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It was while this Supplementum was in press, that the
tragic news of Dr.Gabor Szikla’s death reached us.

Not only was he President of the European Society
for Stereotactic and Functional Neurosurgery and
one of the most qualified representatives of this
branch of neurosurgery, but was also mainly
responsible for the editing of this Supplementum.

The coeditors dedicate this volume to his memory.
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A. Introduction

Progress in Diagnosis in View of Surgical Treatment of the
Epileptic Patient

G. F. Rossi?

The diagnostic informations which are necessary to the
neurosurgeon facing the problem of treating the epileptic patient
are many. First of all those necessary to decide whether surgery is
indicated or not. Second, there are the diagnostic findings which
help in the selection of the best type of treatment; indeed, as we shall
see during the second part of the day, there are several different
surgical modalities to treat epilepsy, each one based on different
rationales or principles. Third, there are the findings used to plan
the details of the selected surgical approach.

Some of the diagnostic informations are related to the etiology
of the epilepsy; more precisely, to the nature of the disease primarily
responsible for it. Others give us a picture of the severity of the
epileptic syndrome. Others are related to the spatial organization of
the epileptic process within the cerebrum; and so on.

Consequently, the means available to provide all the necessary
diagnostic informations are many and of different nature. Some of
them are well established procedures; others have been developed
in recent times; others have been proposed quite recently and are
regarded as still in development.

The main purpose of the first part of our session on epilepsy is to
point out the most recent advances of some of these diagnostic
procedures.

1. First of all, we shall take into consideration the clinical

! Tstituto di Neurochirurgica, Universita Cattolica del Sacro Cuore, Largo A.
Gemelli, 8, [-00168 Roma, Italy.
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4 G. F. Rossi:

manifestations of the seizure. It is the oldest of the diagnostic aids.
An accurate analysis of all the motor, sensory, visceral and psychic
components of the seizure, obviously coupled with a good
knowledge of cerebral functional organization, is important to
disclose which are the epileptic cerebral structures.

A relevant progress in this direction was made possible by
combining analysis of the clinical seizure patterns with that of the
simultaneously recorded electrocerebral activity, and particularly
of the electrical activity directly recorded from the brain through
stereotactically implanted electrodes. This integrated electro-
clinical approach greatly increased the possibility of reliably
inferring from the seizure pattern the cerebral site of origin and the
main pathways of propagation of the ictal discharge. Actually, in
certain cases, it changed our previous views, which were based
exclusively on the analysis of the clinical manifestations of the
epileptic attack.

2. The study of electro-cerebral activity certainly is the most
widely used means to study epilepsy, both in the clinical
environment and in the experimental laboratory. Direct recording
from selected cortical and subcortical brain sites through
stereotactically implanted electrodes—or stereo-EEG—greatly
enhances the number and the reliability of the diagnostic
informations. However, when looking at a record of the electrical
activity from the brain of a patient suffering from a severe epileptic
syndrome, one might be discouraged. This is particularly true when
examining the interictal epileptic activity; the number of abnormal
potentials, their morphological appearance, their spatial
distribution and their temporal relations seem very complex. One
needs to find a means of analyzing this seemingly multifarious
material in such a way as to extract from it the informations which
it contains.

Attempts to overcome this difficulty and to improve our
knowledge of the physio-pathological meaning of the recorded
electrocerebral events were made by using automatic analysis. The
progress so far achieved in this field is remarkable. The use of this
analysis of the epileptic potentials in consideration of surgical
treatment will be the second subject discussed this morning.

3. Finally, we come to the third diagnostic approach, the one
aiming at getting an insight into the organization of the epileptic
process through the study of the brain metabolism. It can be
regarded as the last born of the diagnostic approaches; actually, it is
perhaps safer to regard it as a diagnostic approach still in gestation.



Progress in Diagnosis in View of Surgical Treatment 5

When closing the discussion on surgery of epilepsy at the last
meeting of our Society, four years ago, I stressed that the ideal way
to treat epilepsy should not be surgical, but the correction of the
functional abnormality of the epileptic cerebral neurones without
surgical brain manipulation. The achievement of this goal seems to
a great extent dependent on knowledge of the metabolic disorders
affecting the epileptized neurones. Therefore, the application of
studies of cerebral metabolism to the epileptic brain, even if in their
first stages of application, should be regarded as very promising. In
any way, they are very stimulating and certainly worth
consideration in a meeting like ours.
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B. Reports

Localizing Value of the Clinical Manifestations of the Partial
Seizures

J. Bancaud "2, A. Bonis"?, C. Munari'?,
G. Szikla' 2, J. P. Chodkiewicz?, and J. Talairach?

Summary

This study of partial seizures recorded during stereo-EEG explorations in
patients with severe drug resistant partial epilepsies intends to evaluate the
localizing value of some clinical signs.

The term of “automatisms” includes many different symptoms: authors show
that an oro-alimentary motor activity does not have the same significance than a
restlessness. Actually, a mastication or chewing activity seems to be linked to an
ictal involement of the amygdaloid nucleus. On the contrary, gestural activity,
mainly complex, is related to the ictal dysfunctioning of the anterior part of the
cingulate gyrus. Moreover, the occurrence of an automatic activity is not
necessarily linked to an impairment of consciousness. The usefulness of a
classification of partial seizures without a localizing value is discussed.

Keywords: Stereo-EEG; complex partial seizures; epilepsy; surgery of epilepsy;
automatisms.

Introduction

Success or failure of neurosurgical interventions in partial
epilepsies is strictly linked to the topographic definition of the so-
called “epileptogenic” zone. Many criteria were used to define as
precisely as possible this “epileptogenic’ zone.

1 Unité 97 de recherches sur I’épilepsie, INSERM, 2ter rue d’Alésia, F-75014
Paris, France.

2 Service de Neurochirurgie B, Hopital Sainte Anne, 1 rue Cabanis, F-75014
Paris, France.



8 J. Bancaud et al.

Actually, the occurrence of the different ictal symptoms
corresponds to the involvement by the ictal discharge of different
cortical structures. Thus, on the basis of a careful analysis of the
clinical signs, we may “‘visualise” the intracerebral trajectory of the
electrical discharges.

The theoretical basis of this methodological approach has been
recently described (Bancaud 1980)3. The aim of this paper is to
show what may be the localizing value of some ictal clinical signs
studied during stereo-EEG explorations. We deliberately choose
two symptoms generally considered as characterizing the so-called
“complex” partial seizures®!': ‘“‘automatic activities” and
“impairment” of consciousness.

Patients and Methods

At our department, more than 800 patients underwent to a stereo-EEG
exploration in view of a surgical treatment for severe, drug resistant partial
epilepsies, since 1959.

The methodology of these investigations has been described in detail in several
previous papers’~7>26:28,

We will just mention that the stereo-EEG investigations are performed on the
basis of previously collected data:

clinical (history of the patient, clinical evolution of the seizures, neurological
examination)

electrical (mainly EEG recording of spontaneous seizures) and

anatomical (stereotactic neuroradiological investigations).

Thus the choice of the cortical structures to be explored by intracerebral depth-
electrodes is defined on the basis of apparently consistent hypothesis on the
localization of the “epileptogenic” area.

When the stereo-EEG data confirm the existence of an unique, relatively
localized, epileptogenic zone, and if the surgical removal of this cerebral area may
be realized without severe neurological impairment, the patients are submitted to a
surgical intervention.

It is evident that the critical evaluation of the surgical results (Bonis 1979)°
allows us to progressively improve this methodology.

We briefly expose some data concerning two groups of 120 patients
presenting:

a) an ictal automatic activity;

b) an impairment of consciousness.

All data were collected during “acute” stereo-EEG explorations performed
with 7 to 12 intracerebral multilead electrodes, on awake cooperative patients.
During these investigations, patients were directly observed by two neurologists:
their remarks were recorded on a tape recorder and transcribed on the stereo-EEG
record. The patients were simultaneously filmed by two telecameras and recorded
on videotape.
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Results
I. Automatic Activities

A. Oro-alimentary Automatic Activities
1. Temporal Lobe Seizures

These “automatisms” occur in more than 80% of temporal lobe
seizures. They are almost always of the motor type, as a chewing.

Oro-alimentary activities like chewing occur during the first 10
seconds in more than 35% of the seizures.

Ictal discharges affecting only the deep anterior temporal
structures (amygdaloid nucleus, temporal pole, anterior part of
Ammon’s horn) may be associated only with an oro-alimentary
automatic activity like chewing, without any loss of consciousness.

The electrical stimulation of the amygdaloid nucleus provokes
this type of oro-alimentary automatic activities only in those
patients presenting this manifestations during spontaneous
seizures. In the same patients the electrical stimulation of Ammon’s
horn can provoke this activity only when the after-discharge
involves the amygdaloid nucleus.

2. Frontal Lobe Seizures

During frontal lobe seizures without temporal lobe
involvement, we never observed an early oro-alimentary automatic
activity.

This activity may sometimes occur in the course, or rather at the
end, of the seizures when the ictal discharge affects the temporal
lobe and/or when it spread in both hemispheres.

B. Gestural Automatic Activities

1. Temporal Lobe Seizures

— Gestural automatic activities are observed in more than 60%
of temporal lobe seizures.

— These activities are generally simple and they occur during
the first 10 seconds of the seizures in less than 20% of temporal lobe
seizures.

— These early gestural automatic activities are never linked to
an ictal discharge affecting exclusively a single temporal lobe: they
are related to the rapid ictal involvement of the homolateral frontal
lobe, of the controlateral temporal lobe or of both.
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— The temporal lobe seizures with gestural automatic activities
are characterized by a clinical symptomatology more complex than
temporal lobe seizures without gestural automatic activities.

2. Frontal Lobe Seizures

— Gestural automatic activities characterize more than 75% of
frontal lobe seizures. They occur in more than 2/3 of patients
presenting frontal lobe seizures.

When these activities appear early, in the first 10 seconds (20%
of the seizures), the patients, presenting a global behavioral
modification, are often restless.

— The ictal discharge mostly affects the medial frontal cortex,
mainly the anterior part of the cingulate gyrus (area 24).

— In 60% of the frontal lobe seizures, the gestural automatic
activities occur later than the firts 10 seconds and, in 25% of the
seizures, this activity occurs in the post-ictal period.

I1. Impairment of Consciousness

1. Temporal Lobe Seizures

Among 100 patients presenting temporal lobe seizures, 21 had
only seizures without impairment of consciousness, 43 had only
seizures with impairment of consciousness and 36 had both types of
seizures.

In 60% of temporal lobe seizures, we do not observe any
impairment of consciousness.

The lenght of the seizures with impairment of consciousness is
double (> 90”) of those without impairment of consciousness (47").

The seizures without impairment of consciousness have a
relatively simple clinical semiology: predominantly oro-alimentary
automatic activities as chewing, and subjective, mainly epigastric,
early manifestations. We never observed any secondary
generalization.

The clinical semiology of the seizures with impairment of
consciousness is more complex; thymic and/or affective
manifestations occur in more than 50% of them, associated with
oro-alimentary automatic activities and, above all, gestural
automatic activities. Moreover, these seizures are also
characterized by lateralized somatomotor manifestations, followed
in 20% by a secondary generalization.
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During the seizures with impairment of consciousness the ictal
discharge always affects extratemporal structures and particularly
the homolateral frontal lobe and/or the controlateral temporal
lobe. There is a direct chronological relationship between the
involvement of these structures and the occurrence of the
impairment of consciousness.

2. Frontal Lobe Seizures

— The impairment of consciousness characterizes 3/4 of the
frontal lobe seizures in 75% of the patients presenting these
seizures.

— Whatever is the origin of the seizures (in the frontal lobe,
with impairment of consciousness) the ictal discharge always
affects the anterior part of the cingulate gyrus.

— Among the clinical signs associated with the impairment of
consciousness it iS necessary to point out gestural automatic
activities (early in 20%, late in 60% and post-ictal in 25% of the
seizures).

Discussion

The first remark concerns our methodological approach: it is
evident that we can not explore all cortical regions in our patients.
Thus one may conceive that the ictal discharges sometimes can arise
in other, not explored, cortical areas: in this occurrence the
anatomo-electro-clinical correlations we study could be wrong. In
this paper, we only take into account the data concerning the origin
and the propagation of the ictal discharges in those patients in
whom the operative results confirmed the localization of the
epileptogenic area. These results can not be discussed in details: it
should be mentioned however that in the last group of patients
operated on for a temporal lobe epilepsy, the success rate was more
than 90% (Bonis 1979)°.

Since Jackson introduced the term of “automatism’ 4, this
expression is more and more widely used. In 1937, Gibbs et al. 13
introduced the term “‘psychomoter seizures” to encompass the
psychic and motor manifestations. This increasingly popular term
rapidly became synonymous with automatisms to describe a
specific manifestation of an attack (Penry 1975)23.

Shortly after, began the era of temporal lobectomies in the
treatment of epilepsy?!: because of the large number of
“psychomotor seizures” described in patients with temporal lesions
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and because of the fact that stimulation of the temporal lobe may
produce such symptoms, the anatomical definition “temporal lobe
epilepsy”” was preferred (Penfield and Erikson 1941)21,

In 1970, Gastaut!! proposed the term of “partial seizures with
complex symptomatology”, including in this definition the
previously so called psychomotor and/or temporal lobe seizures.
These partial seizures with complex symptomatology are mainly
characterized by an impairment of consciousness and by
automatisms (or psychomotor symptomatology).

Considering this association, it might seem appear established
that an automatic activity could exist only when the conciousness is
impaired. Thus, for Daly!? “an automatism consists of a transient
confusional state in which responsiveness is impaired or lost and for
which the patient is amnesic”.

Our methodological approach to a possible surgical therapy in
epileptic patients, needs to establish precise correlations between
the ictal clinical symptomatology and the intracerebral trajectory
of the ictal discharge. In this perspective we use a “logical model” of
interpretation of clinical signs characterizing a partial seizure: the
seizure is considered as a sequence of different words (clinical
symptoms) constituting a phrase (the seizure) (Bancaud 1980)3.
The validity and the limits of such a model, which has been used for
many years, have been recently discussed.

— Tt is well known in the literature that automatic behaviour,
although a frequent symptom of temporal lobe epilepsy, can be
linked with seizures arising from a variety of locations: frontal
convexity (Penfield and Jasper 1954)22, supplementary motor and
parieto-occipital regions (Ajmone-Marsan and Ralston 1957)2,
cingulate gyrus (Talairach ez al. 1973)27, Stoffels et al. (1981)25 etc.
Moreover, automatisms may occur during “Petit Mal” absences
(Penry and Dreifuss 1969)24. On the other hand, because of the
complexity of automatisms, no universal agreement exists on their
classification (Ajmone-Marsan and Ralston 19572, Penry and
Dreifuss 196924, Gastaut and Broughton 1972!2). Moreover,
differents authors consider that in patients developing
automatisms, the ictal discharge invariabily spreads to both
temporal lobes, or to the temporo-parietal cortex, or, often, to the
frontal cortex (Jasper 1964)'5 and can not be focal in the usual
sense of unilateral or localized (Aird 1977)1.

Our data seem show that all the automatic activities do not have
the same localizing value: an oro-alimentary motor activity as
chewing appears to be strictly linked with the ictal involvement of
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the amygdaloid nucleus, while a simple gestural activity is not
related to a discharge only affecting the anterior deep temporal
structures. Thus, a seizure only characterized at the onset by
automatic chewing activity does not admit the same origin as a
seizure starting with a complex behavioral restlessness!®: both
these manifestations are nevertheless considered as “automatic™!°.

Moreover we observed different seizures with an automatic
chewing activity without any impairment of consciousness: during
these seizures (related to a discharge localized in the anterior part of
only one temporal lobe) the patient may answer questions and can
describe later what happened. Therefore, an impairment of
consciousness is not a necessary condition permitting the
occurrence of some automatisms!7.

Some clinical signs, like motor activities, auditory hallucina-
tions, visual manifestations etc.... have a generally admitted
localizing value.

The automatisms are considered as characterizing the complex
partial seizures: their anatomical substrate is considered to be the
temporal or fronto-temporal regions®. A careful analysis of
anatomo-electro-clinical correlations may permit to attribute a
localizing value to some of these activities, instead of considering
them as a homogeneous group of equivalent signs which they are
actually not '8,

The variety of clinical signs characterizing temporal lobe
seizures (Bancaud 1981)* does not allow to ‘“‘automatically”
attribute to the dysfunctioning of only this lobe different clinical
symptoms as a gestural complex activity or an early impairment of
consciousness2°.

Finally it is difficult to understand the usefulness of a
classification of partial seizures based on the occurrence of a sign as
impairment of consciousness. Its interpretation is very difficult
since it seems to be related rather to the duration and to the extent
of the discharge than to a particular localization of the seizures!”.
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Automatic Analysis of Electrocerebral Activity

H. G. Wieser!

With 10 Figures

Summary

An overview of different methods of automatic EEG analysis is presented
from the clinical point of view. Correlation analysis and coherence functions have
somewhat limited value because they assume “normality” or Gaussian distribu-
tion of the signals under consideration. Since the curves are more complex the
“Average Amount of Mutual Information” (AAMI) technique may become more
important in future investigations. Automatic EEG analysis lends itself well to the
study of epileptic phenomena especially in terms of seizure origin and subsequent
spread of discharges.

Keywords: Automatic EEG analysis.

With respect to the use of computers for EEG analysis Rémond
and Storm van Leeuwen!” have remarked that

“Machines can do nothing that humans aren’t already doing or
capable of doing if they set their minds to it and take enough time”.

This statement is obviously false in its generality—as everyone,
who has tried to fly to Rome without the use of a machine, will
admit. But even in the restricted field of computerized EEG
analysis we feel that this statement is not true.

The use of computers in EEG analysis aims at the following
main goals:

! Department of Neurology/SEEG, University Hospital, CH-8091 Ziirich,
Switzerland.

Advances 6 2
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Firstly, it should relieve the human EEG-er in his time-
consuming and tiring work.

Secondly, and more importantly, it should discover things
not visible to the naked eye.

Thirdly, a computer program is a complete description of

how the results are arrived at. Therefore
complete replication of evaluation techniques,
and comparison of results between centers is
possible. Moreover, based on the quantification
processes, exact numerical descriptions of the
EEG characteristics are available.

Furthermore, tasks can be carried out, which are virtually
impossible without computers. The detailed
analysis of interrelations between different EEG
channels, for example, provides information
which is not available from visual assessment of
the raw EEG. Nevertheless, the human EEG-er
is still required to interpret the findings obtained
by the computer. Thus, the situation is that of a
fruitful dialog and cooperation, between man
and machine.

Before entering our main field of interest, which is the computer-
aided analysis of ictal surface and depth-EEG recordings, I should
briefly outline the main analysis methods and give some historical
flashbacks. I do not intend to present a complete description of the
various analysis approaches because Lopes da Silva!! has recently
given an excellent survey on this topic.

Here it should only be pointed to the fact, that a taxonomy of
techniques can be done in different ways, depending on the
professional background of the investigator. While from a
theoretical aspect one can distinguish non-parametric and
parametric methods, a quite practical criterion is the difference in
whether analog or digital or hybrid computer-systems are used.
Moreover, it is well-known that for a function of time there exists
an equivalent representation in the frequency domain via Fourier
transformation. Consequently, a further important characteristic
can be seen in the type of representation, either time domain or
frequency domain. Furthermore it can be distinguished between
the intended results of an analysis. Particularly whether it is the
background activity that has to be described, or transitory patterns,
which can be called the foreground. In the case of the background
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activity, operations in the frequency domain are adequate. The
problem of stationarity or finding an appropriate epoch length for
applying the Fourier transformation can be solved.

Difficulties arise, however, if very short-lasting transitions are
considered, because the transformation has to be carried out with
respect to the final epoch length. Therefore, in order to detect time-
varying effects, patterns and episodic phenomena, other methods
have been successfully developed. The most important are:

Autoregressive Models (Lopes da Silva etal. 19751°)
Iterative Time Domain Analysis (Schenk 197618)
Adaptive Segmentation (Bodenstein and Praetorius 19772)

Inverse Filtering (Zetterberg 197324)
Matched Filtering (Pfurtscheller and Fischer 19781%).

Most of these techniques make use of rather sophisticated
mathematical paradigms3.

A last category of analytic approaches is best called ‘“Mimetic
Analysis”. In contrast to the former ones, “Mimetic Analysis”
methods imitate, as close as possible, the decision process as carried
out by an human EEG-er®.

Because of the wide use of the spectral analysis of the EEG,
some remarks on its history and rationale should be given:

It is worthwile to remember, that already in 1932, very soon
after the first publication of Berger! the physicist Dietsch® applied
Fourier analysis to EEG-recordings. He “‘digitized”” the EEG by
measuring manually the enlarged EEG curves. The Fourier
transformation was carried out with the help of a mechanical
calculator.

Somewhat easier to apply was spectral analysis by means of a set
of bandpass filters, pioneered by W. Grey Walter!° in 1943. Results
of this technique were immediately available, whereas in most
modern methods this advantage of an analysis in real time has been
lost.

With the advent of statistical communication theory Brazier
and Casby? first applied correlation techniques to the EEG. The
discovery of a fast algorithm for the discrete Fourier transform in
1965 by Cooley and Tukey’ and the increasing availability of fast
digital computers made spectral analysis a standard tool in many
research centers and even an accepted tool in daily diagnostic
practice.

2*
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By means of Fourier analysis the EEG is split into a number of
sine waves of different frequency. This means, that the EEG, which
is a function of time, is transformed into a spectrum which is a
function of frequency. Usually, in electroencephalography, the
spectrum is displayed as a power spectrum, that is, as power versus
frequency, and has the dimension pV2/Hz.

The distribution of the power which is common to two EEG
channels is the cross-spectrum. Usually the cross-spectrum is
normalized and then it is called the coherence-spectrum. The
coherence values may be interpreted as correlation coefficients per
frequency. The coherence values show the degree of relationship
between two EEG-channels in a given frequency range.

