17499 AR , m

NATIONAL .L‘IBRARY . L& BIBLIQTHEQUE NATIONALE
, |~ OTrawa | L. . OTTAWA :

" ‘ "CANADA ‘: ‘
1

NAME OF AUTHOR..... > 15" . /A f).‘ff.‘. L ELL

TITLE OF THESIS.. “/;f“ 5".’.’.6".’.‘ e “‘J

» CoN ~c M\ctMc?"—\A ot A !

-------------------------------------------

IVERSITY. .. 4{\&’,@/4’ ....... e .

LN

!

YEAR THIS DEGREE GRAYTED... RSN
R ' ] ’
Permission is hereby granted to THE NATIONAL LIBRARY

OF CANADX to microfilm this thesis and tb lend or sell copies .,

~

' of the film, . .- ‘ Y
W 1’h; Quthor'ﬁsewes otl;er; ;;ublication xjights-, and )
» . ' ) nqi’ther the thesis nor exte}lsive_extractslfrlom it may be }
] : ‘printed or otherwise. reproduced without the author's .
< writteh permission.’ ‘! -
| . | (Signed)... -
. PE[MANBNT ADDRESS ; . :
. LS @) s w3
. o Eelete ol A Wb

.‘ . ‘ea e ‘: ------------- 0t “
s mmu.......:’i‘tj.......... 1975 *

NL-91 (19-68),



. j
: THE. UNTVERSTTY OF ALBERTA

THE ﬁFFECT OF SUBPTAL VERTICAL CORTICAL INCISIONS

ON A COBALT-GELATIN FOCUS

. o ¥ ‘ .
A - by : .
/ \ | ) ‘
(::::>JACQUES E.J. DUYSENS ‘
L+
[
‘A THESIS

SUBMITTED TO

THE FACULTY OF GRADUATE 'STUDIES AND RESEARCH
\

\
\

OF THE REQUIREMENTS FOR THE DEGRER

t : IN PARTTAL FULFILMENT

OF MASTER OF SCIENCE

A " DEPARTMENT OF MED{fINE

\

EDMONTON,<ALBERTA ~

! . FALL, 1973

: ; - S

ra » )
. o .Aa , . ,



" , ‘.1 ‘-A ,

\ - . . ‘
The undersigned certify that they have rend,iandcrecommend=

+

o )
to the Faculty of Graduate Studies and Research, for acceptance, a
thesis enti§1ed The Effect of Subpial Vertiéal'Cortical Incisions on
a Cobalt-Gelatin Focus submitted by Jacques E.J. Duysens in partial

fulfilment of the requirements for the degree of Master of Science.
o ' ’
f

zD //Mezé oD,

LR A L B I R R S W)

-9.0;.-1-.--(--------

Supervisor

¢

P ~ " vv ) .-, . l'
sessssacs s en s -..o{;..a.&o.Al.‘&.t.lt‘o
\ M

t e

Dafe;,......../f..........»-........



ABSTRACT -

bpibl cortical isolation (withou]: under~

'

cutting) on an ‘ep{leptic focus was examined. ., . ¢

In total 37 cats were used in these- expcriments, Aqsmalk~

\
amount of- cobalt gelatin material was used to treate a focus over the

\
motor.cortex. Later a second operation was performed in which %gur

§
)

. subpial cuts were made, 2 mm deep, forming a square '2 x 2 mm around

- -~

+, the focus, '

No spikes couId be seen over the focus post-operatively,

» ,

while in another series in which sham operations were done, spikes
persisted at least one/%fy following surgery. It was concluded that

subpiel ‘isolation was very effective in preventing spike generation.

1

This finding was explained by assun?ng that the cortical incisionss

reduced the neuronal mass available for hypersynchronization. -

Furthermore it was found thac these dﬁbpiél transections did not
result in a change in paw preference, indicating thac no detectable
functional,damagetwaS'caused by this surgical cechnique. DR

It thus seems that the described method is.superior q’_,_m_

copeetomy, both functionally and electroencephalographically.

) ‘
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‘_"- The clhssical surglcalsgechniques,fqr theytreatment'of focal '
' ,'eprleptlc 1esions have severe di dvantages .’ Removal of the abnormal .

I \

|
brain tissue, topectomy res lts in a functional deficit depeﬂding on‘ R

Y

the siZe and th

"

-‘«\@‘

location/ﬁ% the removed area. A solution to this ' !

. I“ P
e problem was offered by Morrell and Hanbery (lOl) who described a new

. s )
l‘ » \

technique using subpial 0ertica1 cortical lncisigns. The cuts, which ’

L]
v " v Lt e
[ ' .

were 3-5 mm apart,x;7 ed a grid over ¢he_ﬁpileptic area. Since no

» L}

gortlcel tissie ha ; be excdsed, and since good functional and .?‘,

l

. ' .
! .. .
' . .o

" clinical resuits

* '
'y i
i

ere obtalned on" three patients, it seems worthwhile B

: th'further‘ﬂe;7/op this approach o . n o S

‘v“l. : \ . ,“ » ) B N 4“ \ } ! ~ . l‘i

o 027 wdy of' oiﬁg fhis 1s to go back to.animal research in

R t . .‘ i /' } i A - . ‘O,'\ V . ) 5‘
‘order to find an. expe imental verification of . the observations of ~

" ' l A ’ 4

e Morrell. -What is the effect of subpial transections on the hyper—

. synchr7niz£tion aotivity of a focus? Both Burns (18) and P sche and
| . \
i Rapp lsbe&ger (108) suggest thatlthe tendency to synchronization 19 a
P : »

o ta

"f ,ntion of the size of thé concé rned area.' Thus o?e can assume that'

. - TR oo
s r A . .

uch an explanati@hithrows some light on the .
|G ,lv\‘)'\‘ = .

'.d ogpervation of Tharpl(%37) who found in rabbits, that a focus which } ‘5€‘i

fé; was completely isolate‘vby four subpiai cuts to the ventricle was,




-, ' ' .' "‘ " ‘ ."‘ RN “ B . ' 4 b [ ' . .
* ’ . ) ' A . ' : \ o ! ) ." ' ! \
t . I - ) 9 Voo B Co ~ .
N " D o ' ‘\ r 4 ! o " . o AN
L] ) R " ! . A b :!*
. v Our working hvpothesis based’an\the belief that a cfitical .J”f .
/~v01ume of neurons is' necessary to the generation of hypeﬁsyndhronons = \\
' -+
‘activity, rehui:es s eral‘additipnal asSumpciona.; }” L, o .
", ‘ . c T s | C ‘l C "f.k‘ .l o T '
.- First, At . is SUpposed that spike generation is a characteristic featufe
= “of the epileptic fOCuS and that its mechanism lies entirely within the
,l a ' o ’ a: o X '
cortex. Cbnsequently, any action against spike generation will con— SN
siderably alcer the behaviour of the focus. j' . ' . e )
" [ ’ * . . “ § + L] ‘ -
N Jl . .o ‘ . T A '( ot )
- Secondly, if non—synaptic spread and volume conduction are the main '
' . ’, ! ' (l
ways of Jommunication in q fOCus3 subpial ;ransectigbe ‘are inefficient.
[ : . Lo . . . . o \. - ” ) bl
- ‘Thirdly, it 1s.mssumed that vertical cortical subpial incisions do mot -
s = L oo ’ C
céuse:éiénificant'func;ional damage,. ', o C e
. . . \ ‘ , ! ‘o !
4 . N .
. ) ! : . L : . A, [
" ‘Thesé . three- assumptions will'be examined in ‘the |
: ‘éﬁépte;s.Z.Af G L ‘
+ 4 . : B ', R n .
: o o N ) . .- .
o A:( _l '.‘ E v | ;9", \ ‘ A g
}T L S AR
- : : W . \'_v‘l ';, ;
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‘ ‘ R ) o ' v l;é.'\ o .
' IT- THE CORTEX AS' A 'SOURCE OF EPILEPTIC ACTIVITY'® . ' ‘ ot
' J ;. . ‘. : . . | ° Lo
\ e . ! ‘}'shnt ol o R
o . +. In this chaprer the proB}em of thevorigin of epileptic aetivity \
- ‘~ ] ] o N7 -
[ oF. ‘ . . .
‘as seen An” ‘an. EEG focus, will be discussed L. [ ; ;, C
‘ ) ‘ . | ‘ L - E [ “",'.“‘ : .: ". B
}."‘ Vf o Is the paroxysmal«activiéx“Jue to cortical or’ Subcortical o

s \»‘ ! a
'\ 3 ' Loy . Lo ro. . tol * S \ '
i . . a ' N Vo Al . Lo P . i :
] 'mechanisms? : ' P R N

D . " P L ' . X \ Oy

[ . N .
- s " N .

, e Ahd if the cortex is responsibleT what part of the cortex.
T . \-.._ 'm ,'4

iso}ated epileptic cells or epileptic aggregates? e xi

i L) . . . . . , . S - ]
A' Vo DT . ' L 3 ) . . - i .
oo . . \ L ' . CH
N ' oo Al N ’ . ' 1

LA betical é;nchronization and ththmicity Y w RN o,
) By ‘ : N oo
o ; '

A distinction has to be made from the beglnning between the | R

(R
[ ~ i

rhythmlcity - Synchronization in o

e ‘.‘

concepts of‘ synchronization‘ and "

':' this thesis refers to the simﬁltaneéus firing of a Iarge humber oﬁ ‘s

\,,'v\

. -

L
A
t

B cortical neurons, resulting in an EEG sp{ke.‘ Rhythmicitx,is a” term f’ h

;:?yfor the recurrent.appearanceﬁof %ertain gEGvcharacteristics. 'In.experi;;‘i;.
B mental foc; therelis.u;Lalis.synchronization g;lﬁgié spikes) first and : 73 o
. later rhythmicity (after—diScharges)# o { ' A{ . Jee /\ '\
‘g,:Fut | The questian to be answerad id | What is the roleyof the ,‘f:”i Hih{”

‘,A cortex and the thalamus in both s?nchronization and rhythmicity? We :ﬁ‘v‘f 5/{

Will first coﬁsider the7cortex and- later direct our attention to the ‘~ffmz'}

e , . D ; . y
X e ;;',vs R ,._.i“v,;ﬁ‘-.}_ G
thalamq§ e T 2/( L

X AT S ‘
Q i ‘ R ‘ B o . |
it N . N i — ¢! .
g L . fo Lo, .

if The:corte \ 'vf ;/. B

3

*fh‘ l, ;;' t seems béyond any doubt that both spi es’ and;after-'ﬁf“

discharges arise in the gray matter df the\eggyexf(i3l : For example,

’ . ~ L
R Py " o o
' o ' : o ’ 0 “r b
| e 4 » ’ 3 ©y i \
S 3 ~ i
! RO Ses . i o
£ -3 - . L5 ) . !‘}, i,
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q (\\ ) o

,cortlonily applied KC1 (causing, spreading depresston) abolishes hoéh (55).
Thia 18 easfly &nd%rﬁtnndnb]n, sinco lntrncnllpinr exparimants have shown
that splken and nfter—diﬂchnrguﬁ ariso {rom the ﬂn;c neuronal elements
(31, 5%, 94, 126). However, Fcher et al. £40) claim that the site of
origin nf spikes and ﬂfgﬁr—dlschﬂrgcs §nu1d ba qulte different, They
conclude that ﬁyncgronounidiachnrgeﬁ, avoked by strychnine or d-

. . .
tubocurarine, have thofr origin in the upper 300-600 p thick layer of
' !

