrated in
Slide I.

‘By utilizing these quantifications of slow wave abnormality induced by electro-
shock, we conclude that such EEG abnormality induced in the first 3 weeks of
treatment is an essential pre-requisite for the short term favorable clinical
response.,

2, What relationships exist between each of the indices, first with the
clinical response, and then amongst each other?

t//Similar analyses of the relation of each of the indices and clinical result
showed identical curves to the group curve shown before. Slide 2 shows the
relation of the delta index to improvement. The mean index in the much ime
proved group jumps to 52% by the 7-9 treatment; while the moderately improved
and unimproved groups show a gradual, slow increase to 10-20% by the 1012
treatment,

A similar set of curves id demonstrated in slide 3 for the mean highest
percent time delta in one lead.

In the next slide the mean slowest frequency is recorded, and thig‘tbq
shows the same significant relationships. While the much improved patients
show delta waves down to 3 cps or less by the second week of treatment, an&‘ffé
other two groups s;rely reach 4 cps by the fourth week of treatment,

Slide 5 shows the same correlations for the mean highest amplitude, the
much improved group show higher voltages by the second week and by the fourth

week the differences are persistent for all three groups.
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Finally, slide 6 shows the mean duration of bursts., The records of the
much improved patients show longer bursts, averaging more than 7 seconds by the
third week of treatment. Bursts are less frequent in the unimproved and mod=
erately improved groups and are significantly shorter in duration. Not noted
here, however, is the factor of regularity of bursts. In the longer bursts,
wave forms frequently were more regular in frequency and amplitude, than in the
other two groups,

These studies may be interpreted as demonstrating that each of these measures
of slow wave activity arise from the same physiological process, and assume the
same significance in relation to the disturbances in cerebral function induced
by electroshock,

3. Finally, can these alterations in the EEG be correlated with other ase
pects of cerebral function which may have been altered by electroshock? In
these studies, three other indices of cerebral function were assayed = the
amytal Eest of Weinstein and Kahg?vtests of double simultaneous tactile stim-
ulatiob! and tests of memory and recalfz) Of these three indices, only the
amytal test showed a positive correlation with improvement and with the EEG.
These results were presented recently at the American Psychiatric Association
and we will forgo a discussion at this time, <

e s

Mmey :
It.hn:Z suffice that the next slide, # 7 demonstrates the correlation be-
tween thevamytal testimg and the iwh degreengG abnormality, this shows

a distinct relationship between the two factors.

At this point I should like to summarize our findings and express some
thoughts as to their significance for a theory of electroshock action. There
is little doubt that electroshock induces delta abnormality in the EEG, It is
symmetrie, chiefly frontal, but with increasing treatment, spreads to all leads.
With increasing treatment the frequencies became slower, the amplitudes higher,
the burst activity longer and more regular., While delta abnomality is present

in every record after electroshock, its degree is variable., Roth's experiment's



inducing increasing delta abnormality with barbiturate are significant in pre-
dicting the later changes induced by further electroshock. In some sub jects
however, a high degree delta abnmormality is not induced despite extensive
treatment.

Our correlations of degree of delta abnormality with improvement are also
significant for the theory of the mechanism of electroshock. An early, sus=-
tained alteration in cerebral function as mégsured by the EEG, and also by the
amytal test, appears to be a necessary pre-requisite for improvement. Where
such changes fail to occur in the EEG (and in the amytal test), thef‘ asmaton-

'Sl%r\ificant clinical improvement will fail to occur in the patient's behavior. The
fact that the correlations were not evident with memory loss, points to the
possibility that this is not a significant factor in improvement.

In conclusion, these studies lend support fo a theory of EST action recently
enumerated by Weinstein and one of us (Kahn){f These authors postulated that
improvement following electroshock is the result of the creation in the patient
of a milieu of altered brain function in which new patterns of adaptation, parte-
icularly those of denial, may be maintained. These EEG studies demonstrate
that an altered milieu of cerebral function as measured by delta abnormality
is a pre-requisite for improvement. To this extent the first part of thﬁ'Wein-
stein-Kahn hypothesis is supported.

Secondly, these studies point to the validity of quantitative EEG studies for

the elucidation of mechanisms of behavior,
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September 21, 1955

MEMORANDUM
TO: Dr, Joseph S. A, Miller
FROM: Dr, Max Fink

(1) our paper entitled "Quantitative Studies of Slow Wave Activity
Following “lectroshock" will be presented at the Eastern EEG meeting at
Bethesda, Friday September 30th.

