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CHAPTER I: INTRODUCTION

ARlmost a century ago Gowers (1885) and rere (1890} pointed out
that in some epileptics the attacks mainly occurred or increased dur-
ing nocturnal sleep. Later Langdon-Down and Brain (1929) and Patiy
{1931} showed that there was a correlation betweéen the occurrence of
epileptic attacks and the sleep-wakefulness rhythm. This association
has been studied extensively by Janz ({1%962) who divided the epi-
lepsies into “Rufwach, Schlaf und Diffuse Epilepsien". Of the 2110
studied patients there were 34 % which mainly had attacks during day-
time during wakefulmess, 45 % with attacks during nocturnal sleep and
21 % with attacks both during the day and during the night.

After the introduction of electroencephalography (Berger, 1929) it
became possible to study the association between epilepsy and sleep
in a more precise way (Passcuant, 1951, 1962). Gibbs and Gibbs (1942}
were the first to use sleep as a method in the field of epilepsy di-
agnosis. Apart from the spontaneous nocturnal sleep, Spontaneous
sleep during daytime (siesta), drug-induced sleep, and sleep depriva-
tion have been studied. Especially the last method has been used
successfully in many laboratories ({Degen, 1979} as an addition to
routine FFG recording. Due to the fact that there is no uyniform
method of producing sleep deprivation (Gereby, 1978, Tartara et al.,
1980) it is difficult to compare the results of the sleep deprivation
method with those obtained with spontaneous nocturnal sleep. There-
fore, it appeared desirable to investigate the conditions required
for sleep deprivation recording which would result in an optimal
diagnostic result.

In general it is accepted that a good night sleep is required in
oxder to be in a good condition and to perform adequately during day-=
time. Many epileptics complain about a lack of fitness and subnormal
performance. It is reasonable therefore, to guestion whether they
had sufficient and adequate sleep.

Sleep can be judged by filling in a guestionnaire or by carrying
out a polygraphic sleep investigation. By using EEG sleep recordings,
carried out in epileptic patients, in the framework of supplementary
diagnosis, it is possible to study theilr sleep. From such studies it
can be derived in what way and to which degree the sleep in epileptics
differs from the sleep in normal persons and whether these differ-
ences depend on the kind of epilepsy and the kind of drug therapy.
Here also the gquestion is how to achieve an optimal sleep deprivation
and recording, such that the sleep in itself can be judged.

on the basis of a literature survey and an analysis of our own
investigations we will attempt to answer these two questions in the
following chapters. For this purpose, data from the literature are
sampled which relate to the following:

1. the epileptic FEG deviations and the polygraphic judgement of
sleep;

2. the different kinds of sgleep methods used to improve the diagnosis
of epilepsy;

3. the changes in the epileptic EEG phenomena which may occur during
sleep;

4. the sleep changes which may occur as a consequence of the epilepsy
or the intake of antiepileptics.




On the basgis of our own investigations we would like to know whether

the polygraphic sleep recording after one night sleep deprivation:

1. is an effective and useful wmethod for the detection of epilepsy
and for the judgement of the sleep;

2. which conditions need to be fulfilled in order to approach the
effect of a total night sleep recording;

3. how the sleep composition changes, because deprivation interferes
with the effects caused by epilepsy or the intake of antiepi-
leptics;

4. whether comparable morphological EEG changes are seen.

By combining the results of our own investigations with those ob-

tained in the literature we attempted to arrive at a critical judge-
ment of the value of polygraphic EEG investigations for diagnosing
epileptic EEG phenomena and changes in the sleep in epileptics.
In addition, special attention will be given to the way in which
sleep deprivation should be carried out and how the results should be
interpreted. It is hoped that insight will be gained into the way
¢ertain antiepileptics exert their therapeutic effects, and a number
of suggestions will be made to improve epilepsy diagnosis in the
future.



CHAPTER II: LITERATURE

The present chapter surveys findings in the literature with re-

spect to sleep and epilepsy and is summarized in four parts:

1. polygraphic sleep investigation and the partition of sleep;

2. the electroencephalographic epilepsy phenomena and the electro=
clinical classification;

3. the different sleep methodologies which have been applied to diag-
nose epilepsy;

4. sleep changes which may oceur as a consequence of having epilepsy
or due to the intake of antiepileptics.

