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Abstract—Objective: To investigate the relationship between the apolipoprotein (ApoE) ε4 allele and memory perfor-
mance (verbal and nonverbal) in patients with medically intractable temporal lobe epilepsy (TLE) who underwent
temporal lobectomy. Methods: Presurgical and postsurgical memory performance was examined in 87 adult patients with
TLE (ε4 � 22; non-ε4 � 65) to determine whether the expression of ApoE-ε4 may be associated with memory performance
in this population and to examine how this relationship may be affected by duration of epilepsy. Results: There was a
significant interaction between ApoE-ε4 status and duration of epilepsy such that ε4 carriers with a long duration of
epilepsy demonstrated the poorest memory performance on both verbal and nonverbal measures. This relationship was
observed both before and after temporal lobectomy, with little change in test performance over time. Conclusions: The
ApoE-ε4 allele interacts with longstanding seizures to affect memory performance, both verbal and nonverbal, in patients
with medically intractable temporal lobe epilepsy.

NEUROLOGY 2007;68:409–414

Memory decline, which is commonly associated with
temporal lobe seizures, has been related to age at
epilepsy onset,1,2 duration of disorder,1,3 chronological
age,3 and etiology,4,5 but little is known about under-
lying biologic factors that may predispose patients to
memory loss. Two studies have examined the rela-
tionship between apolipoprotein (ApoE) polymor-
phisms and cognitive performance in patients with
epilepsy. One examined IQ and memory performance
in patients with newly diagnosed partial epilepsy
and found that ε4 carriers had significantly lower IQ
scores than patients without ε4.6 Carriers also per-
formed more poorly on a list-learning measure, al-
though the difference was not significant. Another
study, which examined memory of patients with
mild, well-controlled nonlesional temporal lobe epi-
lepsy (TLE),7 found that ε4 carriers demonstrated
lower performance on a verbal list-learning task
than noncarriers, particularly among patients with
duration greater than 25.5 years.

No published studies have examined the relation-

ship between ApoE-ε4 and memory performance in
patients with medically intractable epilepsy or the
relationship between ε4 and memory performance
after surgical intervention for the treatment of epi-
lepsy. This study was designed to investigate the
relationships among the apolipoprotein ε4 allele, du-
ration of epilepsy, and memory performance in a
group of patients with medically intractable TLE
who underwent temporal lobectomy.

Methods. Participants. This study involved an institutional
review board–approved review of previously collected and ar-
chived data from 89 patients treated at Cleveland Clinic. Partici-
pants were older adolescent and adult patients (aged 16 years and
older) with medically refractory epilepsy who underwent temporal
lobectomies for treatment of their seizure disorders. Patients were
included in the study if they completed presurgical and postsurgi-
cal neuropsychological evaluations, had a Full Scale IQ of 70 or
higher, and had frozen or paraffin-embedded tissue available for
DNA analysis. Two patients were excluded because their memory
data were outliers, resulting in a final sample size of 87. Partici-
pants ranged in age from 16 to 65 years (mean � 36.26, SD �
11.20) and in education from 8 to 20 years (mean � 13.25, SD �
2.18). The mean age of seizure onset for the group was 14.15 years
(SD � 9.87), and the mean duration of epilepsy was 21.84 years
(SD � 12.61). Twenty-two patients (25%) had at least one ε4 allele
(ε4 group), and 65 patients (75%) did not have an ε4 allele (non-ε4
group). The distribution of ApoE genotypes was consistent with
what is typically observed in the general population and did not
deviate from Hardy–Weinberg equilibrium (table 1). There were
no significant differences between the ε4 and non-ε4 groups with
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regard to sex, race, age, education, Full Scale IQ, age at seizure
onset, duration of seizures, number of antiepileptic drugs (AEDs),
side of surgery, or hippocampal pathology (table 2).

Measures. All participants in this study completed the Wech-
sler Memory Scale–Third Edition (WMS-III8) as part of their rou-
tine presurgical and postsurgical neuropsychological evaluations.
The following WMS-III indices were used in the data analyses:
Auditory Immediate Memory Index, Auditory Delayed Memory
Index, Visual Immediate Memory Index, Visual Delayed Memory

Index, and General Memory Index. The mean interval between
presurgical and postsurgical neuropsychological evaluation was
10.87 months (SD � 4.26; range 5 to 27 months), and the mean
interval between surgery and postoperative testing was 7.64
months (SD � 3.89; range 4 to 24 months).

