The Effect of Early Versus Late Onset of Temporal Lobe Epilepsy
on Hemispheric Memory Laterality : An Intracarotid Amobarbital

Procedure Study

Thirty-three temporal lobe epilepsy (TLE) patients, 19 left TLE and 14 right TLE,
underwent an intracarotid amobarbital procedure. For each patient, hemispheric
memory laterality was determined by measuring the relative magnitude of
recognition memory following left versus right hemisphere injection of sodium
amobarbital. The patients were divided into early and late seizure onset groups,
based on the median age (13 yrs) of seizure onset of the total sample. Early-
onset left TLE was associated with a greater tendency toward right hemispheric
representation of both verbal and visual memory compared with late-onset left
TLE. Early-onset right TLE was associated with a greater tendency toward left
hemispheric representation of visual, but not verbal, memory compared with
late-onset right TLE. These findings indicate that interhemispheric plasticity for
memory is greater in early than in late life, bidirectional, and at least partially
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INTRODUCTION

Wada (1) introduced the intracarotid amobarbital pro-
cedute (IAP), also known as the Wada test, as a tech-
nique for determining hemispheric language dominance.
This procedute involves injection of 100-200 mg of sodi-
um amobarbital, a short acting anesthetic, into the left
or tight internal carotid artety through a transfemoral
catheter. Language functions during the petiod of tem-
potaty inactivation of the injected hemisphere, usually
lasting 2-3 minutes, may reflect the opposite, noninjected
hemisphete. The IAP has proven to be a reliable method
of determining hemispheric language dominance, and it
is now a standard part of presurgical examination for
medically intractable temporal lobe and other focal epi-
lepsy patients.

Use of the IAP with focal epilepsy surgety candidates
has shown that a substantial propottion of these patients
shows atypical (ie., right or mixed) patterns of language
dominance. The incidence of atypical language domi-
nance is particularly high in those patients with eatly left
brain injuty (2, 3, 4). Thus, in a well-known IAP study
involving a large number of focal epilepsy patients (n=
396), Rasmussen and Milner (2) repotted that atypical
language dominance was found in 55% of those patients

559

Department of Rehabilitation Psychology,
Taegu University, 2288 Taemyung-dong,
Nam-gu, Taegu 705-714, Korea

Tel : (053) 650-8295, Fax: (053) 650-8259

with clinical evidence of eatly left brain injury but in only
9% of those without the evidence. The elevated incidence
of atypical language dominance in patients with eatly
than late left brain injury is thought to reflect greater
intethemispheric plasticity for language in the immature,
developing brain. Supporting evidence for greater intet-
hemisphetic plasticity for language in early age includes
relatively notrmal development of language following
eatly left hemispherectomy (5) and good prognosis for
childhood aphasics (6).

Milner et al. (7) adapted the IAP to include assessment
of hemispheric memory function. The memoty procedure
involves presentation of stimuli during the petiod of
amobarbital effects and testing memoty of the stimuli
after full recovery of functions. Temporal lobe epilepsy
(TLE) is commonly associated with pathological changes
in hippocampal formation (8), a region known to be
ctitical in memory. Previous IAP studies of TLE patients
(9, 10, 11) have found a significant association between
hemispheric memoty laterality and side of seizure onset.
The majority of left TLE patients have better right than
left hemispheric memory and the majortity of right TLE
patients show the reverse, ie., better left than right
hemispheric memory. Further, TAP memory asymmetries
in TLE patients atre significantly correlated with their
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MRI hippocampal volume asymmetries (10) ot hippo-
campal cell density (12). These findings indicate that an
epileptic, pathological hippocampal formation supports
memory less well than its more healthy, nonepileptic
countetpatt.

Although the effect of eatly versus late brain injuty
on hemispheric language lateralization has received much
attention, little attention has been given to the effect of
eatly versus late brain injuty on hemispheric memoty
lateralization. With this issue in mind, the present study
investigated the effect of eatly versus late onset of TLE
upon hemispheric memory laterality. Early-onset left TLE
is associated with a high incidence of atypical language
dominance (13), presumably reflecting greater interhemi-
spheric plasticity for language in eatly than in late life.
Given the close linkage between TLE and mesial
temporal lobe pathology, eatly-onset left or right TLE
may have a more direct effect upon hemisphetic memoty
lateralization than on hemispheric language lateralization.
Thus, on the hypothesis that interhemispheric plasticity
for memoty is greater in early than in late life, early-
onset left TLE should be associated with a greater
tendency toward right hemispheric memoty tepresenta-
tion compared with late-onset lefc TLE; eatly-onset right
TLE should be associated with a greater tendency toward
left hemispheric memoty representation compared with
late-onset right TLE.

