T. Sutula and A. Pitkiinen (Eds.)
Progress in Brain Research, Vol. 135
© 2002 Elsevier Science B.V. All rights reserved

CHAPTER 35

Progressive cognitive decline in adolescents and adults
with epilepsy

Carl B. Dodrill ©

Regional Epilepsy Center, Departments of Neurology and Neurological Surgery, University of Washington School of Medicine,
Seattle, WA 98104-2499, USA

Abstract: The effects of an accumulation of single seizures upon mental abilities in adolescents and adults is explored
through a selective review of the world’s literature. The papers reviewed were divided up into cross-sectional and
longitudinal studies. Of 16 investigations meeting all requirements for inclusion, 12 produced results pointing to a
relationship between seizures and adverse cognitive change. The cross-sectional studies produced stronger results than
the longitudinal ones, no doubt because the effects of co-existing factors not related to seizure effects were included in
measures of cognitive decline. The longitudinal investigations showed mild but definite relationships between seizures and
mental decline. However, relationships could be found only with generalized tonic—clonic seizures and not with partial
attacks. Results of an original investigation were reported which were consistent with the literature review. Suggestions for

future research were offered.

Introduction

The possibility that seizures may damage the brain
has been entertained for decades, but the mere fact
that this conference was scheduled is an indication
that as of yet no clear answer to the question has been
forthcoming. This chapter is specifically designed
to address the question of cognitive decline due
to seizures themselves with a particular emphasis
upon multiple single seizures in adolescents and
adults. The literature will first be reviewed, and some
original data will also be presented.
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Review of the literature on cognitive effects of
seizures

This review will take the form of citing selected
studies done over the past 60 years rather than at-
tempting to summarize all investigations which bear
on the topic at hand. Studies most likely to contribute
to the field were selected and others were omitted.
Studies included here had the following features:
(1) they routinely used formal measures of mental
abilities which were typically intellectual and neu-
ropsychological tests although ratings of mental sta-
tus were permitted in two exceptional circumstances;
(2) they were longitudinal rather than cross-sectional
in nature, or, if cross-sectional, they included specific
features which permitted inferences about changes
in mental abilities over time; and (3) they evalu-
ated adolescents and adults rather than children since
studies of children were covered elsewhere in this
conference. For all studies, providing an estimate of
the numbers and types of seizures experienced as
well as a non-seizure control group was desirable
but not required for inclusion in this review. Studies
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merely providing correlations between mental abili-
lies and seizure history variables such as age at onset
of seizures, duration of the disorder, and seizure
type were omitted since these variables, even taken
in combination, have been shown to have limited
relationship with mental abilities, even with large
samples (Dodrill and Matthews, 1992; Strauss et al.,
1995).

The studies reviewed are divided into cross-
sectional and longitudinal investigations as the dif-
ferences between these types of inquiries are espe-
cially important.

Cross-sectional studies

The possibility has long been considered that
monozygotic twins discordant for epilepsy might
provide information about the etfects of seizures.
In an early work of this type, Lennox and Collins
(1945) studied six twin pairs discordant for epilepsy
and failed to identify any consistent intellectual dif-
ferences between the twins who did and who did not
have epilepsy, much less intellectual changes related
to seizure frequency. However, they also noted that
the number of seizures experienced by the affected
twin were few in number or absence only, and thus
this study did not produce definitive information.
Lennox and Lennox (1960), in an historically im-
portant paper, made clinical judgments of whether
or not 1,471 patients seen in clinic were or were
not ‘mentally impaired,” and then related these judg-
ments to estimates of lifetime numbers of epileptic
seizures. Although they did not take the position
that seizures cause mental deterioration, their data
showed quite a direct relationship with the num-
ber of convulsions experienced and the probabil-
ity of being identified as mentally impaired. With
less than 10 convulsions experienced in their life-
times, only 9% were considered mentally impaired,
but with more than 1,000 convulsions experienced,
54% were considered impaired. Furthermore, hav-
ing a second seizure type as well as generalized
tonic—clonic seizures was associated with a slightly
increased rate of mental impairment regardless of
the lifetime number of convulsions experienced. Al-
though this study suffers from being cross-sectional
by nature and from not having a formal test of men-
tal abilities, the reputation of the authors and the care

in which these data were likely gathered require our
attention. Not only is the type of seizure underscored
as important in presaging losses in mental abilities,
but the fact that they should be considered over the
lifetime of the patient is drawn to our attention.

