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Preface

Epileptic disorders need treatment for many years or even for life, and this makes
a thorough understanding of the pharmacokinetics and possible hazards and side
effects of the drugs used in treatment mandatory. During recent decades our
knowledge in this field has considerably increased, not least as a result of the
development of specific and sensitive methods for the determination of anti-
epileptic agents in biological material. The clinical pharmacology of this group of
drugs has been studied extensively and can today be regarded as well established.
This does not necessarily mean that drug treatment of epilepsy is without
problems. For example, it has recently been shown that one of the newer anti-
epileptic drugs, greeted with great enthusiasm by clinicians, may in rare instances
induce serious damage to the liver and the pancreas, and seems even to have a
certain teratogenic potential.

Clinical problems should be understood as a challenge to the experimental
pharmacologist, who should try to find explanations for the clinical hazards, and,
if possible, show new ways in which better drugs might be developed. In recent
years interest has focused on the importance of the inhibitory transmitter
y-aminobutyric acid (GABA) in the pathophysiology of epilepsy, and there have
been a series of attempts to find useful antiepileptic drugs among substances
interfering with GABA metabolism in the CNS. While the final success of these
attempts cannot yet be judged, it seems worthwhile to assemble reports on the
experimental pharmacology of the drugs presently in use in this volume in order
to provide research workers interested in the field of antiepileptic drugs and
in the treatment of the different forms of epilepsy with a comprehensive and
critical review of our present knowledge. Beyond the general and individual
pharmacology of antiepileptic drugs, this volume contains a fairly broad section
dealing with the clinical pharmacology and practical use of these agents, an
introductory section on epileptic diseases in man and animals, and a section
concerned with the pathophysiological mechanisms active in these diseases. These
mechanisms may provide important starting points for new approaches to the
development of active and specific drugs. The editors hope that the structure
of the volume will make it easy for the experimental pharmacologist and the
clinician to find information which might not be obtained so simply and quickly
from other sources.

A chapter on the electrophysiology of the epileptic nerve cell was planned but
had to be omitted because it would have delayed publication considerably, and
thus deprived the book of its topicality. The editors would like to use this
opportunity to thank all contributing authors, especially for the patience with



VIII Preface

which they respected special wishes from the publisher and the editors and
tolerated the delay that is all but unavoidable when a book is written by about
30 scientists from all over the world. We must also thank Professor HERKEN of
the editorial board and the publisher for their sympathetic cooperation. Last
but not least we thank the secretaries to the editors, Mrs. ANNE-EvA BARZ and
Mrs. ILSEBILL BROOKES, without whose capable assistance the task would have
been unsurmountable.

HaNs-HAsso FrRey
DIETER JANZ
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Clinical Aspects of Epileptic Diseases



CHAPTER 1

Epilepsy: Seizures and Syndromes

D.Janz

A. Definition

The term epilepsy refers to all pathological states or diseases which are character-
ized by recurrent epileptic seizures. Single epileptic seizures provoked only by oc-
casional causes are termed occasional epileptic seizures. Epileptic seizures are char-
acterized by paroxysmal changes in the sensory system, motor system, subjective
well-being, and objective behavior caused by a sudden, excessive, rapid discharge
of gray matter of some part of the brain (JACKsoN 1931). The wide range of symp-
toms of epileptic seizures reflects the manifold functions of the brain in a patho-
logically distorted manner.

B. Epidemiology

The assumption that 5% of all people will have an epileptic seizure at least once
in the course of their lives is scarcely an exaggeration since 3%—4% alone — ac-
cording to a careful study 33/1,000 (HAUSER and KURLAND 1975) — have febrile
seizures in the first 5 years of life. The incidence of neonatal convulsions varies
from 0.5% to 1.4% (WooDBURY 1977). Although their incidence is unknown,
other occasional epileptic seizures (epileptische Gelegenheitsanfillle) such as so-called
stress convulsions (Frus and LunD 1974) are certainly not rare; the sampe applies
to epileptic seizures after withdrawal of alcohol, barbiturates, and other drugs or
in acute illnesses such as meningoencephalitis and in toxic conditions such as
uremia or eclampsia.

A reliable study in Rochester, Minnesota, recorded epilepsy in the strict sense
in 6.57 of 1,000 persons (HAUSER and KURLAND 1975). This included all people
who had had at least two seizures not provoked by fever, alcoholism, or other oc-
casional causes — at least one of them in the previous 5 years — or who were taking
antiepileptic drugs.

The true prevalence, however, is probably higher as the figure does not include
those patients who had previously only had minor seizures and who comprise
about one-fifth of all patients with epilepsy in a clinical patient population (JANZ
1969). Nor does it include those with active epilepsy who for various reasons had
not been to a doctor and who, according to a field study (ZeLiNsk1 1974), com-
prise about one-third of all patients. Taking into account the assumption that
even in a developed country about one-third of all patients with active epilepsy
remain undiscovered, the US Plan for Nationwide Action on Epilepsy (US De-
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partment of Health, Education and Welfare 1977) assumes that epilepsy in the
sense of recurrent seizures without occasional causes occurs in 1% of the popu-
lation.

As regards the sociomedical significance, insofar as this can be expressed in
figures, it can be assumed according to investigations and estimates that 0.25
(Janz 1973) to 0.36/1,000 (US Department of Health, Education and Welfare
1977) of the population are hospitalized in institutions on account of epilepsy and
that 3.33 (JANZ 1973) to 3.60/1,000 (US Department of Health, Education and
Welfare 1977) of the population display particular medical and/or social prob-
lems on account of epilepsy. The remainder presumably live largely adjusted lives
in their society and, insofar as they are in medical care, require no special diag-
nostic, therapeutic, or rehabilitative services.

The distribution of various types of epileptic seizures varies according to
whether predominantly children or adults are affected. In children we find more
cases of epilepsy with minor generalized seizures and in adults more cases of
epilepsy with minor focal seizures.

In our patient population of a neurological hospital, epilepsy with only grand
mal seizures was found in about 40%, epilepsy with major and minor seizures also
in about 40%, and epilepsy with only minor seizures in about 20%. Epilepsies
with minor focal seizures occurred in just under 40%, focal seizures with complex
symptoms (psychomotor) being three times more frequent than those with simple
symptoms (neocortical). In slightly less than 20% there were minor generalized
seizures, whereby the propulsive seizures of West’s syndrome (infantile spasms)
and the myoclonic astatic seizures of the Lennox syndrome, together comprising
just under 3%, are perhaps slightly underrepresented compared with a pediatric
patient sample. Epilepsy with absences (of both pyknoleptic and nonpyknoleptic
frequency) occurred in about 12% of the cases and epilepsy with myoclonic jerks
of the impulsive petit mal type in slightly over 4% (Table 1).

Table 1. Distribution of different types of seizure in 6,500 patients seen in 20 years at the
University Department of Neurology, Heidelberg. (JANZ 1969)

Type of seizure With Without Total %
grand mal grand mal n

Propulsive seizures 59 55 114 1.8
(infantile spasms)

Myoclonic astatic seizures 39 34 73 1.1

Pyknoleptic absences 336 169 505 7.8

Nonpyknoleptic juvenile absences 165 32 197 3.0

Impulsive petit mal 253 27 280 4.3
(juvenile myoclonic jerks)

Complex focal seizures 1,265 725 1,990 30.6

Simple focal seizures 278 288 566 8.7

Pure grand mal 2,567 2,567 39.5

Unclassifiable 165 43 208 3.2

Total 5,127 1,373 6,500 100.0
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C. Classification

Epilepsies are classified as idiopathic or symptomatic according to whether no
cause is detected or whether a morphologically definable brain lesion can be
found. Epileptic seizures can be subdivided into major seizures (grand mal) and
minor seizures, both of which can be further classified as major seizures with focal
or generalized onset and minor seizures with focal or generalized onset, depend-
ing on whether the clinical picture and the EEG begin with symptoms of focal or
generalized discharges. According to the frequency of the seizures various types
of course can be distinguished and are termed monoepilepsy (with a single sei-
zure), oligoepilepsy (with occasional seizures), stationary epilepsy (when the fre-
quency of seizures remains constant), and progressive epilepsy (seizures increas-
ing in frequency). In the case of epilepsy with minor seizures the frequency of oc-
currence is usually further specified as spanioleptic (with sporadic seizures), py-
knoleptic (with several seizures per day), or cycloleptic (with seizures occurring
periodically in clusters). With regard to the manifestation age we speak of
neonatal seizures; epilepsy in babies, infants, school-children, puberty, and ado-
lescence; and so-called late-onset epilepsy; or simply of age-related and age-unre-
lated epilepsies.

Such distinctions provide certain pointers to the nature and cause of the sei-
zures and to the prognosis of course and therapy. Thus seizures with focal onset,
for example, are usually the expression of symptomatic epilepsy; oligoepilepsies
are in general solitary epileptic seizures (epileptische Gelegenheitsanfille); infantile
epilepsy is often the result of pre- and perinatal brain lesions; and seizures occur-
ring after the age of 20, if they do not result from a brain injury and are not al-
cohol withdrawal seizures, raise suspicion of a brain tumor. Particular types of
seizure elicitation and a connection of seizures to certain situations can also serve
as classification principles. Thus we speak of febrile convulsions, stress convul-
sions, reflex epilepsy, sleep epilepsy, and epilepsy on awakening. Etiological fac-
tors are the basis for the distinction between residual (after brain lesions) and
processual (in progressive brain illnesses) epilepsy; topological factors are the ba-
sis for the distinction between focal epilepsy of the temporal lobe, focal epilepsy
of the frontal lobe, and focal epilepsy of the parietal or occipital region.

Although proposals for an internationally uniform classification of epilepsy
(MErLIS 1970) have not borne fruit, a classification of epileptic seizures accepted
by the International League Against Epilepsy has been compiled (GasTauT 1970)
and was recently revised (DREIFuss 1981) (Table 2).

D. Epileptic Seizures

The greatest step toward a rational treatment of epilepsy was the realization that
the action of antiepileptic drugs depends not on the type of epilepsy but on the
type of epileptic seizure. In 1945 LENNOX reported dramatic success in seizures of
the so-called petit mal triade, which had until then been considered uncontrollable
by a drug which-had no effect on convulsive seizures. Since then the terms an-
ticonvulsant drug and antiepileptic drug have ceased to be synonymous as since
this experience we know that there are antiepileptic drugs without anticonvulsant
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Table 2. Revised clinical and electroencephalographic classification of seizures. (DREIFUSS 1981)

I. Partial (focal, local) seizures

Partial seizures are those in which, in general, the first clinical and electroencephalographic changes in-
dicate initial activation of a system of neurons limited to part of one cerebral hemisphere. A partial sei-
zure is classified primarily on the basis of whether or not consciousness is impaired during the attack.
When consciousness is not impaired, the seizure is classified as a simple partial seizure. When conscious-
ness is impaired, the seizure is classified as a complex partial seizure. Impairment of consciousness may
be the first clinical sign, or simple partial seizures may evolve into complex partial seizures. In patients
with impaired consciousness, aberrations of behavior (automatisms) may occur. A partial seizure may
not terminate, but instead progress to a generalized motor seizure. Impaired consciousness is defined as
the inability to respond normally to exogenous stimuli by virtue of altered awareness and/or responsive-
ness.

There is considerable evidence that simple partial seizures usually have unilateral hemispheric in-
volvement and only rarely have bilateral hemispheric involvement; complex partial seizures, however,
frequently have bilateral hemispheric involvement.

Partial seizures can be classified into one of the following three fundamental groups:

A. Simple partial seizures
B. Complex partial seizures

1. With impairment of consciousness at onset

2. Simple partial onset followed by impairment of consciousness
C. Partial seizures evolving to generalized tonic-clonic convulsions (GTC)

1. Simple evolving to GTC

2. Complex evolving to GTC (including those with simple partial onset)

Clinical seizure type EEG seizure type EEG interictal expression

A. Simple partial seizures
(consciousness not impaired) ~ Local contralateral discharge Local contralateral discharge
starting over the corre-
sponding area of cortical
representation (not always
recorded on the scalp)
1. With motor signs
(a) Focal motor with
march
(b) Focal motor with
march (Jacksonian)
(c) Versive
(d) Postural
(e) Phonatory (vocaliz-
ation or arrest of
speech)
2. With somatosensory or special-sensory symptoms (simple hallucinations, e.g., tingling, light
flashes, buzzing)
(a) Somatosensory
(b) Visual
(c) Auditory
(d) Oflfactory
(e) Gustatory
(f) Vertiginous
3. With autonomic symptoms or signs (including epigastric sensation, pallor, sweating, flushing, pi-
loerection and pupillary dilatation)
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Table 2 (continued)

4. With psychic symptoms (disturbance of higher cerebral function). These symptoms rarely occur
without impairment of consciousness and are much more commonly experienced as complex par-
tial seizures
(a) Dysphasic
(b) Dysmnesic (e.g.,

déjavu)

(c) Cognitive (e.g.,
dreamy states, distor-
tions of time sense)

(d) Affective (fear, anger,
etc.)