DNA genotyping. DNA was extracted from 20 mg of frozen
brain tissue obtained at surgery using a silica-based absorption
method (Qiagen DNA minikit, Qiagen, Inc., Valencia, CA) follow-
ing the manufacturer’s instructions. Genotyping at the APOE lo-
cus was carried out by a modification of the method of Chapman
et al.9 The upstream primer was 5=-TCCAAGGAGCTGC-
AGGCGGCGCCA-3=, and the downstream primer was 5=-
ACAGAATTCGCCCCGGCCTGGTACACTGCCCA-3=. PCR was
conducted at 150 nM concentration for each primer, 50 �M for
each for each dNTP, 2 mM MgCl2, 10% dimethyl sulfoxide, and 2
U Taq polymerase (New England Biolabs). Reaction was con-
ducted for 40 cycles, using a melting temperature of 94 °C, a
reaction temperature of 72 °C, and an annealing temperature of
65 °C. The 227–base pair (bp) PCR product was separately di-
gested by Afl III (New England Biolabs), which digests ε2 and ε3
into 177- and 50-bp fragments but does not hydrolyze ε4, and by
Hae II (New England Biolabs), which digests ε3 and ε4 into 195-
and 32-bp fragments but does not hydrolyze ε2. PCR products
were resolved by electrophoresis in 2% Agarose 1000 (Invitrogen)
slab gels, and bands were visualized by staining with ethidium
bromide.

Results. A doubly multivariate analysis of variance
(MANOVA) was performed on memory scores as a function
of ApoE genotype (ε4, non-ε4), duration of epilepsy (�22
years, �22 years—based on mean split), and time (presur-
gery, postsurgery). There were five memory indices in-
cluded as dependent variables in the analyses: Auditory
Immediate Memory Index, Auditory Delayed Memory In-
dex, Visual Immediate Memory Index, Visual Delayed
Memory Index, and General Memory Index. All assump-
tions of MANOVA were met. A summary of the mean
memory scores for each group, as well as scores collapsed
across groups, is provided in table 3.

Examination of the multivariate effects revealed that
the pattern of differences on the memory indices between
duration groups was different between the ε4 and non-ε4
groups: Pillai trace � 0.18, F(5,79) � 3.45, p � 0.01, par-
tial �2 � 0.18 for the duration by genotype interaction.
There was a trend toward a difference in memory perfor-
mance between patients who had seizures for �22 years
(short duration) and those who had seizures for �22 years
(long duration) averaged across ApoE genotype: Pillai
trace � 0.12, F(5,79) � 2.07, p � 0.08, partial �2 � 0.12.
There were no differences in memory performance between
the ε4 and non-ε4 groups averaged across duration of epi-
lepsy: Pillai trace � 0.06, F(5,79) � 0.95, p � 0.454, partial
�2 � 0.06. The within-subjects main effect of time was not
significant, and none of the within-subjects interactions
effects were significant.

Examination of univariate between-subjects effects av-
eraged across time revealed a significant interaction be-
tween ApoE group and duration of epilepsy on all five of
the memory indices. Results of the univariate analyses are
summarized in table E-1 on the Neurology Web site at
www.neurology.org. Although some of the main effects as-
sociated with duration of epilepsy were also significant in
the between-subjects univariate analyses, the multivariate
main effects were not significant, and the univariate ef-
fects were mediated by the significant interactions be-
tween duration and genotype. Therefore, the univariate
main effects for this variable were not interpreted.

