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Abstract
Objective—Intractable epilepsy is related
to various transient and chronic brain
electric and neurochemical disturbances.
There is increasing evidence that chronic
epilepsy induces secondary neuronal
metabolic and structural decline. How-
ever, there is no convincing evidence that
the cognitive abilities of patients deterio-
rate with increasing duration of intracta-
ble epilepsy.
Methods—To examine whether duration
of refractory temporal lobe epilepsy
(TLE) is related to generalised cognitive
impairment, psychometric intelligence
based on the full scale intelligence quo-
tient (FSIQ, WAIS-R) was determined in
209 patients with unilateral TLE. For
analyses of variance (ANOVA) patients
were grouped into three categories: <15,
15–30, and >30 years of refractory TLE.
Results—An ANOVA and a multiple
regression analysis showed that duration
of TLE aVects FSIQ. Patients with >30
years of TLE performed worse than
patients with 15 or 30 years of TLE. The
factors side of seizure origin and type of
lesion on MRI did not reach significance.
A second ANOVA including education as
factor showed that in patients with higher
educational attainment, the mean FSIQ
was stable for a longer duration of TLE
than in less educated patients. Retesting 6
months after anterior temporal lobectomy
seizure free patients (n=85 of 127) had an
higher FSIQ but showed a similar dura-
tion eVect before and after anterior
temporal lobectomy. The variables age
at epilepsy onset, education, frequency
of interictal epileptiform discharges,
frequency of habitual and generalised
seizures, serum concentration of anti-
epileptic drugs, and polypharmacy were
statistically controlled.
Conclusions—Psychometric intelligence of
patients with a longer duration of refrac-
tory TLE were most severely impaired.
Consequently, refractory TLE seems to be
associated with slow but ongoing cognitive
deterioration. It is assumed that epilepsy
related noxious events and agents exhaust
the compensatory capacity of brain func-
tions. However, as in dementia and
Alzheimer’s disease, higher educational
attainment as an indicator of higher brain
reserve might delay the cognitive decline.
(J Neurol Neurosurg Psychiatry 1999;67:44–50)
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A long duration of intractable epilepsy is
related to a considerable number of focal or
generalised seizures, pathological interictal
electric brain activity, chronic and transient
metabolic disturbances, and chronic antiepi-
leptic medication with usually high serum
concentrations.1–4 It is suggested that these
noxious factors may induce secondary neuro-
physiological and structural long term
changes.5–10 Still an open question is, however,
whether the cognitive abilities of patients dete-
riorate with increasing duration of intractable
epilepsy. A few studies have been aimed at elu-
cidating this question. But neither short term
longitudinal nor cross sectional studies showed
a convincing relation between psychometric
intelligence and the duration of epilepsy in
samples of adult patients.11–19 On the one hand
the absence of an evident duration eVect
suggests that probably no dramatic cognitive
changes occur within periods of some years in
adult epileptic patients. On the other hand
methodological restrictions—for example, a
limited time range of longitudinal studies
which rarely exceeds a decade, an undetected
cohort bias in cross sectional studies, or
confounded variables—might cover possible
duration eVects. Additionally, in longitudinal
studies with small sample sizes the possibility
of a type two error is often neglected.
Especially, the results of densitometric and
volumetric cross sectional studies in patients
with temporal lobe epilepsy (TLE) show that
diVerences in these measures became signifi-
cant only if patients diVered in decades of the
duration of epilepsy.6 20–24 Moreover, these
studies indicate that neuronal injury within and
beyond the temporal lobes continues to occur
with ongoing seizure activity in patients with
TLE. However, it is well known that the brain
possesses a large degree of redundancy, plastic-
ity, and compensatory mechanisms that may
prevent or postpone a cognitive decline due to
small but ongoing brain damage.25 26 Epide-
miological studies identified that education as
an indicator of brain reserve modifies the clini-
cal expression of dementia and Alzheimer’s
disease.27–31 However, the concept of brain
reserve or spare capacity has not been consid-
ered in studies on cognitive functions of
patients with refractory epilepsy.

In the present cross sectional study, we exam-
ined the eVects of duration of temporal lobe epi-
lepsy on psychometric intelligence as an indica-
tor of global cognitive abilities and integrity of
higher brain functions. Furthermore the influ-
ence of the variable education on psychometric
intelligence and its interaction with the duration
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of epilepsy was investigated. To reduce the
number of confounding variables we only
considered patients with TLE. Moreover, we
examined whether a duration eVect persists in
patients who became seizure free after anterior
temporal lobectomy and whether those patients
show improved cognitive abilities.