(e) Illusions (e.g., macro-
psia)

(f) Structured hallucina-
tions (e.g., music,
scenes)

B. Complex partial seizures
(with impairment of con- Unilateral or, frequently bi- Unilateral or bilateral generally

sciousness; may sometimes lateral discharge, diffuse or asynchronous focus; usually in
begin with simple : focal in temporal or fron- the temporal or frontal regions
symptomatology) totemporal regions

1. Simple partial onset fol-
lowed by impairment of
consciousness
(a) With simple partial
features (A.1-A.4) fol-
lowed by impaired
consciousness

(b) With automatisms

2. With impairment of con-
sciousness at onset
(a) With impairment-of

consciousness only
(b) With automatisms
C. Partial seizures evolving to
secondarily generalized

seizures
(This may be generalized Above discharges become sec-
tonic-clonic, tonic, or clonic) ondarily and rapidly gener-
1. Simple partial seizures (A) alized

evolving to generalized sei-

zures

2. Complex partial seizures
(B) evolving to generalized
seizures

3. Simple partial seizures
evolving to complex par-
tial seizures evolving to
generalized seizures

II. Generalized seizures (convulsive or nonconvulsive)

Generalized seizures are those in which the first clinical changes indicate initial involvement of both
hemispheres. Consciousness may be impaired and this impairment may be the initial manifestation. Mo-
tor manifestations are bilateral. The ictal electroencephalographic patterns initially are bilateral, and
presumably reflect neuronal discharge which is widespread in both hemispheres.




Table 2 (continued)

Clinical seizure type

EEG seizure type

EEG interictal expression

A. 1. Absence seizures

(a) Impairment of con-

sciousness only
. (b) With mild clonic com-

ponents

(c) With atonic compo-
nents

(d) With tonic compo-
nents

(e) With automatisms

(f) With autonomic com-
ponents

(b through f may be found

alone or in combination)

2. Atypical absence

May have:
(a) Changes in tone that
are more pronounced
thanin A.1
(b) Onset and/or cessa-
tion that is not abrupt
B. Myoclonic seizures
Myoclonic jerks (single or
multiple)

C. Clonic seizures

D. Tonic seizures

E. Tonic-clonic seizures

Usually regular and symmet-
rical 3 c/sec but may be 24
c/sec spike-and-slow-wave
complexes and may have
multiple  spike-and-slow-
wave complexes. Abnor-
malities are bilateral

EEG more heterogeneous;
may include irregular spike-
and-slow-wave complexes,
fast activity or other parox-
ysmal activity. Abnor-
malities are bilateral but of-
ten irregular and asymmet-
rical

Polyspike and wave, or some-
times spike and wave or
sharp-and-slow waves

Fast activity (10c/sec or
more) and slow waves; oc-
casional  spike-and-wave
patterns

Low voltage, fast activity or a
fast rhythm of 9-10 c/sec or
more decreasing in fre-
quency and increasing in
amplitude

Rhythm at 10 or more c/sec
decreasing in frequency and
increasing in amplitude
during tonic phase, inter-
rupted by slow waves dur-
ing clonic phase

Background activity usually nor-
mal although paroxysmal ac-
tivity (such as spikes or spike-
and-slow-wave complexes)
may occur. This activity is
usually regular and symmetri-
cal

Background usually abnormal:
paroxysmal activity (such as
spikes or spike-and-slow-wave
complexes) frequently irregular
and asymmetrical

Same asictal

Spike-and-wave or polyspike-
and-wave discharge

More or less rhythmic discharges
of sharp and slow waves, some-

times asymmetrical. Back-
ground is often abnormal for
age

Polyspike and waves or spike and
wave, or, sometimes, sharp and
slow wave discharges




Table 2 (continued)

Clinical seizure type EEG seizure type EEG interictal expression
F. Atonic seizures Polyspikes and wave or flat- Polyspikes and slow wave
(Astatic) tening or low-voltage fast
(combinations of the above activity
may occur, €.g., B and F, B
and D)

III. Unclassified epileptic seizures

Includes all seizures that cannot be classified because of inadequate or incomplete data and some that
defy classification in hitherto described categories. This includes some neonatal seizures, e.g., rhythmic
eye movements, chewing, and swimming movements.

IV. Addendum
Repeated epileptic seizures occur under a variety of circumstances:

1. as fortuitous attacks, coming unexpectedly and without any apparent provocation, 2. as cyclic at-
tacks, at more or less regular intervals (e.g., in relation to the menstrual cycle, or the sleep-waking cycle);
3. as attacks provoked by: (a) nonsensory factors (fatigue, alcohol, emotion, etc.), or (b) sensory factors,
sometimes referred to as “‘reflex seizures.”

Prolonged or repetitive seizures (status epilepticus). The term “‘status epilepticus” is used whenever
a seizure persists for a sufficient length of time or is repeated frequently enough that recovery between
attacks does not occur. Status epilepticus may be divided into partial (e.g., Jacksonian), or generalized
(e.g., absence status or tonic-clonic status). When very localized motor status occurs, it is referred to as
epilepsia partial continua.

action. Therefore, in the development of new drugs we must not only investigate
substances with anticonvulsant action but must also look for antiepileptic drugs
which act specifically on various seizures types. From the pharmacodynamic
point of view even the latest version of the seizure classification accepted by the
International League Against Epilepsy is by no means ideal. As it was compiled
with the help of relatively objective techniques of seizure monitoring it is, how-
ever, the best of the classifications presently available for the purposes of clinical
pharmacology. Whe therefore quote here in part the definitions of the various sei-
zure types given by the Commission for Classification and Terminology of the In-
ternational League Against Epilepsy (DREIFUSS 1981, see Table 2):

Partial (Focal, local) Seizures

The fundamental distinction between simple partial seizures and complex partial seizu-
res is the presence or the impairment of the fully conscious state .

A. Partial seizures

1. With motor signs. Any portion of the body may be involved in focal seizure activity de-
pending on the site of origin of the attack in the motor strip. Focal motor seizures may re-
main strictly focal or they may spread to contiguous cortical areas producing a sequential
involvement of body parts in an epileptic “march”. The seizure is then known as a Jack-
sonian seizure. Consciousness is usually preserved, however, the discharge may spread to
those structures whose participation is likely to result in loss of consciousness and gener-
alized convulsive movements. Other focal motor attacks may be versive with head turning
to one side, usually contraversive to the discharge. If speech is involved, this is either in the
form of speech arrest or occasionally vocalization. Occasionally a partial dysphasia is seen
in the form of epileptic palilalia with involuntary repetition of a syllable or phrase.

2. Seizures with autonomic symptoms such as vomiting, pallor, flushing, sweating, pilo-
erection, pupil dilatation, boborygmi and incontinence may occur as simple partial seizu-
res.
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3. With somatosensory or special sensory symptoms. Somatosensory seizures arise from
those areas of cortex subserving sensory function, and they are usually described as pins
and needles or a feeling of numbness. Occasionally a disorder of proprioception or spatial
perception occurs. Like motor seizures, somatosensory seizures also may march and also
may spread at any time to become a complex partial or generalized tonic-clonic seizure as
in Al. Special sensory seizures include visual seizures varying in elaborateness and depend-
ing on whether the primary or association areas are involved, from flashing lights to struc-
tured visual hallucinatory phenomena, including persons, scenes, etc. (see A4f). Like visual
seizures, auditory seizures may also run the gamut from crude auditory sensation to such
highly integrated functions as music (see A4f). Olfactory sensations, usually in the form of
unpleasant odors, may occur.

Gustatory sensations may be pleasant or odious taste hallucinations.

Vertiginous symptoms include sensations of falling in space, floating, as well as rota-
tory vertigo in a horizontal or vertical plane.

4. With psychic symptoms (disturbance of higher cerebral function). These usually oc-
cur with impairment of consciousness (i.e. complex partial seizures).

a) Dysphasia —this was referred to earlier.

b) Dysmnesic symptoms — a distorted memory experience such as a distortion of the time
sense, a dreamy state, a flashback or a sensation as if a naive experience had been ex-
perienced before, known as déja vu, or as if a previously experienced sensation had not
been experienced, known as jamais-vu, may occur .

c) Cognitive disturbance may be experienced. These include dreamy states, distortions of
the time sense, sensations of unreality, detachment or depersonalization.

d) With affective symptomatology. Sensation of extreme pleasure or displeasure, as well
as fear and intense depression with feelings of unworthiness and rejection, may be ex-
perienced during seizures. . .

e) Illusions. These take the form of distorted perceptions in which objects may appear de-
formed. Polyoptic illusions such as monocular diplopia, distortions of size, macropsia
or micropsia, or of distance may occur. Similarly, distortions of sound, including
microacusia and macroacusia may be seen. Depersonalization, as if the person were out-
side his body, may occur. Altered perception of size or weight of a limb may be noted.

f) Structured hallucinations. Hallucinations may occur as manifestations or perceptions
without a corresponding external stimulus and may affect somatosensory, visual, audi-
tory, olfactory, or gustatory senses .

B. Seizures with complex symptomatology, automatisms

Ictal epileptic automatisms usually represent the release of automatic behavior under the
influence of clouding of consciousness that accompanies a generalized or partial epileptic
seizure (confusional automatisms). They may occur in complex partial seizures as well as
in absence seizures. Postictal epileptic automatisms may follow any severe epileptic seizure,
especially a tonic-clonic one, and are usually associated with confusion.

Drowsiness or somnolence implies a sleep state from which the patient can be aroused
to make appropriate motor and verbal responses. In stupor, the patient may make some
spontaneous movement and can be aroused by painful or other vigorously applied stimuli
to make avoidance movements. The patient in confusion makes inappropriate responses
to his environment and is disoriented as regards place or time or person.

Aura. The aura is that portion of the seizure which occurs before consciousness is lost
and for which memory is retained afterwards. It may be that, as in simple partial seizures,
the aura is the whole seizure. Where consciousness is subsequently lost, the aura is, in fact,
the signal symptom of a complex partial seizure.

Generalized Seizures

A. Absence seizures

The hallmark of the absence attack is a sudden onset, interruption of ongoing activities,
a blank stare, possibly a brief upward rotation of the eyes. If the patient is speaking, speech
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is slowed or interrupted; if walking, he stands transfixed; if eating, the food will stop on
its way to the mouth. Usually the patient will be unresponsive when spoken to. The at-
tack lasts from a few seconds to half a minute and evaporates as rapidly as it commenced.

1. Absence with impairment of consciousness only.

2. Absence with mild clonic components. Here the onset of the attack is indistinguishable
from the above but clonic movements may occur in the eyelids, at the corner of the mouth
or in other muscle groups which may vary in severity from almost imperceptible move-
ments to generalized myoclonic jerks.

" 3. Absence with atonic components. Here there may be a diminution in tone of muscles
subserving posture as well as in the limbs leading to drooping of the head, occasionally
slumping of the trunk, dropping of the arms and relaxation of the grip.

4. Absence with tonic components. Here during the attack tonic muscular contraction
may occur, leading to increase in muscle tone which may affect the extensor muscles or the
flexor muscles symmetrically or asymmetrically. If the patient is standing the head may be
drawn backward and the trunk may arch. This may lead to retropulsion.

5. Absence with automatisms. .. Purposeful or quasi-purposeful movements occurring
in the absence of awareness during an absence attack are frequent and may range from lip
licking, swallowing, to clothes fumbling or aimless walking.

B. Tonic-clonic seizures

The most frequently encountered of the generalized seizures are the generalized tonic-clonic
seizures, often known as grand mal. Some patients suffering with this experience a vague
ill-described warning, but the majority lose consciousness without any premonitory symp-
toms. There is a sudden sharp tonic contraction of muscles and when this involves the res-
piratory muscles there is stridor, a cry or moan and the patient falls to the ground in the
tonic state, occasionally injuring himself in falling. He lies rigid on the ground and during
this stage tonic contraction inhibits respiration and cyanosis may occur. The tongue may
be bitten and urine may be passed involuntarily. This tonic stage then gives way to clonic
convulsive movements lasting for a variable period of time and during this stage small gusts
of grunting respiration may occur between the convulsive movements but usually the
patient remains cyanotic and saliva may froth from the mouth. At the end of this stage deep
inspiration occurs and all the muscles relax, after which the patient remains unconscious
for a variable period of time and often stiff and sore all over. He then frequently goes into
a deep sleep and when he awakens feels quite well apart from soreness and frequently head-
ache.

Myoclonic Seizures. [Myoclonic jerks (single or multiple)]. Myoclonic jerks are sudden,
brief, shock-like contractions which may be generalized or confined to the face and trunk
or to one or more extremities or even to individual muscles or groups of muscles. Myo-
clonic jerks may be rapidly repetitive or relatively isolated.