An efficient application of spectral analysis methods is almost
impossible without digital computers. Processing of the EEG by
means of computers requires that the data are digitized. This is
done through an analog-to-digital converter. The time difference
between two sampling values is called sampling interval and its
reciprocal value is called sampling frequency. The analyzed EEG is
always only of a certain limited length of the record. The length of
the analysis interval determines the frequency spacing in the
frequency domain. The half-sampling frequency is the highest
possible frequency component which can be represented.

An example, illustrated in Fig. 1 and Table 1 and taken from Rappelsberger 9,
should be helpful in explaining the Fourier-transformation: We assume the length
of the analysis interval to be 1 sec. The EEG-signal (X) of this example (Fig. 1) is
the composite of a 2 Hz and 4 Hz sine wave. The 4 Hz sine wave has only half the
amplitude of the 2 Hz wave and in addition it is phase shifted, that means the zero-
crossings take place at different time. The complex signal X is sampled 12 times.
The 6 harmonic cosine and sine waves, which are obtained from the 12 sampled
points, are shown below. Remember that the highest spectral frequency is given by
the half of the sampling frequency. In this example 12 divided by 2, which is 6.
Moreover, the basic frequency is 1 because the length of analysis time of our
example is 1 sec.

What the computer has to do now performing the Fourier transformation is
very simple and shown in Table 1: The components of the sine and cosine waves
have to be multiplied with the sampled EEG values at times t , t, and so on. Then
the values obtained this way are added for every given sine and cosine and finally
divided by half the sampling value, which is 6 in this example. Now looking to the
very right of Table 1 we find only the component of 2 Hz different from zero and
the two components of 4 Hz. The phase shift of 45° is indicated by the sum of a sine
and cosine component as indicated by both values of these 4 Hz waves.

To calculate the power spectrum, one has to multiply the Fourier coefficient by
itself and multiply this value by the analysis time (t). This way a periodogram is
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Fig. 1. Ilustration of Fourier-transformation: The signal X is the sum of both sine

waves shown above. It is sampled twelve times (t, —>t,,). This way six harmonic
cosine and sine waves are obtained (from Rappelsberger!6)

obtained (Fig. 2) which in a further step undergoes smoothing. Smoothing is
necessary to improve the very bad statistical properties of the periodogram.
Smoothing can be done in different ways.

A few practical applications shall illustrate the value of this
technique. As already mentioned, spectral analysis is very useful in
discribing the background EEG. An example of power spectra
from an epileptic patient during the waking state and different sleep
stages is given in Fig. 3.
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Fig. 2. Arithmetic operations for the calculation of the power spectrum (from !6)
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Fig. 3. Power spectra of synchronously recorded EEG from the right central scalp

and right hippocampal formation. Note the high alpha-peak in the scalp EEG

during waking state and the high delta-peak and a distinct 12/sec sleep spindle-

peak during slow-wave-sleep (SWS). During REM a theta peak of about 4/sec
emerges in the hippocampus

R HIPPOCAMPUS NM

Similar spectra, now together with coherence and phase spectra
are shown in Fig. 4, which is derived from a pain-patient2!-22, This
patient had a stimulating electrode with the target point in the
periaqueductal grey matter (PGM) which passed through thalamic
nuclei.
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Fig. 4. The power spectra of thalamic and scalp derivations show similar peaks of
about 12/sec during spindle sleep. The coherence spectrum shows the degree of
relationship between the two EEG channels indicated on the right. As explained,
coherence values may be interpreted as correlation coefficients per frequency. The
values are between @) and 1. § means no relationship at a given frequency, 1
identical EEGs within this given frequency. As can be seen, the coherence between
the thalamic electrode and frontal as well as central scalp electrodes is rather high
for this spindle frequency of 12/sec. The phase-spectra indicate a rather stable
phase relation, once again only for this frequency. Therefore one can calculate a
time-lag between thalamus and postcentral spindle waves of about 8 msec. (A
12 Hz wave has a duration of 83 msec. The indicated phase-lag of about 36 degrees
is therefore a tenth of 83 msec.)

We have employed time series of power spectra also for the
analysis of ictal depth EEG recordings (Fig. 5). Besides other
numerical tabulations2°, we have plotted spectra in a given time
interval for all 32 channels. Values are normalized to the maximum
power, occurring in all channels in a given interval (Fig. 6).
Moreover, spectra were followed in a given channel for all analyzed
time intervals (Fig. 7).

The amount of research concerning the analysis of seizure
recordings is still very limited. In the analysis of ictal recordings the
objective is to determine whether all the seizures of a patient
originate in the same area. And if so, where this area is located. This
question arises especially for those patients who are candidates for
surgical treatment of an otherwise intractable and severe epileptic
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Fig. 5. Depth recorded seizure originating in left hippocampus (electrode 2,
recording point 5). Channel 5 is reproduced enlarged at the bottom. Recording is
against an inactive common average reference (from Wieser2?)

disorder. Most of these surgical candidates suffer from partial
seizures. Propagation and spread of the discharge to other brain
areas of one or finally both hemispheres represent severe difficulties,
especially if the spread of a seizure is so quick that it cannot be
followed by the naked eye and initial clinical features may also
escape detection.

Approaches to the analysis of ictal EEG recordings by using
computer assisted analysis techniques have started with Mary
Brazier’s work. Brazier3 ™5 applied linear system analysis methods
to depth recordings of seizure activity. By estimating coherence and
phase between pairs of derivations, she calculated the spread of
epileptic discharges within the human brain. Brazier® remarked
that

“the detection of a source, that drives the abnormal activity to
other parts of the brain . . . may have a future in terms of therapeutic
procedure. The possibility presents itself that a single coagulation
either of the locus itself or of the efferent connections from it might
replace the more radical therapy of surgical removal of the
temporal lobe”.
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Fig. 6. Power spectra of the 32 channels shown in Fig. 5. Interval numbers
(window) 5, 7 and 9. Very clearly the channel number 5, which represents the
activity of the left hippocampus, dominates this early seizure stage



Fig. 7. Compressed spectral array plot (left) of the seizure activity of left amygdala
shown in Fig. 5 illustrating the power spectra followed over the analyzed time
intervals. Values are normalized to the maximum power occurring in one channel
over all intervals. Only those peaks are visible which equal or exceed 10% of the
peakpower. On the right another display of the frequency analysis of the same
seizure is given. However spectra are now plotted as contour charts to be read like
geographical maps. From the top to the bottom are shown: left amygdala, left
hippocampus, left second temporal convolution and Wernicke-area. Time is
indicated from left to the right, and covers about 1 minute. Maximal power is ten
times higher in hippocampus than in the other 3 plots shown here. Note that the
spectral array plot of the amygdala on the left is turned now 90 degrees and
reproduced in the contour chart at the top
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Brazier’s delay times derived from the cross power spectra were
in agreement with known anatomical pathways. A different and
more sophisticated application of linear system analysis is based on
the so called “partial coherences” and has been described by
Gersch® and others in the last ten years. In this method triples of
signals are considered. Computing partial coherences implies as a
first step elimination from each of the 2 signals of a pair that part,
that can be considered as being determined by a third signal. If the
partial coherence between 2 of the signals partialized on the 3rd
signal is very low in a frequency band of high spectral energy, and if
only one of the 3 signals has this property, the third signal is
considered to drive the 2 others. A single site is sought which
appears to drive all other areas by analyzing all possible channel
combinations. Computations of the coherences and power spectra
is done by the autoregressive model approach. This method of
partial coherences, however, requires the assumption that the
signal from the causal site is propagated through linear networks to
other locations. Coherence measures only the amount of linear
dependence of two signals.

Most models for the propagation of neuronal activity contain
essential non-linear elements. In Fig.8 a general model for
the generation of 2EEG signals is shown. In this model the
observed signals X and Y, indicated on the right as a function of
time, are delayed by amounts A, and A, and non-linearly filtered by
filters NL, and NL,. The output signals are corrupted by additive
noises (n,) and (n,).

If only the two observations X and Y are available, the elements
of this model cannot be identified. Therefore a simplified model has
to be used to describe the relation between 2 EEG signals. It is given
in the lower part of Fig. 8.

For non-linear relationships, as exemplified by the EEG, the
best analysis method is probably the “Average Amount of Mutual
Information” (AAMI) analysis developed by Mars and van
Arragon!3. AAMI is a measure of the predictability of one signal if
another is given. In case of Gaussian distributed signal values the
AAMI would equal the conventional correlation coefficient.

Because most probably the EEG signals within the brain
undergo not only time delays but also non-linear operations, as
shown, the correlation coefficient looses its simple interpretation,
while the AAMI retains its meaning. Therefore, the main
advantage of this AAMI-technique is its very robustness for non-
linearities. This technique involves estimating the maximum value
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Fig. 8. General model (above) and simplified model (below) for the generation of
two EEG signals X and Y. See text (from Mars!2)

of AAMI and a time lag at which this maximum occurs. Mars!2
computed AAMI values for lags in the range of — 50 to + 50 msec.
He applied this analysis to kindled seizures in the dog and to human
depth EEG data. The most important findings of his study are in
full agreement with our previously reported studies concerning the
coupling of different channels during a seizure. In summary it was
found that in focal seizures three periods can be differentiated. The
first period is characterized by independence of the local activities
in the focus and elsewhere. In the second period there is strong
coupling with a consistent time delay between the focus and related
areas. In the third period the structures became mutually
independently active, that means the coupling disappeared at least
between the areas studied. Very important is the finding that during
the second period the time delay changed with ongoing seizure
time.

In comparison to the method of AAMI, our own approach of
measuring functional versus anatomical distances in the brain 423
is mathematically much more simple and has the advantage that
results can be visualized directly on TV-screen. An interactive
display system permits arbitrary rotation for viewing as well as
bidirectional scanning in time.

The objective and method of this analysis methods are!#:
Disregarding EEG signal power and frequency spectrum, we
calculated the correlation matrix for 32 intracerebral EEG signals
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Fig. 9. A) Examples from a movie, illustrating the measurement of functional
versus anatomical distances. Dots indicate anatomical locations, as given by the
depth probes of the patient, whose seizure is shown in Fig. 5. The left hippocampus
is marked by the large dot. B) Essentially coherent activity of most locations
during the preictal period, i.e., before the epileptic discharge starts. Note that
display of the electrode assemblies are originally identified by colour on the TV-
screen. In this figure, the vector of the left hippocampus was subsequently
emphasized by dotted lines

for 256 point windows, sampling every channel at 476 ¢/s. Defining
the complexity of these signals as the number of eigenvalues greater
than 1, we assumed a visual simplification to a 3 dimensional space
to be meaningful and mapped the first three coordinates of the 32
eigenvectors into an idealized unit sphere, representing the skull
with the brain (Fig. 9 A). Interpretation is very easy: If the
intracerebral signals would be exactly identical, their vectors,
indicated by the coloured lines in the TV-display, would all point to
one common place (Fig. 9 B). If only one location, i.e. one vector,
moves off, like in Fig. 10, this location whose activity is unrelated to
all others, is a candidate for a seizure originating area. Progressive
coupling of other brain areas with such a seizure initiating area
showing an aberrant activity-vector, can be interpreted as ictal
synchronization. Finally, the anisotropic spread of the seizure
discharge to other brain sites can be visualized by this method. If
the ends of coloured vector-lines move close together, this indicates
ictally active pathways between these structures.

Such an analysis, which is possible in a real time version, brings
some practical help and is not restricted to seizures. The
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Fig. 10. Strong “individual” activity of the left hippocampus (vector marked by
dotted lines) indicates the seizure origin at this location. Same patient and same
seizure as in Fig. 5

disadvantage, however, is that time lags between two signals have
been disregarded until now. To study these one has to use the
AAMI method.

Ictally active pathways have also been studied based on the first
10 seconds and on the entire length of 213 complex partial seizures
using multidimensional scaling methods. An unexpected finding
was the observation that deep temporal structures—amygdala,
hippocampus—were most closely linked to contralateral temporal
neocortical association areas?3.
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Changes of Energy Metabolism and Regional
Cerebral Blood Flow Studied by Positron Emission
Tomography in the Interictal Phase of Partial
Epilepsy
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With 2 Figures

Summary

We report here results of positron emission tomographic studies on 14 patients
with partial epilepsy using fluorine-18 labelled fluorodeoxyglucose for regional
cerebral metabolic rate for glucose (rfCMRGI) and oxygen-15 for regional cerebral
blood flow (rCBF) and regional cerebral metabolic rate for oxygen (rCMRO).
Quantitative rtCMRGl studies in the interictal phase of partial epilepsy reveal five
different patterns of significantly abnormal metabolic changes. These correlate
well with EEG findings recorded during the ictal or interictal phase in 12 of 14
cases. However there is no close correlation between rCMRGI and either rCBF or
rCMRO findings in the maximum epileptic disturbance during the interictal phase
as assessed by electroencephalography.

Keywords: Position emission tomography; partial epilepsy.

Introduction

Epilepsy is a complex sequence of symptoms deriving from a
wide variety of causes!® 12, When neurosurgical treatment of
partial epilepsy is anticipated, a delineation of the epileptogenic

! Montreal Neurological Institute, McGill University, 3801 University St.,
Montreal, Quebec, H3A 2B4 Canada.
2 Atomic Energy of Canada Ltd., Ottawa, Ontario, Canada.

3*
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focus in a localized area of the brain is particularly important '+, At
the present time both classification and localization of epilepsy
depend heavily on electrophysiological techniques.

Recent positron emission tomographic (PET) studies by a group
at UCLAS®5%11 ysing fluorine-18 labelled fluorodeoxyglucose
(FDG) to obtain the regional cerebral glucose metabolic rate
(rCMRG]I) suggest that the location of the hypometabolic area
demonstrated by the FDG scan during the interictal phase in
partial epilepsy is closely associated with the epileptogenic focus
delineated by interictal and ictal electrophysiological recordings.
The UCLA group has also noticed a focal increase of rtCMRGI in
the ictal or immediate post-ictal state of partial epilepsy®.

Our findings’ with respect to regional cerebral blood flow
(rCBF) in partial epilepsy, using bolus inhalation of krypton-77
("’Kr PET), indicate that focally increased rCBF occurs not only in
the epileptogenic cortical area but also in the supplementary
cortical areas during or immediately after ictus. On the other hand,
77Kr PET studies during the interictal phase in 14 partial epilepsy
cases reveal no significant changes of rCBF in 7 cases, focal increase
of rCBF in 4 cases, and general or focal reduction of rCBF in 3
cases.

We report here our more recent studies using the combined
techniques of FDG for rCMRGI and '350-labelled '°0,, C'°0,
and C'50 for rCBF, regional cerebral metabolic rate for oxygen
(rCMRO), and regional cerebral blood volume (rCBV) in the
interictal phase of partial epilepsy. We correlated these findings
with various electrophysiological measurements in the same
patients.

Methods

A. Scanning Procedures

The tomographic device used in most of the following studies was a Therascan
3128, manufactured by Atomic Energy of Canada Limited (AECL). The
Therascan system consists of two rings of 64 bismuth germanate (BGO) detectors
per ring, with a ring diameter of 43 cm. Both direct and cross slice coincidences are
acquired, giving a total of 3 slices simultaneously. Image resolution with a medium
resolution collimator used for the present studies is 12 mm FWHM (full width at
half maximum). The slice thickness is also a resolution of 12mm FWHM. The
sensitivity of the direct (cross) slice is 55 KHz (98 KHz) per pCi per ml in a 20cm
diameter flood phantom. The camera gantry is aligned with the patient’s orbito-
meatal line by moving the couch and tilting the gantry. After alignment, the
acquisition software controls the indexes of the patient and facilitates scanning of
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the brain with a slice separation of 6 mm for the temporal region, 10 to 12mm
above the Sylvian level for investigation of partial epilepsy.

Images are reconstructed using the following Therascan software package
developed by AECL: 1. automatic correction of random coincidences, 2.
normalization of detector sensitivity, 3. attenuation correction using a
thresholding method similar in concept to that of Bergstrom et al.! to avoid the
practical difficulties associated with the transmission method, 4. removal of
scattered events using a deconvolution procedure similar to that of Bergstrom
etal.?, developed independently at AECL, 5. accurate cross calibration between
the Therascan system and the well counter. Some of the oxygen-15 studies were
performed with our Positome II1 system, a prototype of Therascan 3128 developed
here at the Montreal Neurological Institute!S. Characteristics of Positome IT1
have been described elsewhere 18,

B. Preparation of FDG

FDG is prepared by reacting in situ '#F-acetylhypofluorite {(prepared by
reacting '8F-F, with Na acetate in glacial acetic acid) with triacetyl-D-glucal.
After extraction with CH,Cl, and hydrolysis with 2NHCI, '®F-2-FDG is
dissolved in a 1 N phosphate buffer (pH = 7). The specific activity after 30 minutes
of irradiation and a 60-minute synthesis is approximately 685 mCi/mmol, with
radiochemical purity of about 98% 4.

C. PET Studies
1. FDG Study for rtCMRGI

For FDG studies, patients are fasted for 10 hours prior to scanning. 5 mCi of
FDG is injected intravenously. Arterialized venous samples are obtained from the
vein of the opposite hand heated to 42 °C in a hot-water glove box developed by
Phelps et al.13 to arterialize venous blood. For determination of plasma glucose
and FDG concentrations, 2 ml of blood are taken every 15 seconds for the first 2
minutes, with sample intervals progressively lengthened. About 40 minutes after
injection of FDG, 12 to 16 tomographic images are obtained by the tomograph,
starting at the orbitomeatal line. Images are reconstructed and combined with
cross calibration factors, glucose concentration, and blood activity measurements
to yield the quantitative rTCMRGI. The FDG analysis program written by one of
us (ACE), is based on the Phelps efal.!3 modification of the Sokoloff etal. ¢
model, including the K 4 rate constant. Values for the rate constants K 1 to K4 as
well as for the lumped constant are those established by Huang etal.®. A re-
arrangement of the operational equation, suggested by Brooks3, has been
incorporated. In order to display three-dimensional mapping of rCMRGI, a
program has been developed to display sagittal or coronal cuts through the same
distribution by recordering and interpolating the existing data.

2. Oxygen-15 Studies

Under local anesthetic, an arterial catheter is placed in a radial artery for blood
sampling. The technique consists of three repeated procedures: 1. for measurement
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of the regional oxygen extraction rate (rOER) the patient breathes oxygen-15
labelled molecular oxygen (*50,) to obtain the steady state, 2. for measurement of
rCBF oxygen-15 labelled carbon dioxide (C'*0,) is inhaled at the physiological
concentration, 3. for measurement of rCBV oxygen-15 labelled carbon monoxide
(C'30) is inhaled. For the 150, study, 5 mCi per minute with 65 ml per min flow
rate of 130, are given to the patient through an open plastic mask. After the
equilibrium state is reached (in 10 to 12 minutes), PET images are taken at the same
planes as the FDG study. For the C*50, study, 3 mCi per minute with 35ml per
minute flow rate of C'50, are given to the patient. Following the steady state,
which also takes 10 to 12 minutes, PET images are taken at the same planes as the
previous studies. The blood samples are withdrawn over a period of 15 seconds to
average the respiratory cycles. rCBF, rOER, rtCMRO, and rCBV are quantified
with equations developed by Frackowiak etal.®.

3. Data Analysis

PET images are obtained at 6 mm intervals at least 3 to 4 tomographic levels
through the temporal region. Each local rCMRGI value is determined using a
12 x 12 X 12mm voxel size. Two or three areas in each region are measured to
calculate the rCMRGI value at the particular plane, then the overall mean
rCMRGI value at the particular plane, then the overall mean rCMRGI value is
determined from 3 to 4 different tomographic levels in the same region.

D. Electroencephalographic (EEG) Methodology

EEG recordings are made from the scalp by telemetry with and without
sphenoidal electrodes during the ictal and interictal phases. Further EEG
recordings, using sphenoidal electrodes are made during and after the PET studies.
The EEG data is analysed both visually and by computer analysis for epileptiform
sharp waves and spikes.

Results

1. Normal Subjects

All subjects reported that they remained awake throughout the
study. Light and noise were subdued, but ear plugs or eye patchs
were not used. Fig. 1 gives examples of FDG studies in normal
subjects, illustrating the symmetry of rCMRGI between the two
cerebral hemispheres. Table 1 illustrates the mean values of
rCMRGI obtained in 5 normal subjects and rCMRO in 6 normal
subjects.

2. Partial Epilepsy

In 14 patients with partial epilepsy, FDG studies were
performed during the interictal phase. During and after PET
studies, EEG recordings are also taken. In our FDG studies we
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Fig. 1. Four tomographic images for quantitative FDG study in control subjects
showing symmetrical TCMRGI in both cerebral hemispheres

observed 5 different patterns of findings during the interictal phase
in partial epilepsy, and these are listed in Table 2.

In type I, unilateral focal hypometabolism, 2 cases show 24 to
29% focal reduction of rCMRGI from the control values
(p < 0.005; < 0.02) which correlate closely with EEG recordings of
maximum epileptic discharges during the interictal phase.

In type II, focal hypometabolism with ipsilateral local extension
of hypometabolism, the results of 5 cases indicate focal reduction of
28 to 48% of rCMRGI from the control values (p < 0.001) in the
entire temporal region, with local extension of hypometabolism to
the ipsilateral centro-parietal or centro-frontal region. These
findings also correlate well with EEG recordings during either ictal
or interictal phases in all cases, except one where a porencephalic
cyst was found in the area of hypometabolism, while the
epileptiform EEG abnormalities predominated contralaterally.

