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Objective: This study examined the fre-
quency of negative and positive symptoms
in nonpsychotic patients with temporal
lobe epilepsy and the relationship of nega-
tive and positive symptoms to cognition,
quantitative magnetic resonance imaging
(MRI) volumetrics, and depression.

Method: Eighty-four patients with tempo-
ral lobe epilepsy and 74 healthy compari-
son subjects were evaluated for negative
and positive symptoms and underwent
comprehensive neuropsychological evalu-
ation, quantitative MRI volumetrics, and
assessment of mood state and depression.

Results: Negative symptoms were signifi-
cantly more prevalent in the patients with
temporal lobe epilepsy (31%) than in the
comparison subjects (8%). There was no
difference between groups in the rate of
positive symptoms. Although the epilepsy
patients as a group exhibited generalized
cognitive impairment relative to the com-
parison subjects, the epilepsy patients with
negative symptoms performed signifi-
cantly worse than patients without nega-

tive symptoms and comparison subjects
across measures of nonverbal intelligence,
visuoperception, speeded visuomotor
processing, and memory. The epilepsy
patients with negative symptoms exhib-
ited significantly greater diffuse atrophy
than the healthy comparison subjects and
higher CSF volumes than the epilepsy pa-
tients without negative symptoms. The ep-
ilepsy patients with and without negative
symptoms had statistically equivalent
Beck Depression Inventory scores and life-
time history of mood disorders, including
major depression.

Conclusions: Negative but not positive
symptoms were more prevalent in tempo-
ral lobe epilepsy patients than in healthy
comparison subjects. Negative symptoms
were independent of current and past de-
pression and were associated with neuro-
psychological deficits exceeding the gen-
eral cognitive morbidity associated with
temporal lobe epilepsy and with quantita-
tive MRI indices suggesting greater cere-
bral atrophy.

(Am J Psychiatry 2002; 159:644-651)

Ector analytic studies of schizophrenia reliably group
psychopathological features into two basic symptom cate-
gories, with the most common distinction being between
negative or “deficit” symptoms and positive or “psychotic”
symptoms. Classic positive symptoms include primarily
delusions and hallucinations. Characteristic negative
symptoms include flattened affect, alogia, avolition, anhe-
donia, and inattention, although there is debate regarding
the defining symptoms of this construct (1).

Previous research to characterize the neurobiological
significance of the distinction between these symptom
complexes has indicated that negative but not positive
symptoms in schizophrenia are consistently associated
with cognitive impairment. Deficits include poorer perfor-
mance on measures of verbal memory (2), visual-spatial
and visual-motor processing (2-5), and mental processing
speed (5, 6). Although cognitive impairments associated
with negative symptoms cut across multiple cognitive do-
mains, deficits on measures of executive or frontal lobe
functioning are quite common and may underlie poor
performance on other neuropsychological tasks. Negative
symptoms in schizophrenia have also been associated
with lower prefrontal white matter volume (7), lower me-
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tabolism in the prefrontal region (8), and left hemisphere
hypofrontality (9).

Additional research on negative symptoms in schizo-
phrenia has focused on the distinction between negative
symptoms and major depression, given the similarities in
the presentations of these syndromes. Inconsistent find-
ings regarding the ability of instruments assessing nega-
tive symptoms to distinguish schizophrenic patients with
negative symptoms from nonpsychotic subjects with ma-
jor depression have generated debate about the existence
of negative symptoms as a syndrome distinct from depres-
sion (10-12). This concern suggests that concurrent as-
sessment of depression is important in identifying the
unique clinical, cognitive, and neuroradiological concom-
itants of negative symptoms.

Recently, interest in the concept of negative symptoms
has broadened to other clinical groups besides patients
with schizophrenia. For instance, negative but not positive
symptoms are predictive of length of hospital stay in stroke
patients (13). Negative symptoms have also been found to
be more severe in patients with Alzheimer’s disease than in
healthy elderly comparison subjects (14), and negative
symptoms have been associated with hypoperfusion in the
frontal cortex (15). Thus, negative symptoms do not ap-
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pear to be specific to schizophrenia, and research on nega-
tive symptoms may contribute to the understanding of
neuropsychiatric features and neurobehavioral function-
ing in patients with neurological disorders.

