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Abstract .

Standard temporal resection in the left hemisphere carries the risk of postoperative naming ability decline, especially with later
epilepsy onset age/absence -of hippocampal sclerosis. Language mapping has been performed routinely at some centers to minimize
postoperative primary language impairment, but its effect on changes in naming performance has not been explored. This study examined
naming outcome in 24 patients with nonlesional epilepsy who had left temporal resection after extraoperative language mapping. The
mean decline in Boston Naming Test (BNT) score was 7.8, and 13 (54%) patients had a BNT decline greater than the Reliable Change
Index. Simple correlations found significant relationships between BNT score decline and: later onset age, higher preoperative BNT
score, and resection of isolated language sites. A multiple regression analysis showed that onset age was the best predictor of BNT
decline. Although naming ability in patients with early onset age is stable with language mapping, there is still a risk of decline for those
with later onset age.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction later epilepsy onset age and/or absence of
hippocampal sclerosis (HS).

Mapping of language areas has been used as a
technique to minimize the risk of producing primary
language dysfunction after, surgery in " the dominant
hemisphere. Mapping may be intraoperative [13-15]
or extraoperative [16,17], the latter allows ictal EEG
monitoring so that the procedure is then tailored to
maximize the resection while preserving functional
areas. Mapping has revealed that language sites can be
quite variable in distribution, and not confined to the
classic well-demarcated language areas [13-15]. Some
studies have suggested that tailored resections may
also result in naming decline, and again, although
group comparisons suggest no or modest risk [4,5,16],
there is evidence that for these cases to a subgroup is

Anterior temporal lobectomy .(ATL) in the hemi
sphere dominant for language carries risks for
impairing language function, specifically naming
ability, after surgery, even in the absence of gross
aphasic symptomatology [1-11]. Other aspects of
language function such as fluency and comprehension
seem to be spared [1,12]. Reports of the results for
naming following ATL have shown that although
group comparisons often demonstrate no or modest
decline [2,3,6], a subgroup of patients is at risk for
decline. A risk factor for decline is
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We examined naming outcome in patients undergoing
tailored left temporal resection with language mapping.
The resection was based on cortical mapping of primary
language cortex with the objective of avoiding
postoperative aphasia. We hypothesized that, if these
patients undergo a naming decline, the same risk factor
(i.e., onset age) may be relevant as for standard resection.
This study was a retrospective analysis.

2. Material and methods

The patient sample was taken from a population of
patients with intractable epilepsy undergoing left,
language-dominant temporal resection after placement of
a subdural electrode grid with extraoperative mapping of
language cortex. The following criteria were required: left
hemisphere dominance for language as evaluated with an
intracarotid ~ amobarbital ~ procedure;  pre-  and
postoperative neuropsychological testing including the
Boston Naming Test (BNT); full scale 1Q (FSIQ).> 69;
and no lesion on magnetic resonance imaging (MRI)
apart from changes consistent with HS. MRI volumetry
or spectroscopy was not performed. Seven patients had
MRI evidence of HS. Onset age refers to onset of unpro-
voked seizures.

2.1. Neuropsychological testing

Neuropsychological testing was performed
preoperatively and 6 to 8 Months postoperatively. A
comprehensive battery of tests was ¢ administered,
including tests of language function, intelligence, and
memory. For the purposes of this study the 60-item BNT
was used [19].

2.2. Language mapping technique

Language mapping was performed extraoperatively via
a subdural electrode array. A minimum of two sessions
were scheduled following clarification of the area of the
ictal onset. The objective of the mapping was to locate
areas that, when stimulated, consistently produced
language, errors. The stimulation procedure involved
engaging the patient in ongoing speech tasks such as
counting, reciting a nursery rhyme, and naming. the
months of the year, and noting any errors that occurred
when the stimulation was applied. Errors ranged from
complete speech arrest. to paraphasic responses or errors
of sequencing. More recent cases were administered a
more formal language protocol that tested automatic
speech, naming; auditory comprehension, reading, and
repetition on every stimulation trial. Data from this
protocol were available for 12 patients. For the purposes.
of this study, language sites were then. identified on the
basis of consistent stimulation interruption of any one of
these modalities.

2.3. Surgical technique
The craniotomy was always performed with general
anesthesia. At the first procedure, a subdural grid was
placed on the convexity of the hemisphere to ensure
good coverage of frontal and temporal convexity cortex.
In addition, subdural strip electrodes were placed beyond
the edges of the grid to cover subtemporal, anterior
frontal, and subfrontal areas. Recording and stimulation
studies were then undertaken over the following days.
The second procedure was performed after completion
of language mapping and delineation of the area of ictal
onset. The aim was to resect areas identified .as
significant for ictal onset and to spare the temporal
language area. This area was defined as a cluster of sites
where consistent language errors were demonstrated in
response to stimulation. Occasionally isolated single
language error sites, or sites where errors were
inconsistently recorded, were identified. These sites were
typically surrounded by large areas of silent cortex and we
have considered them anomalous and not essential for
language function. Thus, they were not spared in the
resection if they were within the area of ictal onset.
Surgically, the lateral temporal cortex was resected
first, and, unless memory function was considered to be
at risk, mesial structures were then resected by aspiration.
The fragments of the mesial structures were submitted
for histopathological examination which did not allow
detailed study of neuronal loss within specific sectors of
Ammon's horn. Mesial structures were not resected in
seven cases.

