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INTRODUCTION

Thie Investigation 1s concerned with s study of the
disturbances in pattern of spontaneous brain potentlals re-
corded electroencephalographlecally from man and dog in cases
fuse and focal injury to the brain.

t the provlem iz an evalustion of the electro-
encephalograph as & dlagnostic procedure in cases of head
trauma and space-occupying lesions; for despite the large

literature upon the subject of clinical electroencephalo-

]

graphy there ls stlll considerable unceriainty ss to the im -

portance of lts role as an indicator of the severitiy, type
and loeation of intracerebral pathology.

The controlled reproduction in laboratory animals of
the slectroencephalographic phenomena observed elinleally
has seemed & loglical approach Sowards understanding the abe-
normal potentials in terms of sltered brain physiclogy and

anatony.

le
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Previous studles concerning elecircencephalographic

changes resulting from head injury bave for the most part

dealt with severe cases of head injory examined deys or weeks
end Sjaardema (1940), ¥illiams (1341) and Marmer and Savltbsky
£1942) all sgreed that there is a correlatlion between electro-
encephelographic abnormalily and severe head Injury and that,
t0 a degree, the clinical recovery of the patlient is accomp-
anied by a change of the electroencephalogram from abnormal
activity to a more nommal patterm,. Willisms {1041) studied
records teken within a few hours of the inlury in & few pat-
lents who had sustained mild head injuries and observed that

1
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such reccrds
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t be normal. It was felt that electroen~

gephslographic sxaminstion of a large nmumber of patients with
¥ 53 4 ]

mlld head injuries within & few minutes of thelr injury might
e of value 1In determining the onget and Surabtion of the slectro-

ncephalographic changes end might throw some light on th

a - & F %
mechanism of concussion.,

2 EATERIAL AND METHODS

The report presented here is an electroencephalographlc
study of two hundred and thirteen persons who sustained head
njurles at the thres shipyards operated by the Kalser Core-

1l

poration - in or near Portland, Oregon. Records were taken

el R}
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ie We mre Indebied to the Kaliser Compeny and to the Uregon Stat
& - & - ' P & ny % 4 Sy 3 P - —
Industrial Acecident Commission for their excellent cocperastion

throughout this study.



Fig. 1. Headband electrode holder. .{A) Shows detailled
construction of spring-pressure-arm holding electrode for
contact with scalp. (B) Shows total six electrode assembly
on headband. (C) Detailed drawing of an individuél side
electrode unit such as is used in a sixteen electrode

assembly.
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upon one hundred and ninty seven patients atb the Pirst Ald
Station of the Uregon Shipbullding Corporation. The remalnder
of the electroencephalograms were oblained on sixzteen patients

who were more severcely injured, as soon as ivle after they

L~

nad boen admitited to local hospiisls. There were one hundred
and eighty five men and twenty eight women in the group s tud~
led. The age renge was from sixteen to elghity-seven jears,
the mean age being thirty-six and three-tenth yoars.

A pushepull amplifier with a three chamnel Ink-writing

oscillograph, manufactured by Crass was used Yo cbtain the

4.

electroencophalographic records. In order to eliminate glectri-

cal interference. & wire shielded cublcle was bullt at the
Pirst Ald Station. The records were taken while the patlent,
with his eyes closed, was in & semlereclining position on a
ped within the cubicle. The placement of six electirodes on
the scalp was such as to allow bipolar recording from frontal
to parietal and parietal to occipitsl arecas on Loth sides of
the head. Inasmuch us the application of electrodes Lo the
scalp with collodion is tedious end tlme-consuming, & more
rapid method of application was sought. During the course

of study, a head band electrode holder with siz spring pres-
sure contacts was developed. (Ulett end Claussen, 1944).
{(Figs 1) with this device, 1t was occasionally possible %o
gtart taking & record within ten minutes alter the patient
nad been struck on the head. ALl but twenty-slight of the

two hundred and thirteen patients had records taken within

twenty-four hours of injury. Nost of the gords upon the



more severely injured patients, who wers hosplislized, were
" paken within the first twenty-four hours and s few were talen
less than eight hours after the asccident. The same methods
of recording weres employed in all ﬁ&ﬂ@ﬂv‘ Follow~up rocords
were taken on eiphty-six of the serles of two hundred and
thirteen patients.

A history was elicited in each case uhen the patient was
brought to the First Ald Station or hospltal. OUpinions of
the patient, witnesses of the sceldent, ambulance men, saletly
inspectors, and attending physiclans were recorded and evalua-
ted in en attempt to obtalnm an ascurate sccount of the accl~-

nt was visited In almont all
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instances (bLy GeUe} and an attempt made to evalunte the phys-~
ical factors responaible for the injury. when the patient
had been struck on the head by a falling object, that object
or an identical one was found and weighed amd the distance
of the fall was measured, When the patient fell his weolght
was estimnted and the height of his fall measured. In sighty-
three of the caeses studlied some approximation of the veloelty
of either the falling object or the person at the moment of
impact in foot-seconds was calculated end the force lnvolved
in foot-pounds was determined., Other pertlnent facts con-
cerning the scclident were obitalned from an el flcient and
highly organized stalf of safely cnginecers.

A general examination was performed on all patia&tﬁ im-
moediately after the electroencephslographlie record had bLeen

taken. The blood pressure, pulse, temperabure, and resplira-



tion were recorded and all patlients wore exanined for evi-
dence of injury. OFf the two hundred and thirteen patisnts
studied, two hundred and one had laceration and (or) contusion
about the head. Two of the patients had tender painful necks
and one hed a {racture af the seventh cervical vertebra. Two
had x-pray evidence of skull fracture. In only seven patlents
was there no external evidence of head injury Lut the hletory
and statémﬁnts by wittnesses that these patlents had beon
struck on the head were so definite that they were ineluded
in the serles., A neurclogical examinatlon was likewlse cone-
ducted end the patients sensorium ¢ valuated. The account of

S

events at the time of the sccident as Lold by

% -

e patisnt en~
abled us to make some eostimate of the period of ammesle during
which he was mentally oub of contact with his envirconment.
In those cases in which there was lmpalrment of sensibillity
et the time of examination the term"unconsciousness” was
avolded and the state of the patient's insenslbllity was
graded as (1) coma, (2) semicoms, () wild, moderate, or
gsevere confusion. In defining these terms we lollowed the
useage outlined by the Medical Research Councll Brain Injuries
Gommittee of Oreat Britain. °

As a control, records were taken during the course of the

study on two hundred and cleven persons who were consgldersd

fnormel” subjects. Nost of these records were taken on workers

2. Prom "4 glossary of psychologlical terms commonly used in
cases of head injury”, Ly lhe Medical Research Councll Drain
Injuries Committee, published Ly H. M. Stationery Office,
london, 1941.
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who came to the Pirst 4id Station for ambulatory treatment
of some minor condition other than head injury. Some records
were also taken on foremen, office workers, nurses, or any
others who haj ened to be near the lsborabtory and would subml
to an electroencerhalographlic examination. There were ons

- o o = 2 3 >3 AP e & % Wy e s B
rundred and seventy one men snd forty women in the control

. £ ;s Yo gy & - _— ' 2 - . . A
series; thelr age range was sixteen to sevenlye-seven years,

o«

ne mesn age belng thirty-four and thres-~tentihis yearse.
in opder to evaluste the factor of old cereLral trauma

%

both the control subjects and the pstients with head Injurles
were asked whether they had experienced s previous head Ilnjury
gevere enough to have produced definite amnesia. Pifty-sipht
out of the two hundred and thirteen patients in the head in-

Jury serlies and seventy out of the two hundred and eloven

[
e

e~ YR S . £ = g " T A
ss gave the history of having had

t.,,..lj

ersons in the control serld
guch & blow on the head. In both the injury series and the
control series the electroencephalographic records of those

S

who had haé a previous injury showed nc increase in abnorme
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ag compared with those sho had not susbtalined a pre
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To insure uniformity within this study all records which

woare taken were rraded Ly the same persons. S 7 The records wers

1 - . B mnoma TP By Nk A wia ey s 1™ P o
claapified ss "normal®, "borderline™, or "sinormal”. A range
Y P E'S . 2 P=3 e ap— } ool & ey e Bl § s » e T
of dominent mctivity from and inciuding eight to twelve cycles

o P J—— e 1. o . €95 ma A 3 g g
per second wse considered normel. OSlow waves below elight per

3. We sre indebted to Doctor Enox Finley for his ald In
recori Interpretatione.



Fig. 2. Examples of normal, borderline and abnormsl
electroéncephalographic records. There are six cases in
each group and each record is from the left parieto-occl-

pital lead.
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Comparison of the total number of control cases

total number of cases of head Injury.



(211) WITH TOTAL NUMBER. OF CASES OF HEAD INJURY

COMPARISON OF TOTAL NUMBER OF CONTROL CASES
(213)
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second were called abnormal. Lack of definite pattern Jdes~
pite high amplification and bursts of high voltage activity
against a normel Lackground were considered indicstive of
abnormelity. The greater the amount of slow or fest activity
in & given record the more the normallty of the record was
neld In gquestion. Fipge 2.
3. RESULTS ABD DISCUSBION

Compariscn of the electroencephalograms of the head
injury patients and controls: When the electroen cephalograms
on all of the two hundred and thlrteen patients in the head
injury series were comparsd with the elsctroencephalograms
sn the twe hundred and eleven patients in the control series
1t was found that 627 of the control patients had normal

o
Tt Bl

electroencephalog

-

grams {rom the h
30% of the contr
pared to 384 of

record.

s o
a3k of

the electruencephalo-~

(¥

TaEms whereas
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ead injury patients were normal. (Flgs 3l

ol series had "border-line® records us con-

the head injury series with this type of

tly sbnormal records were found in 87 of the

e k| . wli 1€ & s P o o o ¥
control series and in 1 of the head injury series. it 1@
| . R . R — - 3 | P i s e 55 o & T -
thus evident that when the electroencephalogrsms of the en-
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LIre groudp oL Dede ingur) pata lents wer COMpRaYrei wivl Bl
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electroencephalosrans of the entire contreol group very iitlle
4 e -5 N 1.3 W 3 P S {
difference could Le deteclted.
£ oy o il ol o o - I '
Correlation of electrcencephalosraphlic findings with
- 3 3 o & % - [ = C 51 . 4 Fl .
elinical svidence of concussion: Upon the Lasls of severlty
of symptoms, we divided into sroups the patients upon whom
" Ar o ey % b B F — B e
we took electroencephalosraghic records t win twenty-four



Table 1.

Fice. 4. Relation bestween electroencephalographic abnorm-
| i< grap

ality end the clinical severity of the cerebral traumsa.



CLUINICAL CLASSIFICATION OF SEVERITY OF CEREDRAL TRAUMA

DEGREE

N

2o

3T

4+

NO. OF PATIENTS WITH
RECORD WITHIN 24 HIRS.

30

99

46

10

0

Total — 185

o P TEOMS

Scalp \aceration and/or contusion.
No cerebral symptoms.

Daszed. feeling, dizziness, saw stars,
diffuse headache, nausea, noam-
nesia for the accident, no impair-
ment of conciousness when EEG.
was taken.

Definite amnesia of some dur-
ation. No '\mEa\r‘meht of concious-
ness when EEG was taken.

Mild, mederate or severe con-
fusion when EEG was taken.

Coma. or semicoma at time that
L.EG was taken.

RELATION BETWEEN E£.L.GABNORMALITY Al THE StiBEhd, Sk
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hours of injury. OCut of the total of one hundred and eighty
five patients who came to the Flrst Ald Statlon for soalp

lacerations or Llows on the head and upon whom eleciroen-
sephalograns were run within twenty-four hours of the injury,

o

ept pain at the site of Injury.

£

By 2 x A
thirty had no symploms

2

Ko degree of elinical co neussion was thou
ey

B B o - & . % 4 ¥ |
in these patients. lNinty-nine patients had complained of

-

%

symptoms, including "dased feelings", "

2

iiffuse headache, or nausea coming on lmmedliately after the

injury. There was, however, no deflinite pericd of amnesis
and no impairment of consclousness &t the time the record

was taken. Patients Iin this group were considered to have

uffered cerebral traums of plus one auv@riigoA Fort
patients gave a definite history of smnesis of some durstlion
as 8 result of the mccident but there was no impalrment of
consciousnese at the ﬁima the record wae taken. Fallents in
this group were considersd to have suflered cerebral treuma
of plus twe severity. Ten patlenis exhibited mild, moderate,
or severe confusion at the time the record was teken. Thoy
were considered to be more severely injured and were classed
as plus thres. A category of plus foupr severiily was regerved
for patients in coma or gseaml-coma. There were no patients
in this group in our serles. (Table 1}. Figure 4 shows the
percentage of normal, border-liine, and sbnormal records in
the patients suffering from these Jdegrees of cerebral trauma.

It will be noted that the plus one group, which falls short

of true concussion as defined by Trotiter, has very llttle

iizziness”, "saw stars”,

e



devintion from the normal control group. There 1s a slight
but significant shift toward the abnorsal in the cases of plus
two clinical severity and a decided shift in the plus threeo
catesorye. No case which exhibited any degree of impalred con=-
sclousness st the time the record was taken had & perfectly
normal electroencephalosran and five oub of the ten were dis=-
tinctly abnormel. In none of the ten patients who fell in the
plus three group was there any history of a previous head in-
Jury with amnegliae, or a family or personal hlistory of ner

or mental disesse. Although one ls perhaps not justified in
expressing in percentage a group of only ten individusls it is

Mo,

done here for comparison with the larger groups. Subseguent

By

electroencephalographic records have bsen taken on four cf

these ten patients., Two records have returned to normal, in
two the records have as yet not changed, and in six no rechecks
have teen run. The following cass report 1llustrates one of
the patients with concusslon w2os¢ abnormal electroenceopholo-

graphle record subseguently returned to normal.

Case Cl. An eighteen year old welder's helper lell sboutl ten
feet striking his head upon a steel deck. & witiness
sald the patient was ®unconscious” for about a2 minute.
in the First Aftd Station the patient seemed Lo be in
s state of mild confusion. He had a two centimeter
scalp lsceratlon in the reglon of the left forchead
bub there was no evidence of depression in the skull.
Examination at the FPlrst Aid Station revesled no al~
normallity in the routine meurcloglcsal exanination.
The patient was seen by one of us {(J.R.) about four
hours later. At this time he had no memory of ithe
gceldent or the evenis which had occurred at the
Pipst Ald Station. His blood pressure was 104/60,
and his pulse £0. The neurclogical exanination
again revealed no sbnormalities gxcept that the
right pupil was slightly larger than the left.
Roentgenozrams of the skull showed no Iractures.



Fiz. 5. Electroencephalographiec records in Case €61l. (4)

%

Thirty minutes after the traums. The record showed acbivity
enping from 4-9 per second, much of it above B0-860 uv mede
this record shnormal. (B) One hour and twenty minutes post-

Py g 4 ¢ o b Ty T ¥ £ 8% P 23 wram b b 1 >
auma. Decreased voltage eéxcept for occasional bursts.

Disappearance of some of the slow, rolling activity. Occas~
jonal 5-8 per fbaqu waves still in evidence. The record was

still considered ab normal. (C) Sixteen days after the U

£ AWK
Hine per second activity. Well organized pattern but high

voltare. The record was now completely normal.
St - B
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The clinical dlagnosis was cerebral concussions
Figure 5 i1llustrates the alset?”en@@;uaia raphic
findings on this putient at various intarvals
following hesd injury. A completely no srmal record
was obtained sixteen days after ¢njuf3.

e o . i \ B o Bon ey @ % o d = 2 FN
Time interval betweon injury and taking OL the elechroens

sechalosram: LI the disturbance in the train ce ells In concus=
sion ls a reversible process them 1t follows that the sooner
after the injury one can take the elecls roencephalogsraphic recs
ord the greuter @h@.céa;ee of o.taining an atnormal record.

4#e were sble to start taking the e ectroencephialographic rec-
ords on {ifty-three patients within thlrty minutes of the time
of injury. Seventy-one patients had their slectroencephalograns
started within thirty to sizty mlnutes after the ac cldent.
sizty-one records were obtained when the elspsed time was Le-
tween one and twenty-four hours, the vast ms
ottained before two hours had elapsed. Records on twenty~-
elght patlents were taken when more than twenty-four hours had

n
elapsed since injurye. It was found thatl the percentage of dls-

¥ P | . . 5 v " VB b e cewnen 2 oon ¥ o e & y A
inetly abnormal records was slizhtly greater In the pal.ionts
e wr ¥ 2 e - dene @al & - 2 i B ® e & -

examined within thirty minutes than In patlents examined alfter

At [— e g = o A B o % P
the twenty-four patlents having

- e BeFen & - il - AP % oo o B ) P
within thirty minutes of the accldent. It would seem, thersiore,

b

trat 1L one ls to detect & large percentage ol awnorad alities in
the electroencephalogram in the patients with o nild hesd injuries,
such as those we have studled, one must examine the patients

very eariy. ne following case 1llustrates the fact that a

normal electroencephalogrsphic record may be obtained within
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5« 8, Electroencephalographic record of case number 93.
This record was started 15 minutes after cerebral trauma.

This is a normal electroencephalographic record.
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fifteen minutes of the time a patlent sustained a true con~

£

gussion as judged by his eclinical symploms,.