MATERIALS AND METHODS

Subjects

Thirty-three patients with medically intractable TLE
(19 left TLE and 14 right TLE) who wete evaluated for
epilepsy surgery wete investigated. The seizure focus was
localized with prolonged intetictal and ictal video-EEG
recordings from scalp/sphenoidal electrodes. All subjects
also underwent magnetic resonance imaging (MRI), in-
terictal single-photon emission computed tomography
(SPECT) scanning as part of presurgical wotkup. When
results of scalp/sphenoidal EEG monitoting were incon-
clusive (n=9), the seizure focus was localized with EEG
from chronically implanted bilateral subdural strip
electrodes (14). Subjects with extratemporal lobe focl
were excluded. Table 1 lists demographic and clinical
characteristics of the sample. Twenty were men and 13
wetre women. Age at time of testing ranged from 11 to
41 years, with the mean of 26.017.4. The mean age
at seizure onset was 14.6£8.0. Mean Full Scale IQ (FIQ)
from the Korean version of the Wechsler Intelligence
Scales (K-WAIS; 15) was 80.8 =14.5 (available in 29 pa-
tients only).
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Intracarotid amobarbital procedure (IAP)

All subjects underwent IAP of both left and right
hemisphetes. All subjects gave their written informed
consent as requited by Keimyung University Hospital,
Taegu, Korea. IAP was conducted, with the patient
supine, immediately following angiography. Ptior to
amobarbital injection, the patient was informed that he
ot she would be presented with a series of words and
pictures. The patient was instructed to concentrate on
each word/pictute and to remember as many of them as
possible for a subsequent memory test. Amobatbital 125
mg in a 10% saline solution was injected into an internal
carotid artety using a transfemoral catheter over 4-5
seconds. In most patients, the side considered for resec-
tion was injected first. Left and right hemisphere injec-
tions wete done on the same day with a minimum of
40 minutes between the two injections.

Following demonstration of hemiplegia, the patient
was first presented with a series of language tasks. The
language tasks tested both exptessive (e.g., naming) and
comptehensive language functions (e.g., following a com-
mand). Patients were then presented with a seties of
memoty stimuli. For most injections, presentation of the
memoty stimuli was statted within 2 minutes of amo-
batbital injection. A total of 8 memoty stimuli was
presented : 4 verbal stimuli (2 concrete wotds, 2 shott

Table 1. Demographic and clinical characteristics of patients

Gender distribution

Male (n) 20

Female (n) 13
Handedness

Left (n) 3

Right (n) 30
Hemispheric language dominance

Left (n) 26

Mixed (n) 4

Right (n) 3
Wechsler Full-Scale 1Q*

Mean + SD 80.8 - 145
Education (yrs)

Mean + SD 11 +27
Seizure Onset

Left temporal lobe (n) 19

Right temporal lobe (n) 14
Age at testing (yrs)

Mean + SD 260 +74
Age at first seizure (yrs)

Mean + SD 146 + 80
Seizure duration (yrs)

Mean + SD 121 + 6.6

*This score was available in 29 patients only.
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sentences) and 4 visual stimuli (2 line drawings of com-
mon objects, 1 geometric figure, and 1 face photography).
Two different matched forms were used, one duting each
injection, countetbalanced across patients. Each stimulus,
both vetbal and visual, was mounted on a white sketch-
board and presented for 5-10 seconds within the visual
field ipsilateral to the hemisphere injected. Follow-up
memoty testing was petformed approximately 15 min-
utes after injection, after complete resolution of hemi-
plegia and return of language functions. Free recall was
assessed first, followed by recognition testing, using a
multiple choice format with three foils per item. Only
recognition was analyzed, and free recall was scored as
evidence of cotrect recognition.