Many instances of myoclonic jerks and action myoclonus are not classified as epileptic
seizures. The myoclonic jerks of myoclonus due to spinal cord disease, dyssynergia cerebel-
laris myoclonica, subcortical segmental myoclonus, paramyoclonus multiplex and opso-
clonus-myoclonus syndrome must be distinguished from epileptic seizures.

Clonic Seizures. Generalized convulsive seizures occasionally lack a tonic component
and are characterized by repetitive clonic jerks. As the frequency diminishes the amplitude
of the jerks does not. The post-ictal phase is usually short.

Tonic Seizures. To quote Gowers, a tonic seizure is “a rigid, violent muscular contrac-
tion, fixing the limbs in some strained position. There is usually deviation of the eyes and
of the head towards one side, and this may amount to rotation involving the whole body
and may actually cause the patient to turn around, even two or three times. The features
are distorted; the color of the face, unchanged at first, rapidly becomes pale and then
flushed and ultimately livid as the fixation of the chest by the spasms stops the movements
of respiration. The eyes are open or closed; the conjunctiva is insensitive; the pupils dilate
widely as cyanosis comes on. As the spasm continues, it commonly changes in its relative
intensity in different parts, causing slight alterations in the position of the limbs.”
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Atonic Seizures. A sudden diminution in muscle tone occurs which may be fragmen-
tary, leading to a head drop with slackening of the jaw, the dropping of a limb or a loss
of all muscle tone leading to a slumping to the ground. When these attacks are extremely
brief they are known as “drop attacks™.

Unclassified Epileptic Seizures. This category includes all seizures which cannot be clas-
sified because of inadequate or incomplete data.

E. Syndromes of Epilepsy

As it has been pointed out (LunD 1980), “during the past 2-3 decades epilepto-
logical studies have led to the recognition of a number of syndromes of epilepsy
which have gradually become defined on the basis of clinical observation as re-
gards type of seizure, age of onset, electroencephalographic abnormalities and
prognosis. These syndromes are to a great extent internationally accepted, and
their terminology is used in daily informal communications between colleagues
and as diagnostic entries on hospital records. They are also to some extent related
to the effect of certain of the anticonvulsive drugs. The individual syndromes have
been the subject of controlled clinical trials and other investigations which have
been reported in the form of papers or even monographs.”

The characteristics EEG findings and the more or less specific treatment for
each syndrome are to be found in Chap. 2 and 27 of this volume.

F. Age-Related Syndromes
I. Neonatal Convulsions (Neonatal Seizures)

These comprise all epileptic manifestations during the first 10 days of life. Poly-
morphism and topographic as well as temporal variability characterize these sei-
zures. They occur more often with multifocal than with generalized jerks but can
also involve a general or local increase in tone, alternating hemiclonic jerks, or
more subtle phenomena such as yawning, lip-smacking or cycling movements; or
can be manifested merely in the form of apnoic episodes, eye-rolling, blinking and
general hypotension, and lack of responsiveness. Such seizures occur in 5-14 in
every 1,000 neonates (BURKE 1954; WOODBURY 1977, FORFAR et al. 1972; KEEN
and Lee 1973; DeNnIs 1978). Frequent causes are ischemic or hemorrhagic brain
lesions and the metabolic disorders hypoglycemia and hypomagnesemia. Rarer
causes are malformations and infections of the CNS. Familial occurrence appears
to be very rare (BJERRE and CORELIUS 1968; QUATTLEBAUM 1979). There seems to
be no genetic relationship with epilepsy (LIPINSKI 1982).

In the majority of cases the seizures do not recur. In many cases, however, the
prognosis is clouded by the underlying brain damage. About one-fourth of the
children affected die early. Of the surviving children about one-half remain re-
tarded in their development. In about one-fourth chronic epilepsy develops, not
infrequently in the form of infantile spasms (West’s syndrome) or myoclonic-as-
tatic seizures (Lennox-syndrome) (DENNIS 1978; KUROMORI et al. 1976; LOMBROSO
1974; NoLTE and BANTZ 1977; RAUTENSTRAUCH and BRUNNER 1980; SCHULTE
1966; LAGENSTEIN 1980).



Epilepsy: Seizures and Syndromes 13

II. Febrile Convulsions

Febrile convulsions are solitary infantile seizures (kindliche Gelegenheitskrimpfe)
which occur in about 3%-4% of all children (33/1,000 according to HAUSER and
KURLAND 1975) usually between the ages of 9 and 20 months and are seldom seen
after the 5th year of life. They are usually generalized tonic-clonic or generalized
tonic convulsions, and rarely focal seizures (MATTHES 1977). The seizures are
elicited by banal catarrhal infections, in which the rapidity of the temperature in-
crease at the beginning of the infection appears to be the significant factor rather
than the actual height of the temperature (MATTHES 1977). Twenty-five to fifty
percent of affected children have one or more relapses and 2%-3% develop
chronic epilepsy either immediately or after some time (TsuBor and ENpo 1977,
TsuBor and YAMAMURA 1978; NELSON and ELLENBERG 1976, 1978; LENNOX-BUCH-
THAL 1973; ANNEGERS et al. 1979; ELLENBERG and NELSON 1980). Development
into or occurrence of epilepsy is more likely in the presence of the following
factors: familial occurrence of epilepsy, previous cerebral lesions, manifestation
before the 4th months or after the 5th year, focal nature of seizures, duration
greater than 30 min (crise prolongée or febrile status convulsivus), and frequent
repetition of febrile convulsions (ANNEGERS et al. 1979; DoOSE et al. 1966; NELSON
and ELLENBERG 1976, 1978). If the above factors are present complex febrile con-
vulsions are said to occur.

Etiologically, multifactorial (TsuBo1 1977 a) or dominant inheritance with in-
complete manifestation is assumed (LENNOX-BUCHTHAL 1973) — in 25% of the
cases a familial disposition to febrile convulsions is found (LENNOX-BUCHTHAL
1973). There is also, however, a genetic relationship to epilepsy with generalized
seizures. Children of parents with generalized epilepsy are more susceptible to fe-
brile convulsions than children of parents with focal epilepsy (BECK-MANNAGET-
TA et al. 1982).

Prophylactic treatment with antiepileptic drugs can be considered in the case
of complex febrile convulsions (FISHMAN 1980). In the case of fever, however, di-
rect prophylaxis is also possible in the form of temperature reduction and preven-
tive diazepam clysma.

II1. Epilepsy with Infantile Spasms (West Syndrome,
Infantile Spasms, Epilepsy with Propulsive Petit Mal)

West syndrome describes a triad occurring in babies and infants comprising
epileptic seizures mainly involving short flexion spasms, retarded development,
and a characteristic EEG pattern known as hypsarrhythmia (GiBs and GiBBS
1952).

The seizures begin with a sudden bilateral symmetric muscle contraction
which is either very short — as in the case of the more frequent lightning seizures
— or lasts for a few seconds — as in the rarer salaam convulsions. They can occur
in global form with generalized seizures or in partial form with variants limited
to head movements and eye movements. The generalized seizures occur mostly
as flexion spasms, less often as extension spasms, and not infrequently as com-
bined flexion-extension spasms (JANZ and MATTHES 1955; JEAVONS and BOWER
1974; GASTAUT et al. 1964; KELLAWAY et al. 1979). In the case of flexion spasms
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the head, trunk, and legs are flexed, likewise the arms which are either adducted
or abducted. On account of the predominant forward-bent position, seizures of
this type are also called salaam convulsions (CLARKE 1841 cited by WEST 1941)
or propulsive convulsions (ABRAHAMSON 1922; JANz and MATTHES 1955). Partial
variants are so-called head-nodding spells, in which only the head is jerked for-
ward, and attacks of blinking or nystagmic bulbus movements (HORITA et al.
1977). During or shortly after the seizures the child often cries out as though he
or she has had a fright, or sometimes only a short whimper is heard.

Usually several seizures occur per day, often occurring after awakening in
series of 5-20 seizures which can accumulate to a status epilepticus. Sooner or
later longer-lasting generalized tonic or clonic seizures (grand mal) can also occur,
usually in sleep (JANZ and MATTHES 1955).

The EEG shows a pattern described and depicted in Fig. 11, Chap. 2, this vol-
ume and known as “hypsarrhythmia’’ (GiBBs and GiBBs 1952).

The seizures can begin between the 3rd week and the 3rd year of life, but onset
is usually between the 3rd and 8th months of life with a peak at the age of 6
months (JANZ 1969; LACY and PENRY 1976).

Itis assumed that in about one-half of the children the seizures disappear within
2 years and that in the remainder they do not generally persist for longer than 4
years (LACY and PENRY 1976). According to the only follow-up of cases not af-
fected by modern treatment methods, after 4 years 11% of the children had died
and only 20% had become free of seizures. After 10 years 23% had died and only
13% were free of seizures (JANZ and MATTHES 1955). Development into epilepsy
with myoclonic astatic seizures is not infrequent (KRUSE 1968, OHTAHARA 1978),
but progression to epilepsy with pyknoleptic absences is rare (RABE 1961).

The illness affects mainly boys. Most studies show a predominance of boys
over girls in a ratio of about 60% : 40% (JANZ and MATTHES 1955; LACY and PEN-
RY 1976; JEAVONS et al. 1973). In only a third of the cases is the development of
the children from birth to onset of the seizures unremarkable, while all others al-
ready show signs of retarded development prior to onset (JANz and Akos 1967).
About 80% of the children show more or less pronounced mental retardation in
the course of the illness. About 70% also show neurological disturbances in the
form of cerebral palsies, less often athetosis and ataxias (LACY and PENRY 1976).

The etiology is not uniform. In only a minority of the cases can no etiologi-
cally relevant factors be found. Very often these are congenital illnesses such as
phacomatoses, fetal infections, connatal metabolic disorders, and congenital mal-
formations or functional disturbances such as microcephaly, ocular symptoms,
and callosal agenesis. Factors found relatively frequently are premature delivery
and low birth weight (LACY and PENRY 1976). Postnatal circumstances probably
have only the role of realization factors (JANZ 1969). We assume on the basis of
a systematic study that the common pathogenetic factor is to be found in a mat-
uration arrest of genetic or exogenous origin which affects the organism between
the 4th week and the 4th month of the fetal period (JANZ and Akos 1967). This
view has not remained undisputed (JELLINGER 1970), but has been confirmed in
more recent pathological-anatomical investigations (MEENCKE and GERHARD
1984).

In apparent contradiction to the assumption of a predominantly exogenous
etiology the heritability is relatively high. The incidence of epileptic seizures in the
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family is given as 7%-25% (LAcCY and PENRY 1976; JaANZ and Akos 1967; JaNz
and MATTHES 1955; Doose 1964 a). Homologous cases in the family (LACY and
PENRY 1976), in siblings (JANZ 1969), and in monozygotic twins (MUNDE 1969)
have also been observed.

Nosologically closely related to West syndrome is the rare Aicardi syndrome
(AICARDI et al. 1969), a combination of infantile spasms with cerebral malfor-
mations (agenesis of the corpus callosum, porencephalia, cortical heterotopia),
malformations of the eyes (chorioretinopathy, coloboma), and vertebral
anomalies, which begins in the first months of life and has hitherto only been ob-
served in girls. The Aicardi syndrome has a characteristic EEG pattern which
consists of multifocal epileptiform abnormalities occurring on a burst-sup-
pression pattern showing complete asynchrony between the two hemispheres
(DEnNIS and BOwER 1972; RENIER et al. 1973; JEAvONS and BOWER 1974; KARCH
etal. 1980; FArIELLO et al. 1977).

So-called early infantile epileptic encephalopathy with suppression-burst (OH-
TAHARA 1978), a combination of infantile spasms which begin very early — before
the 3rd month — and severe psychomotor retardation, a poor prognosis, and a
characteristic EEG pattern which in time develops into hypsarrhythmia, appears
to be closely related to this syndrome (OHTAHARA et al. 1976, Y AMATOGI and OH-
TAHARA 1981).

