Psychiatric
Electroencephalography
Gerald Ulrich

Charité — University Medicine Berlin
Psychiatric Clinic (Campus Benjamin Franklin)

Updated and revised edition (2002) of the original textbook “Psychiatrische
Elektroenzephalographie (in German); Gustav Fischer Verlag, Jena-Stuttgart-New
York, 1994 (ISBN 3-334-60841-1)

116 Figures and 9 Tables



Acknowledgements

Acknowledgements

The motivation for beginning and completing the monography is the result of a permanently ongoing controversial
discussion with exponents of a highly unsatisfactory status quo.

Therefore, since this book would not have materialized without all those numerous persons | cannot name individually, |
owe them deeply. If | express my appreciation to them in the first place here, | have by no means any intention of being
sarcastic since controversy can often lead to greater gains than the pleasant, but otherwise redundant, confirmation of
friends and like- minded persons.

In the second place, | want to thank those colleagues of the lab for psychophysiology who supported my work technically:
Mr. M. Lewinsky, Mrs. Allert and, with office technology, Mrs. Gloxin.

Further, | thank Mr. J. M. Fegert, M.D. and Mr. M. Flechtner, M.D. who, so-to-speak, pars pro toto assumed the receptive
roles of the future readers for their critical and valuable suggestions that were cause for many a change in the final version.

Finally, thanks also to the publisher who was not afraid to have his name associated with a book for which the time possibly
is not (yet) ready.



Preface |

Preface

There is nothing trendy about this book - on the contrary! For this reason, many will consider it as a provocation, an
annoyance, even. However, this is no judgement, since there are fecund annoyances. We agree with PIAGET (1974), who
emphasizes in his autobiography that two scientists who start from different premises with regard to a certain problem could
only be interested in an obvious non-agreement - provided their personalities allow for it - for only through the articulation of
the non-agreement would it be possible to learn something about facts or their interpretation. We have nothing to add to
this.

From an historical perspective, psychiatric electroencephalography was introduced with great hopes, but work soon came
to a standstill. During the introduction of psychopharmacology in the Sixties to Seventies, the EEG even played a central
role as a tool for psychiatric research. The resistance and objections from representatives of a then still humanities-
oriented psychiatry are history today. Nevertheless, a steady, and for the past decade almost rapid loss of importance of the
EEG in psychiatry cannot be denied. In this situation it seemed highly appropriate to precede the book with an analysis of
its causes (chapters 1 and 2). Its purpose is to prove that this loss of importance is not the result of the unproductiveness of
the method itself but of an inadequate handling of the method.

Hardly anyone remembers today the promises of so many prominent EEG-experts in the early Seventies that the increased
availability of powerful digital computers would result in significant breakthroughs in psychiatric research through
quantification. In those days, competition in research turned into competition among researchers to get funding for ever
more powerful computers. What was lost in the process was the purpose. The means turned increasingly into an end in
themselves, until over the years the question of "what for" made those who asked it look like outdated "armchair
philosophers"...

Instead of admitting failure after a decade of searching in vain for the proverbial needle in the haystack, instead of an
honest cost-benefit analysis and an analysis of cause and effect with the appropriate conclusions, the indefatigable search
continues, at increasingly higher costs. It seems impossible to argue effectively against this hectic method-centered modus
operandi since it faithfully follows the trend of "naive adoration of data in modern technocracy" ("naive Datenglaubigkeit
moderner Technokratie", HEIMANN 1991). Moreover, the prestige of research is measured more than ever by the use of
expensive, externally funded equipment. Compared to this, the "primary equipment" of the researcher, such as observation
and methodological awareness (in contrast to method-centered research) is not in very high demand.
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This present worrisome situation has been summarized recently by the scientific journalist Jorg ALBRECHT (1992):
"Today's self-respecting biologist does not concern himself with animals and plants [not to mention human beings, the
author] but with membranes, molecules, mutations”. This "atomization of biology" is being pushed so far that in the end
everything consists of nothing but quarks. It is evident that this type of biology may lose - or has already lost - its topic, the
conformity of all living things with natural laws. The same, of course, holds true for the psychiatry that indefatigably and ever
more emphatically proclaims itself to be "biological". What and, more importantly, where, is its opposite, i.e. a non-biological
psychiatry that needs to be rejected? The farther this brand of psychiatry becomes removed from biology and moved
towards chemistry and physics, the more stubbornly it insists on the "biological" attribute.

Biology is, as KRETSCHMER (1919) stated in forever valid terms, the science of life not the science of the body or soul.
This semantic reversion of the term "biology" coincides with, among others, a growing disregard for morphology. Just as,
according to a university professor in a biological discipline, a student today can graduate in biology without any knowledge
of the species, i.e. without being able to recognize wheat from rye (KUNNEMANN 1992), one can acquire an international
reputation as an EEG-researcher without having the least knowledge of the laws of the spontaneous morphodynamics of
the resting EEG.

The method-centered actionism which presently dominates the scientific world is counterproductive not only because it ties
up, without any prospect of success, personnel and money - it also obstructs and prevents the formulation of theories which
requires a modicum of continuous thought, desperately needed in the face of the deluge of data. The continuous
construction of new highways that frequently turn out to be nothing but dead-end streets often covers up valuable old roads.
This way, important trains of thought, which for a variety of reasons never gained maturity, disappear from view. Generally,
the commercially available electronic databases hardly cover the past decade. To limit oneself to their use means not being
in tune with the traditional knowledge of our discipline, or even to be cut off from it. This is true for psychiatry in general but
certainly for psychiatric electroencephalography. Therefore, we considered it necessary to provide our readers not only with
a textbook but also with a bibliography that is integrated in the text and is as complete as possible. Those who want to deal
successfully with the present and help create the future need a historical perspective. The contemplation of what was and
which past views eventually proved valid sharpens the eye for the rediscovery or new discovery of those paths which will
more likely lead to the goal. In accordance with our understanding of electroencephalography as a primarily morphological
discipline, we have attempted to provide as many detailed examples of registration as possible.