2.4. Data analysis

Simple bivariate correlations (Pearson r for continuous
variables and Speannan p for noncontinuous variables)
were used to examine relationships between BNT score
change and predictors. Variables considered were: onset
age, chronological age, FSIQ, preoperative BNT score,
extent of lateral temporal resection, distance from the
edge of the resection to the closest language site, distance
from the temporal pole to the most anterior temporal
language site, resection of any isolated language sites,
resection or preservation of hippocampus, and presence
of any language sites on the edge of the grid.
Presence/absence of HS was not included in the analysis
because the imaging certainly underestimated the number
of patients with HS, and we did not have
histopathological ~ confirmation  of  hippocampal
pathology.

Meaningful change in the BNT score was evaluated
with the reliable change index (RCI). RCIs provide an
index of reliable alteration in test performance, changes
that cannot be attributed to common sources of
measurement error inherent in test-retest designs (e.g,
practice effect, regression to the mean). These indexes
.are
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derived from the assessment of epilepsy patients who
were tested twice but did not undergo surgery. The
decline necessary to exceed the 90th %centile. of the RCI
is 5 for the BNT [20].

Finally, a multiple regression analysis with backward
entry of variables was undertaken. The dependent variable
was change in BNT score and the independent variables
were those found to have significant relationships with
BNT decline.

Seizure outcome was evaluated according to the
classification of Engel et al. [21].

3. Results

Twenty-four patients were identified who met the
inclusion criteria. Details are given in Table 1. None was
clinically dysphasic postoperatively.

3.1. Mapping findings

The mean number of temporal language sites was 0.5.
For males the mean was 7.7, and for females, 4.1 (t test of
independent samples, NS). There was no significant
correlation between the number of language sites and age
of epilepsy onset (r = 0.01, NS). Also, there was no -
significant  correlation between distance from the
temporal pole to the most anterior language site and age
of onset (r = -0.04, NS).

3.2. Naming outcome

The mean change in BNT score was -7.8. Significant
correlations were found between . BNT decline and
preoperative BNT score (r = -0.57, P < 0.01), onset age
(r =-0.54, P < 0.01), and resection of isolated

Table 1

Patient data: Continuous variables, mean (SD)

N 24

Sex M/F 15/9

Seizure outcome: Engel class 1 15 (63%)

Chronological age (years) 28.0 (11.89)

Onset age (years) 13.8 (10.55)

FSIQ 93.1 (14.02)

BNT score before surgery 41.5 (11.62)

BNT score change -7.8 (12.60)

Extent of lateral resection (cm) 5.6 (1.63)

Distance from resection edge to 0.9 (0.93)
closest language site (cm)

Number of temporal language sites 6.5 (4.68)

Distance from temporal pole to most 6.5 (1.40)
anterior language site (cm)

Patients with any isolated language 'sites resected 5

Language sites on edge of grid .17

Resection of hippocampus 17

MRI evidence of HS
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Fig. 1. Onset age (years)

Scattergraph of pre- to postoperative change in BNT score versus
epilepsy onset age.

language sites (p = -0.48, P < 0.05). BNT decline was
associated with higher preoperative BNT scores, later
onset age, and resection of isolated language sites. The
pre- to postoperative change in BNT score by onset age
for individual patients is shown in Fig. 1. No significant
correlation was found between BNT score change and:
chronological age, number of temporal language sites,
extent of lateral temporal resection, FSIQ, distance from
the resection edge to the closest language site, distance
from the temporal pole to the most anterior language
site, or presence of language sites on the edge of the grid:

Thirteen (54%) patients had a BNT -decline greater
than the RCI. Decline was associated with higher preop-
erative BNT score, later epilepsy onset age, and resection
of isolated language sites. For those undergoing RCI
decline and those who did not, mean preoperative BNT
scores were 48.6 and 33.1 (t test of independent samples,
P < 0.01), mean onset ages were 19.1 and 7.5 years (t test
of independent samples, P < 0.01), and mean numbers of
isolated language sites resected were 0.7 and 0 (Fisher
exact test, P < 0.05)."

A multiple regression analysis with BNT score change
as the dependent variable and preoperative BNT score,
onset age, and resection/preservation of isolated language
sites as independent variables revealed preoperative BNT
score to be the only significant predictor of BNT score
decline (R2 = 0.38, F 4.23, P < 0.05). However; as
preoperative BNT score and BNT score change were
highly correlated (» = -0.57), higher preoperative BNT
score being associated with greater BNT decline, and this
is consistent with the absence of the syndrome of mesial
temporal lobe epilepsy (MTLE) [22,23], the - analysis was
repeated omitting preoperative BNT score as an.
independent variable. Epilepsy onset age was then found
to be the only significant
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predictor of BNT score decline (R? = 0.23, F=5.53,
P<0.05).

