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Introduction

In recent years there has been a great acceleration
in the degree of skill in medical diagnosis. A part of
this is no doubt due to the accumulated observations of
clinicians. Combining of careful clinical observation
and notations, with confirmation or elucidation at au-
topsy, and, probably more important, experimental research
by which conditions may be rigidly controlled and post
mortem studies can be undertaken at any stage of .a disease
process undoubtedly plays a mgjor role in the\recent ac-
celeration in medical knowledge. A considerable contri-
bution, however, must be ascribed to the developmént of
electrical diagnostic procedures. » |

The usefulness of the electrocardiograph is well es- - .
tablished, as may be attested by its general usage. }Eleg§?o~
diagnosis of nerve lesions by the reactions of degeneration

as determined by galvanic and faradic stimulation is a

standard neurological procedure (1). Impedance measure--
ment as a diagnostic‘procedure is less uniformly accepted
as to its usefulness (2, 3, & 4). Of all the standard

diagnostic procedures which employ changes in electrical
activity of tissue, the newest, the electroencephalogram,
is perhaps the most interesting because of the complex

structure it fepresents. The complexity of the structure




combined with the complexity of the recording apparatus
has been a deterrent factor in its more general under-
standing.

Besides the attempt to evaluate the usefulness of
the electroencephalogram, it is the purpose of this
paper to attempt to simplify it both from the standpoint
of principles of recording and the functional processes
which these recordings represent. In order to do so
most effectively, rigid restriction of material to clini-
cal studies is impossible. A more fundamental under-.
standing of the nature of biolectrical phenomena seems
an essential to the interpretation of clinical studies.
On the other hand an elaborate and technical presentea-~
tion of the electrical principlég involved would defeat
the attempt at simplification. The introduction of
elaborate circuits, meaningless to anyone unfamiliar
with electrical symbols, and the presentation of com~
plex mathematical formulae to express simple relation-
ships have confused many not thoroughly grounded in such
matters and made further perusal of the subject unattrac-
tive. Technical presentations are undoubtedly necessary
to those who are investigating such phases of the subject.

In an attempt to present the subject in its simplest
form, references to several related subjects have been
utilized. Animal experimentation will be referred to

vherever it is felt to be of possible usefulness in a



better understanding. A special section related to the
physiological basis will be undertaken. The references
to other fields will serve the same purpose. The basic
mechanisms opéi'ating to produce potentials in other ac-
tive tissue have been investigated over a much longer
period of time, and the presentation of pertinent points
may serve a very useful end. -

It is hoped that this presentation will be. success-
ful in bridging the gap between thé specialty. which: it~
represents and the general physician interested in its
practicability.

s



History

Volta corrected the misconception developed by
Galvani as to the electrical reaction of frog muscle.
He showed that the convulsion produced when a frog's
muscle was touched by two dissimilar metals was a mani-
festation of the reaction of the animal to electricity
produced by the metals and not due to electricity pro-
duced by the animal. The original conception thrived,
however, with such speculation as to the nucleus of
life processes being an electrical humor, etc., until
relatively recent times (5). )

Du Bois Reymond (1843) probably recorded the first
potentials produced by animal tissue (6). By means of
a crude galvanometer of the type consisting of a coil of
wire suspended between the poles of a magnet, he was
able to demonstrate that a difference in potential of
about 50 mV existed between the intact skeletal muscle
and the dead, crushed end. He demonstrated that when-
~the muscle was stimulated a decrease by 10 mV in this
potential accompanied the contraction.

A very popular field of investigation, attempts
were soon made to record potentials from practically
every organ of thé body. The first successful record-
ings from the exposed brain were reported by Canton in '
1875 (7). He found that the gray matter was positive

e




to the cut surface. (Note the similarity of these
findings to the findings of Du Bois Reymond on muscle.)-
He found further that stimulation of the retina by light
produced a decrease in the positive potential of the
intact cortex in the occipital lobe. He concluded from
this that there is a negative variation in potential
when any part of the cortex becomes active. Later others
confirmed these findings.

The next step towards the modern study of brain po-
tentials was taken by Neminski in 1913 (8). His contri-
bution is important mainly because he s];xowed for the
first time that potential changes could be recorded -
through the intact skull, for which he is not generally
accredited. This was made possible .by the use of Ein- -
thoven's string galvanometer, a morensensitive instrument
than had been available heretofore.

In 1929 Berger first reported the recording of waves
of a constant pattern from the human skull (9). His
first records were made by the use of steel needles as
electrodes passed through the superficial structures to
the skull, thé same as Neminski. Later he found he
could get the same findings by means of saline-soaked
pads of gauze secured by bandages. Here again progress
followed the application of a more sensitive recording

system. It was the begimming of our knowledge of the




modern electroencephalogram in man. The development of
the various phases of the subject will follow a discus-
sion of the development of recording systems which made
it possible.
Technical Considerations e
\ Electricallyl active tissue such as nerves and all .
types of muscle, skeletal, heart, and smooth muscle, can
now be investigated by rather accurate instruments. Each
type of tissue has characteristics which distinguish it
as to the potentials maintained, the rapidity with which
these potentials fluctuate during activity, and the case
with which these changes mey be provoked; that is, its
irritability. These characteristics limited the study. -
of the respective tissue according to the dévelopment of
apparatus suitable thereto. -
Apparatus.--The development of apparatus suitable -
for EEG studies has been achieved only recently. Du Bois
Reymond was gble 1o measure the action potential of nerve
and muscle since these are rather highj e.g., the action
potential of a nerve trunk mey range from 10 to 30 mV‘,;_;»
and single isolated axons give rise to action potentials
of 10 to 250 mV (10). When it is considered that the N
normal brain waves usually produce a voltage of less than
100 p V when recorded from the scalp, it is readily seen




that their successful study awaited recent developments
in methods of amplification.

Electrodes by which contact is made with active
tissue have evolved from complex to simple types.
Neminski (8) recorded potential changes from the ‘intact
dura and skull and demonstrated their similarity toqu-
tentials recorded from the exposed surface of the brain
by means of steel needles as electrodes. Berger used
this same type of electrode first and then used saline
packs, as mentioned before. As other workers entered
the field other more simple electrodes were developed .
with‘a constant tendency to a reduétion in size and sim-
plicity in application; e.g., Toman (11) uses platinum
foil 4 mm. in diameter secured to the cleaned scalp_by’
collodion. The smaller electrodes give better locali-
zation properties, important in the localization of e
source of abnormel potentials, as will be discussed later.

Only recently have attempts at standard placement
of electrodes been attempted. In early work electrodes
were placed practically anywhere on the scalp, usually
in general reference to frontal, parietal or oceipital
regions (9 & 12). There are now two general methods of
placing electrodes, the monopolar and bipoler. In the
monopolar method the mastoid process or the lobe of the

ear is used as a reference electrode and other electrodes




placed at specific points on the scalp on each side in-
dicate the potential changes developed at that point
relative to the single fixed point. There is some dif~
ference in opinion as to the best point for the reference
electrode. Davis (13) prefers the lobe of the ear to
the mastoid process because she claims to have shown this
point to be less electrically active than a point on the
3calp.

The bipolar method of recording consiste in placing
electrodes at three points as frontal, parietal, and oc-
cipital and determining the electrical variations between
these points; e.g., fronto-parietal, parieto-occiﬁitalx
and fronto-occipital. Four points in a line may be used
instead of the arrangement discussed for bipolar record-
ing. Fig. 1 is taken from diagrams by Davis (13) illus-
trating these placements.

Multiple Menepelar Four Points iz Line Triangle Connection

Fig. l.--Placements on head representing differeﬁi
techniques of recording. The numbers repre-
sent the amplifiers.




Another system of electrode placement ige presented:
by Woltman (14). He uses 5 pairs of electrodes numbered
1l to 10. The odd number of the pair corresponds to the
left side, the even number to the right side of the scalp.
Numbers 1 and 2 are placed in the frontal area, 3 and 4
are prerolandic, 5§ and € are parietal, 7 and 8 are occipi-
tal, and 9 and 10 are temporal in position. Potentials
are recorded in a line from anterior to posterior or be-
tween any two. _

When pathology relative to a particular area is in-
dicated, a more precise localization can be obtained by |
attempting to place the electrodes in éudh a way as to
obtain the highest voltage of the abnormal waves.

Recording Systems.--Instruments used to measure

potential differences between two points are called po-
tentiometers. There are a considerable number of pqssig
bilities as to how these potentials ﬁay be measured. An
adaptation of a movable coil suspended in a magnetic
field was used by early workers. The current produced
by the difference in potentials being measured gives
rise to an electro-magnetic field in the coil at right
angles to the magnetic field maintained between the
poles of the magnets in which the coil was suspended,
and a deflection of the movable coil results. The coil




having a relatively high inertia failed to follow the
rapid changes in potential ordinarily found in biological
tissue.

Einthoven in 1903 developed a string galvanometer
which improved the sensitivity of the system a good deal
and made Neminski's work possible. It consisted of a
very light quartz string}suspended between the poles of
a powerful electro-magnet. The magnetic field .
around this string when a current passed through it prof
duced a deflection of the string according to the torque
of the interaction of the two fields. Fig. 2 (15). For
example, if the current is flowing down in the string

{N-% 3
fi

Fig. 2.~=Torque on a current coil
in a magnetic field.

)

between the two poles of the magnet, the magnetic’fields
would act to deflect the string in the direction F. If
the current flows in the opposite direction, the string
moves oppositely. By using a very light string with a
high periodicity and low inertia, suspended in a powerful
magnetic field, a markedly more sensitive instrument

capable of following rapid changes resulted (6). Minute

-]10=
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deflections could be detected by means of observing the
movements of the string through a microscope placed at
right angles to the string and in a bore through the
holes of the megnet. These deflections could be photo-
graphed by means of projecting the movements of the -
string through the microscope on photographic f£ilm mov-
ing at right angles to the direction of the deflectiong,
This instrument has been in general use since for study-
ing changes in heart potentials, the records obtained
being known as the electrocérdiogram. o
The electro-oscillograph was adapted to the studies
of biological potentials by Erlanger and Gasser in 1922,
~ The application and advantages of this instrument are

more fully discussed by one of them (16). Fig. 3 repre-

sents the general principles of the instrument. Briefly,

a
-
/
i
/
7
A Y
“©

- Y Plates X 'P:.m
|

i ’
S e e e ———_ /,N

/’\ -

- e,

——
-

, Fig., 3.--Simplified diagram of
- cathode ray oscillograph.
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a negativé pole "N" is the source of electrons attracted
by the positive pole "P", maintained at several hundred
volts, which is hollow so that the stream of electrons
pass on through with great velocity to strike a floures-
cent screen on the inside of the face of the tube. This
stream of electrons can be deflected by a positively
charged plate to one side at any point in its course.

By means of a condenser the voltage of a pair of ver-
tically placed plates is made to fluctuate in a sweep -
circuit so that the potential of one plate rises linearly
to a given heighth and then drops off instantaneously to.
0 by means of discharge of the large condenser. The dis-
placement of the beam of electrons follows this rise and
fall of the voltage on the vertical plates. The rate of
deflection of the beam can be varied at rates from a few
to several thousand times a second or be held as a spot
on the face of the tube to be subject to only vertical
displacements by the horizontal plates, as explained
below. _ ‘

A second pair of plates-placed horizontally to the
stream of electrons is a part of a circuit of the biologi-
cal tissue being studied. Variations in voltage of the
electrically active tissue can be amplified several
million times to produce a corresponding fluctuation of

the beam passing between the horizontal plates. The

s

~-12-




displacement of the flourescent glow on the face of the
tube then represents the rise and fall of the potentials
produced by the electrically active tissue.

The adaptation of the electro-oscillograph awaited
the development of the amplifying tube by Lee DeForest,
The principles of the tube briefly are as follows (15).