Patients and methods
PATIENTS

All patients underwent a comprehensive presur-
gical evaluation. We studied 209 consecutive
patients with temporal lobe epilepsy who
fulfilled the following criteria: seizures of unilat-
eral temporal origin as shown by continuous
interictal and ictal Video/EEG monitoring with
scalp and sphenoidal electrodes, unilateral
lesions within the temporal lobes as shown by
axial and coronal T1 and T2 weighted MRI, and
full scale intelligence quotient (FSIQ) greater
than 55 to exclude severely mentally impaired
patients. Patients had given informed consent
that data could be used for research purposes.

CLINICL AND DEMOGRAPHICAL VARIABLES

All clinical and demographical variables are
represented in the table. The educational status
of the patients was ranked into five categories
ranging from leaving school without final
qualification (1) to university degree (5). The
age at first seizure was determined from the
patient’s history when the first epileptic seizure
or febrile convulsions occurred. The variable
age at onset of epilepsy is the age when the epi-
lepsy was manifest. The variable duration of
epilepsy reflects the age span from the
beginning of habitual seizures to the age at
neuropsychological testing. Seizure frequency
is the estimated mean frequency of habitual
seizures during the year before EEG/video
monitoring was performed. The presence of
generalised seizures was registered whenever at
least one secondarily generalised seizure was

reported in a patient’s history. Additionally, the
absolute frequency within the past year was
registered. The frequency of interictal epilepti-
form discharges was determined during the
EEG/video monitoring which preceded the
neuropsychological investigation usually by 1
to 6 months. In 96 patients, MRI only showed
lesions of the mesiotemporal structures. In 113
patients, temporolateral or basal lesions alone
or together with mesial lesions were present. At
the time of neuropsychological investigation,
the serum concentration of antiepileptic drugs
was determined. Because of the variety in anti-
epileptic medication patients were grouped
into four categories; (1) 69 patients had been
given anticonvulsive medication with car-
bamazepine in monotherapy and 28 had
carbamazepine in combination with second
line drugs, (2) 29 patients had phenytoin
monotherapy and 16 had phenytoin in combi-
nation with other antiepileptic drugs except
phenobarbital, (3) 27 patients had phenobarbi-
tal in monotherapy and 32 had phenobarbital
in combination with other antiepileptic drugs,
(4) eight patients had monotherapy or combi-
nations of second line antiepileptic drugs. Sev-
enty eight patients had antiepileptic drugs in
polytherapy and 131 patients had mono-
therapy. Pharmacoresistance of epilepsy was
confirmed in all patients.4 Of the 209 patients
altogether employed, 127 have undergone
anterior temporal lobectomy at present and
were neuropsychologically assessed 6 months
postoperatively. All patients were on antiepilep-
tic drug treatment 6 months after anterior
temporal lobectomy. Eighty five patients who
had no seizures except auras within 6 months
after anterior temporal lobectomy were consid-
ered to be seizure free.

PSYCHOMETRIC MEASURE OF COGNITIVE ABILITIES

Patients underwent a neuropsychological
evaluation designed for patients with TLE. To

Clinical and demographical variables with factor duration of epilepsy

Variables

Duration

<15 y 15–30 y >30 y

n n n
No of subjects 78 (31 F / 47 M) 94 (45 F / 49 M) 37 (19 F / 18 M)
TLE (left/right)* 39 L, 39 R 50 L, 44 R 17 L, 20 R
Education group (1..5) (low <2, high >3)* 38 low, 40 high 48 low, 46 high 23 low, 14 high
Subjects with only mesiotemporal lesions* 34 (43.6%) 47 (50%) 15 (40.5%)
Subjects with generalised seizures in history* 54 (69.2%) 73 (77.7%) 30 (81.1%)
AED: Subjects with*

(1) CBZ 43 39 15
(2) DPH 14 24 7
(3) PB 18 27 14
(4) others 3 4 1

Mono/polytherapy* 51/27 56/38 24/13
Subjects seizure free after ATL* 34 (70.8%) 40 (66.7%) 11 (57.9%)