‘the cortex, while rhythmic nfter—discharéca originate in layers IV-V of

7 the cortex. In their opinfon, these after~discharges are due to rever-

beratfon of fmpulses In closed circults which are strictly intracortical.
-~

P

- Further supportlfof the i1def that both synchronization and |\

rhythmicity have their origift in the cortex is found in studies on

: 1aoldted\2brtex. Indeed, the self sufficjent role of the cortex in the

generatiop of synchronous electrical, acgivity 1s best i1llustrated by
- . .. .

[}

the fact that undercut cortex'iﬁ stili able ta efhibgﬁfEEC and single
unit activity (12, 46; 70{ 75,*80, i39}f In isolated coptical slabs,
Morréil ané Torres (102) fond tht electrically induced afferédischargei
‘could be‘opse;yed, which did not spread deeper than the dendritic layer.

In aotligr study (47) in which the EEC—intnacellQiaf relationship was

investigated, it was clearly proven that isolated cortical slabs still
. ) - ‘

show neuronal sjhéh{gpization: Even complex patterns, such as 3 cps

spike. and wave discharges, cap be seen innisolated cortex, "having no

1

connecéigns with subcortical structures (34, 68). Furthermore, experi-

ments usingzéxplanted CNS tissue cultures also demonstrate the amaaing

syqihronizatiqn properties of the cefebrdl cortex. Reaggregates'of

cqfticai cells can generate after-discharge'patterns, evoked as well as

?» . " - *

a
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spontancous (26).

. Thuﬂ, 1t Bcem'tl Cl(‘nl‘ th“t: (1) the potencial fox‘ ben(\rnting

L

both spikeu nnd after- diachnrges lies ih the cortex, (Li) ncuronal

Synchronizntio& and thythmicity {s possible in the cortex without any

R TIN

intervéntian from the thalamus or other subcorticnl ecruetures.

\

But this does not imply that in;realfty the thalamus is not
\

fnvolved 1in” this %cchnnism. As will be seen now, the thalamus is, in

fact, very 1mporfnnt:in cortical rhythms. ' CT

l‘§.

hY

.,

L}
] Ll

AR 11+ The thalamus . . . . . o

N

Today 1: is widely accepted that the thalnmus 1s favolved in

' ptbducing alpha waves (2). But the role of the thalamus 1sk1ess clear

inibthqr rhythmical events such as after-discharges. Nonetheless, most

.authors (71, 79, 147) believe that the thﬁgamus hlays a substantial role

£
An cortical epileptogenesis. . ¢

In order to give a more explicit formulation of the problem,
. . L
we will split the issue into two parts: the influence of the cortex on

the thalamus and vice versa.
I |

a. Cortex to thalamug T itr

Cortical discharges can spread to the thalamus fn two wayg:
S

orfhodromically via axon collaterals, or antidromicallv via thalamo-

\-JE‘¢?
cortical efferents (20- 62 124). ' Guenick and Prince (62) recorded ’

bursts of spikes in thalamocortical relay neurons whose axons project ‘

~ into a penicillin induced cortical epileptigenic focus of a cat. The

. Q
bursts QI spikes were cqQincident with the spontanéous gurface epilepti-.

.

5.



form discharges, » }

¢
\

ey ; It 1s further known that in the absence of 'a‘ pathway for intra-
o ~ , L]

* cortical spréad of the epileptiform discharge, the activity remains

highly restricted to the functionally related thalamic nucleus (61),

[ ’
Today, no answer can yet be given to the question of

4

+ exactly what constitutes the mechanism of‘corticnl impulse gencration
(cphaptic depolarization? increase in éktrucollulnr potassium?). Bug

more and more investigators assume that such impalses can antidromically
- '

" 4nfluence thalamic neurons (;\, 62, 124).

-

e,
b. Thalamus to cortex

The specific thalamocortical projBctions especially are

important:in modulating the output of epilgpcic pyramidal neurons (119),

’

Purpura (120) reaches the conclusion that even while there may be pace-~
maker i}ke processes involved in focal epileptogeqic lesions, such foci

must be 'influenced by multiple synaptic inputs from the thalamus. But

+

what exactly is this "modulating” and "influencing"?
\ : . )

Recently (55) 1t was sugge:;ed that the thalamus acts .

specifically on the rhythmicity of e ileptic events. This is convincingly

1llustrated by the following observations:
| : o

1. KC1 depression of \the thalamus abolishes the cortical after~

discharges but/has no fundamental effect on the 1nitia1 hyper— é

‘synchronization (spikes) caused by application of penicillin, d

' cobalt and Metrazol (3, 55).

!

X'f



# "+ the focus and at the control site. The s\ort latency of this

2. Grimm et al. (55) divided the motor cortex of monkeys with a wedge
of film up to a depth of 6 mm. On one stce of the barrier they
placed penicillin while ‘the other sfte served as fhe '‘control”. A

‘penicillin spike at the focus'prq&;ced an evoked potential at the

control site W1th a latency of 5-6 msec, feﬁlowed by an after~

A
)

discharge burst.
‘3. When this eXperiment was repenteg while spreading depression was
initiated in the ipsilateral thalamus, the auchors observed that

the focus continued to discharge but.that no evoked potential or

after-discharge was seen at the control site. \

P
"

4. Application of KC1 (causing spreading depression) at the penicillin

f0cus,resu1ted in the disappearance of the after—discharge both at

‘effect at the control site 1s not accounted for by the SD wave o

R
-

pessidg around the.sectioned:cortex. - N C

From these)studies it becomes evident tha® the cﬁaiamus has ;;/‘
a diféefent actipn on the parokysmal discharges (epiﬁes) than on the. v‘j.
'after—discharges. Depression of the thalamus £esdlt§‘1n a complete ' ,
disappearance of the after-discharge and. in a reduced spike firing rdte ‘
at the penicillin focus. -Thus, the thalamus 1n some way has ‘ L
a role in the rhythmic behaviour of the cortex. |

Thé general idea which’ arises from the experimenta of Grimm

-y

et al, (55) is that paroxysmal cortical events can rTeach thalamic : L

- 4 '
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LI ' Ll

. | ' RO ,
neurons, where a rhythmic discharg% is generated, and iend.bahk to the

cortex as a cortical after-discharge, \

HoweVé%“ mucé\mﬁfa‘inuggfigutiony1s requireavto confirm this
\ - A . : :
hypothésis. For inatance, in Crimm's model, it is agsumed that the | '
rﬁythmigiCy of the cht;eal after-discharge has a t%alamie originu\ But .
there is evidence that the cortex is able to produce -rhythmical acciQiEy
on itsiowﬁ, grOQiding that a trigger stimulus is préséﬂg!(vide‘supra).

'Therefore it seems reasonable to assume that the thalamus acts as a
N B . ' h Y )

felay}scation for the stimulus which 1s required to trigger the

inherent rhythmicity of the cortex. It is not posSible to refute this
alternate hypothesis on the basis of Grimm's experiments.

' ' . _.>
N Whatever the/right mechanism, several points can be made

-
-

thus far:

* "

1. At the cortical focus the appearamce of after—discharges 18 pre—

- ceded by a period of synchronous hyperactivity (spikes).

» s ' -~
\ & ' . \ '

. :
2, It 13 most likely that these original paroxysmal “‘events have a
strong influence on thalamus sfruetures, which are then able to

" ‘trigger after-diScharges in the focus.
. CoL Y TS

4

3. Tg break this circuitri;'would be sufficient to prevent the early

' Hyp?rsynch;onizatiqp in séméxgsy. ' '

-

Before testing this latest hypothesis, it is necessary to have

»ﬁbre information about the: basic elements involved in hypersynchronization.
. b . .



. ‘ . ‘ .‘
Whatuis the §undamental entity in. a spike‘generating'focus?
This question will’bring us .to a descriptionrof'the "epilepticd aggregate.
‘ o : :
B- 'The‘Epileptic’hggregate o B . :.;
JIf the cortex is so 1mportant for synchroniZation, what -
constitutes the basic cortical entity in epileptic hypersynchron~
Q*ization? .¢\ 7

i

many neurons. Even a simple strychnine spika requires the cooperation .
N ’ N e
of both middle and deepnlavered neurons (37). But is, thig epile tic

It is evident that epileptic activity implies the firing of

activity due to the abnormalobehaviour of single epileptic neurons with \

subsequent recruitment, ot is it due to a group of epileptic neurons? r
!

Today, more and more investigators think that the-units of
f .

. svnchronization correspond with vertical columns, formed bv closely
1nterconnected cortical neurons. Jasper (71) suggested that these

vertical columns may be the same as the functional columns found by a

number of neurophysiologists (66, 67 103, 114), He found some support7

in the work done by "nshv (113), who\described a dipole with about the o
\q +

same dimensions as he cortical columns of Hubel and Wiesel. as being

. the minimal entity to maintain an epileptic dischar;e. Petsche and
Rappelsberger (108), who studied potential fields in the cortex of
:abbits, concluded that the morphological elements of synchtOnization
called "vertical dipoles" may have a diameter of less'than 1 mm. ~The, =
"dipole concept‘isllargely(based on the"well known observation that‘_ |
there is a phase reyersal in the EEG actiuitp when‘tecotded §imultan-

©

eously with epi— and subcortical-electroﬂes (85); _For'instance, a



of the apical dendrite arborizations. Raabe and Lux (122) and Elul (36)
. * b : " N e )
assume’ that one or two'interneurons are responsible for this‘correlation.
N l .

Recen\}y (111) it was suggested that the superficial layers

.act as a low—pass.filter. This could imply that the functiénal cortical .

. |
generators end a few hundred micra below the surface. Further evidence

for the existence‘of vertical dipoles in epilepsy is given by Gumnit et

R M

al. (60). In the center of the fpcue they.found surface negativity\but.