Temporal lobe epilepsy is a common neurological disor-
der. Researchers have along history of interest in the inter-
ictal psychiatric features that may be evident over the
course of the disorder (16). It is generally acknowledged
that behavioral and psychiatric features in temporal lobe
epilepsy are varied, but particular interest has focused on
the schizophrenia-like psychoses sometimes associated
with epilepsy (17). This research has been concerned with
the presence and nature of hallucinations, delusions, and
other positive symptoms in temporal lobe epilepsy. To our
knowledge, there has not been a systematic investigation
of the rate and correlates of both negative and positive
symptoms in patients with temporal lobe epilepsy with
concomitant psychoses or, more important, in nonpsy-
chotic patients during the interictal state.

The purpose of this investigation was to determine the
frequency of interictal negative and positive symptoms in
patients with temporal lobe epilepsy. Further, matched
groups of epilepsy patients with and without negative
symptoms and healthy comparison subjects were con-
trasted on a broad battery of neuropsychological mea-
sures and quantitative magnetic resonance imaging (MRI)
volumes. Finally, current levels of depressive symptoms
and lifetime history of major depression and other depres-
sive disorders were measured to rule out the possibility
that negative symptoms were merely secondary to mood
disorders, which are known to be more frequent in epi-
lepsy patients (18).

Method

Subjects

A total of 84 patients with temporal lobe epilepsy and 74
healthy comparison subjects served as the study subjects. The
initial selection criteria for epilepsy patients included 1) chrono-
logical age from 18 to 60 years, 2) presence of complex partial sei-
zures of definite or probable temporal lobe origin, 3) absence of
MRI abnormalities other than atrophy on clinical reading, and
4) absence of any other neurological disorder. The patients’ med-
ical records were reviewed by a board-certified neurologist with
expertise in epilepsy who was blinded to all quantitative imaging,
cognitive testing, and psychiatric history data. This review in-
cluded seizure semiology, previous EEGs, clinical neuroimaging
reports, and all available medical records. On the basis of this re-
view, each patient was classified as having simple or complex sei-
zures of definite, probable, or possible temporal lobe origin, with
or without secondary generalization. Definite temporal lobe epi-
lepsy was defined by continuous video/EEG monitoring of spon-
taneous seizures demonstrating temporal lobe seizure onset.
Probable temporal lobe epilepsy was determined by a review of
clinical semiology with features consistent with complex partial
seizures of temporal lobe origin in conjunction with complemen-
tary evidence from interictal EEG (e.g., focal spike, sharp or slow
wave activity over the temporal lobe), neuroimaging (e.g., tempo-
ral lobe or hippocampal atrophy), and developmental and clini-
cal history (e.g., initial precipitating injuries such as complex fe-
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TABLE 1. Demographic Characteristics of Temporal Lobe
Epilepsy Patients and Comparison Subjects in a Study of
Negative Symptoms

Temporal Lobe

Epilepsy Comparison
Characteristic Patients (N=84) Subjects (N=74)
N % N %
Female 58 69 45 61
Mean SD Mean SD
Age (years) 37.0 11.4 34.0 12.7
Education (years) 12.9 2.2 13.5 2.4
Full-scale 1Q? 92.5 16.1 106.8 14.1
Age at onset of epilepsy (years) 15.9 11.7
Duration of epilepsy (years) 214 11.7

aSignificant difference between groups (t=5.9, df=155, p<0.05).

brile convulsions). Only patients who met the criteria for definite
and probable temporal lobe epilepsy proceeded to study partici-
pation; patients with possible temporal lobe epilepsy were ex-
cluded. The patients were interviewed, whenever possible, in the
presence of a family member or another person familiar with
their epilepsy history and clinical course. Medical records from
previous epilepsy-related treatments were also reviewed and ab-
stracted by an individual who was blinded to the MRI and neu-
ropsychological findings.

The selection criteria for the healthy comparison subjects in-
cluded 1) chronological age from 18 to 60 years, 2) either a friend,
significant other, or relative of the patient, 3) absence of current
substance abuse, medical, or psychiatric conditions that could af-
fect cognitive functioning, and 4) no current psychotropic medi-
cation use and no history of developmental learning disorder or
loss of consciousness >5 minutes. Informed consent was ob-
tained from each participant after the procedures were fully ex-
plained and questions were answered.