Edison in 1883 found that a plate sealed into a
tube with a filament heated by a direct current would
produce a current when connected to the positive pole of
the source of current to the filament, but there was no
flow of current when the plate was comnected to the nega-
tive pole. When a wire or lattice, called a grid, is
placed between this pole and a heated filament, the tube
becomes a triode (contains three electrodes). When the
grid is positively charged, electrons flow freely from
the filament to the plate maintained positive. When the
grid is negatively charged, the electrons are retarded
or turned back toward the filament depending on the mag-
nitude of the grid charge. The intensity of the current
between the filament and plate, therefore, fluctuates in
unison and in proportion to the changes in potential of
the grid. These changes in the current to the plate are
far greater than the changes that produce the fltictuation
in the grid potential. By connecting this plate circuit



lto the grid of a second tube, the potential changes of
the grid of the second tube become still greater than
those of the first. Therefore, the plate current of the
second tube is made to vary much more than the first.
By continuing this procedure the amplification may be
increased indefinitely. Tube design and adaptation of
types of tubes to meet certain conditions have been so
successful that, as Adrian (5) has said, the development
of amplifyying systems has exceeded the needs of the biologi-
cal laboraxories.r

By means of adaptation of the oscillograph with am-
plifier to the study of biological potentials, several
advantages result. The beam of electrons has no inertia;
therefore, accurate reproductions of fluctuations of
voltage have been followed at freéuencies of over two-
hundred million per second. Accurate reproductions of
changes in voltage have been amplified at frequencies of
about six thousand per second. The most rapid variatign
in frequency in biological tissue is on the order of O,lg
sigme (one-tenth of one one thousandth of a second) (10).
It can be seen from this that reproduction 6f potential
changes can be practically perfect.

As adapted to the reproduction of brain waves, such

an accurate system is not necessary. As will be seen

later, the fastest waves which it is ordinarily practical

-14-




to record probably do not exceed 50 per second, as best
shown by the Grass analyzer (17). Accordingly, it has
been found more convenient to record brain potentials

by means of ink writers. A very nearly perfect reproduc-
tion with frequencies up to 100 per second has been
claimed by various instrument houses. The general prin-
ciples are as follows (18):

Instead of photographing an electron beam, the am-

| plified voltage variations are passed through a coil

connected to an ink-writing arm. This coil is supported

over the pole of a powerful electro-magnet. As the msg-

 netic fields in the coil change, the coil is attracted

or repelled by the powerful magnetic field to which it
is approximated. The ink-writing arm, constructed as
lightly as possible to redﬁce its inertia, follows these
fluctuations. Other modifications of this principle are
used in ink-writing recording systems. _

A good many technical problems have been met rela-
tive to the successful recording of brain waves. The
amplifying system is extremely sensitive to noise, induc-
tion of potentials from sources outside the system as
60 cycle a.c. on the light and powerllines, and potentials
arising from muscle activity of the individualsstudied

and due to displacement of electrodes on slight motion.

-15-




Building the amplifiers on rubber supports will minimize
induced potentials due to vibrations of sound. Muscle
action potentials have a very high frequency and can be
eliminated as well as a.c¢. inductance by means of tuned
electrical filters. By including these filters, the
range of frequencies of waves passed is limited to a
narrow range (13). Thus a ten-cycle filter will pass
only frequencies in the neighborhood of 10 per secondj
that isy, from 7 to 13 per second. The width of the band
varies with the apparatus of different workers.

The Greagg Analyzer.--Recently an adaptation of the

Fourier transform to electroencephalography by Grass (1?)
has opened important possibilities as to the analysis of
records. The record is analyzed by this instrument as -
to the relative proportion of waves of a given frequency.
It has been compared to the breaking up of light into
its color component by a prism (19). A record is easily
classified as to frequency characteristics and has been
used to more accurately determine differences in records
of different psychotic types (20). Differences not
readily observed by ordinary methods are revealed, and
a more accurate classification of records should be
possible.

Recording from Exposed Brain.--There have been a

good many studies of potentials derived from the exposed

-16-



surface of the brain in experimental animals and some in
man. The apparatus for such studies is the same as has o
been described above, except for such modifications as
to sterile electrodes and design of electrodes. Adrian i
and Matthews (21) have studied the problem of electrodes ;
in some detail in their studies on experimental animal, -
They object to the use of the co-axial electrode in which
a fine metal wire, as one electrode, is passed through a.
large hypodermi¢ needie, the other electrode, and in- -

sulated from it. They claim that if similar metals are

used in the construction of the electrode a high resis-

tance results, If different metals are used, confusing
local currents are produced. They prefer the use of a
large indifferent electrode somewhere on the surface of
the animal's scalp, and a single enameled silver wire
with the bared tip coated with silver chloride in the =
brain. Others still find the co-axial electrode very useful.
On man various types of electrodes which may be
easily sterlllzed are used. Probably the most versatile
recent adaptation is that of Rahm (22). He is able to
adjust the position of the electrodes by meamns of a .
ﬁmechanical stage™ mounted ét the end of a rigid suppo:t.
Fine accurate movements in all directions were possiblg_
thereby. The electrodes were fine'silver wirg made‘mo?gw

flexible by the introduction of coils near the fixed end.

~17=




By placing the electrodes so that the points move per-
pendicularly, large artifacts due to movement of the
electrodes by the pulsation of the brain surface were
avoided. A comnsideration of technical difficulties in-
troduced by recording from the human brain surface are
not within the scope of this paper.

Control of Conditiong.--It was found by Berger that

in order to obtain good records comditions had to be
controlled rather carefully as to the subject being
studied. He was placed in a quiet, nearly dark room om
a cot. Adrian and Eattiews (23) later felt it was better .
to have the individual in a semi-sitting position. -
then, various recommendations on conditions of recording
have been made. There are few of these of critical im-
portance beyond those specifications Berger origina]]yy;_
suggested. Relaxation with a minimum of muscular action
is important in reducing artifacts. At the same time the
mental and physical condition of the individual must be
known. The individual must be mentally alert since
waves which may be confused with abnormal waves may arise
if he is allowed to doze off (24).

The Normal EEG
Our knowledge of what constitutes a normal EEG has
been slow in developing and further elucidation may be



expected in view of the progress already made. It is
perhaps well to consider some recent specifications as
to what constitutes the normal individual as defined by
Davis (13), who has had considerable experience in EEG
studies, and then study the normal EEG in more detail |
later. In a study of over eleven hundred individuals in
the last five years she has suggested the following
conditions to be satisfied to meet the requirements of
a selected normal: |

l. A chronological age of over 15 years.

- 2. BExtensive and relisble medical and social his-
tory as to: (a) A history of onlyvthe usual childhood
diseases without unusual sequelae. (b) There is no
history of a single convulsion regardless of cause,

(c) There have been no psychiatrical problems requiring
care, nor have there been questionable relationships
with others. (d) The behavior has been normal and‘wholg-
some at home, at work, at school, or at play. (e) They
should be known to be free of drugs, even aspirin, for
several days before recording, not only because of the
possible effect of the drug but also because the presence
of a drug suggests that the individual is not in a per-
fectly normal condition.

Such a rigid selection has not always been exercised

in the past. The development of our knowledge for the

-]19=




selection of normals and the components of their records
will be considered.

Barly Studies.--Berger in 1922 (9) described the

first EEG from the human scalp. He demonstrated that
only the amplitude of the recorded waves varied when re-
cordings were taken from the scalp surface by means of
saline packs as compared to hypodermic needles thrust
through the scalp near to-the periosteum. In a series
of publications (25, 26, &7, 28, 29, and 30), he has
established the presence of an alpha rhythm of 8 to. 12
cycles per second, and a beta of 30 to 50 cycles per
second. Adrian and Matthews (19) and others have since
confirmed these findings and tried to determine the ori-
gin of the two wave frequencies.

Origin of Waye Groupg.--Berger and others have con-
vinced themselves that the typical wave patterns ob-
tained arose from the cortex and not from heart or volun- --
tary muscle action potentials (31), etc. Berger originally
had considered the origin of the alpha and beta rhytims as
being from the entire cortex. Adrian and Matthews showed
that the alpha waves were stronger from the occipital
areas They found that an individual's alpha waves diéa_p-
peared when his eyes were fixed on a visual pattern. In

individuals who have been blind for years, there was no



alpha rhythm. They assumed, therefore, that when an
area in the occipital lobe was not occupied by a pattern
of vision, it took up a beat at a fixed rate and in uni-
son. Afferent stimuli, as light, act to break up the
synghronism of the cells of the oceipital lobe and elimi-
nate the alpha rhythm. In the blind, the area is subju-
gated to other areas of the cortex. These authors also
observed that any condition requiring attention’as a
problem in arithmetic, noise, light touch, etc., de-
creased the alpha rhythm while muscular effort increased
it, observations supporting the origin by synchronous
beating of neuronal uﬁits. R
Jasper and Andrews (32) have recently reinvestigated
the source of alpha rhythm. They found that the_au;pno-
mous activity of each cortical area is rather complex
and each area has a characteristic activity. The alpha
range is placed at from 8 to 13 cycles per second, thg
beta af 17 to 30 per second, and a possible gamma at 356
to 48 per second, the latter being obscured by the
slower higher voltage waves. They postulate two dis- B
tinct origins for the alpha, an occipital and a precentral,
on the observations that: 1. There are spontaneous ap-, 
pearances of alpha waves in one region of the scalp ins_
dependent of another region, usually, though not always,
of the same frequency. 2. Their reaction to stimuli may‘
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be independent of each other in the two regions.

3. There is a greater preponderance of beta rhythm
from the precentral area. 4. The precentral alpha is
depressed by tactile stimuli and not affected by light.
The oceipital alpha is affected by light and not by
tactile stimuli. Therefore, the rhythms represent ac-
tivity of the sensorimotor and visual systems respec- - -
tively. Both are affected similarly by sleep, excitatory
.conditions and general metabolic conditions as tempera-
ture, etc.

Rubin (33) earlier had also pr¥posed-a separate
origin of occipital and frontal alpha rhythm on the ob-
servations that: 1. The occipital alpha is very stable
from time to time, while the frontal alpha is very
variable. 2, Bursts of alpha of the occipital lobes
are not synchronous with those from the frontal lobes.

3. The alpha rhythm from the two hemispheres are rela-
tively independent of each other. He concluded that the
alpha rhythm may arise from any part of the cortex.

Evidence from the FExpoged Brain.--Evidence as to
the origin of the different rhythms from the exposed
brain by Scarf axd Rahm (24) is elucidating. They classi-

fied the wave groups as to frequencies into slow waves

of under 8 cycles per second, an alpha rhythm of 8 to.
.12 per second, and over 12 per second as beta rhythms.




In no cases were they able to demonstrate absolutely con-
stant localization of spontaneous rhythms. However, the
alpha rhythm seemed to be confined to the oceipital,
parietal, and temporal lobes. They were obtained from
the frontal lobes in only one case. The central sulcus
seems to be the anterior limit of the alpha rhythm. An
alpha rhythm of 10 per second was obtained from the optic
nerves in one case in which they were exposed. -
The beta rhythms occur predominantly in the frontal
lobes and with much decreased amplitude in the parietal
and occipital lobes. The amplitude is greatest in the
anterior parts of the latter lobes. Slow waves could be
found in any part of damaged cortical tissue. N
Eyvidence from Animal Experimentation is of interes@.
in regard to the origin of the rhythms. Gibbs et al (34)
in 1936 demonstrated a‘marked similarity in the EEG of

the cat to that of man. This relatiohship is to be ex-
pected in view of other evidence to be discussed later.
In a study of the interrelationship of the thalamus,._
cerebrum, and cerebellum, Spiegel (35) found a marked
similarity of the waves from the thalamus and cerebrum,
No constant differences could be demonstrated between
different thalamic nuclei., They are present in the

curarized animal under artificial respiration and vary




only quantitatively with superficial ether anesthesia,
indial sleep, and bulbocapnine catalepsy. They are ab-
sent in the dead animal, E‘xtérpation of the cortex or
cauterization of it affects only the slow waves of t_he
electrothalamogram. On the other hand, the independent
activity of the cortex relative to the thalemus is in-
dicated by the persistance of waves in isolated sections
of the cortex and after the thalamo-cortical fibers have
been severed. o

~ The -electrocerebellogram was very similar to the
electrocorticogram and also reméinéd unaffected by sec-
tion of the midbrain or section of the inferior and
middle cerebellar peduncles. The amplitude only is
affected as the distance between electrodes is increased.
Except for the findings on the electrocerebellogram, |
this experimental study substantiates the work on hu~
mans, already discussed, as to the possible independent
origin of rhythms from nearly any part of the cortex.
Scarf and Rahm could get no consistent rhythms from the
cerebellum. |

One study attempting to fix the origin of certain

waves, especially slow waves, has been mede (36). An
attempt to prove a dominance of .the hypothalamic over |
the cortex was undertaken by Grinker and Se?ota. By

means of an intranasal electrode which could be used both



as a stimulating and recording electrode, they attemptgé
to show that conditions as cold, e;ectrical stimulationy:
and strong emotions produced waves arising in the thg;gmps:
and followed in the cortex. Masserman (37), in an analysis
of the hypothalamus ag the center of emotion, pointed out
that these intranasal electrodes used by Grinker and
Serota were really nearer to the pons and medulla. He .
questions the validity of the recordings indicating hypo-
thalamic activity. In experimental studies he planted -
small electrodes directly into the hypothalamus and, some
weeks after the animal had apparently recovered, records
taken gave the following results. Only occasional slow

2 to 4 per second waves could be recorded. Light, sound,
painful stimuli, end stimulation through the imbedded -
electrode to the point of producing sham rage failed to_
produce amny characteristic results. Giant waves of 3 to
4 per second were obtained from the cortex. He suggests
that Grinker and Serota were really recording cortical -
waves and that variations they reported were very similar
to those he found produced by very slight facial move-
ments. He also found that the hypothalamic reacted the.
same as the cortical areas to various stimuli, as opening

eyes, etc., He questions dominance of hypothalamus over

cortex in emotional conditions, and questions that the
hypothalamus is anything more than a path in the produe-

tion. of autonomic changes during emotions.