The author
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Chapter 1 1

The EEG in Psychiatry —
Only Screening for Neurological

Disorders or More?
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Those who today - more than 60 years after the first publication of "Uber das Elektrenenkephalogramm des Menschen" by
BERGER in 1929 - take their information from articles in manuals and textbooks must come to the conclusion that the
contribution of the EEG for psychiatric theory and practice has been very meagre.

If we ask for the reasons, we can choose from two alternatives. The first would be that one cannot, by definition, draw any
psychiatrically relevant conclusions from an EEG; the second, that we have not been able, thus far, to extract the
information actually contained in the EEG. The prevailing opinion is that the first is true. In German-speaking countries one
can still sense the lingering authority of R. JUNG (1950, 1953, 1967).

"For the present, the psychiatric application of the EEG remains limited to epilepsy and its peripheral area, to the exclusion of
basic organic brain disorders and to shock therapy. For psychiatry in the more specific sense the EEG has not yet yielded many
positive results. ,,and further: "Neither for schizophrenia nor for manic-depressive disorders do we know of any changes in the
EEG that can be used for diagnostics." (JUNG 1950, pg. 291, translated from German).

On the other hand, we can quote KENNARD (1952), who stated at approximately the same time as JUNG: "The bulk of
records seen in psychiatric EEG laboratories are quite different from those of other clinical services. At these meetings it
used to be true that those of us who read such records were grouped to discuss in a minority among ourselves. We have
been consistently unable to explain ourselves to the other groups.” It is not in the least because the differences mentioned
by KENNARD were unspecified and not secured biometrically that JUNG'S view eventually gained dominance worldwide.

KUNKEL (1980) identified methodological imperfections as the reason for the unsuccessful search for ,disorder-specific"
patterns in EEGs. He complained, among other things, about the insufficient explanation of the terms "normality" and
"abnormality."

In the English literature, too, it is generally agreed that the usefulness of the EEG in psychiatry consists in the exclusion of
neurological malfunctions ("organic screening”, i.e. LOW 1979; HALL et al. 1980; STRUVE 1984; TAYLOR et al. 1985;
SMALL 1987; GARBER et al. 1989.

In her manual article, SMALL tried to redefine the value of the EEG for the psychiatry on the basis of DSM Ill. As
quintessential conclusion we read that: "In summary, the importance of the EEG ... is primarily to rule out organic mental
disorders" (pg. 533). WARNER et al. (1990) recently opened the discussion on whether empirical proof exists for the
usefulness of such neurological screening. They considered an EEG finding as useful if it led to the change of the diagnosis
and/or the therapy. A retrospective study including 698 psychiatric in-patients showed that this was true in only two cases.
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The authors therefore drew the following conclusion: "... Its clinical use as a screening tool remains questionable." There
exists, without any doubt, the need for further empirical clarification, since the rationality of the common practice is
questioned.

Those who see opportunities for the psychiatric EEG that compliment or complete neurological screening are in opposition
to the general opinion. A questionnaire distributed to the psychiatric departments of German university hospitals in spring
1991 confirmed our suspicion that the EEG is used almost exclusively for neurological screening. We also learned that only
in rare cases do the psychiatric departments of university hospitals have their own EEG labs. The EEG examinations
usually take place at the EEG lab of a neighbouring neurological hospital or at a central neurophysiologic facility.

At this point it must be mentioned that the way to view and to evaluate a certain item such as an EEG in general is
determined by the characteristics of the population under observation. This means that what from a neurological
perspective seems irrelevant can be essential from the psychiatric perspective. On the other hand, in neurological
populations frequent and important characteristics will not easily be recognized in psychiatric materials or remain without
clear pathognostic relevance. As needs to be proved in the following, the popular but erroneous opinion that there exists
under the name "clinical neurophysiology" an electroencephalography that is independent from the observed matter and
stands on its own has clearly hampered progress.

Whether we will be able to promote the development of a genuine psychiatric EEG depends considerably, under these
circumstances, on how convincingly we can present our arguments and on the open-mindedness of our readers.

In the following we first ask the reasons for the prevailing pessimistic opinion. We can distinguish between external reasons
that are based on institutional realities and internal, i.e. methodological-scientific ones. By pointing out existing obstacles for
the development we, at the same time, state the conditions that are necessary for a future psychiatric EEG. Of central
importance in this is a methodological framework that allows the justification of relating the EEG and psychiatry. The
ensuing discussion of the conditions for the development will seem, at times, too theoretical. This will be especially true for
the reader with previous knowledge of electroencephalography and certification by a professional organization, since he will
be expected to question essential areas of supposedly secure knowledge in their entirety. However, the success of our
undertaking depends on how far we can initiate a critical discussion of established habits in viewing and thinking. The well-
known demand to first present facts before proceeding to theory leads into a vicious cycle. In contrast with prevailing
opinion, facts or diagnoses do not necessarily speak for themselves (see also 2.2.6). They must always be interpreted, and
that requires a theoretical basis. This holds true whether the researcher is aware of his basic theoretical assumptions or not.
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2.1. Conditions for the Framework