Dodrill and Troupin (1976) studied monozygotic
twin girls from a family with a strong history of
epilepsy. The twins were normal at birth and normal
in development until the onset of seizures. Further-
more, at the age of 5 years, when Twin 2 had her first
seizure, their EEGs were essentially identical with
widespread synchronous polyspike wave discharges.
Twin 2’s first seizure was a generalized tonic—clonic
seizure and in the 10 months that followed, she was
inadequately treated with various drugs and con-
sequently she had a number of generalized tonic—
clonic seizures as well as many classical absence at-
tacks. At the end of this time, Twin 1 spontaneously
began to have generalized tonic—clonic and absence
seizures, and the parents sought help from a special-
ized medical facility where the girls had similar drug
treatments with better seizure control. Nevertheless,
Twin 2 continued to have occasional generalized
tonic—clonic seizures while Twin 1 had only rare
tonic—clonic seizures. At the age of 19 years when
they were examined neuropsychologically, Twin 2
had experienced a lifetime total of exactly 37 tonic—
clonic seizures and Twin 1 a lifetime total of only
seven tonic~clonic seizures. Neither twin had expe-
rienced status epilepticus at any time.

The neuropsychological testing results on the
twins are presented in Table 1. Twin 1 was below av-
erage intellectually, somewhat behind academically,
and she demonstrated mild but definite generalized
impairment in brain functions. However, Twin 2 per-
formed more poorly on all tests than Twin 1, was
intellectually within the mildly retarded range, and
had 100% of her scores on the neuropsychological
test battery outside normal limits, Cognitive (and af-
fective) differences were obvious between the twins
which the parents insisted were not present before
their seizures started. The data provided ‘suggestive
evidence’ (Dodrill and Troupin, 1976, p. 607) of the
adverse effects of single tonic—clonic seizures upon
mental abilities.

Dikmen and Matthews (1977) studied the ques-
tion of seizure frequency with regard to generalized
tonic—clonic attacks in 72 patients. Patients were



TABLE 1

Comparison of Twins | and 2 at the age of 19 years on various
neuropsychological measures (Dodrill and Troupin, 1976)

Test/variable Twin 1 Twin 2

Wechsler Adult Intelligence Scale

Verbal 1Q 92 68
Performance 1Q 81 64
Full scale IQ 86 64
Wide Range Achievement Test
Reading, grade equivalent 1.5 5.4
Spelling, grade equivalent 7.0 4.0
Arithmetic, grade equivalent 6.5 23
Expanded Halstead—Reitan Neuropsychological Battery
Category Test (errors) 96 98
Tactual Performance Test
- Total time (min/block) 0.6 9.0
Memory (number remembered) 6 5
Localization (number localized) 4 2
Seashore Rhythm (number correct) 23 17
Speech-sounds Perception (errors) 7 14
Finger Tapping, pref. (taps/10 s) 42 31
Halstead Impairment Index 0.71 1.0

classified as having low, moderate, or high seizure
frequencies . .. in consecutive time periods over
the span of the disorder” (p. 22). The final index
of seizure frequency consisted of the average of
the ranks. By this method, a relative rather than
an absolute estimate of lifetime generalized tonic—
clonic seizure frequency was made. Results showed
that higher seizure frequencies were associated with
lower scores on the WAIS and on some but not all
measures from the Halstead—Reitan Neuropsycho-
logical Test Battery. The differences were of mod-
erate magnitude and achieved statistical significance
at the 0.01 level on only two of 14 variables (WAIS
FSIQ, Trail Making Test Part B).