'the maximum negativity was found in‘layet 5 of the cortex. In the

periphery ‘there was a Surface positivity in combination with a deeper

‘negecivity, which was &Igs located in layer 5. Im relation to the

[~

‘question of ephaptick(non—synaptic)~transmission,‘the authors felt that
ephaptic influences, 1if any,'were probably linked 'to the cells forming

the vertical dipoles, because they observed some independence of nearby:

o .
-

dipoles.

’

In‘conclusion,'the basic corticaljgenerator of epileptic

activity is formed by a vertical column of densely packed neurons,

The hypersynchronization as seen in EEG recordings at an epileptic '

) k]

: focus is the result of a synchronous discharge'of a group of such .

columns or. dipoles. o ‘ - ':"‘ el
e Theoretically, it shéuld be’possible to distort or prevent

_ such spike generation bv‘interfe;ing with thq*connections between the.

v

:'diffetent dipoles. An obvious way to do so is by making vertical

.incisions into thq cortex. : L ’ L

v

10.



"As stated by Petsche et al (111), brain Potentials are the' result of

[ ' ' R ,
C III+ THE INTRACQRTICAL El}D OF EPILEPSY ' /\(,\
\ ‘ i o " ; } \\_‘“f\\ ‘

" In the previous chapter 1t was seen that corticalfheurogs

are able to fire in a synchrOnous manner. The next step will bring

3 . i s he
\

us to a consideration of the mechanisms underlyi/g/synchronitation.

\ %

L} ’ !

two basic'conditions: .volume conduction ({.e. ' cohduction in an

‘electrically inactive electrolytic cohductor") and actjve conduction

A

("cdmparable to the one of\action potentials in nerves'). When an

« EEG {s recorded from a human scalp there is no doubt that the skull

‘cannot be given. 'Moreover, it is well possible that the relative;‘

and the brain act as a volume conductor. However” the problem is

different when we study the eleccrical activity at its origin A
spike, as seen on ‘the EEG is the tesult of the svnchronOus ;iiang

of a large set o neurons. The dbherence ca\ be. due toryge fact .Lhat
one neuroﬁ . e another‘neuron via synapses hut it.is also possibleA
that neighbouring‘neuroné.are,activated by the electrica} field prol‘

duced by the original epileptic elements. This issue: synapti;‘or

ephaptic (non-s¥ aptic), is highly controversial and simple ansWers'

role of volume conduction and synaptiq\propagation is different when'
‘ 4
atudied in a plane perpendicular or paxallétlto the cortical surfac

In the opinion of“Petsche et al (111) passive conductivity

» \

1s‘more important in the horizontal than in the vertical (surface to

B}

" depth) direction. Apparently, the best method to examine thia issue

P

is the transection of the corte .'since it is expected that an T,

r‘.‘

'incision in a volume conductor has little effect on synchronization 3

’J‘ T .'t,. o 1¥

.A‘}‘i,lA



- , ' : N\
but causes serious disturbance in synaptic propagation.

When tracing the idea of non—synaptic conduction it seems

necessary to make a distinction between ephaptic mechanisms at

:specialized electrotonic junctions (8) and ephaptic effects produced‘
\ . ) . ‘ , i K
by current flows in extracellular spaces and across contdguous neural

»

- . . | C .
membranes (120), The former phenbmenon is'best‘illustrated‘in the
earthworm (73), crayfish (48 83, 152), M rmyrid electric fish (8 9)
and chick - (9%, w\ile the latter has been found in the mammalian CNS

Nelson (104) showed that the excitability of motor neurons can be

v,

changed by the field effects of adjacent notorvneurons which were

antidromically activated.

The tight junctions were called "macula occludens" (39) or

)

nnexug"'(QO). They\are also common in epithelial and glial tissues

(39), where'electrical spread can indeed oe observed (82, 90), This

brought Grundfest (56, 57, 58) to the idea that_ﬁphaptic'transmission

-

in the cortex could be "an evolutionary remnant, recalling the

epithelial~origin'of the nervous‘system"

A

o Non—synaptic transmission is mostly found in situations

]
requiring synchronization of many neurons. Epilepsy is undoubfedly
" an example of such a situation and Grundfest (56) pointed out that

. it is. conceivable that some pathological conditions may lead to

12

‘,membrane fusion between cortical neurons, ‘thus resulting in a ' o (.

tendency to hypersynchronization.
» : :
Two articles are commonly cited in general reviews a1, 79,

,148) in support of the ephaptic hypothesis'

‘1; Libet end Gerard'(86),demonstrated that_caffeine’induced waues'could ‘

C-



- micro

.the dendrites are electrically inexcitable. ‘,“ : JJ;

' N . . ’
. " S o
)
1

.cross a cut in the isolated frog brain. However, 'a slight separation -

-

\vof the .cut halves, connected only by Ringer solution:‘did block the

s.wave. The authors supposed that the opposite results, obtained with

\4 ) oo

' strychnine waves (32) and also with epileptic spread (38) were due to
species differences or to the poor apposition of the cut surfaces

However, in a later puhlication, Libet and Gerard (87) admitted that
£
the spread across the cut could simplv be due to the fact that tgga

whole brain was soaked with caffeine, thus increasing thegexcitability '

4x- : ) . %

‘of cells on both sides of the cut. o , - L

¢
' .
q. B oo
. . " '
b v ’

- Bremerj(ll) showed that synchronization of sttychnine spikes remains . |

N . ~

in the upper and lower parts of a'gonpletely tnansected’spinel'cord.. v

Some investigators haveffel@rthat their resulC:“could'best be
4

Ea)
N

explained by ephaptic spread of epileptic activity (37 ), the most -

'likely site of transmission being the dendrites, Mountca9tle.stated;

¥

"The large and interfocking dendritic fields of cortical %gll% provide ’

0 n

an optimal geometric arrangement for ephap(ic effects" Buﬁ el!pt on

; epic Studies (155) have revealed that the dendrites of nqr%al R
' ! ' ivm ,'
cortex are probablv totally invested by synapses’ thus implyidk eﬁfﬁ

L

Ward (149) proposed two solutions. First he stressed the B

d

"importance of non-dendritic tissue, e, g gliaI in the epileptic

T

spread. end secondly, he suggested that the dendrites of epileptic ‘

"neurons have relatively less synapses and are more electrically exci-%

“ s

table. This 1atter effect could be the result of a partial deaffer- B
[ "B

,'entation of the epileptic cortex. Jasper (71) sees the function of ,r

i

PR S |

2



\‘ o . » o b e

'epileptic:potential fields in a facilitation and synchronization of

"

discharges in large areas of the cortex, although he admits that, inﬂ

" \ .

general, synaptic mechanisms play a leading role which could be
especiallv true for the synchronizatioh of seizure activity in tﬁe
hippocampus (120). In this region large field potentials (1.0-20 mV) L

are seen in association with intracellular spikes, and it is thought

a v

that synaptic induced discharges in the dendrites ' may ephaptically

)

]
f

7 _influence neighbouring neurons . l/“
On. the other hand Purpura et al, (118) presented strong
evidEnce against the ephaptic spread of epileptic activity,l Upon
, splitting an epileptic Jesion, he found that synchronous activity was

‘no longer obtained from both ha!‘es Applicatiop of various pharma—»‘\£? l

£

cological agents on one side of the cut did not .affect the’ activitx

of the other side.

These observations are in conflict with results obtained by

Torred.(l38 139) This author reported that propagation of epilepti— ‘
i -"1.
. form activity across a neural d15continuit} into isolated cortex 1s

‘ . .
possible. JIf this isolated slab is’ previously sensitized by an E

epileptogenic agent,.electrical after-discharges initiated in the
’

surrounding cortex generate an independent after—discharge in the slab

when similar stimulation (strychnine and electrical current)
H

was applied to the isolated slab, the epileptickactivity remained
localized in the isolated slab. Totrea (139) explains.his resulta \ 3
by the principle of volume conduction., To understand the fact that

the propagation occurred only from the outside to the inside, both

Torres (139) and Mbrrell (99) stress the diﬁference in neuronal masa
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(4

into the relat? ”ly small number of neurons wichin the isolation..

In his éwn expé‘vments Morrell (100) used tetanizatiOn as the

stimulus. 7@&, non-synaptic transmission is invoked to explain \ a

»

the inward sﬁ;ead of the: tetenization effect.
v . \ ' »\ n .
’ Thus far 1t cansbe said that the- experimental evidence for
o Yy /\1 .

.epKaptic cdpduction of epileptic activity is onIy convincing in 90me

Y '
exceptionaﬁ ‘cases where epileptic activity has to go from a 1arger

S

neuronal. .Volume to a smaller one. Thus, the- ephaptic hvpothesis 1s - . RN
r L, e B . Kl '

largely smpported in speculative models of epilepsy, but experimental A

3
i ‘f v " v . . . .
.data are,lacking. ", R s L ' | o -
N ! . j . 0 t ' .
c On the contrary, the results of some invastigations strongly

' ' )n \ i l\l ' \\

/suggest t it epPaptic spread or volume conduction has almost no role
} 1 ‘l '5". ! A .
l in the propagation of epileptic activity

: \ ,N*q Al

;,f A?first s;t'of data comes ?rom the study of penicillin
) LU EIRN : :

induced focal\spikes. Goldensohn et al (52) investigd‘ed the

potential fielﬁ hf a penicillin focus by means of a. rectangular array ,

i’

\_,.

* of 12 eleétrodes hith 2 mm intra-electrode spacing.‘ They found that
/’ ' 3 p
' the behaviour oé the penicillin lectrode was quite different from ! ,
0\ ) . ,i ‘ . . ; ‘ ) N ““.
\sll others.v F04 instamce, while increasing negatiyity wasarecorded '
\\Q\ “ F .

R [
"ac\the focus the surrognding electrodes showed a predominantly

v
|
\!
(A

&

\iSuch an observation, also mentioned by Tharp (137) ‘
Teb ,p‘vj .':

and/by Gumnit)aﬁd Takapashi (58), is difficult to‘explain in terms .f}x_' o

hupotentials. 'Ltv"v;ff', ‘f’l["' /;a‘

'positive spike.