Analyses wete done separately for vetbal and visual
stimuli. For each stimulus type, [AP Memory Laterality
score (max=4, min=-4) was computed as the number of
correct recognition after left hemisphere injection (i.e.,
when the right hemisphere was active) minus the number
of correct recognition after right hemisphere injection
(i.e., when the left hemisphere was active). Thus, a
positive scote indicated better memoty when the right
hemisphete was active and a negative scote indicated
supetior memory when the left hemisphere was active.
To analyze effects of seizure onset age on hemisphere
memory lateralization, eatly and late onset groups were
constructed by dividing the patients at the media age (13
yts) of seizute onset. Four subgroups resulted from this
classification: early-onset left TLE (n=9), late-onset left
TLE (n=10), eatly-onset right TLE (n=8), and late-onset
right TLE groups (n=0).

RESULTS

Effects of seizure onset side

The mean IAP Memoty Laterality score for left and
right TLE patients ate shown in Figure 1. The mean AP
Memoty Laterality scote for left and right TLE patients
wete significantly different when scores were based either
on verbal stimuli (t=4.48, p<.0001) or visual stimuli
(t=3.52, p<.01). For either stimulus type, the mean IAP
Memoty Laterality scote of the left TLE group was mote
positive than that of the right TLE group. Thus, side of
seizure onset had a significant effect on hemispheric
memory laterality of either stimulus type.

Effects of seizure onset age

The effects of seizure onset age on hemispheric memory
laterality wete investigated separately for lefc and right
TLE patients. Of left TLE patients, the mean IAP Memoty
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LTLE vs RTLE

Verbal (p<.0001)
ELTLE (n=19)
Stimulus BIRTLE (n=14)
type
Visual (p<.01)
1 1 1 ]
4 1 2 3

Left dominance Right dominance

IAP memory laterality

Fig. 1. The mean IAP memory laterality scores for left TLE vs
right TLE patients. Error bars represent standard errors.

Laterality scotes for eatly and late onset patients were
significantly different when scores were based either on
vetbal stimuli (¢=2.53, p<<.05) ot visual stimuli (t= 2.83,
p<.05). For either stimulus type, the mean IAP Memoty
Laterality scote of the eatly onset group was mote positive
than that of the late onset group (Fig. 2). Thus, eatly-onset
left TLE was associated with a greater tendency toward
right hemispheric representation of both verbal and visual
memoty compared with late-onset left TLE.

Early LTLE vs Late LTLE

Verbal (p<.05)
M Early LTLE (n=9)
Stimulus Late LTLE (n=10)
type
Visual

(p<.0%)

-4 -3 -2 -1 0 1 2 3

Left dominance Right dominance

IAP memory laterality

Fig. 2. The mean IAP memory laterality scores for early vs late
onset left TLE patients. Error bars represent standard errors.
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Early RTLE vs Late RTLE

Verbal (n.s.)
W Early RTLE (n=8)
Stimulus A Late RTLE (n=6)
type
Visual (p<.05)
1 1 1 ]
-4 1 2 3

Left dominance Right dominance

IAP memory laterality

Fig. 3. The mean IAP memory laterality scores for early vs late
onset right TLE patients. Error bars represent standard errors.

Of right TLE patients, the mean IAP Memoty Latet-
ality scotes for eatly and late onset patients were sig-
nificantly different when scotes wete calculated from
visual stimuli (¢=3.00, p<.05), but similar when they
were obtained from verbal stimuli (¢=.29, p>.70). For
visual stimuli, the mean IAP Memory Laterality score of
the eatly onset group was mote negative than that of
the late onset group (Fig. 3). Thus, early-onset right TLE
was associated with a greater tendency toward left
hemisphetic memory representation of visual, but not
verbal, memoty compared with late-onset right TLE.

DISCUSSION

The present results show that patterns of hemispheric
memory laterality for left and right TLE patients ate
significantly different. These findings are consistent with
existing evidence that side of seizure onset is a significant
determinant of hemisphetic memory laterality (9, 10, 11).
More impottantly, the present tesults indicate that age
of seizure onset also has a significant effect on hemi-
sphetic memoty laterality. Thus, eatly-onset left TLE was
associated with a greater tendency toward right hemi-
sphetic representation of both vetbal and visual memoty
compated with late-onset left TLE. Early-onset right TLE
was associated with a greater tendency toward left
hemisphetic representation of visual, but not vetbal,
memory compated with late-onset right TLE. These
findings lend suppott to the hypothesis that interhemi-
spheric plasticity for memory is greatet in eatly life and
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decreases with age. The findings also suggest that
intethemisphetic plasticity for memory may be bidirec-
tional, proceeding from left to right when left temporal
lobe is injured, and processing from right to left when
right temporal lobe is injured.