To find the pattern of differences in performance on the

Table 1 Frequency of ApoE genotypes and alleles

ApoE polymorphism Frequency Percentage

Genotype (n � 87)

ε2/ε2 0 0.00

ε2/ε3 13 14.94

ε3/ε3 52 59.78

ε2/ε4 1 1.14

ε3/ε4 17 19.54

ε4/ε4 4 4.60

Allele (n � 174)

ε2 14 8.05

ε3 134 77.01

ε4 26 14.94

Table 2 Demographic and seizure data for study patients

Variable

Patients with
ε4 allele
(n � 22)

Patients without
ε4 allele
(n � 65)

Age 35.41 (10.58) 36.55 (11.47)

Education 13.68 (2.63) 13.11 (2.02)

Full Scale IQ 97.95 (15.46) 94.60 (12.12)

Age at seizure onset 13.82 (9.29) 14.26 (10.13)

Duration of seizures 21.64 (12.23) 21.91 (12.83)

No. of AEDs 2.05 (0.50) 2.03 (0.53)

Sex

Male 10 (45%) 27 (42%)

Female 12 (55%) 38 (58%)

Race

White 22 (100%) 62 (95%)

Black 0 (0%) 2 (3%)

Side of surgery

Left 13 (59%) 34 (52%)

Right 9 (41%) 31 (48%)

Pathology

Hippocampal sclerosis 15 (71%) 49 (80%)

Gliosis 5 (24%) 9 (15%)

Perivascular inflammation 1 (5%) 0 (0%)

Glioneuronal hamartias 0 (0%) 2 (3%)

No abnormality 0 (0%) 1 (2%)

Data are mean (SD) or n (%). Pathology data were not available
for three patients.

AED � antiepileptic drug.
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memory indices between the short- and long-duration
groups as a function of ApoE genotype, simple main effects
of duration were performed for both ε4 and non-ε4 groups.
Among ε4 patients, those with a long duration of epilepsy
had significantly lower memory scores on all five memory
indices than those with a short duration of epilepsy. How-
ever, there were no significant differences in memory per-
formance on any of the memory indices among non-ε4
patients with short vs long duration of epilepsy (table E-2).

Bivariate correlations were calculated to examine the
strength of the relationship between memory performance
and duration of epilepsy among ε4 and non-ε4 groups. For
the ε4 group, duration of epilepsy was significantly nega-
tively correlated with memory performance on all of the
WMS-III indices, with Pearson r values ranging from
�0.51 to �0.67 (p values ranging from 0.015 to 0.001). In
contrast, there were no correlations between duration of
epilepsy and memory performance in the non-ε4 group,
with Pearson r values ranging from �0.02 to 0.11 (p values
ranging from 0.40 to 0.90). Scatter plots of the relation-
ships between duration of epilepsy and memory among ε4
and non-ε4 groups are depicted in the figure, A and B.

Discussion. The ApoE-ε4 allele may play a major
role in memory performance among patients with
medically intractable TLE, and this relationship may
be heavily influenced by the duration of time one has
had epilepsy. Specifically, data from this study sug-
gest that there is a significant interaction between ε4
status and duration of epilepsy such that ε4 carriers
with a long duration of epilepsy demonstrate signifi-

cantly lower memory scores than ε4 carriers with a
short duration of epilepsy. At the multivariate level,
this interaction accounted for almost 18% of the vari-
ance in memory scores after accounting for other
effects (partial �2 � 0.18). Examination of the mean
memory scores of ε4 carriers (table 3) reveals that
those with a long duration of epilepsy consistently
scored an average of 20 standard score points lower
than the short-duration group on the memory mea-
sures. In contrast, memory performance among
non–ε4 carriers did not vary as a function of duration
of epilepsy. This pattern of relationships was ob-
served on all WMS-III memory indices, including
both verbal and visual memory measures, on both
immediate and delayed memory trials.

Many studies over the years have established a
relationship between ApoE-ε4 and memory perfor-
mance in healthy aging10 as well as in a number of
clinical populations,11-14 including patients with mild,
nonlesional TLE.7 The majority of these studies have
examined verbal memory performance with rather
consistent findings. The current study provides evi-
dence that a relationship between ApoE-ε4 and
memory also exists in patients with medically intrac-
table TLE. However, the relationship between
ApoE-ε4 and memory performance in this population
is rather complex and largely dependent on the dura-
tion of time one has had epilepsy. That is, examina-
tion of simple memory score differences between ε4
and non-ε4 groups does not reveal any significant

Table 3 Summary of patient performance on memory measures

Memory measure ApoE
Duration of

epilepsy, years
Presurgery,
mean (SD)