' of ei-ettron:lc fiel | ‘
P ‘Idehtichl conclusions were reached by Tharp (137), who alsof L

-y

,~A'jr \_; ¥ 'p . ’“'.‘. :
z.ﬁm apart.**An acute epileptic focus was created by RO
: ’ SRR pti&kngo”..figpq; F

- ‘ A
used electrodesr
‘ ' : ‘.'lloﬂi



» showed also in rabbits, that some seizure waves could/spread

R ‘ L S , e
on of penicillin to the.sen8qry motor cortex of 21 adult

\ rabbits.t In most animals a very stebp voltage gradient was observed Y
and the spike was confined to within 2 to 4 mm od the focus. The “““fn

N gradient was St\%Per anteriorly, ndicating that the tangential ‘l:%i

. . 1 L 5 . ‘

,spread is preferentially to the posterior head r:;ion. Latency | b " ‘.;;

N - \ i
measurements were done, using several techniques,\ nd the author ‘

T 5 h B

ﬁelt that’ the variability of the results could best be explained

’/ i ' W » - t
on the basis of synaptic transmiss on, rather than volhme conduction. p
,More support for this conclusion ﬁBs/found invthe observation‘that -

|, N A : I e

f%Procaineyaltered‘the behdviour of the focus,but d1d. not alter the, S

ability of the focus to influence neighbouring cells, ' The appearance .
, of surround spikes without centre spikes 1s hard to understand on! the?

i \/‘ . . . E l. . - r \/ . . “" . .
: C o o o iy

basis of volume conduct on. , - i . . ’ . : ;
. LU . R AU

ol However, Tharp admitted t:ft volume conductionacontributes
» BN L [

to a certain extent to the spread of epileptic activity. Indeed ‘a’

low voltage spike ‘was - recorded 2 mm posterior to a fOCUS which was . .. -

£
isolated by vertical subpial transection. Such transection failed

to interrupt the spike spread when made at a depth of 0,/8 or 1 7 mm. .

s . e
Only complgte isolation with cuts to\the ventricle was efficient in R

- -

blocking the transm ssion. This lead the author to the conclusion

Voo » . i A .
. TN i

lthat deep cortical aggociation fibers are respipsible for the

T T

propagation of epileptic activity._fqu -”{js‘V*h“‘

In other cases, however it has been shown that trans-.A'

i
K B e

ST cortigal snread is of primary importance. Petsche and Sterc (112) ,; hf}“f

‘ 1




0, " s . e b ' : ‘ *“-{,

'bundles.i Moreover Morrell (lOl) reported a new surgical treatment
for focal epilepsy using purelv cortical incisions ‘ He made verticalv"g‘ Sy

fsubpial cuts 3’ to 5 mm apart in. the cortex of three patiEnts with‘ | ":“ 5
» \ ' R ) :
focal epilepti(\ijzions, and found that no clinical or . encephalo— ‘ \

graphic epileptic gng were - séen following surgery Again, this

‘coufﬁ indicate the dominant role of the transcdrtical connectionS’

' . - D Ry :
in the' spread of epileptic activity. ' { b S e
Results similar to those of Morrell were obtained in 'l“- Whi}

* ‘e

‘monkeys bv Eiickson . (38), who demonstrated thas the spread pf ‘the ol ’tf.

epileptic discharge can be limited by transcortical section. For

L

.example,sr/e/épileptic propagation along the motor strip can be ; "_g,,'

- partiall)\ interrupted By .a corti{gl cut between the arm and 1eg area. /( o i

rVan Harreveld and Stamm (142) confirmed the findings of Erickson. o

B8 . '
T

They stated that it is possible to reduce or’ even abolish an after— :;qffw%

diséharge by cutting the - cortex etween gtis\lating and lead g-off .- - o

"electrodes. Later Ferrari and 68188801(41) ﬁound that cocaini ng 'hs'iw

a narrow circle around a strychnine focus‘in dogs does not modify the . »piw‘

‘"focal activity, but prevenms tﬁe fit from spreading.,““

o -~

i .‘ | Very inter ting work ‘was also done by Petsche and C '='-e1."
BRI regtt nd w i
» ‘Rappelsberger (108), who used transverse and hgngitudinal vertical

: incisions in the cortex of rabbits.‘ Th ge cuts rendered seizure o
f'patterns heterogeneous in both wave shape an frequency/on the two

”yjsides of the cut. However it has to he mentiov’d that the parameter

':of the depth of the incision was not Studied syste “tically and that,]‘ff"

'ﬂ~as noticed by Torres (139), some of the figures of

RN o

:h»Rappelsberger (108) show the presence of low amplitude spikes in the ‘-Ly=a:t;
x - B : » "“_;‘: ”»‘\- ;‘)"". N ] o




, &

\’ ! . \'{:‘

\ : ‘ '
‘Qg oloctloden which are cloqo st to the Iincisfonsa, indtcncihg that’
.
volumn conduct {on cou]d/hqu contributed,

a»-_ L

. Thq doepcr lnyora are espnoinlly‘ynportﬂnt in the spread,

o

N
R

or

* of eplloptic activity, as.ind{sions have to be mndo fqirly deep in’

3

Py

X . !“')
t;F;“brdor to;disturh the sprend“of eplleptic notiv*ty~ This 1a in

A

agreement wich the {dea of Adrian ‘that solf~qh9tninod aftex~d4schargas

[ l

occur at the lnyer of the basal pyrnmidal denﬂrites " Also, Burns (18)

indicntéd that bur\st responﬁfzs ,1n 1solnted corticnl slabs cannot bae
1ntorrupted if Cuts wero only ?ade thfbugﬁ 1ayers 1 to 4. '
s |' . ‘v\. "] N \"s‘“‘,“‘-‘?";; ‘“ )
In~summary, it agams thi c the role“of ephaptic trﬂnemiesion
¢ ! ’ ,'? ||‘: u! P

and volume conductlon is rather limited 1o~ epileptic phenomena. Only

* .

10 two cases can we assume that ephnptic conduction {n the cortex is

1mportant:» '

1. When epileptic activity is driven from the surrounding

cortex into an isolated slab.

: %

2. At the centre of the focus, At the site of the spike
f ,

A}

‘\" ¢) generation and in the immediate W(mrhood, ic s
possible that ephaptic transmiss oﬂﬁhccounts for the
h sudden hyperqynchronization. "‘

But

4]

t is obvious “that the firsce, case is highly artificial and that in
Ly &

! ' v‘u '

the secqnd case only a rather 11m1tedfp¢q?ona1 mass is influenced by

s-‘

ephaptic,pr volume condqction. Thé main method by which propagation

of epileptic activity occurs is synapticaliy. as 18 proven in many

I-"» ,;'7,i

expetimenca in which transcortical incisionsucould kigaificantly alter
‘é‘ : ! ) T :

" the epileptic spread.

[ ,
* \
. '

' )
s!° ,
Y S |
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IV- .THE INFLUENCE OF VERTICAL CORTICAL\SUBPIAL 1NCISIONS ON

1]
[}

THE FUNCTION OF NORMAL, CORTEX . .

\
[0} \

.
. -
. ) .
\ ! \

This chapter 1s:concerncd with the possible functiopnl

damage caused by subpial cuts In the cortex.
t

’ Is 1t possible'to make such transcctions without disturbing

the complex organization of the ncocortex? The extensive investigations
"\

of Sperry allow us to,glve a positive answer to this question.

-
-~

In a first experiment, Sgerry (130) made multiple vertical

cuts in criss-cross patterns on the sensory, motor, and neighbouring

~

cortex of monkéys. When the white matter was not damaged, such
' 2
lesfons failed to give important deficits. And even with a minor

involvement of the white matter there was no impairment of motor
function after 3 1/2 weeks after the operation. Sperry explained his

results by claiming that his slficing produced only minor damage to -

-

the cell bodfes, and left fmtact the .majority of association fibers

-

and the primakily vertical connections of.the neurons. Meanwhile, the-

P

functional organizat§29.§n radial coluﬁﬁ% of ;:ﬁrons has become a well

gt S, A

known characteristic of the motér_ségfdr§ cortex.

' Later,lsﬁerfyr(133, 134) ;gpeated his ekperiments, this
time in the yiéuQI qortex of cats. Subpial sliging as we1¥’as the
implantatfon o( Qetaliic wires did not result in é mafked‘disturbanée
of QisualhpatCern receptiqﬁ. Thesé results are cbncordan; with those
-of Lashley et al. (84), who founq‘that_Qisual peréeptionAiﬁ the monkeyr

4

"remains afcer‘short;circuiting-;hg striaté cortex with overlaid gold

19
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r

that ‘the cortex constitutes a grid of ‘densely packed vertical columns

A

s

o »

plntes of mica) s 3 5’ ‘“ﬁﬁ:3V‘

ere noticed.. But Sperry (134) noticgd

that this 1s due to destruction of the white matter ‘and not to dis~

some perceptual dIQEUrhhnc

tortion of electric fields. 'Indeed, control knife-cut icsioné;

simulating the tissue damage by mica inserts, did not prnducqlsmaller

functional: deficits. » , 8 &

s

! -
i

. .
Thus, the question arises: 'Why tan the cortex function so ’\
i .

. ' . 0y
well without transcortical connections?.‘fhe answer to this question

. [

comes mainly from our present knowledgenabout the functional organization
of the cortex in vertical columns (66, 67, 103, 114). Morghologistg
have tried to find structural analogies to tlese columns, So far, the

most promising evidence comes from recent work dome@ by Fleischhauer et

0

al.‘(44). Their 1nVestigations_with‘electron microscopy revealed the .
existence of vertical bundles of dendrites in the sensory motor

cortex of both rabbits and cats. Moreover, the dimensions of the:

.

functional columns are 1n.good agreement with those of'the vertical

“bundles of the apical dendrites. ' ‘ .

The general idea which arises from all of these studies 15

'

-

' with a high degree of mutual interconnections. Functionallv, it seems

.

that the cortex can operate quite well when some of these trans-
o L l‘. ) , .

cortical interconnections are interrupted,

20,



V- MATERTALS AND PROCEDURE {7

[}
~ LY
'

!
?

A- The Expgfimental Model

N I

. s .
Several chemical agents were tried in this experiment ta
A

N 1

create the best bossiblé focus. Two requirements had to be fulfilled

to give a good experimental model of chronic epilleptic lesionst

(a) the focus had to exist for a‘certain'peridd of

' /time; ' : .
. . L]

(b)' the concomitant brain damage had to be l}mitéd

because the same area had to be used subsequently

for surgery.

A

Alumina cream and cobalt powder failed to satisfy both requirements,

but the use of cobalt-gelatin discs was successful,

*

’“‘\\?;. Aluminum Hydrexide
! ) . \

+ " Aluminum cream proved to be an excellent epilebtogenic '
. agent in monkeys. In cats, howevey, the results are more ambi-
valent, and an extensive study on®his topic was only recently

published by Velasco et al. (143, 144).