Dodrill (1986) evaluated 310 adults with epilepsy
in a comprehensive epilepsy center and intensively
studied their lifelong histories of generalized tonic—
clonic seizures (GTCs). He found that with a high
level of confidence he could classify 94 of these pa-
tients (30%) into one of the following categories (the
other patients had seizure histories which were too
uncertain to permit confident classification): (1) 2—
10 GTCs in lifetime (average of about 4) but no form
of status epilepticus; (2) 11-100 GTCs in lifetime
(average of about 30) but no status; (3) >100 GTCs
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in lifetime (average of 200-300) but no status; or (4)
at least one episode of GTC status regardless ot the
total number of individual GTCs experienced in life-
time (about 40 on average not counting the episodes
of status). The complete WAIS was administered to
all patients as well as an expanded Halstead—Reitan
neuropsychological battery. Statistically significant
differences (P < 0.001) were found on all IQ scores
and on the summary neuropsychological measures
as well as on many subtest scores. Representative
findings are presented in Fig, [.

A review of Fig. 1 reveals that there are no im-
portant differences in abilities with lifetime histories
of fewer than 100 GTCs without a history of sta-
tus. However, either a greater lifetime number of
GTCs or a history of status epilepticus is associ-
ated with diminished cognitive capacity. While this
fundamental conclusion is consistent with clinical
experience, attention must be drawn to the fact that
this is a cross-sectional study and that cohort factors
are likely contaminated with the cognitive findings.
The result may be an overstatement of seizure effects
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Fig. 1. Comparison of patients grouped by lifetime numbers of
generalized tonic~clonic seizures on the Wechsler Adult Intelli-
gence Scale.
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despite the extensive efforts made not to do so in the
study report.

Trimble (1988) reported on a study of 40 long
term residents at the Chalfont Centre in the UK.
Using psychological testing, an estimate was made
of premorbid 1Q, and when this was contrasted with
IQ at the time of the study, it was determined that 21
of the 40 cases had lost more than 15 IQ points. De-
teriorating cases had more generalized tonic—clonic
seizures than non-deteriorating cases, had required
medical attention more frequently for head injury,
and were more commonly taking phenytoin and
phenobarbital. All these factors were thought to be
important. There were no differences on other EEG,
seizure history, and medication variables. The sub-
jects in this study apparently heavily overlapped
those in the study of Thompson et al. (1987) and
therefore that study will not be discussed indepen-
dently.

Helmstaedter and Elger (1999) studied 63 left
mesial temporal lobe epilepsy patients and compared
them with 125 matched healthy control persons. Al-
though the study was cross-sectional in nature, the
investigators showed that the two groups demon-
strated the same fundamental pattern of vocabulary
increasing with age but with verbal learning and
memory decreasing with age. They concluded that
there was no accelerated deterioration of memory
due to a progression of the disease.

Jokeit and Ebner (1999) evaluated 209 patients
for epilepsy surgery and divided them up by dura-
tion of habitual seizures. Using the German form of
the WAIS-R, they discovered in this cross-sectional
study that longer durations of seizures were asso-
ciated with diminished intelligence. Age, at onset
of seizures, and other variables differed remarkably
across the groups and complicated interpretation. In-
dividuals with higher educational attainment were
apparently brighter at the outset and typically had
epilepsy longer before falling below the normal
range in terms of FSIQ. However, the better ed-
ucated persons in the successively longer seizure
duration groups diminished intellectually as much as
did the less educated groups, but perhaps not quite
as rapidly. The authors concluded that uncontrolled
temporal lobe epilepsy gradually exacts a cognitive
toll if not brought under control.

Jokeit et al. (2000) evaluated 37 patients with re-

fractory complex partial seizures with a measure of
long-standing intellectual functioning (MWT-B) and
compared results with the FSIQ from the German
version of the WAIS-R. They found that the FSIQ on
the WAIS-R was significantly lower (90.8) than the
MWT-B (102) which suggested that an intellectual
loss had occurred. In addition, they discovered a sig-
nificant negative correlation (» = —0.37, P =0.012)
between the difference between the WAIS-R and the
MWT-B and the duration of epilepsy.