All participants underwent the following procedures: 1) stan-
dardized assessment of negative and positive symptoms, 2) com-
prehensive neuropsychological assessment, 3) high-resolution
quantitative MRI volumetrics, and 4) self-report of depressive
symptoms. Epilepsy patients also underwent the Structured Clin-
ical Interview for DSM-IV Axis I Disorders, Clinician Version
(SCID) to determine whether they had a lifetime history of mood
disorder. Table 1 provides the demographic and clinical features
of the epilepsy patients and the comparison group. The only sig-
nificant difference was a lower mean full-scale IQ in the temporal
lobe epilepsy group (t=5.9, df=155, p<0.05).

Assessments

Positive and negative symptoms. All patients and compari-
son subjects were observed and rated for positive and negative
symptoms by a trained investigator using the methods developed
by Andreasen and collaborators (Scale for the Assessment of Pos-
itive Symptoms [SAPS] [19]; Scale for the Assessment of Negative
Symptoms [SANS] [20]). As is the convention, each symptom item
was rated from absent (score=0) to severe (score=5). Items assess-
ing inattention were not scored because attentional measures
were included in the neuropsychological battery. The remaining
item categories included affective flattening, alogia, apathy, and
anhedonia.

Neuropsychological measures. Patients and comparison sub-
jects were administered a comprehensive neuropsychological
test battery that included standard clinical measures of intelli-
gence, language, visuoperceptual/spatial skills, memory, and ex-
ecutive functions. Table 2 lists the cognitive domains and specific
abilities assessed and the tests that were administered (21-27).
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NEGATIVE SYMPTOMS IN EPILEPSY

TABLE 2. Neuropsychological Tests Assessing Cognitive
Domains and Abilities in a Study of Negative Symptoms in
Patients With Temporal Lobe Epilepsy

Cognitive Domain or Ability Test
Intelligence
Verbal WAIS-III verbal IQ
Nonverbal WAIS-1lI performance 1Q
Composite WAIS-lI full-scale 1Q
Language

Confrontation naming
Verbal fluency

Boston Naming Test (21)
Controlled Oral Word
Association Test (22)
Visuoperceptual function: Judgment of Line Orientation
spatial judgment (23)
Memory
Verbal memory Wechsler Memory Scale,
3rd ed. (WMS-11I) auditory
memory (24)
Nonverbal memory WMS-III visual memory (24)
Executive function
Problem solving Wisconsin Card Sorting Test (25)
Working memory WMS-III working memory (24)
Speeded visuomotor processing  Trail Making Test (A and B) (26)
Motor dexterity/fine motor speed Grooved Pegboard test (27)

Quantitative MRI volumetrics. Images were obtained ona1.5-
T Signa scanner (General Electric, Milwaukee). Sequences ac-
quired for each subject included 1) T;-weighted, three-dimen-
sional spoiled gradient recall acquisition with the following pa-
rameters: TE=5, TR=24, flip angle=40, number of excitations=2,
field of view=26, slice thickness=1.5 mm, slice plane=coronal,
matrix=256x192; 2) proton density; and 3) To-weighted images
acquired with the following parameters: TE=36 msec (for proton
density) or 96 msec (for T2), TR=3000 msec, number of excita-
tions=1, field of view=26, slice thickness=3.0 mm, slice plane=
coronal, matrix=256x192, and an echo train length=8.

MRIs were acquired at the University of Wisconsin and trans-
ferred to the Image Processing Laboratory of the Mental Health
Clinical Research Center at the University of Iowa, where they
were processed by using a semiautomated software package
(Brain Research: Analysis of Images, Networks, and Systems
[BRAINS]) (28, 29). University of Iowa staff were blinded to the
clinical, sociodemographic, and neuropsychological characteris-
tics of the subjects. The T1-weighted images were spatially
normalized so that the anterior-posterior axis of the brain was
realigned parallel to the anterior commissure-posterior commis-
sure line, and the interhemispheric fissure was aligned on the
other two axes. A six-point linear transformation was used to
warp the standard Talairach atlas space onto the resampled im-
age. Images from the three pulse sequences were then coregis-
tered by using a local adaptation of automated image registration
software (30). After alignment of the image sets, the proton den-
sity and T, images were resampled into 1-mm cubic voxels, after
which an automated algorithm classified each voxel into gray
matter, white matter, CSE blood, or “other” (31). The brains were
then “removed” from the skull by using a neural network applica-
tion that had been trained on a set of manual traces (32). Manual
inspection and correction of the output of the neural network
tracing was conducted. A stereotaxic method based on the Talair-
ach atlas yields measures of the left and right frontal, temporal,
parietal, and occipital lobes and the cerebellum (33). The BRAINS
software and procedures have been shown to have high interrater
reliability, intrarater reliability, and scan-rescan reproducibility,
particularly for the MRI indices that are the focus of the current
study. MR regions of interest for this investigation included total
(supratentorial) tissue volume, total white and gray matter vol-
umes, and total CSF volume.
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FIGURE 1. Negative and Positive Symptoms? in Subjects
With Temporal Lobe Epilepsy and Healthy Comparison
Subjects