Cage 93, This twenty-eight yesr old painter was struck in the
mid=-ocoipltal reglon and back of the neck Ly a Lfifteen
pound piece of wood which fell fifty feet, The pal~
ient had on a felt hat but was not wearing & steel
nelmet. e was "knocked-out® for ¢ few seconds and
guffered en amnesis of approximately one minulels

: N ' ¢ :
durstion. At the time the record was started ['if-
teen minutes after the accident he was not confused
and he hed no compleints. Fire 6)e Neurolcogical

"%y o 2
examination showed he had slight nystagmus and hypo=-
active tendon reflexcs.

i
?

i

It is obviously impossible to demonstrate the time of

'3

onset of the sbnormal waves in cases of human concussion. If

information 1s to be obtasined regarding the sbnormality of the
slectroencephalozraphlc record lmmedistely after injury, ihe
work must be done upon eanimals with the electrodes in place at
the time the blow is struck. In thelr experimental work upon
sate, Willimms and Denny-Brown {1941) found that the time of
onset of abnormally slow waves in all cases whore concussion
occurred was in the neighborhood of three minutes. They lelt
that concussion is assoclated with diminmtion or cessation of
the electrical activity of the whole cerebral hemispheres and

= 3
the ay

e
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g

[

pearance of & » abnornally slow waves may represent e

&

3

stage in the recove from conoussliofe

Correlation between phyaical factors in the blow and

abnormality of elsctroencephalographic record: MNeny difficul-

ties were encountered in attempting to snalyse the physical
factores in a case of head injury. Steel helmets not only re-
duced the number of head Injuries but alsc compllcated the -

difficult task of estimatin

et

the force of the blow. ﬁﬁ@t&&r



of determining mccurately how far an objzct fell, The welght
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of falling objscts could usually Le determined. whelne the
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shen & board of some length fell it was impossidle to know 1f
the full welght struck the patient on the head. The forces In-
volved when the patlent fell were even more diflicult to det-
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iﬁvelve&. However, in cur series there were seventy-eight
cases seen within twenty-four hours in which some estimate
could be made of the physical factors. In seventy-secven the
king the patient or the vel-
ocity of the patient's head at termination of a fall could be
expressed in feet per second. In seventy-four cases 1t was
possible to arrive at some kind of a figure for foot pounds of
energy invelved in the blow. Common experlence has taught us
gll that the greater the force of a blow the greater the damag
to the skull and cerebrunm. The guestion whelher concussion ls
related to the force of = blow or to the acceleration or decel-

oration of the head has been recently investligated by Denny-
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(8 cases)
18.4 ft/sec.
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(44 cases)
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Range B-56

{25 cases)
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(24 camses)
Range 20-8,400

(& cases)
1,088:3 £%. 1.
Range 720-=4,500



i4.

Drown and Russel (1941), OGurdjian end Vebster (1943), walker,
Eollros and Cuse (1944}, and Holbourn (1943} In our series
the average veloclty at the moment of impact was twenty-Lour
and one-tenth feel per second in the group with normal electroe-
encephslograms, twenty-five and elght-tenths in the borderline
group, and thirty=four and two-tenths in the abnormal proup
{rable I1}. It is of interest that the threshold veloclty for
concussion at the moment of impact in the cat and monkey, at=
cording to Denny=Brown and Russell (1941), 1s twenty-elght
feet per second and this figure 1s Letween the average of ihe
atnormal and borderline groups In our serles. The averege
the normal
581.0, and 1077.2 for the abmormal. The range within each
~poun was oxtrome bLut thils is expected in view of the dlifi-
culties of estimnting physicel factors in an individual acel=

dent., It 4is difficult to judge from our data whether iU is

the force as such or the acceleration or deceleratlon which

8
The relationship between the clinical severity of the

o
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i
R
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ms and the sverage veloclty of the head et the moment of
impact 1s revealed In Table IiI. The relation between elinical
soverilty nnd the ensrgy involved

interest that the average velocity of the two plus and three
plus rredes of clinical severlity which represent true concuszion,
1s well mbove the threshold of concussion as determined experi-
mentally by Denny-lrown and Russell {(1941). The average vele-
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ocity for the seroc and one plus Injurles was well Lelow this
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Pig. 7« This figure shows a comperison of electroenceph-
alographic records taken on persons in the control group
with records of patients reguliring less than twenty-four
hours time off duty end with records of patlents requiring

more than twenty-four hours time ofl dutye.

Table IV.



COMPARISON BETWEEN EE.G RECORDS 1N CONTIROL
GROUP CASES REQUIRING LESS THAN 24 HOURS TIME
OFF AND THOSE REQUIRING MORE THAN 24 HOURS TiME OFF
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reguirineg more than twenty-four hours

5y 5 S i
Eead injury case

time off: In an sttempt Lo survey more serious head injurles
e e - & F ]

et ol

cases reguiring more than twenty-four nours time off were stud-
ied in contrast with those requiring less than twenty-iour
hours time off,
igure 7 shows the differences in the two groups in rege
pect to elsctroencephalographic records. 1t can ve seen Uhat
the one nundred and seventy seven cases requiring less than
twenty~-four hours time off did not vary appreclably from the
control group in respect to the percentage in the normal, bord-
erline, end sbnormal groups. In the other group of talriy-six
patients only eight had normal records, sighteen Lorderline and
ten‘(ﬁﬁé) nad abnormal records. #when patients in the Two
groups were compered as to the clinlcal severlity of thelr syap-
toms (Table 1IV) 1t ls seen that the more severely hurt regquired
the moat time off.

A study of Figure 7 and Teble IV will reveal that 1iI the

electroencephalogran was used as & prediciion of

| Sad

loses will result from an sccident it is rather infarior to

cliniesl evalustion based on obssrvation at the time the eliectro-

encephalogram was taken. For example, 1f It were predicied that

o~

%

alli twenty-four patients in the head Injury series with disl-
inctly abnormal electiroencephalograms would require more than

twenty~four hours time off, one would have been wrong Iourteen

%

e ¥ - >t s o, e & H S T - 2 - o5& B, S
times and right ten times. If one should predict that the ten

patients Judged most severely injured, bLecause of thelr mentel

confusion at the time the electroencephalo;ram was taken, would



regquire more than twenty-four hours tlme off one would have

been right ssven times and wrong three times.

4

A follow-up study of pstients wio had | been studied

electroencephalosraphically following acute head injury: This

t-'s

54 L ~ | o & ey B R o 2 . -
study consistes of "recheck®™ records on elghty-slx patients out

of the total number of two-hundred and thirteen shipyard worke-

-

ers who were sxamined electroencephslographlcally following

.

scute head injury. The first electroencephalosram was recorded

1 P .
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within twenty~four hours of the time of injury in

M
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of these eighty~-six patlents and in six the electroencephalo-
& &

ey

gran was oltained within fifteen minutes of the trauma. The

final electroencephalosran was not taken until the patlent
able to return to work agaln or could be inducted to re-

turn to the laborstory for a "recheck™ record. OUn the aversge

these workers were seen adboul § weeks following the accldent.

Sixteen of the eiphtye-six record

{‘3
#

showed a change Lelween
he first and last recording. PFive records that changed were
abnormal, Three of these changed to Lorderline and two Lo
ormal. Eleven borderline records chenged, ten to normal

and one from torderline to abnormal. It la felt that thils
been classified as abnormal at the btime
of the first slectroencephalocram exceopt that the reduction

n P ey - L . : . = - - ; T # - | A o
£ amplitude of the record, & phenomencn seen fregquently in
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record Lo appear more
regular at the
. A 4 y W o +iva o A g e e T s el e ionaign aee T onf wren T smee o)
goraing. donge o The ThArLy-iour casesd w.i0s6 Or.p-nal roora

was normal changed when the record was repeated after clinlcal

15,
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records in the 70 capes whose recheck record showed no
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B, (b) original records in 16 cases whose racheck
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record showed & changs, (&) recheck records in
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recovery. Figure 8 shows that the seventy head injury casea
which d4did not change alfter cllinlical recovery had a percentage
of normal, borderline, and abnormal which cleosely resembled
the normal control and that the recheck records alfter recove

ery also were very little different than the normal controls

ery 1
In fact the only group which 1s signilicantly at variesnce
from the contreol group were the original records of the gix-
teen cases which showed a change on thelr second record. This
group after recovery had records which were entirely compar-
able to the normal control group. This indicates that the
lectreencephalographlic changes produced by head injuries of
this severily are reversible.

It might be expected that one would find a more severe
type of head injury among thls group whose sloctroecncephalo-

= L — . Y P . . il T T4 & ~ - = 2
rﬁmﬂ had shosn & shift towards asbnorsmelity ,‘LU,&.-«* E,—-n IFLG2 4

trauma. This view is ssemingly supported by the fact that

*m
s

seven out of the slixlteen workers In this group were to be
found among the thirty-six Iinjury cuses (from the total of

twe hundred and thirteen cases) whe required more than twenty-

four hours time lozs followling the sccident. ﬁﬁ analys

fwe
«EF!
4]
=%

the physical factors in the blow alsc shows g trend towards

& more severe injury

[ ¢
£
%
2]
]
"
3
)
bl
e
{I\
ta
£
o
¢
(%]
o
[
o
[
[
5]
er
n
-]
T
b
#-
o]
w
¢

erage velocliy of thirty~two feet per second at impact and

an average force of seven hmndred and seventeen foot pounds
was present in this group of patients as contrasted with an
aversges veloclly of twenty seven feel per second and a force

five hundred and fifty slx foot poundes for the ceases whose

}-.J



rechesk record showed no changés.

¥hen the sixtesn patients whouse records shifted were
compared as to the clinical severity of thelr symptoms there
wes a greater percentage of these patients in the two plus
end three plus cetegories than in the entire group of two
hundred and thirteen patlents. However, two patients who

clinically showed zeéro degree of cerebral trsuma and five who

suflfered one plus degres of cerebral Lraume exhiblted a shift

of electroencephalographlic pattern to a more regular petfern

upon recheck. On the other hand the patient (Ho. 93) in

18.

Pigure € is an example of an individual whose electroencephalo-

P

altered by a blow of severe Intensity. Possidle Indlvidusl
difference in susceptliblility to Instabllity in the electro-
necephalogran may help to explialin the wide range In the table
where physical factors were correlated with electroencephalo-
graphic abnormality. It 1s well known that there 1s gresat
individuasl varistion In the effectiveness of cover-breathing,
slechol consumption, and blood sugar reduction in the produce-
tion of electroencephalographic abnormality. It 12 not un-
likely that the effect of trauma on the electroencephalogram

-

is likewisge influenced by individual differences. That indi-

L4

vidusl differences may play a role in the patient's reaction

to concussion has been polinted cubt Ly Srown and MNoore {1944)

in a discussion of peychistric casultles in battle, where

&
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blast conouselon 1= an etiological factor. They stale that

D i B e ol oo P B A = o e LU L g
ome soldiers whoe suffer {rom blast concussion return to

&

battle and cerry on". In this comnectlon it Is of interest



Pig. ¢. (A} Blectroencephalogram recorded from the left
and right perietal-oceipital leads end from the inter-

o B £emF 3
posliuital leads

rty minutes after the aeseident i

LS -~ A £ -

B oase

sonsidered to have suffered a true concussion. Thia recerd

o

showed six to nine per second activity and was almost flat
in many places. (B) Electroencephalogrom from the same
patient and recorded from comparable leads two months efter
the day of the accident. This slectroencephalogram was
considered normal and showed well organized nine te ten

per second aetivity at from forty to fifty microvelts.

Fig. 10. (A) Electroencephalogram recorded from the ileflt

and right parieto-oceipital leads and from the inter ocecipl-
tal leads one hour after a sub-concussive blow. The record
showed scattered buraté'af four to aseven per second activity
against a background of low voltage activity. (B) Elsectro-
encephalogram from the same patient and recorded f%oﬁ COm=
parable leads twenty-four days after the Iinjury. The record
at this time now showed normal bursts of ten to eleven pef
second activity at an amplitude slightly lower than that of

the abnormal bursts in the original recerd.
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te ocbserve that nine out of the sixteen werkers whose electro-
encephalograms showed a shift towards sbnormality following
trauma were back on the job bthe day following the aceident.
Yot one patient in this group of sixteen wmhose injury was of
only one plus clinicel severity reguired two weeks hospitili-
zation and was complaining of conatant headache when - oen
three months followlng injury.

An apalysis of the types of cheange found bLetween th
initial and final electroencephalographic records reveals
that non-speclfic phrases such as "better organizatlion® and

®lewer irregularities®™ best characterize the trend toward

1 nine cAases

sl

7 gean in the second or Tinal record.

tl e N i 2 * R SR | & e | 3y
MATKEeL inoraalxs .o ‘i’&l"&u;. was ssen In the sscond receord.

Such a change is 1llustrated by cese number one hundred and
seventeen.

Case 117. A thirty year old worker fell backwards fHis head
traveled approximately five Feet to ﬁtr¢ne & steel
plate. ;bene nas Q peqt-tragmatiu smnesia of about
fifteen minutes duration and s retrocrede amnesla
of two minutes duration. Nour ologlicel examinstion
reveal&& no abnormslities although the putient was
dezed until the time the ﬁ&cm*r&ancﬁpggio ram was
started forty mimutes after the accident. This rece
ord showed six to nlne per second activity, and
was almost flat in many places. (Filg. %9a) The
higheet voltage waves were sbout fifteen micro-
volts. Two months later the patient vas again seen.
He had gcea cliui‘all“ normal since the éag of the
accident and had lost no time {rom work. Hle zmnﬁgia
remained unchmnged. ﬁl&wLMmm@@wuhsrAwtm-
at this time showed well organized nine toc ten Fur
second activity with a val*a§a of from forty teo

g

£ty micro-vollts, Flg. 8b

&

o

In eleven cases the Ireguency changed from a patbern of
abnormally slow waves bto one well within the normal range of

sight to twelve per second. The inereased frequency and



el 4 el ) . & T 2 Y g cwgm - - o o €Y
anplitude need not necessarily go band in hand (Case 115) but

usually appeared to do so.

Case 11l8. A sizxteen year old shiplfitterts helper lell backe
wards a distance of two or three fect siriking his
right mastold process. He was dazed for about
thlirty S&Cuﬂuﬁ following the traumes snd when [irst
gseen oneé hour after the sccident had a normal neuro-
lﬁéﬁpux axa&¢p%t;an et uomulaiﬁuu of a diffuse
hendache., The electr u@hﬂﬁéAQlG ram taken at thi
time sﬁﬂwaﬁ scattered bursts of four to seven per
second &&t;?&ﬁ; sgainst a baokyg rw‘LA of low voliag
activity ;i_, 10a) The patient was seen again
tw&u*vm hm“ days after the injury. He yeported that
he had lost no t‘ma from work and had no complaints.
The ﬁlt:trupnce§nala ran taken et thie time looked
mach like the previous record except that the bursts
of waves now were {rom ten to eleven per second.
The amplitude of these waves seemed Lo run about
the sems or s little lower then in the first record.
{(Pig. 10bj.

In four cases more than two records were taken., In one

-

of these (Case 81, Flgure 5} the high voltage slow waves seen
thirty minutes after trauma were replaced fifty minutes later
by waves of lower voltege. A gimilar though less striking

sequence was seen &lso In another patient who suffered s blow

of 1ike severity. The two remaining of the four cases, one

In view of the highly varlable changes which do ocour

and the finding of patterns which did not undergo alteration

[

pith clinlcal improvement in cases of equally and sven more
gsevere traouma, 1t iz not possible to suggest an alectroenw
attern which could be said to Le characteris-
tic of & given series of pathological changes as the patient

returned Lo normale
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f cats, doge, and monkeys.

treuma adeqguate for concussion

tion with massive discharge of

ervous system and is followed

by an after-dlscharge. This 1ls in turn followed by extlnc-
tion of eentral nervous system activity with a decrease in



obgervable reflex phenomana. In support of thelr theory
they report the occcurence of an initiel electrical discharge
of several hundred microvolts to & milivelt in amplitude at
the moment of concussion. This deflection 1s followed by

-

repld sctivity for ten to twenly seconds af

°

onsequent gradusl decrease to electricel inesctivit
alfter an few seconds or minutes returns agsin to the precedl
normal level. In addition to the changes in the electroen-
cephnlogrsm they enumerate other evidence of changes in re-

flex activity which oocur immedlately followling a Dlow on the

A i - - —— | T T & - r -
cram as precorded from anlmals with local or general anesthetic

4oL T B 2 " * : -
of the nature of gXxper.itnLal CQIOCUEE L0

In order Lo have an index of the cerebral corticel func-

tion g3 many as possible of our animals were trained with s
conditioned reflex tschnigue deseribed by V. Fo Allen {(1537)

™

has shown, to le interfered with by lesions restricted %o
puraly assoclation areas of the cerebral cortex. It was

thought that this might be the most delicste index of corti-

b | -1 e Y B o @ ]
cal function which couild be ¢htained.
- MATERIAL AND NETHODS

Two cats end seventeen dogs were utlilzed In this study.

Une hundred and seven bLlows were dellvered in the experi-

men.s here reported. Slity-five separste Llows were glven fo



ancothetized with nemtutal {one

2

twelve dogs and two oat

- o 47 g Py e i i . e " 5. L - e
10 of veterinary sciubiln per live ib}« Forty-two

¥

desiivered to nine dogs unanesthetlized excepl for novocalins
infiltration of the scalp. Five of the dogs snesthetlized
with nesbutsl were killed by the blow on the head while In the

other seven we wers unable to terminate the experiment Ly a

I

thesla kilied by & btlow wiih our pendulunm.

4 pendulum with a rigild hitting arm to eliminste back

o

lash and & coiled spring Yo increase acceleration was used.

> — - g . = = £ d s T N Y Y % . . [ ey
and effective eneryy estimated at 58.1 {t. ibs. The dogs wers
o 2 _— 3 = 2 =) - . LI a4
placed in s leather harness shlch allowed them to aland butl

prevented too gresl movement. They were muzaled and thelr
ad fastened by rubber btubing in an eppropriate position for
-he blow which wes dellvered to the osccipltal protuberance.
The rubber tubing was of sufficlent strengih to decelerate
the head after a movement of six to ten lneches but not kept
tight enough in the resting position to materially lmpede the
inal acceleration speed. By this method sufficlent, grad-
uel deceleration was obtained to svold possible double concus-
sion affects which might be produced when the head was allowed
to strike a padded block of wood. Simultaneous records of
respiration were taken in many of the experiments and electro-
rams in all. Reflex changes and response te painful
etimali wers noted. Changes in the animals behavlior were re-

g PR O - - - " £l o & o |
gorded. Twenty-two btlows wers struck on six aaba previously

3]

fatal blow. In no instance was & dog that had only local anes-



i %

trained to resct by lifting the right fore-paw to the sound
of tappling &b the rate of once a second, and to refrain from
this actl %0 the socund of tepping a btoard, & pipe, and the

same bell at the rate of three taps per second. They were
glso tralned to resct positively to the odor of cloves and
negatively to ssafetida. Respiratory records were taken dure
ing this testing belfore and alter the blows, to ald in inter-
to the findings of Doctor W.

Fo Ailen (1942). The animals were tralined, until they reacted
without error, Lefore they were concussed. Lipght thoussnd,
two hundred and twenty-{ive seperate test situations were

used in training the dogs. After the blows the variocus clues
were éiV&&_uniii the animel wes able to respond as correctly
as it did before the blow was struck.