To avoid any misunderstanding at the outset, we want to stress that it is not our primary intention to question the usefulness
of the EEG for neurological screening. Rather, we are of the opinion that, in addition, it is possible to extract information that
is relevant to psychiatry from the EEG. The reason for the prevailing pessimistic attitude herein is due, in part, to
unfavorable external circumstances that prevent the creation of the necessary base of experience from the beginning. The
situation seems hopeless where recording and interpretation occur apart from psychiatry. When a colleague from the
neurological department next door is also responsible for the EEG of psychiatric patients, the result, of course, will be a
purely neurological screening. A psychiatric department without its own EEG lab gives up, from the beginning, the
possibility to use the EEG as a research tool. Since the complete dependence on external diagnosticians prevents gaining
and accumulating its own insights, the demand for the development of a genuine psychiatric EEG can only be met with
rejection, disbelief or, at best, skepticism. However, even in situations where the psychiatric department has its own EEG
lab, an increase in knowledge is not guaranteed. Seemingly without fail, communication barriers arise between clinician on
the one hand and EEG interpreter on the other. All too often, both sides want to protect their own territory. Inevitably, such
territorial protection results in the limitation of the experience and knowledge horizon. Thus, the misinterpretation by many
a clinician of the EEG as an almost objective routine lab test is common, in analogy with the determination of electrolyte or
transaminases. Of undiminished value and particularly valid for the electroencephalography in psychiatry remains until
today what MATTHEWS (1973) summarized more than 20 years ago as follows:

"The greater part of the work of most EEG departments consists of doing single records in patients referred by physicians
almost wholly ignorant of the value and limitations of the technique, or who even openly admit to using EEG as a form of
supportive psychotherapy."

Failure to correct the tendencies that turn the EEG interpreters themselves into a tool must have a negative effect on the
interaction between colleagues and, consequently, on the willingness to communicate with each other. On the other hand,
the autistic drawing up of EEG descriptions and interpretations that all but ignores the interests of the physician is the rule
rather than the exception. Although the separation of the written record into description and evaluation is generally
accepted, many EEG interpreters do not view that evaluation as being for the physician's benefit, but rather as a summary
of the previous long-windedly explained individual facts. This behavior is often fostered by the unfortunate lack of missing
clinical experience of the EEG interpreter. Voluminous explanations, irrelevant to the doctor in charge, create legitimate
doubts about their usefulness. Thus, the EEG as a whole is discredited.
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2.2. About Methodology

Besides the aforementioned reasons, rooted mainly in institutional politics, the development of the psychiatric EEG has
been hampered by the absence of a "methodological consciousness." This is characterized by the piling up everywhere of
uninterpreted or uninterpretable mountains of data, underneath which the original question has been lost. Considering this
state of affairs it is not surprising that there is widespread resignation about the possibility of gaining knowledge. Today, an
older generation of high-profile researchers who would be able to direct the work potential of the upcoming younger
generation into the right channels based on their own research experience, is desperately missed. Instead, we meet
everywhere with an activity that is centered on methods and technology thanks to successfully acquired means financed by
grants, foundations, and sponsors. The mountains or landfills of data thus created result from the naive belief that through
primary quantification, i.e., through the mere application of certain signal-analytical procedures that are, for example, also
used in seismology, scientifically significant insights can be gained (see also 2.2.2). Hand in hand with the development of
electronic data processing the electroencephalography mutated into an electroencephalometry that is dominated by
pharmacopsychiatry.

The fact that certain automatic analysis programs such as CEEG, BEAM, and Neurometrics are protected by patents should be
indication enough for the significant commercial interests involved.

Considering the lack of theoretical leadership it is no surprise that in this method-dominated transformation process the
non- medical technical support personnel became increasingly important. Today it is almost considered normal that in EEG
research engineers and mathematicians are leading the way.

But who can dispute despite this enormous technological input, that the result of these activities is still miserably minute?
And how could it be any different, considering that theory-free, method-dominated quantification is on the same
epistemological level as astrology and alchemy? This faulty development, in urgent need of correction, is also the culprit for
the unwillingness of young scientists to do research in the area of clinical electroencephalography. Added to this has to be
the common misconception that nothing new can be learned from the EEG anyway.

It is certain that the generally observed decline of clinical electroencephalography cannot be reversed by lamentation:
"The trend apparent throughout the world to cut back clinical electroencephalographic units in favor of other neurophysiologic

investigative techniques is both unjustified and dangerous" (KARBOWSKI 1990; see also NIEDERMEYER 1985).
We consider the surgence of newer imaging procedures of the radiologists as an opportunity rather than a disadvantage for
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the EEG. Since these procedures cover the structural-diagnostic needs of neurology far better than the EEG it would seem
logical to investigate the EEG in its functional-diagnostic characteristic, especially for psychiatry. In the following we would
first like to explain the effects of the lack of methodological consciousness exemplified in the discussion about terminology.
This will be followed by several chapters in which we will develop our framework step by step.