35 Subjects with temporal

lobe epilepsy (N=84
30 pilepsy ( )

I Comparison subjects (N=74)
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Percent of Subjects

One or More
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One or More
Negative Symptoms

SANS/SAPS Symptoms

2 Assessed with the Scale for the Assessment of Positive Symptoms
(SAPS) (19) and the Scale for the Assessment of Negative Symptoms
(SANS) (20).

Depression. Current self-reported symptoms of depression
were assessed with the Beck Depression Inventory. To determine
lifetime and current axis I DSM-IV mood disorders, epilepsy pa-
tients were assessed with the SCID. In addition, it was determined
whether any patients were exhibiting psychosis. None of the pa-
tients exhibited active psychosis; three had a past history of delu-
sional disorder.

Results

Negative and Positive Symptoms

Figure 1 shows the percentages of subjects exhibiting
negative and positive symptoms in the temporal lobe epi-
lepsy and comparison groups. A significantly greater pro-
portion of epilepsy patients presented with one or more
negative symptoms on the SANS (31.0% [N=26]), relative
to the healthy comparison subjects (8.1% [N=6]) (x?=13.9,
df=1, p<0.001). In contrast, there was no difference be-
tween groups in the proportion of subjects (9.5% [N=8]
versus 6.8% [N=5]) exhibiting one or more positive symp-
toms on the SAPS (x?=0.39, df=1, p=0.53).

For subjects with a total SANS score greater than 0, the
mean SANS total score for epilepsy patients was signifi-
cantly higher (mean=9.5, SD=8.2, range=1-28) than for the
comparison subjects (mean=2.3, SD=1.8, range=1-5) (t=
2.1, df=30, p<0.05). Of the 23 epilepsy patients with one or
more negative symptoms as per the SANS and no positive
symptoms as per the SAPS, 15 (65%) presented with affec-
tive flattening, 14 (61%) with alogia, five (22%) with anhe-
donia, and four (17%) with apathy.

Cognition, Quantitative MRI Volumes, and Mood

Of the 84 temporal lobe epilepsy patients, 26 received a
score exceeding 0 on the SANS. Three patients in this
group also received a rating of at least 1 on SAPS items rep-
resenting positive or disorganized symptoms, and they
were excluded to derive a temporal lobe epilepsy group

Am | Psychiatry 159:4, April 2002



with purely negative symptoms. These 23 patients with
negative symptoms were matched on gender, age, and
years of education with 23 epilepsy patients without nega-
tive symptoms and 23 healthy comparison subjects scor-
ing 0 on all global ratings from the SANS/SAPS. The two
patient groups were also matched on duration of epilepsy.
There were no significant differences between the two ep-
ilepsy groups in full-scale IQ, although both had signifi-
cantly lower full-scale IQ scores than the comparison sub-
jects. Chi-square analyses found no differences between
the two epilepsy groups in quantity of antiepileptic drug
use (monotherapy versus polytherapy) (x2=0.04, df=1, p=
0.85), presence or absence of initial precipitating insults
(x2=0.56, df=1, p=0.46), or percentage of subjects with pre-
scriptions for psychotropic medications (2=0.39, df=1, p=
0.53). One subject in each epilepsy group, with and with-
out negative symptoms, had medication levels exceeding
the normal therapeutic range; however, neither patient
exhibited signs of clinical toxicity. Demographic and clini-
cal characteristics of the two epilepsy groups and the
matched comparison group are presented in Table 3.