The electroencephalographic tracings ln the dogs were al-
ways [rom sultiple electrodes. In the ecarly experiments seve
eral types of plugs were screwed into the skull with one or
two embedded wires agalnst the dura with leads between the
wires or I'rom one wire to the metal plug. Nost of these proved
unsatisfectory for chronlc experiments. Unly one of the dogs

e

could be prevenied from infecting his wound as a result of
continuous scratehing at the electrode plugs. Finally insu-
Jated phonograph needles were used, loagland {1240). The
pattern of activity was jdenticsl with the various methods
but muscle artifscts were somewhiat more present in the latter

-

method. The dogs were lightly anesthetized with ether for the

was liberally novceainized. The electrodes were removed after



cach oxperiment and replaced when necsssary for the next
exporinent. A four channel push-pull smplified and an ink
writing oscillograph, manufactured by Crass, were used, (ne
channel was used for elecltrocardiographlic trsecing. At the
conclusion of each experiment, if the smnimal was not fetally
injured by the blow he was anesthetized with nembutal, Uled
and the Lrain promptly removed, plasced in 10%¥ formalin snd

after fixation ssciloned for gross gauﬁﬂiv ‘ical exsmination.

S« RESULTS AND DISCUSSION
A fatal result to the experiment was Invarlably socught

by gradually increasing the severity of the vlow. In five

Qh st

cut of the twelve dogs anesthetized with nembutal a fatel
blow was dellvered, while in none of the nine dogs with local
anesthesia was a fatal result obtained. In thelir sbility to
survive a tlow to the head, there ls a marked difference be-
tweon the ancsthetlized and unanesthetized animal. e mere in-
capable of delivering Tatal bLlows to unenssthetized dogs with
cur spparatus even though some of thess animals suffered Llows
of such intenszsity as to cause severe hemorrisges into the cer-
ebral substance and the speed of the pendulum at the moment
of lmpact in all was more than that necesssry to produce severe
concussion and death ln cate both in ocur hands and in the ex-
perience of other workers.

with our pendulum, blows ant 30 to 35 ft./sec. regularly
cauge severe concussion in the anesthetized e¢nt. Une animal
- L

wag killed by & blow at 35 ft/sec. The effects in the none

sorneal reflexes for one Lo

L}
2

Tatal Dliows were abolltlior
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- &

three minuies with thelr pradusl return in approxlmately five
mites, cardiac aslowlng with nedal rhythms and Intermittent

neart block and other arythmias. These cardiac effects

e

heve been due to direct wvagel effects or secondary to the

1

hypertension knoen to te present after a tlow of such sever-

zer to arpear

et

ity. These freguently took ten seconds or lon

-

which maskes 1t gulte likely that they were secondary to the
ooy

hypertension. The electroencephelograprhic changes which we

oserved wers not as constant or predictable as the cardls,

g}

irregularities or the refllex sbnormslitles. However in the
two cats studled a degree of diminution of smplitude was ob=-
served. In one it was unllateral, returning in ten minutes
to its former level. Subseguent bLlows in eash instance, one

Y

il vl ey - % - Hgpal o i hue By g e ——
thirteen minutes aflter the first and in the other thirty mine

o
1

p

- . % —— P ; PR ——
aused the appearance of slow waves

¥
Pl
€2

utes after the first bl«
within the two (o three gseconds which was the earlliest tim
the record could e Interpreted Lecause of unbalancing of
he smplifiers. In the fatal case within fwenty seconds a

pre-concussion type record appsared uhich lasted ones and one-
halfl minutes and was followed Ly complete cessation of actliv-
ity from asphyxis due to respiratory paralysis. In the other
cat after the large sinuscldal sctivity at three per second

had gone on for ten secounds there was a reduction in amplitude

-

which lasted three and one-halfl minutes, followed ULy a pattern

i

identical Lo the pre-consussion record. Fzeept for the rapid
appearsnce of slow waves afler a second Llow our records con-

% P § e e, e e, 4 E .y - et T .
formed gquite well to the reports of Hillliams and Denny-Drown



Fig. 19. BElectroencephalogram and electrocardiogranm recordsd
from a dog (5-27-43) before and after pén@mlum blows to the
head delivered with a velocity of 37 ft. per second. Eoth
non-fatal and fatel blowa are shown. Lines 4, B and ¢ are
recorded from bigalwr electrodes two on thé right, one on
the left side of the head. In the case of the Non-Fatal
Slow the flrst recorded strip taken bvefore, during and
after the blwm; The second was recorded 90
saconds af'ter the blow, In the case of the Fatal BElow the
firet strip was taken ju t beflore, at the moment of and
imiedﬁktﬁly after the blew. The second stirip was recordsd
one and one half minutes alter the blow (at the time of

"‘”"tml} 2
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Thege résulbs seemed to us to indicate thal cur equipe-

&

ment for the production of experimental concussion was ir

3

every pespect somparable in its eifect

€

lmboratories. We are of the opinion that the high threshol

necessary to produce concusslon obgerved Ly hite, Drooks,
coldthwalt snd Adame (1943) may have been due to back lash
fn the hitting srm which was not rendered completely rigid.
Thig 1s an importsnt precaution which must be taken in the
construction of such spperatus in our opinion 1f resulls as
of concussion mey be compared.

-
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Hesulte of experimental ceoncusslicon which was fata’ to

= s ma} Fop TR et -~ i : v e % &3 § g - V
pombutaliges dopgs: oo 1.VC GOESs It Ll Jqr.eg wore suue=

acted to & total of sizxteen blowe which wers dellvered at
age veloclty of 20.0 ft./sec. witlh
~- 39.7 fte/sc0c. In 21l snimale in this group there were on
to four tlowe prior to the fatal blow delivered during

reried of one to three hours preceding. 1o some caeos the

non-fatal blows were equal in Iintensity to the fatsel bLlow.
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In every instance one or more of the preceding non-fatal

plows ceusged a Semporary cessation of respiratlion lasting
'Y

from thirty seconds to two minutes and a temporary loss o

corneal reflex lasting from twenty seconds to four minutes.

-

The pulse in practically all of the animsls In this group
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gradually during the subseguent
was {regquently preceded by a temporary tachycardia which las-
ted from five t¢ ten secands. In other Ilnstances the cardlac

rate would DLe slower from the initial beat following the Diow.

Buring the period of bradycardia temporary and reversible
changes in the cardisc rhythm were noted. Todal rhythms,

t Llock and occaslional ventrlcular exﬁra*s“stolas were
seen. These EKCG chenges were the most [reguently ocbserved
changes following the blow in all groups of animals studled.
The fatel blowe were charscterlized by the pesrmanent

loss of corneal reflexes except in one animal., In this case

four of the five animsls. This tachycardlas
persisted untll the effect of asphyxia manifested ltsell. The
single Instunce of bradycardia following a fatal Llow appeared

5

two seconds sfter the bLlow and lasted only bten seconds In all,

L&

The rate dropped from one hundred and forty to ninety beat
per minute during this interval.

The electroencephalogram in the dog anesthetized with
nemtutal characteristically consicts of irregulsr waves of
irregular ampllitude sl fregquencies of from three to twelve
per second. In addition groups of falrly regulsr waves last-
ing one Yo two seconds occur simultaneously in all leads at
frequencies of nine to twelve per second. These spindles

¥

aran o 1 r . B e - " Peia &
have Leen identiflied as dependent upon thalmic, cortical



{R.P.) and left parietal (L.P.) leads and slectrocardio-
gram (E.K.G.). Fatal and non-fatal blows were struck while
thia dog (5=21-43) was under nembutal ansesthesia. In bot]

instances the records were taken: (a) Just preceding th

o

blow, (b) 30 seconds after the blow and (c) two minutes after
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Figs 82+ Saggital zection of the gerelellum of a dog
that was struck a fatel blow wirile under nembutal anaesth-
esla, Hemorrhage is vigible within the Draln substance.






Interconnections.

Of the sleven non-fatal blows in these

by & subseguent blow, there was s temporary
crease in the amplitude of spindlesn
electroencephalogram of dogs anesthatized by

20) in six animels and in three there was a

{Yorison & Dempsey, 1842)

characteristlic

arvimg
abolition or de-
of the
‘ nezzz‘but;al (71

~enara1¢z*d (e

crease in amplitude of all types of activity (Fig. 18).

This decrease in activiity lested from twenty seconds to sixiy
seconds. Slow waves were encountered in four cut of s total
of eleven non~fstal blows in this pgroup. They lﬂvtfd from
one minute to thirty minutes following the blow and In one
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the "T" wave of each cardiee impulee. In only two instances

vas there an apperent incresse in amplitude
the blow. This came on some two minutes
In one blow no change was notlceable.

The elsctroencephelographic changes

in these animsls were in no

=

non=-fatal Llows except that instesd of ret

present prlor to the VLlow they disap
failure and anoxia.
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(Pigs. 19, 20).

to the occiplitsl repion.

one animal in which skull Trec

of wavas after

the

Ltrauni .

ith the fatal blows

way different ;r&&.@¢c preceding

to

abl

—
canged th

vtk ariain s .
gulshable from that

appear agaln when arti-

had oceurred as
In both of

urae hod

i
&



not surred the tentorisl face of the pcelipl

——LTY il . i LY
anterior surface of shellum

the gare
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three mm.) hemorrhagle sreas
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extend intc the superficlal layers

(Fige. 22} In two of the animels no grees le
be meen.

lon-fatel nembutalized animale

serles were subjected to a total

were delivered at an averasge veloclty of 38.1

The seven uc -s in th

poles and

showed small {pinpoint to
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forty~five blows which

fto/sec. it will

. . 24 1 3% 8 ™ - "
be observed that the sverage velocity le higher in the non-
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fatal series than in the {ive enimale previously described.
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tracing. The average heart rate previcus to

hundred and forty-five. A bradycardia of som
produced in about halfl of the Instances. The
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encountered wae sixty and the average was ninety-nine. This

o=

! b

bradycardie was preceded Ly an initial ten second bachycardla,
in ons instence. Tachycardia slone was noted sfter the Llow

in @n&-tALyi of the cases. The average duration of this tachy-

Pty
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by
¥
g
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Card] thirty seconds. The aversge rate of
the tachycardia st its heipght was one hundred and Tifty elght.
Ainormelities in the eiecﬁrﬁﬂar' lographic tracinge were presw

-

ent most fregquentliy during the phase o

F
b

bradycardis and were

present in approximately en%wfcvrih of the blows in this group.
Chenges in the "7" wave were most frequently olserved with ex~
traaystoles in three Iinstances, and nodal rhythm noted in only

one. In general it may be gtated thet the changes in the

;
ey

"regquently

pulse and al@aﬁr@saraiggragh;a record were least
seen and were of less degrec than were ouserved in the five
animals who were Iatally injured.

This suggests that differences in individual susceptibility
to séﬁ ussion was marked and greater ithan the limlits of our ap-
paratus for producing coacussion. The cushioning effect of
gkin, suscles and hematoma formation over the occipital pro-
tuberance was controlled in over one halfl of these animals by
surgical exposure snd dgli?er: of the blow directly on the
bones of the cranial vault.

Approzimately one gquarter of the blows In this group
showed no change in the electroencephalogram record. The most
frequent changes present were: a decreass in the amplitude
of the nembutal spindles and in & few instances thelr elimina-

tion for a period of thirty seconds to & minute, and an Ilncrease

bt
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in slow activity shilch cccurred in twelve lnstances out of

the forty=-five blows delivered in this group. Isclated occur=
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TONCes were: litude of all types of activity

in one case, an increase of all types of suctivity in one case,
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1z up of sctivity in two instances and in two Instances
an apparent return of the nembutal spindle activity to normal
when it had Leen absent befors the blos wae struck. 4 possible
explanation of this anomelous result was thai the hypertension
after the blow improved the cersiral clreculation. It is obe-
vious that although there is a s2light tendency lor reduction

]

» o " ] . B nge Ton e . @ - *, e Vmaw -
in nembutal activity followed by slow waves, this 1s by no
megne a regular occurrence snd the changes preduced sre freg-
= WS e E Pa—— e E % b 3 d - - 4 %= "% 3= A 3
Qently QuiLe };Z;':..(i.l. ctatle. I inm THO8BLOLLE VAT the abeancs

4

of significent and constant changes 18 in part due¢ to the fact
that the threshold for true concussion was not resched in a
large number of imstances 1n these partlcular animals.

There were no skull fractures among the animals in this
sroup. No gross changes were toe e seen in the bralns in rive
of the animals studied. In the remaining dogs small bemor-
ie discolorabions were tc te observed on the tentorial face

of the cccipliial lobes, these extended one to two mm. Into Lhe

&
%

coerebral tissue. The decreased effects of bvlows of greater in-
tensity on the dogs in thie serles as compared to the {lve dogs
previcusly described suggests differences in Iindividusl suscepitl-
bility to concussion. The cushioning effect of skin muscles

and hemsatoma formation over the occcliplital protubsrance was con-
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rolled in over ome-half of these snimals by surgical exposure
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All but three of the forty-~two blows in this series resul-

ted in some changes in heert rate or electrocardic

{\,..l
0
| =
[ #3
-
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&
&

ingses The average preconcusslion pulse was one hundred
in “*r*WDAQur instences the initisl offect upoun heart rate was
tachyourdia. The increase might Le three and onc halfl times
ites preconcussion rate. The aversge heart rate at the helght
of this tachycardia was one hundred and ninety~four. The
initisl tachycardis lasted ten to twenty seconds and was [0l=
lowed by & bredycardias in nineteen Iinstances. In flve cases
bradycerdis without preliminery tachycardia was observed and

in a few instances only techyecardia followed the blow. The
bredycardie resched its maximum in thiriy seconds Lo one mine
ute efter the blow was struck and Ilssted for a pericd of teo to

. E . & — i de . - o 3 . Al %
PP P 3] i ¥ ks g4 g | SAP— N o I -
O minutes. ~038 phnge Ol € GAIZ glac change was marzed O

[ idnkid

inverted "T" waves, heart blocik and nodel rhythms in aboul come

il o i L - s rwen when B . o 3 P Sea w
quarter of the cases. The average rate at the depth of Lredy-

$-l

‘K

cardis was seventy-six. 1t ls our opinion that the bLradyeardia
and arythmiss were due to reflex vagael eflects secondary to &
hypertension known to be a freguent effect of cerebral contus-
sion in cats Dermy-Brown & Russel (194l) end dogs Gurdjian &
webster {(1943).

The electroencephslographlic record in the unanesthetlzed
dog is entirely different than in the dog anesthetized with
nembutal, There is more variability then when anesthesia is
used. Muscle artifacts are freguently troublesome in the un-
snesthetized animsl particulsrl

- . - ¥4 w3 4 FiE o s O T, T e . o,
inother factor which is difficult to control is the tendengy
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for some doze to go te sleop while standing in the harness.

This causes the sprearance of glow waves which are diffleult

to distingulish from the slow waves which were occasionslly on-
countered after bLlows had Leen struck. The typleal sleep po-

\ K = e . W e % 4 - [
ear when the animel wag stimuiated or

-y E ., it - I = el ¥ B . 3 = 2 | S S
enlled tut othervwige no distinction could be made Letween the

two. In some animale after several blows the animal appeared
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ghould bve consgidered an abnﬁrﬁ&l electroencephalocran or nobt.
in practice 1f the slow waves wers persiste:
was obviously awake the actliviiy wae consldered abnormal .

Most doge when awake have & low volbage, rhythmic activity

pecurring in small groups at a freguency of ten to tweniy-

e

eight per second. This is easier to pleck up from leads o

X " # - . f o T & s dillm
the posterior part of the head. A minution of amplitude

ey

féllamzd approximately one third of the blows in this group

gnd in stout one hslf of these this was combined wlth perals—
tent slow waves. {(Fige. 21). These seemed to occur simultar
eously and no tendency was observed in the unanesthetlzed

animal to exhibil slow waves following a perlod of diminished
activity. The duration of thls change in the electroencephalo=-
gram changs verled from period of two minutes té the remaln-
der of the experiment, as long ms two hours. 4£A3 8 rule the

aetivity returned to its previous level in five to ten minutes.

In no instence was there any lnerease 1n freguency or amplliude

-

T

¥

f



S

of the activity ss reported Ly lglker, Kellros & Case (1D44)
1 the cats

o

Effects on condliion reflexes by the blows of this seve

ent in all instences except two blows in one
uniﬁal« The effecta cbserved were at first, no responses whabe
gver followsd by & pericd in which mistakes were Iregquent,

™e total elfect lasted ;vew three minubtes to twa dnys in one
instance. Ixeluding two experiments one where the effect lasted
several hours and another for two days, the average dnraﬁién

for the effect on clfactery clues was elghteen minutes, and for

audlitory clues, fourteen minutes. In an individual snimal

".5

1

definite trend for one or the other systeme to Le
cua&ﬁgtent'v more aflfected then the other., In view of the fact
that no inh;citian of reflexes and resplration was seen during
the periods a; deficlent conditioned responses it is obvlious
that conditioned preflexes are more readlly affected by thas&
tlowe than are ordinary reflex activity and other vital fune-
tions. The defect in iﬁe reaponses was almost always purely a
fallure Lo respond to the positive clue responses, and only
twice were incorrect positive responses noted In both instances
an Lﬂé&rr@ct pull of the leg to asafetidua. The possibliliily
arcgse that this effect on the rellexes migﬁt be simply & strong
negative reinforcement in as much ss whipping was used to pun-
ish the animel after an incorrsct positive response during the
training perfiocd. The duration of the defect was against this

interpretation as the lnhititory efiect of a whipplng rarely

».%s

laste more than s few tests separated by sboub thirly seconds
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each. In order to further test this in one animal in whom a
strong effect on the condlitioned reflex by the head Injury was
obacrved, blows of egual intensily were delivered to the base
of the tall. The average durabtlon ¢of the defect in the sudite
ory clues In this animal after hesd injury wae 41 minutes and
for olfsctory clues 38 minmmbes. It waa further observed that
following successive blowa on the head there wae.a progresalve
increase in the duration of the effect alter each blow. The
effect of the condltlioned reflexes following blows on the tall

from the z2ame helght, which was an injury more nsarly resemble-

& - 5 2 = oy - § 3 -
ing the whipping used during training, caused an aversge durae-
Tt L Vil o AmPond P 4 sl snnr P oo Peowe Blaw s ovarTd Boasaesr aTecmoe sand
B e WPk W wmu Gl R W B RS W I S = A S e e ndy WFRE S ‘! Sode ke €3 SRS

of three minuntes for the olfsctory clues but in esch instance

w

almost all the affect wus noted after thﬁ first blow and prac-—

e
;.l.