II.l. POLYGRAPHIC SLEEP INVESTIGATION AND SLEEP CLASSIFICATION

Decades ago {(Moruzi and Magoun, 1949) sleep was considered as
an expression of rest of the organism and the central nervous system.
It was thought that sleep was caused by a decrease in the activity of
the ascending reticular formation (ARAS), a brainstem structure
thought to be responsible for the maintainance of wakefulness. During
such a passive rest condition the brain would function in a very
simple and undifferentiated way.

Less than ten years after the introduction of the clinical use of
the EEG (Berger, 1929) Loomis et al. (1935, 1937) could differentiate
between 5 stages of sleep, each stage being characterized by a speci-
fic EEG picture. During nocturnal sleep these stages appeared to
ocour yepetitively in a cyclic fashion.

Aserinsky and Kleitman (1953) discovered for the first time that
rapid eye movements occurred during cextain sleep periods. These eye
movements could be recorded graphically by means of placing peri-
orbital skin electrodes (electro-oculography or EOG). These eye
movements appeared to be conjugated. The sleep periods during which
rapid eye movements (FEM) were seen, were termed by Dement (1955) as
REM sleep and the other periods as non-REM sleep (N.REM). Dement and
Kleitman (1957) found that REM sleep occurred in a cyclic fashion
interrupted by longer periods of W.REM sleep. The total duration of
the two states of sleep lasted about 90 to 100 minutes.

It appeared very soon that REM and N.REM differed from each other
in many aspects. Bpart from a difference in the EEG Jouvet and
Michel (195%9) and Berger {1961) found that the muscle activity {(EMG)
was strikingly low during PEM sleep. Other physiological parameters
such as heart rhythm, respiration, blood pressure and body tempera-
ture behave differentially during the two states of sleep. In general,
the measured values are lower and more regular during N.REM sleep as
compared to REM sleep. On the basis of these differences it has been
stated (Oswald, 1962) that sleep is not a simple passive process but
rather an expression of a complex and active brain function. Wake-
fulness, REM and N.REM sleep are therefore considered as three dif-
ferent degrees of consciousness (Jouvet, 1962).

Because the two states of sleep: BEM and N. REM sleep differ from
each other in many aspects a new sleep classification was introduced
taking non-EEG parameters into account. A freqguently used sleep
classification on the basis of polygraphic criteria wasg established
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and published by Rechtschaffen and Kales (1968). ©On ‘the basis of the

changes in the EEG, EOG and EMG a difference was made betwsen ‘REM and

W.FEM sleep.  The latter was further differentiated’ into 4 stages,

stage 1 ~ 4 denoting a progressively increasing depth of sleep. An

example of the different states and stages is represented in ¥Fig.

IT.1.

Hereafter follows a description of each sleep stage as based on

EEG and non-EEG characteristics(l).,

Stage N.REM 1: The EEG is characterized by the disappearance of the
wakefulness rhythms and the appearance of low voltage
rhythms not exceeding 50 - 70 microvolts of wvarving
frequencies between 2 and 7 c¢/sec. In the vertex ré-
gion triphasic sharp waves of 100 to 200 microvoelt
amplitude and lasting 50 to 200 msec are seen. The
ECG shows intermittent slow eye movements (SEM). The
EMG shows muscle activity which is lower than during
wakefulness.

Stage N.REM 2: The EEG consists of low voltage unstable rhythne,
sleep spindles and K-complexes. Sleep spindles are “a
group of rhythmic waves characterized by progressively
inecreasing then gradually decreasing amplitude. The
waves are monomorphic, diphasic and symmetrical with
respect to the baseline with a stable frequency of 12
to 14 c/sec and variable duration of 1 - 6 sec". &
K-complex is "a sharp megative high voltage EEG wave,
which is followed by a slower positive component and
can be elicited by external stimuli®.

No eye movements are seen in the FOG and the EMG shows
& further decrease of the muscle activity.

Stage N.REM 3: The EEG is characterized by polymorphic waves of 0.5

to 2 ofsec with an overall amplitude of more than

75 microvolts. These delta rhythms are present for
more than 20 %, but less than 50 % of the recording
time:

There are no eye movements and the muscle activity is
further decreased.