The guestion of blindness and the relation of flicker
to the alpha riythm observed by Adrian and Matthews has.

since been investigated by others. A powerful dominance
by the optic cortex over the rest of the cortex as to
alpha rhythm is suggested by these observations. Serota
(38) has suggested the possibility of ruling out possi~-
bilities of malingering on this basis. Recent observations
by Loomis et al (32) bring questionable significance as

to the validity of this adaptation by finding a normal
alpha present in three blind subjects.

Jasper (40) has reviewed the experimental evidence
of optic relationships rather extensively with possible
considerations of the basic functions of vision. It
seems waves of conducted impulses have been recorded from
the optic nerve, the geniculate body, and the cortex.

The desynchronization of cortical alpha by an optic
nerve impulse has been observed as well as a secondary
facilitation having a phasic relationship with the alpha
Thythm,

Tomen (11) in a recent study on man made correlative
observations. Rubin (33) had shown that the apparently
normal individuals vary in the per cent-time alphaj that
is, some have an alpha rythm present a high per cent of
the time, others only a very small per cent of +the time.
Toman, using monopoiler recording from frontal, temporal,
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and occipital regions, found that those who had a low

per cent-time alpha had the widest range of flicker—
following, and once synchronization was established after
a short period it continued for some time after the
flicker was stopped. In other words, they showed a

high degree of facilitation. 1In those having a strong
alpha rhythm, a variation of frequency with flicker was -
hard to induce. Certain other relationships were studied:

1. The frequency of alpha varied from 9.4 to 12
per second, flicker-following varied from 4 to 22.5 per
second.

2. The distribution of alpha wast ({a) 13 of 21
subjects had the greatest activity over the occipital
region; (b) 7 of the 21 had an equal temporal and oceci-
pital activity; (¢) 4 of the 21 studied had alpha ac-
tivity equal in"all three leads; (d) one showed the
greatest alpha activity in the frontal lead. Flicker-
following, on the other hand, occurred in the ocecipital
region in 10 cases, occasionally in the temporal, and
never in the frontal region.

3. Factors reducing flicker potentials were: any
reduction in the visual field--especially any part of
the macula, or either half of one eye, or absence or

blindness in one eye. Toman discusses the findings of



some investigators of critical fusion frequencies up
to 40 to 50 per second according to the basic alpha
rhythm of the individual. Some have claimed flicker-
following at other than multiples of the alpha rhythm
but this only by alternation. By using a light of
1.25 millﬂamPer\§ intensity, about the meximum possible
without producing marked discomfort, Toman was able to
produce flicker-following at a practically continuous
increase in frequency, especially in those with a weak
alpha rhythm, that is it was not limited to doubling di
alternation of the alpha rhythm. Evidence considered en
toto suggests a very strong relationship of the alpha
rhythm to the visual cortical area of the cerebrum,
flicker-following being considered a succession of over-
lapping "on" responses to optic nerve stimulation demon-
strated in experimental studies indicated above (40).
Classification Acgcording to Baggic Hhyvihms.--Early

workers observed differences in frequencies, amplitudes,

and persistence of brain waves of individuals. Such
variationsg occur in apparently normsal individuals. Lemere
(41) classified individuals in two groups, those giving
good alpha waves, i.e., over SOM¢ ¥V and of high regularity,
and those giving poor alpha waves, i.e., under 50}‘V'and‘
of poor regularity. In general, those showing poor
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alpha waves showed better beta waves. Rubin's division
of groﬁps according to per cent-time alpha has already
been mentioned. The attempt a2t uniformity of classifi-
cation and evaluation of records has been requested by

the editors of the American Journal of Psychiatry (42).

Various forms have been suggested. A classification ad-
vanced by Davis (13) is already in common usage. Under
such conditions, as monopolar occipital recording, a

record of at least 100 cm., in length at 3 cm. per second
Degun at least 10 secomds adisT W eyes were closed;

the alpha index is taken as that percentage of time the
alpha frequency appears in the record. At least 3 waves
must appear in a group of an amplitude of at least 7H V.
Subjects are classified as to '"dominant" in which the
alpha index was 75 to 100 per cent, '"subdominant" from
50 to 75 per cent, "mixed" from 25 to 50 per cent, and
rare" from O to 25 per cent. In a series of over four
hundred "presumably normal® individuals (less complete
information is had than in "normals" ‘defined earlier),
the peak of the distribution was at 70 to 80 per cent.
Only frequencies between 8% and 12 cycles per second were
considered. Beta activity does not seem to be so impor-
tant in the evaluation of an EEG. However, if generally
applied in the future, the Grass analyzer (43) may dif;vw

ferentiate more critically groups according to other than
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alpha frequency. On a considerable series of cases
maximal peaks of energy have been placed at 9%, 19, 283,
33 1/3, and 43 cycles per second in the normal.

The records are then classified as to pattern. They
are briefly:

A.--A regular and clearly countable alpha rhythm
reveals a proportional distribution over occipital, pre-
frontal, and frontal areas when recorded simultaneously.
Other frequencies are regular and consistent in their
distribution. The pattern may have a low alpha index
and low voltage, the average fluctuation being between
30 to 80M V.

B.--The activity is predominantly of rapid fre- .
quencies of low voltage, i.e., 14 to 20 cycles per second
of 10 to 30MV amplitude.

M,~--M is composed of mixed frequencies, none clearly
dominant. Slow, alpha, end fast frequencies are repre-
sented with a voltage range of 20 to 60MV.

MF.--This indicates a mixture of frequencies in the
alpha and fast frequency range whose voltage fluctuates
in a consistent manner within a narrow range. Alpha is
usually over 10,5 per second.

MS.--The counterpart of MF contains frequencies in

the alpha and slow frequency ranges. Alpha is usually .
9 to 10 per second and blunted or deformed by the inter-

ference of slower frequencies.



Each of these groups are normal if they maintain
a consistent stebility of vollage and frequency range
for their type. The A and MF are most frequently seen.
Rigid classification into any of these patterns is often
difficult. (See Fig. 4 in the Addenda for samples of
normal tracings.)

Indiyidual Variations.~-~The question of the consig-

tency of an individuals brain waves has been investigated
by Travis (44 and 45). Four individuals with some ex-
perience in reading MEG's first attempted to identify
352 isolated strips of records taken on 44 individuals.
They were correct in 94 per cent of the time with only
a 4.5 per cent chance of»being correct on the basis_of
mathematical probability. Later they identified parts
of 11 records of 6 different individuals taken on dif-
ferent days, and at no regular time of the day, only
the comditions as to the room, lighting, noise, etc.,
being controlled. Ninety-one per cent were placed cor-
rectly. The EEG from a given individual, therefore,
seems to be quite constantly the same. They feel the
individual can be recognized by his electroencephalo-
graphic tracing.

FEG's of normal individuals very rather consistently
with certain groups. Characteristics which distinguish

these groups are:



Age.--Although a variation in the frequency of
alpha rhythm of a normal individual may vary from 1 to
2 per second under supposedly constant conditions (46),
especially immediately after "eyes closed" is ordered
(13), significant average frequency variations can be
shown on a statistical basis in children. Berger (28)
first mentioned the difference in the EEG of children
as having a slower alpha rhythm. Lindsley (47), in a
large series of children, first found an alpha rhythm ap-
pearing at 3 to 4 months at a frequency of 3.5 to 4.0
per second. The increase to the adult level, 8.0
12.0 per second, was gradual and attained at 8 to 10
years. At the ages of 10 to 12 years, the average rate
is 8.5 to 14.0 cycles per second, higher than in the
adult. They return to the adult frequency at about 12
to 14 years of age.

He speculates as to the following relationships:
(a) The child first perceives objects at 3 to 4 months,
about the time the first alpha waves appear. (b) At
the age just prior to puberty, 10 to 12 years, the fre-
quency is greater than the average adult. Marked
glandular adjustments and changes are occurring at this
time. The course of myelinization is suggested by these
findings.



Smith (48) in 1937 studied the EEG in children and
substantiated the findings of Lindsley. He also recorded
slow random waves in children under 3 months of age.
Amplitudes of up to 50V may be seen by 2 months. The
waves are usually over the Rolandic area. During sleep
waves of 8 to 15 per second appear of a similar nature
to the waves of the adult during sleep. The correlation
of waves to Rolandic and occipital areas at about the
time central perception in these areas occurs seems sig-
nificant as to possible functional relationships of the
brain to the EEG findings.

Metabolic Conditionsg,--Changes in the bagal metabolig

rate have been correlated with EEG findings. Here again
Lindsley (49) first published findings as to a general
increased alpha frequency in those with hyperthyroidism
as compared to normal and hypothyroids. Rubin (50)
reported that in three hyperthyroids with BMR's of

+ 26.5 to + 47.7 the alpha frequency was increased from
4,9 to 17.2 per cent. Another patient given thyroid had
an initial rise with the BMR, then a fall to the pre=~
medication level déspite a coqtinued high BMR. He sug-
gests that the data supports the hypothesis of a quanti-
tative relationship between the alpha frequency and the
carbohydrate metabolism of the brain., Later Ross and
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Schwab (51) compared 80 records against the BMR's of

12 myxedematous and 22 hyperthyroid patients. A good
correlation existed between the whole group (F = 0.668)
but a better relationship was found when compared to the
total calories per hour (= 0.903). The EEG was found
to be best soon after eating, i.e., not under basal con-
ditions.

The relationship of general increased metabolism
to alpha frequencies was also shown to follow Dinitro-
phenol medication in four individuals by Hoagland et al
(52). Since vitamin B is related to carbohydrate
metabolism, the results of Takeji and Gerard (53) are -
of interest. In pigeons avitaminotic as to By the alphd
rhythm was unchanged, but the slow 2 to 5 per second
waves of the normal pigeon were increased in amplitude
by 100 per cent,while the fast 35 to 50 per second
rhythm was decreased in some. The rhythms returned to
normal within two hours of the administration of vitamin
Bl intravenously. No effect was seen on the EEG when
vitamin By was given to normal pigeons. This agrees
with the findings of Rubin (54) when he attempted to
alter the record and clinical course of schizophrenics.
' The schizophrenics simply were not vitamin B, deficient.
Enormous doses by mouth and finally intravenously were

given without EEG changes.