Postsurgery,
mean (SD)

Collapsed,
mean (SE)

Auditory immediate ε4 �22 102.83 (12.21) 104.58 (15.45) 103.71 (4.33)

�22 84.60 (12.62) 83.10 (14.50) 83.85 (4.75)

Non-ε4 �22 91.78 (13.66) 90.54 (19.96) 91.16 (2.47)

�22 91.29 (16.27) 93.36 (17.34) 92.32 (2.84)

Auditory delayed ε4 �22 103.50 (11.24) 104.67 (13.31) 104.08 (4.34)

�22 82.20 (16.65) 80.40 (16.89) 81.30 (4.75)

Non-ε4 �22 89.95 (16.57) 90.08 (18.70) 90.01 (2.47)

�22 93.21 (14.90) 95.14 (15.43) 94.18 (2.84)

Visual immediate ε4 �22 103.17 (15.86) 98.67 (17.03) 100.92 (4.27)

�22 79.80 (14.67) 80.80 (13.06) 80.30 (4.68)

Non-ε4 �22 90.49 (15.07) 90.35 (18.99) 90.42 (2.43)

�22 89.07 (15.18) 95.21 (16.57) 92.14 (2.80)

Visual delayed ε4 �22 100.58 (17.70) 98.58 (12.87) 99.58 (4.51)

�22 80.50 (17.56) 83.80 (12.20) 82.15 (4.94)

Non-ε4 �22 88.08 (16.59) 89.57 (20.19) 88.82 (2.57)

�22 90.07 (14.92) 92.57 (16.27) 91.32 (2.95)

General memory ε4 �22 103.25 (13.94) 102.17 (10.29) 102.71 (4.35)

�22 79.20 (16.21) 80.80 (14.37) 80.00 (4.77)

Non-ε4 �22 87.11 (15.39) 87.81 (18.52) 87.46 (2.48)

�22 90.39 (15.25) 92.89 (16.84) 91.64 (2.85)
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findings. It is only when duration of epilepsy is con-
sidered in conjunction with ε4 status that significant
differences in memory performance become appar-
ent. Although they did not directly examine interac-
tion effects between ε4 status and duration of
epilepsy, a recent study found the strongest relation-
ship between ε4 and verbal word list-learning in pa-
tients with TLE and long disease duration (i.e., �25
years).7 These results are similar to the current
study, suggesting that the relationship between ε4
and memory performance among patients with TLE
is strongly related to duration of epilepsy.

As expected, examination of the simple main ef-
fects of duration revealed that ε4 patients with a
short duration of epilepsy had significantly higher
memory scores than ε4 patients with a long duration
of epilepsy. However, ε4 patients with a short dura-
tion of epilepsy also demonstrated significantly
higher memory scores than non-ε4 patients with a
short duration of epilepsy, a finding we did not antic-
ipate. To better understand this finding, we exam-
ined differences between the ε4 short-duration group
and the other three groups (i.e., non-ε4 short dura-
tion, non-ε4 long duration, and ε4 long duration) to
rule out potential factors that may have contributed
to differences in the observed memory scores. These
analyses revealed that the ε4 short-duration group
had somewhat more education (14.42 years vs 13.05
years; t(47) � 1.99, p � 0.05) and higher Full Scale
IQ scores (104 vs 95; t(47) � 1.93, p � 0.06) than the

non-ε4 short-duration group. The ε4 short-duration
group also had higher Full Scale IQ scores (104 vs
91; t(20) � 2.22, p � 0.05) than the ε4 long-duration
group. To ensure that IQ and education were not
related to the significant differences in memory per-
formance between these groups, we reran all analy-
ses with education and Full Sale IQ as covariates.
The pattern of findings did not change after control-
ling for preexisting differences in education and IQ,
suggesting that the differences in memory perfor-
mance between the groups cannot be explained by
overall intellectual function or educational experi-
ence. It is possible that this unexpected finding may
simply be due to chance given the relatively small
sample included in the study or may reflect the ef-
fects of some unmeasured confounding factor (e.g.,
seizure frequency, number and frequency of general-
ized tonic–clonic seizures, number of antiepileptic
medications).