In type I1I, bilateral focal hypometabolism, 2 cases show a focal
reduction of 19 to 24% of rCMRGI from the control values
(p<0.02, <0.005) in the anterior temporal region with left
temporal predominance. The interictal epileptiform disturbances in
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Table 1. Regional Cerebral Metabolic Rates for Glucose (rCMRG!) and Oxygen
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(rCMRO) in Normal Volunteers

Location

rCMRGI (umol/100 g/min)

rCMRO (umol/100 g/min)

Anterior temporal 45+ 7
Posterior temporal 46+ 7 227+ 84
Parietal 50+9 215+ 71
Central 477 264 + 136
Frontal 44+8 285+ 116
Caudate nucleus 43+ 7 171+ 43
Thalamus 45+9 190 £+ 57
White matter 17+3 81 £38
Mean 40+1 165+ 39
Table 2. Patterns of FDG Findings in Partial Epilepsy
Type 1 Unilateral focal hypometabolism 2
Type II Unilateral focal hypometabolism with
local extension of hypometabolism 5
Type 111 Bilateral focal hypometabolism
Type IV Unilateral focal hypometabolism with
contralateral focal hypermetabolism 1
Type V Diffuse bilateral hypometabolism with
maximum unilateral focal hypometabolism 4
Total 14

the EEG were also bitemporal and showed left temporal
predominance.

In type IV, unilateral focal hypometabolism and contralateral
focal hypermetabolism, one case shows a focal reduction of 60% of
rCMRGI (p <0.001) in the right anterior temporal region with
35% increase of rCMRGI (p <0.001) in the contralateral left
anterior temporal region. The main epileptiform EEG
abnormalities in this case were on the side of the hypermetabolic
zone: the interical epileptiform abnormalities, although
bitemporal in location predominated on the left side, and the ictal
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EEG abnormalities were localized to the left temporal region. In
this case EEG recordings revealed focal epileptic activities in the
left midtemporal region during the ictal phase and active
epileptogenic abnormalities from the left anterior, mid- and
inferior mesial temporal regions with independent spike activities
in the right anterior temporal region during the interictal phase.

In type V, bilateral diffuse hypometabolism with unilateral
maximum focal hypometabolism, results of 4 cases reveal a diffuse,
significant reduction of rCMRGI in both cerebral hemispheres,
with maximum focal reduction of 28 to 59% of rCMRGI
(p <0.001) in the temporal region. These findings correlate with
maximum focal epileptic activities recorded by EEG during either
the ictal or interictal phase with a wide variety of diffuse abnormal
electrical activities in both cerebral hemispheres.

In spite of various hypometabolic patterns of rCMRG]I, the
maximum focal hypometabolism matches the maximum epileptic
activity recorded during the ictal or interictal phase in 12 of 14 cases
with partial epilepsy. In 2 cases, FDG findings disagree with EEG
findings (Table 3). Oxygen-15 studies for rCBF, rOEF and rCMRO

Table 3. Correlation Between EEG and FDG-PET

Good agreement 10
Fair agreement 2
Disagreement 2
Total 14

reveal a wide variety of findings without specific patterns. There is a
similar pattern of reduced rCBF, rOEF and rCMRO in most cases
but no significant correlation between FDG and rCMRO findings.

Case Presention:

Case I (Type II): CM. a 26-year-old female, has a history of episodes of
unresponsiveness with occasional screaming and erratic running around since the
age of 6. There is also occasional tonic contraction of the left arm. CT scans
showed a moderate diffuse cerebral atrophy in the right cerebral hemisphere. EEG
findings, including telemetry and sphenoidal recordings, revealed an epileptic
disturbance originating independently from the right temporal area and less often
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Fig.2a

Fig. 2. Case 1: C.M.; type 2. a) Four horizontal tomographic images for FDG
study, showing marked reduction of rCMRG in the right temporal region
associated with moderate reduction of rCMRG in the right parieto-central region.
b) Coronal tomographic image for FDG study at the anterior temporal level,
showing marked reduction of rCMRGI in the right temporal region. c)
Tomographic images for rCBF, rOEF, rCMRO and rCBV at the same level,
showing a moderate diffuse reduction of rCBF and rCMRO in the entire right
cerebral hemisphere

from the left temporal area during the interictal phase. However, EEG recordings
during the ictal phase show an occasional epileptic disturbance originating from
the left fronto-temporal areas. Marked atrophy in the right temporal convolution
and tough and rubbery cerebral tissue were found during the right temporal
craniotomy. Neuropathological examination revealed moderate to marked gliosis
in the temporal cerebral tissue and amygdala. FDG findings, illustrated in Fig. 2
for the horizontal (a) and coronal plane (b), show a maximum reduction of 48%
(23 £ 6 umol/100 g/min) from the control values (45 7umol/100 g/min)
(p <0.001) in the right anterior temporal region, 44% (p < 0.001) reduction in the
right parietal region, and 23% reduction (p < 0.05) in the right central region.
Oxygen-15 studies for rCBF, rOEF, rCMRO, revealed a 49% reduction of rCBF,
12% reduction of rOEF, and 54% reduction of rCMRO in the right anterior
temporal region. In the right centroparietal region there was a 26% reduction of
rCBF, 11% reduction of rOEF, and 46% reduction of rCMRO.
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Discussion

Quantitative measurements of rCMRGI using the FDG
technique in 14 patients with partial epilepsy compared to 5 control
subjects indicate significant focal hypometabolism of rCMRGI in
the epileptic focus (as delineated by electroencephalograph during
the ictal or interictal phase) in 12 of 14 cases. In this study we
observed five different patterns of rtCMRG1 hypometabolism.
Types I and III show either unilateral or bilateral well localized
hypometabolism of rTCMRGI; these correlate very closely with the
focal epileptic abnormality recorded during the interictal phase.
The zones of hypometabolism in types II and V, which show a
rather diffuse reduction of rCMRGTI in the ipsilateral cerebral
hemisphere or in both cerebral hemispheres, are much more
extensive than the areas of EEG abnormalities. Localized
structural changes such as porencephaly or local cerebral atrophy
demonstrated by CT scan correlate closely with the FDG findings,
but EEGs often show no significant abnormalities. Although it has
been suggested that the hypometabolic zone in the interictal phase
of partial epilepsy may represent either functional inhibitory
processes or structural changes in cerebral tissue’? 5P, the exact
mechanism of hypometabolism is still unsettled and may involve
much more complex consequences of local abnormal processes
related to glial proliferations!”’. The rCBF changes measured by
C130, technique during interictal partial epilepsy are similar to
77Kr PET results’. The significant reduction of rCBF is often
associated with a marked reduction of rCMRG1, but the
correlation is not significant.
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Eye Movements and Occipital Seizures in Man

C. Munari® 2, A. Bonis!’ 2, S. Kochen3, M. Pestre!, P. Brunet!,
J. Bancaud!: 2, J. P. Chodkiewicz?, and J. Talairach?

With 1 Figure

Summary

49 occipital seizures with an early (first 10 seconds) ocular deviation were
recorded during stereo-EEG investigations in 16 patients.

— The ictal discharge usually starts in the medial occipital cortex, below
and/or above the calcarine sulcus.

— In most cases (44 seizures, 14 patients), the ocular deviation were “tonic”,
rapid controlateral to the discharge. Most often (27 seizures, 14 patients), the eye
movement was horizontal; in 3 patients (17 seizures) it was upward oblique.

— A *“clonic” deviation was rare (4 seizures, 4 patients), but also controlateral
to the discharge, horizontal, generally slow.

— Strict relationships exist between the type of the discharge and the
modalities of the ocular deviation: a rapid discharge is linked to a “tonic”
deviation; slow, pseudorythmic spikes are related to a “clonic” deviation.

Thus, in these patients, the ocular deviation was related to the ictal
involvement of the occipital, mainly medial, cortex.

Keywords: Occipital seizures; oculo-motor control; stereo-EEG; clinical
neurophysiology.

Introduction

Little is known about the role of the occipital cortex in the
control of eye movements in man; most data have been drawn from
animal experiments. Moreover the evaluation of this role is hard

1 Unité 97 de recherches sur I’épilepsie, INSERM, 2ter rue d’Alésia,
F-75014 Paris, France.

2 Service de Neurochirurgie B, Hopital Sainte Anne, 1 rue Cabanis,
F-75014 Paris, France.

3 Antartida Hospital, Buenos Aires, Argentine.
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because of the lack of specific disturbances of oculomotor control
in patients with damage of the posterior cortex>.

On the contrary®?, there have been many clinical observations
concerning eye movements during the paroxystic desorganisation
of the posterior cortex.

Gastaut and Roger? showed that the clinical signs of some
occipital seizures may be represented only by horizontal
“nystagmic jerks”, controlateral to the ictal discharge. More
recently, Gastaut® substituted the term ‘“nystagmus epileptique”
with “oculo-clonic seizure”. This modification was linked to the
hypothesis of a vestibular role in determining ocular deviations!®.

Bancaud? and Peschanski!! showed strict relationships
between ocular adversion and a controlateral ictal occipital
discharge.

Penfield and Jasper!° could not obtain any ocular deviation by
occipital lobe electrical stimulation; for them, ictal ocular deviation
occurred in order to follow visual hallucination moving in the
visual field.

The aim of this paper is to describe oculomotor manifestations
in relation to ictal disorganization of the visual cortex in man.

Patients and Methods

This study concerns 16 patients admitted to Sainte Anne Hospital (Service de
Neurochirurgie B) for severe, drug resistant occipital epilepsy. All these patients
underwent a presurgical stereo-EEG exploration (7 to 12 intracerebral multilead
electrodes), according to the previously described methodology?!-3-4-12714,
During stereo-EEG we recorded 49 seizures (at least one in every patient)
characterized by an ocular deviation occurring within the first 10 seconds. We
chose this relatively short period of time because it allowed for an easier definition
of the anatomo-electroclinical correlations. Table 1 shows the position of the 157
electrodes in lateral view. For obvious therapeutic reasons, central and frontal
areas were explored by only a few electrodes.

Results
A. Ocular Deviation (Fig. 1)

1. “Tonic” deviation: In most cases (44 seizures, 14 patients),
ocular deviation was rapid, abrupt, and extreme; it was rarely slow.
The patients, although perfectly aware and conscious, were never
able to control this deviation which was always opposite to the side
of the ictal discharge. Only one patient, after 4 seizures with a
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Table 1. Early Ocular Deviation (49 occipital seizures in 16 patients)

SEIZURES PATIENTS
TONIC 44 14
Controlateral 43 14
Homolateral | L B 1
Horizontal | 27 14
Oblique / 17 3
CLONIC 4 4
Controlateral | ¢ 4[ _______ 4
Horizontal 4 4
TONIC-CLONIC 1 1
Controlateral | L 1 N
Horizontal | 1 1

controlateral deviation, had a fifth seizure with a homolateral
deviation. Most often (27 seizures, 14 patients) the eye movement
was horizontal; in 3 patients (17 seizures) it was obliquely, upward,
never downward.

2. “Clonic” deviation: This type of eye movement is very rare (4
seizures, 4 patients), it is always horizontal, controlateral to the
electrical discharge, generally slow and interrupted by a sharp jerk
of variable frequency. In the intervals between the jerks, the eyes
tend to come back to the midline.

B. Ocular Deviation and Ictal Discharge

1. In every case, the ictal discharge started in an occipital lobe
and, specifically, in the medial cortex (43 seizures, 12 patients)
above and below the calcarine sulcus. Only the external cortex was
primarily affected in one patient (2 seizures); in two patients the
discharge simultaneously involves both, medial and external
cortex. In 3 patients (9 seizures), the discharge starts above and in 5
patients (16 seizures) below the plane of the calcarine sulcus; in the
others, the entire occipital internal cortex is simultaneously
affected.

2. No correlation was evident between the initial localization of
the discharge inside the medial cortex and the direction (horizontal
or oblique) of the ocular deviation.

Advances 6 4
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Fig. 1. Lateral projection of 157 electrodes (16 patients). L 83, R 74

3. There was a strict relationship between the type of the
discharge and the modalities of the ocular deviation: when the
discharge is fast, the eye movement is rapid and continuous; a
discharge of slow, pseudorythmic spikes is related to a brisk,
saccadic adversion.

C. Associated Clinical Signs

1. Early: During the first 10 seconds, 10 patients (19 seizures)
have bilateral blinking with or without a bilateral mydriasis. Only 3
patients (4 seizures) have visual hallucinations in color in the visual
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field opposite the side of the discharge. Two patients had postural
modifications of the controlateral upper limb, and an other had
chewing activity.

2. Late: Simple and complex visual hallucinations as well as
oro-alimentary and simple gestural “automatisms” were more
frequent than at the beginning of the seizures. These signs appear to
be related to the ictal involvement of other cortical regions
(temporo-parietal junction, deep temporal structures, central
region). In 4 patients (4 seizures), the ocular deviation,
controlateral to the initial deviation, is related to the involvement of
the central region, preceding the secondary generalization.

Discussion

Our data seem to show that in patients with occipital seizures,
ocular deviation is related to the ictal involvement of the medial
occipital cortex. Thus, it is understandable why Penfield and
Jasper1? could not obtain ocular deviations by electrical stimula-
tions, to the lateral cortex. It also appears that the occipital region
responsible for eye movements is more limited in man that in
monkeys!6.

The ecular deviation we describe is not related to extra-occipital
region discharges, particularly those which occur in the frontal
lobe. The deviation is always controlateral to the discharge: in two
of the three cases in which it was homolateral, we observed an early
involvement of the controlateral occipital lobe.

It is generally admitted® that the ocular adversion is always,
“clonic” during occipital seizures. This is so also after frontal
electrical stimulation in the monkey 7. In our experience, the most
frequent deviations are tonic. The type of deviation seems to us to
be strictly linked to the type of discharge: when it is fast, the ocular
deviation is “‘tonic”, when it is characterized by rythmic spikes
and/or spikes and waves, it is ““clonic”. Moreover this correlation is
confirmed by effects of occipital stimulation in man?2.
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The Epileptic Seizure with Origin in Frontal Lobe:
A Complex Problem for Surgery *

G. Colicchio!

Summary

48 epileptic patients underwent SEEG study with a view to surgical treatment.
In all cases, among other regions, one or both frontal lobes were explored. 21
patients showed epileptic seizures originating from one or both frontal lobes only.
Six different categories of clinical manifestations—at the seizure onset—were
established. They included well localized body sensations. It is concluded that the
localizing value of clinical manifestations only are unreliable in frontal lobe

epilepsy.

Keywords: Epilepsy; frontal lobe; surgery.

The knowledge of the clinical pattern of the epileptic seizures
originating from different brain regions represents the starting
point for a diagnosis of localization in epilepsy surgery.

Among the different clinical pictures of the epilepsy is it possible
to recognize a characteristical feature of the seizures with origin in
frontal lobe?

In the attempt to answer this question we reviewed our patients.

Subjects

Forty-eight adult epileptic patients, resistant to pharmacological treatment
and candidates for surgery were considered. Several cerebral sites, including the
frontal lobes, were explored by stereo-EEG and, in some cases, by
electrocorticography, according to indications provided by clinical

* Supported by Ministero della Publica Istruzione.
! Istituto di Neurochirurgica, Universita Cattolica del Sacro Cuore, Largo
A. Gemelli, 8, 1-00168 Roma, Italy.
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neuroradiological and scalp EEG findings. The site of origin of the seizure
discharges turned out to be the following:

a) Frontal: 21 cases. The origin of the seizures was from one frontal lobe in 16
patients and from both frontal lobes in 5 patients. It was notable that in 5 cases the
causative lesion involved both the frontal and the parietal lobes.

b) Multifocal: 11 cases with independent seizures origin from the frontal lobe
and outside of it.

c) Extra-frontal: 10 cases with origin of all seizures outside the frontal lobe.

Twelve of the 21 frontal patients underwent surgery: in the other 9 the
epileptogenic zone was either bilateral (5 cases) or involved highly specialized
cerebral regions (such as area 4 and left 44 Brodman’s areas; 2 cases). Two patients
refused surgery. In 7 of the operated patients the excellent results proved that
localization of the epileptogenic zone was correct; in 1 case seizures recurred after 3
years; in the remaining 4 the follow-up is still too short.

Clinical Manifestations, at the Onset, of the Seizures with Frontal
Origin (21 patients)

These were documented by continuous TV monitoring,
simultaneously performed with the electrophysiological study,
mainly “chronic” SEEG. 3 to 10 spontaneous seizures were
analyzed in each patient. In addition, in some cases, seizures were
provoked pharmacologically or by local brain electrical
stimulations. The types of the phenomena observed as the first
seizure manifestation were the following.

a) Motor: i) tonic (9 cases), mainly adversive head rotation and
postural limbs modifications; ipsilateral head turning in 2 cases; ii)
clonic (3 cases); iii) complex gesture (2 cases). Loss of consciousness
was associated with the i and iii types of motor events.

b) Sensory (3 cases), in the form of a tickle in the armpit, an ache
in the knee and a throb in the calf. To be remarked that these
sensory phenomena—unaccompanied by movements nor by loss of
consciousness—were related to an origin of the ictal discharges
from the areas 8 or 6, and that in the 2 patients submitted to areas 8
and 6 corticectomy seizures disappeared.

¢) Sensory-motor (2 cases.)

d) Speech arrest (2 cases).

Discussion

The well known variety of functions of the human frontal lobe
can easily account for the variety of the clinical patterns of the
seizures arising from it. However, some of the clinical events
occurring at the onset of the seizures of frontal origin in our
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patients seem hard to be interpreted. This is particularly true for the
pure sensory phenomena.

Several years ago, Penfield stressed the functional unit of the
sensory-motor strip3. More recently, Bancaud etal. reported
diffuse, not localized and undefinible sensations as a possible
manifestation of ictal discharges from the frontal supplementary
motor areas!*2. In our cases, however, these sensory manifestations
were not associated with motor phenomena and were very well
localized in definite parts of the body. For at least 2 of our cases, the
frontal origin of the ictal discharge responsable for these sensory
phenomena was proven by their disappearance following frontal
surgical topectomy.

It appears then that in some cases it is difficult if not impossible
that the clinical manifestations of the seizures permits recognition
of frontal lobe origin.

Because of this difficulty we suggest that the neurosurgeon,
faced with the problem of treating a patient suffering from epilepsy,
should remember this aspect of the manifestation of the frontal lobe
seizures and check this possibility with any means, clinical,
radiological and electrophysiological*.
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Central Nervous System *
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With 1 Figure

Summary

This paper describes two methods, the cross correlogram and spectral cross
correlation techniques, for correlating spike trains and analog signals recorded at
operation.

Keywords. Cross correlogram; spectral cross correlation; spike trains.

Introduction

It is often of interest to compare unitary action potentials (spike
trains) with other physiologic signals such as the electromyogram
(EMG) or electroencephalogram (EEG). These two types of signal
differ in their fundamental nature. The spike train is treated as if
action potentials are discrete discontinuous events occurring over
time (i.e. a point process) whereas the other signals vary
continuously over time and therefore may be described as analog
signals. The relationship between spike trains and analog signals
has often been examined by visual assessment of the records.

* Supported by the P.S.I. Foundation, Toronto, Canada.

! Divisions of Neurosurgery.

2 Neurology and Clinical Neurophysiology Laboratory, Toronto General
Hospital.

3 Department of Physiology, University of Toronto, Toronto, Canada.

Address correspondence to: R. R. Tasker, Room 7-221, Eaton North Wing,
Toronto General Hospital, 101 College Street, Toronto, Canada, M5G 1L7.
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However, visual assessment does not allow the relationship
between these types of activity to be assessed either quantitatively
or statistically. More sophisticated means of assessing the
relationship between processes of this type have been developed .
The present paper describes the application of these techniques to
the analysis of single unit activity recorded in the human central
nervous system during stereotactic surgery. As these techniques are
described, examples will be drawn from the correlation of spike
trains of single thalamic cells with electromyograms (EMG) in
parkinsonian tremor.

Methods and Results

Fig. 1 A shows a record of thalamic cell and EMG activity in
which there seems visually to be some evidence of correlation
between the two signals. Since action potentials in the spike train
are represented by discrete points in time, correlation can be
established from the average of analog signals time-locked to the
occurrence of an action potential, the spike triggered average
(STA). The STA shown in Fig. 1 B is characterized by a number of
peaks superimposed on a high average level of activity. This type of
pattern may indicate correlation between the two signals but may
also be seen in the cross correlogram of two uncorrelated signals
which occur at similar frequencies. Therefore, the next step is to
evaluate the statistical significance of the cross correlation.
Statistical evaluation of the cross correlogram is problematic in the
analysis of signals which have a large amount of power at similar
frequencies >4 as in the case of tremor (see Fig. 1C).

Signals of this type are better analyzed by the technique of
spectral analysis. The analog signal, in this case EMG, is digitized
and filtered before the Fourier transform is taken. Since the spectra
of analog signals are readily calculated on digital computers, the
spike train is usually transformed into an analog signal before the
Fourier transform is taken 3. French and Holden 2 have developed a
useful technique for generating an analog signal by filtering the
spike train with an optimal digital filter. The Fourier transform of
this analog equivalent of the spike train is then taken by the same
method as employed for the analog signal, EMG, in the current
example. Spectra of the individual signals are then used to calculate
the auto power spectra of the individual signals and the cross
spectrum of the relationship between the two signals. The cross
power spectrum is a product of the two individual spectra, which
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Fig. 1. Example of cross correlation analysis of thalamic tremor cell and EMG in
parkinsonian tremor. Fig. 1 A shows a digitized record of four, rectified, filtered
EMG channels and one spike channel. Each vertical line in the spike channel
indicates the occurrence of an action potential. Fig. 1 B shows the STA for this cell,
with the horizontal scale in milliseconds (n=283). Unsmoothed autopower
spectra of
unsmoothed cross power spectra are shown in Fig. 1 D. Circles indicate tremor

spike and EMG signals are shown in Fig. 1 C. Smoothed coherence and

frequency, determined from the EMG record
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quantitatively indicates the amount of power shared by the two -
spectra as a function of frequency. A high degree of shared power at
a particular frequency raises the possibility that an important
component of correlation occurs at that frequency. In our example,
the spectra of the two individual signals, Spike 1 and EMG 2, have
major peaks at different frequencies in the tremor frequency band
(3-6 Hz). Therefore, cross power at the frequency of tremor must be
small. However, there is a small peak in the spike spectrum at
exactly tremor frequency, which gives rise to the peak in cross
power (Fig. 1 D, right). The significance of this peak can be judged
statistically by the evaluation of the coherence function which is
computed from the auto power spectra and the cross power
spectrum after smoothing of these spectra by averaging eight
contiguous spectral estimates. The coherence at the frequency band
which includes this small spike peak (0.48, at the circle) is below the
significant level because of the power in adjacent components of the
unsmoothed spike power spectrum. We can conclude that the spike
signal has a substantially different frequency from the tremor signal
and is not significantly correlated with tremor at the frequency of
maximum cross power, given the resolution of our analysis.
Therefore, the peaks in the cross correlogram (Fig. 1B) are
spurious indicators of correlation. Spectral cross correlation has
allowed us to understand and quantitatively evaluate a difficult
example of cross correlation.