Psychological Considerations.-=Various problems of

interest psychologically have been investigated. Kreezer
(55 and 56) studied the EEG of subjects mentally de=-
ficient on a hereditary basis (either parent or both or
no reason found) and correlated them with the mental

age found in standard Intelligence Quotient tesis. Iien-
tal ages dovn to 4 years were the same as normal as to
presence of zbout 10 per second alpha rhythm, a normal
beta rhythm, and response of alpha to visual stimuli,

In the Mongolian idiot no distinctive findings were found
down to a mental age of 5 years. Below this there was

a very low alpha index, and the appearance of large slow
1 to § per second waves. The average alpha index in
his series of normals was 52 per cent., In 6 Mongolian
idiots of a mental age 6 to 7, the alpha index was 48
per cent; in 13 of a mental age 4 to 5 it was 21 per
cent; in 12 of a mental age of less than 4 years it was
19 per cent. A slight increase of the alpha index in
the last group (mental age under 4 years) corresponded
slightly with chronological age, i.e.s3 ages 7 to ©

years had an alpha index of 17 per cent; in the ages
18 to 45 the alpha index was 21 per cent. The results.
were similar in the hereditary mentally_deficient group
with mental ages under 4 years.



jateral dominance as determined by normal activities,
suchvéS;right or left-handedness, etc., tends to have -
wavesgof higher amplitude from the non-dominent half of
the hemigphere according to Raney (57). In a more ex-
tensive study of 48 right-handed, 8 left-handed, and 9 - .
ambidextrous children, Lindsley (58) found that thévalp?a
waves of the two hemispheres were out of phase a greater
proportion of time in left-handed and ambidextrous in-
dividuals. Unilateral blocking of alpha rhythm was
greatest in the left hemispheres in right-handed indivi-
duals, and greater in the right hemispheres in left-
handed inmdividuals. The degree of asynchronism of the

two sides in two stutterers was comparable to the asyn-
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chronism of the left-handed and the ambidextrous group,
with no increased asynchronism during speech. Unilateral
blocking, however, was increased in all groups during
speech and occurred both in the occipital area and over
the speech area in stutterers. It seems that both asyn-
chronism and unilateral blocking of alpha may interfere
with speech formulation and becomes important in those
lacking a definite and complete laterality.
Perseveration, defined as the temporal after effect.

of a stimulus, was studied by Travis (52), who considered
its duration as the length of time between the removal



of a stimulus and the return of the brain potentials to
their prestimulus value., Three stimuli and their per-
severation time were given as: (a) a standard printed
word = 4,6 seconds; (b) a nonsensical printed word =

4.8 seconds; (c) a light field of slightly higher inten-
sity than the word chart = 3.1 seconds. He concludes
that meaning has a physiological basis. The evaluation
of a word possesses the activities of the brain for a -
longer time than a simple light stimulus., The abolition
of rhythm by other adequate stimuli has been rgferred to.

startling buzzer, an electric shock, a 500 cycle tone,
etc., was found to be independent of'EEG changes.(éo).
Waves from different areas of the cortex showed changes
only in the premotor area preceding and accompanying the
voluntary erection of body hair in an individual capable
of yoluntary autonomic confrol (61). In this individual,
at least, the premotor area seems related to the basal
autonomic nuclei.

troverts has been spoken of as related to schizoid and - .-
cyclothymic- types from a psychiatric standpoint. Gottlober
(62) has studied 7 women and 21 male introverts, and 11l
women and 28 male extroverts to determine the character-

istic brain waves of the groups. The extroverts had a




per cent-time alpha of 50 to 100 per cent as &a group,
whereas the introverts tended only slightly toward a
lower than 50 per cent-time alpha. Lemere (41) substan-
tiates these findings. These findings as compared to
findings in the major psychoses are of interest.

The hereditary factor has been studied more exten-
sively in the mentally ill group. The study of twins
is of interest in regard to normals. Raney (57) claims
identical twins have more similar tracings than unre-
lated children only when treated as a group. Davis (63)
finds a more significant relationship, getting wvery
similar records from three pairs of identical twins.,
Raney may have been misled by his findings that oppo-
site bilateral differences may be found in a pair., This
seems significant in itself in consideration of the
common findings of opposite bilateral differences as to

hair whorls, laterality, etc.

Factors Effecting an Individuale EEG:--Temperature.
Hoagland (64, 65, and 66) has studied the effects of
changes in temperature from 98.6°to 105.0° produced by
diathernmy in normals and paretics. He finds an increase
in alpha rhythm consistent with the Arrhenius equation
of critical thermal increment. He found increases from
an average of 9 to 10 per second to 13 per second for
the whole group and analyzes these increases in basie
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serial chemical process relationships, and the direct
effect on cortical cells considered acting as relaxa-
tion oscillators. Libet and Gerard (67) found Qo =

2.8 in the frog where changes in temperature of from

5° to 30° could be conveniently produced. In general,

a direct functional relationship to the rate of chemical
reactions is suggested.

COoy Oo, Glucose, Ionic Concentration Changesg.--
Brill (68) in a study of 100 normal children found that .
hyperventilation tended to produce dysrhythmias, the ten-
dency being greater the younger the children. The adult
seldom had the characteristic outbursts of 3 per second
slow waves with hyperventilation. They are found, how-
ever, in adult epileptics and in organic disease. Further
reference to epileptic conditions will be considered
later.

In the normal adult acapnia increases the fast waves
and the slower waves become slower, more regular, and of
greater amplitude. Increased COo and decreased Oy (the
latter probably playing a smell part in hypercapnia) in-
tensifies the faster waves and disturbs the rhythm of
the slower ones (62). Oxygen and glucose level changes
have to be extreme to produce changes in alpha rhythm
(70). As Neminski had shown (8), the waves in an animal

30



disappeared after four minutes of asphyxié bﬁt persisted
longer if hyperventilation preceded asphyxia.

Changes in ionic concentrations are significant
only when they become extreme. In the cat isotonic KCl
applied to the cortex rapidly abolishes spontaneous -
rhythm. This is reversed slowly by kinger's solution,
more rapﬁily by CaCls. (Note similar effects on con-
tractility of the heart (1).). Intravenously KCl exag-
gerates the rhythm of the anesthetized animal. CaCly
again reverses the effects. These changes were all with
concentrations beyond the usual normal. Perhaps less
marked concentrations would have a similaxr effect to a
lesser degree.

Voluntary Muscle Activity in Normal, Epileptic, and

Paralysis Agitans.--The accentuation of alpha rhythm by
voluntary muscle activity has been mentioned before.

A basic rhythm of 10 per Secgnd during muscle activity
had been observed frequently. Hoffmen and Stronghold
(71) found the frequency of action potentials from the
forearm during rhythmic stretching to be 55 per second
with a basic modulation at 10 per second. dJasper and
Andrews (72) studied several individuals with simul-
taneous recordings of the cortical action‘potentia;s?‘
tension rhythms of the forearm, and muscle action poten-

tials. The tremor frequencies were found to correspond
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closely to the cortical potentials anterior to the central
fissure with a mgjor 10 per second and a minor 25 per
second rhythm. During sleep both changed to a mgjor S
per second rhythm and a minor rhythm of 13 to 14 per sec-
ond., Sensory stimulation may depress both or produce a
dissociation, i.e., the amplitude of the tremor becomes
greater, whereas the cortical waves are depressed.

In the epileptic, cortical seizure waves were often
associated with corresponding bursts of muscle potentig}
at 3 per second with a latency of about 50 milliseconds.
The authors conclude that since the typical waves appear
sometime before an attack, and since there is a lack of
correspondence of seizure waves and clonic waves, other
centers,,proﬂably subcortical, may be set into autodemous
activity and take over control of certain major pathways
during an atqack.

The 4 tol 5 per second tremor of two cases of pearalysis
agitans, did pot eppear in the cortical rhythm. In more
advanced cases the 4 to 5 per second rhythm would appear
periodically ﬁn the cortical rhythm. They conclude there-
from that in derate involvement of the strio-pallidal
motor system, functional integration is disrupted, whereas,
in severe inv lvement, the subcortical centers may take

over the cort cal rhythm.




The study suggests that there is an interrelation
between cortical and subcortical centers which deter-
mines the rhythm of impulses in the final common path.-
Ordinarily the cortex probably determines the rhythm of
lower centers. In conditions of sensory stimuli, or
general excitement when the corgex is activated or pos-
sessed, subcortical centers may take over control both
of the cortex and the final common path.

This work-has been severely criticized (see dis- -
cussion of 69) especially in view of studies which indi-
cate a quantitative relationship of the frequencies of
impulses to the degree of contractiom of a muscle (5).
However, this eriticism is not altogether valid since
these studies were related to variations in degree of
voluntary aqtivity, whereas the studies of Jasper and
Andrews (72) concerned only frequencies found in the
muscle at rest. Schwab and Cobb (73), however, could -
find no relationship in the muscle tremor frequency and
cortical rhythm in 37 cases of paralysis agitans.

Sleep, hypnosis and trance states have similar
patterns of cortical activity and will be considered to-
gether. The importance of recognizing the fact that a
confusing record is apt to agppear with sleep has been
referred to. Davis et al (74) have described five stages
with the onset of sleep:s (a) Interrupted alpha--the
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normal alpha rhythm of 10 per second dominates the pic-
ture with slight interruptions. (b) Low voltage--the
alpha rhythm disappears. (c) Spindles--short groups of
spindles (waves of 14 to 16 per second, waxing and waning
in amplitude) appear and also random delta waves, i.e.,
large slow waves of 0.2 seconds duration. (d) Spindles
and random--both types of waves increase in amplitude

and the delta become longer, (e) Random--the 14 per
second waves become inconspicuousg but the delta waves
continue to increase in voltage and wave length.

In subjects with a strong alpha rhythm, the depres-
sion or loss of alpha occurred at the "drifting off"
point as signaled by the subjeect. 8Slow delta waves ap-
peared here also. In subjects with few alpha waves,
depression of the beta, 15 to 20 per second, waves oc-
curred at this time also with the appearance of delta
waves. "Real sleep" was always acknowlk dged when the
slow waves had reached an amplitude of 150H V or more
and persisted for 0.5 minutes. Spindles were a sure
‘'sign of sleep. Dreams occurred in stages (b amd c¢). It
was impossible to clearly define the beginning or end of
sleep.

Loomis et al (75) point out that only the waking

pattern clearly defines an individual, stages (b to e)
being very similer for all individuals. The 14 per
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second spindles appear predominantly from the vertex -
while the large delta waves appear from all parts of the
heed. They find that any disturbance during sleep,
whether it restores alpha or not, is apt tovgive.rise_
to large 7 per second waves, or K waves, appearing with
an initial negative then‘positive swing with small 8 to
14 per second waves_superimpoéed. These waves are pos-
'sibly a forerunner of the delta of stages (4 and e),
They result regularly from a tone stimﬁlus. o
Some interesting observations on EEG's during hyp-
nosis have been made. Gerard (69) reports a case in
which a regular 10 per second alpha rhythm was found - -
when "darkness" was suggested to the individual although
he was 1nAa‘br1ghtky}l;ghted room. Another subject
hypnotized by Dr. David Slight into a state of catalep-
tic rigidity retained a normal pattern of waves. No
waves characteristic of sleep‘appéared during hypnosis,
but such waves did appear in this individual during nor-
mal sleep. The subject was hypnotized with his eyes
fastened open by adhesive tape. When he was told, ?Xbu
are blind," the alpha rhythm appeared, as in a normal
with eyes shut. When he was told, "You cen see," the
alpha‘waves disappeared, as occurs in a normal with eyes
opened. Waves could not be started in an unhypnotized
person with his eyes open in a lighted room.ﬁ Abolition




of the alpha rhythm in a normal individual has occurred
on the suggestion that he was observing some object in

a totally darkened room, indicating some of the possi-
bilities of the power of suggestion. It can be concluded
from these studies that hypnotism is not a state of

sleep (39).

A case of self-induced trance gave an EEG record
suggesting a condition related to sleep. Slow 2 to 2,5
per second waves of 30M V appeared during the trance
state with changes in the alpha rhythm (76).

Drugs Not Generally Used in Pgychiatrical Conditiong.--

Davis (13) in her specifications for the choice of a -

normal individual has emphasized the necessity of ascep=-
taining the presence or absence of drugs. The effect of
drugs not generally used in the treatment of mental con-
ditions yvill be briefly explored, not only to detezminQ
the possible effects of such drugs on the "normal” EEG,
but also to further elucldate their actions.
Depressants.--Adrian and Matthews (21) had observed.
that in the angsthetized rabbit the kEG was characterized
by large slow waves as compared to the normal with some
small brief waves. They were more regular the ‘?’99??’,
the anesthesia. The anesthetic seemed to affect the af-
ferent and efferent paths more than they did the genereal
electrical activity of the cortex., Beecher (77) found
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that a drop in blood pressure by cardiac tamponage pro-
duced changes in the electrical activity of the cortex
comparaple to an increased dgpth of anesthesia. The
significance of this finding is well appreciated.in

modern |surgical procedures.

Rubin and Freeman (78) found that during cyclopro-

pane a:;tsthgsia the alpha decreased by 20 per cent in

frequency and increased by 100 per cent in amplitude
after 1 to 2 minutes of induction. Opening ‘the eyes at
this stage still interrupted the rhythm. ".When large 3
per second waves appear, the subject is in surgical
anestheéia. Occasional bursts of alpha still oeccur here,. 1

- Recovery produces a. reversal of change§ with the appeérgmée
near complepe recovery of 12 to 14 per second waves typi-
cally seen in sleep. When the alpha rhythm réturns-
dominantly, the subject can be easily aroused.