Duration of epilepsy was correlated with both
chronological age (Pearson r � 0.66, p � 0.001) and
age at seizure onset (Pearson r � �0.52, p � 0.001)
in this sample, which makes it difficult to separate
the independent contributions of these variables to
memory performance. To understand how these vari-
ables may have impacted the significant interactions
found between ε4 status and duration of epilepsy, we
conducted a series of t tests to determine whether
there were significant differences in chronological
age or age at seizure onset between the short- and
long-duration groups. Among ε4 carriers, those with
a long duration of epilepsy had an earlier age at
seizure onset than those with a short duration (7.80
vs 18.83 years; t(20) � 3.40, p � 0.01), but there was
no difference in chronological age between the two
groups (39.30 vs 32.17; t(20) � 0.12, p � 0.18). These
findings confirm that duration of epilepsy is con-
founded by age at seizure onset. However, the high
correlation between these two variables precluded us
from statistically controlling for age at seizure onset.
Instead, the doubly MANOVA analysis was rerun
using age at seizure onset (�14 years, �14 years—
based on mean split) in place of duration of epilepsy.
Findings were similar, demonstrating a significant
interaction between ε4 status and age at seizure on-
set such that ε4 carriers with an early age at seizure
onset (i.e., �14 years) demonstrated significantly
lower memory scores than ε4 carriers whose seizures
began later in life (i.e., �14 years). This relationship
was evident on all memory index scores except the
Visual Delayed Memory Index.

Duration of epilepsy and age at seizure onset have
been demonstrated to be important factors because
they relate to cognitive functioning in patients with
TLE irrespective of ε4 status. Patients with long-
standing epilepsy generally perform more poorly on
cognitive measures than patients with shorter epi-
lepsy duration.15,16 Similarly, patients with early sei-
zure onset tend to have more significant intellectual
and cognitive dysfunction than patients who develop
seizures later in life.17,18 Therefore, it is not surpris-

Figure. (A) Relationship between duration of epilepsy and
General Memory Index score among �4 patients. (B) Rela-
tionship between duration of epilepsy and General Mem-
ory Index score among non-�4 patients.
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ing that these two variables interact with ε4 status
to affect memory functioning in patients with TLE.
Given the limitations of a cross-sectional study, it is
impossible to definitively conclude that duration of
epilepsy, rather than age at seizure onset, is the
factor accounting for cognitive problems in ε4 carri-
ers. Larger prospective studies will be required to
investigate the independent contribution of each of
these factors.

The ever-growing literature on ApoE and cogni-
tive functioning has suggested that ε4 carriers who
sustain a traumatic brain injury (TBI) are at higher
risk for cognitive impairment than non–ε4 carriers
who sustain comparable injuries. More specifically,
memory performance has been demonstrated to be
more impaired in ε4-positive than ε4-negative TBI
patients, even when genotype groups do not differ on
demographic or injury variables.14 In fact, it has been
found that subjects without an ε4 allele performed
more poorly on memory tests after a more severe
head injury than after a milder head injury, whereas
subjects with an ε4 allele performed as poorly as the
severely injured subjects without ε4, regardless of
injury severity.14 In cases of repetitive head injury
(e.g., boxing, football), ε4 has been associated with
severity of injury and impaired cognitive function-
ing,19,20 and survivors of head trauma who possess an
ε4 allele have a tenfold increased risk for developing
Alzheimer disease than those without this allele.21 It
has been hypothesized that these cognitive difficul-
ties are largely the result of ApoE isoform-specific
neuropathologic changes in the brain to which mem-
ory systems are highly susceptible.14

Medically refractory seizures may be considered a
form of repetitive brain injury, which would explain
why ε4 seems to play a similar role in memory defi-
cits associated with TLE. The current study suggests
that ApoE-ε4 carriers with a young age at seizure
onset and a long duration of medically intractable
epilepsy demonstrate the lowest performance on
memory measures likely because of the cumulative
effects of early and repetitive seizure activity. We
hypothesize that neuronal recovery after seizures is
impeded by the presence of ε4, perhaps resulting in
accumulation of amyloid � protein within the mesial
temporal structures contributing to neuronal dam-
age and eventually leading to memory dysfunction.
This conjecture is supported by the finding of Gouras
et al. that senile plaques were associated with the
presence of an ε4 allele in patients with TLE.22 Fu-
ture studies will be required to substantiate this
hypothesis.