Stage N.REM 4: During more than 50 % of the time 0.5 to 2.5 c¢/sec
delta rhythms are seen, which have a high amplitude
and which are more regular than during sleep stage
MN.REM 3. Sporadic sleep spindles occur. There are no
eye movements anymore and the muscle activity remains
low.

State REM : The EEG is desynchronized consisting of low wvoltage
rhy thms of varying fregquencies resembling stage

(1) — wqhe Sleeping Brain", Glossary, pp. 508-522 (Editor: Chase,

1971).

- "glossary of Terms used in the Sleep Disorders Clasgsification",
Sleep, pp. 123-129, 1979.

= "Glogsary of Standardized Terminology for gleep and Bicloglcal
Rhythm Research”, Sleep, pp. 287-288, 1980.

= "Handbook of EEG and Clinical Weurophysiology", vol. 11, part
A., pp- 58-73, 1977.

(52



W.REM 1. Howewver, there aye no sharp vertex waves,
but rather saw-tooth like waves derived from the occci-
plital cortex (Dement, 1972). During this sleep state,
many rapld conjugated eye movements are seen, often
predominantly in the horizontal direction.

The EMG activity is very low, especially in the neck
and chin muscles, and the postural muscles of trunk,
arms and legs. In the face and fingers this low
muscle activity is interridpted by short-lasting tonic
contractions.

The increaged depth of W.REM sleep is also expressed by a pro-
gressive decreaseé of heart and respiration frequency, blood pressure,
body temperature and urine and gastric acid secretion (8nijder et
#l., 1964). 7Therefore, this sleep is often considered as guiet sleeET
This term, however, is incorrect since during the N.REM sleep an en-
hanced cerebral blood flow with preservation of oxygen uptake is ob-
gerved. In addition electrical skin resistance is alsc increased
{Dement, 1972},

In contrast to the N.REM sleep during REM sleep the heart fre-
gquency and respiration become irregular and the respiratory center in
the brainstem becomes less sensitive towards COp changes (Phillipson
et al., 1976). Further there is a disturbance of temperature regula-
tion (shapiro et al., 1974). Due to these changes REM sleep is often
termed active sleep (Lena and Parmeggliani, 1964) or paradoxical sleep
{(Jouvet and Michel, 1965) because the desynchronized EEG picture and
the presence of rapid eye movements with the eyes closed resembles
wakefulness with eyes open.

Because of the characteristic EEG phencomena N.REM stage 2 is often
termed spindle sleep and N.REM sleep 3 and 4 as delta sleep. Pres-
ently, the most used terms are REM and N.REM sleep, N.REM 1 and 2 and
WN.REM 3 and 4 respectively denoting light and deep slow wave sleep.
It is common to represent the cyclic appearance of the different
sleep stages in a hypnogram (Fig. IT.2.}.

The duration of the different stages of the sleep is changing
during the course of the night: at the beginning of the night there
is more deep slow wave sleep and less light slow wave sleep than at
the end of the night. In normal adults the following percentage
gleep partition is seen (Xales and Kales, 1970): REM: 20 - 25 %;
M.REM 1: 5 %; N.REM 2: 50 - 55 %; N.REM 3: 10 % and NW.REM 4: 10 -
1% %. Dpuring aging N.REM 3 and 4 slow wave sleep decreases and N.REM
sleep 1 increases.

IT.2. EPILEPTIC EEG PHENOMENMA AND ELECTROCLINICAL CLASSIFICATION

Interpretation of findings in the older literature on epileptic
EEG phenomena is difficult since a different terminology was used. A
conslderable step forward has been made since the introduction of the
standardized 10«20 system for electrode placement (Jasper, 1958), the
establishment of criteria for an EEG investigation for clinical pur-
poses (Xugler, 1963, Mac Gillivray, 1974), the introduction of a
standardized terminology of EEG rhythms (Storm wvan Leeuwen et als,
1966) and a uniform interpretation of EEG rhythms in relation to the



clinic (Magnus, 196l). Since our investigations studied the’ rélation-
ship between polygraphic sleep patterns and epileptic EEG phenomena
and their relation towards the c¢linie, it is necessary to define
these phenomena sufficiently.

2.1. Epileptic EEG phenomena
The definitions of epileptic FEG phenomena were based
on the terminclogy described in the "Handbook of EEG and Clinical

Neurophysiology™. Hereafter follows a description of the definitiens

which will be used extensively in the text.