IV. Epilepsy with Myoclonic-Astatic Seizures
(Lennox-Gastaut Syndrome)

The Lennox or Lennox-Gastaut syndrome is an epileptic syndrome beginning in
early childhood and characterized by certain types of generalized seizures, signs
of mental retardation, and slow variants of the spike-wave pattern in the EEG.
A combination of astatic seizures, generalized tonic convulsions, and absences
which can be accompanied by generalized tonic-clonic seizures with no particular
relationship to the sleeping-waking cycle is typical of this syndrome. In the case
of the astatic seizures the children can, without losing consciousness and without
perceptible jerks, suddenly fall down and immediately get up again. Sometimes,
however, sudden violent jerks through all their limbs throw them to the ground.
In milder forms there is only a short throwing up of the arms and a short buckling
of the knees or abrupt head nods (nodding spells). During the extremely short ab-
sences there is a scarcely perceptible myoclonus of the eyelids and/or arms. The
tonic seizures are of short duration, are often accompanied by a cry, and are either
generalized or occur in abortive form restricted to the shoulders and face. The
tonic seizures can occur only in sleep. Tonic seizures occurring during the day can
also lead to a fall and are often followed by a postparoxysmal impairment of con-
sciousness during which oral automatisms occur — “tonic-psychomotor seizures”
(STENZEL and PANTELI 1982). Usually several types of seizure occur in one and
the same patient (AICARDI 1973; CHEVRIE and AICARDI 1972; CAPELLA et al. 1972;
BLUME et al. 1973; BEAUMANOIR et al. 1968; DOOSE 1964 b; DoosE et al. 1970; GAs-
TAUT et al. 1966; KRUSE 1968; LAGENSTEIN 1980; LOISEAU et al. 1974; NIEDER-
MEYER 1969; OLLER-DAURELLA 1972; SCHNEIDER et al. 1970; SOREL 1964).
Several seizures occur in a day at intervals of days or weeks. They tend to oc-
cur in series and in the form of a status epilepticus. Here status can occur with
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more or less violent jactitations reminiscent of chorea as well as apathetic states
in which only an occasional nodding of the head or buckling of the body are sug-
gestive of seizures (KRUSE 1968).

Electroencephalographically all variants of the spike-wave complex with a fre-
quency of less than three per second are characteristic (see Fig. 10, Chap. 2, this
volume).

The manifestation age ranges from the 9th month to the 9th year but is usually
between the 2nd and 4th years with a maximum in the 4th year. Onset in the 2nd
decade has not infrequently been observed (NIEDERMEYER 1969; LipINsk1 1977,
Osawa et al. 1976; STENZEL 1979; SENGOKU et al. 1976; HIGANO and OHTAKA
1976; JaNz 1969; SOREL 1964). However, such late-onset astatic seizures can also
occur in addition to already existing epilepsy which has begun with pyknoleptic
absences and awakening grand mal, with psychomotor seizures and grand mal
during sleep, or grand mal which is randomly distributed (L1pINsK1 1977).

In a third of the cases psychomotor development is retarded before the onset
of seizures and in about half of the cases it becomes impaired to a greater or lesser
degree in the course of the illness (KRUSE 1968). As regards the nature and fre-
quency of the seizures, the extent of psychic impairment, and the degree of ther-
apeutic amenability, the course of the illness is very variable. The prognosis can-
not, however, be considered generally unfavorable as a third of cases become sei-
zure free after 4 years (KRUSE 1968). While transition from West syndrome to
Lennox syndrome is not unusual (YAMATOGI and OHTAHARA 1981), transitions
from Lennox syndrome to Friedmann syndrome appear to be the exception (JANZ
1969; KRUSE 1968; LAGENSTEIN 1977; OLLER-DAURELLA 1976; RABE 1961).

From the etiological point of view, too, the Lennox syndrome comes between
West’s syndrome and the Friedmann syndrome. In about one-third of the cases
no etiological factors can be found. The circumstances to which the syndrome is
attributed include prenatal, perinatal, and postnatal damage (Janz 1969;
SCHNEIDER et al. 1965; DOOSE et al. 1970; CAPELLA et al. 1972; CHEVRIE and Al-
CARDI 1972; BLUME et al. 1973).

Familial occurrence of epilepsy or solitary epileptic seizures is found in
12.8%—-27% of cases (BLUME et al. 1973; BEAUMANOIR et al. 1968; KRUSE 1968;
ScHNEIDER et al. 1970). Reports of homologous illnesses in siblings are rare
(DoosE 1964 b; DoOSE et al. 1969; KRUSE 1968).

The distinction between primary and secondary or generalized and multifocal
forms is justified less by the pathological-anatomical findings available to date
(MEENCKE 1984; TCHICALOFF et al. 1974; Vianiet al. 1977) than by the expectation
of prognostic and perhaps also genetic differences (BEAUMANOIR et al. 1968;
DoO0sE 1964 b, ¢c; DoosE et al. 1970; LAGENSTEIN 1977, 1980; GASTAUT et al. 1973).

The following hitherto not clearly defined subentities are closely related to the
Lennox syndrome: epilepsy with infantile myoclonic seizures or myoclonic epilepsy
of childhood (A1cArRDI and CHEVRIE 1971; LOISEAU et al. 1974; JEAvons 1977) and
epilepsy with infantile or “atypical” absences (RABENDING et al. 1981; Jacosi 1979;
GastaUT et al. 1974).
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V. Epilepsy with Frequent Absences
(Friedmann Syndrome, Pyknolepsy)

When FRIEDMANN (1906, 1912, 1915) originally described the syndrome of
frequent minor seizures in children he understood it to be a nonepileptic parox-
ysmal illness in the belief that it had generally cleared by puberty and did not in-
volve personality changes. Since it has become known that major seizures often
follow (ROSENTHAL 1935) and that the absences have a characteristic EEG pattern
and a spike-wave complex of three per second (GiBBs et al. 1935; JUNG 1939; see
also Fig. 7, Chap. 2, this volume), the Friedmann syndrome (DALBY 1969) is con-
sidered a definite epileptic syndrome.

The absences begin and end suddenly, i.e., an aura does not precede the
abruptly beginning absence attack; the seizure usually lasts less than 10 s and
mental clarity returns instantly at the end of the seizure. During the absences there
are usually mild motor manifestations in the form of upward (retropulsive petit
mal) (JANZ 1955) and less often sideward movements of the eyes and head, blink-
ing, slight jerking of the arms, or, if the absences last longer, also mild auto-
matisms. They recur several times a day, can become very frequent — thence the
term “pyknoleptic” — and can accumulate to a series or to a status (“petit mal
status” or “absence status’”) which can last for hours or days. .

This type of epilepsy manifests itself between 4 and 14 years of age. Three-
fourths of all cases begin between the S5th and 11th years, with a peak in the 7th
and 8th years (JANZ 1969). In a minority of cases the onset of absences is preceded
by major seizures (DALBY 1969; JANZ 1969). These are seldom neonatal seizures
but more often febrile convulsions or other types of solitary grand mal. Girls are
affected more often than boys in a ratio of 60:40 (JaNz 1969; BAMBERGER and
MATTHES 1959).

Spontaneously 16%-36% become seizure free, in 31%-33% the minor seizu-
res remain but their frequency decreases, and in 32%-53% major seizures ensue,
occurring predominantly (88%) after awakening in the form of awakening epilep-
sy (JANZ 1969). There have recently been reports of both a worse (OLLER-
DAURELLA and OLLER 1977) and — under therapy however — a distinctly better
(Satoet al. 1977) prognosis than hitherto assumed.

Etiologically pyknolepsy is considered the prototype of primary (idiopathic)
epilepsy. In 4%-14% (DALBY 1969; JaNZ 1969) the history shows evidence of ex-
ogenous, especially perinatal, lesions (COURJON et al. 1959; DALBY 1969; DOOSE
etal. 1965), which are of pathoplastic rather than etiological significance.

Family and sibling studies have shown this form of epilepsy to have a hered-
itary basis although the type of heredity is still under discussion (METRAKOS and
METRAKOS 1961; DOOSE et al. 1967; NEwMARK and PENrY 1980).

Between the syndrome of pyknoleptic absences and the syndrome of juvenile
myoclonic jerks (impulsive petit mal) lies a further form of age-related minor sei-
zures which is characterized clinically by nonpyknoleptic or nonfrequent absences
and electroencephalographically by rapid spike-wave complexes (JANZ 1969). In
this syndrome, also known as juvenile absence epilepsy (DOOSE et al. 1965), usually
only short simple absences occur which recur not with pyknoleptic frequency but
in periodic clusters (cycloleptically) or in a spanioleptic manner (singly). In the
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majority of cases age manifestation is between 10 and 14 years of age (JANZ
1969). The difference between the syndrome of juvenile absences and epilepsy
with impulsive petit mal, which is not infrequently also accompanied by simple
absences, lies clinically in the absence of myoclonic jerks and electroencephalo-
graphically in the absence of typical multispike-wave complexes. Features which
it shares with the preceding and following syndromes are the frequent combina-
tion with awakening grand mal, a high heritability, and the rarity of etiologically
relevant noxae.

V1. Epilepsy with Juvenile Myoclonic Jerks (Herpin-Janz Syndrome,
Epilepsy with Impulsive Petit Mal, Juvenile Myoclonic Epilepsy)

This is a form of epilepsy beginning in youth and characterized by abrupt jerks
through the shoulders and arms occurring mainly on awakening, in combination
with awakening grand mal, frequent familial occurrence, absence of exogenous
etiological factors, and a multispike-wave EEG pattern (JANZ and CHRISTIAN
1957; JaANz 1969; SIMONSEN et al. 1976; LUND et al. 1976, ENVILE-BACSAL and
DELGADO-ESCUETA 1981; TsuBo1 1977 b).

The impulses or impulsive jerks through the arms and shoulders can be mild
or violent, can occur singly or several times in succession, or can increase to a vol-
ley or a genuine status of arrhythmic jerks (impulsive petit mal status) (GRUNBERG
and HELMCHEN 1969; JaANz and CHRISTIAN 1957). It is not uncommon for short
simple absences to occur in addition. The minor and the major seizures occur
mainly after waking and are precipitated by lack of sleep and alcohol excess. On
account of a neurotic instability of character, patients with jerks of the impulsive
petit mal tend to have an irregular life-style which can impair compliance (LUND
etal. 1976; VOLzKE et al. 1981).

An example of the characteristic multispike-wave EEG pattern is shown in
Fig. 8, Chap. 2, this volume. From the electroencephalographic point of view the
syndrome must be further extended to include pure grand mal epilepsies with sub-
clinical multispike-wave complexes which are as a rule also awakening epilepsies.

The predilection age is between the 14th and 18th years of life with a broad
span between the 9th and 27th year (JANZ 1969).

Cases in which only jerks occur for decades appear to be rare. In the course
of the illness major seizures usually soon occur. In a third of the cases the syn-
drome begins with major seizures.

Etiologically the frequency of familial occurrence is striking as are the not in-
frequent reports of homologous cases in families (JANz 1969; TsuBor 1977b).
Family studies indicate a genetic disposition of probably polygenic type (TsuBoI
1977b).

VII. Awakening Epilepsy (Epilepsy with Nonfocal Grand Mal)

According to their connection with the sleeping-waking cycle grand mal epilepsies
can be divided into awakening epilepsy, sleep epilepsy, and random epilepsy. In
the clinical, pathophysiological, and therapeutic respect these forms differ so dis-
tinctly from each other that at least in the case of awakening epilepsy we can de-
scribe a syndrome in its own right (JANz 1953, 1962, 1969, 1974).
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The grand mal seizures occur mainly after awakening and occasionally, some-
times also mainly, “around going home time.” They usually begin between 10 and
25 years of age whereas sleep epilepsy and random epilepsy show no age predilec-
tion. Awakening epilepsies are usually idiopathic epilepsies while sleep epilepsies
are symptomatic epilepsies in one-fourth of the cases and random epilepsies in
over one-half of the cases. If they do not occur in pure form but combined with
minor seizures, these usually take the form of frequent pyknoleptic or non-
frequent absences and/or impulsive jerks, whereas combined sleep epilepsy is
mainly associated with complex focal seizures and combined random epilepsy
mainly with simple focal seizures.

In its course awakening epilepsy can evolve into sleep epilepsy or random
epilepsy, but sleep or random epilepsy never develops into awakening epilepsy.
The seizures in awakening epilepsy are often precipitated by exogenous circum-
stances (sleep withdrawal, alcohol, photosensitivity), which have less significance
in the other forms.

Substantiated experience indicates that the psychic and sleep-waking behavior
of patients with awakening epilepsy differs clearly from that of patients with the
other forms (JANZ 1969, 1974).

According to the EEG, awakening epilepsies are primary generalized epilep-
sies while in the other two forms focal slow waves and discharges frequently sug-
gest classification as focal epilepsy (JANZ 1969, 1974; KitAGAwA 1975; TsuBol
and CHRISTIAN 1976).

VIII. Benign Focal Epilepsy of Childhood [Benign Epilepsy
of Children with Rolandic (Centrotemporal) Foci]

This is the only age-related form of epilepsy which involves focal and not gener-
alized seizures. Further characteristics of this syndrome are the occurrence of the
seizures mainly in sleep, unilateral centrotemporal sharp-wave focus in the EEG,
and favorable prognosis (BANCAUD et al. 1958; BEAUSSART 1972; BLoM et al. 1972;
LerMAN and KiviTy 1975; LipiNski 1980; LoiSEAU and BEAUSSART 1973).

Mainly short, unilateral, simple, brachiofacial focal seizures with paraesthesia
and/or jerks; tonic hemifacial seizures with hypersalivation and speech arrest; and
masticatory seizures, hemi-grand mal, and grand mal with focal onset occur. The
seizures often recur only in sleep, less often also or only during waking. As a rule
only a few seizures occur but there are cases with several seizures daily.