Reduced hippocampal volumes are often observed
among ε4 carriers12,23 as well as among patients with
TLE.24 Preliminary investigations have found no as-
sociation between ε4 and hippocampal damage in
newly diagnosed patients with partial epilepsy.6

However, no published studies have investigated the
relationships among ApoE-ε4, hippocampal volumes,
and histopathology in patients with medically intrac-
table epilepsy. We are in the process of conducting

research in an effort to understand the relationships
among these factors and memory performance in pa-
tients with TLE.

One would expect that the left TLE patients
would show verbal memory difficulties and the right
TLE patients would show visual memory problems.
In this study, the significant interaction between ε4
status and duration of epilepsy was consistent across
all memory measures, both verbal (i.e., story recall
and verbal paired associate learning) and nonverbal
(i.e., face recognition and recall of details from pic-
tured scenes). The small sample size did not allow
for separate analysis of patients with right vs left
TLE. Nevertheless, it is interesting that significant
findings were apparent despite our inability to con-
trol for side of seizure onset. ApoE-ε4 interacted with
duration of epilepsy to explain a significant amount
of variance in all memory scores, verbal and nonver-
bal alike. These effects would be anticipated to be
even more apparent when memory data from left
and right TLE patients are examined separately;
however, a study with significantly larger sample
size will be required to conduct such investigations.

Interestingly, there were no significant effects of
surgery in the current study, suggesting that the
observed relationships between ε4 and duration of
epilepsy on memory were not significantly impacted
by temporal lobectomy. One possible explanation for
our lack of interaction effects involving time is the
short test–retest interval. Six months may not be
sufficient for ApoE genotype to have a significant
impact on memory outcome after a surgical interven-
tion. Additional studies with larger samples and
longer test–retest intervals will be needed to confirm
our findings. However, if an interaction between ε4
status and duration of epilepsy is again observed
with no significant changes in individual memory
scores, corrected for potential practice effects, after
surgical intervention in independent samples, this
would have a number of important implications. If
replicated, these findings would not only assist in
identifying patient subgroups at high risk for cogni-
tive decline, but may suggest a role for pharmaco-
therapeutic prevention or early surgical intervention
in TLE patients who are ε4 carriers to prevent de-
clines in memory that accompany longstanding epi-
lepsy among this group of patients.
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NeuroImages

Acute parkinsonism with corresponding
lesions in the basal ganglia after
heroin abuse
Walter Mätzler, MD; Thomas Nägele, MD; Thomas Gasser, MD;
Rejko Krüger, MD, Tübingen, Germany

Parkinsonian syndromes with encephalopathy after heroin
abuse are rare. We report a 41-year-old Caucasian woman pre-
senting with symmetric akinetic-rigidic parkinsonism. Twenty-
four hours after snorting heroin, the patient exhibited a

generalized dyskinetic syndrome and impaired vision, and severe
parkinsonian symptoms developed within 2 weeks. The akinetic-
rigid syndrome showed good response to levodopa therapy with
motor fluctuations over the course of treatment. Previous studies
on heroin-induced parkinsonism have reported leukoencephalopa-
thy with diffuse white matter hyperintensities on brain MRI cor-
responding to spongiform degeneration.1,2 However, gray matter
lesions of the basal ganglia and, to a lesser extent, the cerebral
cortex, due to heroin abuse have not been reported before in drug-
induced parkinsonism (figure, A–C). We speculate that the af-
fected brain regions reflect a noxious effect of heroin or used
additives on metabolical active neurons.
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Figure. The fluid-attenuated inversion
recovery image (A) shows bilateral hy-
perintensities in the basal ganglia and
the occipitopolar cortex. The latter and
the globus pallidus internus are also
hyperintense on the T1-weighted image
(B), indicating hemorrhagic transfor-
mation. The T2-weighted image of the
mesencephalon (C) shows hyperintense
substantia nigra similar to the basal
ganglia.
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