-~ Epileptic discharge: A neuronal discharge characterized by the sim-
ultaneous excessive activation of a large number of cells which may
be recorded by electroencephalographic technigues as a paroxysmal
wave form, usually in the form of a gpike (8), sharp wave (SH),
gpike and wave (SW) or other such complex.

-~ Paroxysm: A group of waves which appears and disappears abruptly
and which is clearly distinguished from background activity by a
different freguency, morphology and amplitude.

~ Spike: (8): A wave, distinguished from background activity and
having a duration of 1/12 sec or less, a prevalently negative po-
larity and an amplitude from 50-150 microveolt. Poly-spikes are
constituted by several closely grouped spikes (usually from 2 to 6).

- Sharp waves (SH): A usually negative wave, distinguished from back-
ground activity with a duration of more than 1/12 and less than 1/5
sec, an amplitude of 100 - 200 microvolts, with a vertical as-
cending segment and a more prolonged descending segment.

~ Complex: A group of two or more waves, clearly distinguished from
background activity, and occurring with a well recognized form or
recurring with consistent form.

~ Spike and wave (SW): A complex of two waves, one with a duration of
1/12 sec or less (S) and the other with a duration of 1/5 - 1/2 sec
{(W).

~ Polyspike wave (PSW): A SW complex with more than one spike.

~ Sharp and wave {SHW)}: A complex of two waves, one having a duration
between 1/2 and 1/5 sec (SH), the other between 1/5 - 1/2 sec (W).

~ Sharp and slow wave (SH.SW): A complex of two waves, one having a
duration between 1/12 and 1/5 sec (8H), the other between 1/2 and 1
sec (Slow W).

paroxysmal epileptic discharges can invade both hemispheres, one
hemisphere, or part of one hemisphere. In EEG terms thege paroxysmal
epileptic discharges can be generalized, lateralized, partial or
focal. Generalized (gen.) means that the epileptic EEG phenomena are
recorded simultaneously from all electrodes in both hemispheres;
lateralized (lat.) means that they occur predominantly or exclusively
in one hemisphere; partial (part.) means that these occur regionally
but are registered from more than one electrode or focal (foc.) when
these are registered only from one elettrode.

Further, one defines duration of the epileptic discharges, the
degree and in which way the graphco elements have a regular (reg.) or
irreqular (irreg.} form, frequency and amplitude and whether these
occur symmetrically (symm.) or asymmetrically (asymm.) and syn-
chronous {synchr.) or asynchronous (asynchr.) above homologous brain
regions.




Finally, one can define whether these epileptic EEG phenomena pos-
gess a typical (typ.) or atyplcal (atyp.) aspect and whether these
change during the sleep.

2.2, Blectroclinical classification of the epilepsies

Fifteen years ago the epilepsies were mainly classified on
the basis of a clinical symptomatology and a possible etioclogy. later
more criteria were considered of importance for a proper classifica-
tion; their ictal and interictal epileptic and non-epileptic EEG phe-
nomena played an important role. The combination of clinical and
neurophysioclogical data were the basis cof a classification system
purposed by “International League against Epilepsy" (Clinical and
electroencephalograghic classification of epileptic seizures, Epi-
Llepsia, 1970a, 11, 102-113; Proposal for an international classifica-
tion of the epilepsies, Epilepsia, 1970B, 11, 117-119).

In this classification the epilepsies have been categorized ac-
cording five c¢linical and three neurophysiological criteria into
three main forms: the primary generalized epilepsies {(pr.gen.}, the
secondary generalized [sec.gen.) and the partial (part.) epilepsies.

The five clinical criteria are: (1) the clinical form of the epi-
lepay, (2) the interictal presence or absence of organic brain dam-
age, with the presence of neurclogical, neuroradiclogical, mental or
peychological deviation, (3) the age of onset, (4) the presence or
absence of definable causes, (5) the degree of possible treatment
with antiepileptics.

The neurophysiological criteria are: (1) the ictal EEG picture,
{2) the interictal EEG picture, (3) the neurophysioclogical mechanisms
at the origin of the epileptic discharges.