Discussion

The technique of cross correlation by spectral analysis allows
quantitative assessment of the amount of periodic activity
occurring in each signal, as well as the strength, latency and
statistical reliability of the correlation between the two processes.
The STA technique is preferable for the analysis of signals without
a strong periodic component since it is less involved
computationally and it is bandlimited only by the sampling
frequency and duration of the averaging interval. The application
of power spectral analysis to the study of ‘“‘tremor cells” in
parkinsonian tremor patients has allowed us to measure the
properties of cells which may be involved in the generation of
tremor. This technique may well be applied to the study of other
types of pathology characterized by abnormal periodicity. For
instance, correlation of cellular activity with EEG could be used as
a quantitative criterion for identifying cells involved in the
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generation and spread of epileptic activity from one location to
another. We believe that this technique is a useful addition to the
methods available for the study of single unit activity in the human
central nervous system.

References

1. Cox, D. R., Lewis, P. A. W., The Statistical Analysis of Series of Events.
London: Chapman and Hall. 1966.

2. French, A. S., Holden, A. V., Alais-free sampling of neuronal spike trains.
Kybernetic 8 (1971), 165—171.

3. Glaser, E. M., Ruchkin, D. S., Principles of Neurobiological Signal Analysis.
New York: Academic Press. 1976.

4. Jenkins, G. W., Watts, D. G., Spectral Analysis. London: Holden Day. 1969.



Acta Neurochirurgica, Suppl. 33, 63—67 (1984)
© by Springer-Verlag 1984

Shape Factor Intensity (SFI) Analysis of EEG of Patients
Treated Surgically for Epilepsy *
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Summary

A new method of quantification of EEG has been applied in association with
epilepsy surgery. The EEG signal is analyzed in terms of two sets of two
parameters, i.e., shape factor and intensity. The method has been used for drug
resistant epilepsy treated with stereotactic procedures or lobectomies. Good
pictorial interpretability is obtained by the shape factor intensity analysis.

Keywords. Signal processing; EEG quantification; spike detection; epilepsy
surgery.

Introduction

Medically refractory epilepsy is a complex problem from the
standpoint of its electrophysiological manifestations and
treatment. For the electroencephalographer as well as for the
neurosurgeon this problem is one of the most challenging ones
because successful treatment is generally a laborious and difficult
task. Efforts to complete and sharpen human capabilities led early
to the implementation of more objective methods in EEG analysis.
Since Grass and Gibbs? introduced instrumental quantification of

* This work was supported by grant no. 7455/304 from the Academy of
Finland.
Examinations were carried out in accordance with the Declaration of Helsinki
and as research project combined with clinical care.
! Department of Neurosurgery, Oulu University Central Hospital, Oulu,
Finland.
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the electroencephalogram and Walter ® developed spectral analysis
by means of band pass filters, a vast variety of computer techniques
has been applied to neurophysiological analysis of epilepsy!*
among others. Further very interesting systems have been
developed by Gotman and Gloor? and Mars®. However, some of
the computer techniques tend to become complicated for every day
clinical use and require an excessive amount of computational
arsenal for their implementation. The mathematical methods used,
being originally designed for non-biological purposes, does not
always provide adequate final results. Delicate, time related
alterations involved in ictal brain activity may not be sufficently
well transformed to target parameters and thus tend to get lost in
the final composition.

A new method of analysis that is easily applicable to
minicomputers has been invented by one of us (P.H.E.) and applied
by our team to EEG interpretation in connection with surgery for
epilepsy at the Department of Neurosurgery of Oulu University
Central Hospital. It can produce real-time results during
monitoring in the operation unit. Preliminary analyses seem
clinically promising. The method has proved useful for us in
stereotactic and open procedures. However, our series so far is not
extensive.

Methods

All the patients underwent routine investigations involving CT-scan,
angiography and extensive preoperative neurophysiological studies including
sphenoidal and nasopharyngeal EEG recordings. Medics 6-pole, depth electrodes
were used for long duration (24 h) recordings in order to assess origin and spread
of seizure activity. The new computer program was utilized for analysis of short
duration 1-5min EEG epochs in various phases of treatment. For peroperative
registrations Kaisers 8-pole depth electrodes were used.

Hardware Specification

The computer system consists of a DEC PDP 11/23 computer installed in the
operation department in close vicinity of the patient. The computer has 64 KB
memory and a floating point unit. The systems mass storage device is a set of two
5MB RL 01 disks. Auxiliary storage devices include a dual RX 02 disk station and
an analogue magnetic tape recorder. The results can be displayed on video
monitors in two operation theaters. As hard copy output unit we have a Texas
SD 422 video printer and an H-P 7225 digital plotter. Programs run under the
RT11 operating system. During the recording the signals are amplified, filtered
and transmitted to the computer and digitized on a twelve bits resolution.
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Recording on-line and/or off-line can be carried out. Standard sampling
frequency is 100 Hz for SFI-analysis.

Software Description

The SFI program is written on Fortran. Signals are visualized as series of
positive and negative processes. They are defined by two sets of parameter which
are the shape factor (S) and the intensity factor (I). Positive processes of a
continous function is defined to exist only if there are consecutive pairs of local
extreme values that denote local minimums and maximums. Accordingly, negative
processes are defined to exist if consecutive pairs of local extreme values exist. Thus
the shape factor is a variable that is dependent on speed, duration and routes of the
signal processes. Fast changes usually yield high shape factor values. Intensity is
related to signal levels (absolute values as far as 200 microvolts in most cases). The
signal is mapped as dots into positive and negative shape-factor intensity planes.
The dots are viewed as clusters forming various configurations or they occur
outside these as single dots. The method is applicable to all EEG phenomena. It
will be published elsewhere in detail.

Clinical Material

The SFI analysis has been applied to normal subjects and in
connection with surgically treated patients with medically
refractory epilepsy. Temporal lobectomies were performed in 3
patients, hippocampotomy, amygdalotomy and lobectomy in one,
amygdalotomy alone in one, amygdalotomy and hippocampotomy
in two, fornicotomy in two and scar resections in two. All the
patients had extremely severe epilepsy with striking EEG
manifestations. Almost seizure-free results were obtained in 3
patients, a clear decrease of frequency and severity of seizures was
seen In 6 patients and no results in 2 patients.

Description of a patient treated in this way gives the best
impression of the new method used. The first patient to be
described is a 29 years old poultry farmer who had suffered from
temporal epilepsy since her age of 9. Her working capacity was only
sporadic. She had severe and minor fits daily, which defied any kind
of antiepileptic drug treatment. CT and angiograms were normal.
Registration with surface and depth electrodes using 24h
registrations revealed that her right hippocampus was the main
source of epilepsy. To some extent spiking also was generated by
her right amygdala. A right hippocampotomy and amygdalotomy
was carried out on October 1st 1982. Since then she has had only a
few minor fits and her EEG is normalized.

Fig. 1 was obtained by SFI analysis of depth electrode recording
in the hippocampal target. The positive and negative processes are

Advances 6 5
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Fig. 1. Shape-factor intensity map of hippocampal EEG prior to
hippocampotomy. Quantification of 1-minute epoch. High intensity processes
with low shape-factor values are present at lateral margins of map

+
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Fig. 2. Shape-factor intensity map of hippocampal EEG following

hippocampotomy. Quantification of one minute epoch. Dots are fewer and

clustered around hyperbolic structures. Some fast processes are still present at
upper margins of map

loosely grouped around a hyperbolic structure of some asymmetry.
The cluster map represents an epoch of one minute. S-axis yields
speeds and paths of the processes and I-axis signal levels. The dots
are largely scattered around the plot with abundant high level slow
processes of 0.2-0.4 shape factor values. Also very fast processes
above 1 are lined along the upper margine of the plot. Fig. 2 shows
the situation after hippocampotomy. Dots are now fewer and
clustered much more tightly around the hyperbolic structure.
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Discussion

In our opinion the SFI method seems simple and practical. It
should save a lot of encephalographers work in subsequent
operations when experience with the method has accumulated on
large series of patients. The case described is representative of the
findings seen in our small series of 11 patients. Our preliminary
results suggest that this new method yields good pictorial interpret-
ability. Computationally it is rapid and well accessible.
Multifaceted information may be obtained which however still has
to be further worked out by computer processing. Thus exploration
of the vast information embedded in the various statistical
structures will constitute our next efforts. When applied to
localization processes of surface or deep epileptic foci the SFI
method should be very useful. It reduces data to the essentials but
seems to yield very detailed information.
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Stability of Interictal Spike Rate as an Index of Local
Epileptogenicity.
A Study Based on Computer Analysis *

G. F. Rossi!, P. Pola, and M. Scerrati

With 2 Figures

Summary

Automatic analysis of the interictal epileptic potentials recorded with
chronically implanted depth electrodes from 7 patients with partial epilepsies was
performed. The location of the epileptogenic zone was proven by the
disappearance of seizures following its surgical removal. The rate of interictal
spikes from the epileptogenic zone showed the highest stability. The relation
between local level of epileptogenicity and autonomy of spiking across different
physiological and artificially created conditions is stressed.

Keywords: Spike rate stability; stereo-EEG; surgery of epilepsy.

Introduction

Previous personal research based on visual examination of
stereo-EEG records?: 3~ 7 showed that in certain patients the rate of
interictal epileptic potentials recorded from the epileptogenic
zone—i.e. from the brain zone from which the ictal discharge
responsible for the seizure originates—has a peculiar stability or
autonomy. The main purpose of the present study was to see
whether, by utilizing appropriate automatic elaboration of the
stereo-EEG signals, such a phenomenon could be detected in all the
epileptic patients.

* Supported by the Consiglio Nazionale delle Ricerche and Ministero della
Pubblica Istruzione.
1 Tstituto di Neurochirurgia , Universita Cattolica del Sacro Cuore, Largo A.
Gemelli, 8, I-00168 Roma, Italy.
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Material and Method

Seven subjects were analyzed, all of them suffering from severe forms of partial
epilepsy. They were selected because:

1) the integration of clinical, neuroradiological, EEG and stereo-EEG findings
brought to the identification of an unique epileptogenic zone and of its
topographic location!5>7; ii) the surgical removal of such a zone was followed by
the complete suppression of seizures (shortest follow-up: 1 year), thus proving the
correctness of (i) above; (iii) the stereo-EEG recording was protracted for a time
long enough to permit the analysis described below and was stored on tape for
subsequent elaboration. In 5 cases the epileptogenic zone was in the temporal lobe,
in one case it was frontal and in the other one parietal.

The interictal epileptic potentials from most of the explored brain sites (8 to 14
in each patient) were automatically detected according to the method of Lieb
etal.’. The stability, or variability, of the spike rate was evaluated statistically,
either by subdividing the mean rate by its standard deviation (conditions 1 and 3
described below), or by the t-Student test (between mean rate of conditions 1 and
2; see Pola and Rossi*).

The following conditions were considered: 1. a basic situation of relaxed
wakefulness of at least 30 continuative minutes, while the patient was under full
pharmacological medication; 2. 30 minutes of wakefulness after some days of
marked reduction or suppression of any antiepileptic drug (that was possible in 4
patients only); 3. some hours of night recording, covering wakefulness and all the
sleep phases.

Results

1. Basic conditions (relaxed wakefulness). In 6 of the 7 patients
the highest stability of interictal spike rate was that of the
epileptogenic zone. In the 7th case two cerebral sites showed similar
high degree of spike rate stability: one was coincident with the
epileptogenic zone (the left Ammon’s horn), the other one was very
close to it (the left amygdala).

2. Reduction of pharmacological medication. The maximal
stability of spike rate—i.e. the spike rate less affected by the
quantitative variation of the pharmacological antiepileptic
treatment—was that of the epileptogenic zone in all the 4 patients
available for this type of analysis (Fig. 1).

3. Nocturnal sleep. The high level of stability of interictal
discharges recorded from the epileptogenic zone during
wakefulness was maintained throughout the night, during all the
different phases of sleep (Fig. 2). In 6 patients this level was the
highest one; in the remaining patient a level of stability similar to
that of the epileptogenic zone (anterior part of the second temporal
gyrus) was found in a distant region of the same hemisphere (mesial
part of the frontal area 8).
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Fig. 2. Interictal spike rate during sleep (same subject of Fig. 1). The level of spike

rate stability is indicated as in Fig. 1 (mean rate divided by its standard deviation).

The alternation of wakefulness (W) and of the sleep phases (LnREM phases 1 and
2; DnREM phases 3 and 4; REM phase REM) is reported on the bottom

Discussion

From the results obtained it appears that the question posed in
the introduction can be given a positive answer. The peculiar
stability of the rate of the interictal discharges recorded from the
cerebral zone giving rise to the ictal activity responsible for the
seizures is not an occasional finding; it is a common event in partial
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epilepsies. This finding was obtained by the use of automatic
elaboration.

A relation between local level of epileptogenicity and autonomy
of local spiking from internal (e.g. sleep) and external (e.g.
antiepileptic drugs) influences is suggested by the results of our
research. Our preliminary observations are thus confirmed? 57,
The phenomenon seems worth of particular consideration for its
physiopathological implications and for its possible diagnostic
utilization.
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Computerized Analytic Study of Stability of Interictal Spike
Rate *

P. Pola! and G. F. Rossi

With 2 Figures

Summary

Theoretically there are two methods for the analytic definition of the degree of
variability or stability of interictal spike rate, both based on its statistical
properties. The first computes the coefficient of variation of the rate of spikes
recorded during a particular and well defined functional situation; evaluating the
degree of “intrinsic” stability within this situation. The second method computes
the ratio between the mean spike rate of the first of two different considered
situations and the t-Student between their mean spike rate; it provides information
on the “extrinsinc” stability related to the functional variation.

Keywords: Computer analysis; spike rate stability; stereo-EEG.

Introduction

The aim of the present work is to provide an analytical method
to study the behaviour of the interictal spike rate in epilepsy. In
particular, we wanted to reach a definition of variability or
stability. Stability of interictal spikes recorded from a certain zone
can be regarded as an expression of the degree of indipendence from
any type of external or internal influence?.

Schematically we can define two types of stability:

1. “Intrinsic” stability: the stability of spike rate in a relatively
close time during which the functional state of the brain can be

* Supported by the Consiglio Nazionale delle Ricerche and Ministero della
Pubblica Istruzione.

! Istituto di Neurochirurgia, Universita Cattolica del Sacro Cuore, Largo A.
Gemelli, 8, I-00168 Roma, Italy.
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regarded as uniform (e.g. a continuous period of relaxed
wakefulness).

2. “Extrinsic” stability: the stability of spike rate across two
different functional situations (e.g. a period during which the
subject receives full antiepileptic medication and another period of
equal duration after suppression of medication).

Methods

The two following methods estimate these two types of stability of interictal
spike rate stability.

1. “Intrinsic” stability: mean rate of spikes recorded during the considered
uniform functional situation divided by its standard deviation.

2. “Extrinsic” stability: the mean of the rate of spikes recorded during the first
one of the two situations divided by the t-Student between the means of spike
rate of the two situations.

Results

The results of the application of the proposed methods is shown
in Fig. 1 for “intrinsic” stability and in Fig. 2 for “extrinsic”
stability. The region with the highest value of “intrinsic’ stability
(Fig. 1) is usually coincident with the site of origin of the ictal
discharge (dark square). For the explored cerebral structures it is
possible to define a linear regression between the mean spike rate
and “intrinsic” stability of each structure. This can be regarded as a
model for the “intrinsic” stability in the examined patient.

Similarly the cerebral area with the highest “extrinsic’ stability
is coincident-with the epileptogenic zone (Fig. 2, dark square). The
behaviour of spiking from the cerebral region identified as the most
epileptogenic is different as far as “extrinsic’ stability is concerned
from that of spiking recorded from the other cerebral sites (Fig. 2).
A linear regression between the mean spike rate of the first of the
two different functional situations and the t-Student, between the
means of spike rate of the two situations, is found for all the
examined regions but the epileptogenic zone. Also in this case the
linear regression may be regarded as a model for the “extrinsic”
stability.

Conclusions

The proposed methods seem suited to measure the degree of
stability of interictal epileptic spike rate during uniform functional
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conditions (“intrinsic” stability) and during different functional
situations (“extrinsic” stability). From the applications of the
method to epileptic patients it appears that the results of both types
of stability are related to the local level of epileptogenicity (see
Rossi et al. in this issue 1).
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Chronic Burr-Hole ECoG and SEEG in the
Assessment of Surgical Treatment for Epilepsy

J. L. Barcia-Salorio!, P. Roldan, S. Ramos, L. Lopez Gomez,
and J. Broseta

With 2 Figures

Present day surgical treatment of epilepsy is based on the failure
of medical treatment and the localization of epileptic focus. The
most accurate technic is stereo-electro-encephalography (SEEG)
consisting of chronic implantation of deep electrodes by a
stereotactical technique. However the inconvenience of the high
cost and risk of cerebral damage due to the introduction of
necessarily numerous electrodes must be borne in mind.

To avoid this, the authors followed the method outlined below.
In patients who did not respond to any medical treatment, all
possible use was made of conventional EEG. This initial study
allows the determination of cerebral areas of interest which justify a
more detailed study. At a second stage chronic burr-hole cor-
ticography (ECoG) is performed (introduction of cortical
electrodes)!, placing the electrodes to complete the data given by
the scalp-EEG. From these findings it is possible to deduce which
subcortical structures must be explored by deep electrodes to find
the exact limits of the trigger focus.

Material and Methods

A group of 10 patients, 6 of which presented epileptic crises unresponsive to all
treatment and with numerous daily attacks, and another 4 with psychotic epileptic
manifestations were studied by conventional EEG. Evidence of an epileptic focus
was found in the majority. In the second phase, ECoG (Fig. 1a) demonstrated an

! Department of Neurosurgery, Hospital Clinico Universitario, Valencia 10,
Spain.
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epileptic focus not necessarily in the area indicated by the EEG. Electrodes were
introduced by the stereotactic technique, with selection of target and positioning
of electrodes so that the terminals completely covered the suspected trigger area.

The electrodes have an internal guide allowing rigidity on introduction but
flexibility on withdrawal. Although the number of terminals used and the distance
between them was variable, the one most frequently used had 7 contacts each,
separated by 7mm covering a distance of 4.5cm (Fig. 1b).

Fig. 1. Lateral X-ray control of electrodes position for (a) ECoG (b) SEEG

Results

The results are summarized in Table 1. It must be noted that
EEG findings did not always coincide with those of the ECoG,
demonstrating that the latter is much more precise and has a greater
power of localization.

On the other hand, SEEG findings coincided generally with
those of the ECoG, delimiting the trigger focus with high precission

(Fig. 2).
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Finally, surgical treatment confirmed ECoG and SEEG
findings, and an improvement was seen in the condition of these
cases where the focus was extirpated. Extirpation was carried out in
4 cases via lobectomy and peroperative ECoG and SEEG, and in 3
cases of dominant lobe lesions via stereotatic radiosurgery with a
dose of 10 Gy and a 10 mm colimator. The short-term results of
these cases were favorable although, as yet, the short follow-up
does not allow definitive conclusions.
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Tridimensional Biomagnetic Localization of Epileptic Foci

G. B. Ricci', I. Modena?, S. Barbanera?, F. Campitelli3,
and G. L. Romani?

With 3 Figures

Keywords: Magnetoencephalography; focal epilepsies.

The advantages of magnetoencephalography (MEG) with
respect to the EEG in localizing intracerebral sources have been
confirmed by our study on clinical material, namely focal
epilepsies!*2. The results obtained by the MEG in studying evoked
signals, have also shown the capability of this method to exactly
localize 3-dimensionally the sources of such signals. The map of
evoked fields on the skull surface, shows two separate areas where
the signals are higher and of opposite sign, so called “maxima” or
“extrema”. Such a pattern suggests a dipolar source, namely a
“current dipole” in a spherical conductor medium adopted as
model of the head.

If the current dipole model is taken into account, the localiza-
tion is easily obtained, the source being half-way between the two
maxima, at a depth which depends on the distance between the
maxima and on the radius of the sphere which best fits the actual
shape of the skull3.

Measurements of evoked fields follows the methodology of the
evoked potentials with the difference that the magnetic signal
replaces the electric one. The same method applied to spontaneous
MEG signals presents difficulties, in that generally a stimulus or

! Serv. Auton. EEG-Istituto Neurochirurgia, Universita “La Sapienza”,
Roma, Italy.

2 Istituto di Elettronica dello Stato Solido-CNR, Roma, Italy.

3 Supported by grant by Elettronica S. p. A.
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biological signal cannot be utilized as a trigger. It can be assumed
that spontaneous EEG potential, such as sporadic epileptic
potentials, also have a dipolar pattern that allows a tridimensional
localization. As far as instruments are concerned, the ideal solution
is to have a multisensor probe allowing the simultaneous
measurements at many points in the area of interest. This is a

Fig. 1. Grid used for neuromagnetic maps (spacing between point 2 X 2 cm)

technical advance which will be realized in the near future and
which will contribute to our knowledge of the MEG in normal and
pathological conditions. However, having for now only one sensor
available, the alternative is to utilize the EEG signals correlated to
the MEG as trigger and to average the MEG on the different
locations. This is the way indicated by Barth et al.* which we have
followed in several cases of focal epilepsies in which the EEG
showed sustained interictal spiking activity which could be
correlated to the corresponding MEG (Figs. 1,2a). The case
presented is of partial epilepsy with complex psychomotor
symptomatology studied in the Institute of Neurosurgery of the
Rome University, which showed a sustained interictal spiking
activity of high voltage in the right temporal region. The more
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active  EEG derivation was chosen as trigger while the
corresponding MEG was averaged (7-12 repetitions) and
measured sequentially according to a prearranged matrix (2cm
spacing) that included, in this case, 47 points. The results were
plotted as in the case of evoked fields, and the display showed two
points of maxima that suggested a temporal lobe localization at the
depth of 2.5cm (Figs. 2b,3). Even if in this case a proven
anatomical localization did not exist, we can anticipate the
suitability of the methodology for a tridimensional MEG
localisation in other cases with well-localized lesions (calcifications,
paraxytal cyst, etc.). These are extremely important results for
clinical application which is presently limited by having only one
probe. This limitation makes examination very lengthy, requiring 5
to 6 hours for each case, often repeating the sessions after a few days
to check the data. Furthermore a simultaneous display of the MEG
in different point is not available and the isofield maps refer only to
magnetic signals correlated to electric ones.