The manifestation age ranges from 9 months to 12 years, with predilection be-
tween 7 and 10 years. The syndrome affects boys more often than girls.

The EEG is characterized by an isomorphous centrotemporal sharp-wave
focus of high amplitude near the fissure of Rolando (see Fig. 4, Chap. 2, this vol-
ume). It is possible for the focus to change sides. As a rule no etiological factors
can be detected. The autosomal dominant mode of inheritance has been dis-
cussed.

Seizures and focus disappear completely at puberty.
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G. Age-Unrelated Epilepsy Syndromes

I. Epilepsies with Complex Focal (Psychomotor) Seizures
(Temporal, Rhinencephalic, Limbic Epilepsy)

The term temporal epilepsy is generally taken to mean epilepsy with complex fo-
cal seizures. There are, however, two reasons why the two terms cannot be regard-
ed as completely synonymous:

1. There are cases where grand mal seizures are the additional or only manifes-
tation of temporal epilepsy. Then they are, however, as a rule preceded by spe-
cifically temporal seizure symptoms.

2. Psychomotor or complex focal seizures can in rare cases also stem from ex-
tratemporal foci (LUDWIG et al. 1975; SCHNEIDER et al. 1965; GEIER et al. 1976),
whose discharges are projected into temporal regions.

The diagnosis “temporal epilepsy” must therefore be supplemented by the
type of seizure and the diagnosis ‘“complex focal seizures” by the exact localiza-
tion of the lesions.

The lateral sections of the temporal lobe belong to the neocortex and the
mediobasal portions to the paleocortex or the rhinencephalon, which is function-
ally related to the entire limbic system. Thus with regard to localization we should
distinguish two forms of temporal epilepsy, a neocortical and a paleocortical
(rhinencephalic, limbic) form.

The neocortical form is relatively rare. It originates from discharges of the
four temporal gyri with the exception of the temporal pole. The predominant sei-
zure symptoms are acoustic, visual, vestibular, and — over the dominant hemi-
sphere — dysphasic auras. Dreamy states are also related to the temporal neocor-
tex with the exception of the specific auditory and vestibular projection areas and
the speech region. Temporolateral seizures appear to be accompanied less often
by disturbed consciousness and by postictal cloudy states than rhinencephalic sei-
zures and more often by adversive automatisms.

The paleocortical form is the more frequent. It arises from discharges in the
uncinatus region (JACKSON and CoLMAN 1898) or the pararhinal region (GASTAUT
1961). (With regard to the EEG, see Figs.2, 6, 12, 13, 16, Chap. 2, this volume.)
The uncinatus region encompasses the nucleus amygdalae, the pars uncinata of
the gyrus hippocampi, and the anterior insular and periinsular regions of the tem-
poral lobe, perhaps also the hippocampus and the area entorhinalis. The para-
rhinal region additionally includes the substantia perforata anterior and the pos-
terior portions of the gyri orbitales. The clinical symptoms are characterized by
epigastric, olfactory, and gustatory auras, by stereotype oral automatisms, and
by vegetative symptoms. The seizures are as a rule associated with disturbances
of consciousness and terminate in postictal cloudy states with slow reorientation.

Complex focal seizures as a rule recur in a cycloleptic manner (in periodic
clusters): After seizure-free intervals of days to weeks several seizures or series of
seizures occur in the course of a few days. There are undoubtedly also states which
can be considered as status epilepticus of complex focal seizures, in which seizures
or seizure fragments follow each other continuously or discontinuously over a
prolonged period (GASTAUT et al. 1956; KArRBowsk1 1980; WoLF 1970). The clini-
cal spectrum ranges from phenomena which can be termed “aura continua”
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(Scort and MASLAND 1953; WoLF 1982), through so-called epileptic delirium or
epileptic cloudy states (PASSOUANT et al. 1957, PENFIELD and JASPER 1954) to
frequent seizures with unremarkable behavior in the intervening periods (JANZ
1969).

The manifestation age shows no predilection. In our patient sample 29% had
become ill in the 1st decade of life; in 50% seizures began after the 20th year of
life (Janz 1969).

With regard to the course we can distinguish between a primary and a second-
ary form. We talk of a primary form when it begins with complex focal seizures
and of a secondary form when the onset of complex focal seizures is preceded by
seizures of a different type. Grand mal seizures in combination with complex fo-
cal seizures usually (55%) occur in the form of sleep epilepsy, often (30%) in the
form of random epilepsy, and only relatively seldom (15%) in the form of
awakening epilepsy (JANZ 1969).

Etiologically, definable causes were known in 27% of the cases in our patient
sample and not known in 73%. The most frequent causes were pre- and perinatal
brain lesions (7.4%) and traumatic brain lesions (6.6%); these are followed by ce-
rebral tumors (4.6%), brain infections (2.7%), and cerebrovascular diseases
(0.9%). When the onset is in the 1st decade of life pre- and perinatal brain lesions
are the most frequent causes while brain injuries predominate in the 3rd decade.
In the 3rd and 4th decades brain injuries compete with brain tumors and the latter
predominate in the 6th decade (JANZ 1969).

The hereditary occurrence of epilepy in the family is only one-half to one-third
of that in epilepsies with generalized seizures. It is worth noting that it is higher
in children and institutionalized patients than in a neurological patient sample
(JANZ 1969). Twin studies have shown a concordance of 38.5% in monozygotic
twins and a concordance of 6% in dizygotic twins (LENNOX 1960). In the literature
there are reports of a number of homologous cases in siblings and also in the as-
cending line (BARSLUND and DANIELSEN 1963; ANDERMANN and METRAKOS 1969;
BrAY and WISER 1965; DALY and BICKFORD 1951; GiBsON 1959/60; JENSEN 1975;
LENNOX 1960; MATTHES 1961; NEWMARK and PENRY 1980; RopIN and WHELAN
1960).

II. Epilepsies with Simple Focal Seizures
(Neocortical Epilepsy, Epilepsy with Jacksonian Seizures,
Adversive Seizures, Sensory Auras, Sensory Seizures)

Simple focal seizures begin with symptoms which reflect the functions of circum-
scribed cortical areas. Thus seizures of the central region begin with somatomotor
or somatosensory symptoms; seizures of the projection areas for the specific sen-
ses with visual (optic), auditory (acoustic), or vertiginous sensations; and seizures
of the dorsomedial and dorsolateral areas of the frontal lobe with postural
changes and turning movements. Seizures of the speech region lead to dysphasic
symptoms while seizures with speech disturbance (vocalization or arrest of
speech) are of unspecific location. Whether seizures associated only with auto-
nomic symptoms exist is questionable, as is their localizational correlate.
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Common to all simple focal seizures is that consciousness is initially not im-
paired, which is why the patients are able to describe the nature of the focal symp-
toms from their own experience. Only when the discharge becomes secondarily
generalized or when generalized convulsions occur is consciousness extinguished.
The term simple focal seizures is not completely identical with the term neocor-
tical seizures because although voluntary motor activity and the sensations of the
“higher” senses are represented by the neocortex, sensations of the “lower” sen-
ses, such as epigastric, olfactory, and gustatory sensations, are represented by the
rhinencephalon, which belongs to the paleocortex, or by the limbic structures of
the insular and parainsular regions and of the uncus region.

As long as the seizures are only manifested in local symptoms we speak of mo-
tor, sensorimotor, or sensory Jacksonian seizures, contralateral (mostly) or ipsi-
lateral (rarely) versive seizures, sensory seizures (with optic, acoustic, vertiginous
sensations), or dysphasic seizures. Simple focal seizures can develop into general-
ized tonic-clonic seizures. They can, however, particularly when they are associ-
ated with sensations of the “lower” senses, with complex hallucinations, and/or
with a dreamy state, also develop into complex focal seizures. Finally there are
also focal seizures which begin with simple symptoms and then progress via com-
plex symptoms to generalized tonic-clonic convulsions. Focal seizures can thus
remain focal, combine with grand mal seizures of focal onset, or only go along
with focal grand mal seizures.

Simple focal seizures can also occur in series or accumulate to a status. A
status epilepticus of versive seizures is not infrequent but has not been described
as such probably because in the case of such events focal grand mal seizures pre-
dominate and are succeeded in the subsequent course by versive seizures which
no longer generalize. A status of sensory seizures has often been described under
the term aura continua (SCOTT and MASLAND 1953; WoOLF 1982; HELMCHEN et al.
1969). A status of focal-motor seizures is also known as epilepsia partialis con-
tinua (Kojewnikow) (BAMBERGER and MATTHES 1959; JANZ 1969; JUUL-JENSEN
and DENNY-BROWN 1966; BAROLIN et al. 1976; LOHLER and PETERS 1974; THOMAS
et al. 1977). By this we understand clonic jerks in a limited area occurring more
or less continously over a prolonged period without impairment of consciousness.
The state can occur in isolation but is frequently accompanied by Jacksonian sei-
zures or by grand mal seizures which precede, interrupt, or follow it (for EEG see
Fig. 15¢, Chap.2, this volume). Speech disturbances of prolonged duration with
epileptic discharges in the EEG above the temporal region of the dominant hemi-
sphere have also been described as a status of dysphasic or aphasic seizures
(GERSTLE DE PASQUET et al. 1976; HAMILTON and MATTHEWS 1979).

Epilepsies with simple focal seizures usually begin in adulthood. In our patient
sample only 12.5% had started in the 1st decade of life; in 73% of the cases the
seizures did not begin until after 20 years of age and in 21% not until after 50
years (JANZ 1969).

As regards the course, primary forms (beginning with simple focal seizures)
predominate by far over the secondary forms (beginning with focal grand mal sei-
zures). Primary forms are caused by tumors in half the cases and secondary forms
in only a fifth of the cases. Grand mal seizures in epilepsies with simple focal sei-
zures of neocortical origin are unrelated to the time of day in half of the cases; in
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over a third of the cases they occur mainly in sleep and only relatively seldom
mainly after waking (JANZ 1969).

Etiologically, epilepsies with simple focal seizures of neocortical origin are
mainly symptomatic. But in our sample, too, the cause remains unknown in 29%
of the cases. The most frequent cause is brain tumor (34%), followed by traumatic
(15%), pre- and perinatal (9%), inflammatory (3%), vascular (3%), and less com-
monly (7%) brain lesions. Pre- and perinatal brain lesions predominate in the 1st
decade of life and traumatic brain lesions in the 2nd and 3rd decades; from pu-
berty onward brain tumors increase gradually and go into the lead from the 4th
decade on, while cerebrovascular diseases retain their subordinate role even in ad-
vanced years (JANZ 1969).

III. Status Epilepticus

According to the revised seizure classification the term “status epilepticus is used
whenever a seizure persists for a sufficient length of time or is repeated frequently
enough that recovery between attacks does not occur” (DREIFuUss 1981). Within
generalized status epilepticus, GASTAUT (1982) distinguishes between convulsive
and nonconvulsive forms. He classifies as convulsive forms the historic “grand
mal status, which can be generalized from the beginning or can have a focal on-
set; a status of generalized tonic or generalized clonic seizures; and a status of
massive bilateral myoclonia, which is further subdivided into that occurring in
primary generalized epilepsy and that occurring in severe subacute or acute ence-
phalopathies. As nonconvulsive generalized status forms he classifies the ab-
sence status, which he again subdivides into that with typical and that with atypi-
cal absences, and a status of atonic seizures. The forms of a focal status epilepticus
such as the somatomotor form of epilepsia partialis continua (Kojewnikow), the
somatosensory form of aura continua, and the possibility of a status with dys-
phasic seizures have already been mentioned in connection with the syndrome of
simple focal seizures and the status psychomotoricus in connection with the syn-
drome of complex focal seizures.

A status epilepticus convulsivus or grand mal status is characterized by grand
mal seizures which follow each other at short intervals usually of less than 1 h
without the patient regaining clear consciousness in between (HEINTEL 1972; JANZ
1969). Mortality even in recent years has still been 2.5%-25% (AMINOFF and
SimoN 1980; HEINTEL 1972; JaANz and KauTz 1964; K As and ORSZAGH 1976; KETZ
and MEIER 1979; WHITTY and TAYLOR 1949; RowaN and Scott 1970). However,
death seldom occurs during the status but usually in the postparoxysmal coma,
mainly as a result of complications of the respiratory tract (HEINTEL 1972). The
morbidity rate of a grand mal status in epilepsy is given as 1%-10% (HEINTEL
1972; HUNTER 1959/60; JANZ 1961; LENNOX 1960). The etiology of grand mal
status is more often known than unknown (JANZ 1982). Among the specific
causes brain trauma, brain tumor, and encephalitis are more frequent than ex-
pected; vascular lesions and perinatal brain damage are not.