In a case of bromide intoxication (79) the alpha

frequency rose as the bromide level fell from 59.6 mg.

per cent to 0.0 mg. per cent. The possiblg relatipn«of :

the bromide ion to a general depression of the metabolic
activities of the cells of the nervous system, and the .
possible use of the EEG to a._scertain the presence of
toxic substances are suggested. -
In/a study of the effect of godium amytal on the
EEG and|the associated psychological condition of several
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normal subjects, Fowler (80) found a significant increase

in the mean frequency of alpha rhythm with associated :
mental depression. Anderson (8l), in a study of 50 mor-
phine addicts and 50 addicts in whom the addiction had
been terminated for several years, found an abnormal
alpha distribution curve for both groups. An abnormally
high alpha frequency was seen in addicts which persisted
some time after withdrawal. The persistence of high
alpha output during withdrawal is not consistent with
the abolition of alpha during similar high degrees of

emotional tension in normals.

- alpha waves and an augmentation of silent periods which

last for many hours (82). Speculation as to the asso-
ciated trance-like condition may be of general interest.
§m_a__n;§§.¥—me_effect on the freéuencies of the
alpha rhythm were inconstant with Cocaine (80). In the
1solated frog brain, Gerard (83) found that caffeine
applied locally produced large repeated waves which t__r#—
versed the hemisphere and continued into adjoining cor-

tex though all neuronal connections had been severed bY;,;-_;
transsection. A caffeinized brain was capable of indueing

these waves in an adgoining normal brain also.
Convulsants.--Thujone injected int.ravenously into
an anesthetized rabbit produced large pulsations which
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spread widely over the cortex (21l). Strychnine produces
similar effects, the spreading waves not being localized-
to‘the area to which it was appliéd locally (84). Strych-
nine injected into a curarized animal produces increased
generalized oscillating activity (35).

Autonomic Prugs.--Adrenaline injected into several
normal individuals decreased the alpha frequency of én;y

one. Mecholyl produced a significant increase in alpha
frequency in 3 of 7 cases, but the authors explained
this on the basis of Og and COz cheanges secondary. to” =
cardiovascular changes (80), Miller et al (85) found
that local application of either 1 per cen;_gggyggg}qrh

A j 1:10° acetylcholine to the cat or rabbit cortex reduces .

7 the amplitude of slow waves and large fast waves. 0.2 to
| ‘.l.O per cent acetylchbline applied to eserinized cortex
produces typical spikes with more marked motor effects.
Atropine abolishes these effeéts. Pilogcarping produced |
no effects. The authors relate these changes of eserine |
and acetylcholiné to the facilitation of synaptic trans-
mission to produce a combination and synchronization of
neuronal units. o ..‘ » L
Evaluation of the Total Record.--Having considered
the variations in normal records and possib;e~factor§

producing changes in the supposedly normal records, a

discussion of the evaluation of the total record is in
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order. The tabulation of Davis (13) is recommended as

a very suitable form.

Tabular headings for gross analysis

(The author used the following headings consecutively
on a ten-inch card),

= =
Serial] Type of - | Resp. to
no. | Patters Volt. Reg. Alpha "O & C1"|. Asymmet:y
A, B, |ave. (#) |Ir., |Per |Freq.| Good (3)|Yes (+)|More o
M, MS, High (++)|Int.,|cent Poor (-)|No (-)|on right .
or MF | or . or or Ir. - lor left
Tow (=) Reg.
— .. » t?
Freq. band off Location of
Abnormal activity | Dysrhythmia | Dysrhythmia Rating |Remark
E|R |sp.|Diff.|Local| € |SF [FF |If not aiff. give|Based on
1. 1-3|4-8|16+ the order of total
rom. Dy area record
)
Key

Ir. = irregular, meaning frequencies are irregular and
distorted.

Int. = interference, meaning good wave form but other fre-
quencies interfere with its appearance or super-
impose themselves.

Reg. = clearly regular without distortion or superimposed

frequencies.

‘Alpha per cent is measured on 100 cm. of record.
Alpha freguency is counted and determined from speed-up

following eyes closed (see text).

Resp. to "O and Cl" is appearance of alpha following eyes

open and closed.
secondary.
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Key (Cont'd)

Sp. = specifically recognized complex such as petit-mal
- or grand-mal complex or variant.

Diff.= diffuse,

Local= localized to an area or side.

episodal dysrhythmic interference.

"rambling" dysrhythmic quality as opposed to clear
episode, usually in the slow range.

Other forms have been suggested (42), but a final
generally adopted form will probably not be used until
more is known about the EEG. This form is suggested as
very suitable for evaluation of normal and abnormal
records: Before undertaking the study of abnormal EEG's,-
reference to sample tracings of normal records is recome: ~
mended. All tracings, normal and abnormal, being grouped
together should make comparisons more convenient.

Tumors, Lesions, and Associated Conditions

One of the most valuable applications of the EEG -
has been made relative to the localization of tumors and
Intracranial lesions of other types. It is well known
that the neuroclogical symptoms presented are not always
reliable (86). Secondary stimulation of centers distant
from the cite of the lesions may produce symptoms mask-
ing those which might arise from neurological centers
near to the lesion. Encephalography has been a great
aid to localization of the lesion. Bven this fails at



times. Case (87) has pointed out that the value of
the EEG is especially appreciated when there are lesions
in neurologically silent areés. The prihciples of
localization and the bossibilities and limitetions of
the EEG will be briefly explored. | o
Principles, Possibilities and Limitations of Locali-

zation.--Berger (26) reported fimding irregularities in
frequency and amplitude of the alpha activity in cases -
of corticai degeneration of dementia. He reported marked
dissimilarity between homologous areas. Walter (12)
first reported an accurate lgcalization procedure. In
general it is desirable to have simultaneous fecords |
ffom different areas. At least three in@ependent units
should be used. He discusses the limitations of locali-
zation due to the spread of potential changes in an area

by the dura, skull, and scalp bencath the electrode as

pointed out by Toennies in 1933. He estimates the limits

of accurate localization to be near 4 cm. Williams (8@)
gives mn excellent discussion of method and localizatippl
by the Walter method. Jasper (89) in 1938 first analyzed
localization principles more extensively in applying
what he called "triangulation" to determine the foel
of epileptic seizure waves., By placing three electrodes
iﬁ a triangular relationship to a suspected focus of N

seizures, simultaneous tracings give important clues as
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to the exact location by the amplitude and phasic rela-
tionships of the recorded waves.

The principle is really an application of Einthoven's
triangle used in determining the electrical axis of the
heart. This principle of Einthoven's triangle is discussed
so well in Best and Taylor's Textibook of Phygiology and
is felt to be of such importance that it is presented

here.

Fig. 5.--Einthoven's Triangle

Theory of Electrocardiograephic Interpretation (ap-
plied to EEG). Deseription in text.

"First let a geometrical proposition be consideral.
Let an equilateral triangle, ABC, be described and a



straight line, DE, be drawn in any direction within it,
and let this line be projected perpendicularly on to the
three sides (Pl’ P, and P5, fig. 5, I). Then the longest
projection (which in the illustration is Ps) equals the
sum of the other two (i.e., P, and P3) in the instance
depicted. This is true no matter what may be the direc-
tion of DE.

"Next let a plate of conducting material be fashionel
in the form of an equilateral triangle (fig. 5, II) and-
let any two apices of the triangle be connected through
a galvanometer so that when the fall in potential is
from A to C either through B or directly to C the gal-
vanometer deflection is upward, i.e., positive, and when
the fall in potential is in the opposite direction, de-- -
flection is downward or negative. When an electromotive
force, whose megnitude and direction are represented by
one or other of the two central arrows shown in the
figure, is developed within the triangle, then the poten-
tial difference between any two of the latter's apices
~will be proportionalﬁ\,o the length of the projection of
the arrow upon the side connecting these apicesj; the
length of the projection on a given side of the triapg}.gz,
and so the recorded potential change which it represents,
will vary, of course, with the angle which the arrow
makes with that side. Whether the central EMF will
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produce an upward or & downward deflection will depend
upon its general direction. In the figure all the
projections of the solid arrow are positive; two of the
projections of the arrow drawn in interrupted lines are
negative and one positive. But the arrow might point in
any direction, and depending upon its direction in rela-
tion to a given side of the triangle its projection upon
that side will be of positive or of negative sign. It
will be found, nevertheless, that in whatever direction
the arrow points, the algebraic sum of its projectlons
‘on the sides AB and BC will equal its projection on AC.
"Finally, let the three electrocardiographic leads-
be imagined as forming an equilateral triangle about the
heart (fig. 5, III); let the electrical axis of the
heart be represented by the arrow, and the potential dif-
ferences, negative or positive, which are recorded (as
deflections) in the electrocardiogram in the three leads,
be taken to correspend to the projections of the arrow
upon the resgpective sides of the t1riangle. Then the -
potential difference between any two poimt s upon the body
represented by the apices of the triangle wil;vvary>ink
magnitude according to the angle which the arrow (elec=-
trical axis) makes with the lead joining these points,
and be proportional to the projection of the arrow upon

the line of the lead.'
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Instead of the electrical axis of the heart, con-
sider potential differences recorded from the brain ..
spreading from a point of origin over the adjoining brain
substance. The similarityvin principle and practice is
immediately apparent. Fig. 6 (see Addenda) illustrates
the principles of localization by consideration of the
phasi¢ relationships and amplitude of waves in an EEG.

The importance of these principles is seen in at-
tempts to localize lesions of the cerebellum and lesions
deep in the subcortical centers. Since the electrodes
are nearly as close in one position of the head es
another due to the spherical nature of the skull, locali-
zation becomes very difficult (90).

Having considered the major factors in localizatien,
the question may arise as to the accuracy of such loca;i-
zation. In 66 cases of focal epilepsy studied in which
60 of these showed discrete lesions on operation, Penfield
and Jasper (91) report the following results: In 85 per
cent of the cases localization was accurate to within 2
to 3 cm, of the location found at operation. In 20 per
cent of the cases localization was within 4 to 6 cm.
Whereas this may not appear to be very accurate, it mast

be remembered that other localizing signs may be negative

‘and the pneumo-encephalogram in such cases may be enp;rely

negative or indicate a much larger lesion than exists.




In reporting the success of attempts of localiza-
tion in 105 cases, Williams (88) presents the following
summary, In 50 cases in which the pathologicalﬂproces§ww
was demonstrated on operation, there was a close correla-
tion with the EEG findings. In 41 cases in which the EEG
was negative, operation indicated by clinical symptoms
revealed no lesion. Lesions were suggested by the EEG
in 14 cases in which subsequent pathological studies
failed to substantiate the findings. From these studies,
aécribing a definite value to the EEG as suppogping evi-
dence to aether findings is certainly justified. .

Evidencg from the exposed brain is very elucidating.

as to factors to be considered in the accuracy_qf 1ppa;§-

3 zation. Only a few such studies have been undertaken as
reviewed by Rehm (22). His report and that of Sachs e}, -
al (92) will be drawn upon for evidence as to the following:
1. Tumor tissues of all types, glioblastoma, astro-
cytoma, meningioma, supersellar cysts, and metastatic
carcinoma, are electrically inactive.
2. Abnormal waves arise from the tissue adjacent
to the tumor. The greatest dysfunction is observed in .-
those regions of the cortex being actively invaded by the
tumor, The elecitrical activity of the cortex becomes ..
more end more mesrly normsl s the distance from the site

of the tumor is increased. Thus, the benign encapsulated
' )




lesions show remarkably little abnormal electrical ac-
tivity. Of course, electrical activity of the cortex
ceases when sufficiently damaged.

3. Large slow waves arising in cortical tissue
in cases of internal hydrocephalus disappear immediately
when the pressure is reduced by aspiration unless the
cortex has been severely damaged.

4, Cerebellar tumors and lesions produce little
or no characteristic electrical changes from the cere-
bellum itself but may produce irregular activity in the
adjacent oceipital lobes.,

5. Large slow waves were obtained from cortical
tissue adjacent to a cortical scar resulting from skull
fracture,

6., Diffuse pathological disease of the brain shows
normel brain rhythm interspersed by slow waves over the
entire area of the cortex.

Sumary of Limiting Faciors.-~-It can be seen from
this that:the following are all factors which limit the

localization of a brain lesion.

1. The necessary size of the electrode.

2., Spread of the electrical activity by the tissue
overlying the origin of the abnormal waves.