Neuropsychological status

Neuropsychological data were analyzed with a series of
one-way analyses of variance (ANOVAs) or equivalent
nonparametric tests for measures that demonstrated het-
erogeneity of variance. Table 4 provides the mean group
scores on the cognitive tests for the epilepsy patients with
and without negative symptoms and the healthy compar-
ison subjects. ANOVAs were significant for all cognitive
measures except the Wisconsin Card Sorting Test. Subse-
quent pairwise comparisons demonstrated a significant
effect of epilepsy on cognition. Both epilepsy groups had
impaired performance, relative to the comparison group,
across multiple neuropsychological measures. Specifi-
cally, the epilepsy patients with negative symptoms per-
formed significantly worse than the comparison subjects
on 14 of 16 cognitive measures, and the epilepsy patients
without negative symptoms performed significantly
worse than the comparison subjects on 10 of 16 measures,
with differences on three additional measures approach-
ing statistical significance (Table 4). It is important to note
that the epilepsy patients with negative symptoms per-
formed significantly worse than the epilepsy patients
without negative symptoms on seven measures, including
tests of nonverbal intelligence, visuoperception, speeded
visuomotor processing, and immediate and delayed de-
clarative memory. When analyses were repeated by using
the Beck Depression Inventory score as a covariate, only
the result for Trail Making Test B and the Wechsler Mem-
ory Scale auditory immediate summary score dropped
from statistical significance; however, differences re-
mained across the remaining measures. Thus, the epilepsy
patients with negative symptoms exhibited more perva-
sive cognitive deficits than the epilepsy patients without
negative symptoms, independently of the severity of de-
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TABLE 3. Characteristics of Temporal Lobe Epilepsy Patients
With Negative Symptoms, Matched Patients Without Nega-
tive Symptoms, and Healthy Comparison Subjects

Temporal Lobe Epilepsy

Patients
Without
With Negative Negative Comparison
Symptoms Symptoms Subjects
Characteristic (N=23)2 (N=23) (N=23)
N % N % N %
Female 15 65 15 65 15 65
Mean SD Mean  SD Mean SD
Age (years) 382 116 396 104 395 104
Education (years) 12.0 1.98 134 24 12.9 1.5
Full-scale IQb 86.4 14.0 922 143 1046 122

Age at onset of

epilepsy (years) 120 111 17.1 12.0
Duration of

epilepsy (years) 26.1  13.0 228 10.7

a Patients with no positive symptoms as assessed by the Scale for the
Assessment of Positive Symptoms (19) and one or more negative
symptoms as assessed by the Scale for the Assessment of Negative
Symptoms (20).

bsignificant difference between groups (F=10.93, df=2, 66, p<0.05).
No significant difference between epilepsy patients with and with-
out negative symptoms (t=—1.45, df=44, p=0.15).

pressive symptoms, suggesting that additional cognitive
morbidity was associated with the presence of negative

symptoms.

Quantitative MRI Volumetric Data

MRI volumetric data were analyzed by using multivari-
ate analysis of covariance (MANCOVA), with age, gender
and height as covariates. The overall MANCOVA was signif-
icant (Hotelling’s T, F=4.69, df=6, 82, p<0.05). Table 5 shows
the mean group brain tissue and CSF volumes for the tem-
poral lobe epilepsy and healthy comparison groups. Sub-
sequent pairwise comparisons demonstrated that MRI vol-
umetric differences between the epilepsy patients without
negative symptoms and the comparison subjects were re-
stricted to a lower total white matter volume in the epilepsy
patients without negative symptoms. However, the epi-
lepsy patients with negative symptoms exhibited broader
volumetric abnormalities relative to the comparison sub-
jects, with significantly smaller total tissue and white
matter volumes as well as a significantly higher total CSF
volume. In addition, compared to the epilepsy patients
without negative symptoms, the epilepsy patients with
negative symptoms had a lower total CSF volume, but the
difference did not reach significance. Reanalysis of MRI
volumetric data with Beck Depression Inventory scores as
a covariate did not alter the findings. Reanalysis of cogni-
tive and MRI data with the number of epilepsy medica-
tions as a covariate did not alter the findings.

Depression

As shown in Table 6, there was no significant difference
between the two epilepsy groups in self-reported depres-
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TABLE 4. Performance on Neuropsychological Tests of Temporal Lobe Epilepsy Patients With Negative Symptoms,
Matched Patients Without Negative Symptoms, and Healthy Comparison Subjects

Temporal Lobe Epilepsy Patients

Comparison
With Negative Without Negative Subjects Comparisons
Symptoms Symptoms (Group Q) Group A Group A Group B
(Group A) (N=23)2  (Group B) (N=23) (N=23) versus Versus Versus