Among brain tumors astrocytomas and among brain traumas open head in-
juries show a significant predisposition to grand mal status (HEINTEL 1972). In
epilepsies of unknown origin a grand mal status is relatively rare; its occurrence
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presupposes a long-standing course, in generalized epilepsy even longer than in
focal epilepsy; it never marks the beginning of an idiopathic epilepsy (HEINTEL
1972; JaNz 1961, 1982; HEycop TeN Ham et al. 1967). The semiological differenti-
ation between a status as an isolated, an initial, or an intercurrent event can be
of help in differential diagnosis insofar as an isolated and an initial status epilep-
ticus almost always have an exogenous cause. The fact that a status epilepticus
in cryptogenic epilepsies does not occur until after a long duration of the illness,
on average 13 (JANZ 1961) to 15.5 (HEINTEL 1972) years, indicates that in crypto-
genic epilepsies too a morphological brain lesion is the prerequisite for a status.

In many cases a grand mal status appears to be a symptom of diffuse brain
damage. When it is based on a circumscribed lesion it is mostly a unilateral lesion
of the frontal lobes (JANZ 1964, 1982). Among the manifold circumstances which
can be identified as precipiting factors, errors in medication and intercurrent in-
fections are the most frequent (AMINOFF and SiMON 1980; HUNTER 1959/1960,
Kasand OrszAGH 1976; RowanN and Scott 1970; JANZ 1982).

IV. Syndromes of Seizures Elicited by Sensory Stimuli
(So-called Reflex Epilepsies)

Seizures occurring from time to time or regularly in comparable circumstances
have previously been termed reflex epilepsies. This term is, however, clinically dif-
fuse, etiologically meaningless, and pathophysiologically dubious. It is clinically
diffuse because the precipitating circumstances and the nature of the seizures are
very varied. The circumstances range from definable exteroceptive to indefinable
interoceptive stimuli, biological constellations, and psychic situations. The clini-
cal phenomena also include nonepileptic paroxysms such as syncopal and extra-
pyramidal seizures. The term has no etiological meaning because precipitating
circumstances are not causes. Also, the assumption that the elicitation of the sei-
zures takes place in the same manner as a reflex is physiologically inadequate as
the conditions of a reflex arc have never been shown to exist. Moreover, the
epileptic seizures precipitated by stimuli are always the consequence of self-sup-
porting afterdischarges whose intensity and duration are not strictly dependent
on the stimulus (JASPER 1954). Finally, as sensory stimuli can also inhibit seizures,
in such cases it is preferable to speak of sensory precipitation or inhibition (BIck-
FORD 1954; BICKFORD and KLASS 1969; PENFIELD and JASPER 1954).

According to the type of precipitation we distinguish among others between
tactile (haptogenic), optic (photogenic), and acoustic (musicogenic) forms and
forms precipitated particularly by reading, by movements, and by being startled.

The seizures elicited by tactile stimuli are usually somatomotor and
somatosensory cortical seizures (GOLDIE and GREEN 1959; JANZ 1969; KREIS 1968;
PENFIELD and JASPER 1954; ScoLLo-LAvizzari and HEss 1967; SErviT 1962;
VizioLi 1962).

That sensory seizures can also be precipitated by sensory stimuli is shown by
the example of precipitation of optic auras by sudden alternation of light and
dark (JANZ 1969; PENFIELD and JASPER 1954), of acoustic auras by acoustic stimuli
(CRrITCHLEY 1935; JANZ 1969), and of vestibular auras by vestibulogenic stimuli
(BEHRMANN and WYKE 1958).
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We speak of photogenic epilepsy when epileptic seizures are precipitated by in-
termittent light stimuli. Occasionally a look into the sun will suffice (FRIEDMANN
1912; Rapovici et al. 1932; SCHRODER 1913), but usually blinking or some other
alternation from light to dark is necessary to elicit seizures in the patients with
the appropriate disposition (BICKFORD and KLAss 1969; JEAvVONS and HARDING
1975; KLASs 1976; NEWMARK and PENRY 1979; RABENDING and KLEPEL 1978).
Clinically we usually find generalized primary epilepsies with awakening grand
mal, pyknoleptic absences, or jerks of the impulsive petit mal type. Photogenic
epilepsy or the so-called photosensitive seizures (RABENDING et al. 1981) are a spe-
cial case of so-called photosensitive epilepsy, i.e., epilepsies with photosensitivity
(Jeavons and HARDING 1975). Photosensitivity is the ability of the brain to re-
spond to intermittent light stimuli (photostimulation) with hypersynchronous
discharges which appear in the EEG in the form of mostly bilateral spike and
slow-wave complexes either limited to the occipital and temporal regions or gen-
eralized (see Fig. 14, Chap. 2, this volume). Photosensitivity is a genetically deter-
mined characteristic which is distinctly age related, with maximum penetrance be-
tween the Sth and the 15th year of life and is mostly found in girls.

Precipitation of seizures by patterns (pattern-sensitive epilepsy) is considered
a rare subform of so-called photosensitive epilepsy. The seizures are generally
elicited by looking at patterns or pictures with sharp contours. Usually absences
or generalized tonic-clonic seizures occur (BICKFORD et al. 1953; BICKFORD and
KLass 1969; CHATRIAN et al. 1970a,b; DREYER 1972; WILKINS et al. 1979) but
rarely focal seizures (MEYER and MEYER-WAHL 1975).

We speak of musicogenic epilepsy when epileptic seizures occur only or with
a certain regularity when listening to music. The first such case was described by
MERZHEEVSKY in 1884 (cited by CRITCHLEY 1937). Some degree of fame was at-
tained by the case observed by NIKITIN (1935) of a singer in whom seizures oc-
curred only when he listened to or sang a certain aria and later even when he
merely thought of it. Some patients, as in the case described by NIkiTIN (1935),
react only to a certain melody and others to a particular type of music, which is
as a rule sentimental in character. It is undoubtedly the emotion elicited by the
music which is decisive in precipitating the seizures, provided “the gun was
loaded” (CRITCHLEY 1937, 1942). Clinically we find psychomotor or grand mal
seizures, electroencephalographically practically always temporal epilepsy (BasH
and BasH-LIECHTI 1959; DALY and BARRY 1957; JANZ 1969; JoyNT and GREEN
1962; POSKANZER et al. 1962; TITECA 1965; TorvAKKA and LEHTINEN 1965; WEBER
1956).

Audiogenic epilepsy in the strict sense is the constitutional ability of certain
strains of mice and rats to respond to loud sounds with epileptiform seizures. This
characteristic is used specifically for testing the anticonvulsant action of drugs
(CoLLins and FULLER 1968; FULLER and CoLLINS 1968; HERBERG et al. 1969;
SCHLESINGER et al. 1968). In man seizures elicited by simple sounds or noises —
apart from startle seizures —have not been demonstrated.

Vestibulogenic epilepsy in the sense of seizures repeatedly elicited by vestibular
stimuli also appears to be the exception in man (BEHRMANN and WYKE 1958; Or-
BAN and LANG 1963).
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“Seizures elicited by movement’’ are not a clinically uniform syndrome. Under
this heading numerous observations have been reported of fits of unilateral and
bilateral tonic convulsions and/or athetotic and choreatic movements without im-
pairment of consciousness which are of short duration, recur frequently, and are
elicited by sudden active movements or postural changes, occasionally also by be-
ing startled. On the basis of our own experience we share the opinion of PEREZ-
Boria et al. (1967), that at least two syndromes must be distinguished: (1) An extra-
pyramidal-motor syndrome mostly occurring at school age, also showing familial
occurrence and manifested paroxysmally in predominantly unilateral dystonic
but also choreo-athetoid movements which lead to bizarre postures and are not
accompanied by impairment of consciousness (FUCHS and JUNKERS 1973; HisHi-
KAWA et al. 1973). (2) An age-unrelated focal epileptic syndrome mostly associ-
ated with unilateral tonic seizures which can develop into complex focal or gen-
eralized tonic-clonic seizures and presumably originates in the supplementary-mo-
tor region (FALCONER et al. 1963; PENFIELD and JASPER 1954; JANZ 1969; KEN-
NEDY 1959; OLLER-DAURELLA and Dint 1970).

Seizures elicited by being startled also lack clinical uniformity. Although both
are precipitated by surprising tactile or accoustic stimuli we distinguish between
(1) a pathologically exaggerated startle reaction (hyperexplexia, synkinesie-sur-
saut) (GASTAUT and VILLENEUVE 1967) in children with infantile hemiparesis or
diplegia in the form of short unilateral or bilateral tonic cramps or clonic jerks
and (2) epileptic seizures elicited by startle (startle epilepsy) such as not infre-
quently occur in infantile spasms and in myoclonic astatic or tonic seizures (ALA-
JOUANINE and GASTAUT 1955).

Seizures precipitated by reading (reading epilepsy) are a clearly defined epilep-
tic syndrome (MEYER and WOLF 1973; GILLIGAN 1969; BrROOKS and JIRAUCH
1971) since it was first described by BICKFORD (1954). After reading for a short
or longer period the patients experience a feeling of tension in the masticatory
muscles and in the lips, occasionally also clonic jerks in the jaw, tongue, and
throat muscles. If the reading is not then interrupted a major epileptic seizure in-
evitably occurs. Photostimulation has no provoking effect. Reflex action to pro-
prioceptive impulses from speech muscles or the eyes, a subvariety of photosen-
sitive epilepsy, a multifactorial mechanism combining all these, and psycholog-
ical factors such as attention, emotional, and conditioned responses have been
suggested. Most interesting is that the mechanism of precipitation seems closely
related to the processes of decoding of words as optic entities into its acoustic
speech motor counterpart (WOLF 1978). In several cases, homologous cases in the
family have been demonstrated (DALY and FORSTER 1975, LASATER 1962; MAT-
THEWS and WRIGHT 1967).
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CHAPTER 2

Electroencephalography

R. HESs

A. Introduction

Electroencephalography in the widest sense of the word means measuring and re-
cording the bioelectrical potential changes of the brain, from animal experimen-
tation to the auxiliary methods of neurology, i.e., the routine tests given to
patients suspected of suffering from pathological cerebral conditions. For the
physician as well as for the general public the word has this latter restricted mean-
ing, and it is in this sense that it will be used in this chapter.

Direct recording from the cerebral cortex is called electrocorticography
(ECoG). The activity of deep-lying structures can be examined by depth elec-
trodes; if this is performed under stereotactic conditions, it is called stereoelectro-
encephalography (SEEG). These procedures, the use of which is restricted to
neurosurgical units, will be dealt with briefly at the end of this chapter.

The clinical EEG has the advantages of being innocuous and easily performed
over almost any length of time. It reflects, however, one facet of the brain’s func-
tions only and is far from conveying an image of the subtle and intricate integra-
tion of information and organization of outgoing commands, which is the func-
tion of the cerebral cortex. The prominent potential changes in the normal EEG
are rather a correlate of the resting state, in which excitability oscillates around
an optimal level. Otherwise, the EEG is a fairly accurate indicator of the level of
alertness and of the depth or stage of sleep. It does also show certain deviations
from the normal state, which is its raison d’étre.

Pathological changes represent disturbances of cortical function, but these
changes must be gross and extended to be picked up through the scalp, skull, and
cerebrospinal fluid by the recording electrodes. It has been calculated that po-
tentials must change synchronously and in the same spatial orientation over a
cortical area of several square centimeters in order to sum sufficiently to appear
on the conventional EEG (CooOPER et al. 1965). It is obvious that even substantial
abnormalities in deep-lying cerebral structures, including mesial and basal sur-
faces of the hemispheres, must in many cases remain undetected. Basically, this
limitation also applies to epileptic dysfunction, a great part of which never
reaches the surface (cf. SEEG). The propensity of epileptic discharges to spread
and drive activity of remote cerebral structures is apt to lessen the handicap to
some extent.

The distinguishing features of the EEG — the often spectacular transient wave
forms and complexes and their spatial distribution — were empirically correlated
to clinical seizure types in the pioneer years (GiBBs et al. 1938). In the meantime,
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as clinical experience and animal experimentation have supplied us with a wealth
of information about the underlying aberrant neurophysiological functions and
as the role of transmitters in the various cerebral systems becomes increasingly
obvious, we have had to gradually adapt and specify our concepts about epilepsy.
Along with this evolution, many details of EEG interpretation have shifted in
their significance, but the principal electroclinical correlations have remained re-
markably valid.

B. Main Forms of Epileptiform Patterns

Generally, the mark of epilepsy is the presence of paroxysmal potential changes,
which clearly stand out against the background activity by their different param-
eters: Most cases show a sudden rise of amplitudes, but also changes in frequency
and wave forms, single or in combination. The best known and most common are
short transients, which are termed “spikes” if of less than 70 ms in duration and
“sharp waves” if longer. No such clear-cut contrast exists of course in their bio-
logical meaning, but it may be assumed that shorter transients are picked up di-
rectly from restricted superficial areas, whereas blunt sharp waves are the result
of nervous conduction at slightly different velocities (temporal dispersion: JASPER
1949) or of recruitment of spikes over a wider area with different synaptic delays.