A comparison of the effects of left and right unilateral
temporal lobectomy has revealed certain material-specific
hemispheric specialization for memoty function (16): the
left mesial temporal structures for the learning and
retention of verbal material, and the right mesial tem-
poral structutes for the learning and retention of nonvet-
bal, visual material. According to this view, interhemi-
sphetic reorganization of memoty following eatly brain
injuty may also be matetial-specific. Thus, early left
temporal lesion may result in intethemisphetic reorga-
nization of vetbal, but not visual, memory; early right
temporal lesion may result in interhemispheric reorgani-
zation of visual, but not verbal, memoty. In the present
study, the effects of eatly-onset right TLE, but not
early-onset left TLE, on hemispheric memory laterality
was matetial-specific. In outr view, the effects of eatly-
onset left TLE on visual memoty laterality are best
attributed to easily vetbalizable nature of most present
visual stimuli (e.g., drawings of common objects). With
mote purely visual versus verbal stimuli, the effects of
early-onset left TLE on hemisphetic memory laterality
may be found to be material-specific.

Although we interpret the differential patterns of
hemisphetic memoty laterality for eatly versus late onset
patients as reflecting greater interhemispheric plasticity
in eatly age, alternative interptetations are, of course,
possible. For example, it may be suggested that the
present findings reflect greater structural destruction
associated with eatly- than late-onset TLE. Lack of MRI
volumetty data does not allow us to directly address chis
question. Howevet, it is relevant that IAP Total Memoty
score, defined as left injection score plus right injection
score, was not different for eatly- versus late-onset pa-
tients (¢=.67, p>.50). If early-onset TLE is, in fact,
associated with greater structural destruction and the
present findings reflect this factor only, overall IAP
memoty capacity may be significantly lower for eatly
than late onset patients. Thus, even if eatly-onset TLE
is associated with greater structural destruction compared
with late-onset TLE, it may not solely account for the
differential patterns of hemispheric memory laterality for
eatly versus late onset patients.

Another alternative interpretation for the present
pattetns of findings concerns the possible confounding of
hemisphetic memoty laterality with hemispheric language
dominance. In the present sample, 44% (4/9) of eatly-
onset left TLE patients, but only 20% (2/10) of late-onset
left TLE patients had atypical language dominance. It
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may be suggested that the differential patterns of
hemisphetic memoty laterality for early- versus late-onset
left TLE patients ate due to the differential incidence of
atypical language dominance. However, an elevated inci-
dence of atypical language dominance is part of the
phenomenon associated with eatly-onset left TLE (13).
Thus, exclusion of patients with atypical language domi-
nance from the present sample would have systematically
distorted the present results. Thus, any linkage between
memoty vetsus language lateralization, whether coinci-
dental or causal, may not undermine the present
conclusion that eatly-onset left TLE is associated with a
greater tendency toward right hemispheric memoty
reptesentation compared with late-onset lefc TLE.

In sum, clinical and experimental evidence indicates
that neural plasticity is greater in eatly life and decreases
with age. Prior IAP studies (2, 3, 4) indicated that intet-
hemisphetic plasticity for language may be greater in
eatly than in late life. The present result provides evi-
dence that interhemisphetic plasticity for memory may
also be greater in eatly than in late life. Thus, eatly-onset
left TLE was associated with a greater tendency toward
right hemispheric tepresentation of both vetbal and visual
memory compared with late-onset left TLE. Eatly-onset
right TLE was associated with a gteater tendency toward
left hemispheric tepresentation of visual, but not verbal,
memory compated with late-onset right TLE. These
results suggest that interhemispheric reorganization of
memoty following eatly brain injuty is bidirectional,
proceeding from right to left as well as from left to right.
The results also indicate that interhemispheric reorgani-
zation of memory is at least partially material-specific.
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