2.2.1 Terminology

There is a common consensus that for scientific terms, consistent usage is of utmost importance. Compared to the
underlying facts, the terms are viewed as less important. Discussions about the semantics of terminology, therefore, are
considered more or less a waste of time - why should we wrack our brains over the meaning of terms? As scientist, one is
likely to be interested only in the facts. If one paid enough attention to the facts one would also know what certain words
meant. We, however, consider the terminology of primary importance (s. a. WITTGENSTEIN 1953). Every act of
delimitation happens through the use of symbols or terms. Because there exists no act of delimitation without linguistic
terms, it seems logical to us that facts cannot exist without linguistic terms. It is not true that the meaning of terms can be
deduced from the items they signify. On the contrary - items can be delimited by the meaning assigned to terms. Therefore,
clarifying the scientific terminology must have absolute priority. It is no coincidence that discussions about the semantics of
terms always become acute when the question for the failure of science is posed (KUHN 1968)

2.2.1.1. "Normal" versus "Abnormal”

BENTE (1964a) probably saw the problem most clearly when he held the uncritical use of the term "normal” responsible "for
the paralyzing and unfounded pessimism that has invaded the field of electroencephalography of endogen psychoses"
(transl. from German). He intimated at another time how one should proceed instead: "One cannot start from the superficial
and unclear criteria of normality but must be open-minded towards the finer morphology of the EEG" (BENTE 1961, transl.
from German). Although many authors before and after BENTE expressed their discomfort with the common practice
(LIBERSON 1944; GREENBLATT et al. 1944; KOOI et al. 1964; OBRIST u. BUSSE 1965; HELMCHEN 1968;
STRUVE1976; DONGIER 1978; LAIRY 1978; TORRES et al. 1983) this had almost no consequences. "Normal" and
"abnormal" are value-judgments and are therefore closely related to a specific point of reference. "Normal" per se is
nonsensical, just as well as "abnormal”. In medicine, the term "normal” is applied to discern healthy from ill. Because of the
longtime integration of the EEG into neurology, we can assume today that in general "normal" or "abnormal” is used for the
neurology-specific distinction of healthy and ill. That the neurological perspective has been adopted as exclusively valid is
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also evidenced when in studies of a psychiatric matter the neurological criteria for normalcy are applied. This happens even
though different reference points for normalcy are imaginable, such as the ideal type or the statistical average type. If
EEGs of psychiatric patients are divided in "normal" and "abnormal” from the beginning - which until today is common
practice for clinical routine examinations as well as for clinical studies - then only the "abnormal" EEGs seem noteworthy.
The very small gains for clarification of such studies then consist in the statement that groups of schizophrenics or
depressives differ either not at all or only in degrees with regard to the EEG - usually because of a higher degree of "non-
specific" abnormalities. When KUNKEL (1980) deplores the unsuccessful search for "disorder-specific' EEG patterns he
simultaneously clarifies the goal of the respective efforts. Apparently, the significance of the EEG in psychiatry is being
seen as dependent on the degree to which it provides an external validation of the psychopathologically based psychiatric
diagnosis. However, "disorder-specific" patterns can only be expected if it were possible to assign specific neurological
syndromes to the diagnostic "units" of the psychiatry which were also reflected in the EEG (see also 2.2.4) As we know
today, however, this is explicitly not the case. This also makes all prophecies of an objective psychiatric classification
through a spectral-analytically quantified EEG implausible (MORSTYN et al. 1983; MORIHISIA et al. 1983; SHAGASS et al.
1984; JOHN 1988; JOHN et al. 1988).

Despite common consensus, the claim that it is possible to objectify the DSM-III-classification through calculations with 705
interdependent variables which were extracted without any hypothesis from a one-minute section of a resting EEG is foolish. Lately,
however, there seems to be a learning process going on. Instead of a validation of clinical diagnoses we have been reading:."..
different categories of pathophysiological processes may underlie similar psychiatric manifestations in behavior" (JOHN et al. 1991).
A thorough analysis of the problems addressed here that form the center of the current psychiatric interest will follow in Chapter 2.2.4.

The narrowing of the range of possibilities resulting from the use of terms such as "normal" and "abnormal” has led to an
elimination of all those EEG-characteristics that have to be regarded as neither "abnormal” or "disorder-specific" but as
gradual variations of normal-physiological behavior. But it is just those unspecific phenomena that might be of utmost
importance for the psychiatric EEG. Those who like KUNKEL (1980) see the cause of the problem created by the
distinction "normal/abnormal” as just a matter of insufficient definition clearly miss the point. This is also true for GIBBS
(1982) when he recommends his canon of detailed individual checkpoints that one has to study diligently:"... there are about
30 specific types of electroencephalographic normality." Only, improved definitions will not do here. The solution rests
solely in an uncompromised and consistently maintained renunciation of value judgments like "normal/abnormal." We are
certainly aware of the resistance to such a demand since in the medical education the search for the diagnostically specific
has the ultimate priority. Because secretly many a psychiatric researcher is still looking for the "schizococcus." The
immensely successful paradigm of infectiology has had far too deep an impact on the linear-causality based understanding
medicine has of itself and, consequently, of psychiatry. Far less popular is the idea that for certain disorders, only
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phenomena that are not specific to this disorder but nonetheless of pathognostic significance in the context with certain
other, equally unspecific phenomena, can be described.

2.2.1.2. "Allgemeinverdnderung"” [General Slowing Down of Frequencies - the translator]

Another term which is limited to the German-speaking countries and which hampers the development of the psychiatric
EEG is "Allgemeinveranderung." The meaning of the word suggests a general evaluation that encompasses gradations. "It
is used to describe the curve as a whole" (JUNG 1953, transl. from German). Hardly any other EEG-related term is equally
popular in German-speaking countries. This is probably the result of its undisputable usefulness in evaluating the course of
traumatic, inflammatory or toxic encephalopathies. Although we do not want to engage in any discussion about the
practicality or necessity of the term "Allgemeinveranderung” in neurology and neuro-surgery, we must point out certain
inconsistencies. JUNG (1953) defined the slight "Allgemeinveranderung” by an irregular alpha-rhythm and a certain
proportion of theta. According to JUNG, the slight "Allgemeinveranderung” shows "flowing transitions to the irregular EEG"
and is present in 5 to 10 percent of healthy adults and, even more frequently, in healthy children between the age of 10 and
14 years. It is our opinion that such a vague definition cannot be satisfactory in a discipline where the physician needs clear
distinctions. One might ask what importance the slowing of the alpha-frequency from 12 Hz to 10 Hz, noticed during the
course of the illness, or the continuous spreading of the dominant alpha-activity to the frontal brain regions has for the user
of "Allgemeinveranderung." Based on the meaning of the term which suggests a pathological change, it seems nonsensical
and potentially misleading to characterize the EEG of healthy children by the term "Allgemeinveranderung."