Fig. 1. Various forms of intercritical paroxysmal patterns, taken from different EEG re-
cords. a, spikes; b, spike wave complexes (leff) and sharp wave complexes; ¢, train of spikes
(center) passing over into repetitive sharp wave complexes, some with unobtrusive faster
components; d, section out of a record, with bipolar leads showing the right anterior tem-
poral epileptogenic area. Note phase reversal of the highest sharp waves near the anterior
electrode; smaller spikes are seen close to the mid-temporal electrode
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Fig. 2. Short seizure recorded from the cortex in a case of right temporal epilepsy, operated
on under local anesthesia. Channels 1-4, T1 from the temporal pole to the posterior tem-
poral; Channels 5-8, above the Sylvian fissure. The bottom half of the figure ist the imme-
diate continuation. Note the initial paroxysmal complex in the temporal lobe. Subsequent
fast activity spreads rapidly, slows down, and increases in amplitude. The bottom half
shows further slowing and an abrupt end of the seizure. x, no response to call; xx, respon-
sive again

These rapid deflections are as a rule of negative sign (in reference recording, the
pen goes upward, in bipolar recording the pens of the two adjoining channels
move toward each other). Pure monophasic spikes and sharp waves represent the
simplest but not the most common type: More often they are multiphasic and fol-
lowed by a slow wave which is thought to be the sign of an inhibitory influence
(hyperpolarization) terminating the paroxysmal discharge. Such “spike-wave
complexes,” single or groups of spikes, sharp waves, etc., which do not usually
last longer than Y2—1 s, are called interictal or intercritical (Fig. 1).

If the inhibition fails and paroxysmal activity goes on, it develops into a (criti-
cal) seizure discharge, i.e., into longer-lasting pathological overactivity, as it is of-
ten seen during clinical attacks. Basic features are: onset with low-voltage fast ac-
tivity, gradually growing higher and slowing down, at the same time spreading
over wider areas. When the frequency reaches the 6-band (4-7/s) the regular
trains are broken up and interrupted by slow waves, thus forming a rhythm of
alternating fast and slow waves, which also tends to slow down to 2-3/s. The end
is fairly abrupt in most cases (taken as evidence of an inhibitory effect; Fig. 2).
Subsequent flattening of the record is possible, followed by irregular slow waves,
possibly due to metabolic exhaustion.
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Fig.3. Subclinical discharge, consisting essentially of a train of 1.5/s sawtooth-shaped
waves, best seen in the left temporal leads but spreading to the parietal region. This spatial
distribution permits us to conclude that there is a deep origin in the left posterior quadrant.
The form of the rhythmic waves suggests that they are distant effects of repetitive sharp
waves (bilateral frontal single slow waves are K-complexes in a light sleep stage)

The above description is a simplification, because it is rarely encountered in
practice in such a regular succession of phases. The discharge patterns may mix,
may vary from one place to another (most clearly observed in the ECoG; Fig. 15),
or may change back to earlier phases, etc. As not more than one-fifth of the cortex
lies close to the convexity, the initial phases may be lacking or only part of the
seizure activity may reach the scalp EEG, often in the form of indirectly induced
changes, as rhythmical slow waves, repetitive single sharp waves, or irregular fast
activity (Figs. 3, 16). Occasionally, the EEG fails altogether to reflect the clinical
attack.

If the whole sequence of a bioelectrical seizure is recorded, its different phases
correlate grossly with the clinical signs: the low-voltage fast activity with the aura,
the regular rhythms of increasing voltage and shifting from the - through the a-
to the 6-band with the tonic muscle contraction (in the case of a motor attack),
the interrupted multiple spike-slow wave rhythm with the clonic phase. The flat-
tening may correspond to a postparoxysmal palsy.

It is particularly in short, aborted, or atypical seizure discharges that no overt
clinical signs can be observed. This is then called a subclinical discharge (Fig. 3).
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On the other hand, excessive epileptic activity may exceptionally last for hours
or days, either in the form of repeated complete seizures in rapid succession (cor-
related to an epileptic status) or as paroxysmal complexes occurring more or less
continuously in a restricted area: The clinical equivalent is epilepsia partialis con-
tinua, aura continua, or sometimes none (Fig. 15¢, e).

It must be realized of course that the boundaries between the described cate-
gories are fluid and that the patterns as recorded in the clinical EEG are an incom-
plete reflection of what is going on at depth, where long-lasting discharges may
occur when the surface is reached by intercritical paroxysmal outbursts only. Al-
though ictal discharges are of the highest diagnostic value, the interictal ones are
of much higher incidence and, insofar as they can be specific for certain types of
epilepsy, essentially they account for the clinical value of the EEG.

Paroxysmal patterns exist in almost numberless variations, but some are more
common than others and an overall division, corresponding to that of the clinical
seizures, suggests itself: In the first place focal patterns must be distinguished from
bilateral or generalized ones.

C. Focal Epileptiform Activity

Focal epileptiform activity corresponds most closely to the general description
(Sect. B) when originating in the superficial cortex of the convexity; it then corre-
lates with neocortical partial seizures (Fig. 1a). Focal spikes and sharp waves
usually indicate the presence of a localized lesion and are known to develop in
its borderline area. Higher amplitudes, faster spikes, more complex bursts, and
seizure discharges are generally most significant, both for indicating susceptibility
to epileptic seizures and for the location of the underlying lesion. Simple parox-
ysmal transients are less reliable, particularly so in the older and the youngest age
groups. In elderly people monophasic sharp waves are commonly seen in the tem-
poral regions, assumably as a consequence of inadequate vascular supply. This
does not as a rule imply the danger of epileptic seizures, nor has it, in the case
of an expansive lesion, any localizing value (VAN DER DRIFT and MAGNUS 1961).
In small children, on the other hand, especially around the age of 4 years, occipi-
tal focal sharp waves are not usually evidence of a local lesion but rather of a gen-
eral hyperexcitable state, with or without clinical signs of epilepsy. They are also
observed in children with impaired eyesight (LAIRY et al. 1964). In children of
school age such sharp waves are most often localized in the centroparietal region.
Many of these children do not suffer from clinical epilepsy; those who do may
have focal seizures (mainly nocturnal), but corresponding structural lesions are
rarely found and the prognosis is favorable (Fig. 4; BEAUSSART et al. 1970; Gas-
TAUT 1952; LOISEAU et al. 1967).

Epileptic discharges originating at some depth but still reaching the cortex
may have special features. Apart from the sharp waves being broader, they also
tend to recede behind the accompanying slow waves. Often a paroxysmal compo-
nent consisting of a rapid positive deflection in the §-band is locked to a large neg-
ative slower wave; occasional preceding small negative sharp waves confirm the
epileptic implication (Fig. 1 ¢). Even a train of slow rhythms without sharper com-
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Fig.4. Rolandic sharp waves in a boy of 14 suffering from benign epilepsy with focal
features. Primary focus in the left central region; mirror focus on the right with incomplete
phase reversal, owing to synchronous occurrence over the posterior half of the hemisphere

ponents may represent indirect evidence of epileptic activity at a distance (Fig. 3).
If such changes are clearly separated from the rest of the record with well-defined
onset and end, their epileptic nature is reliable and they represent a common form
of “subclinical focal attacks.”

A special constellation with deep-lying epileptogenic areas is represented by
the group of limbic epilepsies, the clinical expression of which is complex partial
or psychomotor seizures in their various forms. The amygdala and hippocampus
are mainly involved, but the other limbic structures as well as the temporal
neocortex usually play a role (cf. paragraph on SEEG). In the scalp EEG, the
great majority of intercritical paroxysmal graphoelements consist of anterior tem-
poral sharp waves (Fig. 1d). They are often found on both sides, simultaneously
(cf. mirror foci) or independently. Other secondary foci may be situated in the
posterior temporal area (often less conspicuous).
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Fig.5. Focal motor epileptic status (left arm) after cardiac surgery. Section shows four
channels leading from the right hemisphere. Top, “semicritical” onset with increasing inci-
dence of irregular spikes. Bottom (immediate continuation), rhythmic discharge with wider
spread (tonic phase)

Ictal discharges in neocortical focal seizures are in accordance with the general
description (Sect. B), supplemented by specifications concerning spatial distribu-
tion: They start in a defined area, spread within seconds over the involved cere-
bral lobe and further (Fig. 5). If it has not already aborted, the excessive activity
reaches the contralateral hemisphere usually in the late tonic phase (coinciding
with the loss of consciousness), and eventually the whole of the convexity, when
the clinical attack becomes generalized. In small children the seizure discharges
may also remain restricted to one hemisphere, continue status-like for a long pe-
riod, and leave in their wake severe depression of all activity or slowing. This cor-
responds to clinical hemiconvulsions with subsequent hemiparesis.

In limbic seizures, ictal discharges occur in many different variations. Fairly
common is an initial flattening of the record, either in a restricted area (effect of
circumfocal inhibition? PRINCE and WILDER 1967) or generalized (arousal effect
owing to aura?) Thereafter, the most common concomitant of the psychomotor
seizure consists of bilateral slow rhythms, which are most pronounced in the para-
sagittal frontal regions, but often more marked over one temporal lobe, where
furthermore faster rhythms or repetitive sharp waves may prevail (Fig. 6). It is,
however, not uncommon that limbic seizures are reflected on the surface EEG by
minor and equivocal abnormalities only; on occasions the EEG remains virtually
unchanged (Fig. 16).

Multiple epileptogenic foci are not rare, particularly in children, often with ex-
tended or multiple lesions (GiBBs and GiBBS 1964). Still more frequently seen are
secondary foci, most often in the homologous area of the primary ones: so-called
mirror foci. They are common at the age-dependent predilection sites, namely oc-
cipital in small children, centroparietal in schoolchildren (Fig.4), and anterior
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Fig. 6. Section of a psychomotor seizure. After a long aura with a “funny feeling” and focal
slowing over the left temporal lobe, slow rhythms appear in both frontal regions, higher
on the left and corresponding to focal sharp transients in the left temporal region, in part
with frontal spread. At this stage clouding of consciousness is noted

temporal in adults. Such mirror sharp waves tend to be of a lower voltage than
in the primary focus, less pointed, not sharply localized, and only exceptionally
showing a measurable delay. In temporal foci especially, such differences are of-
ten missing and sharp wave complexes occur independently on both sides. There
is some evidence that a pure mirror focus, which reflects the commissural prop-
agation, is transformed by the chronic bombardment into an independent focus,
including local structural changes (MORELL 1960). It is interesting to note that ic-
tal discharges are not transmitted in a similar form to the homologous area: If
they do reach the contralateral hemisphere it is in the context of a more extended
seizure.

D. Bilateral Epileptiform Patterns

Bilateral epileptiform patterns correlate broadly with the generalized epilepsies.
Bilateral synchrony, often used for definition, is true only as a first approxima-
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Fig.7. Juvenile petit mal. Induced by hyperventilation, a short spike wave complex is fol-
lowed by a long train of regular, symmetrical alternating spikes and slow waves at a fre-
quency of 3/s at the onset, 2/s at the end, tapering off within 1s. Muscle potentials in tem-
poral leads (x) are connected to clinical expression of absence

tion, since accurate measurements show that one or other hemisphere may be
leading by milliseconds (GotMaN 1981). All forms of paroxysmal potential
changes may occur bilaterally, but the majority consist of spikes or sharp waves
and slow waves, in varying combinations. Series of spikes with few or no slow
components are rather rare, as are paroxysmal bilateral slow waves alone; much
more common is a fairly regular alternation of slow and fast waves, which is in-
terpreted as sustained hyperactivity interrupted by inhibition (JUNG 1949; GLOOR
1979). The typical patterns are commonly called “spikes and waves” (abbreviated
SAW or SW). They are characterized by a more or less sudden onset, often with
a short buildup of slowing #-waves, sometimes asymmetrical at the beginning,
and thereafter by regular trains of 3.5-3/s rhythms, gradually slowing to 2.5-2/s.
The amplitude is highest in the parasagittal frontal regions. Regularly locked to
the rhythmic slow waves are high-voltage spikes, often multiphasic and usually
symmetrical, occasionally with a temporal maximum on one or both sides. These
spikes are most marked as a rule in the early phase, then diminish in amplitude;
sometimes they alternate, every second one being smaller. The end is usually
abrupt, and less commonly the slow rhythms taper off (Fig.7; cf. JASPER and
DROOGLEEVER-FORTUYN 1947).

The spectacular trains of periodical 3/s spikes and waves represent a special
case with fairly well-defined clinical implications: In the first place, this pattern af-
fords almost certain evidence of the presence of overt epilepsy (SILVERMAN 1954),
in particular of the “centrencephalic” form, which means a notable hereditary
factor and a negligible risk of a gross organic lesion, although exogenic causal
factors — mostly perinatal — may play a role (LENNOX 1960). Runs lasting more
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Fig. 8. Juvenile myoclonic epilepsy. Left, myoclonic status with irregular jerking of the neck
muscles. The lowermost channel records the electromyogram from the left musculus sterno-
cleidomastoideus. Note the approximate correspondence of EEG sharp waves and EMG
spikes. Right, same child in the interval: bilateral multiple spike waves, usually coinciding
with jerks of the upper extremities

than a few seconds are generally associated with a clinical “absence,” which may
range from the slightest impairment of mental function to a full-blown petit mal
with twitching of eyes and head at the rhythm of the SW complexes. Unobtrusive
automatisms are common especially in longer runs. Short bursts of 1-3 s are
usually subclinical; the boundaries are fluid.