Clinical: - The sudden appearance of clinical epileptic manifesta-
tions, either of the absence type {petit mal: P.M.), the
tonic clonic type (grand mal: G.M.) or myoclonic type
(mycl.), by which the muscle contractions are present
from the start;

- nset at childhood or adulthood;

- Absence of cerebral damage interictally;

- pbsence of definable etiology, but often a heriditary
predispositiony

- Beneficial response to antiepileptics.

puring the ictal signs diffuse epileptic EEG phenomena

are present, consisting of 10 c/sec rhythms, described as

"epileptic reeruting rhythm" (E.R.R.), typical and atypi-

cal SW and PSW complexes.

- Interictal appearance of epileptic EEG discharges with
gimilar characteristics as during the attacks, the EEG
background pattern shows a tendency to slow synchroniza-
tion;

~ The different forms of primarily generalized epilepsy
cannot be divided on the basis of the etiological mechan-
isms of origin since these are insufficiently known.

EEG
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FIG. IT.3.
Example of primarily generalized epilepsy (3 c/sec).

2.2.2, The gecondarily generalized epilepsies have fol-

Clinical: - They consist of tonic~clonie (T.C.), toniec (T}, atonic
(At) attacks, massive bilateral myoclonus, collapses and
atypical absences. These clinical signs can be general-
ized from the beginning of the attack or they can be
spread diffusely after a local onset.

~ Interictally there are neurological, neurcoradiclogical,
psychological or mental signs of cerebral damage;

- Beldom there is an evident etiology, but often there are
signs of a diffuse or multifocal cerebral damage;

- The antiepileptics of first choice have only a limited
effect, benzodiazepines sometimes have better effects.

EEG : - buring the ictal signs epileptic recruting rhythms,
pseudorhythmic low frequency spike waves (LSW + 2 cfsec)
and isolated slow waves occur;

- Interictally, there is a diffusely disturbed EEG plcture
with epileptic EEG phenomena of which the former is re-
lated to the clinical picture which can be of a specific
or unspecific nature;

~ m5 the specific forms belong those which appear in combi-
nation with myoclonia such as the progressgive myoclonic
epilepsy of Unverricht-Imndborg and the intention myo-
clonic form of epilepsy such as in the syndrome of Ramsay-
Hunt; aspecific is the syndrome of West or myoclonic ence-
phalopathy with hypsarrhythmia, or by ictally as well as
interictally diffuse LSW with varying localization, and
the syndrome of Lennox-~Gastaut or the petit mal variant,
where LSW vary with fast spike waves (FSW, more than
4 c/sec).
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FIG. IL.4.
Example of secondarily generalized epilepsy (hypsarythmie).

2.2.3., The partial epilepsies have following characteris-

Clinical: - The first clinical symptom as well as the most pronounced
clinical symptoms are very different and depend on the
anatomical localization of epileptic discharges. De-
pending on the complexity of the appearance, one differ-
entiates between simple (s) and complex (c) forms.

~ Interictally there are signs of the circumscribed corti-
cal damage;

~ It can appear at each age but seldom in early childhood;

- An organic injury is often at the origin;

- A reasonable to sufficient treatment with antiepileptics
is possible.

FEG ; =~ The discharges consist of local spikes, sharp waves,
typical or atypical spike waves, especially slow and
gsharp wave complexes. They occur isclated or in series
of varying duration.

- Interictally similar paroxysmal discharges occur. The
background picture is often normal in the simple epi-
leptic form, but is associated with the slowing in the
more complex form.

I11.3. SLEEP POLYGRAPHY FOR THE DIAGNOSIS OF EPILEPSY

Gibbs and Gibbs (1942) were the first to carry out the EEG
sleep investigations in epileptic patients, because they observed

10
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FIG. II.5.
Example of complex partial epilepsy (psychomotor type).

that epileptic EEG phenomena increased during the sleep. Thereafter
sleep has been used as a diagnostic aid in the field of epilepsy by
many authors (Bancaud et al., 1965; Cadilhac and Passouant, 1965;
Gastaot et al., 1965a; Angeleri, 1969). Different procedures have
been used: spontaneous sleep during night (all-night and interrupted
sleep) or day (siesta sleep), drug-induced sleep or sleep following
preceding sleep deprivation.

3.1. The spontaneous nocturnal sleep
s mentioned above Janz (1962) found that in some epi-
leptics the attacks mainly occurred during sleep at night (sleep or
S-type), in other patients during the day (awake or A-type), or in
others during night and day (random or R~type).