Since "Allgemeinveranderung”, at least in its medium degree, connotes a disturbance of the brain function, it further worries
us that one also talks about "Allgemeinveranderung” in connection with the effects of psychotropic drugs. A diffuse
theta/delta dysrhtyhmia in encephalitis certainly represents something completely different from the picture that is the result
of high clozapin dosages which, at first glance, is very similar. While in the first case a severe clouding of consciousness
might be present, the patient in the latter case frequently will be quite inconspicuous intellectually, a difference often not
reflected in the EEG report (s. a. 3.2. and 4.5.). This creates additional mysteries for the recipient of the EEG report.

However, "Allgemeinveranderung" is unsatisfactory not only for semantic and pragmatic reasons. The term also obstructs
the gathering of new scientific insights. The implied restriction of the term to frequency characteristics precludes
consideration of other aspects. This is particularly true in the aspect of EEG dynamics which is extremely important for the
psychiatric EEG. Yet, thus far, there has been scant discussion of it (s. a. Chapters 2.2.2.,2.2.4., and 3.1.) If the
terminology allows only the distinction between with or without "Allgemeinveranderung”, markedly disturbed dynamics of



Chapter 2 10

significant vigilance will necessarily be classified as without "Allgemeinveranderung”. However, since without
"Allgemeinveranderung" and "normal" are considered to be synonymous, the question about the importance of disturbed
vigilance dynamics seems, after this determination, pointless. Therefore, "Allgemeinveranderung" turns out to be a
terminological procrustean bed that obstructs any possibility to gain new insights. The EEG interpreter, who because of
generally accepted convention has only the choice between two alternatives usually, will not dare to seriously consider
other possibilities.

2.2.1.3. ,Krampfbereitschaft" (Proneness to epileptic seizures)

The question of increased "Krampfbereitschaft" is in tandem with the question about "Allgemeinveranderung,” the question
most frequently asked by physicians. In psychiatry, this question presents itself for all patients treated with psychotropic
medication. It is also of particular importance during the withdrawal phase of addiction patients. Under these conditions,
clinical experience alone suggests a higher seizure risk. The physician wants to know from the EEG interpreter whether the
risk in a particular case is considered to be higher or lower than expected based on general experience with comparable
patients. Another question of interest for the physician is whether the degree of risk has changed in the course of
treatment. Although there is no empirical proof for this view, it seems to be difficult to rectify the general assumption among
physicians that the risk of seizure be deduced from the distinctiveness of paroxysmal potentials in the EEG. Unfortunately,
some textbooks also contribute to the confusion. Consider the following: "They [the paroxysmal potentials - the author]
generally are the expression of an increased seizure risk." and further: "that such potentials are proof of an increased
seizure risk, yet under no circumstance of a manifest seizure disorder." (KUNKEL 1980, transl. from German). We
emphatically reject the claim that it is generally possible to predict an increased seizure risk from an EEG.

First of all, the term "risk" suggests, either in connection with epileptic seizures or for whatever other causes, a designation
of this term relative to a certain context of observation. The context of this observation would have to be expressed by a
statement such as the following: Paroxysmal potentials in the resting EEG are, according to general experience, an
indication of the probability of epileptic seizures to such a degree that prophylactic and therapeutic measures are justified.
It should be indisputable that there is no such generally acceptable connection between the EEG record and pathological
behavior. This is not influenced by the fact that the EEGs of epileptics between seizures show significantly more frequent
paroxysmal potentials than those of non-epileptics.

If we examine the historic roots of "Krampfbereitschaft" (seizure risk) we again encounter JUNG (1950). Although he
correlated the seizure risk in epileptics not with the distinctiveness of paroxysmal potentials but with the degree of
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"Allgemeinveranderung" he introduced the solely EEG-based diagnosis of "latent seizures," exclusively reserved for healthy
persons. As criteria, he used the proof of dysrhythmia in connection with sharp waves. Acceptance of "latent seizures"
implies giving up the logical distinction between the levels of clinical and physiological phenomena. In other words, what
would seem to be logically incommensurable levels of description are thus declared equal. This is manifested in the opinion
that it is possible to express one phenomenon (the seizure) through the other (such as sharp waves) or that one is a
reflection of the other. Such a violation of the logical premises, of course, has practical consequences. Those who equate
paroxysmal potentials with latent seizures or increased seizure risk will also justify anti-epileptic medication based solely on
the EEG findings. Despite numerous solid arguments to the contrary, this irrational practice is applied even in university
institutions. The indication for therapeutic anti-convulsive medication only has a rational-empirical basis when an epileptic
seizure can be extrapolated from the case history.

Van DONSELAAR et al. (1992) assessed the cumulative risk of another seizure within two years at 81% in the cases with proof of
paroxysmal potenials in the interval EEG, as compared to12 % in cases in which this proof did not exist.

Our criticism is certainly not directed at the prophylactic prescription of anti-convulsants after brain lesions or during drug
rehabilitation treatment. However, in these cases, the prescription for prophylactic treatment should be independent of the
EEG record.