Measure Mean SD Mean SD Mean SD  Group B (p)° Group C(p)° Group C (p)P
WAIS-III

Verbal 1Q 87.1 13.1 89.8 13.7 102.1 12.7 — <0.05 <0.05

Performance 1Q 87.7 16.5 96.9 15.4 107.0 11.2 <0.05 <0.05 <0.05
Boston Naming Test score 46.8 10.0 50.3 6.8 55.3 3.5 — <0.05 <0.05
Controlled Oral Word Association Test

(C,FL) score 27.7 8.5 304 10.4 38.1 12.3 — <0.05 <0.05
Judgment of Line Orientation score 20.4 6.3 23.7 5.3 252 4.0 <0.05 <0.05 —
Wechsler Memory Scale, 3rd ed., scores

Auditory immediate 91.5 22.3 101.1 12.8 110.1 10.3 <0.05 <0.05 <0.10

Auditory delayed 921 19.7 101.8 9.8 114.0 119 <0.05 <0.05 <0.05

Visual immediate 83.1 12.8 92.7 12.9 108.0 16.0 <0.05 <0.05 <0.05

Visual delayed 84.6 13.0 95.7 14.5 108.8 14.5 <0.05 <0.05 <0.05

Working memory 89.4 14.4 96.2 14.9 107.0 13.0 — <0.05 <0.05
Wisconsin Card Sorting Test

Categories 2.7 1.8 3.5 1.3 33 1.5 — — —

Perseverative responses 12.5 7.6 9.8 5.4 9.3 4.7 — — —
Trail Making Test A (seconds) 38.2 18.4 31.2 12.4 241 6.0 <0.10 <0.05 <0.10
Trail Making Test B (seconds) 100.3 59.3 76.6 23.6 56.6 19.5 <0.05 <0.05 <0.10
Grooved Pegboard test (seconds)

Dominant hand 97.5 38.0 85.6 253 664 114 — <0.05 <0.05

Nondominant hand 110.0 38.9 95.6 31.4 716 125 — <0.05 <0.05

a Patients with no positive symptoms as assessed by the Scale for the Assessment of Positive Symptoms (19) and one or more negative symp-
toms as assessed by the Scale for the Assessment of Negative Symptoms (20).

b Statistical test results (F values) available from authors.

TABLE 5. Volumetric MRI Measures of Temporal Lobe Epilepsy Patients With Negative Symptoms, Matched Patients With-

out Negative Symptoms, and Healthy Comparison Subjects

Temporal Lobe Epilepsy Patients

With Negative
Symptoms

Without Negative
Symptoms

Comparison
Subjects (Group C)

Comparisons

(Group A) (N=23)@  (Group B) (N=23) (N=23)
Group A Versus Group A Versus Group B Versus
Volumetric Measure (cm3)  Mean SD Mean SD Mean SD Group B (p)P Group C (p)P Group C (p)P
Total tissue volume 1049.7 211 1028.9 20.0 1092.9 21.0 — <0.05 —
Total gray matter 636.1 12.7 629.6 121 628.9 12.7 — — —
Total white matter 413.6 11.8 399.3 11.1 464.0 11.3 — <0.05 <0.05
Total CSF 106.5 11.0 133.1 10.4 86.7 10.9 <0.10 <0.05 —_

@ Patients with no positive symptoms as assessed by the Scale for the Assessment of Positive Symptoms (19) and one or more negative symp-
toms as assessed by the Scale for the Assessment of Negative Symptoms (20).

b Statistical test results (F values) available from authors.

sion (Beck Depression Inventory), but the epilepsy pa-
tients with negative symptoms had a modestly higher
mean Beck Depression Inventory score than the healthy
comparison subjects (t=2.5, df=44, p<0.05), although the
score was still not in the significantly depressed range.
Further, the two temporal lobe epilepsy groups did not dif-
fer from each other in current or lifetime rate of mood dis-
orders (32=0.99, df=1, p=0.99) or major depression (y3?=1.3,
df=1, p=0.95) according to a standardized psychiatric in-
terview (SCID). Further, none of the temporal lobe epi-
lepsy patients was psychotic.

Discussion

To our knowledge, this is the first comprehensive inves-
tigation of the prevalence of interictal negative and posi-
tive symptoms in long-term temporal lobe epilepsy and
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their neuropsychological and MRI correlates. The results
of this study demonstrate that negative, but not positive,
symptoms occur at a higher rate in patients with temporal
lobe epilepsy, relative to the rate in healthy comparison
subjects. In addition, the presence of negative symptoms
in temporal lobe epilepsy is associated with neuropsy-
chological deficits that exceed the cognitive morbidity as-
sociated with temporal lobe epilepsy in general. Finally,
relative to healthy comparison subjects, patients with
temporal lobe epilepsy and negative symptoms exhibited
greater volumetric abnormalities than patients without
negative symptoms.