Longitudinal studies

Arieff and Yacorzynski (1942), using the 1916 and
1937 forms of the Stanford—Binet Intelligence Scale,
found that over a 1-9-year period, adolescents and
adults deteriorated much more (an average loss of 6
IQ points) if they had a clearly identifiable cause of
their epilepsy than if they did not have such a cause
(average gain of 0.7 IQ points). This study is of
value today by drawing our attention to the fact that
intellectual deterioration cannot be expected to be
the same in all groups of people with epilepsy. The
study included no information on seizure frequency
between testings.

Rodin (1968) reported data on 56 adolescents
and adults who had been tested using (apparently)
the Wechsler—-Bellevue Intelligence Scale on two
occasions at least 5 years apart and 7 years apart
on average. At follow-up, 60% of patients who had
been seizure free for 2 years or more had an increase
in their Full Scale 1Q scores. In contrast, 25% of
patients who were improved in seizure frequency
but not seizure-free had increased Full Scale 1Q
scores, and only 15% of patients whose seizure
frequency was the same or worse had improved
IQ scores. Overall, changes in seizure frequency
were significantly correlated with changes in Full
Scale IQ scores (r = 0.33, P < 0.02). This study is
important because it was among the first to provide
a longitudinal design with actual testing of mental
abilities at the beginning and at the end of the study.
Types of seizures experienced during the study were
not clearly distinguished and the follow-up interval
was somewhat variable, but the work is nevertheless
an important one.

Seidenberg et al. (1981) used the WAIS to eval-
uate adults with epilepsy on two occasions approx-




imately 18 months apart. One group consisted of
22 patients who had improvement in their seizure
frequencies over the interval, while a second group
of 25 persons had essentially the same seizure fre-
quency or got worse. The group with improved
seizures had an improved VIQ of 3 points, an im-
proved PIQ of 10 points, and an improved FSIQ of
7 points. Changes in the seizure-unimproved group
were —1, +4, and +1 1Q points, respectively. The
authors concluded that changes in scores on the
WAIS are related to changes in seizure frequency.
This investigation also shows that practice effects
must be taken into account in evaluating the results
of studies of this type; a failure to gain with retest
may in fact constitute a loss, or at least an inability
to keep up with other people. '

Kalska (1991) evaluated 69 adults with epilepsy
on two occasions approximately 10 years apart.
These patients had various epilepsy diagnoses and
were originally part of a group of 161 persons who
had participated in a vocational rehabilitation pro-
gram in Helsinki. The patients were extensively de-
scribed. Administered at the beginning and at the end
of the study were the Wechsler Adult Intelligence
Scale (WAIS) and several other neuropsychological
tests. Intellectually, 67% of the cases did not change
on the typical test variable (performances within one
standard deviation) while improvement was noted in

25% and deterioration in 8%. Similar results were -

found on other types of variables except for memory
where losses were often found in 15-20% of the
cases. The seizure frequency of patients who lost
abilities was difficult to determine.

Dodrill and Wilensky (1992) administered the
WAIS and the Neuropsychological Battery for
Epilepsy to 36 adults on two occasions 5 years apart.
The patients had experienced very few seizures be-
tween the testings and had been selected because
they had been on exactly the same drug regimens
throughout the 5-year period. No changes were
found on the tests beyond that expected on the
basis of chance and practice effects. In particular, no
losses in mental abilities were noted.

Selwa et al. (1994) evaluated 28 adults with tem-
poral lobe epilepsy on two occasions averaging 2.3
years apart. Typically, the second evaluation was
requested due to patient complaints of memory dys-
function. Nevertheless, no changes were found from
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the first testing to the second on the WAIS-R or the
Wechsler Memory Scale (Form I) beyond those that
would be expected with normal adults.