To our knowledge, there is no empirical proof for a regular interdependence between the risk of seizures and the proof or
distinctiveness of paroxysmal potentials. Instead, MILLER and BLUME (1993) recently stated: "The lack of a significant
relationship between tonic-clonic seizures and number and length of epileptiform bursts suggest that EEG is not a reliable
forecaster of tonic-clonic seizures in patients with primary generalized epilepsy." Further, "epileptiform bursts occurring only
on activation by sleep, photic stimulation or hyperventilation lack prognostic significance...."

Numerous authors also excluded such an interdependence for patients during drug rehabilitation (WIKLER and ESSIG
1970; KOUFEN and BECKER 1980; MATISON 1983; van SWEDEN 1984; SCHMICKLAY et al. 1989; TYNER et al. 1989).
Whether the EEG allows the prognosis of focal-symptomatic seizures after cerebral trauma is at the least doubtful
(COURJON 1970). The sharp high-amplitude waves usually observed under the influence of neuroleptics indicate at best a
slightly increased seizure risk. In contrast, the seizure risk in high-frequency spikes and occasionally poly-spike patterns
which are typically thymoleptics-induced is somewhat higher.

The lack of a regular connection between paroxysmal activity and seizure risk even in clinically established epilepsy is
evidenced most clearly by the fact that for at least half of these patients the seizure-interval EEG, even in the case of
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repeated recordings, do not show any paroxysmal potentials. This finding, which is hardly new, has only recently been
replicated by DESAI et al. (1988). Two thirds of 100 randomly selected epilepsy patients did not show any seizure-interval
paroxysmal potentials. This seems to confirm the observation by HOPKINS and SCRAMBLER (1977): "A biometrical test
with so many false negatives would never have entered clinical practice." But since paroxysmal potentials are considerably
more frequent in seizure patients than in healthy persons, we must question the pathogenetic significance of these
graphoelements. The paroxysmal potentials are generally interpreted as the expression of a tendency of synchronous
discharge of extented neuronal populations which exceeds the physiological measure. We know from the EEG that these
synchronizations have localized accentuations as well as a tendency toward irradiation. Whether this spreading tendency is
limited to a specific region or whether a partial or even complete generalization correlated to an epileptic seizure ensues
depends on hypothetical irradiation-restricting mechanisms. For those mechanisms, no indications exist in the EEG which
are comparable to the synchronization. Therefore, it is impossible to objectify the irradiation-restricting potential that
counteracts the excitatory irradiation. However, this is exactly what would be necessary to allow statements about the
seizure threshold and thus about the seizure risk from the EEG. Often, a decrease in the seizure frequency, i.e. the seizure
risk during treatment with anticonvulsants, is accompanied by an increase of paroxysmal activity in the seizure-interval
EEG. Only in pyknoleptic, primary generalized petit-mal epilepsies is the seizure-controlling effect of the anticonvulsants
reflected in a regular decrease of the paroxysmal activity (MILLICHAP 1965; DALBY 1969; MILLER und BLUME 1993).
Remarkable in this context is that carbamazapine causes an increase of paroxysmal activity in every other epileptic. Here,
the seizure- reduction appears independent of the EEG effect (f. e. JEAVONS 1972; RODIN et al. 1974; WILKUS et al.
1978).

It would be appropriate to use the terms "paroxysmal potentials”, "latent seizures" and "seizure risk" as synonyms only in
the case of a one-on-one matching of EEG and behavioral phenomena. Since this is not the case (s. a. 2.2.5.) we are
obliged to make a logical and clearly defined distinction between these description levels. Exceptions, such as the
unequivocal correlation of 3/s-spike-wave patterns and an observable absence in infants do not beg this rule. As with
"Allgemeinveranderung,” one can contrast the gain or damage caused by use of the term "Krampfbereitschaft" (seizure
risk). As explained before, a seizure-prophylactic treatment based on the EEG cannot be justified. This, however, would be
the only advantage of "seizure risk." While the advantage of "seizure risk" remains doubtful, we must expect negative
effects in all those false-negative cases where necessary therapeutic or prophylactic measures are not taken because there
is no proof of paroxysmal potentials.

... a persistently normal record is entirely compatible with an increase in the severity of epilepsy" (STROBOS and KARALLINIS
1968).
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We recognize another detrimental effect of "seizure risk" in the unjustified claim of lab capacities, based on rationally
unfounded "repetitions of recordings." All too often, we are confronted with the demand for short-term control recordings
due to the erroneous and stubbornly held opinion that it is possible to objectively detect seizure risks at any time with an
EEG.

The urgent need to correct assumptions about "seizure risk" is also evidenced in psychiatry with regard to differential
diagnoses. A typical question asked by the physician from the EEG clinician could be: Is it possible that a patient with an
uncertain epilepsy anamnesis who currently is showing an atypical psychopathological syndrome actually is displaying an
epileptic equivalent? It is understandable that especially colleagues still in training and lacking experience, tend to avoid
the responsibility of diagnosing the severity of epilepsy, if possible. Generally, the EEG lab is used for this purpose, with
the erroneous expectation of an objective, equipment-backed diagnosis. In an era in which progress in medicine is
measured by the degree to which the fallible subject is neglected, it has almost become a matter of civil disobedience to
confess adherence to the still valid view that the diagnosis of epilepsy must be based first and foremost on clinical
anamnesis. The contribution of the EEG to the diagnosis of epilepsy will differ from case to case but will never be of
decisive importance: "The EEG is a limited diagnostic tool for making a positive diagnosis of epilepsy or for resolving
unequivocally the differential diagnosis between an epileptic vs. a non-epileptic condition" (GLOOR 1977). Sounding the
same note was MATTHEWS (1973): "Where clinical doubt exists, the EEG will not help." A model calculation by GOODIN
and AMINOFF (1984) that took the sensitivity and specificity of the EEG with regard to epilepsy into account showed that it
is the prevalence of epilepsies in the respective population that decides whether the EEG will contribute to the diagnosis or
not. The authors based their work on the prevalence of 0.5 % found in the general population and on the condition of their
own neurological-psychiatric patients. Paroxysmal potentials were found in 4 % of seizure-free patients and in 52 % of
patients with seizures. For a model population of n=1000 this results in the following frequency distribution:
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Table 1. Frequency distributions of patients with and without paroxysmal potentials in the resting EEG depending on the presence or

absence of epilepsy. Above: epilepsy prevalence 0.5 %, below: epilepsy prevalence 50 %. A specificity of 96 % and a sensitivity of
52 % were assumed for the paroxysmal potentials.

