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With the introduction of clinical electroencepha-
lography (EEG) it was hoped that there was final-
ly a tool available with which it would be possible
to quantify the therapeutic success, or the lack of
it, in the treatment of patients with epilepsy. It
was soon, however, seen that the EEG could be-
come normal not only as expected after treatment
with antiepileptic drugs but also through changes
in the psychological state of the patient at the
time of recording. This normalisation of the
EEG reminded Landolt of previous patients with
epilepsy who had had normal EEGs in connection
with psychotic states. This in turn led him to the
observation of “epileptics who must have a patho-
logical EEG in order to be mentally sane”, this
he termed “forced normalisation” which he then
defined. This definition focussed on the EEG. Is
then the “forced normalisation” of Landolt an
EEG phenomenon which can be precisely defined?

Keywords: EEG; forced normalisation; psy-
chosis

The association between seizure freedom and the
occurrence of psychic symptoms or changes in the
mental state has long been known, terms such as
“transformed epilepsy” were introduced as early
as 1875 [1]. In a publication devoted to this prob-
lem Christinger [2] compared seizure disorders
to morphine dependency and recommended that
in risk patients, those with pre-existing neurotic
or psychic symptoms, the seizures should be re-
duced very slowly in order to avoid a deterioration
of the mental state.
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Figure 1
Title page of Christinger’s publication from 1914.
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Landolt shifted the emphasis away from seizure
freedom and to the normalisation of the elec-
troencephalographic (EEG) findings and in 1958
he wrote “... there would seem to be epileptics
who must have a pathological EEG in order to be
mentally sane ...” [3]. Landolt called these changes
in the EEG which were associated with altera-
tions of the mental state of the patients “forced
normalisation” which he defined as “the pheno-
menon characterised by the fact that the EEG
becomes more normal or entirely normal as
compared with previous and subsequent EEG
findings” [3]. Was this a precise electro-clinical
definition, an EEG phenomenon, or just a de-
scription of the relationship between the EEG and
the clinical changes he observed? In an attempt
to clarify this question we examined the case his-
tories and EEG findings of the first patients
described by Landolt.

The introduction of clinical EEG at the
Swiss epilepsy centre in the Spring of 1948, where
Landolt worked at the time, opened new possi-
bilities concerning the diagnosis and therapy con-
trol of patients with epilepsy. Landolt showed a
very early interest in the relations between clin-
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Figure 2
EEG before
therapy.

Figure 3

After therapy
with antiepilep-
tic drugs.

Figure 4

EEG recorded
when the pa-
tient was in a
friendly and
relaxed mood,
showing fre-
quent series
of bilateral
spikes-and-
waves.
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ical findings, not only somatic, but also the psy-
chological state of the patient, and EEG changes.

It was generally accepted at this time that the
EEG of epileptic patients, who were correctly
and adequately treated, could become normal
and that in most cases there was a good correlation
between the normalisation of the EEG and a
decrease in seizure frequency. The EEGs shown
in Figures 2 and 3 were used by Landolt to illus-
trate the effects of antiepileptic drugs (AED)
on the pathological EEG [4] where he wrote “the
disappearance of the absences can be followed in
the EEG”.
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In 1952 Landolt made one of his most important
observations, namely that there was a striking
connection between the mental disposition of the
patient at time of recording and the EEG mani-
festations, suggesting that a given mental disposi-
tion can lead to a normalisation of the cerebral
electrical activity. Figures 4 and 5 illustrate the
EEG findings of the first patient in which Landolt
observed this phenomenon.
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The next EEG was recorded without the patient
being forewarned. At first he refused to coope-
rate, was extremely exasperated and trembled
with rage at what he called inconsiderate and
inhuman treatment. The EEG failed to reveal any
spikes-and-waves even during 3 minutes of hyper-
ventilation. With the exception of a few scattered
theta waves, the EEG was normal. There had been
no change of medication made since the previous
recording.

Figure 5
EEG recorded when the patient was extremely exasperated.
No spikes-and-waves were registered, the EEG was normal.
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In order to confirm these findings, Landolt re-
peated the recordings three times under the same
conditions. The results were the same each time
1.e. a relaxed patient correlating with a patholo-
gical EEG, and an angry patient correlating with a
normal EEG.

This, at the time, surprising discovery, that the
EEG could become normal not only as expected
after AED therapy but also through changes in
the psychological state of the patient, led Landolt
to a reappraisal of the role of the EEG in the
diagnosis and therapy. He warned that the diag-
nostic value of the EEG may differ with changes
in the patient’s mental condition. Later he wrote
“if serial EEG recordings are to have any value
at all the psychological state of the patient has
to be taken into account, ... and the recording
should be performed under the same conditions,
under the same circumstances and with the pa-
tient being in the same state of mind. Whoever
performs EEG recordings should not just be
content with the technical aspects but also has
to continuously and exactly observe the patient”
[4]: factors which have remained valid until today.