Despite these limitations, it is clear that the MEG can give us a
static and probably also dynamic tridimensional display of an
intracerebral source. This recommends rapid technological
implementation of the methodology, where we can already forecast
a reconstructive display in the form of slices as in the present CT
scanner.
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Stereotactic Methodology in Epileptic Patients with
Hemispheric Astrocytoma

C. Munari® 2, A. Bonis !’ 2, J. Talairach?, G. Szikla 2,
J. P. Chodkiewicz?, A. Musolino?2, and J. Bancaud!-2

With 3 Figures

Summary

The usefulness of stereo-EEG investigations in epileptic patients with
hemispheric astrocytoma is explored. We will show the results obtained from a 20
year old patient with severe drug resistant epilepsy which began at age 8 years. The
stereo-EEG findings (particularly during spontaneous seizures) show that the
“epileptogenic” zone widely exceeded the limits of the tumoral lesion shown by CT
scan. On the basis of this pre-operative information it is possible not only to
remove the tumor, but also to remove the “epileptogenic™ area, not necessarily
strictly contiguous to the tumor.

Keywords. Epilepsy; astrocytomas; stereo-EEG; epileptic seizures.

Introduction

Recent advances in neurodiagnostic procedures, such as CT
scan, permit an earlier detection of small tumours. In epileptic
patients the desired result would be to simultaneously treat a
tumoral “epileptogenic’ lesion as well as the focal epilepsy. The
stereo-EEG studies!'2°4 show how variable the topographic
relationships may be between a tumor and an “epileptogenic” area.

! Unité 97 de recherches sur I’épilepsie (J. Bancaud) INSERM, 2ter rue
d’Alésia, F-75014 Paris, France.

2 Service de Neurochirurgie B (J. P. Chodkiewicz), Hopital Sainte Anne,
1 rue Cabanis, F-75014 Paris, France.
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Fig. 1

Patients and Methods

In forty patients with epilepsy and hemispheric astrocytoma, we performed a
stereo-EEG exploration with the twofold aim of defining the limits of the tumor
and the origin of the seizures. The neurologic, EEG and neuroradiological data
characterizing these patients cannot be reported here 3. We wish only to emphasize
that these patients were young adults (10 to 44 years, mean: 25 years) and that
epilepsy was, in most of them, the major clinical problem (mean duration of more
than 5 years).

Case Report

The patient was a twenty year old man with severe drug-resistant epilepsy which
began at age 8 years. This epilepsy had been classified for many years among
“primary generalized epilepsies”. A schema of ventricular structures, of the tumoral
lesion (reconstructed from the CT-scan data), and of the lateral position
of the electrodes is represented in Table 1. Figs. 1 and 2 show stereo-EEG findings
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Fig.2

in the tumor and other cortical regions: areas of very depressed electrical activity
(X' 1—X'2—Y"2), of slow waves (X'3—F’2) of no altered back-ground activity
(M'1—M’2), and of rapid diffused spikes from almost all of the electrodes,
including Y’ and X'. Fig. 3 shows a seizure starting on the electrodes Y’ 1—F' 1—
X' 1—X’ 3—8'4—0' 1—R’ 2. A few seconds later the ictal discharge affects all the
electrodes and is visible on the scalp (bilateral spike and waves).

Discussion

The use of stereo-EEG to better define the extent of a small
brain tumor is generally admitted* °. In our experience the aid
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Fig.3

afforded by this methodological approach is indispensable in
patients with epilepsy and slow growing tumors, especially
astrocytoma. Some authors claim that epilepsy is a reliable
prognostic factor in such patients’; a previous stereo-EEG study,
however, could improve their prognosis. The neurosurgeon may
program his intervention®, with millimetric precision, before
entering the operating theater, knowing: a) the topographic extent
of the tumoral lesion and of the epileptogenic area; b) the
anatomical modifications induced by the tumor; c) the exact
topography of cerebral vessels to be preserved. Using these
preoperative information it is possible to achieve: a) as complete a
removal of the tumor as possible; b) resection of an epileptogenic
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area not necessarily contiguous to the tumor; c) preservation of
cerebral vessels near this area, which supply functionally
important areas even those at a distance from the site of the
intervention8.
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Depth Recording and Neuropathological Aspects in
Symptomatic Tumoral and Non Tumoral Epilepsy

G. Broggi!, A. Franzini!, C. Giorgi!, R. Spreafico?,
and G. Avanzini?

With 1 Figure

Summary

Depth EEG recordings have been performed during brain biopsy in 20
epileptic patients with hemispheric deep C.T. scan hypodense lesion. In spite of
their epileptic symptomatology, only 3 patients showed “epileptiform” EEG
abnormalities at the preoperative scalp EEG recording. In all cases a consistent
depression or absence of electrical activity was recorded in correspondence of the
“core” of the hypodense lesion. Epileptiform EEG activity was found in 80% of
the patients in an area surrounding the electrical silent “core”. In no cases this
activity reached the surface of the brain (as shown by the scalp EEG recording)
except when activation with pentothal was performed.

Keywords: Cerebral tumors; epilepsy; stereo-EEG; stereo-biopsy.

Material and Methods

The present work refers to our experience of deep EEG recording during brain
biopsy, on 20 epileptic patients with hypodense lesion in the C.T. scan (Tab. 1). All
patients (11 males and 9 females, aged between 12 and 58 years) presented with
epileptic seizures as the first and in most cases (14/20) as the only symptom of a
brain lesion.

The onset of epileptic symptoms varied from 6 months to 15 years before the
C.T. scan demonstrated a hypodense deep lying lesion in one of the brain
hemispheres. The site of the lesion was temporal in 8/20 cases, frontal in 2/20,
parietal in 2/20, fronto-temporal in 4/20, fronto-parietal and temporo-parietal in

! Department of Neurosurgery and 2 Department of Neurophysiology,
Istituto Neurologico “C. Besta”, Via Celoria N. 11, 1-20133 Milano, Italy.

Advances 6 7



98 G. Broggi etal.:

Table 1

No. Name Age Sex  Seizures Scalp Neurological
EEG deficits

1. A.G. 41 M P.C/GEN. F.S.W. —

2 A.P. 47 M P.E. F.SSW. —

3 B.G. 48 M P.C. AA. —

4 B.P.L. 28 M P.E. F.SW. —

5 C.G. 21 M GEN. F.S.W. right hemiparesis

6 CM. 45 M P.C./GEN. normal —

7 CM. 36 F P.C./GEN. A.A. -

8 C.C. 58 M P.C. A A —

9 D.C.T. 53 F P.C/GEN. A.A. -

10 F.S. 38 M P.C. F.SW. —

11 G.E. 42 M P.C/GEN. F.S.W. —

12 M.S. 43 F P.E. F.S.W. right hemiplegia

13 M.A. 16 F P.E/P.C. E.A. right hemiparesis

14 M.L. 40 F P.C./GEN. E.A. -

15 M.G. 13 F P.E. F.S.W. right hemiparesis

16 P.E. 12 F P.C. E.A. -

17 P.T. 18 M P.E/GEN. F.S.W. —

18 P.M. 40 F P.E. normal left hemiparesis

19 R.G. 38 M GEN. F.SSW. —

20 S.A. 53 F P.E. F.S.W. right hemiparesis

P.C. = Partial complex seizures; P.E. = Partial seizures with elementary

symptomatology; GEN. = Generalized seizures; A.A. = Aspecific abnorm-

two cases respectively (Tab. 2). In the majority of patients the lesion was in the left
hemisphere (15/20).

The preoperative EEG from the scalp was normal in 2 patients, while focal
slow waves (theta and/or delta) were found in the majority of patients (11/20).
Only 3 patients showed “epileptiform” EEG abnormalities (spikes or sharp waves)
while the remaining patients only non specific and diffuse EEG abnormalities were
present (Tab. 2).

All the patients had fits, mostly partial (either elementary or with complex
symptomatology) with or without secondary generalization. Only two patients
had generalized seizures without clinical symptoms of focal onset.

The intra-operative scalp EEG was generally similar to the pre-operative EEG
except for the presence of fast activity and slow waves due to the anesthesia. Under
general anesthesia the scalp EEG even in 3 patients with epileptic abnormalities on
the pre-operative EEG did not show an obvious epileptiform pattern.



Depth Recording in Tumoral and Non Tumoral Epilepsy 99

Table 1
Site of Side of Neuropathology Anesthesia
lesion lesion
T. L. P. Encef. Gliosis AL.
F.-T. R. Astrocyt. I-1I AL.
T. R. Gliosis F.
P.POST. L. P. Encef. Gliosis AL.+F.
T. L. Astrocyt. I-I F.
T.P. L. Astrocyt. 111 AL. +F.
T. L. Astrocyt. 111 F.
T. R. Astrocyt. I-1I local
F. L. P. Encef. Gliosis F
T. L. Astrocyt. I-1 AL
F.-T. R. Astrocyt. III F
F.-P. L. Astrocyt. I-I F.
T.-P. L. Astrocyt. I-I F.
F. L. Ang. Cav. F
T. L. Astrocyt. I-I1 F
F.-T. L. P. Encef. Gliosis F
T. R. P. Encef. Gliosis F
F.-P. R. P. Encef. Gliosis F.
F.-T. L. Astrocyt. Gen. (III) AL.+F.
P. L. Astrocyt. 111 local
alities; E.A. = Epileptic abnormalities; F.S.W. = Focal slow waves; T. =

Temporal; F = Frontal; P = Parietal; Al. = Althesin; F. = Fluotane.

The stereotactic surgery was performed with a Riechert frame. After a three-
dimensional mathematical reconstruction of the C.T. images, the impedance,
EEG depth recording and bioptic trajectory were chosen in order to explore the
lesion in its major extension?3.

The depth EEG recording was performed by a single multicontact (15
contacts) electrode which was inserted before the biopsy. The later was performed
on the same trajectory. The procedure allowed the sampling of brain tissue in the
volume corresponding to the defined hypodense areas i.e., particularly, where low
or no electrical activity were recorded. The position of recording electrode was also
always controlled radiologically. Neuropathological examination of tissue
samples demonstrated in 8/20 patients astrocytomas I-II, astrocytomas III in 4
patients (W.H.O. classifiction)®. In 6 patients the neuropathological diagnosis
was post encephalitis gliosis. In one case an aspecific gliosis was present while in
another case a cavernous angioma was found.

7*
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Site of Lesion
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Graphic representations of the series of patients which underwent depth

recording and serial stereotactic biopsy. The clinical, neuropathological and EEG
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percentage of patients in different subgroups are indicated within and outside the
histograms respectively.
Post-Enc: Postencephalitic.

P.S./Gen: Partial complex seizures with secondary generalization.
P.S./Gen: Partial sensory seizures with secondary generalization.

Abn: abnormalities.
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Results

In all the cases consistent depression or absent electrical activity
has found during depth EEG recording. Moreover, absence of
electric activity was found in most of the hypodense lesions, in
which the histopathological examination revealed glial tumors. In
patients whose lesion was diagnosed as post-encephalitic gliosis,
intra-lesional electric activity was recorded although with very low

Ve TNV AP

DEPTH EEG

Fig. 1. 1-2-3-4 depth EEG recording. The tip of the electrode (/ and 2) is into the

“core” of the hypodense lesion, while the other derivations are in the surrounding

tissue. Note that spikes of highest voltage are in 3rd contact close to the “‘core” of

low voltage. In the simultaneous scalp EEG recording no epileptiform activity is

clearly visible demonstrating that in these conditions the epileptiform discharge
did not reach the cortex

voltage as compared to the surrounding tissue. In most cases this
reduction or absence of EEG activity was present for no more than
2 contacts (i.e. 4-8 mm). This finding is in agreement with previous
reports which confirm the utility of depth EEG recording to control
the stereotactically estimated target and for most cases for
preliminary estimation of the volume and nature of the lesion?’ 8.

In 80% of patients epileptiform EEG activity was found during
depth recording. This activity (predominantly spikes) always had
maximum voltage in one of the contacts to the lowest electrical
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activity (lesional area). Spikes were generally present also in the
lesional zone but with lower voltage when compared to the
surrounding area, probably due to the spreading of discharge into
an “inactive core” (Fig. 1). The presence of maximum voltage
epileptiform activity at one point only close to the “inactive core” is
explained by the following hypothesis:

1. The entire hypodense lesion detected by C.T. scan cannot be
considered the “neoplasm”. Only a “core” of proliferative tissue is
active and this “core” is generally very small when compared with
the radiologically defined lesion.

2. Although this data was not a stereo-EEG-graphy the
presence of epileptiform EEG activity in only one side of the lesion
and not its opposite area (detected with the other “contact” along
the linear trajectory of the electrode) suggests that not all areas
“surrounding” the ‘“‘core” of the lesion can be considered
epileptogenic. This epileptogenic area is probably pathologic brain
tissue still harbouring neurons able to discharge pathologically.

The epileptiform depth discharge usually did not reach the
surface of the cortex, at least during our recordings (Fig. 1) with the
exception when “activation” with pentothal was performed®.

Unidirectional depth recording appears to be advantageous in
defining the strategy of biopsy. The mechanism, however, of
epileptic discharge diffusion should be studied performing multi-
electrode stereo-EEG exploration 7.
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Positron Emission Tomographic Studies in Focal Epilepsy

B. A. Meyerson!, L. Widén?2, T. Greitz3, G. Blomquist?,
and E. Ehrin*

With 1 Figure

Summary

Eight patients with various forms of focal epilepsy were examined with
positron emission tomography (PET) for the study of cerebral glucose metabo-
lism. A 4-rings (7 slices) positron camera was used. Photosynthetically produced
C-11 glucose was employed as a tracer for the analysis of the energy metabolic
pattern. All patients underwent X-ray CT examinations. With a specially designed
fixation device the head could be aligned in a reproducable position so that
identical sections could be studied with PET and CT. Coordinates for stereotactic
localization of targets for surgery or electrode implantation could be directly
determined on the images obtained from both types of examinations. As a rule,
interictal EEG abnormalities corresponded to areas of reduced glucose uptake. In
a few cases there was a perfect spatial correspondence between focal EEG changes
and the presence of a well localized zone of hypometabolism. Some observations
suggest that interictal epileptogenic activity may be associated also with
hypermetabolism. Data obtained with PET appear to be particularly useful for the
guidance of surgical treatment of epilepsy.

Keywords: Positron emission tomography; epilepsy; glucose metabolism.

Introduction

The possibility of visualizing the regional pattern of biochemical
and physiological functions in the live brain with the aid of positron
emission tomography (PET) is a great achievement in modern

Departments of ! Neurosurgery, 2Neurophysiology, 3 Neuroradiology,
Karolinska Hospital, * Karolinska Pharmacy, S-10401 Stockholm 60, Sweden.
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neuroscience. Hitherto this technique has been applied mainly in
basic science-oriented reasearch concerned with the study of
cerebral metabolism and blood flow# 11713 One of the few
applications of PET which has proven to be of considerable
practical value is for the study of epilepsy in patients who may be
subjected to surgical treatment. In a series of papers it has been
convincingly demonstrated that PET can provide valuable
information about the site and extent of regions which may have
epileptogenic properties®~8. Thus, the PET data may serve to
guide subsequent surgical procedures. As a rule, the tactics in
epilepsy surgery is based on the clinical characters of the seizures
(e.g. temporal lobe epilepsy) and on the regional abnormalities of
the surface EEG. Exploration of deep structures in an attempt to
detect epileptogenic “foci” and other changes correlated to the
clinical epileptic manifestations are often done with depth
recordings via temporarily implanted electrodes. The selection of
targets for implantation is often somewhat arbitrary though
generally including certain regions known to have a high likelihood
of being epileptogenic, for example the amygdala and the
hippocampus. Often, this approach has the feature of “‘hit or miss”.
The new imaging techniques such as computerized tomography
(CT) has been used in this context for the visualization of
morphological pathology which may be of possible significance for
the epileptogenic manifestations. For example, the epileptic
symtoms may be due to a tumour which is strategically located but
too small to give other clinical signs. However, it has been claimed
that the chance of detecting a primary epileptotogenic lesion with
CT is not more than about 10% compared to almost 100% with the
use of PET. Systematic studies of the potentialities of nuclear
magnetic resonance (NMR) in this context are not yet available.

In the study of epilepsy, PET has been employed mainly for the
demonstration of local changes of glucose metabolism and blood
flow, although the method permits the mapping of many other
functional characteristics (protein metabolism, distribution of
transmittors and other biologically active substances etc.). The
relationships between epileptogenic electrical activity recorded
both by surface and depth electrodes and the changes of glucose
metabolism have been described in detail® ~ 8. Animportant finding
seems to be that interictal abnormal activity is consistently associated
with hypometabolism whereas seizure activity apparently corresponds
to local hypermetabolism®.

This is a report of our preliminary experiences with the use of
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PET in a small number of patients with epilepsy originating from
different portions of the brain and with variable clinical
characteristics. A method of head fixation enables imaging of
identical and reproducable brain sections with PET and CT.
Furthermore, both types of tomography are integrated with a
stereotactic system so that the coordinates for a surgical target
visible on CT or PET images can be directly determined.

Material and Methods

Eight patients have been studied and in six the examination was performed
with the aim to provide further information for the decision whether surgical
treatment would be advisable. One patient was examined because a routine EEG
disclosed focal epileptogenic activity, an other as part of a general
neuroradiological study of a cerebral infarction associated with epileptogenic
EEG activity. Five of the patients were classified as having temporal lobe epilepsy
and one suffered from Grand Mal seizures only.

In all patients the PET-examination was supplemented by a CT-scanning, and
in all but one the head was positioned in a glass fiber mould and fixed to the table
of the scanner?2.

Three of the patients were examined while their regular antiepileptic
medication had been stopped since two or three days. Surface EEG was
continuously monitored during the scanning.

The positron camera consists of four detector rings with 96 BGO detectors per
ring (details, see!®). Coincidences are simultaneously recorded withing the rings
and between adjacent rings which permit the examination of the activity
distribution from seven sections, 13 mm thick. The spatial resolution of the camera
is 8 mm.

Allthe PET-examinations were performed for the study of glucose metabolism
using C-11. The isotope was produced by a 16 MeV cyclotrone installed in close
proximity to the tomograph. Incorporation of the carbon isotope in glucose was
achieved by a photosynthetic process in cultured algaes.

The examination started at the same time as the 300-600 MBq C-11 glucose
activity was injected i.v. Eighteen sets of data were sequentially measured, six with
ameasurement time of 20 seconds, six with 40 seconds and the remaining six with a
measurement time of 180 seconds, giving a total examination time of 24 minutes.
The reason for the dynamic mode of data recording was to fit the C-11 glucose
uptake to a metabolic modell currently being developed. Venous blood samples
were drawn during the examination to be used as the input function in the
metabolic compartment analysis (in preparation). However, in the present work
all data sets were added together, corrected for random and scattered
coincidences?, and reconstructed. In the image reconstruction the absorption
correction was obtained with a special edge finding algorithm, described by
Bergstrom et al.3.

A computer program is available for quantitative measurements of the content
of glucose and its metabolites in any chosen region of interest.
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Results

In all patients the regional pattern of the glucose metabolism
differed between the two cerebral hemispheres in at least one or two
of the PET images. These differences, which were most conspicuous
when displayed in colour, generally appeared as local zones of low
activity, interpreted as representing hypometabolism. In a few cases
there were signs suggesting focal hypermetabolism. In general,
there was some correspondence between the regional PET changes
and the characteristics of the surface EEG, but often the EEG
abnormalities were more diffusely distributed than would be
expected from the relatively well localized areas of
hypometabolism. For example, in one patient with a long history of
temporal lobe epilepsy the EEG showed widely spread episodes of
epileptogenic activity in the right hemisphere being most prominent
in the temporal lobe region, and there was also concomitant
pathological activity in the left hemisphere. The PET examination
demonstrated marked hypometabolism in the right temporal lobe
only. The CT-scan in this case was found to be normal.

An other case may illustrate that the relationship between the
PET-scans and surface EEG may be much more complex. In that
patient, who had temporal lobe epilepsy and occasional Grand Mal
seizures, epileptogenic EEG activity was seen in the right fronto-
temporal region but was occasionally present also in the left
temporal leads. In the CT-scan an area of low attenuation was
visible in the left posterior temporal region. PET-examinations
were performed twice, five months apart. At the first examination
there was a low glucose uptake approximately corresponding to the
CT abnormality. On the second occasion this zone of hypometabo-
lism was much less obvious and there was now a similar change seen
instead on the right side. Besides, there were indications of
hypermetabolism in the right frontal region.

In some other patients the correspondence between the EEG
pathology and the presence of hypometabolism was more obvious.
The recordings in Fig. 1 were derived from a patient who had had a
few episodes of visual blurring and nausea, initially interpreted as
migraine attacks. The left occipital lead showed continuous
epileptogenic spiking which apparently was confined to this region.
The CT-scan was normal but in one section from the PET-
examination a small and well circumscribed area of hypometabo-
lism could be detected in the left occipital region (Fig. 1).