Mean (SD) Mean (SD) Mean (SD)
Age at testing† 25.4 (8.5) 33.3 (7.3) 43.8 (6.8)
Age at 1st seizure† 13.2 (9.9) 9.4 (7.4) 5.5 (15.8)
Age at epilepsy onset† 15.9 (9.2) 11.3 (7.5) 6.1 (5.6)
Duration of epilepsy† 9.5 (3.7) 22.0 (4.1) 37.7 (5.9)
Education (1-5)* 2.69 (0.88) 2.61 (1.0) 2.46 (0.9)

Median (25–75
percentile)

Median (25–75
percentile)

Median (25–75
percentile)

Seizure frequency/month‡ 5 (3–11) 7 (4–13) 6.5 (4–10.6)
Frequency of secondarily generalised seizures/y‡ 1 (0–1) 1 (1–2) 1 (1–2.4)
Frequency of interictal epileptiform discharges/20 s§ 0.167 (0.06–0.5) 0.444 (0.086–1.66) 0.322 (0.068–0.662)

ATL=Anterior temporal lobectomy
*÷2 Cross tables: all non-significant)
†One way ANOVA (all p<0.01)
‡Kruskal-Wallis one way ANOVA (all non-significant except§; p<0.05)
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have a comprehensive psychometric measure
of global cognitive abilities which is well
matched to age matched healthy controls we
used the full scale intelligence quotient (FSIQ)
from the German version of the Wechsler adult
intelligence scale-revised (WAIS-R).32 33 The
FSIQ was estimated from the subtests infor-
mation, comprehension, similarities, digit sym-
bol, picture completion, and block design.

STATISTICAL ANALYSES

A data set of 16 independent variables for each
patient was evaluated by linear multiple
regression analysis. The set included the
variables sex, side of seizure origin, age at test-
ing, age at first seizure, age at epilepsy onset,
duration of epilepsy, education, ranked seizure
frequency, ranked frequency of generalised sei-
zures, presence or absence of generalised
seizures in patient´s history, ranked frequency
of interictal epileptiform discharges, presence
or absence of temporal lesions beyond the
mesiotemporal structures in MRI, serum con-
centration of carbamazepine, phenytoin, and
phenobarbital, and antiepileptic drug mono-
therapy or polytherapy. The FSIQ served as the
dependent variable. To isolate the variables
which significantly contribute to the explana-
tion of variance of the FSIQ a stepwise
selection was chosen (pin< 0.05, pout< 0.10).34

To disclose possible factor interactions and
to exclude linear eVects of covariates in a one
way analysis of variance (ANOVA) model, the
continuous variable duration of epilepsy was
recoded into three values: <15 years=0, 15–30
years=1, and >30 years of refractory epi-
lepsy=2. The side of seizure origin was submit-
ted as the second factor (left, right). The pres-
ence or absence of lesions beyond
mesiotemporal structures in MRI was submit-
ted as the third factor (0, 1). Education, age at
epilepsy onset, ranked frequency of interictal
epileptiform discharges, ranked frequency of
habitual seizures, presence of secondarily gen-
eralised seizures in a patient’s history, ranked
frequency of secondarily generalised seizures
within the past year, serum concentration for
carbamazepine, phenytoin, and phenobarbital,
and antiepileptic drug monotherapy or poly-
therapy were controlled as covariates.

As it is known that the variable education
explains a considerable amount of variance of
FSIQ values, we computed an ANOVA with
factors duration of epilepsy (0, 1, 2) and
education (low, high) to disclose possible inter-
actions and to specify the eVect of the variable
education. The educational level was dichot-
omised into low (patients who did not attend or
finished a secondary school, Realschule in
Germany, n=109) and high (patients who
finished at least a secondary school, n=100).
The side of seizure origin, presence or absence
of lesions beyond mesiotemporal structures,
age at onset of epilepsy, ranked frequency of
interictal epileptiform discharges, ranked fre-
quency of habitual seizures, presence of gener-
alised seizures in a patient´s history, ranked
frequency of secondarily generalised seizures
within the past year, serum concentration for
carbamazepine, phenytoin, and phenobarbital,

and antiepileptic drug monotherapy or poly-
therapy were controlled as covariates.

A repeated measure ANOVA was computed
to test changes in FSIQ after anterior temporal
lobectomy as a function of seizure outcome.
Then a second repeated measure ANOVA was
computed to examine whether a duration effect
persisted in patients who became seizure free
after anterior temporal lobectomy.

An a priori á level of p=0.05 was set for all
statistical inference tests and a level of p=0.15
for tests of variance homogeneity.