This “normalisation” of the EEG reminded
him of previous patients with epilepsy who had
had normal EEGs in connection with a psychotic
state. The following EEGs illustrate the findings
from one of these patients.
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Figure 6

EEG recorded
with the
patient in his
habitual
psychological
(normal) state.

Figure 7
EEG recorded
during a psy-
chotic state.

Figure 8
Recorded after
all AEDs had
been discon-
tinued, with
the exception
of phenytoin
which was
reintroduced
1 day before
recording.
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Landolt observed similar findings in a total of
47 patients and interpreted these as follows. “Thus
these cases reveal an unmistakable correlation
between the course of the psychotic process and
the changes in the EEG, in that the paroxysmal
focus which is active before and after the twi-
light state dissolves during this twilight state,
and often so completely that the record is nor-
malised. In other words, and putting it more crude-
ly,there would seem to be epileptics who must have
a pathological EEG in order to be mentally sane,
and who enter a twilight state or become pro-
ductively psychotic during a certain produced or
spontaneously occurring EEG normalisation and
whatever it is that underlies this.” [3]

This normalisation, first described in 1953, was
considered to be “an excessive reaction of the
normal cerebral tissue to a usually circumscribed
cerebrophysiological pathological condition at
the expense of the mental condition, and there-
fore giving a forced impression” [3]. Forced
normalisation was then defined by Landolt as
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“the phenomenon characterised by the fact that,
with the occurrence of psychotic states, the EEG
becomes more or entirely normal as compared to
previous and subsequent EEG findings» [3]. These
findings have, over the years, led to many ques-
tions being asked.

Do these EEG changes relate to a specific
pathological process causing the change in mental
state or are they merely a reflection of this state?

There have been many hypotheses forwarded
over the years as to the possible underlying mech-
anism causing forced normalisation. In an over-
view Wolf reported on as many as 11 possible mech-
anisms [5].

The aetiology is therefore most likely hetero-
geneous, the different clinical symptoms presented,
the fact that it can occur in different epilepsy
syndromes, and most importantly the EEG
changes which are not an “abnormal” normalisa-
tion which can be defined in terms of topography,
reactivity frequency, etc., such as seen in the so-
called alpha coma, suggest that the changes in
the EEG seen during forced normalisation are a
reflection of the mental state of the patient. In
other words the mind is affecting the EEG and
most probably not changes in the EEG affecting
the mind.

Was the EEG recorded by chance during a
phase of relative inactivity and the changes seen
purely coincidental or due to inadequate sampling?

Landolt was aware of the variability of bio-
electrical phenomena, and recognised the diffi-
culty of demonstrating the change in the EEG
from pathological to normal necessary for the
identification of forced normalisation. He stated
that this can only be attained by recording EEGs
as frequently as possible e.g.several times a day [3].

This would rule out the problem of under-
sampling.

Is forced normalisation a drug-specific reac-
tion?

The publications of Landolt show that he did
not consider the occurrence of forced norma-
lisation to be related to any specific side effect of
AEDs. This even though he initially assumed
that the psychotic state in one of his patients was
a negative side effect of hydantoin therapy. In
the case history he wrote “twilight state as an
effect of hydantoin?”. He excluded this by stop-
ping all AEDs, waiting until the twilight state
disappeared, then re-introducing all previous
AEDs with the exception of hydantoin; 5 days
later the patient was once again in a twilight
state. Landolt concluded in the case history “at
least it has been shown that the hydantoin therapy
was not responsible”. The occurrence of forced
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normalisation under different drugs with different
mechanisms of action, phenurone [6], phenytoin
and primidone [7], valproic acid, carbamazepine
[8], and vigabatrin [9], supports Landolt’s original
assumption that forced normalisation is a result of
effective therapy and not a drug-specific reaction.

Were the EEG changes due to increased arousal
caused by excitation?

Landolt tried to meet this criticism by stating
that these states could arise from mental excita-
tion, but this would never be a primary cause, and
was only secondary to some underlying patholo-
gical process [10].

This question has, however, not been satisfac-
torily answered and for example sleep EEGs
which could help in clarifying this point have, to
our knowledge, not been performed in these
patients.

Is, in conclusion, the forced normalisation of
Landolt an EEG phenomenon? If we expect EEG
phenomena to be precisely definable and homo-
geneous, then it is not. Fenwick who was for a
long time sceptical as to the existence of forced
normalisation recently made the following very
apt concluding statement, “... the original obser-
vation of Landolt was prescient. He accurately
predicted and started to characterise the very
close relationship that there is between behaviour,
seizures, and EEG activity. Used this way, forced
normalisation describes a real phenomenon; the
phenomenon of EEG change in some mental
states. I am thus pleased to admit and accept that
forced normalisation as defined by Landolt does
exist” [11].
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