Another patient had a long history of Grand Mal seizures and
the EEG abnormalities were predominant in the right parietal
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Fig. 1. Above: Surface EEG recorded from a patient with episodes of visual

blurring and nausea, initially interpreted as migraine (4V average electrode).

Below: PET-examination of the same patient showing all the seven sections (left)

and (right) a blow-up of the section with a zone of glucose hypometabolism in the
left occipital lobe (arrows)
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region but present also in the frontal leads. In the CT-images a right
parieto-occipital, superficial area with CSF attenuation could be
seen. The corresponding PET-scans showed that this defect of the
brain tissue was surrounded by a fringe of low glucose uptake.

In no case was a clinical seizure observed during the PET-
examination but at one occasion could an epileptic discharge be
recorded during about six minutes. However, it is less probable that
this shortlasting event significantly influenced the “mapping” of
the cerebral metabolism as the scanning time totals about 25
minutes. This is presumably the reason why also in this case the
usual pattern of interictal hypometabolism was present. The
patient had had a large infarction of the middle cerebral artery
producing regions of low attenuation in several of the CT images.
The PET-examination revealed a very extensive hypometabolism
comprising the larger part of the entire hemisphere and these
changes were actually more extensive than what would have been
expected from the morphological image obtained from the CT-
examination. The PET-images obtained from this patient also
showed that the cerebellar hemisphere opposite to the infarcted side
was markedly hypometabolic. It is tempting to assume that this
reduction of metabolism has some relationship to the contralateral,
partially infarcted frontal lobe, and may be due to a reduction of
activity in fronto-cerebellar pathways. This phenomenon is
generally referred to as diaschisis. Secundary changes of
metabolism may provide information and further understanding of
the functional relationships between different regions of the brain.
This may be demonstrated in patients who have undergone
stereotactic psychiatric surgery. This operation implies a
destruction of well defined pathways and may lead to
hypometabolism in interconnected regions (to be published).

The integration of stereotaxis with the PET-technique gives the
possibility to select targets for electrode implantation on the basis
of the regional pattern of metabolic changes reflecting interictal
epileptogenic foci or zones. It has been claimed that there is a strict
correlation between interictal epileptogenesis and hypometabolism
but observations on one patient in the present material suggest that
also hypermetabolism may occasionally be associated with such
activity. In that particular patient who suffered from severe
temporal lobe epilepsy the PET-examination revealed the presence
of both hypo- and hypermetabolic zones in the temporal lobe. On
the basis of these findings electrodes were implanted in both types
of regions the locations of which were stereotactically determined
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directly from the PET-images. It was found that epileptogenic
activity could be recorded also from a hypermetabolic region, from
where it was later possible at three different occasions to record
epileptogenic discharges associated with clinical seizures. Results
from an examination of one of the other patients also suggest that
epileptogenic interictal activity may exceptionally correspond to a
zone with hyper- rather than with hypometabolism. However,
these observations warrant further investigations for definite
confirmation.

Comments

No doubt, PET has proven to be a most valuable tool in the
study of epilepsy since it provides the opportunity to map in detail
regional abnormalities of functions which may be closely linked to
epileptogenesis. So far, only the metabolism of glucose and cerebral
blood flow have been studied in this context but it is conceivable
that other aspects of central nervous function may be found to be
more specifically related to epilepsy. Of paramount interest is the
possibility to use information derived from a physiological and
biochemical mapping of the brain as a guide for surgical treatment.
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Influence of Pregnane Derivates on Metabolism of the Brain
and Epileptic Activity in Man

P. Nadvornik !, M. Lassanova, D. Homerova, T. Tursky,
and M. Sramka

With 3 Figures

Summary

Clinical and electrophysiological studies show an epileptogenic effect of the
pregnan derivates of Althesin in man. The archicortical structures seem the firsts
to be affected. Biochemical investigations suggest that the effect is related to the
action of the drug on metabolism of glial cells.

Keywords: Epilepsy; pregnan derivates; glial metabolism.

A mixture of pregnandionin and pregnanacetate (3:1) is used
intravenously as a short-term or pre-anaesthetic drug (Althesin) in
dosages up to 100mg. It differs from other anaesthetics in that
pregnan is a physiological chemical component of the human body
from which e.g. the female sex hormone progesterone and the
adrenocortical steroids are derived. It has then a chemical
innocuous structure in comparison with toxic anaesthetics.

Electrophysiological Study

In our neurosurgical clinic we began to use Althesin in 1973.
During stereotactic surgery for cerebral palsy, we were surprised
with Althesin’s influence on the electrical activity of the brain. The
initial record was unusually changed, reminiscent of epileptic
discharges. With further experience with Althesin, we directed
attention to these changes in literature® 5-¢ and later used a small

1 Medical School of Comenius University, Bratislava, CSSR.
Advances 6 8
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quantity of this substance for epileptics. In the EEG record at once
a disorder quite characteristic for epilepsy was evoked. Later we
made clinical tests also with patients, in whom we introduced
chronic electrodes for stimulation therapy of epilepsy. Our aim was
to investigate how Althesin influences the activity of deep brain
structures before scalp EEG records were affected. Long-term
observations were made on 4 patients. Simultaneous EEGs from
the scalp, amygdala, hippocampus and the caudatum revealed that
small Althesin doses activate pathologic activity of the
hippocampus and shortly thereafter of the cerebral cortex. We have
confirmed this with another patient. Evidently the archicortical
structures of the brain reacts more sensitively than the neocortex.

We introduced electrodes into the oldest paleocortical formations
of the brain, fundus striae terminalis, belonging to the septum
pellucidum system which is functionally connected to the amygdala.
At a dosage of 20 mg, paleocortex was activated immediately and
together also the amygdala-hippocampus complex (Fig. 1). When
we used a dosage of 70 mg the response was so strong, that a clinical
seizure took place. Therefore we used only a dosage of 2mg,
enough to influence the paleocortical system close to the caudate
nucleus head (caput nuclei caudati).

We are convinced that we have a very interesting substance. It is
common experience, that at puberty or at the menstrual cycle, when
the level of sex hormones is rising, epileptic seizures take place often
for the first time or they increase.

Biochemical Study

In experiments with slices of cerebral cortex we observed the
influence of Althesin on the level of GABA and other amino-acids
on the conversion of glucose, acetate and citrate into aminoacids.
Glutamic acid, glutamine and GABA and further asparatic acid are
produced in the brain from oxidised substrates during the Krebs
cycle. The conversion of glucose into these aminoacids takes place
especially in the neurones, the conversions of acetate and citrate
take place in two compartments of glial cells!2. We also dated the
influence of Althesin on the carbondioxide-formation and the
incorporation of carbons from the mentioned substrates into
proteins and lipids. We used substrate labelled 14 C and express our
results in mols of carbon, obtained from glucose, acetate and citrate
after 20 minutes of slices incubation.

In the presence of Althesin (43-860 umols/1) in the incubation
media the level of GABA in the slices increased to 130-170%.
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TOTAL AMINO ACIDS

GLUTAMATE
Py 183,1 nmol C 53,8nmol C
o1 2323 /9 t8,4 /g
100+ I FIT
50~
100 61 90 110 100 49 -
CONTR 340 170 86 CONTR 340 170
ALTHESIN jimol/) ALTHESIN pmol/,
GABA GLUTAMINE
% | 8,4 nmol (/g 121 amol (/g

1,9 '} +29,5

1004

50
100 65 15 100 56 84

CONTR 340 170 CONTR 340 170
AI.THESINJAmoI/' ALTHESIN pmol/l

Fig. 2. Glial compartment 1. Incorporation of carbon from the acetate into amino
acids. Control = 100% + SD (nmol C/g wet tissue)

Althesin neither influenced the glutamate decarboxylase nor the
GABA transaminase, neither did it influence high or low affinite
GABA receptors. In a smaller range it inhibited succinic
semialdehyde dehydrogenase, which could be the cause of GABA
increase.

The incorporation of carbon atoms from glucose into
aminoacids, by which as much as 70 percent glucose oxidised in the
brain is removed, is localised in the neuronal cells. It was increased
together with formation of carbon-dioxide; the incorporation into
GABA was particularly notable; on the other hand, the
incorporation into glutamin was reduced, provided that high
concentration of Althesin were used (340 pmol/1).
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Fig. 3. Glial compartment 2. Incorporation of carbon from the citrate into amino
acids. Control = 100% =+ SD (nmol C/g wet tissue)

The incorporation of carbon atoms from acetate and citrate into
aminoacids takes place in two compartments of the glial cells.
Althesin, at concentrations at which it was increasing the
conversion of glucose into aminoacids, reduced the conversion of
acetate and citrate into aminoacids (Figs. 2 and 3); at the same time
the incorporation of carbon atoms into GABA was reduced least.
But from carbon atoms incorporated from citrate, GABA gets only
1 percent and 2 percent from acetate, while from carbon atoms, that
form aminoacids from glucose, GABA forms 10 percent.

Althesin substantially differs from other anaesthetics. It
supports the formation of carbon atoms from oxidised substrates
into neuronal and glial aminoacids, in contrast to phenobarbital
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which slows the formation down#*. The influence of Althesin on the
formation of carbon atoms from glucose, acetate and citrate into
proteins and lipids is similarly different.

The formation of all three substrates were reduced with the
exception of the lowest concentrations of Althesin. The different
action of Althesin, especially on the metabolism of glial cells, which
it suppresses, could be a partial explanation of its excitant side
effect, in contrast to other anaesthetics.

Conclusions

Pregnan derivates in Althesin produces a remarkable
epileptogenic effect. Changes begin in the paleocortical structures
of the brain but soon extend into archicortex and neocortex. A
biochemical study proved that pregnan derivates interfere with the
metabolism of glial cells and neuronal cells. Pregnan derivates limit
the entrance of energetic substances into single aminoacids in glial
cells upon which the metabolism of neurons depends.
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Ceorrelations Between rCBF and Cemputerized EEG in
Temporal Lobe Epilepsy

G. Rosadini!, G. Rodriguez!, W. G. Sannita!, and F. Arvigo!

With | Figure

Summary

Interictal rCBF and quantitative EEG were assessed in 20 epileptic patients
with partial seizures with complex symptomatology and a prominent EEG focus
of left temporal areas.

1. Hemispheric rCBF values did not differ from controls. 2. An area including
5 probes and corresponding to the scalp projection of the left temporal lobe
showed in epileptic patients a significant decrement in rCBF. 3. A consistent
asymmetry of the EEG profiles recorded from temporal areas, notably a left
predominance in low and fast frequency activities and a right prevalence of alpha
activity was also observed.

Keywords: Temporal epilepsy; rCBF; computerized EEG.

Introduction

Regional cerebral blood flow (rCBF) determinations can be
useful in the identification of brain regions responsible for, or
involved in epileptic seizures. However, the findings reported thus
far are comparable only in part!:2:4.

This paper reports a significant reduction of the rCBF in the
temporal lobe of epileptic patients with a prominent EEG focus in
the same area.

Material and Method

20 patients with temporal lobe epilepsy (11 males, 9 females; age: 47.1 years +
16.4) were studied. 13 patients had only partial seizures with complex

! Institute of Neurophysiology, University, and Center of Cerebral Neuro-
physiology, National Council of Research, Genova, Italy.
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symptomatology, while generalized convulsions were associated in the others. The
average time since onset of seizures was 13.1 years + 11.2, with frequency of
occurrence ranging from 1 per year to 2 per month approximately. Neurological or
psychiatric deficits could not be assessed clinically in any patient;
neuroradiological findings were indifferent with respect to epilepsy or cerebral
circulation (CT in 8 cases). All patients were under treatment, with good control of
seizures: 9 were in single-drug; 11 in poly-drug therapy (phenobarbital, 13 cases;
carbamazepine 11 cases; diphenylhydantoin, 6 cases). The drug plasma
concentration was in all cases within the therapeutic range.

The EEG tracing of one patient was borderline. EEG abnormalities (spikes,
slow waves, or combined patterns) were detected in the other patients’ tracings
upon visual inspection; the amount of abnormalities was always limited. A
predominant left temporal focus was identified in all patients; a contralateral
temporal focus or multiple foci were associated in 10 cases. The EEG pattern had
been steady during the last year in 9 patients, while it had been varying in 11 cases.

Interictal rCBF was assessed by the 133 Xenon inhalation method (32 probes;
Harshow Tasc 5 system); patients were normocapnic during the examination. The
initial slope index (ISI) was derived for each probe, and values relative to the
global hemispheres were computed for each subject®. The mean values across
subjects were computed for each probe, as well as for the single hemispheres and
temporal areas. In addition, each probe was compared with the corresponding
mean hemispheric values (intra-hemispheric comparison), as well as with the
homologous contralateral probe (inter-hemispheric comparison); only the
differences above 10% were considered. Twenty healthy subjects, matched for age,
were the controls.

EEG was recorded in standard conditions in concomitance with rCBF and
quantified off-line by power spectral analysis (PDP 11/34 A System). For each
subject the means were computed for the signal amplitude, its coefficient of
variability and the relative power in pre-determined spectral segments (0.5-4.0;
4.5-8.0; 8.5-12.0; 12.5-16.0; 16.5-20.0; above 20.5Hz).

The left-right differences were computed for each parameter and each patient
and averaged across subjects.

Results

1. The epileptic patients did not differ from controls in the
across-subject mean rCBF values.

2. One or more probes with rCBF values lower than the
homologous contralateral probe were detected in all epileptic
patients. The topographic distributions of the probes with reduced
rCBF was uneven; the incidence was significantly higher (CHI 2;
p <0.01) in probes 8, 9, 13, 14, 15 of the left hemisphere (Fig. 1).
The mean rCBF of the area including these probes was significantly
lower in epiletic patients than in the controls (t-test; p < 0.01).

3. Statistically significant asymmetries (Wilcoxon’s test;
p <0.05 to p<0.01) were observed in the patients’ EEG power
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spectral profiles of the two temporal leads. The power of the low
activity (0.5-4.0 Hz) and of the fast frequency components (above
16.5 Hz) and the coefficient of variability were predominant on the
left side, while the power on the alpha range was preponderant on
the right.

Fig. 1. Inter-hemispheric comparison in epileptics. The black points represent for
all the patients the times in which a single probe was reduced more than 10% in
comparison with the contralateral one. See also text

Conclusions

1. The antiepileptic compounds administered in this study at
therapeutic doses do not affect the hemispheric flow significantly.

2. In interictal periods, a significant reduction in rCBF is
evident on the affected temporal area and neighbouring regions of
epileptic patients with isolated or predominant, moderately active
EEG temporal focus, as compared to healthy controls. An
increment in the same area of EEG low and fast frequency activities
and a decrement in the alpha activity are associated.
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Study of the Role of Defence Mechanisms in Patients with
Epilepsy to the Purpose of Neurosurgical Treatment and
Rehabilitation

L. Pinkus!, L. Provenzano!, A. Bertola!, L. Antinori?,
and G. Colicchio?

Keywords: Defence mechanisms; psychology.

Introduction

In the construction of one’s identity, the bodily image is the
fundamental factor in the passage from non-differentiation of the
new-born child to the linked differentiation of his evolution. The
epileptic seizures constitute a “lesional” event for the patient’s
identity, who reacts with the tendency of splitting his sense of
identity in: (a) bodily identity, (b) psychic identity#. The defence
mechanisms that modulate the psychic evolution produce in the
epileptic patients a peculiar pattern in order to controle that very
tendency toward self-division.

Our study takes into consideration the defence mechanisms of
repression and isolation.

Repression: removal from the sphere of consciousness of certain
events experienced.

Isolation: tendency to separate the experiences from the
emotions that they evoke.

Subjects and Methods

40 patients (20 males, average age 26 years; 20 females average age 26 years;
range of age 15 to 40) suffering from partial epileptic seizures with elementary or
complex symptomatology, were submitted to tests during a diagnostic procedure
with a view to surgical treatment 3.

' Dipartimento di Psicologia, Universitd “La Sapienza”, Roma, Italy.
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An homologous control group of healthy subjects was set up. The two groups
were submitted to Rorschach’s test; the evaluation was made (a) for repression:
Rorschach’s Index of Repressive Style, R.I.R.S.3, total R and extent of
contents® (b) for isolation: Isolation’s Index!, Form responses (F%) and
Accurate form responses (F + %)¢.

Results and Discussion

The epileptic group shows signs of repression more severe than
those of the control group (Table 1). We believe that their
repression operates to protecte the patient’s sense of his own
identity from the self division brought on by the seizure.

Table 1. Repression

Index Females Males

R.L.R.S. E.G. x=1.63 E.G.x=1.80
C.G.x=232 C.G.x=248
significant at P < 0.001 not significant

Total R E.G. x = 13.95 E.G.x=18.5
C.G.x=2525 C.G.x=20.7
significant at P < 0.001 not significant

Extent of E.G.x= 55 E.G.x=4.15

contents C.G.x=10.8 C.G.x=8.35
significant at P < 0.001 significant at P <0.001

U (Mann-Withney); E. G. = Epileptic Group; C.G. = Control Group.

In the epileptic group, unlike the control group, the mechanisms
of isolation is more often defeated (Table 2). This comes from the
patient’s need to separate the Ego from the mental image of his own
body—an effort which fails.

Therefore the patient:

— loads on the doctor his needs for security and for a
confirmation of his self;

— loads on the family group an ambivalent dynamic that shifts
between requests for affectionate support and demands for
autonomy.
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If these defensive mechanisms are too rigid, or if they are badly
coordinated with the functioning of the Ego they predispose the
patients to reactions patently psychopathological and therefore
consitute a counterindication for surgery.

Table 2. Isolation

Index Females Males
Isolation’s E.G. x=0.38 E.G.x =10.38
index C.G.x=047 C.G.x=047
not significant not significant
F% E.G.x=5134 E.G.x= 5573
C.G. x = 58.95 C.G. x = 59.994
not significant not significant
F+% E.G. x=57.80 E.G. x =59.59
C.G.x=173.16 C.G. x = 63.87
significant at P < 0.001 not significant

U (Mann-Withney); E. G. = Epileptic Group; C.G. = Control Group.

In 17 of the 40 epileptic patients considered, surgery was not
performed because of the characters of their epilepsy. In the others
23 patients, psychological testing brought to:

i) No counterindication for diagnostic-therapeutic procedure
with a view to surgery (8 cases);

ii) No counterindication for surgery provided that the patient
should previously receive: supporting psychotherapy (2 cases),
therapy finalized in a new family balance (3 cases), psychotropic
drug therapy (2 cases) (total 7 cases);

1ii) Counterindication for surgery (8 cases).

In the follow-up (1-5 years), the patients treated showed a
complete absence of psychopathological reactions and a satisfactory
adaptation to life and to human relationships.

In conclusion the value of the interdisciplinary integrated
approach seems to be that of a specific psychodynamic intervention
bringing into focus the patient’s defensive strategies; it has resulted in a
complete rehabilitation of the epileptic patient surgically treated?.
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A. Introduction

Indications, Advantages and Limits of the Different Rationales
of Surgical Treatment of Epilepsy

G. F. Rossi!

With 1 Figure

This second part devoted to epilepsy will consider the different
surgical approaches proposed so far to treat epileptic patients, and
the rationale on which these approaches are based, the indications
for each one of them and, finally, their relative advantages and
limits.

Let me introduce the subject by presenting you again a scheme
which I showed you four years ago, at the Paris meeting!. My idea
was to synthezise the main basic principles on which surgery can be
based. After four years, however, the personal experience of our
Institute as well as the experience reported by others, led me to
further simplify this scheme.

Today, I think that—schematically—there are two basic
principles on which the surgical treatment of epilepsy can be
grounded.

1. The first one (Fig. 1 A) aims at the direct and complete
removal of the cerebral lesion primarily responsible for epilepsy
and of the related primarily epileptic cerebral neurones; the
ensemble is called by us the lesional-functional epileptogenic
complex. Such a type of surgical treatment is utilizable in unifocal
partial epilepsies. It presumes that the location of both the lesional
and the functional components of the epileptogenic complex are
known in detail and do not involve a brain area of such functional
relevance as to prevent its removal. It is the type of surgery which

! Istituto di Neurochirurgia, Universita Cattolica del Sacro Cuore, Largo A.
Gemelli, 8, I-00168 Roma, Italy.
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Fig. 1. Schematic representation of the basic surgical approaches to epilepsy. See
explanations in the text

seems to offer the best chance of cure, i.e. leading to the complete
and definitive suppression of seizures.

2. The second type of surgical treatment (Fig. 1B) aims at
reducing the epileptogenicity of the brain and, therefore, the
number and the intensity of the seizures. There are several surgical
means to reach such a goal.

The most popular of these is interruption of the pathways of
propagation of the epileptic discharges from their site of origin to
other brain sites (Fig. 1 B ). The best example of this type of
surgery is provided by the interruption of midline commissures.
Such a surgical approach can be used to treat unifocal as well as
multifocal partial epilepsies, particularly those with secondary
generalization. It presumes knowledge of the topographic
organization of the epileptic process, both for the location of the
site or sites or origin of the ictal discharges and their main pathways
of propagation. It seems likely that the beneficial result on epilepsy
is related to the interruption of facilitating reverberating circuits.

A decrease in the level of epileptogenicity is said to be obtained
also by making lesions in certain parts of the brain (Fig. 1 B2). The
amygdaloid nuclear complex and the H-field of Forel are the most
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popular targets. Amygdaloid lesions are more appropriate when
there is a prevalent involvement of the temporal lobe or lobes; H-
field lesion would be more suitable in the presence of a prevalent
frontal involvement. Whether the effect of these lesions is
produced, at least in part, through the interruption of positive feed-
back cortico-cortical or cortico-intercortical circuits is hard to
prove, but seems likely.

A different way to obtain the same result, i.e. a decrease of the
level of the brain epileptogenicity would be to artificially provoke
or enhance inhibitory influences (Fig. 1 B 3). This seems possible by
stimulating with appropriate electrical parameters certain
structures, such as the cerebellum and caudate nucleus.