1ly none followlng subsequenit blows.
4 comparison of the electrm&nsep&alm;rarhiz changes rec-
Gf&&d after the blow was struck and the effect of the blow on
he condltioned responses shows in genersl that the bilows which
we were capable of dellvering eoffected the condltionsd reflexes
more regularly than they did the elsctroencephalographic rec-
ord. Of the tweniy blows in the tralned enimale only five
showed readily recognizable electroencephslographic changes
which lasted on the aversage of seventeen minutes as compared
to eighteen blows which resulted in changes in the conditioned
reflex lasting on ths average about sixteen minutes. This fig-
ure for average duratlon does not include two animals affect

for one and twodays in thelr responses.



In oxder io test the velldity of our opinion that the in-

itial deflecilon and subseguent aleence of any ectivity on the

el

shalographlic record for the first three to five
soconds was due tc an srtifgct cesused by the blow to the aaz-A,
e blow was struck with voltsge dividers in the elircult before

and after the death of the animai. The inltls]l deflection

@ vesart e i ey p— . AP .Y & = 2
arpeared the sase when the animsl wag desd or sllive and in
s By fam ' . - = —— P ) - -
both Instances the deflection wes over seven mil. volis. So

& »

far as. the conditions of our experimentes sre con

e
ovement artifact {Plg. 19) which is

& - 1 - . -
on: the ekull touses & MoV -

= o ¥ B i s - el g e b i
responelible for changes 1n the record for the first three te

Fige pocondn Fiar thep BWlow. In 11 tataments ohave ssane
12ve zoconda efter the blow, In gll sitstaments shave con

P =T e oa ment L T e - = 2 3 i -
carning negative electroencephnlographle results it must de

gant artifact.
In thepse three animels szmell effusions of bvlood which

extended into the cerebral substances were s¢en on the tentor-

4=
e

»
1)

‘there was zome

SWe crue

o

1al face of the occipital lobes. In
bruising of the anterlicr fasce of the cerebellum.

e have been unable to confirm the observation of
Walker, Eollros, and Case that a blow on the head in an snie

mal results in an incresagse in the Creguency of the cortical

actlvity for ten te twenty seconds alfter the blow, In our

-

2

method of leading, the inltial deflection olserved 1s s move-
ment srtifact and we are not able to record sctivity during

the three to five seconds after the blow because the amplifiers

2
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are temporarily unitalanced. %e have recorded electrical
phencmenocn accompanying a mejor convulsive seiszure following
electrical stismletion of the bLrain through electrodes appiled

to the skull. We have n

comparable to that seen
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tnocsthesia should reduce the excitation and thus be a protect-

ing influence Just se 1t 1s & protection ggainst convulsive selse

ures and post convulgive paralysis 1f the clinical symptons of

concussion were comparable to the changes which follow electrical

or chemical stimulation as suggested by Helker, Kollros & Case.
Our results seem to show thai the higher centers of inte~

gration are more susceptible to traumatic effects than are the

more vitel reflex mechanisms. It 1s also evident from our work

that electroencephalographic records as we were atle to record

and analyze them are not as delicate sn Index of disturbance

of cerebral activity as are conditioned reflexes such as we

woere using. It is possible that appropriate tests deslipgned to

show minimaz changes In cerebral function would have brought

out more changes than the el&gtracnc@ph&lagrﬁphuﬁid in the clini-

eal material recen 1y reported. {Dow, Ulett, & Raaf, 1942).

It was observed in this work thai electroencephalographlic

changes were consistently olserved only in the patlent obviously

confused at the time the record was taken. Our results suggest

that, in evaluating the effects of head Injury, it is necessary

to test the patients abilitﬁ to carry out relatively complicated

mental processes 1{ one is to detect minimel changes following

head injuries. It is felt that our rssults feil to support

the concept recently advanced that the “elinlcal manifesta-

tlon of concussione...is the result of intense excitatlon of

the central nervous system...". It 1s felt thst the cerehral

trauma has a direct effect of & temporarily parasliyzing nature

independent and Leyond eny mechanical stlmulstlion of neurones

which may or may not be produced by the Llow.



4ls

o
ot

B4
%%

$ig

Experimontal

P




e

‘ e al oose edasibe sl
1. BEVIEN OF THE LITER )

e

&

The presence of alnormal brain potentiels srising from

O

focal intrscranial leslons was reported by Berger (1931) and

- s 2 & T

e E A By F A Bmve b vemiier [ YCMELY Bl e e A L
by Foerster and Altenburger {1838). The practicel signiflic

of suchi focl was shoen Ly halter in 1830 shen he used the
electroencephalograph to correctly localize the pathology in

b of 3 - g -
five casez of brain tumor.

Studlies of & larger number of GliLLVAE cascs were soon

fortheoming . Oibba, Munro and Begner i?ﬁél}\fsund the clectroe
® — ———

sncephalograph to give 735 of verified localizations In a series
fourty-{our clinical cases. Thelr accuracy was 90F if only
those cases were included in shich there was involvement of
the cereLral cortex. The ac acy of localization in this
study corresponds to the earlier figure of 78
zations in a series of fift; s&é@s studied by Williams snd
3bbs (1938). TYesger (1940) of the ¥eyo Clinic reports 664
successful localizations of cereiral leslions
forty-thres cases. GScheal (1941) reported from the braln-wuve
laborstory of Massachusetts Seneral Hospital 84.5% correct loce
slization in cases of intracranisl pathology. Lambrose, (ase

1inety~gevern cases with supraten~
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e - » e s .
torial leslions and found that the electroencephalopgram, while

¢ ok
sbnormal in 83.5% of the cases, gave locallizing findings in

o

only 52.85. This wag u faverasile sletlstic when compared with

positive clinical localizing findings in 05.97 of cases and
, » auf
positive loculizing akull X-ray findings in 26.2°

fas
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ntorest that s ten yesar stu

and sixty-five cases showed an accuracy of locallzation of

o
ST PR— - ahosae N ™) " e WEES . »E"f [ 7
brain tumors by skull x-ray alone of 24%5.

x>

»

tir encephalography

i A A - T % i oy e sy oy o T o5
gave correct losallzation in 88.87 and ventrioulography in 92 2%

of the cases so studied. One may conclude

o Slha  TA e ey
irom the iliterature

then, that in cases suspected of Intracranial lesicns, the

o

electroencephalograph should, statistically

grams and that 1t is sbout as eccurate as

‘,» 4 wn "% e B g -
¥, Eive lozallzing

gither cliniecal

chservetions or pneumoencerhalography. Table V. Lambrose
& & oF
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which the electroencepnmlogrerh localliged

elinicel Ffindings slone were insulfficient

gy s

They concluded that, "Elsciroencsphalograp
2 Nt

’!»-r
I

tine procedure in every case suspected of

eranial tumor.®
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Zlectroencephalosrapnic methwds for ©
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tumors where Lne

for iccallizaticn.
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the hesd and by comparison of the recorded Lraln wave patierns
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Commonly & focue of atnormal zslow or delte * waves i1s
- . b = " B e il i e 3 o wling At o
seen over the reglon of corticsl dmmage. A study of the

4, The term "delta wave" was first introduced by Ualter (1938)
1 o
e L

to descr A
tumore. Since ©
all typees of slower-than-normal Lraln waves
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low waves arising from the vicinity of brain
. time 1t has bean widely

used to describe
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huse relationships Leblween pairs of scalp elec-
trodes may also give o clue to focsl cortical dlsturbance.
Ihis method of studying phase reversal was [irst used by Adrisn
end Yamigawa in 1935 In an attempt to determine the point o
origin of the alphs rhythm and was found to be accurate inm
loecalizing ten per second potentisl oscillations of & few milll-
?Qltﬁ auplitude generated Ly artificlal means within the skuall
of & cadsver. Wglter (1936, 1937) adopted this method of study-
ing phase relaticnships to the loecalizatlon of brain tumors
and found that the polnt of wave reversel was an indlcation of
the site of the intracranial lesion. Williams & Gitbse (1938,
1936a, 1939) and Glbbs, Munro and Wegner {1941} popularized
this method of localization in the United States, and Gibbs
{1940) has described the procedure in some detall as a routlne
well adapted for use with the electroencephalographic equipe-
ment memmufactured Ly Albert OUrass. In the Gibbs Routine th
head 18 trestéd nms though 1t were a rectangle and 16 electrudes
are spaced approximstely equidistant in rows of faur each, ale-
lowing for linesr recording along the ordinales and abeissas.
The focus of sbnormality 1s located at the point of crossing
of the two rows of elsctrodes which show the greatest abnormal-
if;ff ®

Jasper and Hawke (1930} described a method of trlangula-
tion in which groups of three elscirodes each, are placed over
the scalp in the form of equalatersl trisngles thus permitting

" — 5 i - 5 el . Ly —— 2 . ——
& study of the phase relatiocanships of the waves s recorded
W -

from the palrs of elecirodes lorm
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sivbe (1340C) polnte out that he and other workers in the

&

in thoass

4

1 01d have found such routine methods of value only
cases in whieh the patholosy involves the cersbral cortex.
Cther methods of recording, nhave thersfore Leen attempted In

order to localize lesions confined to the deeper portions of

the brain. Suech methods have included atlempls at locnlliza-

o
Jeos

O i
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L of lesions in the optic tract by observing dlifference

alpha activity (Lemere, 1927}, simultaneous comparison ol bi-
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polar and monopolar record
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of leads on the base »f the suull {Grinker, 1938} .

Electroencepnalograpnic technligues are less sablsfaciory

5‘“3

for the localization ol
lesione above the tentorium. Lemere {1937} found no localla-
ins difference in the recorded alpha rhythms in a case of
cerebellar neoplasm, and Williems and Silbs {1938} utiliszed the
asbigence of a detectable electroencerhalogrsphliec focus se &
means of Gisgnosing s posterior fossa Lumor in & oase whers

ne differentlel disgnosls lay Letween s supra-tentorial ancG
infra-tentorial lesion. Oibtbs, Bunro end legner (1¥4l) though
reportin, no ecsses of posterior fossa lesion stute that, ¥In
our experience such foel are weually lacking™. lLambros, Case
and Seiker {1943) in & study of tweniy-nine patients with pos-

terior fossa tumors were unable to logalize the leslion by
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alec T?”Qﬂ? phelegrephic loealization of posterior fossa les-

ions may be seen more freguently in patients of the younger

uce groups. He and his co-workers presented s series of elght
atients ranging in sge from four %o nipe years, in whom ocel-

pital foel were seen in conjJuncitlon with lesliong below the tent-

orium. Purther veriflcstion of this thesis 18 to be found in

a study of the seventy-four patlents wiih posterior-Iossa loes-

fons whose cases have been presented in the available litermture.

{Pakle VI). i%@ﬁﬁymfatr of these patients heve been reported
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of ebnormality
mal focus only

Focel lesio
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by elegtroencep

this method incl

1841 and Sjlasrd

rior-parietal or ocoipital foel of localization.
se {757) were below the age of sixteen years.
he placement of scalp leads dirscily over the
hags not been technicsally feasible, alnormal

the pesterior parietal and ocoipltal reglons
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ie value- infratentori

onally ocoure, a frontal lobe le
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aifferential disgnosle. dlgturbing fac

not infregquent appesrance of frontal lobe

electroencephelosram in cases of posterior-

Such disturbences have peen reported by [(ive
rs (Teble VI). It ghould alsc be mentioned

fos lesions may alsgo give & bilsteral fucus
and some have been described as glving an abnore
on the side oppoalits to the lesion.

ns other than Lraln tumors are also gaeﬁli"%&
nalography. Csses iLhat have been studied by
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ema and Claser 1942), cortical at
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1937, Rubin 1936, 1940, Galtsr and “li;& 183 ?), traumatic
sgars (Jasper and Hawke 1238, Case and *ugy‘l§$9), a%aag of
cortical exclision (i&rime&aﬁ; sgger and Kreindler 1938},
contusions (williams 1941), abscess (McDonald and Horb 1940},
cerebral aneurysm {woodhell and lLowenlLmeh 19435 3; old vascular
lesions (Yeazer and Paldes 1942) enl syphilitic gumma (RD
verger and Sipls 1940).
with such a variety of pathologleal lﬁaioﬂs, some demand=
ing, others contraindiceting surgics 1 interference, the guestion
: _
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arises as to whether or not the eleclirow icephslopraph: can glve

some clue o8 bte the kind and amount of intracranisl pathology.

B

o

&

[

Lambros, Case and Lalkery {1943) feel that 1t ie impossille

Fra

distinguish between the electrleal changes sroduced by differ-

e

ent kinds of intracranial leslons. In the case of loth cerebral
trasums and btraein twuor the abnormally slow actlivity d scrived
has ranged from one Lo seven waves per second ( Jasper, Nershman
and Elvidge 1940, larinesco, Sager and Nrelndler 1938, &ﬁdrﬁﬁsﬁg
and Ducy 193C). Walter and wyllle {19237) report that the mode
'fre*uanc“ of brain tumors 1s three waves per seconc shereas
Case and Iucy {133&) meintain thet one to two per second active
ity 18 most freguently seen. Teuger (1942) alone clalms that
i1t is poeslible to dlfferentlate vetween such pathologleal types
as are characterlized by: (a) meninglomas, (b) gliomas and {c)
none-neoplastic leslons., He fulls however, 1o state the Dasls
for such differentistion.
It seems agresd that the greater ihe smount of tissue dam=

™

age the greater the amount of electruencephalosraphle abnormall
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{(Fillieme end Cibba 193€, 1639, Valter 1038, 0iLta, Munro and
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Vepner 1941, Rogers 1941, and Scarff and Fabwe 1941;. Willlems

end Cilbbe {(1938) have stated thet the mest abnormal slos-uaves
are found at the periphery of largs meningiomas, in cortex
Infiltrated by gliomate, In the edematous cortex overlying
brein sbecess and in cases of progreseive 1dlopathic degenera-
tion. 0Oibls, Munro end Wegner {1941) write thaet as the lesion
progresses in severity the waves Lecome progrossively slower,
of higher voltemge and have lsgs superimposed activity. In
helbverts (1938) series of proven treln tumaré the three cases
not detected by the electroencephals raph were sither smalil

meninslomsas Or AsStroGylouwas. i ©

with destruction of the overlyinmg cortex (Scarf
over cystle cavities (Williams and Giils 1928, 133€a and Cese
snd Pucy 1928) and where both electrodes are placed well within

the boundries of & hematoma {Jasper, Kershman and Nlvidge 1940
brain potentials are not recorded.
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It has been guggested that with the eleciroencephalograph
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one may sometimes distinguish deep Irom superficlsl leslions.

Williems snd Oibta (1933) feel that high voltage two Lo three
por second waves are Indicative of corticmi demage whereas
deeper lesions of the same severity glve indefinite slow waves

of a lesser amplitude. Jusper, Kershman and Flvidge (1940)

&

L b

ve differentiated subdural from intracerebral hemorrhage by
- the presence of superimposed "ecortical" sctivity in the latter.

Similer evidsnce has come from the atudy by Smith, Walter and
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Iaidlaw (1940] of occelpital focl presumably produced Ly pressur
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of vosterior-{osza leslons against the tentorium. IDe Das sug-
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regted that in cases where the lesion was deép am

tive of cortex the delta waves were mersly an elevation of the

caseline with normel waves superimposed. In cases with more
vere damage to the cortex the "slpha-wave-producing tlssue
was demsged and only delta waves sppearcd.

Thus fer we have me “ﬁLQﬂe only those abnormal record
having slower then normal freguencies. Jasp@f {1541) has des-
arived faster than normal freguencies as "spike" foel in con-
nection with meningo-cerebral cloatrix, focal atrophlic lesion
and from the cortical destruction of Lraln tumor and Lralin ab-
scese. As a rule howesver, foel of hijnh volls
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tisls of fastsr than normal freguencles are infreguenti
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apribed In cuses of space occoupyling inlpa-cranisol Le8.0n08 {Nid=-
ie , e B S LAY E CEvinis Pl - . . e
ligms and Gilbs 1839). Sueh focl are seen more commonly in
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cases of arschnoiditis {(witwer, Derbyshire and Corrigan 1943)

oy S 2 WTISEY R Y & e ® AR T
i i

s @ | Yy -y

in thie study one hundred and thirteen locellizing, s““ta 313
glecirode, electroencephalosrame were recorded [rom one-hundred
and btwo petients seen on the neuro-surgical aend neurclo, ical
services of Dr. John Raaf and Dr.
encephalo rams were recorded by means of a portable push-pull

& 58 o Y, S T i ol Y- e —
smulifier, three-channel, ink-wrlting oscillograph manufuctured
& ol 4 ¥ - # 2
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by ¥re. Albert Grass. HNosb of the recorcs were recordedq in the
- s W e = 5wy g 2 = g n por
shielded electroencepnalo rarhle laboratory of the Jood Samari~
1 b

7 . & 1 ad - - e - g o i - . T = | %
tan Hospital. A few of the earller records were reccrded on the
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lipe. Lases Diagnoslis Verified Dot Veriflied
Surgical GCiinical

22 Supretentorial tumor i3 1 2

5 Subdural hemataﬁa 2 &

S Cortical atrophg 2 3

3 Jaucksonian epllepay 3

2 Infratentorial tusor 2

i Idiopathlc epllepsy i

1 Cardio-vascular accldent 1

3 o diagnosis &

42 24 2 )
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was bipolar, and elscirode ay
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by means of a sizteen electrode model of the spring-pressure
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electrode headband {(Fig. 1) designed by Ulett and Clausaen

%

{1944). The placement of electrodes ss shown (Fig. 11) allowed

&

of electrodes, a good sempling of activilty
of both hemisphercs and an adaptability of the numbering system
voth to the ordinste-coordinate method of walter (for which

&Y
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am

s gntomatiz selsctor on the Orase bullt egquipment is desipgned)
and for the method of triangulation as described Ly Jasper and