Results
CLINICAL AND DEMOGRAPHICAL VARIABLES

Clinical and demographical variables are pre-
sented in the table. The variables age at testing,
age at first seizure, age at epilepsy onset, dura-
tion of epilepsy, and ranked frequency of
interictal epileptiform discharges diVered sig-
nificantly in groups with <15 years, 15 to 30
years, and >30 years duration of epilepsy.
Patients with longer duration of epilepsy were
on average older and had an earlier mean age at
onset of epilepsy. Patients with a duration of
less than 15 years had fewer interictal epilepti-
form discharges. No further variable reached
significance.

PSYCHOMETRIC INTELLIGENCE MEASURE

Multiple regression analyses on FSIQ dis-
closed significant contributions by the variables
education (p<0.01; â=0.543) and duration of
epilepsy (p<0.01; â=−0.195) after stepwise
selection. The equation explained 34.61% of
total variance (adjusted, p<0.01). No further
variable contributed significantly. Figure 1
shows a scatter plot of individual FSIQ values
against duration of epilepsy. The locally
weighted regression curve suggests a negative
relation between FSIQ and duration of epi-
lepsy.

Because of the linear dependence of the
duration of epilepsy on age at testing and age at
onset of seizures, the eVect of age at testing on
FSIQ cannot be simultaneously controlled
with the age at onset of seizure in the ANOVA
model. Therefore, the partial correlation be-
tween FSIQ and age at testing controlled by
duration of epilepsy was determined. Age at
testing and FSIQ were not significantly related
(r=0.092, p=0.184).

The ANOVA on FSIQ included three
factors; duration of epilepsy (<15, 15–30, >30
years), side of seizure origin (left, right), and
presence or absence of temporal lesions beyond
the mesiotemporal structures (0, 1). Only the
covariate education was significantly related to
FSIQ (p<0.01). After removing linear eVects of
covariates the factor duration of epilepsy was
significant (p<0.01). The factors side of seizure
onset and presence or absence of temporal
lesions beyond mesiotemporal structures did
not reach significance. No interactions reached
significance.

Post hoc contrasts adjusted by covariates
showed that patients with a duration of epilepsy
for more than 30 years performed worse than
patients with less than 15 years of epilepsy
(p<0.01) and patients with 15 to 30 years of
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epilepsy (p<0.05). Patients with less than 15
years of epilepsy did not diVer from patients
with 15 to 30 years in FSIQ.

An ANOVA with factors duration of epilepsy
(0, 1, 2) and education (low, high) was
computed to show possible factor interactions.
Because of statistical reasons the educational
level was dichotomised into low and high edu-
cated patients and factors from the former
ANOVA side of seizure origin and presence or
absence of lesions beyond mesiotemporal
structures together with the variables age at
epilepsy onset, ranked frequency of interictal
epileptiform discharges, ranked frequency of
habitual seizures, presence of generalised
seizures in a patient´s history, ranked frequency
of secondarily generalised seizures within the
past year, serum concentration for car-
bamazepine, phenytoin, and phenobarbital,
and antiepileptic drug monotherapy or poly-
therapy served as covariates. The factors
education and duration of epilepsy were
significant (p<0.01). The interaction between
both factors did not reach signifcance
(p=0.14). No covariate was significantly re-
lated to FSIQ. Figure 2 shows mean FSIQ
values for both educational groups as a

function of duration of TLE. Contrasts ad-
justed for covariates showed that the mean
FSIQ values of groups with less than 15 years
and 15 to 30 years of TLE did not diVer in
patients with high educational attainment.
However, patients with more than 30 years of
TLE performed worse than patients with less
than 15 years (p<0.01, one tailed) or 15 to 30
years of epilepsy (p<0.01, one tailed). Patients
with low educational attainment and less than
15 years of TLE performed better than patients
with 15 to 30 years of TLE (p<0.05, one tailed)
and patients with more than 30 years of TLE
(p<0.01, one tailed). But there was no
significant diVerence between patients with 15
to 30 years and more than 30 years of TLE in
the low education group. That comparison
might be biased by a floor eVect because
patients with an FSIQ<55 were excluded.
Although not confirmed by an ANOVA
interaction these contrasts suggest a duration
dependent diVerence in mean FSIQ values of
patients with low and high educational attain-
ment. The absence of a significant ANOVA
interaction probably results from a similar dec-
remental trend of the duration eVect in low and
high educated patients.