(2) May I have permission for Dr. Kahn (the co-author) and myself to

attend the sessions of the society?
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attend the sessions of the soclety?
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Quantitative Studies of Slow Wave Activity

Following Electroshock

Max Fink, MJD.
Robert Lo Ka.hn, PhoD.

Hillside Hospital, Glen Oaks, New York

Despite repeated attempts, correlations between slow wave activity in-
duced by electroshock and subsequent therapeutic outcome have been unsuccessful.
However, certain conclusions are warranted from previous studies (1). Electro-
shock therapy induces alterations in the electroencephalogram in all subjects.
Three patterns are generally described: 1) slowing of the alpha frequencies;

2) the appearance of random, symmetric slow wave activity, generally of high
voltage which may appear as burst activity; and 3) diminution of beta frequen-
cies in rate and amplitude. There is a direct relation between the degree of
these changes, and the number and frequency of treatments. In many subjects

a saturation point of change is described, which can be maintained by further
treatment, but which is apparently not increased. Such induced electroencephal-
ographic changes are reversible. The rate of return of the cerebral patterns

to the pretreatment levels is generally 1 to L weeks, depending directly on the
number, frequency and the type of treatment.

Another area of agreement among the cited authors is the lack of direct
relationship between degree of manifest memory loss and confusion and the
degree of electroencephalographic abnormelity. Cases are described of severe
memory changes with few treatments and without significant electroencephalographic
change; and also of severe changes in cerebral rhythms without manifest clinical
confusion of memory impairment. In these reports, it is stated that such or=

ganic confusion also correlates poorly with clinical results.

Presented at the Eastern EEG Society, Bethesda, September 30, 1955.
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Two studies, however, may be cited as noting a correlation between
electroencephalographic changes and clinical improvement. Hoagland, Malamud,
Kaufman and Pincus in their 1946 study of involutional women (2) reported a
relation between changes in their clinical rating scale and the per-cent
time more than 13 cycles per second activity. As the disturbed behavior be=
came more manifest, the fast activity increased. As treatment induced behavior-
al improvement, such fast acﬁivity diminished. With recurrence of symptoms,
there was an increase in the % time 13 cycles per second activity.

More recently, Roth (3) described a relationship between thiopentone
induced EEG changes and the recovery process. Roth noted that slow wave acte-
ivityas seen in a routine post-shock record was irregular in appearance, and
he confirmed the reports that it could not be satisfactorily related to im=-
provement. However, by administering an intravenous solution of the thiopen-
tone, he elicited characteristic changes in the EEG after electroshock in every
subject. Early, there was random irregular slow wave activity, which increased
with more treatment to a highly rhythmic, bilaterally synchronous, high amp=-
litude delta runs and bursts. These were chiefly 2-3 cycles per second, with
voltages of 200-350 microvolts and continuous durations of 30-80 seconds. When
the resting record evinced rhythmic delta activity, thiopentone increased its
voltage and duration, spread its area, and decreased its basic frequency. Roth
believed that these changes were related to the process of recovery, and he
concluded: "The development of a typical EEG change does not ensure recovery
and 10 of the 36 patients who attained such a change failed to remit for longer
than two weeks. But transient improvement in clinical condition seemed to be
related to the EEG change even in these patients. If we are correct in connect-
ing the EEG changes with the therapeutic effect it would seem, since most of the
patients develop typical changes, that the physiological basis for improvement
is acquired by the majority of cases; it may or may not prove effective in pro=-

moting recovery."
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While these two studies demonstrate a relationship between clinical result
and EEG abnormality, the majority of reports fail to do so. It is not likely
that this discrepancy is the result of different populations, but rather, the
differences in methods of evaluating improvement, the time of evaluation, and
differences in estimating changes in cerebral function.

In the course of studies of altered brain function induced by electro-
shock at the Hillside Hospital in New York, further data on the relationship
between EEG changes and clinical effects of electroshock were collected. The
general results of previous investigations on the alterations in the EEG with
electroshock were confimed, but also, a definite relationship between EEG
effects and the clinical result was demonstrated. Three foci are presented
today:

(1) The EEG patterns following electroshock and their relation to im-

provement.