The patients of the S-type suffer mainly from a primarily general~
ized attack of the tonic-clonic type and a partial complex attack,
for instance of the psychomotor type. Many patients of the A-type
suffer from a primarily generalized epilepsy of the absence type and
thoge of the R-type of a focal epilepsy with secondarily generaliza-
tion.

Many investigators established that the ocecurrence of epileptic
EEG deviations depended on the depth and the kind of sleep. According
Broughton (1972) the EEG abnormalities fitting with primarily gener-
alized epilepsy of the grand mal type increased during N.REM and de-
creased during REM sleep. According Sato et al. (1973) and Schwartsz
et al. (1964), diffuse 3 c¢/sec spike waves fitting with primarily
generalized epilepsy of the absence type, remain present during REM
sleep. The features of the grand mal as well as of the petit-mal

11



type are mainly seen during falling asleep (Delangh et al., 1962;
Kazamatsuri, 1964). T

The increase of epileptic abnormalities during sleep of the sec-
ondarily generalized epilepsies is dependent on the syndrome. With the
specific syndrome of Unverricht-Iundbory and Ramsay-Hunt there is an
increase during W.REM 1-2 sleep and a decrease during W.REM 3-4 sleep.
. REM sleep is often lacking in these patients (Passouant and Cadilhac,
1970}, The aspecific syndromes such as the syndrome of West {(hyps—
arrhythmia) and the syndrome of Lennox-Gastaut (petit-mal wvariant)
are differentially affected by the sleep. In the syndrome of West
the long serieg of aspecific spike waves paroxysms are interrupted
during the WvKEM sleep and suppressed during the REM sleep. In the
syndrome of Lennox-Gastaut they inecrease during the light W.REM 1-2
gleep and decreasse during N.REM 3-4 sleep (Gastaut et al., 1975;
Inoue et al., 1977).

The partial epilepsies may be increased during N.REM 1-2 sleep,
and the abnormalities often tend to spread. In contrast, REM repeti-
tively leads to a better limitation of the spread (Findji et al.,
1978} . According Broughton (1972) partial epilepsies with superficial
cortical temporal discharges would increase during N.PEM 1-2 sleep,
whereas the deeper situated temporal and frontal focli would be ex-
presged especially during REM sleep.

Measuring the spike activity in the focus as a function of time,
it appears that there is an increase during N.FFM 1-2 sleep and even
more during N.REM 3-4 sleep (CGozukirmizi et al., 1982; Montplaisir,
1980). This has been confirmed by Lieb et al. (1980) who found that
in deeper laying cortical foci, there was a three-fold increase
during W.REM 1-2 and a six-fold increase during N.REM 3-4 sleep, and
noné or a very limited increase during REM sleep.

The findings by Schwartz et al. (1964) are of importance: they
found that the increase of focal epileptic EEG abnormalities do not
only depend on the depth of sleep but also on their localization.
They found an increased spike activity during N.REM 1 sleep when the
injury was localized in the left occipital cortex and an increase
during N.REM 2-3 and 4 sleep when the injury was localized in the
right temporal region.

Many investigators pointed at the importance of REM sleep for the
localization of the primarily epileptic focus, since this becomes
more circumscribed during REM sleep (Montplaisir et al., 1979; Perria
et al., 1966; rRossi et al., 1974).

Apart from the quantity of the epileptic BEG abnormalities also
their form can change during sleep. Broughton (1972) pointed at the
tendency to the formation of polyspike wave complexes during N.REM
sleep, with a greater preponderance during W.,REM 1-2 than during 3-4
sleep. Sato et al. (1973) categorized the morphological changes of
the spike waves according depth of N.REM sleep.

puring the N.REM 1 sleep the 3 c¢/sec spikes retain their regular-
ity but the duration of the paroxysms becomes shorter. During N.REM 2
#leep the spike waves become irregular with changing frequencies be-
tween 2 and 4 ¢/sec and a more pronounced polyspike wawve formation.
Simultaneously these paroxysms shorten and their number increases.
The decreased duration and increased number of spike-waves is even
more pronounced during N.REM sleep 3-4, during which they remain ir-
regular but their frequency changes to 2.5 - 1.5 ¢/sec.
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