3. The fact that the lesion itself is electrically-
inactive and the aﬁlormal activity arises from around the |

lesion.




4. Confusion mgy arise as to the origin of slow
waves by the diffuse effects of possible raised intra-
cranial pressure,

5. The proximity of the lesion to the surface of
the cortex.

With so many limiting factors it is perhaps sur-
prising that the instrument has such usefulness as has
been demonstrated and at the same time emphasizes the - --
riecessity of using the EEG only in conjunction with other
findings., A few studies with characteristic findings in
various brain lesions are presented. (See Fig. 7 in the
addenda for a sample tracing.)

Fi

Lemere (93) reports the following: A stronger abnormal
rhythm was found in the affected side in three cases of
frontal lobe tumor, in one case of which there was an

increased intracranial pressure.

Parietal lobe.--In two cases of parietal lobe tumors
without an increased intracranial pressure, he found a
rhythm st&onger:on the affected side. In one case of a
parietal tumor with an iﬁcreased intracranial pressure,
abnormal waves arose with equal strength from the two
sides,

Temporal lobe.--A tumor located deep in the temporal
lobe gave much stronger waves from the affected side,




Temporo-parietal tumors gave stronger waves Ifrom

the affected side. In two cases where the optic radia-
tion was completely severed, the waves were the same
with eyes open or shut.

Occipital lobe.--A cyst and a tumor with no in-

creased intracranial pressures produced a complete
absence of alpha rhythm on the affected side where the
hemionopia was complete. In two cases of posterior
cerebral artery thrombosis the alpha rhythm was absent
in one and depressed in the other with corresponding
findings in vision.

Basal ganglian lesigns produced markedly better

alpha rhythm on the affected side in three cases.
Thalamic lesions, three of which were vascular and

one of which was a tumor, produced a depression of the
alpha rhythm on the affected side. In one vascular lesion
the two sides were similar in the EEG.

Cerebellar Tumors.--Two cases producing mild intra-

cranial pressure produced no difference in the EEG of
the two sides. Smith et al (94) reporting seven cases_
of posterior fossa tumors found focal pathologiga; 2_pp'
3 per second waves symmetrically over the occipital area
of each side. In two cases operated, marked improvement

in the EEG resulted. The results indicate that the
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' cerebellum produces effects in the EEG from the occipa.tal
lobes secondarily to a compression in them through the
tentorium,

Bilateral Lenticular Legiong.--The alpha rhythm was

|
found stronger in the lea;st affected side in two cases, - i
and less difference was seen in the other of the three |
cages of wilson's ‘disease reported by Lemere. In a‘»-cg;rn- Y *J
 perative study, Weatherby (95) found marked evidence of
| cortical .dam(gﬂgg, ‘especially in the right side,}pﬁhiéﬂ
. pneumoencephaldgi'am- of a case of Wilson's disease. The
- _ changes in the EEG ,substéntiated the findings of extefx- |
sive cortical damage. Outbursts of high voltage 6 per -

second Wé.VQS,’TIGBC&BiOD&’I&Q per secénd, and also runs of

 15 per second waves were recorded and were espeeially
marked from the right side. - . i
Pituitary Tumorg.--In Lemere's two cases in which | f
there was nq}jinMcreased intracranial pressure but seyere o
amblyopia, the alpha rhythm was present in both sides

and was little affected by opening or closihg. the. eyes.,

; or.~-In one: case of a pentine tumor,

Smith et al found abnormal waves mostly prefmntally in
the left hemisphere.' The cause may have been the secon-
dery enlargement of the left hemisphere which was demon-
strated, o | |




General Paresis.--An increassed alpha rhythm in

proportion to the severity of the dementia was shown by
Hoegland (64). Berger had found similar results with a
marked dissimilarity between the two sides and improve-
ment in the EEG with clinical improvement following
medication. Hock and Kubis (96) found slow 3 to 6 per
second waves in most of 17 cases, Only in 4 patients
.did the frontal area seem most involved electrically.
The general cortical involvement in general paresis is
indicated in all studies.

Vasgular Legiong.--In hemiplegia slow waves on the
side of the lesion were usually found by Hock and Kubis

(96). Walter (12) had found no changes in one case.
In three cases of traumatic hemorrage localization by
EEG was reported (97). Clinical and electroencephalo-
graphic improvement followed operative correction of
the difficulty.

In a“3eft_carotid artery ligation for a wsacular
aneurysm in the left side of the circle of Willis,
Yesger and Walsh (98) reported a loss of alpha and the
the left side and occasional delta waves from the right
-8lde after the operation. The EEG was normal some
time before the operation, but just before the operation
some irregulé}ity'of the alpha rhythm was found.,



Other Dementias and Deteriorations.--Disseminated

of 19 cases (41 and 93). In 5 of 6 others in whom early
emotional instability was a uniform complaint, a better.

than average alpha rhythm was found. Senile dementis is

- e am e e e emn s

characterized by an alpha frequency lower than normal

in proportion to the sevgrity of .the dementia., As low.
as 4 per second alpha waves were found (96). The fre-
only the Korsokoff type showed abnormal slow 3 to 6 per

second waves. Those classified merely as paranoid and.
hallucinosis types had normal rhythms. Cases of deterip-
rated epileptics, gerebral arteriosclerosis, diffusg |

gclerogis, progressive musculer_sairophy, and glivo-ponto-
cerebellar disease, all showed poor alpha rhythm (93).
Localization of gcerebral atrophy with associated condi-
tions, as schizophrenia and manic-depressive psychosis,
was possible by the distribution of "per cent-time alphgf"
(99). The pneumoencephalogram confirmed the EEG findings.
marked cerebral involvement clinically, gave abnormal
findings in the EEG (100). Slow sinusoidal waves of high
amplitude from the frontal lobes, episodes of waves of a

frequency greater than the normal beta, and rare alpha



waves from the occipital lobes unafifected by light
stimuli cheracterized these cases.

Increased Intracranizl Pressure.--The effect of

increased intracranial pressure may be surmised from the
cases discussed above. Berger (26) first mentioned the
presence of slow 3 per second waves in this condition.

- Lemere (93) substantiated these findings but prefers

to call these waves delta rather than>slow alpha as -
Berger had designated them. Williams (101) has ascribed
these findings as being due to the edema of the cerebral
tissue and not & pressure effect.per se. Increased v
pressure caused by the injection of petressin in Which'
oedema is slight or absent does not produce EEG find-
ings. He could find little correlation between the EEG
and the state of consciousness, or the degree of intra-

cranial pressure.

Frontal Lobotomy.--Davis (102) reports three cases
of bileteral frontal lobotomies and the EEG findings,
One showed abnormal EEG's before operation. The indica-
tion for operation was alcoholism with restlessness and
anxiety. The record two weeks later was unchanged.
Another developed a generalized overactivity with giane
delta (500M V) episodes from the left side over a period

of two years with manic trends clinically. He was -
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markedly improved by the operation, and the MEG became ., .-
nearly normal. In the third case, an agitated depression,
the EEG contained low voltagé fast weyves and slow waves
- of the alpha pattern. He was markedly improved by the -
operation psychologically, although the EEG showed greater
instability temporally and frontally but greater stability
in the occipital lead.

The Epilepsies

Perhaps of equal or greater importance than the |
localization of intracranial lesions has been the appli-
cation of the EEG to the study of epilepsies. The prin-
ciples of localization of epileptic foci are the same -
ag those used in locating lesions (89). Many successful
localizations of focl have been reported in the last
few years (103 and 104). These localizations have been
proved correct by pneumoencephalographic studies or by

operation. Casamejor (105) reports lateralization of -

;5;€Frmal waves of a diffuse nature in 14 of 17 cases in
which the pneumoencephalogram failed to indicate any
‘;a@arallzation. Here again the usefulness of the EEG
fégé proved itself where other methode have failed.
Bergei (27) first noted the variation from the nor-
mal in records from epileptic patients.
various types of epilepsies have been classified aceord-
ing to their EEG findings, and the word "epilepsy" from



the Greek word meaning "falling sickness," no longer ..
expresses the general understanding we now have of this-
condition., Instead, Gibbs et al (106) in 1937 suggestqd .

calling it a condition of Yparoxysmal cerebral dysrhythmza"
Characteristic patterns are found in the different types,-
They base their conclusions on 200 hours of tracings from
400 patients, including records during 120 seizures.

Their findings were:

l. Seizures involving the cortex show distinet
characteristic fluctuations in the EEG,

2. Rhythms distinctive of the three main types of. .
epilepsy are: (a) grand mal--fast waves, (b) ge&i;-ga;-m
slow and fast waves, and (c¢) psychic varian_&s—-predmmi
nantly. slow waves.

3. Subglinical seizures are seen during sleep,
especially in petit mal,

4. A lack of control of the cerebral rhythms in
general is noted. -

5, Grand mal seizures can be predicted seweral
hours in advance by the appearance of the characteristie

SN

waves.
6. The characteristic appearance of the waves in
one area for a given individual gradually spread to

other areas.



7. The type of pathological activity tends to be
characteristic of the area which produces it.

8. The effect of therapy as seen clinically can
be correlated with the suppression of the abnormal ac-
tivity in the EEG.

9. In one case, a frontal lobotomy cured the
patient and was correlated with the absence of abnormal
waves which were seen to arise from this frontal area
in the EEG before operation.

Characteristic tracings found in epileptic patients
are presented in the addenda, Fig. 8.

Classification of epileptic seizures on an EEG

basis has been undertaken by Jasper and Kershman (107)
from 468 cases studied., Sudden outbursts of high voltage
waves, called paroxysmal hypersynchrony, were the dis-
tinguishing features. Localization was found to be the - .
best basis of classification. They were either (a) local-
ized unilateral cortical outbursts, (b) bilaterally syn-
chronous from homologous areas, or (c¢) a diffuse wave
form and were lmportant for detailed analysis., Classifi- .
cation of the record into (a) random waves of three types--
(1) spikes, (2) sharp waves, and (3) delta waves, and

(b) paroxysmal rlwthms of six forms-=(B3 per second waves.
and spikes, (2) 3 per second waves, (3) 6 per second waves,
(4) 10 per second waves, (5) 14 per second waves, and (6)
25 per second waves was found very useful,

-66-



Abnormality localized to a discrete area of one
hemisphere was found in 50 per cent of the cases. These
were usually of the form of random spikes, random shang
waves, or random delta waves in paroxysmal rhythms. The
most common rhythm found was random spikes. They were
usually seen in patients with seizures characterized by -
a focal onset and a gradual merch of the seizure to other
areas, The type of focal onset was related to the func-
tion of the cortex involved.

Bilateral synchronous aebnormality appeared in 35
per cent of cases usually bifrontal or‘bitemporal in lo-
cation though occasionally bioccipital., The principal
forms of waves in records in this group were: (1) 3 per
second waves and spikes, (2) random sharp waves, (3) 3
per second waves, and (4) 6 per second waves in random -
groups. Three per second waves and spikes and 3 per
second dome-shaped waves were usually seen bifrontally
in the same patient, and these usually were the petit
mal type of epileptics or the grand mal types with an
initial loss of consciousness. Sharp waves characterized
the records of patients with the onset of major,or'minqr
seizures referential to centers in the temporal lobes.,
Meny had visceral aura with complex disturbances of be-
havior/and thinking, Six per second waves, often asgpci—‘

ated with 3 per second waves if from the bifrontal area



or with sharp waves from bitemporal ereas, occurred in
patlents with visceral aura and epileptic automatism.

The remaining 15 per cent of the cases gave records
characterized by a diffuse abnormality without synchrony.
Three forms were seen: (1) diffuse multiple spikes, (&)
diffuse multiple sharp waves, and (3) diffuse multiple
~delta activity. Patlents of this group who had records - .

- of the first two forms usually had mgjor cortical seizures
w1th no consistent focal cortical onset.