Hawike &3. -&A))'

this study were taken and Iinterpreted Ly Nr. Oeorge Ulett.
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The initisl interpretations of the records were verifllied bY
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Dr. Rchert Dow. HRecord snalysis was Oy simple scannd
he pecords in a search for alnormal waves and for focal dlg-
turbances in comparsble sectlons ¢

uvidence of & localized focus of intracranial pathology

was found 4in forty-two of the one hundred snd two cases u

;n

whom locallzling electroencephalosrams wers taken. (Table VII).
Twenty nine of the one hundred and two casges came Lo elither
surgery or post-mortem exesmination. In twenty thres {79.,47)
of this group of verifled csses the slectroencephalographic

findinge were in keeping with the surgical or post-mortem

diagnosis. In two other cases electroencephalographic Facl
r



i p— aJt,t - B R i ¥
e TEUISOSLLYET Wars veraiioe uy

B

which hed been considered as only
ses in shich pathologieal cone

surgical exposure. In twelve cas

firmation of the resulits was not possible the electroencephalo-
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graphic foci of avnormality agreed wlth the focl suggested by
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cther eclinical and lavoratory progedures. Thus of the forty-two

localizing slectroencephalog

were substantiasted by pathologlesl and (or) elinical methods.
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Value of the logalisl

in different types of intrac {r) Bupratentorial

brein neoplasms. There were twenty-four proven intracranlael

neoplasms in this series. The electroencephalograph correctly

ot

loeslized nineteen {79.1%) of these tumors. In sddition there
were two tumors in which the eleciroencephslograrhlic localls-

" .- P £ . T Y ™ 4 Y B Yy - " -
tion was considered only as "suggestive™. In three cases Lhe

and these records were graded respectlively ag diffusely normel,
abnormal and Lorderline. In four other patlients it sesned
likely from ¢linicsl findings that o Lrain tumor was present.
Three of these cases had borderline non-locallzling electiroen~
cephalograme. The other case had & focally asinormsl electroen=
cephalo ram. additlonal lavoratory studles, howsver, falled

i

to subatantiate the original c¢linical lmpresaion end sg these

four patients wer dismissed %o return for further study at a
a
later duate.
Several other methods of localizing intracraniel neoplasms

were used on this series of patlents snd hence may Le compared

- y - g b - o By - = 4 -4 s - e o
with electroencephalography, these Included: careful hlistory,
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neurclogzical examinatlion, routine roenigeno[rsily, pneuio-
encephalosraphy and ventriculogrephy. Of these the first two
metneds, nemely history and neurologlcal examination were avalle
able in every cesse. From the history of the casge ﬁiﬁnﬁ coyract
localizstion of the lesion wes possitle ip thirteen of the
twenty-four cases. 4in two casss the history salone would have
led to incorrect localizsiion of the lesion and In elght cases
the history was non-contributory. The findings upon neurolilojli-
enl examination were consonant with the final dlsgnosis in ten
of the twenty-four cases. The findings of the neurcloglical
examination alone wculd have led to incorrect localization of
the lesion in three caeses and neurcloplical exanlualion wWas non-
gontributory 1ln ten §&ti@ﬁts¢ Considering history and neuro=-

x5,

lcsical examination together, that is from an opinion of ihe
patient before any resort was had to leboratory | yrogedure

correct localizstion was possible in fifteen of the twenty-Tfour

intero-posterior and lateral skull roenitgencgrame were ob-
tained in 3$xtc n of the twenty-four cases. Losslization of
made by ovserving caicifi cution at the site of the tumeor, by
detectable ercsion of the cranlal vault or by s%;ft of the
ealeified pinesl body. Deviation from the norusl Iin sny of
these specifications in even a slighi degree was consldered
sositive confirmitory evidence of a locallszed lesion. In seven
} such evidence was preaent. The method of pneunoc-

L e - o o & & oo L s w2 g . o i~ e 1l -
encepualography was utillized 1ln seven of the Lleenty-lour palient



TADLE VIII

Percentage of correct localization by the methods of elec-
troencephalogrephy, roentgenography, pneumocencephalography,
vontriculography and clinical examination of the patient
in twenty four cases of verified supratsnbtorial inbracranis
lesions.

BEG Xe=Has Enceph Yont Clinical
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with intrserenial tumor. In two patients there was insulfic-

s &

ient filliing for dlagnosis. The percentage of correct diagnosis
- - ot e
in these seven cases wag therefore 71l.4%. Ventrlculography was

regorted to in thirteen cases., It was sabisfactory In all ex-

4

cept one case. The percentage of correct dlagnoses Ly ventricu-

rd
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lography in thls serleg iz then
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Table VIII summsrises the [indings In this serlies of supra-

yuch & manner that they may be compared
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with the results of other workers. (Table V}.

{v) infratentorisl lesions. There were twe Infratentorlal

tumors in this study. Both of these cases were medullotlastomas.

Hoth cases were sarrectly localized by the electrosncephalograrh

{1007). These two cases fell within the sge 1limit set by OGmith
nd workers (1840) as the group in which electroencephalograpl

»

isablion 1s possible in one of these cases, Lthatl of &

,,..J

local
seventeen vear old girl, there was seen & bllateral posterior
ocelipital five y@?'secvnd focus of sbnormal activity with ocoms-
tonel three per second waves at an amplitude of ity miocrovelils.
Localizinge dlarnosies was not possible from clinlical f1
and history by pneumcencephslographle stulles indicated a pos-
terior fossa lesion. The second case was that of a child of
gseven and cne hall years of age wilh & me ;1ah&¢suu,“ which
invaded the right cerebellar hemisphere. Clinleal {
history, ventriculography and electroencephalograpny all zave
localizing evidence in thig case.

-

{c¢) Bubdural hematoms. T

=
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wo casesz of subdurel hemstoma

in this serics %&ra pravs& by craniotomy. In both of these

ok
&
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caszses the electroencerhalographie lsteralization waz correct.
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In one case the disturbance waa typiflied by one te four per

4

g

second waves which were of higher amplitude and in greater
sbundence and showed freguent phase reversals on the alfected
side. 1In the other case slow waves were seen over a wide area
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teriszed Ly slow Gelis waves of low voltage which gave the record

earance of being slmost flat. Tioree other cases were

#

subdural hematomas on the baelis of history
and elinical findinge. In all three of these cases the slectro-

encephalograms were alnormal. OUne ghowed a definite left slded

st el doarant abte?l Prsoas crme o wmloehdt rnaniafa.nnalianl et Panoe
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and the other, although considered ss only "suggestive® showed
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some evidence of preponderant left sided abmormalit

feow
o
®
fd
o g
w
=
&

ossilile Lo prove the dlagnosls in any of the last three
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{4d) Eiscellaneoug locslized lesions. Loecallizing electro=-
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ANCOPOsLOSTama Ware obtained in thrse cases of Jocksonlan con-
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vulsicns, five cases of cortical atrophy, one case of idiopatiic

epllepsy and one recent, locallized, vasocular accldent. In all
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of these cases the elsctroencephalographic locslization agreed

with the locallzation suggested by other methods of investipga-

tion.

)

e} {ases with po electrcencephslopraphilc focus. There

waere sixty cases in which no electroencerhalographic focus was

founii. Twenty of these had normal, eighteen bdorderline and

5 g DT T Seepa— | 3 & o} i e oo o - o i -
twenty-two alnormal records. The clinical dlagnoses accompanying



TASLE IX

[ . ~ e
Eixty case

showed 1o

o. Cases Diagnosis Normal Bord. fbnl
7 Post traumstic cerebral syndrome 4 2 ) |
b Poat traumastic convulsive seizures 1 8 2 s
B Grand Hal Epil@péy {idiopathic) 2 3
3 Brein tumors {proven) _ 1 1 i
3 Brain tumors {éugpsatﬁé) 3
3 Paychoneurosis ’ 2 1
3 Cerebro=-vascular accident 1 2
2 Spontanecus subarachnold hemorrhage i 1
2 Petit Mal Epllepsy 2
) 3 Tpileptic equivalent i
] Suhﬁﬁral nematoma {suspected) :
1 Hypertensive encephalopathy 1
1 Intra-cerebral nemorrhage basal 1

ganglia {proven)

1 Migraine . 1

3 Hysteria i

i Hysteria with uncmnseieﬁs attacks 1

1 Convulsions secondary to typhoid encephalltis i
: 3 Paychoneurosis {encephalitis?) i
£ Gentral Nervous System Syphills 1

3 Harcolepsy and cabaplexy i

| Congenitsl bloe, agueduct of sylvius 4



B e

P!
b}

" Tavle IX Continued

Alzheimer's dlsease
Multiple Sclerosis
Tuberculoms of Pons with meningitis

Cases in whiech final diagnosis was not
reached at time of complilation.

1

ft
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those casses sye shown in Table IX.

Type of slectpoencephalos :raphlc pattern as compared with

type of focal patholorv: To detormine whether Iinspection of the

P

slectroencephalogram would enable prediction of the Lype of
pathology to be disclosed at craniotomy the twenty-four cases
ally verified electroencephslographlc focl were sube

o snalysis: In reviewing the records the following

are consldered: {1) the slowest wave frequency recorded

from the focus of sinormality was selected from a representative

LT,
Az Y
In

sample of tracing from sach case; {2) the mode freguency of abe

normelity was selected as belng the wave frequency most repre-
sentative of the sample under considerstion; (2) a risure repe

p Jusl) ey . ol w e o B Bl 4l gy T
resenting amplltude was obtained by measurement, in mlerovolis,
o » - . — & o i e s g e - P & 1
of the highest sbnormal delta weve on the sample tracing; (4)

= 5 — .
ty war deter-

pie

do b, » = - e w g - o B &
the amount of superimposed normael and rapid activ
= po e i - ey & .1 s " 5 s Sy s e 1

gounting all waves over eight per second on the smmple;

{B) a figure for comparison of the smount of brain tissue ine

-
il

volved by the different types of tumors was determined by cone
sidering the number of lines of recording which showed waves

of the mode ebnormsl frequency as a percentage of the total
number of lines of recordin
survey of each patlent by the ordinste-coordinate method,

The samplea of recording used in procedures l-4 atove
were ten second samples selected as being free of artifact and

«

typiesl of the total recording fr

£2

jee

m the area under question.

All estlumatlions were made by scenning the records and counting

w

.

o —— s i 2 —— - E | -
waves against the one-fifth second time merk rulings of the
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electroencephalographic paper. No sttempt was made to utilize

4 i i b oz ¥ ) '-4- o & ek T #F "] = . w»F o nid s T B % ™ % A
the more complex methods of record analysis that have been prop-

fode

. . % . . - £ Y % iy ey W— - -
osed in the literature. (Orass and GibLs 1938, Engel, Romany,
% ol i " W T — o L E=Y | ! - 2 o Belien . 2 e -~
Ferris, Webb and Stevens 1944). It is true that this more or

less subjective method of analysis may be open to just criticlism,

g

howsver, &t present such criticlen may also Le leveled at the
asual methods of grading elinical electroencephalograms. The
type of patient studied and the conditions under which record-
ings were made did not allow for obute inini a record that was

ideal for ressarch aru1ésiaa Such ldeal records (of greater

length and uniformitiy and with complete freedom {rom artifacts)

reaphic lsboratory. It would seem, therefore,
that ihe records and methods of analysis used here are probably
more In keeplng with those found in the fleld of applied electiro-

encephalography and hence any conclusions from thie study should
have the wslue of clinlesl applicebllity.

Among the twenty-four locallzed and surgloally verified

leslions the only pathological ent
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1t number of cases to permit group comparison were sixteen

fo
o

tracranial neoplasms which Included six cases of glioblastoma

multiforme, six astrocytomss and six meningiomes. Table X

-y

ists the Indices cobtalned by analysis of the records {rom each

of theae groups. Prom thi tLle it can be seen that the num-

2

erical indices fsll to reveal any very marked dlfference be-

o
=

een the meningloma and the astrycotoma groups. The only

oticeable differences seem to bLe a tendency for the sstrocytomas

b



Fige 31 Representative samples from each of the 10 cases

oealized eleotpoe-

.
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WAL S
encephalographically. These tumors were classifled patho-
r inbo three groups: glioblastoma-multiforme,

wstrocvionn and meninglioma.
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Fige. 12. GChanges in the electroencephalographic record
that may occur with variations in electrode placement, time
of recording and mental stete of patient. (&} FElectroen~
cepualograms taken from over the site of an lantracersbral
astrocytoma (electrodes U-13), and from electrodes progres-
sively removed from the alnormal focus (el&ct%ﬁdes 10-14
snd 1l=-15)j. The record from the slnorml locus (3-13) mosb

civsely resembles btumors of the asbrocyboma group. that from
o i & «E $

b

wre nearly regembled the type of record from a case

of glicvlastoma-multiforme. (b) Representative samples of
electroencephalograms which wére recorded rive days spart
from over the site of an intracerebral tumor. Although no
change was spparant in the patient's mental status the

second recordin; sliows delta waves of nigher amplitude than
~those seen in the (irst recording. (¢) hlectreoencephalograms
taken at a single session to demonstrate the change in record
that can occur with alteration in mental stutus of the pat-
ient., The first strip was recorded shortly after a Jacksonian
convulsion and wille the patient was in & post-convulsive

gtate of confusione
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to show a somewhat Lilgher voltage snd to have Pewer rapid
end normal waves superluposed upon the waves of abnormally
ome Indlices of the glioblastoma-group, howe

r

romt those of the othar two groups.

e o v 1 - % gy S "t par Boam ) S T g u % Bl % =1
these tumors seem to have an slectroencephalogram in which the
3 - » i - o . o meed S o 9 o w
delta waves are of a laster freguency and higher voltage and

- — " o mell sk LS Pp— gy —— vl
carry superimposed Lfast and normal [reguencles Lo almost as

great an eztent as do the meninglomas. With regard to the per-
-centage of the head area showlng abtnormal changes in the record-
ed electroencephalogrem the meningiomas seem to ¢ause the least

2
disturbance, the sstrocytomas the grestest. °

tize three groups. The sctivity shown le recorded from bLipolar

leads across the ares of focsl abnormality. The differences

ence not clearly emphesized by analysis In numerical rus of
freguency and amplitude 1s more easlly detected as o pattern

difference by inspection of the records.

Flgure 12 illustrates the way in which a record may vary

when recording conditions are altered. In {a) the typical
changes recorded from a pair of electrodes over the aslte of the

lesion in & case of astrocytoma ere seen to e altered in such

-

& way that the picture may resemble that of a gliobtlastoms

maltliforme se one records from areas more distantly removed

2

So aaaﬁﬂ of the small group of tumors in thils serles the

above findings must Le considered only as cobserved tendencies

‘%ii ﬁhzr & time as they can be verifled by study of a larger
unber of tunors.



from & frontal focus. The findings in (b) demonstrate how the
wave form from a slmilar ares may vary from day to day and {o
the changes thali can otcur in & locallzlng record with sltera-
tion of the mental stetus of the patient. In this instance the
record wag Degun shortly after s conwvalsion, while the patient
wag In a poste-convulsive chabe of confusion. These varistions
in record pattern that cccur apart {rom changes due to the
pathologlcal type of the le sion all tend to lend e note of
caution to the Interpretation of any perticulur electroenceph-

elographlc petfiern acs charscterlising & pathological entity.

The electroencephalograens were also studied with the pat-
ients groupsd accoriing to age. The findings here showed only
the not unexpected tendency for higher voltage maves to appeoar
in the un 10T mge groups. A cousiderstion of the records
from the point of view of anstomical location of the lesion re-
vealed that smong the nineteen localized supra-tentcerial neo=
plesme there were eight frontel lobe, twe temporo-parietal,
two fronto=parietal, alx témyc?ai and ons parietal lote lesion.
The indlees of superimposed activity ran respestively: 53, ¢7,
é%;?ﬁam¢lm; This shows a sllight trend towardes a grester
amount of superimposed activity ss the posterior porticn of the

hesd 1s approached, a fact guite in keeping with the grester
preponderance and hipgher voltage of the rlphe asctivity normally
recorded from the posterior regicns of the head.

Unly twe surgleally verified subdursl hemabtomas were in=-
cluded in this serles. OUne of these, cas P=38, had an electro-
encephalographlce locallization in the right perleto-occeipital



Fig. 13. Electroencephalographic records from two cases of
subdural hematoma {(p=-50 and P=35) and one case of cerebral
vascular accident (P=150). In case P=50 the lesion was in
the left parietal region (leads 3-7) and was locallzed by

the relative flattness of bthe record taken from over the
involved area. In case P=36 the lesion was on the right
(l&ads 11-15) and was locallized by the prevalance ol delta
waves over the focus, an sbnormality seen to a puch greater
extent over the lesion than from cther pointa on the saue or
orposite hemisphere. In case P=-150 the first record (4-13-44)

woe taken six days after the onset of symptoms ond showed abe-

L :
normel out of phase slow waves over the lesion. & record
taken two weeks later (4-27-44) showed considerable lmprove-

menka



\ 1 secong

][50 MUV

LESION ON RIGHT 1200V
D-36 <

NV R“\—'\/"ﬂ"". Tyt o T e fﬂ\q\-@’\ V‘,f\/‘r\""'\,v/.\"\_m e SR N o Y W“

\1-15

CEREBRAL VASCULAR ACC\DEHIIO/UV

4-13-44

P50 WWWW‘



5
L
¥

& —— i, . F ] L P A ki - g —. - R
region which showed high voliage slow activity relatively re-
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ized in the left parietal reglon by a diminishe
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aobivity on the affected side with slow waves generally distrib-
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ated elsewhere over the head (Pig. 13). This petient was 1r
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fence with subdursel hematomas has been 1Iimi Lell, Lanag wa OAYe

st oo s s 19 Rexay = bham "l merares T -y
soen have beon difficult to localize due to the lavge percentage
g o, — e 4% O . i T I . . .

of sbnormality ssen from all parts of the head. lowever the

focus can be dlascernesd by & careful sonsidoration of the total

backzround of abnormality.

o £ F o P ey o - . S P ] . . b . L —
{ns case of laft fronto-pardstal labtrscerelral hemorrhace
N g " kI " B 3% i g i 2% e ;
was suggested clinically by ithe rapld onset of progressive

Y

right hemiplegia with a partial motor aphasis and twaod"

e

t sleciroencephalogram

1

spinal fluld. In this case the fir:
taken six days after the onset of aymptoms showed a localliza-
tion which verified the clinical impression. A secoml record
taken two weeks later whan the aphasia had disappesred, the
paralysis had markedly improved and the patient was well on
the way to recovery showed & change of the electroencephslo-
grem in the dirsction of normelity. Flgure 13 shows sample

records from bipolar elesctrodes placed over the invelved ar

fosh

n electroencephslographic pattern

S

demonstrating the alteration 1

conconynl tant with recovery.
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The percentage of successful elsctroencephalographic loc-

slizations of supratentorial, intracraniel lesions obtained in
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this study (79.10) compares favorably with the fig ires achieved
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by other workere ln ths field {Table V)e In our study it has
e £

s % B "> . i 24 " - Heg, i T, § o AT

seemed thel succossful logailzationa were reatly facilitated

o F . ¢ Biw Fh o T ——- _— " s o

wye ti) routine use of bDoth tha srdinmie=-goom iinate method

{731 1} = B S 3 R TN ST P (S .
{3lvbs 1540) and the method of triangulstion in every case sus«
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1.*
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salectrode which has perwitted easy re-application of electrodss

—y [T - J —— RO C—— - . o o el i . 5 -

and thus ruled ocut many electrods artifacis whloh wight othere

wise nave LDeen misleading in the Interpretation of slow wave

J P . - y s o B P ERE T -, = k AT
definite slieciros hce.udio raphio localizetlion waa achieved 1o
&

veals that three of these lesions were superliclal parassggital

T e G . b bmd iimdese Fhea PeassbaY sk
the other btumor was deeply sltuated under the frontal lobe.