Spikes and waves can occasionally occur in a status-like form for long periods,
either as closly spaced absences (accompanied by an undulating level of con-
sciousness: absence status) or more continually in a somewhat distorted form [ac-
companied by varying degrees of impaired mental functions: petit-mal stupor
(NIEDERMEYER and K ALIFEH 1965)].

Typical spikes and waves are definitely age linked, insofar as they are most
commonly seen in schoolchildren, hardly ever before the age of 3 years, and
gradually less after adolescence, although cases of patients 60 years and older
with spikes and waves are occasionally met with (METRAKOS and METRAKOS
1961).

Far more common in adult patients are shorter and more irregular bursts as
intercritical signs of “centrencephalic” epilepsy, and as signs of pure grand mal
epilepsy, into which the petit mal of childhood often develops (see Chap. 1, this
volume, Sect. F.VI.). Myoclonic jerks are as a rule associated with a paroxysmal
burst of high-voltage spikes, followed by one or several slow waves (“multiple spi-
kes and waves”). They are not, however, pathognomonic for myoclonus epilepsy
(Fig.8).

The critical activity during grand mal (GM) attacks is as described for the fo-
cal seizures, but bilateral from the beginning or nearly so. The preliminary, initi-
ating increasing fast activity starts mainly over the frontal lobes. A paroxysmal
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Fig.9. Youth in a status of tonic extension seizures. The EEG shows a short attack of
“grand mal” type: onset with a group of high-voltage spikes, subsiding for a fraction of
a second, resuming with low amplitudes which rapidly increase, and terminated by a large
slow wave. Bifrontal maximum throughout. Superimposed muscle artifact in temporal
leads

spike wave complex may precede by one or a few seconds. During a full-blown
seizure the record is usually marred by a massive artefact (Fig.9).

In children, generalized epilepsy often manifests itself in age-specific forms: in
toddlers up to preschool age a syndrome named after Lennox and Gastaut (cf.
GASTAUT et al. 1966; Chap. 1, this volume). The EEG correlate, intercritical and
during the absences, is a pattern called slow spikes and waves, consisting of alter-
nating sharp and slow waves at 2-2%2/s. Spatial distribution is bilateral, some-
times asymmetrical, the amplitude maximum is frontal, and onset and end are
rather gradual (Fig. 10). Other forms of attacks may show different critical activ-
ity, often a series of spikes or a short interruption of the ongoing slow spike-and-
wave activity.

In infants of 6-18 months, or occasionally older, the West syndrome occurs,
consisting of short flexion spasms along with mental deterioration. The EEG
shows the pattern called “hypsarrhythmia” (GiBBs and GiBBs 1952), which is com-
posed of multifocal spikes and sharp waves on a background of high-voltage gen-
eralized slow activity (Fig. 11). The typical massive flexion spasms are accom-
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Fig. 10. Sharp and slow waves (“spike-and-wave variant”) in a child of 10 years with mental
infirmity and episodic behavior disorder. The 2.5/s sharp-and-slow waves gradually devel-
op out of and change back into pure or notched slow waves, along with some alpha activity
—normal for the age —in posterior aspects

panied either by more prominent bilateral sharp-and-slow wave complexes or by
a short flattening of the record, often along with increased fast activity.

In newborn babies, in which, apart from generalized convulsions, focal attacks
of varying localization are typical, multiple independent foci of spikes and sharp
waves represent the intercritical patterns. During the seizures, strictly localized
discharges are seen in the appropriate area, which may also shift from one place
to another (DREYFUSS-BRrisaCc and MONOD 1964).

It thus appears that age-specific bilateral epileptic patterns are irregular and
diffuse in the youngest age group and become more organized in time and space
as the brain develops toward maturity. After adolescence, the tendency of parox-
ysmal patterns to spread over wider areas seems to decrease, and with increasing
age they become infrequent, even when clinical attacks persist.

E. Activation Procedures

A noncontributive EEG is a nuisance, particularly in otherwise unclear cases.
Various methods are used to coax more information out of the reticent brain.
Sphenoidal or pharyngeal leads occasionally produce evidence of a spike focus re-
stricted to the basal part of the temporal pole (Fig. 12). These procedures can also
be used in conjunction with true activation methods:

Hyperventilation, easy to perform in patients able to cooperate, has found
widest application. The changes in blood gas concentration thus induced facilitate
excessive synchronization and markedly increase the incidence of spike-and-wave
discharges in particular (Fig.7). Inasmuch as overbreathing also involves some
physical strain, a certain arousal effect counteracts the activating influences; they
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Fig. 11. Hypsarrhythmia in an infant with malignant flexion spasms. The main features are
multifocal spikes and sharp waves on a background of high-voltage irregular generalized
slow activity

may prevail subsequently, when the effort ceases and a degree of drowsiness fol-
lows. This is when focal epilepsies often become manifest.

Lowering the level of alertness is a most effective facilitating factor for epilep-
tic disturbances, especially so in temporal foci. Sleep records were first advocated
by GiBBs and GiBBs (1947) and they are now in general use (MATTSON et al. 1965;
Fig. 13). Sleep deprivation is a useful means of obtaining a sleep EEG, and further-
more it is in itself an activating factor (PRATT et al. 1968).

Photic stimulation acts in a different way (WALTER and WALTER 1949; Bick-
FORD et al. 1969): Series of short light flashes lead to a massive increase of visual
afferences. Inasmuch as rhythmicity and a frequency of between 10 and 20/s are
important prerequisites for an activating effect, it is obvious that a resonating
mechanism is involved. More or less generalized paroxysmal outbursts are often
induced. Their diagnostic significance is highest if they become self-sustained
when stimulation is discontinued. Sometimes they take the form of spike-wave
discharges with or without clinical signs. Positive effects are essentially restricted
to generalized (centrencephalic) epilepsies, with rare exceptions (Fig. 14).

Pharmocological activation — application of convulsant agents, usually by in-
traveneous injection — is the easiest way to produce epileptiform EEG changes,
even in healthy people; its vast application in earlier times led to many false-posi-
tive results and the proposed “seizure threshold” was an unreliable measure.
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Fig. 12. Temporal epilepsy examined with pharyngeal electrodes, inserted through the nose
into the nasopharyngeal cavity. Many sharp waves show highest amplitudes at the fron-
totemporal convexity, whereas a few fine spikes are picked up from the mediobasal surface
of the temporal pole only

While the method is unsuitable for distinguishing epileptics from nonepileptics,
it can still be used to demonstrate a focus in a case of established epilepsy but of
undetermined nature. This is of special importance if surgical therapy is consid-
ered in a drug-resistant patient.

The most natural way of increasing positive EEG results should be to take the
record at the time when experience shows that attacks are most likely to occur.
In women the menstrual cycle may give a lead. For practical reasons, the EEG
cannot always be carried out at the desired time, and the attempt to “catch a sei-
zure” is all too often unsuccessful, except when many repeats are possible. This
is decidedly the most innocuous method to get more positive results.
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Fig. 14. Positive effect of photic stimulation. The patient is exposed to short bright light
flashes (monitored by a photocell in the bottom line, F). On the left a short burst of gener-
alized spikes is induced, terminated by an occipital slow wave (the one in the frontal leads
is an eye artifact). On the right a train of spikes and waves is triggered: the excessive
neuronal activity has become self-sustained

Electrocorticography (ECoG) requires the opening of a bone flap and of the
dura. The electrodes (small silver balls, saline-soaked cotton pads, etc.) are
brought into contact with the cortical surface and are fixed with a mounting de-
vice, preferably clamped to the border of the bone. As the electrodes are much
closer to the source of the electrical activity than in scalp EEG, the recorded am-
plitudes are higher (approximately a 1: 10 ratio). On the other hand, less potential
changes between the electrodes are picked up with recordable voltage, since the
gain of the amplifiers has to be reduced. Narrow spacing of the electrodes is thus
required, in order to cover the area adequately (Fig. 15).

Epileptic activity in deep-lying cortical areas — in fissures, at basal and medial
surfaces — cannot be recognized initially by ECoG. It will, however, show up
when, after a first removal of abnormally functioning cortex, control recordings
are made from the remaining structures. It is also possible to complement the
ECoG by depth electrodes, particularly in cases where the surface record is of little
localizing significance. Although such depth probes can cover but a few points,
the most important ones are often known in advance; they comprise almost in-
variably the amygdala and hippocampus.

The success rate of surgical therapy based on this diagnostic procedure is
moderate. The main drawback lies in the failure of obtaining accurate direct re-
cordings from brain areas other than those made accessible by the craniotomy.
Better results can be expected by multiple depth recordings prior to surgery; it
should in most cases include both mediobasal temporal structures.

The most systematic approach under strict stereotactic conditions has been in-
troducted by BANCAUD and TALAIRACH (1965) and is called stereoelectroence-
phalography (SEEG). The procedure is expensive and time consuming, but re-
markably successful. Multicontact electrodes are inserted (through small burr
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Fig. 15. Sections of electrocorticograms sampled from different patients operated on for in-
tractable epilepsy, to show the diversity of epileptic activity. a—d are leads from the tempo-
ral convexity; b shows showers of fine spikes, too fast to reach the scalp electrodes; c is
taken during epilepsia partialis continua; few of the multiple spikes will be recorded on the
EEG because of the restricted spread of the others; d shows repetitive sharp waves
gradually evolving from small to high amplitudes, subsiding suddenly, to reappear in the
same manner — a cycle repeating itself status-like for many minutes; ¢ ECoG during epilep-
tic status. The first two channels record from the lateral, the next two from the medial bor-
der of an old traumatic cyst in the right frontal lobe. Note the different form of regional
epileptic activity

holes) into the brain at the presumed main sites of epileptic activity, and it can
thus be demonstrated that — in the selection of cases in which these procedures
are indicated — the major part of the abnormalities picked up at depth are not re-
flected in the simultaneously recorded scalp EEG (WIESER 1981). It takes massive
discharges spreading over wide areas or many electrode contacts to show up in
a discernible form over the scalp (Fig. 16).

The epileptiform patterns as sampled from individual deep-electrode sites
present a spectacular variety of forms from single spikes to multifarious complex-
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Fig. 16. Spontaneous short seizure recorded with depth electrodes, simultaneously with sur-
face EEG (only four temporal leads represented). Large figures refer to composite needle
electrodes, small figures to individual contacts: / at the tip, 7 and 8 close to the surface. Af-
ter a widespread semi-ictal prelude, partially represented on the posterior temporal EEG,
a focal discharge starts in the right nucleus amygdalae (8/1-2), spreading to the anterior
hippocampus (7/2-3) and to the parahippocampal gyrus (6/2-3). The patient announces
epigastric aura; pallor, anxious behaviour, and pupillary dilatation are observed. Note
the change of heart rate and respiratory arrest (channels 5 and 6). The surface EEG fails
to reflect the excessive discharges. After 10 s (the record of this epoch is left out), the epilep-
tic activity becomes intermittent. At this stage, the surface EEG again shows some poste-
rior temporal abnormality, without patterns specific to epilepsy, however. (Courtesy of PD
Dr. H. G. Wieser)

es and long-lasting intermittent or continuous discharges, in most cases without
overt signs of a seizure, but sometimes associated with symptoms which otherwise
might not be suspected to have epileptic connotations. It is only when excessive
discharges spread to a number of other sites that clinical signs of a seizure mani-
fest themselves. If they correspond to the patients’ habitual attacks, the approxi-
mate area of origin — the real epileptogenic focus — is established; it is not neces-
sarily that of maximal interictal activity (BANCAUD and TALAIRACH 1970). While
this is the main objective of the procedure, the way of seizure spread may also be
conjectured, and secondary foci (common in homologous regions of the primarily
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involved limbic structures) and their importance for triggering and maintaining
the ictal event can often be recognized.

From this information the epileptologist assesses the feasibility, likely ben-
efits, and possible risks of surgical intervention. In cases with multiple epileptic
foci, where seizures start from more than one site, or where the main point of or-
igin is situated in a cortical area of high value, surgery must be dismissed. Other
patients, however, stand a much better chance than with conventional pro-
cedures: the epileptogenic cortex can be removed with minimal damage to the rest
of the brain, especially if microsurgical methods are used.

Important as systematic investigations with depth electrodes are for the han-
dling of severe reticent epilepsies, their theoretical contributions must not be over-
looked. Their impact on epileptology has been considerable, and more insight in-
to the nature of the condition is to be expected. There are reasons to believe that
depth-recording will help toward a better understanding of surface EEG.
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