Epilepsy
Yes No
Paroxsysmal Yes 3 40
potentials in the Epilepsy prevalence:
resting EEG 0.5 %, n=1000
No 2 995
Yes 260 20
Epilepsy prevalence:
50 %, n=1000
No 240 480

According to the table, 43 carriers of the characteristic are expected with an epilepsy prevalence of 0.5 %. 40 of those
carriers would be without a seizure disorder, i.e. they would be false-positive. Considering such an unfavorable relation
between real-positive people (n=3, corresponding to 7 % of those with the characteristic) and false-positive people (n=40,
corresponding to 93 % of the carriers), it would be extremely risky to base the diagnosis on the EEG. However, if we
assume a prevalence of 50 % of seizure patients - an assumption that seems realistic for the clientele sent to an epilepsy
ambulatory for diagnosis - the diagnostic value of the EEG appears in a totally different light. Assuming the same specificity
and sensitivity, there would be only 20 (7 %) of the patients without seizure disorder, i. e. false-positive cases, out of the
expected 280 carriers of the characteristic, if n=1000. 260 (93 %) of the carriers would also be epileptics and therefore real-
positive. Weighing the usefulness against the risk, the usefulness clearly dominates. The question of primary interest
regarding differential-diagnostic significance of paroxysmal potentials for psychiatry can therefore be answered through the
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determination of the epilepsy prevalence in the respective psychiatric population. For our institution, which deals primarily
with acute psychiatry, we took the data gathered over a ten-year period between 1981-1991 as basis, considering all
patients with an initial diagnosis of epilepsy (ICD 9: 345.0, 345.1, 345.4, 345.5). This resulted in an epilepsy prevalence of
0.39 %. If we considered only epileptics with primarily psychiatric symptoms, the prevalence declined to a mere 0.32 %. If
we view these numbers as representative of an in-patient institution for acute psychiatry, we can conclude that paroxysmal
EEG activity is insignificant for the psychiatric differential diagnosis. One must be more concerned that if the biometric
premises are ignored, the risk of false-positive diagnoses is significant. Of course, the premises demonstrated here in the
example of the resting EEG are equally true in EEGs recorded under provocative methods as well as for the long-term EEG
record from the moving patient who carries a cassette. The usefulness of the EEG is then always indisputable when the
paroxysmal activity can actually be related to observable epileptic behavior with sufficient certainty (s. a. 4.4.) This means
that examination intending to confirm or exclude psychiatric manifestations of epilepsy make sense only if they are
conducted in close cooperation between the EEG lab, the treating physicians and the nursing staff. Each case requires an
individual examination plan. The prospects of success increase if during the examination the frequently detectable seizure-
triggering circumstances are taken into account.

In review, the popular, albeit errant opinion that EEG allows an evaluation of the seizure risk touches upon psychiatric
questions and, therefore, the psychiatric EEG. "Seizure risk" is a term reserved for clinical descriptions. An interpretation of
paroxysmal graphoelements cannot extend beyond "increased neuronal synchronization tendency" or "increased brain-
electric excitation."

2.2.1.4. One Feature - Many Terms

One striking peculiarity of clinical electroencephalography is the proliferation of terminology. In general, the creation of a
new term is justified only if a truly novel or important phenomenon needs to be defined, whether for practical or theoretical
purposes. As can be proved from numerous examples, these conditions are fulfilled only very rarely. The clinical
electroencephalography dominated by the production of terms leads one to believe that we are dealing with some kind of
substitute activity for the required, but due to lack of suitable concepts unattainable, essential research.

It is, for instance, hard to claim that definition and research of gamma-, kappa, lambda-, my-, rho-, pi-, psi-, sigma-, and
zeta- waves (overviews in DUTERTE 1978 and KUGLER 1981) resulted in an essential expansion of knowledge. This also
holds true for a multitude of other features that we do not desire to list here in their entirety. As can be demonstrated with
each example, such terms regularly develop in phases. The initial description is followed by the creation of a profile of
symptoms.
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Further confirmations follow. Now, however, disappointment sets in. Independent and, compared to earlier methods,
superior research shows the total clinical insignificance of the feature. From then on it only leaves a footnote as some form
of historical reminiscence. Pars pro toto we only want to mention here the 14 and 6/s positive spike pattern that was used
for no less than 30 different clinical syndromes as pathognomonic, before it was found that it can be proved in every fourth
healthy young man (LONG and JOHNSON 1968).