Figure 1 Scatter plot of FSIQ values (y axis) as a function of duration of epilepsy in years (x axis). Data from patients
with left sided TLE are indicated by filled points, open points represent patients with right sided TLE. To assess the eVect of
the duration of TLE, data were fitted by a locally weighted regression smoothing, using an iterative weighted least squares
method.
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To show whether the seizure outcome 6
months after ATL influences FSIQ, a repeated
measures ANOVA was performed. Education
and age at onset of epilepsy served as
covariates. Only the factor outcome (seizure
free, not seizure free) was considered because
the submission of the factor duration of
epilepsy (0, 1, 2) led to inhomogeneity of vari-
ance (p<0.15). Within subjects there was a sig-
nificant change between test and retest of FSIQ
(p<0.01). Mean retest FSIQ values were
higher. The factor seizure outcome did not
reach significance. However, a significant
interaction between test-retest changes and
seizure outcome occurred (p<0.01). The
covariate education was related to FSIQ
(p<0.01). As illustrated in fig 3 seizure free
patients improved significantly more than
patients with seizures after ATL.

A second repeated measure ANOVA was
performed to show whether the duration eVect
persisted in patients who became seizure free
after ATL (n=85). The variables education and
age at onset of epilepsy served as covariates.
Because of the reduced sample size only the
factor duration of epilepsy was considered.
There was a significant change between test
and retest (p<0.01). The factor duration of
epilepsy was significant (p<0.01), but we failed
to find a significant interaction between
test-retest changes in FSIQ and the factor
duration of epilepsy (p=0.62). Figure 4 shows
the mean preoperative and postoperative FSIQ
values with corresponding 95% CIs as a func-
tion of the factor duration of epilepsy. Although
postoperative mean FSIQs were consistently
higher, the duration eVect persisted after ATL.

Discussion
Our study shows that patients with a long his-
tory of intractable TLE were at higher risk of
generalised cognitive impairment than patients
with a shorter duration of TLE. Comparing
patients with higher educational attainment the
mean FSIQ was stable for a longer duration of
TLE than in groups of less educated patients.
In accordance with others we showed that suc-
cessful surgical treatment of the TLE led to
small cognitive improvement compared with
patients who continued to have seizures.35 36

The duration eVect, however, persisted in
patients who became seizure free after ATL.

In a first step we showed that the educational
level and the duration of epilepsy were the best
predictors for psychometric intelligence in our
sample. Then we provided evidence that only a
long duration of TLE (>30 years) was related to
impaired psychometric intelligence in the total
sample. The linear influence of the variables age
at epilepsy onset, the educational level of
patients, the patient´s serum concentration of
first line antiepileptic drugs, polypharmacy, the
frequency of habitual and secondarily general-
ised seizures, and the frequency of interictal epi-

Figure 2 Mean FSIQ values with 95% confidence
intervals (95% CIs) of patients with low and high
educational attainment for groups with a duration of
epilepsy <15 years, 15–30 years, and >30 years. Factors
education and duration of epilepsy were signifcant
(p<0.01). Asterisks (* p<0.05; ** p<0.01; one tailed)
indicate significant contrasts between adjacent duration
groups adjusted for covariates.
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leptiform discharges on psychometric intelli-
gence were statistically controlled. Age at testing
controlled for duration of TLE was not signifi-
cantly related to FSIQ. The factors side of TLE
and presence or absence of lesions beyond the
mesiotemporal structures did not show main
eVects or interactions. Therefore, the eVect of
duration of epilepsy cannot be attributed to
those covariates and factors. The patient´s edu-
cational level captured the most amount of
FSIQ variance. This could explain why, by con-
trast with other studies, the variable age at onset
of epilepsy did not reach significance.18 Age at
onset of epilepsy is related to duration of
epilepsy and academic achievement of adult
patients. An early onset of refractory epilepsy
considerably aVects school success. On the other
hand academic achievement is related to psy-
chometric intelligence in normal subjects and
epileptic patients. Therefore, the variable age at
onset of epilepsy shares variance from diVerent
sources. If these sources of variance are statisti-
cally controlled, the remaining variance might
be too small to result in significant eVects of the
variable age at onset of epilepsy.