Two methods were used in our exﬁerimenté:_

L

21
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(a) Three cats received-a sng;sﬂinjection of‘h.OB cc
luminum hydroxide (Fisher, A-583) in the motor
cortex. A 'stereotaxic device‘was‘used to bring, % .

. : | o X
the chemical 3 to 4 mm below thF pia. .

(b) A commercially available alumine cream preparation

motor cortex in different amounts. One cat received

L ' [

V//f\\ - 0.1 cc, a second 0.25 ¢c and a third 0.6 cc.

!

11. Cobalt'powder Co : "
The use of aluminum hydroxide has several disadvantages:

(a) the long latent oeriod (from 15 to 45 days);

(b)' the unpredictable development.of the focus,when

A

small amounts are used in cats:

-

On the otherbhand, ;obelt focl are characterized by a shortilatency

. and a.reletively'short time course (64). | |

| four c%ts‘weré given ﬁiebutal anaesrhesia and then operated
:upon The dura was opened and theksterilized cobelt powder-(Fieherf

263) was placed on top of the motor cortex. One animal received

>

"75 mg, another 50 mg and two had 25 mg. The dura was eutured and

recording screws were placed as will be described later, ’

: -

.

114, Cobalt gelatin discs N ' ‘

Several ipVestigators have tried to modify the cobalt method

]

in order to avoid the seVere neérosis: resulting from intracerebral

,‘app;ioetion.and.tg alow down the time course of the

(Amphojel) was steril}éed and injected into the ¢

ﬁocus. Payan et 4l.

~
N
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(106) used five gtoups ‘of rate One group received no treatment, the

others’ received metallic ‘cobalt powder on ‘top of the dura (extradural),

on the surface of the brain (subdural), implanted in the brain (ﬁntraﬁ

.
v \

cerebral), or applied over the temaining layer of skull; which was:

partly drilled (extracranial). Extracranial cobalt proved to be

less effective but both extracranial and ext;adural cobalt faused ..

less necrosis and fewer abscesses, ’ .

Fisher et al. (42) found another method to delav -the onset

of the epileptogenesis by implanting pellets of cobalt- gelatin suSPension

1ntracort1cally.

A combination of the techniques of Pavan et al. (106)

“and of Fisher et al. (42) was used in the experinents ofﬁalzone et al.

L

‘(91)'55 cats. TheSe authors, mention four grouns- (1) no lesion,

N
[N}

/
(2) subdural disc, (3) epidural disc, and (4) extradural disc, which

corresponds with Payan's "extracranial" group. " The investigations of -

Malzone et al. (91) were taken as the bgsis of thé,research which

is reported'nere.
| discs was used and a similar division of groups was mades:

(a) 'The extradural group consisted of four adult cats.

"Exactly the same preparation of cobalt-gelatin

’

"

The skull bone.over the motor region was drilled

part way through'without perforating tne tabula

interna. A 10 mg! cobalt—gelatin disc was then

-placed in the hole which was further filled with

o, bone wax.

" (b) The epidural groub was. formed by 16 szats, divided

\

into two subgroups (Table 1): Six cats underwenn a

/‘

3
sham operation at different intervals following epi—‘

-~
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(o)

. parts: Two control cats had only one surgical inter~

dural implantation. Nine cats had subpial trans-

sections around the preViously,created\iocns.,It‘.
should be noted that one cat-was first operated‘with

subpial transsections and four days later cobalto'
\

' |
gelatin was placed in the center of the isolated slab

[

The 1ntracortica1 group (four cats) is split into two

vention (the»subdural or intracortical application of

cobalt—gelatin); two cats underwent subplal isolation
N !

of the focus one day after cobalt implantation.

e "

.
)

’
C e

B Surgical Technique, Recording, Stimuletion and Histology

r

Surgjery- ‘ ' o ». o

"All cats were anaesthetized with intravenous injéciion of

25 mg/kg diabutal (sodium pentobarbital). After _the head,was shéﬁed

A\
hair removing cream (surgex) and later antiseptip material were applied

to the skinf

A midline incision was -made over the skull and bleeding

Was,controlled bv coagulation.

With the aid of a dental drill large openings were made in

¢

, both frontal sinuses. These vere subsequently packed with gelfoam.v

The .skull over the frontal sensorv motor cortex was now visible‘and

3
.

a small hole coulq,be burred over the forepaw. a%ka. On. the side '

opposite the preferred paw (paw preference testing see later)

LF

»

" .used to stop bleeding,‘ o \

‘ cobalt-gelatin was implanted in the 0. 5 x 0.5 mm hole. Bone vax was a

! . . T G

o —)/ ,
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. [ - ' i , B
The ocation‘of the forepaw region was determined using

ninformation from stimulation and ablation experiments on the sensori—

"
) 3 )

motor cortex of cats. (45, 8& 156) A special electrode,'consisting
\ \ > M . , " [N N
of phonograph wire with a soldered'tip, was inserted in the same

re

“hole on-top of the cobalt. A similar electrode was placed in the

hole ‘over the'homotonical region. The .electrodes wére held in place .

!
i

. with KErr~Formatrey ecrylic'end the same material was used to close !

the sinuses after removal of‘the gelfoan.

,e

- Four 4 mm stainless steel skull plete screws*(Howmedica
nr. 6484-0) were then placed symmetrically over the parietal and
'occipital'areas;',An additional screw was placed over the frontal ..
sinus as a ground. ~?he phonograph wire, which was attached to each

screw, was soldered‘to”an Amphenol seven channel recording headpiug,

Both screws and headplug were enveloped in an ac ic mold " The
scalp was sutured and 1 cc Deraper (one shot penicillin) was given
| The EcoG was‘recorded'at'seberal intervals during the 24

i - 4

hours'following'surgervu .ﬁaviné clinical or electroencephalographic
proof of an epileptic focus, a second operation :gs started.
After 1njection of the anaesthetic, the scalp was opened ,

' again and the acrylic removed from the sinus on the side of the focus

as well as from the ‘electrode. With the dental drill a bone‘flap of

.

S x 5 mm, haVlng the cobalt hole in its center ‘was isolated All
cobalt-gelatin material was . removed both from the duta and the bone.

' flap. The dura was Opened while the cortex was constantly mo}stened.

N o L S o

with sterile saline at’ body temperature.~ A'ﬂissecting microscope was
/ \~ B, .‘ ,’ - ! _,‘ ’ ' '“ . . ’ ‘ . ,‘ ' ) ) rl

s . . Z v L T
. s . ':,A,' ; o
a ek S O D e RN
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. Pl
.used to make four subpial transections 2 mm deep at ‘a length of 2. 5

mm each, forming a square of 2 X 2 mm around the:focus. The cuts

were made with an ophthalmic-knife or with a dental instrument which
wes bent in the desired shape and had A sharpened'blade. Usually pnlj
two insertion points were needed to make the four incisione;

¢
ﬁnder the micrOScope the upper edge of the knife could 'be
followed on its route under the Pidl blood vessels.‘ hhen the | \
bleeding stopped the costex was covered with dura which was §utured
nith 6e0 ophthélmic Suture. The bone flap was replaced and stabilized
with acrylic.‘.Aftervthe original electnode was again Iinserted in the .
center hole and covered with‘dental~cement; the sinus was closed and

*

the‘skin sutured around the mold.

The’ procedure as described here was slightly changed in
some experiments where seven 8crews‘were used: !one ground two 4
occipital two parietal and two as close as possible behind the facus |
No spetial electrodesh,as described previously, were placed over the z\\
;focns and the homotopic region. The sham o erations did’ notldiffer

from the usual second-operafion except that no subpial transections

were made. .

-

Specialkcare was taken'tgfremove all the cobaltééelatin .
meterial end«to‘exposejthe"cortex’to‘the air‘asdlong'aeiin thedf
original'dperations; : |
ii: Recording
The electrocorticograms, recorded by - a node1'6 Grass
.;electroencephalog;aph with eight channels were’ done pn unrestrained

N

’ cats. A shielded microdot cable counected the headplug with the poly~

. “
Y B ¥



graph jack ‘box. Both bipolar and unibolar'recordings were made,

- using,the ground .screw as the indifferent elﬁstrode The paper speed
was 30 mm/sec while the high frequency filter ‘was set at 70 and
‘the time constant at 0. 12 or O 05 sec. An amplification factor of
7 S‘uv/mm was always used but in some cases the sensitivé@y was
‘lowered with one third per step in all channels Before ‘each
recording several calibration signals were produced and the impedance

of the |[individual electrodes was registered. The 60 cycles filter

.or

was very rarely used. o 1 PR | | N\iln
Co N : \ o i
114.. Stfmulation : o '

}//\\7 At several occasions photie stimulation Was - performed with

a Grass photostimulator (model PSZ) The cat was placed 'in a dark
- room and different flash frequencies were tested In other cases

intramuscular injections of 25 or 50 mg Metrazol (oentylenECetrazol)

"

' wete made to provoke epileptic activity. Intravenous injections of
, :
Metrazol were also done‘using a Harvard infusion pump,‘Modelg901'and

a special cage was built to allow injections on unanaesthetized cats,
1 . i +
. [

-

s

< o v, Histology .
The cats were killed with an intravenous overdose of sodium

' pentobarbital followed by immediate intracardiao perfusion with

saline and 10% formalin. A drawing was made of ‘the brains which

. were later sectioned seriallv ‘at 7u., Every fiftieth section was

'stained with the Weil—Weigert method or the Kluver-Barera method

L]
N a

-
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b vf“Behaviodral testing

The ain-of our experiments was ndt only to prone that
: subpial inaisions are effective in neutralafing a spike focus, ‘but,
also to demonstrate that such incisions result in no- significant

functional deficit.
Sperry (130) showed that multiplefintersecting subpial

cuts in the sensorimotor arm field of monkeys ‘had a negliglbleleffect

o

on motor, coordination. However, no precise information was given
. -001 . B st

as to the "large Variety;of natural cage and‘special test perform-:

ances" 'which were observed. .
. . I ' . ' L
In cats several attempts were made to determine the

'effectsﬂbf unilateral lesions in sensorimotor cortex on manipulation

. by cats (6 45 53, 69) Largeflesions result.in obwious changes

E :«

in tactile placing and hopping reactions, locomotion and postural
tonus. But smaller lesions are ‘more difficult to demonstrate One

way to resolve the problem is based on the fact.that ablation of .

the somatic senSOri and motor areas of the cortex abolishes pre-'

~

operative preferences for the use of the contralateral paw in -

manipulation. Forward'et el. &45) and Warren et al. (151) deScribed

-

a series of tests to determine ‘the paw preferences of cats. From

their results they concluded that the interhemispheric inequality -

4

‘reSponsible for paw’ preference is restricted to the cortical represen-
7tation of the’ forepaw in the dominant hemisphere. Especially ‘the

'tasks which required more complicated manipulation (i e bottle test)

-

!

were effective in transferring the preference to the preoperatively

<

npgaqominant.pav.; Therefore wefselected,two tests with a high-degreeh

+

.,28“
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by . a

of difficulty.l‘the bottle test and the lift test. d_h j

[

'd" . In the bottle test, a, piece °f food was placed in one Of

) .
7 inches 1ong, lying horizontally with one opening towards the

three plastic qest tubes, 3, 2.5 and 1. 5 inches in diameter and

cat and the other towards the experimenter. The food: was visible
(

through the plastic screen on which the tubes were attached

In the lift test, the cat had to take: its paw through
T . ' ‘ ! N
al. 5 inch- wide hole in a transparent plastic screen and 1ift the

food 1.5 inches<to bring it into his cage. L X! ,
‘ ! ‘ =
- | Each cat was given 50 trials daily on one- test or the "

)

¢+ other (or both); -When after several days the paw preference was\

'

‘clearly established the cats were operatéd'upon and immediately

following recovery from ‘the anaesthetic, testing was reéhmed

)
! ~

Three cats were used as controls.