As said before, it is unlikely that this second group of surgical
approaches brings about disappearance of seizures. On the other
hand, theoretically at least, it has the advantage of being applicable
for almost any type of epileptic syndrome, including those in which
the structure of the epileptic process is unrecognizable.

The steadily increasing experience, all over the world, with these
different modalities of surgical treatment should permit us to
analyze and compare actual data, rather than hypothesis. This is
the main purpose of the second part of our meeting on epilepsy.

The evaluation of the correctness of the above schematized
different rationales of surgery, as well as their reciprocal
advantages and limits, can be based only on analysis of the results
obtained by their application. Dealing with epilepsy, we have to
take into consideration the effect on the epileptic seizures. I
recommend to the speakers that, when reporting their results, a
clear distinction be made between disappearance and reduction—
even if remarkable—of the seizures. In my opinion, this distinction
is very important to compare the validity of the treatment utilized.
This is not a theoretical, pragmatic view. It is strictly dependent on
the fact that the difference between seizure disappearance and
seizure reduction is extremely important for the patient, as all of us
know very well.
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B. Communications

Temporal Lobectomy for Epilepsy in the Patients with
Ipsilateral Extratemporal Brain Lesion

L. L. Ribari¢! and N. J. Sekulovi¢

With 2 Figures

Summary

In a series of 80 patients operated on for epilepsy there were 50 patients with
temporal lobe epilepsy. It was found an extratemporal ipsilateral brain lesion in 5
of these patients. It was performed temporal lobectomy for epilepsy in these 5
patients and in the 3 of them the extratemporal brain lesion was extirpated too
without resecting the neighbouring cerebral cortex. These S patients are seizure
free during 1.5 to 5.5 years of the follow up. These cases impose two questions:
what surgical strategy should be done in such cases and is there any causative
relationship between the extratemporal brain lesion and the epileptogenic features
of the ipsilateral temporal structures.

Keywords: Temporal epilepsy; temporal lobectomy; etiology of temporal
epilepsy.

Case Reports

Case 1

H. J., age 20, ambidexter girl. She had the tonic-clonic convulsions during the
night sleep at the age of 11. One year later she started to have absences and
psychomotor attacks preceded by epigastric aura, which were almost everyday.

Neurologically: Without noticeable deficit.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed the active focal epileptic disturbances of the cerebral activity
over the left temporal lobe with the phase reversal at the standard position of the
electrode Sp 1 and equipotentiality Spl =T3 and T3 =F7.

! Neurosurgical University Hospital, Visegradska 26, Y-11000 Belgrade,
Yugoslavia.
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X-Ray examination of the skull and CT of the brain showed a small
intracerebral calcification in the left frontolateral region. Left carotid angiography
was normal.

Operation: There was a well circumscribed superficial intracerebral tumor
2.5cm in diameter, located in front of the Broca speach area. ECoG showed
epileptic abnormalities over the inferior part of the sensorimotor cortex and over
the Broca speach area. We excised the tumor (histologically: haemangioma) and
performed left temporal lobectomy (Fig. 1).

The patient has been seizure free during 3 years of the follow up.

Fig. 1. Operative finding in Case 1 (see text)

Case 2

0. Z., age 18, right handed girl. She had tonic-clonic convulsions during the
night sleep at the age of 10. Soon after that she started to have psychomotor
attacks with abdominal aura. In the last few years she had psychomotor attacks
everyday, often few times daily and generalized tonic-clonic convulsions mainly
during the sleep approximately once in two to three months.

Neurologically: Without noticeable deficit.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed the two active focal epileptic disturbances of the cerebral
activity: Over the left inferomesial temporal region and over the left midtemporal
convexity (phase reversals at the standard position of the electrodes Sp 1 and T 3).
CT of the brain showed a tumor of very low density in the left frontal brain region.
Left carotid angiography was normal.
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Operation: ECoG showed scant epileptic abnormalities over the anterior part
of the temporal convexity. It was performed a cortical resection 2 cm in diameter in
front of the Broca speach area and it was extirpated intracerebral frontal teratoma
through that approach. The operation was completed by temporal lobectomy. The
patient has been seizure free during 1.5 year of the follow up.

Case 3

K. M., age 26, right handed man. He was born in a difficult delivery. He had
the tonic-clonic convulsions at the age of 4 and since that time he had had
generalized tonic-clonic seizures approximately once a year, always in the night
sleep. At the age of 10 he started to have psychomotor attacks with abdominal
aura. In the last few years he had psychomotor attacks three to four times weekly.
Two years prior to this admission he had been operated on for an intracerebral
teratoma in the left occipital region (in an other hospital). This operation had not
significant influence to the frequency and type of his epileptic seizures.

Neurologically: Without noticeable deficit.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed the active focal epileptic disturbance of cerebral activity over
the left inferomesial temporal brain region.

CT of the brain showed hypodensity and brain shrinkage in the region of the
previous operation.

Operation: ECoG showed epileptic abnormalities over the anterior part of
temporal convexity. It was performed left temporal lobectomy.

The patient has been seizure free during 1.5 year of the follow up.

Case 4

A.D., age 27, right handed man. He had the head injury at the age of 11. At the
age of 16 during the night sleep he had the first epileptic attack in the form of
generalized tonic-clonic convulsions. One year later he started to have
psychomotor attacks, deja vu, jame vu, olfactory hallucinations and visual
illusions. In the last few years he had epileptic attacks once or more times daily.

Neurologically: Without noticeable deficit.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed the active focal epileptic disturbance of cerebral activity over
the right inferomesial temporal brain region.

X-ray examination of the skull, right carotid angiography and CT of the brain
showed intracerebral calcification in the right temporooccipital brain region
(Fig. 2).

Operation: ECoG showed epileptic abnormalities over the anterior part of
temporal convexity. It was performed the right temporal lobectomy without
touching the region of the calcification. The patient has been seizure free during
four years of the follow up. At the repeated CT scans the calcification retained the
same size.

Case 5
H. A, age 25, right handed man. At the age of 2 to 5 he had several generalized

tonic-clonic convulsions. Two years prior to the admission he started to have
psychomotor attacks which were appearing once or more times daily.
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Fig. 2. CT of the brain in Case 4 (see text)

Neurologically: Without noticeable deficit.

In the occipital region he had cranium bifidium with a scalp prominence and
an epidural (tissue?) collection.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed the active focal epileptic disturbance of cerebral activity over
the right inferomesial temporal brain region, which involved occasionally
temporal convexity.

Operation: It was found an anatomic variation in the position of the medial
superficial cerebral vein. ECoG showed epileptic abnormalities behind that vein
and temporal lobectomy was performed behind the vein.

The patient has been seizure free during 5.5 years of the follow up.

Discussion

In a reported series of 5 patients we performed temporal
lobectomy on the basis of clinical epileptic manifestations, repeated
EEG findings and ECoG congruence. In Cases 1 and 2 we



Temporal Lobectomy for Epilepsy 137

extirpated the extratemporal brain lesions in addition to the
temporal lobectomy because we thought that those lesions were
amenable to excision with minimal risk of producing a new
neurological deficit. In Case 4 we did not extirpate the intracerebral
calcification because there was a great risk of producing
contralateral hemianopsie and in the Case 5 the patient refused to
be operated on for cranium bifidum.

Varying amounts of hippocampal sclerosis were found in the
whole group of 5 patients. The extratemporal brain lesions were
obviously congenital except the intracerebral calcification in the
Case 4, which was probably calcified intracerebral haematoma.
Clinical epileptic manifestations, EEG and ECoG findings showed
that the cerebral cortex in the vicinity of the extratemporal lesions
did not seem epileptogenic (except in the Case 1 ECoG finding).

Our speculation is that the question concerning the possible
causative relationship between the temporal epileptogenic features
and the extratemporal (chronic) brain lesion can be answered in the
three logical ways:

1. coincidence between the extratemporal brain lesion and the
factors that contribute to the development of the mesial temporal
sclerosis? ™4 7;

2. simultaneous congenital malformations in the extratemporal
region (proved in the four of five reported cases) and in the mesial
temporal region, which perhaps escape our observation.

3. extratemporal brain lesion contributes to the development of
the deafferented neurons® ° in the temporal structures causing the
development of the epileptogenic focus in the inferomesial
temporal region which is well known to have low epileptogenic
threshold !¢ as well as low threshold for kindlingS3.
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Surgical Management of Partial Epilepsies:
A Critical Evaluation of Electrical, CT Scan, and
Pharmacological Studies of the Milan Series

L. Ravagnati', V. A. Sironi, G. Ettorre, and F. Marossero

Summary

From 1959 to 1980, 1,700 patients with non-tumoral epilepsy were admitted at
the Institute of Neurosurgery of the University of Milan. In 165 cases surgical
procedures have been performed for diagnostic and therapeutic purposes. This
paper reports the outcome of 100 cases (mean follow-up: 8 years): 51 patients are
seizure-free, or with only occasional seizures; 28 patients had a significant
reduction of seizure frequency (from daily seizures preoperatively to a few per year
postoperatively); 21 patients were not improved or had a reduction of seizure
frequency that was not significant.

The contributions of depth-EEG, CT scan and pharmacological data in
surgery for epilepsy are discussed.

Keywords: Partial epilepsy; surgery for epilepsy; depth EEG; antiepileptic
drugs; CT scan.

The exact localization of the epileptogenic lesion is one of the
necessary conditions for surgical success in epilepsy?~+. The
difficulty in localizing the lesion by clinical, scalp EEG and
traditional radiological investigations has prompted the
introduction of sophisticated techniques such as depth-EEG
recording. In recent years, computed tomography (CT) has had a
great impact in the field of diagnosis and surgical treatment of
epilepsy. Moreover, pharmacological investigations, both at
plasma and cerebral level, that have become available in the past
few years, allow a better understanding about the mechanism of

epilepsy!’3.
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The purpose of this presentation is to critically evaluate the
contributions of the electrographic, CT and pharmacological
studies for diagnosis and surgical management of partial epilepsy.

Material and Method

Out of 1,700 patients with non-tumoral partial epilepsy admitted at the
Institute of Neurosurgery of the University of Milan from 1959 to 1980, 165 were
submitted to surgical procedures for diagnostic and therapeutic reasons (Table 1).

Table 1. Surgery for Epilepsy. Milan Series (1959-1980): 165 Patients

Surgical procedures

Lobectomy Or LOPECLOMY ...coverververreieieeeeriesreesressaeseessessesseessesessesnens No. 93
Stereotactic RF 18S10NS ...eevvvvviiieieeieniciiieses et No. 26
HemisphereCtomy .....c..ceouieriiiieciiieeree e e No. 17
Depth-EEG On1Y....ccccoviiiiiiiiiiienie ettt sen e sveesaee No. 29
Follow-up of 100 epileptic patients (from 2 to 18 years postoperatively—mean:
8 years)
Group A (Seizure free or occasional seizure only).......ccoceeverercerveenenne No. 51
Group B (Significant reduction of seizure frequency).......c.ccecevevruennenen. No. 28

Group C (Same frequency or minor reduction of seizure frequency)..... No. 21

Surgical outcome according to the localization of the epileptogenic lesion (100

patients)
Outcome group
Epileptogenic lesion No. of pts A B C
Temporal unilateral 41 27 8 6
Temporal bilateral 17 2 8 7
T.P.O. 13 10 2 1
Frontal 19 7 7 5
Hemispherectomy 10 6 2 2

Depth-EEG studies were performed in 114 cases. ECoG was performed in all cases
submitted to open surgery. CT-scan is now routinely employed. Plasma level and
brain concentrations studies of antiepileptic drugs have been done in 15 cases.

Results

General results. A late follow-up (from 2 to 18 years: mean 8), is
available in 100 patients. The results are as follows: 51 patients are
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seizure free, or have only occasional seizures (less than 2 per year),
28 patients had a significant reduction of seizure frequency (from
daily seizures preoperatively, to few per year postoperatively), 21
patients were not improved, or had a reduction of seizure frequency
that was not significant (Table 1).

Depth-EEG data. The results of the depth-EEG studies are
summarized as follows: a) unilateral temporal EEG foci (30
cases): depth-EEG studies have usually confirmed the unilaterally
of the seizure onset in patients who, at scalp EEG, had a clear, well
localized, anterior temporal EEG focus, that was constant in
different neurophysiological conditions, and positively reactive to
drugs. Different temporal structures have been demonstrated to
give rise to seizures at depth-EEG (hippocampal formation,
amygdala, cortex of the convexity); b) bilateral independent
temporal foci (17 cases): depth-EEG has usually confirmed a
bilateral, independent origin of spontaneous seizures from both
temporal lobes in bitemporal scalp EEG foci. Regarding the
results, also when, at depth-EEG, only unilateral seizures have been
recorded, surgical outcome has not been favorable; ¢) temporo-
parieto-occipital foci (13 cases): most of the patients with TPO
foci were post-traumatic cases, with large anatomical lesions.
Depth-EEG has shown the possibility of a multifocal origin of the
spontaneous seizures, from different perilesional foci; d) frontal
foci (15 cases): depth-EEG has shown an almost simultaneous
involvement of the bilateral frontal cortices in about one third of
our cases. In post-traumatic cases, the frontal epileptogenic lesion
has been found to be large, and, in some cases, beyond the limits of
a standard lobectomy; ¢) miscellaneous (6 cases): depth-EEG
has been able to show a clear-cut epileptogenic lesion (2 temporal
unilateral, 4 frontal) in a small number of patients in whom scalp
EEG, radiological and clinical studies were unconclusive. On the
contrary, in 29 patients, depth-EEG recordings have shown
complicated lesions (bilateral, multiple, or unclear foci) not
amenable to surgery.

Pharmacological data. Besides allowing a better selection of
candidates for surgery, pharmacological studies, carried out during
depth-EEG recordings, have demonstrated the hierarchical
organization of the epileptogenic lesions and the functional
complexity of partial epilepsy. In multifocal epilepsy, epileptogenic
foci that used to give rise only rarely to full electroclinical seizures,
were seen to became more active and fully independent when
plasma levels of anticonvulsant drugs were reduced. At zero level,
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areas that were silent at steady-state level, have been observed to
become active, and give rise to spontaneous seizures.

CT-scan data. The incidence of cerebral lesions in epilepsy, after
CT-scan introduction, has been found to be higher than previously
suspected or documented. Out of 20 surgical cases with CT, 11 had
localized lesions. In 7 cases, in whom CT has shown a small
localized lesion and in whom clinical and EEG data were coincident
with those of CT, surgery has been successfully performed without
prior depth-EEG study. ECoG alone has given the operative
indications regarding the epileptogenic areas to be removed.

Discussion

The validity of surgery for epilepsy has been confirmed by the
results of our series, which, in agreement with the literature, shows
fairly good results in about 3/4 of the treated patients. Our
experience confirms also the validity of depth-EEG, that has given
in many cases precise operative indications.

However, in the future management of our patients, we are
going limit in the use of depth-EEG.

In cases with a clear-cut epileptogenic lesion in areas amenable
to radical excision, as in the anterior temporal lobe, when there is a
coincidence of clinical, scalp-EEG and CT data, surgery, in our
opinion, can be successfully performed without prior depth-EEG
studies.

On the other hand, we have lowered the expectations in
complicated clinical and scalp EEG cases since depth-EEG has
often demonstrated the presence of bilateral, or multiple foci and
has not given definitive operative indications.
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Excision of Two and Three Independent and Separate
Ipsilateral Potentially Epileptogenic Cortical Areas

L. I. Ribari¢!

With 1 Figure

Summary

In the series of 80 patients operated on for epilepsy, in 2 cases we excised,
respectively, two and three separate ipsilateral epileptogenic cortical areas. The
indication to surgery was based on the clinical epileptic manifestations, EEG and
ECoG findings. The patients are seizure feee since 4 and 1.5 years, respectively. We
suggest that the same criteria for excision of a single cortical resection can also be
applied to each individual separate ipsilateral focus.

Keywords. Cortical excision for epilepsy; multifocal epilepsy.

Cortical excision in the treatment of partial (focal) epilepsy is
based on the assumption that the epileptic discharge responsible for
the seizure originates from a circumscribed cortical area® 3. Two
or more independent and separate epileptogenic cortical areas
amenable to surgical excision are identified. The question can be
raised of the justifiability of simultaneous multiple cortical
excisions.

Material

In the series of 80 patients operated on for epilepsy, in 2 cases we excised,
respectively, two and three independent and separate ipsilateral potentially
epileptogenic cortical areas.

! Neurosurgical University Hospital, Visegradska 26, Y-11000 Belgrade,
Yugoslavia.

Advances 6 10
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Case 1. 8. G., age 14, right handed girl. She had generalised convulsions at age
3 to 8 months. At the age of 9 years she started to have three types of seizures: 1.
sudden laughter which was disagreeable to her, lasting 2 to 3 minutes and
occasionally followed by loss of consciousness, head turning to the left and
generalised tonic-clonic convulsions; in the last years these attacks appeared a few
times daily; 2. sudden loss of contact, senseless talking, psychomotor movements;
these occurred 2 to 3 times a day; 3. sudden loss of consciousness, falling down with
tonic-clonic convulsions; she had these attacks approximately once a month. The
patient had behavioural abnormalities with temper tantrums, emotional
instability and difficulties in coping with home and school situations. No
neurological deficits were noted.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed two independent focal epileptic disturbances: the most
active one over the right fronto-lateral region and the less active one over the right
parieto-occipital region.

X-ray examination of the skull, right carotid angiography and vertebral
angiography showed intracerebral calcifications in both parieto-occipital regions,
more pronounced on the right side.

The appearance of these calcifications suggested Sturge-Weber Syndrome
(without facial nevus). CAT of the brain showed the same calcifications.

Operation: In the right parieto-occipital brain region there was an area of gyral
shrinkage which corresponded to the calcifications. ECoG showed two
independent cortical areas with frequent spikes: over the anterior edge of the
shrunken cortex and over the frontal premotor convexity. We excised the two
cortical areas.

The patient is seizure free 4 years after surgery and her behaviour has been
considerably improved.

Case 2. B. A., age 18, right handed girl. At the age of 10 she started to have four
types of epileptic attacks: 1. sudden staring and subsequent tonic contraction of all
muscles during 1-2 seconds; 2. absence, pale face followed by senseless talking;
occasionally deja vu or jame vu; 3. strange feeling in the left arm associated with
feeling of sweating and subsequent spread of the same feeling into the whole body;
4. sudden inability to talk followed by loss of consciousness and tonic-clonic
convulsions. She had epileptic attacks almost every day. No neurological
symptoms.

Several 16-channel EEGs with sphenoidal electrodes and pharmacologically
induced sleep showed two independent active focal epileptic disturbances of
cerebral activity: over the right infero-medial temporal region and over the right
fronto-lateral region.

X-ray examination of the skull and CAT of the brain were normal.

Operation: The brain was macroscopically normal. ECoG showed frequent
epileptic abnormalities over two separate cortical areas: the temporal convexity
and the inferior half of postcentral gyrus. Over the frontal cortex epileptic
abnormalities were scant. Three separate cortical excisions were performed as
shown in Fig. 1.

The patient is seizure free 1.5 years after surgery.
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Fig. 1. B. A. scheme of the operative finding: the hatched fields—the excised
cortical areas; 0—the maximum of the epileptic abnormalities in the ECoG

Discussion

The rationale for double cortical resection in Case 1 was as
follows: in favour of the right parieto-occipital area excision were
EEG and ECoG findings and the fact that this active electrographic
epileptic focus was quite close to an obvious brain lesion; in favour
of the frontal area excision were the clinical types of seizures, EEG
and ECoG findings.

The rationale for triple cortical resection in Case 2 is as follows:
in favour of the temporal lobectomy were the clinical epileptic
manifestations, EEG and ECoG; the frontal lobectomy was mainly
suggested by the repetitive EEG findings and by the clinical
epileptic manifestations (and a scant ECoG confirmation).

The ultimate decision concerning the cortical resection for
epilepsy can be made by integrating our present knowledge of the
localising values of the clinical seizure manifestations, of EEG and
ECoG signals, of brain pathology and of the amenability to
excision of the specific cortical areas. If the diagnostic findings
indicate that the epileptic syndrome is related to two or more
separate ipsilateral cortical areas their excisions seem to us justified.

10*
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Additional New Approach in Treatment of Temporal Lobe
Epilepsy

J. A. Ganglberger!

With 3 Figures

Summary

Based on electrophysiological and anatomical evidence stereotactic
interruption of the amygdalo—mediothalamic pathway, has been added to the
different conventional targets commonly used in the stereotactic treatment of
temporal lobe epilepsy. This pathway has a most important role in the break-
through of limbic seizures to other structures of the brain. In 9 cases the
interruption has been performed at the oro-ventral pole of Nc. medialis
(dorsomedialis) thalami and in one case at the border of prothalamus and
hypothalamus latero-occipital to the columna fornicis in the intercommissural
plane. This later intervention can be combined with fornico- and anterior
commissurotomy in an one stage operation, using an insulated stylet or string
electrode.

Keywords: Amydalo; mediothalamic pathway interruption.

Introduction

Because of the multitude of pathway connections in the limbic
system several target structures are approached in the course of
stereotactic treatment of temporal lobe epilepsy in order to
interrupt the traffic of abnormal discharges to other parts of the
brain.

The author initially prefers interuption of the crossing of the of
fornix and anterior commissure (Umbach). Since 1965 special
care has been taken to section the stria medullaris thalami
and the stria terminalis as well>. Some prefer medial

! Department of Functional Neurosurgery and Clinical Neurophysiology,
Neurosurgical Clinic, University of Vienna, Alser Strasse 4, A-1090 Wien,
Austria.
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amygdalotomy at the first stage!!. After 1961 (in Freiburg) fornix
and anterior commissure was occasionally combined with medial
amygdalotomy. Later (in Berlin) this combination was used as a
routine first stage operation? and changed in 1970 to combination
with baso-lateral amygdalotomy®. Bouchard! combined
fornicotomy with a stylet electrode lesion in the anterior pole of the
thalamus. An additional target was introduced in 1971. The
interruption of the amygdalo-mediothalamic pathway at the oro-
ventral pole of the Nc. medialis (dorsomedialis) thalami’ and the
site for this interruption changed to a few millimeters latero-
occipitally to the columna fornicis in the intercommissural plane in
1981. The physiological and anatomical reasoning for, the
interruption of this important pathway will be discussed later.