A critical evaluation of the facts reveals that, to our dismay, the stock of knowledge upon which clinical
electroencephalography is based consists to a large degree of such footnote ballast. While the aforementioned terms can
only be blamed for wasted research potential and time lost for meaningful activity, there exist terms that are true
impediments to the acquisition of knowledge. In addition to those mentioned in the previous chapter, these are all the terms
which are more or less used as synonyms for the same phenomenon. Among the many examples, we take particular note
of the grouped, fronto-central high-amplitude and rhythmic slow waves pertaining to the subalpha-, theta-, and delta-range
(intermittent bilateral anterior = IBA, s. a. 3.1.) This salient phenomenon naturally attracted attention early on. SMITH
(1938) coined the term "rhythmic theta bursts of drowsiness." Numerous authors in later years were of the opinion that the
supposed variation they had observed had not been described in the same way and therefore required the creation of a
new term. Table 2 provides a list of terms that, in our opinion, all refer to the same phenomenon in the adult EEG.

Table 2. Synopsis of terms that can be considered synonyms for the phenomenon of intermittent bilateral anterior (IBA), mostly high-
amplitude and more or less rhythmic waves.

Term Author

Rhythmic theta bursts of drowsiness SMITH (1938)
Abnormal slow potential changes KORNMULLER (1942)
above the frontal region

Rhythmic slow discharges COEB ( 1945)
Equilateral waves with 6 or 3-4 Hz DUENSING (1949)

frontal emphasis
Runs of bilateral 4-7 c/sec HILL (1952)
Activity
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Hypnagogic hypersynchrony
Dysrhythmia

Monorhythmic frontal delta
Frontal intermittent rhythmical
(FIRDA) delta activity

Frontal midline theta rhythms
Paroxysmal slow activity
Paroxysmal dysrhythmia
Centro-temporal episodic 6/s rhythm
Theta- and delta-parenrhythmia
Anterior 6-7 Hz moderate
amplitude activity

Periodic slow wave complexes
Generalized bilaterally
synchronous slow bursts
Bilateral paroxysmal slow waves
Episodic anterior drowsy theta

in adults

KELLAWAY and FOX (1952)
DALY et al. (1953)

CORDEAU (1959)

VAN DER DRIFT and MAGNUS
(1961)

CIGANEK (1961)

GIBBS and GIBBS (1964)
HELMCHEN (1968)

LIPMAN and HUGHES (1969)
PENIN (1971)

KELLAWAY (1979)

KUROIWA and CELESIA (1980)
SCHAUL et al. (1981 a)

SCHAUL et al. (1981 b)
JANATI et al. (1986)

The asymmetrical, generally left-sided variety of this phenomenon - intermittent left anterior groups of slow, more or less
rhythmic waves (ILA, s.a. 3.1.) - was not included in Table 2, since asymmetries were always viewed as exclusively related
to focal damages and therefore the intrinsic relationship between IBA and ILA was not recognized.

Morphologically, the patterns subsumed under IBA correspond to the patterns of drowsiness in children, as described by
GIBBS and GIBBS (1950). The frequency of those patterns shifts in increasing age from the delta- to the theta-range.
Another area, where inconsistently applied and partially overlapping terms cause confusion is the low-voltage EEG. One
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and the same EEG is described as either "flat", "of unstable frequency", or "beta-typical", depending on the local "school."
Whether the arbitrary determination of formal criteria such as 20 yV as the upper amplitude limit of the "flat" EEG (JUNG
1953) is of any help remains doubtful. In contrast, characteristics of the more importance but more difficult to operationalize
received meager attention. One such characteristic used for differentiation is the temporary posterior alpha-activity,
observed in the majority of low-voltage EEGs as a reaction to closing the eyelid (DAVIS and DAVIS 1936; REMOND and
LESEVRE 1957; GASTAUT et al. 1960; COBB 1978). There, one can observe all gradations of easily overlooked single
alpha-waves to spindle-shape modulated groups of alpha-activity. Compared to that, a truly flat EEG in the sense of a so-
called variant of basic rhythm certainly is a rarity. Another phenomenon which can be used for differentiation is the
hyperventilation effect. It has been demonstrated that a high percentage of low-voltage EEGs can be "resynchronized" by
hyperventilation (GALLAIS et al. 1957; PICARD et al. 1957). Of further importance in our opinion are details about the
spontaneous dynamics of the ongoing activity. It is a fact that often the appearance of the EEG during the first minute is
greatly different from that of the tenth minute. That a meaningful definition of the terms requires the inclusion of such
functional aspects is evidenced by the unresolved controversy about the psychophysiological evaluation of sequences of
low-voltage activity. The opinion that low-voltage activity is associated with an "arousal"-caused desynchronization (s. a.
BERGER 1933; JASPER et al. 1939) that was also propagated in the activation concept of LINDSLEY (1961) is prevalent.

This concept fails to explain the experimentally supported findings that the alpha-rhythm can persist unchanged even at
high levels of attention (SHAW 1992). According to our experience with psychiatric patients, low-voltage activity in the
resting EEG is generally not an expression of "arousal." Furthermore, it seems hardly possible to prove the "arousal"
interpretation since attentiveness as well as anxious tension as subjective phenomena can at best be assumed but not
objectified. EEG technicians often try to meet the demand for comprehensive behavior documentation during the EEG by
recording tension of the patient in case of primarily low-voltage activity. Such a remark, however, is usually not the result of
the observation of behavior but a petitio principii. Since it is considered to be true that psychological tension finds its
expression in low-voltage activity, the presence of the latter is used to conclude the presence of the former. However, the
physician who assesses the EEG will tend to relate the remark to actually observed behavior and therefore feel confirmed
in his opinion. Incompatible with the "arousal" interpretation is also the increase in frequency and duration of lower-voltage
desynchronized phases with the increasing duration of the EEG observed in the majority of our patients. The regularly
observable alpha-activation through sensorial stimulation furthermore proves, without a doubt, that we are dealing here not
with a manifestation of "arousal" but, on the contrary, with low