-

cobalt—gelatin application epidurally. In one case suction 3%5 used,

e

g in the other coagulation.» One other cat underwent a partial

coagulation of the motor cortex, but this cat was Dot - rendered

‘ previously epileptic.. ; S ;“c L o '”j f&&%fstgnv

A topectomy was performed. on two. cats one day following *,;

29



',‘Av"Tqblvé_’] o

[

APPLICATION (24 CATS) \

i

~ COBALT-GELATIN

I

~ Spikes

" Post-Op

i

- Post=OpY
‘Jorks

*

‘ Ddys ‘between

5. &2nd.Op

= -
S3|
r...m
3
a v
- o e - -y

Pre-Op -

" Jerks

e « e i @ .= s <o 4 P

b e e e e v v o

+ - +mnm+ U R R
e. "% - - R
i~ I i - o
: rllmln ....... IR -
T N I BRI B B R
> . -

: 1
7 W XMoot Xt At Endimd ol ool §
- AR -

e

e e e e e - — o — e ——

e e e o Sn . ——— o o

P R et ety

IR SR | S

.1....I.M|,.. e o

%

e e e e o e

e e

PR | ’ - “ B i — k] - ~

- a . ) B . ) ]

il ||denaly >23IVY2ane2B il Ra
|3 ||2gzg||gennns || 8RR 028]) K028
S le. - Hse = T

. ‘5 - 6 O

s .m‘. .m.m a8 g8 2

14 sml .ms -8 . wm ) M

© thi w < 4 ER IR

. ‘ bt y i, S

LYR




VI RESULTS o S -

i \ . , .
! -‘ ’ ' N . , A \ B
C . . i . ' ) .
¢ ! S o ' cont ;o

| Although the prgfarations with aluminum hydroxide and

we will consider ‘them briefly

% I" . \) . - :
‘ ' . ! ' } ‘ " . I 1T
’ﬁ\;‘A‘ Aluminum Hydroxide L IR L
H . ' . ,‘ . °
\‘ 0
o In' the Amphogel group, only one cat showed EEG signs of
| epilepsy In this cat’ (No 10), the chemical was in1ected in the

\
1eft motor cortex and ipsilateral abnormalities could be seen 28 days

fo}lowing surgerv The dysrhvthmia remained for 14 days;

o The three alumina cream cats did not develop a clearcut
focus.: 0ccasionallv spikesrwere seen ipsi~ or heterolaterally, but
AR S “ ' Lo B L '
there wds anFonsistent spike focus (Fig. 1A). .. . o

‘ v - ) ’ [ : ‘ /.KA .0 '
S S ”
© B ‘Cobalt-fow er -g," ) ¢
Sy ' | ) K b
. The fou catﬁ in» is’ gnoup all became epileptic, the B . A

‘degree‘of abnormalit

"W

_lwhich received 50 mg o

depending on the size of .the lesion. The cat
/ o L
the left motor'cortex showed‘clonus of the . /' .
righﬁ fd“abaw for 3 days, corresponding with a 1eft frontal spike »

L focus (Fig. lB) ‘Latervé cyc _/sec spike— and wave«tvpe activity

¥and dvsrhythfic patterns were seen er The left hemisphere, 1astf’g
'for about 20, days‘postoperatively | Cat 142 receiwed 75 mg cobalt on 5
~:pthe'left motor corﬁ_x and died after a period of 4 days during which
| “,ltime he developed a severe hemiparalysis and had several motor seizures;

The othe two cats who received 25 mg also showed motor seizures,»but

. o R S . R ey . , [ 4‘ - : U
. ‘ .' 1. ! . o g i B "." ! -..l. v ‘,.‘ s Rl : H "} . “-': . l. N T "vv : .”’
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i

o~
only during the f{rst postoperative day. Photic stimulation did not

’ ¢

-provoka epileptic activity in this serfes of cats, nor in the groups

with aluminum hvdroxide onr cobalt~gelatin.,

.

//—\
.’/
C+ Cobalt-Gelatin ' 1 i
. 1+ Extradural , . ;[AJ

r

This group included four cats. No changes® were Seen,in
ope cat, whilﬁ the other three presented non~specific abnormalities,

The best résu}ts were obtninedvin cat 219 whic¢h received cobalt over
: . . i

"~ the right motor cortex. The nearest electrode was 2 mm behind the
leston. In this cat bilateral and unflateral spikes were seen 8 days

after the operation: The hypersynchronization lasted for 6 days
(Fig.llc).= In another cat (230) sharp activity and dysrhythmic waves

\

were recorded up to 5 weeks after the operation. Rghin, no well

—

\k, X
defined fpcus could be detected.§ :)

&
’ i1- Epidural

/s
: This series of 16 cats was by far the most useful. The

cobalt-gelatin was pushed through a small hole in the skullloverlying‘
the dominant motor cortex. waever, sone variaﬁility arose because
it was only pgssiﬁle to visually ;onirol the exact amount of ﬁaterial
sitting on the du;; in the second operation when the bone flap was

removed. It turned out that a larger amount of cobalt-gelatin was
cgrrelatedAwith the appearance of both spi&es and jerﬁs,‘while smaller
- A ,

amounts resulted in only cortical spikes during 2 ‘or more days

-

9 oo 4 e
following cobalt-gelatin application. . In some cases (cats 82 and 242)

.
N

33



v ' 34

there was a delay of 2 or 3 days before tha onsét of spiking.
However, this variability was present as well in the control group

as in the experimental group and still a considerable difference was
!

\

seen batween these two groups.

Spiking and jéfklng persisted in.thﬁse'cntslwhich‘received
a sham-operation, while subpial incisions were able to stop both.
Thus, simple removal pf‘the cobalt-gelatin materfal from the dura
does n;t,reéult inﬁ& cease—%ire of the focu;.

A summary is glven 14 Table 1 and an individual® description

will be given below.

‘a. Sham operations.
! The control operations were done one day following the
first syrgery in three cats (12, lz, 83) while thrée other cats (1,4
8é; 224) were operated upon after a period of 3 or more davs.:

\ Cat 12 (Fig. 2) showed spikes of + 130 WV both in tﬁe
rechd taken just prior to the s%;ﬁv?peration and 1in the trace which
was obtainedvone dav after the sham;@peratibn. it can be seen on the
second record that there is a phase éeversal in the electfode behind
the focus, but the ampljfude of the spikes 1is virtually: unchanged,

. )
Subsequent EcoG's revealed only minor changes at the site of the

»

focus.

Cét‘17 (Fig. 3) demonstrated jerking*of the left forepaw
one day follﬁwing cobéit applicatiog to the right motar corte*. . This

" was accompanied by spike; of j_l&O‘uV; .Simiia;}spikés, but without
E.Jerkiﬁg, were Seen in tw0drecbfdings. resPeétivély taken 8 hours (cat

éleepihg) and 24 hours (cat awake) after the sham operation,
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A
' Paroxysmal events vere observed as .long as 3 days after the sham
operation, but there‘wa; a marked reduction in the apiké ampii;ude.
ICat 83, having spikes qf 150 W over the left motor'%grtex,
jerked with 1its right forepéw prior to tﬁe sham operation. The bone
flap over tﬁe focus broke during 1tsjrem§val and replacement of the
» s .
concerned\electrodé was 1mposéi§1§.‘ However, high amplitude spikes
. could Se recorded in the eleétrode behind the focus on the same
hémisphereAanq, moreiimportanﬁ, jerking of the figh£ forePaw was
observed 1 §ay after the sham operation.
Cat 82 preSenﬁed 140 ;N spikes, but only on the second hay
. afte; the introduction §f theﬁepileptogenic agént. On the ChirdAI
"dav a sham ;peration was peéformed and lAd‘uV sbikes could stillwbé
seen on a recoréing taken 12 hours later. The next day the spikes

~were predominant in the trace from the electirode behind.the focus.

. Cat 14 had spikes (150 V) and jerks on the\two days
@ '

following the first operation. No jerks and only very few‘spikes
were seen just pfior to theAshém opetation oé the ;hird daz, ‘The:
.‘Fecordiﬂg taken afterwards revealed the existente of sﬁarp activity
;imulténéous at the focus and at fhe electrode behind‘ghelfocus,
‘ kCat 224 showed a spike focu;:on the day following appii-
.cation of the cobalt-gelafin on the_fiéht motor corteki: Ihié focus
could be activgted by slow 1ntrayenouslinjection pf.metrazol. A
t;tal of 555 mg/kg waé'injeéted and this resul#ed iﬁvfyo grand mgl
"episodes, respe;tibely ag 30 ;ﬂd 60 minuteé afiér thé end of the

injections. (Injection rate:. 1, 94 cc/min, concentrations 3, 22 mgfce).

-~

Ipsi- and heterolatera1 sharp activity remained for one week-whereaftet

. _"‘g

-
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' .
a sham operation was performed.. Following recovery, no changes were

seen in the EcoG and the spikes (ipsilateral dependent and indepen~

)‘\'
L

dent heterolateral) remained for another 10 days, .
4

' In conclusion, isolated spikes with undiminished amplitude

are. recorded in the awake cat 1 day following the?sham operation.