Material and Methods

41 patients with temporal lobe epilepsy and grand mal seizures had
unsatisfactory results from previous fornico- and anterior commissurotomy. In 9
patients the amygdalo-mediothalamic pathway was interrupted at the oro-ventral
pole of the Nc. medialis thalami in a second stage operation, and in one case a third
stage operation (after medial amygdalotomy in the second stage).

In a further case after incomplete dissection of the fornix in the first stage
operation this pathway was interrupted after re-fornicotomy in November 1981 at
the border of prothalamus and hypothalamus where it still runs with the inferior
thalamic peduncle, using an insulated laterally drive-out electrode. The incomplete
dissection of the columna fornicis was caused by a shift of the brain due to loss of
C.S.F. through the stereotactic trephine hole in combination with cortical
atrophy.

In all cases pharmacological treatment was continued, drug reduction being
considered at the earliest after 3 years of complete freedom of seizures.

Results

Of these 10 cases four are now free of attacks (including
temporal auras). The first case operated upon in October 1971
remained free of seizures until February 1983 when occasional
short seizures of a different type commenced, hardly noticeable by
an observer, accompanied in the EEG by short groups of
2.5seconds Spikes and Waves pronounced over the operated
hemisphere. The case with the three stage operations showed no
improvement. The rest were considerably improved, the
psychomotor attacks now of rare occurance and of much shorter
duration quite often without complete amnesia, the patients
hearing what is said to them but being unable to respond.
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Discussion

In 1970 Ganglberger et al. found distant cortical responses and
distant extinction (originally known as a local phenomenon*) over
prefrontal cortex while stimulating the ipsilateral amygdala. The
latencies (onset of deflection) of 16-18 milliseconds clearly
suggested a polysynaptic transmission, explained by a detour via
the Nc. medialis (dorsomedialis) thalami, being the specific
projecting nuclear mass to the prefrontal cortex. When Brazier at a
Vienna Symposium in September 1971 reported that in more than
50 cases of temporal lobe epilepsy with chronically implanted
electrodes the break-through of limbic seizures to other parts of the
brain invariably happened in the Nc. medialis thalami, the
literature was searched for anatomical evidence. The first
description of an amygdalo-mediothalamic connection in
animalsS, was later confirmed. In man this pathway has been
impressively demonstrated!®. Originating from the baso-lateral
amygdala the pathway traverses the internal capsule and runs,
partially extracapsular, with the peduculus thalami inferior
following it through the hypothalamus, before turning to and
inserting into the Nc. medialis thalami at its oro-ventral pole.

A fortnight after the presentation of Brazier’s important paper
the first patient had been operated upon successfully. The lesion
was placed at the oro-ventral pole of the medial nuclear mass,
where the pathway is still quite compact.

With an additional new approach at the inferior thalamic
peduncle at the border of prothalamus and hypothalamus (see Fig.)
so far one case has been operated in November 1981. This male
patient has now only very rare short attacks without amnesia.
During such attacks he hears and comprehends what is said to him
but is unable to react for 10 to 15 seconds.

It is a fact that some patients can be completely freed of seizures
by a single interruption of pathways leading away from the
hippocampal-amygdaloid activator of seizure discharges. The
actual epileptogenic lesion may be elsewhere in the anterior
temporal lobe or in some cases even paratemporal. The first case
with fornico- and anterior commissurotomy operated on in the
spring of 1965 is now completely free of seizures and without drugs,
working as a fully trained medical orderly. Before operation he
suffered from up to 8, sometimes even up to 10 psychomotor
attacks per day and three to four seizures of the grand mal type per
month.
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Fig. 1. Horizontal section

Fig. 2. Frontal section

Cm. a commissura anterior, Fx. [b pars libera columnae fornicis, Fx. tc pars tecta
columnae fornicis, Pd. th. if pedunculus thalami inferior, St. m Stria medullaris
thalami
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Fig. 3. Parasagittal section

Seizures of the grand mal type are abolished in more than 90%
of the cases after fornico- and anterior commissurotomy, combined
with interruption of stria medullaris thalami and stria terminalis. In
the optimal cases limbic seizures are also abolished, in the others at
least considerably reduced in frequency and duration although
after years of freedom of seizures they may reoccur.

Patients without substantial improvement by the first operation
may want further improvement. The author now recommends
interruption of the amygdalo-mediothalamic pathway for this
second stage procedure. It seems a great pity that this most
important pathway is still widely ignored. It is not even mentioned
in the otherwise excellent chapter on the limbic system in the new
textbook on stereotaxy of the human brain?3.

It should be considered whether interruption of this pathway on
the border of prothalamus and hypothalamus should be performed
in combination with fornico- and anterior commissurotomy
(including stria medullaris thalami and stria terminalis) in a single
first stage intervention, using the laterally drive-out stylet electrode,
requiring only insertion of a single electrode shaft, thus restricting
brain damage. It has to be emphasized that extreme care has to be
taken not to damage the A. polaris (a branch of the A. comm. post.)
and its ramifications. Recording of the depth EEG with the
insulated stylet electrode in situ, using a time constant of 1.2
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seconds indicates the eventual nearness of an artery by pulse
artifacts. By retraction or further protrusion of the laterally drive-
out stylet electrode the nearness of an artery can be deliminated
more accurately (a method which has been proved useful to us since
1967).

The figures taken from the atlas of Schaltenbrand and
Wahren!? show the relation of the inferior thalamic peduncle to
columna fornicis and anterior commissure.
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Caudate Nucleus Stimulation During Epilepsy Treatment

V. Drlickova!, M. Sramka, and P. Nadvornik

Summary

Experience with the standard stimulation program (10 and 100 Hz, 1 msec,
10V, 10 min, once a day) in the treatment of epilepsy by means of caudate nucleus
stimulation was evaluated on 13 patients after an interval of three years. The
favourable influence of stimulation on grand mal turned out to be temporary.
With mixed forms of epilepsy a gradual reduction of seizures, and sometimes their
total disappearance, was attained; three patients were able to work again. The
inhibitory influence of the caudate nucleus with bilateral stimulation was revealed
whilst measuring action potentials from other brain depth structures.

Keywords: Epilepsy; caudate nucleus stimulation.

Introduction

Ablation of the caudate nucleus under experimental conditions
suggested that its function is connected with motion reactions,
especially defensive ones®. Later electrophysiological research
brought into evidence a moderating influence on the cerebral cortex
motor cells* 3. Stimulation of the caudate nucleus evokes a
transitional period of silence. At the same time, special spindles in
subcortical structures can be noted, especially in the thalamus,
similar to some synchronous waves in epilepsy!. Further
observation showed that the caudate nucleus inhibits the spreading
of epileptic discharges and joins in its extra-rhinencephalic
control”. The caudate nucleus has connections with the nucleus
amygdalae and through its outlet pathway stria terminalis with the
oldest cortical structures of the brain at septum pellucidum.

! Research Laboratory of Clinical Stereotaxy, Research Institute of Medical
Bionics (Director Doc. Dzurik R., M.D., Dr.Sc.), Bratislava, Czechoslovakia.
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Therefore Cooper’s® experience with cerebellar stimulation for
epilepsy encouraged us to stimulate the caudate nucleus. We
described our first experiences with caudate nucleus stimulation in
treatment of epilepsy in 1976.

Method

Since 1980 we have performed stimulation treatment in caput nuclei caudati
with 13 patients; today we can evaluate the results after a three year interval. We
inserted chronic electrodes bilaterally and symmetrically into the caudate nucleus,
nucleus amygdalae and hippocampus and, in same patients, into the thalamus
reticular nucleus. The study of the clinical effects of caudate nucleus stimulation
was integrated with the study of the effect on the electrical activity of these deep
brain sites.

The chronic electrodes were externalized and the caudate nucleus stimulation
was usually performed on both sides at the same time. Our stimulation program
utilized electric impulses with a frequency of 10 and 100 Hz lasting 0.5 and 1 msec
up to 10 V. We stimulated once a day for ten minutes at a certain time in the
morning or irregularly during the day. Therapy stimulation was performed with
patients who had daily epileptic seizures refractory to drug treatment. The type of
epileptic seizures, the duration of the stimulation treatment and the results
obtained are summarized in Table 1. The optimal duration of stimulation therapy
was about one month. If stimulation lasts longer, there is danger of epileptic
activity returning.

Results (see Table 1)

The grand mal type of epilepsy respond to stimulation by
temporary disappearance of seizures. The seizures reappear after 2
to 4 weeks, but with lower frequency. Mixed type of epilepsy with
psychomotor seizure prevalence gradually reduces during caudate
nucleus stimulation and can even disappear completely; drug
treatment, however, has to be maintained; three of the patients of
this group returned to work. Only a short and transitional effect on
caudate nucleus stimulation was found with a patient who,
according to EEG examination, suffered from centrencephalic
epilepsy. Psychologic examination did not show significant changes
caused by stimulation.

From the analysis of repeated electrophysiological observa-
tions, it was clear that a favourable clinical result from caudate
nucleus stimulation can be expected when epileptic activity in
SEEG record is reduced. Epileptic activity appeared in caudate
nucleus only once. Spontaneous registration of electric activity
from caudate nucleus shows the tendency to a slow rhythm, which
is not essentially changed by stimulation.
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Discussion

Systematic observation of caudate nucleus stimulation to
influence epileptic seizures is not often reported. Therefore, every
new piece of knowledge is a contribution to the recognition of the
new therapy process effect and to the better understanding of the
disease substance®. Our own experience is to a certain extent the
same as that of Cchenkeli2. Low frequencies are probably more
effective. Stimulation was carried out only once a day, therefore it is
reasonable to except that further modification of the treatment
program will show further possibilities. Probably neither the
duration nor the distribution of stimulation during the day are
substantial.

The results confirm the experimental experience that the
caudate nucleus has inhibitory influence on movement manifesta-
tions of epileptic seizures. Stimulation probably intensifies this
inhibitory action. But under clinical conditions we did not attain
caudate spindles in the brain depth structure. The proper electric
activity of the caudate nucleus does not change according to
stimulation. Sporadic observations of specific epileptic activity in
the caudate nucleus may be explained by the stimulation electrode
lying near the fundus striae terminalis touching the head of the
caudate nucleus and possibly participating in the transmission of
epileptic discharges in the brain.
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The Reduction of Seizures in Cerebral Palsy and Epileptic
Patients Using Chronic Cerebellar Stimulation

R. Davis!, E. Gray', H. Engle?, and A. Dusnak

Summary

With the use of chronic cerebellar stimulation (CCS) for the reduction of
spasticity and improvements of performance in our clinic since 1974, 329 spastic
patients (89% cerebral palsy) were implanted and studied. Ninety-five (29%) had
had a history of seizures prior to the implantation. Group 1 comprised 65 patients
(20%) who had no seizures in the 3 years prior to implantation, none had had a
seizure during the CCS period (average 4.3 year/patient). Group 2 comprised 30
patients (9%) who were having seizures although under medical care during the 3
years prior to implantation; of the 19 having grand mal seizures 15 stopped and 3
were reduced, of the 8 having petit mal 4 stopped and 2 were reduced, of 5 having
myoclonic episodes 1 stopped and 3 were reduced. Overall CCS effects on the 27
patients followed in Group 2 for an average of 4.3 year/patient showed 17 (63%)
stopped seizuring, 7 (25%) reduced and 3 (12%) no effect.

Of 6 epileptic patients implanted, 5 were followed and underwent CCS for an
average of 4.6 year/patient. Of 4 patients having grand mal seizures, 2 stopped,
1 reduced and 1 unchanged. Petit mal occurred in 1 patient whose seizures were
reduced with CCS. Of 2 patients having 50+ psychomotor seizures per day, 1
stopped.

Overall of the 32 patients having intractable seizures, CCS stopped 18 (57%)
of the patients seizuring, reduced a further 9 (28%) with no effect in 5 patients
(15%). The most successful equipment involved fully implanted pulse stimulators
using hermetic sealing, lithium batteries and constant current output (1-
2 uC/sqecm/ph), rate was not a factor.

Keywords.: Cerebellar Stimulation; cerebral palsy; epilepsy; seizures.

Introduction

Overall there have now been 55 patients with intractable
seizures treated with chronic cerebellar stimulation (CCS)
reported '3 79, 34 patients (62%) have benefitted (Table 1).

! Department of Neurological Surgery and 2 Department of Pediatrics, Mt.
Sinai Medical Center, Miami Beach, FL 33140, U.S.A.
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Table 1. Seizures—CCS Clinical Series

Report Patients Benefitted
Cooper (1978) 32 18 (56%)
Gilman (1977) 6 5 (83%)
VanBuren (1978) 5 0 (0%)
Heath (1983) 9 8 (89%)
Madrazo (1983) 3 3 (100%)
SubTotal 55 34 (62%)
Davis 32 27 (84%)
Total 87 61 (70%)

The following report presents 32 new cases of intractable
seizures treated with CCS, 27 have spastic disabling condition (23
patients—cerebral palsy) and 8 patients with intractable epilepsy.

Methods

Clinical Series: From February, 1974 to June of 1982, 329 spastic patients
(cerebral palsy: 89%) and 6 patients with intractable epilepsy underwent the
implantation of cerebellar stimulating systems?2. Of the 329 spastic patients, 95
(29%) had a history of having of at least 1 seizure during their lifetime.

Group 1. Comprised 65 patients (20%) who had a history of seizures from birth
up to 3 years prior to the implantation.

Group 2: Comprised 30 patients (9%) who had seizures occurring during a
period 3 years prior to implantation and had been under medical treatment. The
age distribution of the 95 patients showed in the 4-10 year age group: 46 patients;
in the 11-20 year age group: 27 patients; and in the 2142 year age group: 22
patients. The prime reason for the spastic patients to undergo CCS was to reduce
spasticity 2, however, the 6 patients with the intractable epilepsy aged 4 to 25 years
(Table 3) underwent CCS specifically to reduce their seizure activity. The
cerebellar stimulators used during this study have been described previously?. In
summary of the 95 spastic patients, 68 were implanted from February 1974 to
November 1978 with the Avery Radio Frequency System (I108 receiver,
0.5 mamps, 0.5 msec, 180 pps, 7 min ON/OFF). From May 1979, 27 patients had a
combination of the Avery Twin Pad Electrodes connected with the totally
implantable Lithium powered constant current pulse generator (Neurolith 601,
Pacesetters Systems, Inc., Sylmar, CA), producing 1.0 mamps (601-A) or 1.4
mamps (601-B), 150 pps, 4 min ON/OFF. The charge density for both the Avery
and the Neurolith systems was 1.0-1.8 uC/sqcm/ph. In the epileptic group, 3
patients had the combination of the Avery cerebellar leads connected to the Cordis
900 series fully implantable programmable stimulator (1-2pC/sqem/ph, 10—
30 pps, continuous).
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Results

Spastic Patients with Seizure History: Group 1: Of the 65
patients, 2 were lost to follow-up and 1 had died in 1980 (CCS: 3
years); all were cerebral palsy patients, 53 had had a history of
grand mal seizures, 6 had had petit mal, and 3 had had a
combination of different types of seizures (myolonic,
psychomotor). As was stated above, none of these 62 patients had a
seizure during the 3 years prior to implantation; none had had
seizures since undergoing CCS for the reduction of spasticity for an
average of 4.3 year/patient (range 6-84 mos).

Group 2: Of the 30 spastic patients who were having seizures
during the 3 years prior to CCS, 27 were evaluated and 3 were lost
to contact. CCS had been applied for an average of 4.5 year/patient
(12-84 mos). Table 2 shows the results of CCS in 19 spastic patients
having grand mal seizures and 8 patients having petit mal attacks.

Grand mal seizures were present in 19 of the spastic patients
followed, 2 patients were having more than 1 seizure a week, 3
patient were having 2-20 per day. Two patients were having more

Table 2. CCS

Grand mal seizures

SCP EP Total %
Stopped 15 2 17 74
Reduced 1 4 17
No effect 1 1 2 9
Patient 19 4 23 100

Petit mal seizures

SCP EP Total %
Stopped 4 4 44
Reduced 2 1 3 33
No effect 2 2 22

Patient 8 1 9 100

11*
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than 1 seizure a month, 6 were having more than 1-2 seizures a year,
and 6 patients were having more than 1 seizure every 3 years. With
CCS, medication generally continued unchanged except 4 stopped,
1 needed more and 1 started.

Epilepsy Per Se: Of the 6 patients that underwent CCS for
intractable epilepsy 5 were followed for over an average of 4V
years per patient. Table 3 shows the details of the 6 patients.

In summary, of the 4 patients having grand mal seizures, 2 (Case
2, 5) have been controlled and both cases have the Cordis 900
stimulator. The other patient (Case 3) had the psychomotor
controlled with CCS using the Cordis stimulators for 7 years. All 3
patients have had marked improvement in their behavorial
problems.

Discussion

CCS (0.8-2.0uC/sqem/ph, 10-180 pps cycled or continuous)
has been safe and efficacious for the reduction of intractable
seizures in 27 (84%) of the 32 patients over a 7 year period (Table 1).
The seizures stopped in 18 patients (57%) while 9 (28%) had their
seizures reduced, and 5 (15%) were unaffected. The results
appeared not to be dependent on the stimulation rate (10-180 pps)
whether continuous or intermittent.

Including these 32 patients with the 55 already reported 376,
CCS has produced benefits by reducing or completely stopping
seizures in 61 patients (70%, Table 1). Fully implantable
stimulators, have been an improvement not only in reliability but in
results especially in cases?> 35 of the epileptic series.
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Introductory Lecture

Morphologic Evaluation of Stereotactic Brain Tumour
Biopsies

P. Kleihues', B. Volk, J. Anagnostopoulos, and M. Kiessling

With 2 Figures

Summary

The validity of morphologic diagnosis of stereotactic brain tumour biopsies
was evaluated in a series of 600 patients treated since 1977 at the University
Hospital, Freiburg. Combined cytological (smear preparations) and histological
examination of paraffin-embedded samples revealed the tumour type and
approximate grading in 492 (82%) of cases. In 66 patients a clinically suspected
neoplasm could be ruled out. In the remaining 42 cases (7%), the presence of a
tumour was confirmed but the available samples did not allow an unequivocal
classification of the neoplasm. Inaccurate diagnoses were most frequently due to
sampling errors in non-homogeneous tumours, i.e. biopsies taken from sites not
representative for the entire neoplasm (tumour necroses, infiltration zone). In the
future, the use of immunohistochemical methods for the identification of tumour
markers and cytoskeleton proteins may partially compensate for the limited size of
stereotactic biopsy samples.

Introduction

In recent years stereotactic biopsy has been increasingly used to
identify the nature of intracranial lesions®®° 12 With the
advancement of computed tomography (CT), very small tumours
(less than 1cm diameter) can now be precisely located and a

1 Abteilung Neuropathologie, Pathologisches Institut der Universitit
Freiburg, Albertstrasse 19, D-7800 Freiburg im Breisgau, Federal Republic of
Germany.
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stereotactic probe taken from sites inaccessible to open surgery.
However, the volume and number of stereotactic biopsy samples
are limited and require a specialized histopathological approach.

In this report the following questions are addressed:

— Is stereotactic brain tumour biopsy, from the pathologist’s
point of view, a reliable method?

— Which are the diagnostic problems and limitations and how
can they be reduced?

To answer these questions we have reviewed the histopathology
of 600 consecutive cases operated in the Division of Stereotactic
and Functional Neurosurgery at the University of Freiburg in the
years since 1977.

Sample Processing

Depending on the size and location of the lesion 2 to 10 biopsies
were taken stepwise at distances of 3 to 10 mm along the puncture
tract with a specially designed biopsy forceps® ®. The diameter of
the stereotactic forceps is 0.8 mm and the volume of tissue removed
approximately 1 mm3 per biopsy site. In all cases of this series the
final neuropathological diagnosis was the result of two different
diagnostic procedures: Rapid intraoperative diagnosis by
cytological analysis of smear preparations!:4, followed by
histological examination of serial sections from additional
paraffin-embedded material. More recently we have also used
plastic embedding (Araldite) for semi-thin sections (Figs. 1 and 2)
and electron microscopy. For smear preparations, biopsy material
was placed on glass slides, gently spread out with needles, stained
with methylene-blue and slightly pressed with a coverslip.

Tumour Classification and Grading

Histological classification of CNS tumours was carried out
according to the guidelines published by the WHO1!3. In our view,
this scheme has proven to be very useful and assisted considerably
to unify the terminology of CNS tumours. This is particularly
important when results of various therapeutic measures are
compared in multi-center studies. However, the WHO classifica-
tion needs constant revision to include tumour entities more
recently recognized, e.g. primitive neuroectodermal tumours
(PNET, see Table 2). Similarly, we have applied the grading
proposed in the WHO classification, since the estimated biology is
usually the rationale for the selection of adjuvant radiation



Fig. 1. Araldite-embedded semi-thin section of a stereotactic biopsy from a

pilocytic astrocytoma. The horizontal bar in the upper photograph corresponds to

0.1 mm. Higher magnification (lower) shows irregularly shaped tumour cells in a

dense fibrillary network with occasional Rosenthal fibres (arrows). (Toluidine
blue, x 175 and x 715)



Fig. 2. Semi-thin section of a stereotactic biopsy from a germinoma of the pineal

region. The horizontal bar (upper) corresponds to 0.lmm. At higher

magnification (lower) the “two cell type” nature of the neoplasm is clearly

recognizable with small hyperchromatic lymphoid cells (center), and large

polygonal cells with central pale nuclei, prominent nucleoli and numerous mitoses
(arrows). (Toluidine blue, X 175 and X 715)
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therapy. Interstitial radiotherapy is being carried out in both
benign and malignant neoplasms whereas external radiation is
usually restricted to grade III and IV tumours.

Location and Nature of Biopsied Lesions

The age distribution of stereotactically oper<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>