+

Other workers (Finley) have noted the difficulty in locating
parasaggital lesione and most workers agres (0ibbs 1940) that
deeply situated lesions are nobt loecalizable Ly electroencephalo-
graphlec methods.

Overcoming these twe difficulties would theoretically realse
éuf percentage of successiul supratentorial tumor locallzstlons

to 100¥. Prasctically however, it is probable that locslization

L

2

of deep lylng lesions will not become & clinicel reality until
experimental work on laboratory snimsls has given us more insight

in%o the production and control of abnormally siow potentisls.

&
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.- AR S S ’ " 5 - P R g o
meter can ohange the recorded elo ceroenospaslogram

T St &
ture of spjerant normality to one of gross wbnormality. It is
possible thal s special headband fitted with midline slectrodes
for uss In cases clinically suspected of tuwor but in whom Lo
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lateraliszsing focus can Lo found would Le well worth the addi-
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tlonal trouvbhle 1%s usege would entgil.
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CGur experience wilh Infratentorial lesions has been limited
to s apnsps Portrrnatalw Aannll e S g 5T § T
Lo two ¢cases. Jortunstlely locallizatlon wae pocsible in Loth of

he group in shich Smith claims locelizetion ig pousible
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Only tyeo subdural hemstomas were Included in this study.
Deapite the psucity of material, however, it seoms well to men-
tion that neither of these cases were charccterized Ly the one

to two per second Jelte waves with &

twenty-five per second activity that
have described as belng typleael of subdurel hemstomas in rabbits
né in humans. ever, that 1in

3,

¥ b .
both of our
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cergbro-gpinal

fluid presaure and marked ilmpalirment of consciousness, In one

o

P - b Y 2 ey o . o1 S )
ef these cages {(P-50) iia increassed mtrecranisl pressure was
S
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injection Intravenously of 50ce of L0S glucos
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encephalograms of different inirscranial leslons

ted Lo publish the e¢riteris by which such differentiation could
Lo made., His claim to the differentiation of gliomas es a

roup from "non-necplsatle™ intracraniel leslons, however, does
not recelve gsupport from our mabterial, rather, the most striking
difference we have found i1s within the glioma group. We have

-ty

nleo recently clserved several csses of non neoplsstic lesion

st

{not ineluled In the present serlies) in which the electroenceph-

FEp—— 1 . =3 Ed P —_ -_re - e . P in i &
alograpbic records are indetectable from those found in csses

. Y A - T o e . g i [N - - — I e Vg B x
' glioma. 1t zesms therafore that spart from plscing the
e d 4 =)
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meninglomas In a group by themselves we fall to confirm the

method of grouplug proposed by Yeager.
That the pattern differences Letween the tumor groups in

%3 sey e e d g 3 5 794 . Fon B e b8 o s ars 4
cur malerial seems Lo dely detection by analyels in terms of
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Treguency and sampliitude is not murprising whon one ccnsiders
the mamer the spike and wave patliern so typleal of
petlt val o ght be otacured If conaidered only in
tems of the mumericsal frequency of wava length wnd amplitudes
But eoven az the apike anl wave pattemn is readily discernsblas
upon sasual observation of = ol aleciroencephalographle
recording In whifoh 1t Is present, so the difference in the patw
ferns tygi:i*& by the thres kinds of tumorsg presented in flgure
i are beat Jetecled Ly socsnning typlesl strips of record from
over the tumor ares.

i% I1s probebly fortultous that the electroencephalographic
racords ahown

anutc three gro

ueningicma 8|1¢

certelcly e found cases of grossly destructive meningliomes or
of estrocytomas in the process of "de-differentiastion® inte
glioblgetomas {Cox 1933, Scherer 1840) which would have rend-
ered the boundries between thege groupas less clear. Tven within
these small groups the range of variation between individual
ragorde 1ls great and there are rscords in sach group which des-
pite a close rosemblence to members of their own type tend to
resemile certaln records sean with tumors of another kind. Such
variations within each of the groups may be accounted for by
pathologicsl variations in the tumor type Zuch deviations
within a given type of gliome have been polnted out Ly several

workers (Balley 1932, Roussy and Overling 1932, and Scherer
1940). Until such time as it is possible to rrelate the



clectroencephalorraphle patter
¢ell type a&nd growth cherrcter
I'ied we can net know the typic
for & given type of tumer. Un

gttempting to predict

given presurgionl ol

i
gy

ne with tusocrs whose purity of
fotlice are potholoricslly veri-
gl electroencepticlopgrephic tracing
41 that time the only wey of
of intracranicl prthology 1in &
is to compare the recomd

ctroencephrlogran

of known re

in quegtion with each cf the groups cords in fipure
il
In ettempting te uvnderstend further the mochanism of prode

uction of the observed pettern trpee reen in thie study it peem-

¢ loglenl to first conaider the clinical charancteristice dea-
eritad for these tumere, The meningicsmasa (In which Bish volt.
gge dalts sotivity was lepat in evidence) are rotorious Tor
glow, silent, circumecribed growth, mossured in yearas (Cushing
end Fleenhardt 1938). The ssirocytomas {charscterized electro-

encephalographically by the =
are described by Balley (1932}

E &l

growth o t

' ebout slxty-seven m

from symptoms for an indefinite periocd

LU

months

The glioblastomes multiforme (whose
characterized by & faster delta wav

period of about twelve months

{Baile

1ich voltege delte weves)

&

r ar average duretion of

bef'ore surgery and freedom
of time after surgery.
electroencephalogrem is

in

levelops repidly a

lthou” Gushe=

ing feele that a certain proportion of sueh tumors sre amenable
to complete cure, the pgeneral feellng 1s thet this is the niost
mallipnant tumor of the glicma groupe

nelidered from the standpoint of differences in pethology

51 0e

these tumors are not so

readlily plsced into thre

u
& ja. e

pes

=defined
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glicmas the asirocytomss are by far the most lnwvesive. Irom

Cutler 1234) invasive

sblastoms that

},n

standpolint 1t is not the sstrocytoma but the gl

. 1t 1s conceivabls that aerzaiz memin;iﬁwas may also produce
L 11 the sliomae when they greatly ;Vhd& and destroy

the underlying cerebral wmam ture. (Hihm and Gibbs 1938)

o
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1s the most maelignant., Perhaps the answer to this is lhat
whereas the astrocyloma is by fur more invesive, its invasive
ness is not primarily of a destructive neture (Scherer 1940c¢).
In fact both Scherer (1040c) end Cox (1933) have shown that
within the substence of the astrocytoms, nsurones and thelr
axones may lle sntirely undisturbed szave for a greater spatial
separation by the proliferatin. astrocytes. C_rmichael {1928)
;rosely the astrocytoma nmay bLe Indistinge
uishatle from mere ceretral elens. 1*5 appoearance certalnly
asccounts for the falseness of the feelling of securlity of the

neuro-surgson after g presussily total removal of an astrocy-
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sdematous-like elteration of tlssue is responslble for the

changes seen in the electroencephalogram ie. the productlion
of high voltage, slow delta weves. The gllohlastoma on the
other hand is more rapid in its growith and slthough infiltrat-
ive over a nerrow zone is rapldly destructive of the sres it
infiltrates. ({Scherer 1240b) Its wamscularity 1s much greater

than that found in the case of the astrocytoms {FPenfield 1031

L

and very few normal cell elemenis are to Le found within the
boundries of the tumor (Scherer 1238L). Furthermore there is

a smaller amount of tiassue rendered pathologicsl by this tumor

¥

that the tendency

£3 4

and although Creenfield (1839) has pointed ou
to edema is greater in these btumors, this smaller area of involve
ment with tendency to multicentirlc growbth {Scherer 1940b)

would lead one to believe that the total amount of abnormal

(altered though functloning} cerebral tissue would Le less and
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would be more irregulerly distributed in the glicblastome than
in the astrocytomn.

Cortainly we must keep Iin mind the possibility thatl desplte
the apparant classiflication of our electroencephalographlic recw
ords into thres separats g roups of tumor psthology we may, in

all eleciroencephalographlc siow wave focl, De dealing with

Y

Y J e T — 5 & 5
gredations of & single alteration of surrowwding brain tissue.

Thie chenge may eventually Lo demonsirated by hlstologleal or

Ho

blochemical methods. If such 1z the case it could Le hypothes~

ized that wherever the process was at its maximum {le. about
agtrocytomas and in three cases of recently olserved Lrain

e

sl o 22 ol =y e o
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delta waves was greatest, and that the narrower invading margin
of the glioblsstoms showed such changes to a lesser degree and
hence produced delta waves whose frequency was not gqulte so
slow and was mized with and head superlimposed upon 1t waves more
nearly approaching normal freguencies. Such a concept would
well entbrace the transitionsl type records which contaln some
characteristics of both tumor groupse

Further evidence of the direction of glteration of this

-
"-1

process from astrocytoma to glicblastoma, (ie. {rom most severe

to la

!:s

st severe] i3 Lo be seen In a case of ssirocytoma when
one records from points successlively distant from the polint
of maximum disturbence (Fig. 12) in which case the record showe

fewer slow bigh voltage delta waves as the more normsl tissue

% e - ke |’ mE o B e & g - E o B
The place of the meningioma in the above scheme is on the
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side of the lesst pathological disturbence and with the
smallest number of slow high voltage waves in the electroen-

cephalographiic recording.

g

Apart from theoretical conslderatioms as to the under-
lying mechanism of the elecircencephalogrsphlc alterstions In
the various tumors here studied, the prectical significance
of a possible method for the correct prediction of the Lype of
intracrenial leslon could be of inestimable imporiance Lo the
neurc-gurgecns. As with other e¢llinical tests, however, the
interpretation of the electroencephslographic recording is btesel
with many sources of error and it geemg probable that the iype

o pwnan, on wed Py BPues
g =

B (TR L ey g e
& Wil ook MDD WPAERC  bIA.

Gi WE8VE pihv
scoplc dlagnosis that is made from & small ssction of tlssue
taken for blopsy directly from the tumcr, Lul rather that the
electroencephalographlic changes will be Indleative of some
fundamental aslteration in the physlology of the cerebral tlissue

.3

whiteh lies anbout the site of the lesione.



z EXPERIMENTAL STUDY
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Unfortunately for the experimentsl neurc-pathologlist,

naturslly occurring bLraln tumors in animels are not freguent-

ot

1y recognized {Siye, Holmes and Wells 1931). Jungherr and

.
-

il

Wolf in a review of the literature through 1939 found only
twenbty-four aprarantly authentlc cases of g

The experimental production of gliomae Ly the introduction
& L Y

of carcinogenic agents into the bLrein of experimental animals

S

has been successful in the mouse (Seligran and Shesr 1939),

&

Similar atiemptls in the dog and cat have Leen unsucsessful
{SS&&P&? 1940a, Seligman and Shear 1929 and &ahzej Shlmuzu
an@ Davis 1944}, Hence workers who would study the effects
of space-occupying leslons in lower animals have Leen obliged
to resort to the introduction of artificial tumor masses into
the cranial cavity. Van Schulten 1885, Cushlng and Bordley
1909 and %ard end Clark 1941).

pard and Clark {1941) injected a mixture of hghédai and

o

veeswax intrscerebrally 1ln cats and produced a [itrous and

- 13

leukoeytic reaction with no change in the fharac

o

of surportins cells of the vrsin tissue. Tschistositsch {1898
rk

.
L]

¥

and Bassin {(1938) have descrilied the production of a fitrous
gapsul about foreign bodlies In the brain, the latier noting s

pronounced gitter-cell response in the reactllive zone and no
chanse in ganglion or glia cells in the surrounding parenchym

The resction of bLrain tissue to puncturs wounds hes been

nimal gulte v ansulted for electrosncephalographic research.

er and nunber

89



investigated by several workers (Hacklin and Macklin 1920,
Hortega and Penfleld 1927, Panflield and Buckley 1928 and Lin-
&

ave shown that microglia gitter-cell

et

g

ell 1929). Such studies

3.

production is prominant Irom the third te the sixth day and
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and reaches 2 penk somewhal later than the microglial response.
Penfleld and Duckley (1928), and Wilson {10885) have mentioned
that sstrocytes may play some part in the reaction btub that
such response is fsr the most part limited to the grey matter.
Rousay, Lhermitte and Oberling (1931}, have expressed belief
that in injury to the nervous system the rsaction of mlcroglia
ogiis leé of repld enset while Rand and Courviilie
have found such aslbteration within a few hours aflter
generallzed Injury bto the braline.
Alteration in the electrcencophalogram with intracranial
foreign bodles has been reported by Slaser and Sjasrdems (1941)
who placed gelatin capsuls, filled with cltrated bLlood sub- and
extra~durally in rabblits. They have described the lmmediate
disappearance of four to six gﬁr second activity and the sp=-
pearance of two to four per second slow waves with superimpow
sition of a sixteen to thirty per second activity at increarsed
amgiituﬁc. Afteor removel of these artificisl hem iam#s there
was s return to the normal elestroencephalogrsphic pattern,
vhe speed of recovery veing inversely proportional to the leng-
th of tlme the lesion had been present.

As there have been no reported experimentsl studies on

-

the elecirecencephalographic allerations in cases of ardificiel

=



Pig. 14. (2} Stalnless-stecl plug with rubber dliaphragme

This plug was designed with coarse threads to scréw into

ik

%

a tapped hole in the dog's skull.
{b) X—ray picture showing metal injector plug in
place and beeswax lodochloral mass whlch has been lnjected

into dog's bLrain.
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: Self sealing
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brain tumors it was fell thal such osbservations adght glve some
insgight into the mechanism of production of the electroenceph-

"

alograpiilie patterns which are of walue clinically in the localli~

gation of cerebral nsoplasms. 7The work of Foerster snd Alten-
burger (1938) and Scarflf and Hahm {1941) have shown that tumor

tissue itselfl is epperantly electrically inert and that the
changres observed elscliroencephalogrsphically come from the al-
5

tered tlssue surrounding the tumor. Hence 1t seomed loglical

to use 2 non-cellular material to simulate space occupying

= 1,\""&" o+ nd & 2T, -r "1 ’“'*
£ HAT ?J_ﬂ_ﬂ AL METHOL

Electroencephalograms were obtalned with a Grass {our
charmel ink-writing elesctroencephalograph upon twenty-siz adult

3

older,

4]
= g

- doge which were trained to lle quielly in a spscial
e mﬁaz*& of whieh prevented movements of the head. DBy the
use of stesl nsedle elecirodes {(Hoagland 13940} placed into the
skull through the novocalnized scalp it was posslble to obtain
records fres from artifect. TUnder nembutal anaesthesia s
inecision was made and a hollow, thrsaded, stainless steel
pluz with a selfl-sealing rubber dlaphragm {Fig. l4a) was care-
fully screwed into a hole that had been drilled and tapped
through the parietsl skull of each dog without injury to the
dura. Control eleciroencephelograms wore Taken hoth veflore
and two wesks after surgery to lnsure that there had Leen no
damage to the underiying braln. A& sterile mixture of heoswax

softened by icdochioral (radic-opmque oil) or ainersl oll was

aseptically injected into the Lrain by mesns of a tweniy guag



T

hypodermic needle thrust through the ansesthelized soalp and

N

the prubber diaphregn of the holiow metsl plug (Fig. 14bj. The

5

injection wae sccomplished by means of & metal syringe whose

plunger was activated in "grease~pun" fashion by & threaded

©

turnscrew. Following the injection, electroencephalograms

wore taken at Ifrequent intervals until the experiment was ter-
minated with a billateral ceranictomy performed under ether snacse
thesin. 4t this time one millimeter, cotion-wickecore, steel
tube electrodes were placed, four on each side of the gexposed
carﬁez} After liberal novocalnlization the ether anaeétheaia

wae stopped end slscbrocorticograms taken over periods of up

R TR e W e W e, ey MRS s
il WbT HUUIB e Ak BOLAENE LS WEIT L0

et 20 mu and stained with hematoxylin snd ecsin and Ly the

s T Sl L 2 Bl
methods of Higsl and Gelgeri.

The elecbroencephalogren of the unanasesthellzed dog: The
elsotroencephalogran as recorded from forty normal unanscss

$

thetized dogs in our laboratory iz cdharacteriszed by & domineant

frequency of from twenty to thirty cycles per second {CGurdjlian,
Stone and Webster 1944) with occaslional waves seen at lower
fre?uanaieé* In a few young dogs, slower §regu@neiﬁé were more
in evidence. In all sanimal recordings one must be constantly
on guard for artifacts due Uo muscle potentlels and from reap-
iratory and other movements of ths snimal. In practice novo=-

calnization of the scelp served to eliminate the rapid spiking



Fige 18. {a) Control record snd electroencephalograephio
tracings taken on gecond, fourth, sixth snd elghth days

after injection of 1.850 cc. becewax-lodochlornl mass

B}
intracerebrallye.
1) grephle representstion of electroencerha alograph
o s i L : ] .
freguency spectra from series of 19 dogs with Intracereiral

5 o - o) s o % P, & — .
beeswax MAS8e3. 1Ae parcansays ,.W.L”‘,‘.?X‘ 18 DFoEenl WO amy hg-

P o

size the changes 1n the low end of the freguency spechbrum.

et TR

The NP columm represents all normel frequencies above H

waves per second end in sll instances constitutes the

greater percentage of the dog's electroencephalogram.
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activity due to muscles and constant survelllsnse of the anlmal

tion of the head made it possible to

E’

togather with riglid £
record for relatively long pericds of time without troublescome
movement artifacits.