However, it 1s important that both control and experimentalfoperations
are performed on the first or sec0nd day in the evolution of the
ﬁfocus. Otherwise the focal abnormality As extinguished before 1t

is used in testing the effects of the operacions. It is of interest
toinote:that in one case (cat 83),Amotor'seizures persisted‘after

the sham operation { | JA: _' " \i | Nf

"Some informationis available concerning the evplution

= -

af the focus: i1n a first stage the abnormslity is’strictly confined

\

to the focus while in a lat®r stage the whole ipsilateral hemisphere

i B K .N“.u:,n, 4 . . ‘
is involved with a maximum spikiﬂg-in the electrode behind the lesion,
* . " IS ‘."

i .
+
-

b. Subpial transections i
_ Again, some'cats (19, 59 15, 285) were ope;ated on the day
following the cobalt- gelatin applicatign, and others (233 242, 49,.

'234 259) on a later date. Subpial transections around the epileptic
(

area were very effective in preventing hypersynchronization of the

: O \
focus in’ all animals. However, in some cases an ipsilateral hemisphere

discharge could be seen postoperatively, indicating that the operation
=%

4

was not always successful in abolishing the second stage of the

evolution of the focus. A more specific description will follow. fi

e

Cat 59 (Fiz. 4) showed spike traims, (140 4V) In association

i

e o
A ‘
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‘ ' o r » 4 M 4‘;'
with right forepaw jerks prior to the operation. No such spilkes or

‘ . L . y C
jerks were seen in the recordings taken 3 hours (cat sleeping) and .

8 hours (cat . awake) post-operatively. But in this last record one
can observe rather sharp activity in the ipsilateral parietal'eleQA

trode while the frontal‘leads remain silent, Further traces'(oneA

4 ’ l
day or more post~operatively) were completely normal.

\\\at 19 (Fig. 5) had single spikes (150 uV) 4 1/2 hours

following cobalt~ge1atin application. On the next day trains of’ . (\¢4//

“

5 .

small spikes (50 uV) were recorded prior to the operation The

post-operative EcoG was normal but 5 days 1ater a train of very:
|

small spikes (20 pV).was seen. This train occurred only on one
occasion and it is of insfrest'to note that simultaneous spikes can
?be seen in the electrode behind the focus, Suggesting a common
thalamic origin.

Cat 15 (Fig. 6) presented 50 uv spikes 1 day after the .

first operation. The record taken 1 hour‘kfter the subpial trans—
, : i , ‘ _ : .
ection revealed a left-hemisphere discharge with maximum negativity ¢

in a location between the parietal and the occipitalnelectrode. ‘The

next day a sleep recording was ‘obtained with a great number of

spindles. Sharp spindle—like activity was also seen over ‘the left
frontal area, but isolated spikes were hard to detect. Moreover in"‘

a subsequent EcoG taken on the same day but with the cat awaka there
-were no spikes at all This illustrates the important influence of ;~_

\

the 1eve1 of consciousness on the behaviour of the chus. It was

»?’noticed in several cats that Spindle-like activity over the epileptic

area appeared in the recordings taken while the cat dhs still sleeping |

a
P
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| under the effect of, the anaesthetic. However, 1solated ‘spikes were.
' never‘seen over{the'transected region once the cats were recovered

) .
I

from‘the anaesthetic
L ) Cat 285 (Fig. 7) is another example of this phenomenon

In the recording taken 2 hours post-operatively, spindles are seen

"in the frontalﬁleads, although in this case fewar spindles are seen

/
"over the‘transected area than over the heterolateral region, Two
davs late® ahnormellsharp}activity appears over the right\hemisphere
with a predominant“abnormalitv in the region behind'the‘previous
focus. Leter recordings were normal; . \
‘Considering these four-cats which‘received subpiai.trans;‘

ections on.the day following the creation of the focus, one canp

summarize the resylts by sayingithat isolated spikes are no longer )

seen over the previously epileptic area once the ¢ats recovered from o

®

“the anaesthetic“

N

This is quite different from what is seen in the sham

operated cats, where individual spikes were recorded’ on the day
<

following the control operations.'

- f
1

We will now report on a few more cats which received sub=-

'

bialincisionsseveral days after the applicatioﬁ of the cobalt-gelatin;

Cat 49 (Fig. 8) was almost consggntly jerking with its 1eft
A
forepaw for the first 3, days after the first operation. However,
. AN 8
e spikes were onlv seen on the EcoG of the first post-operative day,

L lp . "y

T

’ very rarelv on the second day, and not at a11 ‘on’ ‘the third dav.‘ The B

*

subpial trensections were’ done on the third day and@hs a' result the If

jerking stpppéd Subsequent EcoG s were. normal It is evident that

‘ag
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thia cat was an exception in cvery respect, No other eat {n the-
v

epidural ég}iea had jerks up to 3'daya.after thé cobalt~gelatin

£y

application and no other cat had such a short~living apike focus,

-

Hiatological cxamination provided no explanation for thia unusual
phenomenon.

Cat 262‘(€£g. 9) developed a spike focus after a delay of
2 days. Following recording Ofthgﬁ; high amplftude (200 ,uV) splkes,
qn'operntion with\subpiel trapsections was performed. Subsequently,
no spikes were seen\ovef the transected area but p?roxysmal events
were recorded in the electrodes behind the 1esioq. Up to more than
1 month after the subpial transection it was possible to observe
dysrh&thmic patterps ovér the 1psilaterai,thisphere,‘while the
frontal leads showed virtually no involvement,

Cats 233, é?é. and 259 are of iess importancewsincg the
electrode which was\nearest to the focué was at a distance of 2 to 3
mm. Subpinl‘transectioﬁs werce made on the third post-operative day

(cajsl233. 234) or 1in one.case (cat 259)'On.the fifteenth day,

Cat 233 had a very discrete 90Cus which only fired when

[

A

metrazgi was'slowly injected intravenously. The subpial incisions
. ‘ ..

on this cat failed because the pia ruptured, causing extensive

bleeding and ah eIectfiqgl "delta" focus. Cats 234 (Fig. 10) and 259

vere mainly of interest because of the information concerning the

evolution of this epileptic model. In both cats a hyperéctiv}ty
vas noticed in the eledtrodes behind the lesion after a period of

2 weeks. A dysrhythﬁia of the -ipsilateral hemisphere, -previously

described as the second stage in the evolution of the cobalt-}elatin -
» kS 3 ) N

. (o}
' . ,
L3
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focus, was seen up to 90 days post-operatively.

In conclusion, in those cats which were operated upon
after n\pcriod~of)3 of more days, there is a much lArgpr "second
.stagé".‘ Appar?ngly, the longer delay gave the ivcus a bigger

»
chance to influence other structures, Finally, it-Ls‘
worthwhile to mention‘Cat 267 which had first‘subpial incisioﬂ$
over the left motor'éorcéx and 3 days later received cobalt~gelatin

. i
‘over the same area. No isolated spikes were observed over the

transected region as a result ofJ?u:cobalt application. , Instead,
(

left hemisphere discharges were seen with componenta in the frontal
lead during the first 3 days after the placement of the epileptogenic
materfal. One week/&ater‘the recording‘wag normal except‘for an

. ' ) » ‘ i \‘\ )
accentuation of the 14 cps background at the electrode overlying

[

the transected area.

-

Tﬁg\sindiﬁgs in this epidural gTroup are sﬁmmarized in the
following points: )

1. Individual, spikes‘at a cobalt-gelatin focus do not
disapﬁ:;r after a sham operation but isolatiaon of the
epileptic area with vertical corticgl subpial incisions
wal\ very effective in ;bblishiné this type of hyper-
syn ronization. | | |
2. Th subpial isolation had no effect' on rhythmic

phenomena such as spindlest Discharges involving
the whole hemisphere simultaneously were also reflected
in the transec:ed area, although the amplitude of chis
activity segﬁé; feduced at this site.

R

>

4



3. The evolution of the epidural cobalt-gelatin focus:
can be described in two stages.  Iq.the first stage,
lasting for 2 or 3 days, there are isolated spikes,
ranging from 50 to 200 uV, and trains of spilkes con~

: fincdtéo ché epileptic focus. In the sets;d‘;fage,
the abpormnlity is spread over the ipsilateral he61~

sphere, The appearance of the séCq;:hﬁ"ge is deter~

’ mined by the delay between the creation of the foaus
and the removal of the epidPptic material. The longer 0
this delay, the bore chance there is that the second’ ' -

stage develops. ' - . T

i141. Subdural

On four cats the Egbalt-gelatin was placed'subdurailf.
Two of theﬁ had.subpial surgéry on the fbllowing Qay (Caﬁ$ 5, 16),
Wh£%¢ the other two (Cats 275, 50).rece;ved no second operation,

Cat %g§Fig. 11) served as a goncrol. fhe evolution éf the

focus was somewhat similar to what was described for the epidural

. R '\ ‘
group. Two hours after the tobalt imphﬁ&iation* hypersynchronous

activity was seen over the focys. One day later, spike-wave trains b

N . , t * .
were recorded and subsequent EcoG's revealed left hemisphere dis-

. ' . { .
Cat 275 presented somewhat, unrelisble results.since the E

charges.

cobalt~gelatin sat much’deéper in the cortex than in she 6ther three
cats. Spiking was recorded up to 7. days following the creation of

"the focus.'

:§’
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Cat 16 (Fig, 12) showed long trains of spikes and jerking
of the right fdrepaw on"the'fitst day after the cobalt application.
oy |

1
9ubpial transections were made on the same day and recording was

.

}:eéumed 5 hburs post~opepat10e1y No jerks were obeerved and the

‘\!'

'sleep trace was characterized by ipsilateral hemispbere discharges

and spindles which'were reflected at the electrode overlying tne
transected areas-‘Later recordings reyealed.ieft hemisphere discharges
but the frontal lead showed no abnormalities.

J Cat 50 was cemparable to the previously described cat;
Spikes were seen 1 day after the cobalt—gelatin application. A
recording taken after the subpial surgery on the same day showed
generalized left hemisphere spikes However,. later recordings could

. not be obtained since the cat died of an overdose of anaesthetic.