Distribution of Negative and Positive Symptoms

Negative but not positive symptoms were more com-
mon in patients with temporal lobe epilepsy (31%) than in
healthy comparison subjects (8%). When negative symp-
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toms were present, they were also more severe in patients
with temporal lobe epilepsy (mean SANS score=9.5) than
in comparison subjects (mean=2.3). The elevated rate and
severity of negative symptoms were detected in patients
with long-term temporal lobe epilepsy who were nonpsy-
chotic, suggesting that negative symptoms are not un-
common in this patient population. The presence and
clinical implications of negative symptoms in patients
with long-term temporal lobe epilepsy appear to have
been overlooked.

Neuropsychological Correlates
of Negative Symptoms

All subjects underwent comprehensive neuropsycho-
logical assessment, and, as expected, there were signifi-
cant differences between the patients with temporal lobe
epilepsy (with or without negative symptoms) and the
healthy comparison subjects. The cognitive effects were
relatively generalized in nature, evident across measures
of intelligence, language, visuoperception, memory, as-
pects of executive functioning, and motor dexterity/
speed. Although at first it may be surprising that patients
with localization-related temporal lobe epilepsy exhibit
relatively widespread cognitive dysfunction, this pattern
has been reported previously in both children and adults
with temporal lobe epilepsy (34, 35).

However, additional cognitive morbidity was associated
with the presence of negative symptoms in temporal lobe
epilepsy. Compared to the epilepsy patients without nega-
tive symptoms, the patients with negative symptoms were
additionally impaired on tasks of nonverbal intelligence,
visuoperception, speeded visuomotor processing, and
memory. Thus, negative symptoms in temporal lobe epi-
lepsy appear to have functional implications beyond char-
acterizing interictal behavioral features. Overall, these
trends are consistent with reports in the literature on
schizophrenia (2, 3, 5). More generally, these findings sug-
gest that the presence of negative symptoms may contrib-
ute to the heterogeneity of cognitive functioning evident
in temporal lobe epilepsy.

Quantitative MRI Correlates
of Negative Symptoms

Relative to healthy comparison subjects, quantitative
MRI volumetrics demonstrated that temporal lobe epi-
lepsy patients with negative symptoms exhibited signifi-
cantly lower total (supratentorial) tissue volume, second-
ary to a significant lower volume of white but not gray
matter tissue, coupled with a correspondingly signifi-
cantly higher level of total CSE In contrast, the epilepsy
patients without negative symptoms exhibited more lim-
ited volumetric abnormalities, with lower total white mat-
ter volumes relative to healthy comparison subjects.
These findings are consistent with schizophrenia research
that has shown an association between negative symp-
toms and diffuse cortical atrophy (36). This diffuse atro-
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TABLE 6. Current and Lifetime Depression in Temporal
Lobe Epilepsy Patients With Negative Symptoms, Matched
Patients Without Negative Symptoms, and Healthy Com-
parison Subjects

Temporal Lobe Epilepsy

Patients
With Without

Negative Negative ~ Comparison

Symptoms  Symptoms Subjects
Depression Measure (N=23)2 (N=23) (N=23)

Mean SD Mean SD Mean SD
Beck Depression
Inventory scoreP 10.4 96 74 7.5 5.0 29

N % N % N %

Lifetime mood disorder 6 261 9 391
Lifetime major depression 4 174 6 26.1
Current mood disorder 2 87 1 4.3
Current major depression 1 43 1 4.3

a Patients with no positive symptoms as assessed by the Scale for the
Assessment of Positive Symptoms (19) and one or more negative
symptoms as assessed by the Scale for the Assessment of Negative
Symptoms (20).

bsignificant difference between epilepsy patients with negative
symptoms and comparison subjects (t=2.5, df=44, p<0.05).

phy is also consistent with the neuropsychological find-
ings described earlier, which were characterized by a
pattern of generalized cognitive abnormality.