Dogs with Intrscerebral lesions: Successful intrecerebral

injections of beeswsx mixture were made in nineteen dogs, and

rrﬂeﬁﬁﬁyhalbgrﬁﬁﬁiﬁ tracings were taken {rom one minute to

@®
=
»
o
&t

four months sfter the injection. In every case posi-surgicsl
controel records were compared to records taken before the surge
fcal placemsnt of the metal pluge Only three revealed a slight

diminution of amplitude of the spontanecus activity on the gide

E

P - P el i e o P |
TR IR VAlRe Bukd 0 J Wil oG W T e Tt Tl

¢

no change in the record at the time injectlion was made. Rec=
ords were Laken in three instances within ten minutes of ths
time of injection, two of these bLelng recorded slxty seconds
ection. In btwenty-four lnstances recomrds wasre
made on the first or second day, eleven records ware a&xen on
the third and fourth daye, eight on the {ifth and sixth days
and elght records were taken aflter the sixth day. The sleciro-
encephalogran was recorded on one animal ;”ur months after the
injection. Flgure 15b summarizes the findings seen in
records of all nincteen of the dogs studied. The indices were

obtained by counting thirty second samples free I[rom artifact

o

=

3 o B oy T s 3 = . o & "
and selested as belng representative, in each

O

ass, of a much
longer total recording.

gt e g . s - e - il 5 &
The moost noticesble alieration in the rescorded electroen~

delia wavez {one to three

«-'

. > o s B T . 5 2 O a1
cepimlogram was the sppoarance of large
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sram

16. (A} Blectroencephalographic record from a dog

it

an extradural lesion se compared Lo electroencephalo-
from a patient with a meningloma.

(B} Electroencephalogrephic record from a dog with an

E

intracerebral lesion as compared with electroencephslogram

Irom

& patient with intraceretral sstrocyloma.

o
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r second at 30 fo 6Cuv) and the disappesrance of the normal
fast frequencies. This change waz sesu as soon as thirty sec-
onds alfter ths injectlon and was very noticeable in recoprds
vaken on the [irst and second days after the lesion was made.
Followlng this there was s gradual return towards the normsl
record with @ decrease in amplitude of all abuormal sctivity
and the progressive disappearance of the delta waves affecting
the siowest waves [irst. After the sevenih day the record
appeared quite norsal Uo casusl inspection wnd in dogs seen
from %o weeks Lo four months after the lajoction the eleciro-
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wax L& compared 10 o pimller disturbence which may Le seen
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vith Intracerebral neoplasm in the human.

In the sarly experiments some discrepencles in the seg-

uence of electroencephalograyhic changes were observed. Thus
a recording which on one day was sbnormal might revert towards
normallty only to exhibit subsequent change to avnormallity

again on successive duye. Labter ocbservations on the placement

fi
o
F«A
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B
o
e
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of electrodes through the scalp reve phencmenon

P | 42 e ~ 3 B g 2T 5 o - g 5
could e entirely explained on the basis of minor changes in

o

2 -

electrode placement and that & shif
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* ol elscitrod

o

ies a distance

f-

es smell as five millimebers could mean the difference between



a2 relatively normal or an abnormsal record.

AThﬂ initial injection of wax mixture 7 ysed in the nine=
teen dogs varied from one to two cubic centimeters in amount.
In snother dog who was given two and one halfl cublic centimelers
the post-injection electroencephalogram showed a higher voltage
delts metivity than eas seen In any of the elghteen succeasiul
dogs. This abnormal pattern continued unchanged for four days
et which bime the animal expired. Post morter examlnation reo-
vealaw that infectlion had developed around the wex mass which

& B

thus lay within s cerebral abscess. Three

=
B

Jogs wore
-

itlional injections after the original disturbance of electro=-

atiern had returned towarde normel. In ons
of these in which the initial injection was two cuble centimed-
ers the injection, eight days later, of one and one hall cubila

centimeters sdditional wax mixbture btrought sbout & similar

A
-

cycle of slectroencephalographic alteration. The seccnd dog

y

in this group explred twelve hours after the gecond injection
of four cublc centimeters. In the third dog & one cuble centi-
moter injection which had caceed only minimal changes In th
electroencephalogram was followed [ive weeks later Dy the in-
jection of iwo cublec centimeters wax mixture which spread
entsriorly to enoroach upon the right motor cortex. Twen(y
hours later this dog showed evidencs of bLrain damage {unequale-
left limbs and vomiting.)! He was

. - & - §y - o &
ity of puplls, spastielty o

-

7. Although it had leen pointed ou % {vard and Clark 1941) that
boeswax-il Aiaua& masses caused only "oompression, displagement
and distorition of the normel arch;tect‘r& of the brain® it

was felt sdvisable to slso use mixtures of Leeswax and mineral
oll Lo ascertaln nng pcaaihlu irritant effect of ithe iodochloral.
Results appearad identical wilh sithor mixture.
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ebgerved during the nexit six hours and during that time had
resurrent convalsive selizures of some thirty to lourty seconds
duration. Electroencephalographic records taken during this

time showed a decrease Iin the normal fast Irequenclies and the

ot
ot

appearance of fast spiling setivity and of high voltage dalta

et 8 v ® by Panraaes e am oy
ACLILVAT s i0E one SO

a

ix per second. The changes wers most
marked on the side of the lesion durdng the interselzure record-
inge Occasional bursts of rapld, high voltage splkes on the
gide of the lesion were freguently accompanied by twitching of

>

the contrelateral leg. With the adveni of the selzures which

first invoived only the left aide and laler became generalized,

right side of the head but later spread Lo lnvolve all leads.
The posteconvulsive record showed slow adtivily generslly In
11 leads but most marked on the side of the lesion, and was
interrupted by twe to elght second perlods of electricail inactl-
?it?a

Hinor differences in the depth of 1njectlion benesth the

x

cortex were not easlly controlled by the method wsed and it was
felt that auy atlenpt to record differences in electroencephalo-
graphic records on the Lasls ol varylog depth and placement of

legions would be rendsred inscourate as a resuld of the 4iffTer

" i e oy o se W A e - P e I W Ty & - -
enges thet could result from an lunabllility to achieve & plsce-

ment of slecirodes which 4ld not wvary a few milliimoters from

ologlical examination of the sections
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““?yﬂreﬁ at diffcvar stagee of the reaction of the brain tissue
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Fige 17« (4) oross sectblion thivugh cerebrum ol dog wilth

intracerchral tumor mess. (B) lissl stained preparation
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Sopnet’

ol preceding secilone Hargin ol intracersbral lesion
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at second day (Nissl) ( Margin of imtracercbral lesion

at sixth day, smowing Leginning glitber-cell-{ibroblast

capoul {(Hissl) (E) Margin of intracerebral lesion alter
four months *;eyin; well developed Iibrous capsul (iissl).
(I") d,gher magnification ol developing capsul showlng
gitter-cell reaction et eighth day (hematoxylin and eosinj.

.

(G) Pyimosis of nerve cells in corbtex adjacent to lesion

{_:S

"‘c‘

) Pylmosis of nerve c¢elis in coriex ade
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Jocenb to lesion at xth day .






to the injected wax mixture do not differ widely from the ree
action changes to forelpn body thabt asre described in the 1ige
erature. It seoms worthwhile, however, to point ocut the se-
quence of histologlonl events In our materisl for comparison
with slterntions in the electroencephalogram at comparable per-
jods of time.

Under low power examinatlon the most noticealle chenge
seen was & gradual swelling of the surrounding tissue and the
development of a ring of reactlon sboub the wax-mixture {Pig.
17 ¢, 4, e)s This ring was first clearly in evidence by the
fourith Qﬂ" &t which time 1t was composed of a mixture of prolie
fersted caplllaries whose wallz wers thickened by & fitsoblasti
reaction, pg*ypcvrno“uﬂlear leukocytes, lymphocyies and s few
gitter cells. From this time on thers was a progresslve ine
ereage In both gltter cells and in filroblasts, the latter
Leing seen in grentest abundance immedintely sdjacent to the
blood vessels of the surrounding zone. These cells were ﬁipblar

and tended to arrange themselves In bundles placed pargllel %

16 alzth Lo the eighth daye the
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of the reacting ring (Fig. 17 4, fl. After
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this time the {lbroblests bocome inerensingly evident unbil
5 5 £ N~ —— | e P

st Dour months (Flge. 17 o) the ring was composed snbirely of

Tibrous tissue and gltber cells were no longer in svidence.
In the first two days tissue debris, polymorphonucleer leuko-
eytes, and lymphocyles were evident in the tissue lmmediately

=

sdjacent to the injected mase. The debris lessened in amocunt



with the appearance of the gltter-cells, histiocytes and few
glant cells that appeared after the second day, colncldent

with capillary proliferation and the perivasculsar response of

the neighboring area. Changes In gangllion cells wers seen omly
in the grey matter lmmedliately adjacent to the lesions Pyknosle,
shiromatolysis and wlld vacuolation were seen in sections from

the zecond to the eighth day with persistent alteration in
rehitectonics of normal eells which remalned after that time.

It was not possible to determine if these chenges were reverse

t.‘-h
ot
0
w
oo}
er

e pumber of damaged gangllion cells was small and

evidence of droppd out of such c¢ells at leter stages of the
&

A i b
e

# oounen s P I
A O W WAL 4 vt FETF sl ™

b

&

nmuclel wers seen In the neighboring grey matter particularly
after the third day. Interfascicular elizodendrosiis secnmed
moet mumberous about the lesion in the seecond and fourth days.
Some myelin degenovraticnm was seen by the fourth day in Weigert
sectlions. The spread of dewmyellnizetlon along the bLordering
fiber tracte was however more in evidence Ly the sacond week.

In summary then 1t can be stabted that the most active

histological response demonstrated by the methods hers used
wag sesn iyom the lourth teo elghih days and that although
histologlicslly dememsiratle alterations in ganglion cells were

=

seen by the second day such changas were lew in oumber and were

s

seen with equal prevslance ou the sixth day. (Plge 17 g, hle

Joge wits gube and extra~dural Jesiopns: In five animals

k!

Trom one to three and one ha guble centimeteras of wax mixture
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ken on these animals from thirty sec—

cases}. Hecords were b

In all cases the alteration in the slectroencephelogram

produced, instead there was & gselective loss of the normal

Fel

e diminution of voltage of all norm
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frequencies, fast and silow. «ith such lesions the record ap-
peered almost completely flat st an amplificetion that had
previously been adeguate for normal recording. In sll cases
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for s control snd
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the side opposlite
siowed no changes from the pre-injection records. The asbove
descriled changes were seen at sll tlmes from thirty second
after injection until the animals were sacrificed aft&r the

second daye.
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Naturally the guestlion arose ss to the posaibllity
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the superimposition of & mass Le

cortical tlissue would serve to lower the amplitude. However,
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definite changes of a slightly less noticealle degree were cb=-

ion had Leen removed. Floure 18z s

P - % o = &
th such an extradural lesiocn.

gram a8 recorded from a dog wi

i - 4 Y Tt poaormamrdy F T " — L 4 - % A7 &

Por comparison the electroencephaiogram of & patient with a
Imdtanie nlanad 1 - y e -~ ol soilis |

slmilarly placed lesion {meningioma) is shown.

Histological examinatlion of sections from these bralns show-

ed {Fig 18) that after the second day of the lesion, although suc

£
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fference was not marked, there was some increase in t}:w T
ber of pylmotlic cells on the slds of the compresszion a8 come
pared to the contralasteral side. Swelling, vacuolstlon and
ehromatolysis were also Lo Lo seen on the side of the lesione
Orossly the tissus beneath the lesion showed indentation and
deformitiy. No demyelinizetion wae demonstrable in Welgert
preparatione and no gllel or mesynchymal resction In the brain
subslangceo.

Effect of focsl almormelity on the Lrain potentlals of

gleep sand nembutal snsesthesia: The elect :jmwephnla;rm of
wnannesthetlzed doges durdng sleep have bLesn recorded in the
laboratory Incidenisl to the investization of other problema,
Such records ares characterized by the spresrence of waves of
slower than noraml froquencles {three to {ive per secornd) at
e scmewbat higher amplibtude with diszappesrance of much of the
noymel fast activity. Two dogs in the present atudy fell
asleep during the recording of the electroencephalogran. ne
of these animals had previouszly had wax injected Intracerebrally
thirteen cdaya previcusly, the other had sn extradural wax mass
injectsd two doye hefore the record was taken. In botl instances
the charpgeteristic sleep pattorn was ascen anly on the normel
side. In both the disturbance could be caused o dlsappear by
awakoning the animal (whistling, celling to him, etc.) anly to
reappeayr agaln with the advent of slaep.

The rocord of the nembutallzed dog charasteristically
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spontaneous Intermittent burste of hisher voltage five to ten
per sscond astivity such és nas beesn descrived in the scat (Morie
son and Dempsey 1942}. In seven Jdogs records were made under
nepbutel ansestiesie from two Lo twelve days after intracerebe
ral injection of wax mixture. In two cases the record was

from scalp leads and in five was {rom the exposed cortex and

&2 2 Lerminel procedurs in the experiument. In sll cases a &ife
ference wus olserved from the normel side end the aide of the
leslion, Differences bolween the side of the leslon and the
sontrol slde were less marked with the anismsl undsr pnesbutal
anpecthesiae However, the spontancous tursts of scti Ly were
of considerstly less amplitude on the affested side, and in
some cages, parileoularly wiih cortical leading the side of the
lesicn showed generally a lower amplitude record.

Records from the exposad coriex

wore obiained In sixteesn dogs {twelve with intracerebral and
four with sube or sxtra-dural lesionsz]. The &1cctra$ortia@~
gram lrom sn wisesthetized dog resembles the electroencephalo-
gram 1lu every way except t&&t it ls inoreesed in smplitude some
tenfolds In all cases sbtudled the elecirocourticogram substane
tiated the altsratiom in eleokro Gacephudogram seocn {rom scalp
rocording.

P 5

In ome dog records teksu lrow bissue lmmsdiabsly adjacent
to the point of injection ome mimai.e alter Injection exhibited
Leratlon in the olectromcorilcogran with decrease in amplituds,

slowing and dizappearance of the rapid potentlals. In another

o

record token two minules after acube injectlion sacwed &
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gimilar although less marked change. In three cases eloctro=-
sorticograms were taken from elght to twelve days after the
injection of the wax mizxture. In these cases scalp recording
showed records that were slmoet normal whereas direct record-
ing from the cortex ashowed that abnormallty was still detect-
able from a limited srea when this more exact method of elece
trode placement was used.

The extent of cortex produsting abnormel potentlals was
determined by linear placement of electrodes. MNonopoelsr and
bipolar recordin s were btaken wlth similar type records. It
was found that recording at progressively greater ﬁistf;saﬁ
{from the ieslion produced recoris which
the normal sontrol record from the opposite side. It was found
however that definitely abnormal records could be recorded from
areas distant from the Injected mass, areas which appeared nor=

mal to both gross and microscoplc imspection.

4, DISCUSSICH

The mechsnics of ithe production of sbnormally slow braln
potentisls in cases of space occupylng intracranial lesions is
not known. That such potentisle arise Irom the altered sur-
rounding tissue and not from the tumor ltsell has Leen detorme
ined by leading directly from the exposed cortex {Posrster
and Albenburger 1935, walter 19357, Ochwertz and Lerr 1940 and
Searif and Nahm 1941). The presence of cccipital and posterior
parictal delts waves in cases of tumors lying entirely within
the posterior foass (Smith, nglter &nd;L&iQE&W‘EQ%Q} pointas to

some mechanism other than the direct effect of neoplastic
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cellular metabolism as responsible for slow wave productlion.
Furthermore Murphy and Dusssr de Baremne (1941) have demons-
trated that producte of tissue destruction (thermocougulation)
have the effect of lowering pH and Lringing aboub the inhibition
of cortical esctivity. Our present experiments illus tr te well

the abllity of mechanlcal pressure alone to produce slow waves

from cerobral tlssue. The almost lmwmediate appearance of these

layed tlssue reaction as demonsirasted by the histological
methods used make 1t seem reascnalle to concliude that delts
waves can ocour apart from hisbtoleo lcally evident Inflammation
or edemfl. r

Although mecha anical pressure frﬁé a forelgn body lying

within the white matter le an sdeguate stimulus for szlow sctie-
vity the atnormal potentials so produced will soon disappear
provided that pressure remains static. Further increase of
the pressure at & later dute {(le after the dog's electroenw

+

cephalo ram has returned to uuzuai) can reactivate the seg-
uence of electroencephalographic slteration. This oltservation
poinis tc the necesslity for continued activity {(growth, inllame
ion etc.; of the causative agent se essenti
tenence of sunormal electroencephalographlic activity.

Walter {193C) and other workers ({Jibbs 1940} hav
stated that InjJury to the overlying cortex is essential for
focal electroencephalosraphic abnormalities. vere this the
case 1t would seem that pressure entirely upon the corti-

cal layers from sbove would Le more llkely to produce slow



waves thean pressure from a maas lyins almost entirely within
the white matier and producing cortical pressure only ludirect
lye In ocur experience however, this hns not besn the case, and
presgure upon the cortex from sub-and extra-dural experimentel
leslions and in certaln clinicel cases of meningioms (Pig. 100)
there was & nobicealle absence of high voliage slow waves.

This is in contrast to the marked delts wave production seen

by us in ceses of cerebral astrocytoma and in experimental
leslons in dogs when the lesion was placed within the white
matter of the brain (Flg. 18b).

Qe of the possible mechaniams for the production of the
sbnormalitios seen in our experimentis might be the interference
Qith the blood supply to the cortex. lowever, the work of
Pfeifer (1930, 1940), Campbell (1938) and Scharrer {1940)
have shown that the blood supply to the cortex is m&iﬁly‘ffam
without loward. The dlminished amplitude of bralin activity seen
in our suble~ and extra-dural lesions could be due to interfer-
ence with the blood supply Lo the cortez. The intracersbral
lesions which for the most part lay well lelow the grey matter
produce little disturbance of blood supply to the coriexe Al-
terations In Llood supply ere therefore probally not an import-
ant part of the mechanism for the production of almormslly slow
high voltage activitye.