It is reasonable to assume that human brains
develop a functional reserve or have a spare
capacity to cope with a stepwise neuronal loss
by eYciency, redundancy, plasticity, and
reorganisation.25 37 38 Studies on diVerent de-
generative brain disorders (for example, Par-
kinson disease, vascular, and Alzheimer’s
dementia) suggest that a functional decline
becomes apparent only if a certain amount of
brain parenchyma is insulted.39–43 A long dura-
tion of intractable TLE is related to a consider-
able number of focal or secondarily generalised
seizures, pathological interictal electric brain
activity, chronic and transient metabolic distur-
bances due to morphological lesions, seizures,
and antiepileptic medication, and chronic anti-
epileptic medication with usually high serum
concentrations.1–4 It is suggested that each of
these factors may separately cause adverse cog-
nitive functioning.44 45 The presence of reactive
microglia,7 reduced dendritic spine density,
dendritic swellings,6 and senile plaques46 in
anterior temporal lobectomy specimens
suggests that neuronal injury continues to
occur with ongoing seizure activity in patients
with TLE. Multani et al first showed a correla-
tion between decreased dendritic spine density
remote from the epileptogenic zone and dura-
tion of seizure history.6 In patients with mesial
TLE densitometric techniques showed second-
ary declines in hippocampal neuron densities
with long histories of habitual seizures.20 47 48

Recent studies suggested a secondary decline
of hippocampal volume and temporal lobe
metabolism in patients with refractory
TLE.21–24 Hermann et al reported that patients
with hippocampal sclerosis had more general-
ised cognitive impairment, a significant longer
history of intractable TLE, and a lower
educational level than patients with TLE with-
out significant hippocampal sclerosis.49 We
assume that a cumulation of small neurodegen-
erative eVects of noxious neurochemical
agents, abnormal brain electric events, and
metabolic disturbances over decades of epi-

lepsy accompanied by aging may increase the
probability that the functional brain reserve or
spare capacity is exhausted at a surprisingly
young age (mean age of patients with TLE
duration >30 years was 44 years) and deterio-
ration of cognitive functions may begin.37 38 50

The extent of functional reserve and therefore
the vulnerability of brain functions may vary
considerably between persons. It was suggested
that higher educational attainment is related to
a higher reserve against cognitive impairment
due to stepwise ongoing brain injury.29 51 Our
results of analyses in patients with lower and
higher educational attainment are in accord-
ance with findings of epidemiological studies
on dementia and Alzheimer’s disease.27 28 30 31

In patients with higher educational attainment
the mean FSIQ was stable for a longer duration
of TLE than in less educated patients. Higher
educational attainment as an indicator of
higher cognitive reserve might delay the onset
of cognitive decline in patients with intractable
TLE.

Finally, we showed that patients who under-
went anterior temporal lobectomy and became
seizure free after surgery had a small improve-
ment in psychometric intelligence. However,
the eVect of duration of epilepsy persisted in
patients who became seizure free after anterior
temporal lobectomy. This finding suggests that
successful treatment of TLE does not compen-
sate the diVerence in FSIQ between patients
with longer and shorter duration of epilepsy.
Thus the observed duration in diVerences in
FSIQ may represent a permanent impairment
of cognitive abilities. None the less, independ-
ent of the duration of epilepsy, patients who
became seizure free improved more than
patients who continued to have seizures.

Although we found duration dependent dif-
ferences in the frequency of interictal epilepti-
form discharges, neither the frequency of these
discharges nor the frequency of seizures were
significantly related to FSIQ values. The recent
discovery by Savic et al that brain metabolic
disturbances are correlated with seizure semi-
ology suggests that the spread pattern of
seizure activity might aVect brain
functioning.3 10 Additionally, the duration of
seizure activity might be of relevance.52 Thus,
frequency, spread pattern, and duration of sei-
zures together rather than frequency alone may
be associated with the extent of functional
deficits.53

The fact that we found significant eVects in
the whole sample analysis only in patients with
a history of intractable epilepsy lasting longer
than three decades may question conclusions
drawn from negative findings of studies on
adverse eVects of duration of refractory
TLE.17 54 Based on our results only prospective
long term studies which exceed three decades
might disclose the causes of a presumable
decline in cognitive functioning of patients with
intractable TLE. Such studies may solve the
important question whether certain epileptic
syndromes are progressive disorders.45 55–59

However, today well controlled cross sectional
studies comparing diVerent well defined epilep-
tic syndromes and including retest measures to
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compare diVerent treatment strategies may help
to isolate adverse factors.

Although we cannot definitely exclude the
possibility that our results were biased by
undetected cohort eVects the present data
might suggest that an early and radical
treatment of TLE could preserve normal
cognitive functioning in patients with refrac-
tory TLE.
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