(2) The intercorrelations of different quantifications of delta activity.

(3) The relation of these observations to a theory of electroshock action.

SUBJECTS AND METHOD:  Twenty-four consecutive patients referred for electro=-

shock were studied, Electroencephalograms were done
prior to treatment, at weekly intervals during treatment and after treatment.
An 8 channel Mederaft instrument, needle electrodes, and bipolar recording
was used. Hyperventilation was the only activation technic utilized. During
treatment, records were taken the day after, generally 25 to 31 hours after
treatment.

The treatments were administered by the staff psychiatrists, using a

Reiter C L7 electrostimulator. Treatment schedules were three times a week;
and the number of treatments varied from 9 to 33. As patients showed clinical

improvement, the psychiatrist tended to give fewer treatments, and more widely
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spaced. There were 15 women and 9 men in the series, and ages ranged from 24
to 68 with a median of L7.

EVALUATION OF CLINICAL RESPONSE: All the patients were observed for at least

eitht weeks after termination of therapy.
The patient's response to electroshock was determined on the basis of the
resident psychiatrist's impression, staff opinion, the nurse's notes and the
clinical evaluation of the supervisor in charge of electroshock. The patients
were divided into three groups - markedly improved, moderately improved and
unimproved.

A, Markedly Improved: The 1l cases in this group were regarded as

showing recovery or marked improvement. These patients no longer showed the
symptoms which brought them into the hospital; their doctor 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
the other patients and participate in hospital activities,

il

B. Moderately Improved: The six patients in this group showed some

improvement but continued to manifest indications 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. Fach patient continued to show some noticable 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 noticable or who showed only equivocal or trans-
ient improvement. Some showed fluctuations in behavior, at times appearing
somewhat improved. But the changes were not sustained, so that by the end of

treatment, they appeared much as they did before.
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We are aware of the difficulties in evaluating improvement. Others might
have differed in the estimates of change in these patients. In any case, by
using this threefold classification, the differences between the first and third
groups will be distinct.

EVALUATION OF EEG RECORDS: A total of 160 records were obtained in these sub-

Jects. Following the suggestion of Strauss (L), the
delta index was determined for three lead combinations (frontal-parietal,
anterior temporal - vertex, and parietal-ear lobe) for 180 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 average delta-index for the three leads, and the
highest delta index in any lead were the indices used in the final tabulation.

Simultaneously, the record was scanned for the slowest frequency iden-
tified at least twice in any lead; the highest voltage of any delta wave; and
the duration of the longest burst,

On the basis of these five indices of slow wave activity the records
were placed in a rank order from the greatest abnormality to the lowest. The
160 records were then divided into 3 groups = i.e. upper third= high degree EEG
abnormality, and lowest third = low degree abnormality.

RESULTS: 1. Our results show a positive correlation between early high degree
EEG abnormality and improvement., These relationships are demonstrated
in Slide I.

By utilizing these quantifications of slow wave abnormality induced by
electroshock, we conclude that such EEG abnormality induced in the first 3 weeks
of treatment is an essential pre-requisite for the short term favorable clinical
response,

2. What relationships exist between each of the indices, first with the

clinical response, and then amongst each other?



Similar analyses of the relation of each of the indices and clinical result
showed identical curves to the group curve shown before. Slide 2 shows the
relation of the delta index to improvement. The mean index in the much improved
group jumps to 52% by the 7-9 treatment; while the moderately improved and un=-
improved groups show a gradual, slow increase to 10-20% by the 10-12 treatment.

A similar set of curves is demonstrated in slide 3 for the mean highest
percent time delta in one lead.

In the next slide the mean slowest frequency is recorded, and this, too,
shows the same significant relationships. While the much improved patients
show delta waves down to 3 cps or less by the second week of treatment, the
other two groups rarely reach L cps by the fourth week of treatment.

Slide 5 shows the same correlations for the mean highest amplitude, the
much improved group show higher voltages by the second week and by the fourth
week the differences are persistent for all three groups.

Finally, slide 6 shows the mean duration of bursts. The records of the
much improved patients show longer bursts, averaging more than 7 seconds by
the third week of treatment., Bursts are less frequent in the unimproved and
moderately improved groups and are significantly shorter in duration. Not noted
here, however, is the factor of regularity of bursts. In the longer bursts, wave
forms frequently were more regular in frequency and amplitude, than in the other
two groups.