- This group is too sma11 to allow relevant interpretation.
However, one can at least.nocice that the evolution of -the focus
presents‘similarities with the epidutalcgroup. Involvenent of the
1psilateral hemisphere is more likely to occur since the epileptogenic
material {3 in more direct contact with the brain In one cat (Cat 16)
1t was possible to stop. both focal spikes and jerks with subpial

isolation of the focus 1 day after the application of the cobalt-

geiatin.l «

v, Behavioural testing
i

Paw preference testing was performed on a total of 25 cats,

Some of the results are summarized in Table 2. All the cats which

)

received subpial transections were tested post—operatively on\their

o2
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qToble 2

i.:}"

THE BOTTLE TEST

- USE OF PREFERRED PAW ON 50 TR!ALS ON

-Group | Pre-Op Post-Op " t—ratio
SubpialTran;ecﬁons ” W ..
Car28s | 39 A 38 I y-1248
-~ (epidural)’ " : 33 || 4 : (P=0.50)
. ‘ | S
___________ IR |
s | S SN
/ "Cat16 . | 45 a9 te 0339
(Subdural) " 46 44 ; (P <0.50)
i 45 ¥ .
" Topectomy i ' 1,

Cat26 | 40 || 43 i r:0333
 fnot effective) - | 44 |- 41 1 (P-c050)
' i 45 a8

i 43 || 46 I
R e | AR S
CCates. | 3w 71 r=9282
(effective) | 30. 501 (P=0.0) .
| ., i
: i 27 6
A I 26 5 |
1 !
‘ ,Codgbla't'ion' i ok f R
, Cat 432 i .31 37 i t:=3903
" {coag.non . L3 43 : (P=0.01)
dominant - | 27 39 0
| motor qg__rtex) 10-37 |- 43 i
REERTRRRE R R 7 2N | I




ow

placing and hopping reflexes and their galt was observed. No
deficits could be detected and the results on the bottle or the

_lfft test showed no significant differences (see Cats 285 and 16

| in Tabie 2) . | ', ‘ . . ‘ E -

Te control these results we.performed a topeqtdmy

(removal of epileptic brain tissue) on two cats, ‘ Cat 26 was

~operated upon 1'day after the epidural applieation of cobalt~

gelatinA However, eoagulation of the epileptic area was too con-

servative: focal spikes could still be seen 2 days after the ‘ .

topectomy and there was no significant difference in the use of

the preferred forepaw. fherefore, a more extensive removal of the

epileptic¢ area, usin 'suction, nas‘tried Qn Cat 65, | ‘ |

Spikes and 3erks dis ppeated and tnere wae almost e comnlete_reversal ’

of the pew preference. : - o |
Finally, a non—epilepcic cat (432) was used to test the

hybothesis that coagulation of a-part of the non-dominant motor

! ‘ . 1
area would result in a reinforcement of the paw preference. As

seen in Table 2, there was in_ fact a significant increase in the

P

[N

use of the preferred pav. N

Further evidence is needed to prove that pavw preference o |
testing is sensitive enough to reveal functiohal motor deficits, but
at-least’these‘experiments strongly indicate at subpiai-trensection - ('
 of the forepaw motor erea causes far less functional damage‘than e } o
topectemy of the same area. Indeed a topectomy which is extensive
‘enough to destroy a spike generating fecus causes paralysis of the -

. heterolateral foresgg:;nd a‘revereal of‘the paw prefe;ence. .

Pl



v.“Histolog? | o ' : B R e
The morphology of‘AIumina cream,lesions in tﬁe motor pottex

of the cat has been extensively studied by Velasco et al. (144)’ They

found that in1ection of 0 03 ml alumina cteam resulted in a lesion //

\

With a length of 1.5 mm. This 1s in agreement with our finding
(Piate 15. Howeveh; the clinical symptoms as reported by Veldecor
et.al; (144) were'hht'observed“ n 5ug series. ‘The EEG of the eat
from which Plate 1 was taken is.illusttated An Figl,iA. ’
The application‘Of cohaltkpowder to the cortical‘sutface
\results in a‘lerge cratér—like 1esion,.characterized hy loss of
neurons and inflemmatory reaction (Plate 2).. . o
. Fer‘different are the‘lesions produced by small amounts
of cohalt—gelatin Sometimes the cortical epileptic area was not
detectable visually during the operation and its location could only
: be‘determined by inSpection of the overlying dura. In other»cases s
it was possible to localize the focus by its paler appearence undef
the dissecting‘microscOpe; Minorvabnormalitieefn‘the pial vagcular-
ization also provided .a clue. Plates 3 and 4 ‘hoth taken from cats P
with a sham operation, 11lustrate the morphology of a cobalt—gelatin
lesion. It can be seen in Plate 4 that the abnormalities were
: eonfined to the moleculaf 1ayer;/while Plate 3 shows a more extensive
leSion with inflammatory teaction:i |
The histological verification of the subpial incisions c . L
revealed that most cuts did not disrupt subcortical connections.
Howevet, some transections caused a more pronounced bleeding than
gothers.v In Plate S there is hardly any damage around the cuts while

. . ' . : :
. . e . |

P
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_ Photomicrograph of lesion produced by injectton of . . .
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Plate 6 shdwa a consldarabla bleeding reaction, Further 11)ustrationsa

of subpial inclsions ara given ,in Plates 7 and 8, and an exampld from
the subdural group i{s presented in Plate 9, Note thnt partial under-

cutting could not always be avotded. .

' »
Finally, macro~ and microscoplenl exandnatfon of tha brain

L3

belonging to Cat 26 shewed that the lesfon waa not sftuated in the
| . .
psual location but far mere in the scnsory region, This could

explain why there was no reversal of the paw preferenée in thia cat.

"fhe destroyed arca: (Plate 10) had a diameter of + 1,2 mm.

3O o
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Weil-Weigert method;
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“Subpial transect

Plate 8.
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&Plate 9.

Subpial transections performed after subdural application

of'cobait—

‘31 X.

Weil-Weigertlmgchod:

»
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gelatin én Cat 50,
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VII- DISCUSSION AND CONCLUSIONS . S

ILd
\

The results of 'these experiﬁents'throw some light on the

. original observations of Morrell and Hanbery (101) wh}ch shoyed that'

subplal vertical cortical incisions, foﬂming‘Equares of about 3 to 5 o

-mm wide over an epileotic focus,care'an effectivelsurgicel approach
' to the problemﬂﬁf focal epilepsy in humans, |

| Unliuggsubpial coftical undercutting which results in an
increased sengﬁcivity to seiznrés of the isolat§n slab, this method

of Morre11=produces decreased te éncy for hypersynchronization in
tne isolated slab. . . ' \
- It 1s assumed that: vertical subplal isolatfon of the focus
. L

reduced the neuronal volume available for hypefsynchronous activity,

These experiments provide no direcﬁ xnformation'concerning the exact
' ' ' r

dimeneions’of the cortical mass involved.in the EEG or EcoG sptke

generation. . Nonetheless, it can be' concluded that this mass must be

1

at least 2 x i*mm wide in the cobalt-gelatin focus of the cat.

It could be argued that the suppression ‘of the spike focus

» )

1s due to Che scar formation However, this is quite unlikely since
pial scars are a well—known cause. of epileptic activity in humans.

Moreovef‘ a simple coagulation of\‘e focus (2 x 2 mm) was not able &X

A

. to stop spike generation (Cat 26).

¢ The data obtained in our series of cats fit’ quite well with
previous observations made by Tharp 037% This investigator also isolated
! ‘ — > LI
experimental foci by making four subpial vertical'cuts. Howeve:, he

. used penicillin foci‘in,acute'experimenta_on rabbite and_the is¢olated

P
.
\
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_ : ‘ L} ]
block of cortex measured 2 x 5 mm. When the cuts were made , com-
' \"lv

pletely to the ventricle, he found that|the isolated cortical mass
was very difficult to render?pileptic, The penicillin pledget had
FO be reapplied several times before ' spikes" could be generated,
évenlthen the fspikes were quite different. with a 1ower rate of
‘-firing,la Complexvﬁorphology and a higher amplicoge. 131nce theb
. penicillin had to be respplied s80 many Cimes it seems'reasgnable
to assume that deeperstructuresbecame 1nf1uenced by the epilept0n
genic ageht This couLd explain the different shape and frequency
, of the so—ealled Spikes" |
| Tharp (1?7) mentions also thet in‘most animals it was

, ’ o
possible to trigger spikes in the isolated focus when a second

. B R ’ . . .
-

focus was created 4 to 5 mm posterior to the original lesion, Such
‘ byl , K
selzures did not spread ,to .the normal cortex surrounding the cuts.

" As séen in the Introduction, this(effect 1s;quite common in experi~

ments nsing cortical\slabs. Both Torres (léé) and Morrell/$§9)

explaln the unilatetal spread of epilepticlsctivity from s larger

neuronsl volume into a smsller by the principle of volume conduction.J
In the present eiperiments, volume conduotion cannot be~'

excluded either. As reported earlier, there was one cat (# 267) on

' which the cobalt—gelatin was applied 3 days after the subpial isolation.

' As a result no: isolated spikes were seen, but instead ipsilateral

. hemisphere discharges were record!with some components at the

focus. Such spikes at the focus could have been the result of

@
volume conduction from neigthuring cortex or they could h%ve been

’
°

’ ereflection of subc&tical activity._ " ' ?

g9

?¢



The same can be said about the high amplitude sleep
. .spindles which 'were recorded at the 1solated facus in several l‘
cases, nWas thi a reﬁiection of activity 1n neighbouring eortek,
or did the spindles'arise‘from‘the:isolated cortex, wndch vas |
drivee by‘thalemic discharges? No answer can be given toythis
question yet, On the other hand an explanation purelv based on
the role of the thalamus fiés well with recent experiments done by
| Grimm et al. (55). It was found that KCl depression of the thalawus
abolishes rhytﬁmicai phenomena, such as aftereddscharge burét,
whiie sbite eeents,-or%ginatinglin the c!rtex, remain. | /
An inverse srtuatioe is presegt ialour 1nvestigation:
subpiel isolation ofkthe"fOCus abolishes the spike events, ﬁut
<activity with a thalamic origin is.preserved. In fact, sleep
_ spindles and hemispheric discharges were fnequentiy obserVed‘aQ”
the focus while the focal spikes disappeared. Moreower,.it 1s
interesting to note that only once focal discharges werevseen post~‘
operatively (Cat 19) and that in this case a TRAIN of spikes.was
recorded which was also‘seed simultaneously at aoother electrode o§§§
the same aemisphere; Tﬁis would indicate that the operatioo ie able

to stop hypersynchronization which has a cortical origin but is

-

. 'unable to affect discharges with a thalamic source.,' - t‘ “’,

F{nally, frog:a clinical‘point of View, it is imtortant

" to- note that this surgipal technique seemed to have some effect oh
:lthe epileptie jerks as’ well (Cat 59 and Cat 84 which is not reported
" on invthis thesis). However, one is well aware of the differences

between human focal epilepsy and ankexperimental model with a
' o R o | - :

- -
3
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relatively short time course.| It is 6nly‘in these cases where the
'exact location of a“purelffcortieal focus can be determined ‘that

some help can be expected from.the applicétion of the technique of

Morreligénd Hahbery;(lol). The superiority oveﬁ previously used:

"
! .

methods, such as topectomy, lies in the considerable.reduction of the

functional damage.

v
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