Holmes et al. (1998) studied 35 adults with in-
tractable partial seizures over a 10-year period and
administered an extensive battery of neuropsycho-
logical tests at the beginning and the end of that pe-
riod along with waking and sleep EEGs. The EEGs
were quite similar over the 10-year period, although,
in two cases, epileptiform patterns which were orig-
inally unilateral became bilateral by the end of the
study. Also, during the course of the study, two
patients who had never before experienced GTCs
began to have them. On the WAIS-R, the Perfor-
mance IQ was slightly increased upon retesting,
likely due to practice or retest effects which can be
found on the Wechsler scales even after several years
{(Dodrill, 1983). Of 17 neuropsychological variables
from the Neuropsychological Battery for Epilepsy,
it was noted that average scores were statistically
significantly (P < 0.05) worse on six. Diminished
scores were found in the areas of visual memory,
attention, psychomotor problem solving, and percep-
tual functioning,

Aikia and Kalviainen (1999) followed 58 new
cases with epilepsy for 5 years and performed neu-
ropsychological testing at the beginning and at the
end of the study. All had partial seizures and all
were well-controlled during the 5-year period with
only occasional seizures at worst. Neuropsychologi-
cal testing included the WAIS and a number of other
measures. Results showed slight improvement over
the 5 years on 12 of 24 test variables.

Helmstaedter et al. (2000) treated 47 adult tempo-
ral lobe epilepsy cases conservatively with medicine
only and performed initial and follow-up neuropsy-
chological testing an average of 56 months later
(range 2-10 years). They found no changes in verbal
memory over this period, but figural memory did
show aloss (P < 0.05).

Bjornaes et al. (2001) evaluated 17 adults with
refractory epilepsy with the WAIS on two occasions
an average of 6.0 years apart (SD 4.8). These people
were primarily individuals who were evaluated upon
entrance into a major epilepsy program for assistance
in dealing with their seizures and then at a later
point when being considered for epilepsy surgery.
On average, the IQ scores on the WAIS all improved
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(VIQ 4 points, PIQ 8 points, FSIQ 6 points) with the
changes being statistically significant for PIQ (P <
0.01) and FSIQ (P < 0.05). No losses in intelligence
were indicated, and the improvements were likely
the products of practice or retest effects.

One area outside the realm of epilepsy has of-
ten been thought to be relevant to the effects of
convulsions upon cognition. This is the use of elec-
troconvulsive therapy (ECT) for the treatment of
depression. The effects of this treatment upon mem-
ory have been studied on multiple occasions, and one
review nearly 20 years ago summarized 39 investi-
gations, many of which had longitudinal components
(Taylor et al., 1982). From this review and from
other more recent papers (Squire and Slater, 1983;
Hoch et al., 1994; Calev et al., 1993), it is evi-
dent that both memory and non-memory cognitive
functions are adversely impacted by ECT. However,
most of the cognitive concerns reportedly dissipate
over a few months in the typical case and lessened
depression counterbalances the cognitive losses to
some degree in terms of cognitive efficiency. Never-
theless, most investigators are unable to rule out the
possibility of very mild but persisting cognitive con-
sequences of ECT, especially in the area of memory.
Unfortunately, this overall finding does not assist us

TABLE 2

substantively in providing new insights into the cog-
nitive effects of seizures; it is a finding which is not
greatly different than that commonly arising from
the study of epileptic seizures themselves.

Conclusions for literature review

The studies selected for review in this paper were
deliberately chosen to be the best available. In three
of these investigations (Lennox and Collins, 1945;
Dodrill and Wilensky, 1992; Aikia and Kalviainen,
1999), the patients being studied had so few seizures
that no changes in cognition could be expected, and
in each case no changes were found. The results
of the remaining 16 investigations are summarized
in Table 2. Taken together, in 12 of the 16, results
were reported which fundamentally supported the
conclusion of a loss in mental abilities due to an
accurnulation of single seizures. These seizures were
routinely GTC by nature.

A further review of Table 2 reveals that there are
differences in outcome dependent upon study design.
In general, cross-sectional studies produced results
which were more strongly supportive of a relation-
ship between the occurrence of single seizures and
decline in mental abilities than longitudinal studies.