These studies may be interpreted as demonstrating that each of these meas-
ures of slow wave activity arise from the same physiological process, and assume
the same significance in relation to the disturbances in cerebral function in-
duced by electroshock.

3. Finally, can these alterations in the EEG be correlated with other as=-
pects of cerebral function which may have been altered by electroshock? In

these studies, three other indices of cerebral function were assayed - the amytal
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test of Weinstein and Kahn (5), tests of double simultaneous tactile stimulation
(6), and tests of memory and recall (7). Of these three indices, only the amy=-
tal test showed a positive correlation with improvement and with the EEG. These
results were presented recently at the American Psychiatric Association and we
will forgo a discussion at this time. It may suffice that the next slide, # 7,
demonstrates the correlation between the responses on amytal tests and the deg:ee
of EEG abnormality. This graph shows a distinct relationship between the two
factors.

At this point I should like to summarize our findings and express some
thoughts as to their significance for a theory of electroshock action. There
is little doubt that electroshock induces delta abnormality in the EEG. It is
symmetric, chiefly frontal, but with increasing treatment, spreads to all leads.
With increasing treatment the frequencies became slower, the amplitudes higher,
the burst activity longer and more regular. While delta abnormality is present
in every record after electroshock, its degree is variable. Roth's experiment!'s
induecing increasing delta abnormality with barbiturate are significant in pre-
dicting the later changes induced by further electroshock. In some subjects
however, a high degree delta abnormality is not induced despite extensive treat-
ment,

Our correlations of degree of delta abnormality with improvement are also
significant for the theory of the mechanism of electroshock. An early, sus-
tained alteration in cerebral function as measured by the EEG, and also by the
amytal test, appears to be a necessary pre-requisite for improvement. Where
such changes fail to occur in the EEG (and in the amytal test), then significant
clinical improvement will fail to occur in the patient's behavior. The fact that
the correlations were not ivident with memory loss, points to the possibility
that this is not a significant factor in improvement.

In conclusion, these studies lend support to‘a fheory of EST action recently

enumerated by Weinstein and one of us (Kahn) (8). These authors postulated that
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improvement following electroshock is the result of the creation in the patient
of a milieu of altered brain function in which new patterns of adaptation, parte
icularly those of denial, may be maintained. These EEG studies demonstrate
that an altered milieu of cerebral function as measured by delta abnormality is
a pre-requisite for improvement. To this extent the first part of the Weinstein-
Kahn hypothesis is supported.

Secondly, these studies point to the validity of quantitative EEG studies

for the elucidation of mechanisms of behavior.
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test of Weinstein and Kahn (5), tests of double simulteneous tactile stimulation
(6)y and tests of memory and recall (7). Of these three indices, only the amy-
tal test showed a positive correlation with improvement and with the EEG, These
results were presented recently at the American Psychiatric Association and we
will forgo a discussion at this time, It may suffice that the next slide, # 7,
demonstrates the correlation between the responses on amytal tests and the degree
of EEC abnormality. This graph shows a distinet relationship between the two
factors.

At this point I should like to summarize our findings and express some
thoughts as to their significance for a theory of electroshock action. There
is little doubt that electroshock induces del'a abnormality in the EEG, It is
symmetric, chiefly frontal, but with increasing treatment, Spreada to all leads,
With increasing treatment the frequencies became slower, the amplitudes higher,
the burst activity longer and more regular, While delta abnormality is present
in every record after electroshock, its degree is variable., Roth's experiment's
indueing increasing delta abmommality with barbiturate are significant in pre-
dicting the later changes induced by further electroshock, In some subjects
however, a high degree delta abnormality is not induced despite extensive treat-

Our correlations of degree of delta abnormality with improvement are also
significant for the theory of the mechanism of eleetroshock. An early, suse
tained alteration in cerebral function as measured by the EEG, and also by the
amytal test, appears to be a necessary pre-requisite for imprevement. 'here
such changes fail to occur in the EEG (and in the amytal test), then significant
clinical improvement will fail to oceur in the patient's behavior, The fact that
the correlations were not ivident with memory loss, points to the possibility
that this is not a significant factor in improvement,

In conclusion, these studies lend support to a theory of EST action recently
enumerated by Weinstein and one of us (Kahn) (8), These authors postulated that