Negative Symptoms and Mood

Within the schizophrenia literature, some have debated
whether negative symptoms and depressive symptoms
are distinct constructs. Although depression is, in general,
overrepresented among patients with epilepsy (18), we
found no differences between the temporal lobe epilepsy
patients with and without negative symptoms in either
current self-reported depression symptoms (Beck Depres-
sion Inventory) or current or lifetime major depression or
mood disorders as assessed by standardized clinical inter-
view (SCID). Thus, the higher rate and greater severity of
negative symptoms among the epilepsy patients were not
merely secondary to the effects of depressed mood. Fur-
ther, none of the patients or comparison subjects was ac-
tively psychotic, suggesting that the higher rate and
greater severity of negative symptoms were stable features
of their interictal behavior.

Study Limitations

Limitations of these findings should be noted. First, the
size of the study group was modest at the level of the sub-
group comparisons, particularly for comparisons of the
quantitative MRI volumetrics (N=16). It is possible that
more structural brain abnormalities could have been
identified in a larger group of patients. More detailed lobar
parcellations could also reveal regional structural abnor-
malities associated with negative symptoms in temporal
lobe epilepsy.

Second, although the frequency and severity of negative
symptoms were higher in the epilepsy patients, symptom
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severity was below that typically reported in schizophre-
nia. Whereas the temporal lobe epilepsy patients with
negative symptoms in our study had a mean SANS total
score of 9.5 (SD=8.2), schizophrenic patients have been
found to present with mean SANS scores as high as 42.4
(SD=26) (3). However, this finding was not unexpected,
given that our study group consisted of nonpsychotic tem-
poral lobe epilepsy patients. It is worth noting that the
mean SANS total score observed in the temporal lobe epi-
lepsy group was commensurate with findings in nonpsy-
chotic stroke patients (13).

The concept of negative symptoms has been developed
and extensively investigated primarily in relation to schizo-
phrenia. Some studies have suggested that the concept of
negative symptoms may be productively applied to neuro-
logical populations (patients with senile dementia of the
Alzheimer’s type, Parkinson’s disease, or stroke [13-15, 37]),
including patients with temporal lobe epilepsy, as we sug-
gest here. Similar to findings in schizophrenia (38), our
findings suggest that negative symptoms in temporal lobe
epilepsy are predictive of cognitive impairment and diffuse
brain abnormality. Nevertheless, additional studies are
needed to critically address the predictive significance and
validity of applying the construct of negative symptoms to
patients with temporal lobe epilepsy and other neurologi-
cal populations. If similar brain-behavior relationships re-
sult, they would suggest that the concept of negative symp-
toms represents a more ubiquitous construct that has
utility beyond the investigation of schizophrenia.

Finally, it is known that rates of comorbid psychiatric
conditions are higher among epilepsy patients with more
difficult-to-control seizures who ultimately present to ter-
tiary care centers or university-based clinics. Thus, the
rate of negative symptoms in temporal lobe epilepsy re-
ported here may exceed rates evident in community-
based groups, but this remains to be determined.

Conclusions

Patients with long-term temporal lobe epilepsy exhib-
ited a higher frequency and greater severity of interictal
negative but not positive symptoms, relative to healthy
comparison subjects. Negative symptoms were not asso-
ciated with psychosis, current depressive symptoms, or
history of mood disorders or major depression. Negative
symptoms were also found to occur independently of a
broad range of clinical epilepsy variables, including age at
onset of recurrent seizures, duration of epilepsy, features
of antiepilepsy drug use (monotherapy versus polyther-
apy), use of psychotropic medications, and presence of
early initial precipitating injuries. As such, these findings
suggest that a distinct subset of patients with long-term
temporal lobe epilepsy present with negative symptoms
as a stable feature of their interictal behavior. The pres-
ence of negative symptoms was found to have implica-
tions for cognition (2) and brain structure (38, 39). Nega-
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tive symptoms were associated with cognitive morbidity
beyond that associated with temporal lobe epilepsy, par-
ticularly in the areas of nonverbal intelligence, speeded
cognitive processing, memory, and aspects of executive
function. In addition, quantitative MRI volumetrics re-
vealed that patients with negative symptoms exhibited
more diffuse cerebral atrophy.

Long-term temporal lobe epilepsy is a disorder that is
often but not inevitably associated with an increased risk
of psychosocial complications, including unemployment,
decreased social interaction, problematic independent
living, and dependence on government support. We plan
to investigate the broader social and functional conse-
quences of negative symptoms. In addition, it remains to
be determined whether there are features of the course or
etiology of epilepsy that predispose patients to negative
symptoms. A clearer characterization of the cause and
consequence of negative symptoms will improve under-
standing of the interictal complications of temporal lobe

epilepsy.
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