The low wvolisge slow potentisls remalning in the electro=
éﬂrticegr&m after thermocoagulation of the outer cortical lay=-
ers (Dusser de Perenne and Melulloch 193G) have been termed by

Walter {(1938) o "delta~ilke” discharge. The potentials records-
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ed by Dussey de Darenne and MeCulloeh {1936) and Murphy and
Dusser de Baremne (1941) may well be the low voltage slow come
ponent of the normal electroencephslogram which, in the intact
cortex, comblnes with faster fregquencles presumably srising
from more superficial layers of the cortex iéis&gﬁ 1936, Dusser
de Barenne and McCulloch 1938) to give the full spectrum of the
dog electroencephnlogran, In our cases of sub- and extra-dural
compression of the cortex leads from the periphery of the come
pressed area recorded low voltage five to ten per second sctive
1%7. Thie activity was &ﬁtl?ﬁly different from the slow high
voltage abnormal delbta waves seen with deep lying lesions and
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component of the el@ctrceneaﬁhﬂlagrga of the unanasgihetlced
doge We believe that surface compression eliminates corticml
activity and i,‘imi, the slow waves seen ai the periphery may be
the result of sparing of the deep cortlical layers which presum-
ably would be less alfected near the borders of a surface com=
presslon. This resulting low voltage slow sctivity does not
resemtle the high voltage slow woves seen with intra-cerebral
leslions. |

Kennard and Nims (1942), and Fennard {1943a, 1943b) stude-
ied the effect of @ﬁ?tiﬁuw ablation in monkeys and found a none
specific decrease In amplitude and freguency which she felt
parelleled the development of post-operative odemas. Her faile

ure to find

‘.‘“.ﬁ

pecific focal alterations may well have been duc

il

to the fact that her lesions wore not of a spece-ccoupyling

type and that, as she sug esbe, the corticel leading in acute



éxg&?im@ata was performed under ansestheegla. Angestheslis,
in our experience, makes 1t difficult to detect the focml
¢hanges resulbing from injury, changes which are readily seen
in the record of the unsnsesthetized animal. PFrom her chronie
experiments Xennard concluded, Y...leslons confined to cortiscsl
tissue do not alter it (EEG) even if an entire hemisphere is
removed.” This has pot been our experience with leslons causw-
ing pressure upon the cortaﬁ‘ In one case of hemidecortica~
tion in the dog we found a notliceabls dlifference In amplltude
- of the recordings from the normal and the decortlicate sldes.
work

This finding sas In keeping with the w

St

: of Ten Cate, Walker

and Koorman {1020 1940a
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. the
the normal side in hemli-decorticate dogs, cats and rablits

was several times greater in amplitude on the side opposite

to the decortication. Thesse workers demonstrated that the
cortex was essentlel for the normal slectroencephalogrsm as
recorded from the‘acalr. Yennard has obtained charncteristic
eight to ten per second activity from the scalp of totelly dew
corticate nmonkeys with basal genglia intsct. The only experi-
ments reported on totally decorticate monkeys however wore on
preparations anaesthetized with dlal. Orinker and Serota {1930)
and Curador {1943) who showed the seening dependence of the
electroencephalogram upon subcortlical structures used ananeg-

%

hesine In our experience even light barblturate gnaesthesis
has produced slower than normal rhythms and completely cbscured
the {aster freguencles which are typleal of the electroenceph-

& e —_— - % 2
alograz of the unanacsthetized dog.



In the 1lght of Kennard's work which showed that lesions
in the basal ganglla were productive of sbnormel zlow waves in
the electroencerhalogram we must consider that the delta waves
soen in our ¢zperiments could possibly have come from pressure
on deeper=lylng structures. Ixaminatlon of histological prepe
arations Irom the doge in our experiments mokes 1% seex unlikely,
however, that such structures were directly involved. The abe
sence or diminution of thalamic pembutal spindles {Morison and
Dempsey 1942) and of sleep potentials from the eide of the
leslion, seen iln our work with snimels and noted in both dog.
end human material by Witwer and Derbyshire {1943) is probsbly
the result of interference with afferent pathuways ta tne aortex
©or of damage to cortlcal receptive structures rather thsn the
involvement of the basal ganglla. A

That disturbance in the white matiter alone is raaponsibla
for delta wave production has Leen suggested by ¥illiams (1939,
1941}, GSteowart (1941) bhas edvanced the theory that tension on
the subeortical nerve fibvers may explain the production of
slow waves seen ln experimental hydrocephalus. In our sxperi=
nents pressure from within the white matbter ;r@ﬁucaﬁ.ahﬁmraallﬁ
slow potentials of higzh voltage and g?@asuré upon the cortical
layers from without did mot. Although it therefore secms that
some alteration In Piber connections to the cortex may favor
the asppearance of slow activiiy 1t does not neceesarily mean
that the white matter 1s the point of origin for these potenw
tlals. It is possible that slow activity could arise either

ag a result of disturbence of afferent pathways to the cortex



or from apparently roversible changes in cortical neurcnes,

not cdamonstrable Ly present histolosical methods.



SEYTES B IO R STTY  SSAVERSAT IR e
SUBMARY AND COHCLUSIOBS

This investlgation wns concerned with & study of the
disturbmances In pattern of spontaneous braln potentials re-
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trooncephalographically from man and dog in cases

i q P - =3 1 e s e L2 O &
of diffuse and foocal injury to the train,

e

In parit the problem was an evaluntion of the electroens
cephalograph as & dlsgnostic procedure in cases of head trauma
anq space-occupying lesloms; for desplite the large literature
upon the subject of ¢liniecal electroencephalography there is
st 11l considerable uncertainty ss to the importance of it

indicator of the severlty, type and location of

g
2]
fete

role as
intracerebral pathologye

The controlled reproduction in laborstory anlmels of the
electroencephalographic p@enamen& clserved clinie&llﬂ has
seemed & logiecal approach towards understanding the abnormal

potentlisle Iin terms of altered brain physiology and anntomy.

-~

The clinfical investigstion of diffuse damepe tc the braln

Fruat

was carried on, for the most part, at the First Ald Station
of the Orecon Shipitullding Corporntion; e few patienis howe
ever, were followed into local hosplitals. ELlectrooncephalow

grams were recorded by means of o

lograph. Eleg~

;wx

channel, push-pull amplified, ink writing oscl
trodes were placed Ly means of a springe-pressurs-contact, siz-
electrode headband which was developed during the course of
the investigstion. Klectrooncephalograms were taken on a cons=
trol series of 211 normal workers and upon 213 head injur

patients. Hecords were taken on all pationts as scon as
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posalble after concussion or minor Injury to the head. ALl
except 20 patients were seen within 24 hours of the injury

and over haif of all cages were seen within the first hour.
The records were classified as normal, borderline, or abnore
mal in sccordance with thelr deviation from the widely accept«~
ed, established norm of §-12 peor second basic "alphe® {reg-
uency .

Although the tendency was not marked, the head injury
series showed a smaller percentapge of normal records than the
normal control series (53% as compared with 62¢) and & greater
percentage of atnormal records {11£ as compared wi h <) When
the records were grouped according ta increasis 1he
time {up to 24 hours) from the moment of trauma to the time
of electroencephalographic recording, 1t was found that there
was a greater abngrm&lity in the groups seen soon after Lraums.
Thus 1t was concluded that if mild cerebral $rauma, such aa
was Investigated in this study, produced change in the sleciro-
encephalogran, the atnormalily dlsappeared within a peried
of minutes in the vast majority of cases. Such rapid disape
pearance ¢of eleciroencephalographlc asbnormelity seemed to polnt
to some mechanisw in concuasion other then petechlal hemorr=

age, cerebral contusion or other histopathological change
which must of necessily require several days to disappear.
Patlents with a history of true concussion (retrograde or
post-traumatic ammesia) from head trauma whose eonscliousness
waa not impalred at the time the electroencephalograsn was

recorded showed only a slight trend toward almermality of the



braln wave tracing, il however, there was any impalrment of
consclousness at the time of recording, abnormality in the
electroencephalogran was the rule.

A careful evaluabtion of the rhysical factors was attempte
ed in every case of head injury. Helmets, lack of witinesses,

broken falls etc. rendersd such estimetion difficult in wany

bot

ases. As would be expected, the more severe injuries cause
the greater disturbance of Lrain wave pattern. The forces
and velocities at lmpact uhich appeared to be necessary to

%

humens seem o be of the same order

1423

produce true concussion in
as thal found necessary bto produce Yexperimentsl concussion®
in animals,.

A study was made to compare the amount of time loss, due

to lnjury, with the abnormality of the electroencephalogram.

Although the most severe Injuries which necessitated the great-

o

eat time loss from work were frequently assocliated with abnorm-
al electroencephalograms it wes coneluded from the total study
that opinion based upon electroencephalographic records taken
inmediately following mild head injury was less reliable than
clinical Judgement in predicting time loss from work. In over

one third of the patients (86) electroencephalography wes re-

ks

L

peated elght weeks (average} aflter the

®

head Ilnjury. Of this
group only 18 patients showed & shift of record towards norm-
aley. Thls group which showed a change in the record was on
the whole a8 more seriocusly injured group than that in which

ne such shift occurred. Beveral Individual patients, however,

is ghift to normalcy were found

QJ

whose records demonsirabed I



to have recelived cersbral trauma which fell short of what is
usually consldered true concussion. This reises the possiblle
ity that there is a variable susceptibility to electroenceph-
alographic change in difTerent lndividuals, followlng trauma.
Analysis of the wave form, [requency and voltage of the
encountered In the abnormal electroencephalos
sguently improved did not allow the designa-
tion of any particular asclivity whlch seemed characteristl
of the electroone yphalogram followlng mild cersebral treuma,

-

In the sxperimental investlipstion of diffuse cerebral

traums two cats and seventeon dogs were struck on the oceiput
by a pendulum eapable of delivering blows of 329.7 e laoe,
maximum welocity with effective energy estimated at 58.1 ft.

-y

ibs., Thes animals were held upright in a halter and simultan~

gous electroencephalograms (needle trodes into the skull)
and electroccardiograms were taken., The animels wers studled

&Y,

under nembutal anacsthesia and with only local ansesthesia
of the scalp. The effect of hiead trauma upon cortical funce
tion was investigated by the method of correct conditioned

differentiation {(Allen) in six dogs who were trained to rese-

\V‘

pond to olfectory, awditory and tectlle stimull by 1ifting
the left fore-pawe '
As wlth human, there was found ln dogs to be an individe
usl variatlon as to the effect of blows upon the head. The
ploture of concussion in the experimental animal {definad by
Denny-Brown as consisting of "an immediate traumatic paralysis

of reflex function® and an lmmediaste reduction in wvoltage of
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the electroencephalogran follc&@ﬁ by the appearance of slow
bralo potentials), was sesn reglarly in cats but only incons
slstently In dogs. It was found thal blows of equal intens
slty caused more marked effects in anlmals under general anaes-
thesla, and that of all the elemenis of the electrcencephalo-
gram in the aniﬁal anaesthetized by nembutsl the relatively
bizh voltage "nembutalespindles™ (Dempsey and M, rison) seemed
moel suseeplible to the effecte of trawms. Blowe of an intenw
alty capabie of @roﬁacing fatality, mipht, on the same snimel
in previous experiments, have saused little change in the
electroencephalograne.

It was found that blows on the head affect condltioned
reflex responses more easlly snd for a muech longer time than
they affect reflex activity and more vitsl functions, Just
as in our head Injury series among ship-yard workers it was
Found that elinical judgemenl wae a more senaltive index of
concussion then the electroencephalogram, so it seemed in
dogs, that the conditioned reflex responses were a more deliw-
cate index of cerebral cortiecal function than the electroens
cephalogram as obtained at the present ime.

Concerning the physlological busls for concussion, it is
felt from our work that cerebral trrums has a direct effect
of a temporarily parslytic nature Independent and beyond any
mechanical stlmulation of neurones which may or may not be
produced by the blow.

in s clinical study of focal damage to the brailn localige

ing slectroencephalograms were taken on 102 patients by moans

-



of a glzteen elscirode model of the spring-pressure-slectrode

headband. In 42 cases there was evidence of focal elsciroen-

1]

{837) of these elecw

#

cephalographic dlsturbance., Thirkty Ilv
froencephalozraphle focl were substantiated Ly patholo;
and {or) clinlcal svidence of brain ﬂ;s@ae@’at the site of
this focus. In 19 casés of supratentorial tumor verified by
surgery or autopsy the electroencephalogram gave a correct

3

localizing dlegnosls in 797 of the cases., Thie ls (o be come
pared with a 65 correct localizing dlagnosis from clinical
methods alone (history and meurcloglcal examination}, 149
correct localization by routine skull x-raysg, 71¥ correct
losallzation by the method of pneumoencephalograephy and 915
gorrect localization by wventriculographye The 21 of intra-
ecranial, supratentorial tumors which were not localized by
the electroencephalogran were either deep-lying lesions, or
tumors in e parasagsitel
Two cases {1007) of infratentorial lesions were correctly
localized. Doth of these cases were within the group (under
18 years) in which Smith, Walter and Luidl&s state that locali-
zation of posterior-fossa lesions is possible. Althoush the

-y

two cases of subdural hematoms in our serissg were both localize

ed, i1t was fell that the criteria for disgnosis of this type
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ef leslion are less certain tha
occupying lesions.

It seemed possible to separste {ocally abnormal electro-
encephalograms into three groups on the basis of charscterlstic
abttern types. In our serles the pathological entlties which

wore represenied in suflicliently large number to warrant



sonsideration were represented by tumors of the meningioma,
astrocytoma and glichlastome multiforme groups. The varistions
in pathology and growth characteristics of these lesions seemw-
ed to suggest a possilble besls for the obeserved electroenceph-
alograrhic alterations.

Focal brain lesions in the experimental animal were pro-

duced by the seeptic intracranisl injection of Leeswax-lodo-
chlorel mixtures in the chronic unanassthetized enimel by means
of a hypodermic needle. Such injection was made possible by

a h&llﬁw, threaded stalnless steel plug with a sell sealing
rubber diaphragm which was inserted into a tapped hole in the
dogs skull, al surgery, several weeka prior to the besswax
injection. Control electroencephaniograme were taken both bLew
fore and after surgery. Following the injection of
eloctroencephalograms were taken at frequent intervals until
the experiment was terminated with a bllateral craniotomy
performed under ether mnaesthesls. After liberal novocainiga-
tion of the scalp, the ether mnaesthesia wue stopped and
eléctreacartisagrﬁms were teken over perleds of up to three
hours. The snimels were then killed, the brain removed snd
microscopic sections were prepareﬁ and stained witﬁ hemaboxy =~
iln and sosln znd by the methods of Eissl and Welgerte.

High voltage slow waves (delta wuves) were seen character-

[
i

tieally in the electroencephalogram of dogs with subecoriie

e

cal, spuce occupying lesions. Such changes at their height,
resembled the electroencephalographic alterations that we have

seen In our study of intrscrenisl neoplasms {astrocytoma) in
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mans A disappearance of normal papld scilvity and flattening
el the electrosncephelogram was seen wiith sube and extra-dural
gpace occupying leslons in the dog. These changes resemble
alteration we have seen in some cases of meningloms and sub-
dural hematoma in humen patlents,
it was found that minor shifts in electrods placement

could greatly alter the amount of abnormality seen in the
-electroencephalogram In cases of focal brain damage. This

caervatlon suggested that the application of mideline glece

trofes In human cases might well enable the detection of the

parssagsital type of lesion which was commonly missed in our
series of olinfcel Intrseranisl neoplasms. & histolozicsl

study of the dogs brsins showeld that the reaction of cerebral
tissue Lo a forelgn Lody was at 1ts height from the second
to the eighth day. This wes st a time when the electroenceph-
alsgré;hi& atnormslities are diéappﬁﬁring. Therefore 1t
seemed thalt some change other then one demonstrable by hilstow
logical methods was responsgible for the elterations observed
in brain wave pattern. The observation that s static lesion
{ie¢., one that was not increasing in size) caused only
transient effect upon the electroencephelogram suggested

hat some actlve process {growth, inflammation etc.) was neow
ogsary to produce the sustalned sbnormality eseen in the
electroencephalogran with neoplasme in patien IL was
shown experimentally in the dog that a space-~ocoupying lesion
within the white matter and exerting pressure below the cortex

was capable of causing high voltage slow activity In the



electroencephalogran, whereas lesions pressing on the corbex

&

from sbove were not capsble of producing such {(delta) activity.

%».J
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It seemed possible that such slow activilty could erlse either
e M a0 8% alwymiy a o oy T W S i -

as & resuli of the disturbance of alfferent Impulses to the core

tex or from apparantly reversible change In cortical neurones,

atle by hilstologic methods.

a change not demonst

et |

Some evidence was obtained from this study whieh seemed
bo favor the cortical origin of the Lrain pobentials seen In
the elecirconcephalogram of the unansesthetized dog and which
puggested that cerbain potentials seen with slesp and with

nembubal anacsthesias mizht be cantrolled by sub-cortical meche

anlsms .
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recorded from bipolar élaatr'cas two on »ne right, one on

the left side of the head, In Lﬂ& case of the lon=-latal

Blow the first recorded strip taken bvefore, during and
immedintely after the blow. The second was recorded 20

£ e, s - T Y e IS L P =) % - 4
fvar the bliow, In the caze of the Fatal Biow the

s&econllE &

"i}

first strip was btaken Just be
W

fore, at the moment of and
immediately after the blow. The gecond strip was recorded
one and one half minuteg after the blow {(at the time of

death).
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require more than twenty-four hours time off one would have

and wrong three times.
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A foliow-up study of patients wino hed been sbudl

electroencephalogrsphically followlng scute head Iinjury: This

- E g e -~ LR Sh o e ’ o 2 o Faa
study consists of "recheck™ records on elighty-six patients ou

of the total mumber of twe-hundred and thirteen shiprard worke
ers who were examlned electroencephalographically following
acute head Injury. The flirst electroencephalosram was recordsd
within twaaﬁﬁ?fcu? heurs of the time of injJury in ei

=

of these elghty~elix patiente and in six the electroencephalo-

gren was oltalned within fifteen minutes of &

#

.

inal elecircencepualopgram was not taken until the patient

By,

was asble to return to work agsin or could be inducted to re-
turn to the laboratory for a "recheck' record. On the aversge
these workers were seéen about 8 weeks following the accident,

£

Sixteen of the slipghty~-six records showed a change Uetween

the first and last recording. Five records that changed were
abnormal. Three of these chanped teo Lorderline and two to

; - i Funasailaes Y A [ e p—— ThE 4 A B
and one from Vorderlilue tc abnormels It ia folt that this
- i il b il S . 3 .v - 4 3 o 8 Wy L ro -
iagt case might have Leen clessiflied as abnormal at the time
A T % b - » -
of the first electroencephalocram except that the reduction

P i LT & s - . 3 e PR . ity =Ty 4
of asmpliitude of the record, s phenomenon seen fregquently in

regular at the first recording than 1t 4id at the second re-
cording. Ulone of the thirty~four cases whose origlnal record

was normal changed when the record wes repested after clinical