Summary of selected studies of the relationships between accumulations of single seizures and adverse changes in mental abilities

Study type/investigators

Relationship between seizures and

Comments

changes in mental abilities

Cross-sectional studies
Lennox and Lennox (1960)
Dodrill and Troupin (1976)
Dikmen and Matthews (1977)
Dodrill (1986)

Trimble (1988)

Helmstaedter and Elger (1999)
Jokeit and Ebner (1999)
Jokeit et al. (2000}

Longitudinal studies

Arieff and Yacorzynski (1942)
Rodin (1968)

Seidenberg et al, (1981)
Kalska (1991)

Selwa et al. (1994)

Holmes et al. (1998)
Helmstaedter et al. (2000)
Bjornaes et al. (2001)

Strong relationship found
Strong relationship found
Moderate relationship found
Strong relationship found
Mild relationship found

No relationship found
Moderate relationship found
Mild relationship found

Mild relationship found

Mild relationship found

Mild relationship found

No definite relationship found
No relationship found

Mild relationship found

Mild relationship found

No relationship found

Ratings of abilities used
Study of twins

Frequency of GTCs studied
Lifetime number of GTCs
Estimated premorbid 1Q
Normal changes in memory
Study of seizure duration
Estimated premorbid 1Q

Approximately 5-year follow-up
Approximately 7-year follow-up
1.5-year follow-up
10-year follow-up
2.3-year follow-up
10-year follow-up
4.7-year follow-up
6.0-year follow-up




No doubt this is due to the fact that the effects con-
taminating factors (e.g., age at onset of seizures, du-
ration of seizure disorder, antiepileptic medications,
etc.) are likely to be included in the measurements of
the effects of seizures in cross-sectional research es-
pecially. Investigators using cross-sectional designs
have made extensive efforts to minimize these ef-
fects, but they are undoubtedly still present at least
to a slight degree and to that degree they do inflate
the apparent effects of seizures upon mental abilities.

The most accurate conclusions appear to arise
from the longitudinal investigations. Routinely, mild
relationships between GTC seizures and changes in
mental abilities are reported. In one of the studies
where this relationship was not found (Selwa et al.,
1994), the test—retest interval was quite short (2.3
years) and may not have allowed for the effects of
seizures to accumulate. Taken together, the best stud-
ies available today provide suggestive although not
truly conclusive evidence for losses in mental abili-
ties associated with the repeated appearance of single
seizures. It may, of course, be that concomitant con-
ditions such as the taking of AEDs may contribute to
the diminished scores as well.

Why cannot more definitive conclusions be
reached about the effects of single seizures upon cog-
nition? The reasons relate to the limitations of exist-
ing studies which prominently include the following:
(1) the common use of cross-sectional designs which
can never definitively answer the question at hand;
(2) the frequent omission of data on seizure type and
frequency during the test—retest interval in longitudi-
nal studies so that seizures cannot be tied to changes
in test scores; (3) the routine omission of a normal
control group in all types of studies so that it is not
possible to clearly describe how people with epilepsy
change over time differently than normals; and (4)
the use of test—retest intervals in longitudinal studies
which are too short to provide a reasonable estimate
of the effects of seizures over the lifetime of an adult.
In connection with this last point, probably 25 years
or longer is needed to accurately evaluate the effects
of seizures in humans, and the longest study that is
currently available in the world’s literature utilized a
10-year follow-up period.
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Original investigation

To help address the deficiencies in the field, the an-
thor assembled data which he had at hand which
were collected with the major assistance of a col-
league (Linda M. Ojemann, M.D., Neurologist).
These data have been unpublished heretofore. A
summary of these data is presented here. A group of
35 adults with active partial seizures with or without
secondary generalization was matched with a group
of 35 normal controls with no history of any type
of medical problem. The groups were highly similar
for age, sex, and education, and both groups were
evaluated with the Neuropsychological Battery for
Epilepsy (Dodrill, 1978) both initially and then after
10 years (£6 months). The test battery included the
complete WAIS and an expanded Halstead-Reitan
neuropsychological test battery. A total of 20 test
variables was obtained on each testing. Change
scores from the first to the follow-up testing were
compared across the two groups of subjects using
the Student r statistic applied to each test variable.