These authors are not impressed w1th the etlological | .%
\factors-as determlning the type of record. The location
of‘specific neurones‘of excessive diécharge and thg re-

A % lations of this primary focus to the rest of'the.brain'
| evidently determine the type of EEG found and the form
of clinical seizure. ’ ‘ -

As was seen in this study above, 50 per cent of the.
cases were characterized by bilaterally'synchronous waves .
or generalized dysrhythmia. These were generally associ-
ated with grand mal or petit mal types of eonvulsigpé;

These findings corroborate previous findings of other
workers as Gibbs et al (108), who described the waves
and spike pattern as being pathognomonic of petit mel -
epilepsy. The importance of the EEG has been in the cor-
relation of the supprgssion of pathological waves by
drugs and other means.
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Drugs and Control of Epilepsy.--Thus Cobb et al

(109) observed that hyperventilation in petit mal pa-

tients preceded the appearance of delta waves and cor- |
responded to the incidence of attacks. If hyperventila-
tion with COg was underteken, no abnormal waves appeared
and no attacks occurred. Also 150 grains a day of_ﬁH‘Ql
for four days decreased the effectiveness of the produc-
 tion of ebnormal weves with hyperventilation. IfA3%
grains of Dilantin were given each day for three days,
with the above dosage of Nﬁgcl, hyperventilation was .-
even less effective in producing abnormal waves. Dilantih
alone was not as effective. They suggest, therefore,
that acidosis-producing drugs be given with Diléntin in;;n
the control of petit mal. The importance of hyperventila-
tion in the detection of epileﬁtic conditions will be
discussed later. B
Gibbs et al (110) showed that high blood sugar'infm
creased and low blood sugar decreased the wave and_sp?kgw;
form of petit mal epilepsy but did not affect the»abnpr?al
crescendo bursts of grand mal nor the high voltage 6 per
second waves characteristic of psychic epilepsy. They
found that hypérventilation was equally specific in its
effects on these same waves of the different types. ;},
Thus an Insulin reaction would produce an amelioration

of petit mal epilepsy for from 1 to 3 days.
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Lennox et al (111) had noted the effects of hyper-

ventilation in 1936 and also found that phenobarbital

and NaBr ih doses without effect bn normal weves, pro-
duced merked depression of ebnormal waves. Camphor -
injected intravenously in & normal person produced waves
and a convulsion typical of epilepsy.

From these studies it mey be seen that Dilantin is
of gfeat general usefulness in the epilepsies,mespecia;;y3
the petit mal and focal types. }The specificity of therapy
for the type of epilepsy is indicated by the studies_of
Grinker et al (112). In a case of myoclonic epilepsy:

characterized by waves faster than normal, without a loss,

- of consciousness but w1th muscular twitchings, a counter--

part to petit mal clinically and electroencephalographleally,
he suggests depressing drugs as phenobarbital. In pet;p

mal stimulating factors as occupation by sound or visual
stimuli, attention, etc., are indicated. Schwab (113)

had found sound stimuli to be more effective. On the

other hand, Strauss (114) found doses of phenobarbital

up to 70 grains a day ineffective in the control of a _!
case of reflex epilepsy. - The case was cured by app;ying
Cocaine to the right eye over a peripd of months, pre~
sumably by allowing the cortex to readjust itsell while

the peripheral irritating focus was eliminated.




Epileptiform Records .from Non-epileptics.--Epileptic-
like waves may be obtained in cases in which no seizures
occur. Jasper et al (115) found typical waves in 64___
cases of head injurieg without séizures. In some cases -
the abnormal records were obtained years after the injury

~associated clinically by changes in personality, irri-

tability, etc. Of course, cortical injury may serve as
a source of ep11ept1¢orm waves and cause seizures es- -
pecially of the Jacksonlan type as shovn by Penfleld and
Jasper (21l) in 66 cases. Usher and Jasper (116) p01nt9§
out that the EEG patterns very similar to those found in .
epilepsy are found in Sydenham's chorea, where no specific
lesion has been found responsible.‘ _
Records ffom an individual diagnosed as psycho-
peurotic contained 3 per second waves from a frontofmoﬁpr |
lead, as was reported by Bennett and Cash (117). Jasper
et al (118) first reported an analysis of records fbom L
behavior problem children. Later Cutts and Jasper showed

that, whereas Benzidrine sulphate had no effect on ﬁhe

per cent-time alpha or the slow waves in form or amplif

tude in these children, it was associlated with clinical

improvement in those with a 6 per second"rhythm. Phenp-
barbital made 9 of 12 such patients worse whereas 1t

decreased the number and amplitude of the slow waves and




increased the number and amplitude of the beta waves.-
In these children, the records were very cuggestive of-
epilepsy. Lindsley and Cutts (120) sgain emphasize the

importance of taking records after hyperventilation in..

behavior problem children. It induced zbnormal waves in
meny children in which the record appeared normal under
standard conditions. . , [?

Inheritance and Epilepsy.--A good Geal of interest

R

has been aroused in the consistent findings of invesﬁi-
gators of ebnormal records in relatives of epileptics - ff
not dissimilar to those, i.e., individuals who actually v f%
have epilepsy. Lennox et al (1€1l) first reported that
54 per cent parents or siblings of 138 epileptics had
abnormal records, although only 1 in 5 of the patients
knew of any relative similarly affected. In a contfol
‘group only 6 per cent had epileptiform records. In 46
epileptics both parents were examined. In 28 per cent -

[

of these relatives both parents had asbnormal records, and

in 94 per cent at least one of the parents had an abnor-

mal record. They point out the importance of the EEG in

the selection of mates in eugenics and advise that if
two individuals have»abnormal records they shouhiinoﬁ
marry. Since only 2.4 per cent of the relatives of a

large group of epfleptigs studied actually had seilzures,




whereas 60 per cent of this group had ebnormal records
(a ratio of 25 to 1), the authors (122) conclude thét
since only 0.5 per cent of the general population have
epilepsy 12 per cent of the population probably have a.
disposition thereto as might be determined by EEG find- - o
ings. Robinson (123) presents similar findings and points |
out the importence of teking records after hyperventila—
tion to detect abnormalities which might not be seen |
without hypérventilation, Strauss (124) also substan-
tiates these findings in general and points out that in

71.5 per cent of close relatives of 10 epileptics some

related symptom as, migraine, epileptoid personality,
etc., are found, |
lajor Psychoses o

The EEG has been applied to the study of the mgjor
psychoses with very little success from the standpoint -
of diagnosis. Berger had mentioned that abnormal waves
were obtained from some cases of gchizophrenia, but later
Kreezer (125) in 1936 reported that his studies indicated
that no definite statement could be made as to the diag-
nostic value of the EEG in_such cases. A series of
conflicting reports then followed. The statement by
Knox and Campbeil (126) seems epplicable as a summary

to the whole problem. They decide that a uniform type




of abnormal record can herdly be expected where such a
veriety of clinical pictures ere seen. Although & type
of disgnostic tracing representing a type of psychoses
cannot be defined, some interesting observations have
been made, ‘ o

At one time a possible relationship to the epilep?:
sies was indicated by the works of Gibbs et al (127) and
of the Davis's (128 and 129). They speak of the condi-
tions, schizophrenia and psychomotor personalities, as
being é cerebral dysrhythmia which is perhaps better
fepresented by the EEG than by the clinical manifesta-
tions. They admit that no diagnostic form of tracing
can be ascribed however. N e

Davis (130) in a later study of the menic-depressgiye
group reported that in 42 depressive manic—depressives
an‘alpha rhythm of less than 10 per second was usually
found, whereas in 22'manic manic-depressives the alpha
rhythm was usually over 10 per second. ©She found no
changes of alpha rhythm with changes of the individualw;(
from a manic to a depressed state or vice versa, howevggf,
She suggests that in a normal person, when an individual
has a record of high alpha activity of aover 10 per

second G&'type of normal), he is most apt to be diag- - . -

nosed as a manic manic-depressive if he becomes psychotiec,




and depressive manic-depressive if he has a I or B type
of record. (See classification of normal records andA
sample tracings, Fig. 4, addenda, from reference (13).)
She bases these predictions on the case histories of the
patients studied.

Knox and.Findley (127) have studied 500 schizo-;
phrenics and classified their tracings as compared to -
215 normals into five patterns: a. A uniform normal fre-
quency of 8 to 1z per second made up of sine cycles
undistorted by cycles outside the normal range; b. Simllar
to pattern "a' with an Qccasional distortion by super-- .
impésed rapid low voltage activity, slow waves, or bothj
c. characterized by a great veriety of patterns, an ab-
sence of an organized frequency, could either be called
a questionable normal or questionable abnormalg de a
significant quantity of rapid waves 6f 254V or more
superimposed on slow waves and occasional short runs
of abnormelly slow waves; e. well orgenized rapid ac-
tivity of 50 V or more,or a predominantly slow pattern
of 75MV or more, or a combination in varied form. Thgy‘
found that 70 per cent of the normals and 40 per cent Qf
the schizophrenics had patterns of the "a' or "b" type.

Only 22 per cent of the normals‘and 34 per centrpf‘ﬁhéh

schiszhrenics had patterns of type "c¢'". The remaining




7 per cent of normals had patterns of type "d", whereas
25 per cent of the schizophrenics hed patterns of this.
type and 3 per cent had patterns of type "e". No clini-
cally adjudged normals had patterns of type "e". A
definite dissociation of normals from schizophrenics is
seen as to the relative preponderance of individuals in,
patterns of the normal and abnormal types., In classify-
ing the schizophrenics as to simple deterioration,
catatonic~-hebephrenia, paranoid, or other heterogenous
groups, it was found that the 47 per cent of the 500
cases with patterns of the "a" type were simple deterio-
fatinns, whereas the catatonic-hebephrenics were pre-
dominantly of pattern "b",'the paranocids in pattern ?c?,
and the heterogenous group was in patterns "d" and}“e?,
Menic-depressives were similarly distributed as schizo-
phrenics except that fewer had patterns Qf the "e" type .
and more had patterns of the "d" type. ZEpileptics showed
more abnormal and less normal tracings than any other
group. There was no relationship found in EEG tracings -
of schizophrenics with similer histories, nor did similar
cases have similar EEG patterns. They feel that the EEG
may be a valuable measure of the basic biological forces
acting in schizophrenic disorders, but differ with
earlier investigators as to any similarity of the EEG

records found in cases of epilepsy and major psychoses,
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With such poor consistency in findings, the EEG
is certainly of questionable value diagnostically in the
major psychoses. Perhape the Grass frequency analyzer
already referred to (20 and 43) may meke for a more uni-
form basis of classification. It is in such groups as
this that it may be of greatest value.

Grinker and Serota (36) claim to be able to demon-
strate differences in normals and msjor psychotics in
the EEG records taken during action or conditions of
stress. They argue that it is in such conditions that -
the schizophrenic breaks down and reveals his psychologi~
cal instability. They claim that three provoeetive“
tests have revealed real differences in EEG reactions of
the two groups. 1l. Cold-~normals show a definite re-
sponse in both hypothalamic and cortical leads.. The -
schizophrenic ehowed no response to cold or’hyper;hermiﬁe
in either lead. 2. Intramuscular injections of adrenalin
produced prompt and striking electrical and subjective
effects in the normal. Intravenous injections»were o
necessary to produce changes in schizophrenics. 3'.31?97
trical stimulation through the hypothalamic lead produced
profound EEG changes in the schizophrenic and none»inﬂ |
the normal. Other provocative tests as, verbal stimula-

tion and intravenous sodium amytal, produced less pro-

nounced differences.