The epilepsy cases had detailed evaluations of
their seizure frequencies during the 10-year period
and many had been treated by us throughout the 10
years, The mean number of partial seizures (SPS
and CPS) recorded during that time was 1,109 (SD
2,512) and the median was 410. The mean number
of GTCs recorded during that time was 61 (SD 103)
and the median was 8. Four patients had experi-
enced GTC status epilepticus (30 min of continuous
or repetitive seizures without the regaining of con-
sciousness) during the 10-year period.

Results on the neuropsychological battery showed
that relative to the epilepsy group, the normal group
had favorable and statistically significant changes in
test scores on the Stroop Test (reading of color
word names, P = 0.040), Trail Making Part A
(P =0.043), and WAIS PIQ (normal group im-
proved 7 points, epilepsy group improved 3 points,
P =0.005). There were no changes favoring the
epilepsy group over the normal group except for Fin-
ger Tapping where it appeared that an unusual set
of scores obtained by the normal group on initial
testing resulted in a change favoring the epilepsy
group (P = 0.012). Whereas both groups were only
approximately 30 years of age at the start of the
study, both actually lost visual memory (Wechsler
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Memory Scale Form I Visual Reproduction) over
the next 10 years, Were not a normal control group
included which showed a loss (P = 0.001), the loss
in the epilepsy group (P = 0.014) might have been
misinterpreted as being due to seizures.

Because of non-normality in seizure frequencies,
the frequencies were converted to ranks prior to
analysis. Correlations of 10-year partial seizure to-
tals with changes on the 20 test score variables
in the epilepsy group did not render a single sta-
tistically significant Pearson correlation coefficient.
GTCs correlated with changes in test scores rendered
statistically significant relationships for Trail Making
Part B (r = —0.48, P = 0.028) and for WAIS FSIQ
(r =044, P =0.047) with adverse changes in test
scores being associated with increasing numbers of
convulsions. Although only four patients had def-
initely experienced generalized tonic—clonic status
epilepticus, it was of interest to note that this small
group suffered statistically significant losses in both
verbal memory (WMS-I Logical Memory, immedi-
ate: P = 0.018) and visual memory (WMS-I Visual
Reproduction, immediate: P = 0.037).

Taken together, the results of this study provide
evidence for inferring a mild but only a mild re-
lationship between changes in mental abilities and
GTCs, especially when they occur in clusters. No ev-
idence was found for relationships between changes
in mental abilities and partial seizures, but attention
is drawn to the fact that this study was only for a 10-
year period of time and that this period may not have
been long enough to evaluate the true effects of par-
tial seizures. Also, even though seizure counts were
done as accurately as possible, in many cases they
were estimates rather than precise counts and espe-
cially so for partial seizures. Thus, the full effects
of partial seizures may not have been appreciated in
this investigation.

Conclusions and recommendations

Based on all the information at hand, it is concluded
that losses in mental abilities do occur with an accu-
mulation of isolated GTCs. It is likely that the num-
ber that must accumulate varies from one patient to
the next and that cognitive deficits likely occur more
quickly in some patients than in others. The reason
for this is unknown. In many patients, it is believed

that there is evidence for some deficit when 100 con-
vulsive episodes have been experienced. There is a
general consensus that convulsive status epilepticus
produces at least some cognitive deficits. Although it
is possible that a very large number of seizures other
than generalized tonic—clonic attacks might eventu-
ally be associated with cognitive loss, there is no
clear evidence for this at the present time.

To more definitively answer the major questions
in the field in the future, the major limitations in ex-
isting studies will need to be addressed directly and
deliberately. In particular, longitudinal prospective
investigations are needed which include recording
the numbers of GTC and other seizures experienced
throughout the study. It is also of importance that
such studies include normal groups closely matched
with the epilepsy samples for age and education at
the beginning of the study. Finally, it is likely that
long study periods (at least 25 years) will be required
before the true cognitive effects of single seizures
in the lifetime of our patients can be adequately
assessed. While these investigations will certainly
prove to be laborious, their value to our patients will
be great, and it is essential that they be undertaken.
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