==




Drugs and .Shock Therapx.--The ERG has been of{va;pe

in investigating the value of and elucidating the mechan~-
ism of shock therapy. Hoagland et al (131) in 1937 found
that during Insulin shock therapy there was a progressive
drop in alpha frequency with the fall in blood sugar. |
The normal alpha frequency returned along'a smooth curve
as intravenous glucose was given at any point. The alpha
frequency is shown to be directly proporﬁional to the
rate of sugar metabolism, Lemere (132) a year later
found that the alpha frequency of a group of schizo- -
phrenics was strengthened in the}initialAexcitat§ny stage,
and was replaced by 1 to 5 per second‘delta;waves_duripg
coma, indicating depressed cortical activity. A }rebound
strengthening of the alpha waves followed.bj‘l tg 3

hours the termination of the hypoglycemia. Although
clinical improvement was maintained ;n 9 of thé}lS ¢ases,
the alpha frequency reverted to its pretreatment level -
in 1 to 4 weeks. The alpha frequency}had been}lpwergﬁhan
normal in 12 of the 15 cases before treatment, and 6 of
the 15 had 1 to S per second delta waves present befQ?g.
treatment. These auihors also found that smali non-con-
vulsive doses of Metrazol ephancéd the alpha activity

and a temporary enhancement was also found during thgm
post-convulsive depression. Later'the alrha frequenpy;;:
returned to its pretreatment level. In summary, he found

the alpha rhythm improved by intravenous godium amytal,
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lietrazol, Insulin hypoglycemia, CO2 inhalation, and
emotionel stimulation. They conclude that a weak alpha
rhythm seems an inborn neurophysiological characteristie
- of schizophrenia. '

Davis (123) made some interesting observations on
a 33 year old schizophrenic during the course of 24
‘Metrazol treatments of which 20 treatments producedlcon-
vulsions. In the 4 attempts in which the usual or in-
creased dosage failed to produce a convulsion, large
positive waves persisted in the EEG until the next
treatment ended in a convulsion. During these periods
the patient was in:a confused state and failed to re-
spond as well as otherwise., No confusion followed a
successful convulsion. During the course of treatment
abnormalities which become more marked with sucéessive;::
treatment appeared. Clinically his catatonic psychomotor
manifestations, negativism, hallucinations, paranocid
system, end insight and judgment relative to his condi-
tion remained the same. The patient regressed during
the latter part of his treatment. Five months laterlu;
Insulin therapy improved him somewhat. The EEG remained
abnormal. Six other patients showed the same effect of-
prolonged Metrazol treatment. The author concludes that
the EEG precedes symptoms and”indicates the progress and

ultimate prognosis of the patient.
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Davis's observations are corroborated‘by Finley and
Leska (134). They found thet of 9‘Cases treated, in -
the 4 of the 9 in whom 6 or less injections were given,
except in 1 of these where 1l injections were given,
there were no temporary or permanent changes in the EEG
except during injection. In 3 cases given 9 to 14 in-
jections, improvement in the EEG was seen for a few
days. In 2 cases given 18 to 20 ihjections permanently
abnormal patterns in the EEG developed. They suggest,
therefore, that the number of injections of Metrazol

be limited to 10 or under. _ | o o
Chenges in EEG During Shock Treatment.--Various

authors have reported changes seen during shock treat-
ment. Of the more recent, Goodwin et al (135) in 1940
reported two main stages in the rabbit with Ingulin and
Metrazol. 1. Occasional spikes appear in the record in
the preconvulsive stage. 2. During coma, the record
consists predominantly of slow waves. The thalamus,
midbrain aﬁd cerebellum show abnormel waves during Metra-
zol shock. Ietrazol applied locally produced simila:mh;;
changes.‘ They conclude that Insulin produces its changgs
by depriving the brain of metabolic requirements. Metra-
zol produces an activity‘of the neurons which exceed the
immediate possibilities of fulfillment. Thus both pro-

duce an eventual neuronal depression characterized by

slow waves. -




' Except for the latent periods of response, Finley
and Leska (134) find the seme stages present in hpmgpg
where the stages are somewhat longer. An intermediate.
stage between "' znd "2 above is described as charae-
terized by the appearance of high voltage spikes of 15
to 20 per second gradually drqpping‘in frequency and §e~
coming synchronous in groups of 2 or 3 with the_glon@q
Jerks. A final stage 4 is described during which slow
random waves gredually decressing in amplitude and in-.
creasing in frequengy are replaced by.the”prégopyulsigg;

record. This is the recovery stage from the convulsion.

Electrically_ induced convulsions were studied in

the rabbit by L¥wenback and Lymen (136). Essentially
the same stages were seen here as those describgd abové;
Whereas in Metrazol a latent beriod and a pe?ipé‘o£7 .
variable 1éngth and severity of convulsions aré véeép,,
in electrically induced conyulsions_the copﬁulgipps;bg:
gin immediately and can be made sﬁbr;er and miidermpggn
with Metraiol. The author speculates as to the value
of better controlled convulsions, and, remembering the
appearaﬁce of sbnormal waves with too numerous Metrazol
convulsions as shown above, hishargumentg ar§ cef;aip%y
worth considering. Such studies as these are probably.

of the greatest practical importance ag»compéred'to the

other studies relative to the major psychoées.




T

\

Value of EZEG as to Functional Activity
of the Nervous System.

A lengthy discussion of the value of ILEG studies as
to our knowledge of the functional activity of the
nervous system is not indicated in a presentation of a
subject primerily of a clinical nature. A periodic )
perusal of such studies should certainly be of value teo- .
anyone interested in the development of his understandipg
of the EEG. The yearly reviews such as the one by Jasper
(40) is very enlightening. Visual, auditory, vestibuiar,
and tactile mechanisms are all related to the final EEG
recorded from the scalp. The interrelation of all

parts of the brain, the effects of metabolievchanges,

. drug; and environmental changes can be better studied

experimentally. Progress made in the vafious phases of
clinical applicatione are reviewed and interpreted.
Briefly, an integral activity of neuronal units

is observed by which rhythms or waves will wax andeanf'
larger and slower or smaller and more rapldly according
to the synchrony of‘the cells, Disintegration into ir-
reguler, rapid,. feeble waves occur as synchfony is des-
troyed. A '"pacemaker! enhances synchrony. Afferent
impulses and depression in verious forms meay enhanee

or disrupt it. The recorded waves seem to be an envelope




of many single units, the units being discharged by a
trip of any one of them. Their profile,_frerency,_and
temporal relationships depend on the interrelationships
of the individual units and the conditions of tpeir _
environment. Rate of metabolism seems to be intimately |
related. The unification of the beats of many units
must depend on the propagation of nerve impulses or
on electric fields end currents. = ‘,._ -

Factors favoring unison, as already suggested be- . .
fore, are high temperature, Ca**, low Na* and‘Kf,‘diminn»
tion of afferent impulses (recall the .effect on the - .
alpha rhythm of opening the eyes, etc.), increased polari-
zation, and drugs such as nicotine and caffeine. 4
strictly electrical mechaniem can control merve cell
beate® and cause a spfeading activation as shown}when 7
two cortical units isolated as to néurona; connections
are placed next to each other. One producing large
- spreading waves, due to locally applied carfeingz'wi;;'
activate the adjoining_nonrcafféinized to”aASynchrqppﬁg
state (83). 'The ultimate enlightemment by suchlgﬁudies
promises great progress in our future understanding of
the functional activity of the nervous system.

If this prediction seems carelessly chosen,wwé have

only to remember the progress made since 1934 when .
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Bishop (137) predicted the nature of some of the studies
gince undertaken. At that time he discussed some of
the possible contributions to come from neurophysiplgg‘ical
investigation especially to our ultimate understanding '
of psychlatrical problems,

"Two types of mental derangement may then be recog-
‘nized, or rather two causes of abnormal functions ~one

due to specific amatomical or physiological defect, as

from accident,' intoxicatj.pn, drugs, or disease, and the
other due to 'purely mental' causes, such as' su_g;g'es{cion,.
anxiety, or repression., * * * ¥ In the second type of

case, a solution of the problem involves knowing what is

righ‘t with the patient; i.,e., it involves a differeﬁtid—-
~tion between two manners of functioning both physio}bgi-
- cally normal, but one of them socially or personallﬁr

undesirable. * * x * If, as seems possible, menta} de~ .

~ rangement can result from an alteration of the ftmctional :
relationships of normally active axxi healtlw neurcnes, ,

the fundamental approach to a study of this derangement
‘must involve a study of these functional rela,ticnships,;_

and this study lies very properly within the Bpro‘virl_lc_e of

neurophysiology. * * * * The more complicatéd functions
of the nervous system, inéluding mental ac}fivity,- differ
from the sizmler in the degree of speelficity of ac'bion.
Mental activity differs from reflex acti*vity—-that is t.o

7




say--in the ease with which it can be altered and in the
veriety of eactions (not to say cholce) of which it is
capable., In physiological terms, this implies that thé
pathways through networks of neurones which a nervous
impulse may teke are more complicated in the higher
centers, and the conditions that determine which of
possible pathways‘shall be traversed are still more éomr

plex. It may mean further that the forces required to

direct such impulses are actually less in the higher

centers, and that slighter disturbances will send such
impulses astray, with a more consequent derangement_of‘,
mental activity. * * * * In acquiring the ability to re-
spond to these sensory impressions as elaborately as we
do, the nervous system has obviously succeeded at the .
expense of specificity of action; in physiological terms,
this means that neurones have become less particulap o
about their associates. In a complex society of.neurones
the results of such individual départures from the paths
of conventionality might Dbe disastroﬁs. What is more to
the point here is that they might also be capable of .

physiological investigation. * * * * ije have discussed

- two general Tields in which the writer believes research

in heurophysiology to have a direct interesp for psy-
chiatry: (1) a comparative study of the neurone as such,

at various levels of function, corresponding to the
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current study of the various types of nerve-fiber, and
(2) a study of the electrical responses of neuronal -
groups or patterns as normally functioning in the Va;i:
ous structures of the intact brain.," It is the Ilatter
of the two approaches which concerns the EEG, and the
potentiality of which has only been touched.

Evaluation of the Applicability

of" the EEG. .

There is probably no real value in attemptlng to
ascribe a total accuracy or usefulness to the EEG.
Bennett and Cash (117) have estimated it to be from 85
to 90 per cent accurate. Hyland and Goodwin (138)
caution against too great reliance on the EEG3'~They;;
feel it is useful only where the cerebral cortex is in
some intermediate stage of degeneration. ‘

Ultimately the value and applicabllity of the EEG
must be considered relative to specific problems and
conditions. At the present it is certalnly of a con- ...
siderably greater value applied to localization of brain
lesions than as a}dlagnostic procedure applied to psy-
chotic conditions. ‘ s

Tts value in modern military selection of individuals
suitable as pilots has already been referred to (19 and

 38). It seems to be of proved value already if the




statement that Great Britain is using it routinely in
its selection of pilots is correct. Five hundred
students were tested at Pensacola, Florida, as early - .
as the summer oif 1940, and preparations were being m@@e
then to test studenté at other lerge training centers..

Lemere (139) has referred to the use of the EEQAFQL
differentiate between true and hysterical or malingered..
blindness. The importance of this application to mili-
tary and industrial problems, especially\compensation
claims, needs no further comment. » _

‘Whether the EEG will be applied to the selection
of individuals suiteble for marriage as suggested (121
and 122) is a problem for the future. The problem is
one of socigl sanction of control of eugenics rather
than a question of value. Pérhaps in a future more

e e Ny

settled social state such problems will be given thorough
consideration., | -

Further discussion as to the total worth of this .
procedure is hardly indicated in a study of such a
limited scope as this. Such discussions are more sen-
sibly allocated to those with more experience and under-
standing. Accordingly, it is felt that a concise and
conservative summery based merely on the total opinion

of investigators is indicated.




Summary
1. A relieble, accurate method of recording
veriations in brain potentials has been developed.
2. Normel variations of activity and electrical
sctivity of the brain under constant conditions have g
been established. : - E

L]

2. The EEG is a measure of intelligence only at

.

extreme:levels. -

4. The functional activity of the human brain has
been‘clarified somewhat, and the action of certain
drugs has been more closely studied by means of the
EEG.,

5. The localization of brain lesions of various
types can often be determined by the ExG.

8. The epilepsies have acquired a new meaning,
and in these conditions the effectiveness of medication
can be closely followed by means of the EEG.

7. The EEG is of little diagnostic value in non-
organic psychoses. ©Some insight as to their mature
has been gained and suggestions as to.limitations of
shock therspy heave been obtained. ‘ -

8. Indications are that the EEG may be of value
in the selection of the’mosp suitable individual for

activities requiring considerable'skill and mental

control.
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Normal EEG patterns. The two most common
types taken under standard conditions. Unfiltered
monopolar recording. MF A
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Fig. 4.--from Davis (13).

Fig. 6.--Four electrodes are connected to three
amplifying and recording systems in the same manner in
each case. An electrical discharge of constant sign
under each electrode causes a deflection of the record-

ing pen in the direction shown. It is therefore possible, |

by studying the phase relationships of the waves recorded,
to determine under which electrode the disturbance has
occurred.--from Williams and Gibbs (88).
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Fig, 7.--High voltage 3 per second 'subclinical”
seizure waves with a focus near the second electrode.
They do not affect the third record, which shows a 10
per second frequency. The electrodes are less than 2 cm.
apart over an area of cortical damage.--from Williams &
Gibbs (88).
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Fig. 8.--Types of abnormal activity encountered in
epilepsy and the variety of seizure with which each is
associated. Grand Mal ggzure. Typical pattern, with
electrodes on the left frontal region and ear. '2e§1% Mal
Seizure: Typlcal pattern, with electrodes on the le t
frontal region and ear. Psych Attack:
pattern, with electrodes on the left occipital region and
ear. A represents the onset; B, a later phase. These

ebnormal patterns can appear without, as well as with,
clinically obvious seizures.--from Gib bs et al (110),
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