The median onset age was 14 years. The mean BNT
'change for onset age < 14. years was -9, and for >14
years, the mean change was -14 (t test of independent
samples, t = 3.5, P < 0.05). For onset age < 14 years, the
number undergoing BNT RCI decline was 3 (27%), and
for onset age > 14 years, the number undergoing RCI
decline was 10 (77%) (x2 = 5.92, P < 0.05).

The BNT score-change for patients rendered seizure
free, was -4.07, and for those not seizure free, -14.2 (t test
of independent samples, NS). RCI decline in those
rendered seizure free occurred in 6 of 15 (40%), and in
those not seizure free, in 7 of 9 (78%) (Fisher exact test,
NS).

3.3: Seizure outcome

Fifteen patients (63%) were in Engel class 1 at 1 year
after surgery, five were in class 2, and. three were in class
4.

4. Discussion

The present study finds evidence for decline in
naming ability, as measured by a confrontation naming
task, after tailored temporal resections performed with
extraoperative language mapping. Relevant to the naming
decline were higher preoperative BNT score and later age
of epilepsy onset. While resection of isolated language
sites initially appeared to be correlated with naming
decline, subsequent analysis revealed that this was no
longer a significant predictor. Other mapping-associated
factors such as the extent of the lateral temporal resection
and the location of language sites in relation to the
resection were not associated with naming decline.

Standard anatomical resections such as ATL and
selective amygdalohippocampectomy do not entail
language mapping, but remove fairly well-defined
anatomical structures (menial temporal structures) that
have been implicated in epileptogenesis by a combination
of the results of imaging studies and EEG monitoring.
For ATL, the resection is conservative with respect to
lateral temporal lobe, usually 4 to 4.5 cm posterior to the
pole, and this is based on the assumption that this will be
anterior to the typical location of language sites.

The aim of the tailored resection is to maximize the
resection of epileptogenic cortex while preserving
functional cortical areas. Proponents of language mapping
emphasize that language sites are not only variable in
location but also can be anteriorly placed on the temporal
lobe [14,16,24,25]. The approach to the surgical treatment
of a patient with temporal lobe onset seizures will differ
according to the philosophy of the particular epilepsy
surgery center. - -

4.1. Naming after standard temporal resection

Reports of the effects of ATL on naming have been
conflicting, and while group comparisons often show no
or modest decline [2,3,6,7], it is possible to identify a
subgroup that may be at risk, the size of this subgroup
depending on the method used to identify meaningful
decline [8,10,12]. Hermann et al. employed as a criterion a
test-retest decline exceeding the greatest decline for a
right, nondominant resection, and found that about 7%
of the patients undergoing left, dominant ATL exceeded
this value [8]. Langfitt and Rausch, using the BNT,
considered a change in language performance exceeding
one standard deviation as meaningful, and found that
25% of left ATL patients exhibited such a decline [10].
Using RCI values as indicators of meaningful decline,
Davies et al. found that 39% of patients exceeded this on
the BNT and 17% on the Visual Naming subtest of the
Multilingual Aphasia Examination [12]. RCIs are indices
derived from the assessment of epilepsy patients who
have been tested twice but did not undergo surgery and
provide an index of reliable alteration in test performance
that cannot be attributed to common sources of
measurement error inherent in test-retest designs, such as
practice effect and regression to the mean [20,26]. This is,
of course, not synonymous with a clinically significant
decline, which has not been established. In fact, there is
evidence of no clear relationship between postoperative
change. in confrontation naming and subjective change in
naming abilities [27]. It is possible that an auditory
naming task may be a more accurate measure of
subjective difficulties [28,29].

Published studies have shown that the subgroup at
increased risk for naming decline will tend to have later
epilepsy onset age [8,30], absence of eatly risk factors (*5
years) for epilepsy [1,11], and absence of HS [12], all
features of the absence of the syndrome of MTLE [31,32].
MTLE is defined by eatly onset age of recurrent seizures
and/or early risk factors for epilepsy (e.g., febrile
convulsions) and by MRI findings suggestive of HS
(unilateral atrophy) or with frank HS on histopathological
examination. Typical onset ages have been found to be 7
years for those patients with HS and 20 years. for those
without HS [33]. Thus, for standard ATL. without
mapping, the presence of the syndrome of TLE confers.
stability, an association that applies not only to naming but
also to memory [34]. The implication is that the absence of
sclerosis indicates the presence of functioning structures,
including -hippocampus, and their removal results in loss
of function. '

Also of interest is a report by Bartha et al. of naming
decline after selective amygdalohippocampectomy, a
standard resection procedure that spares lateral temporal
cortex. These authors also showed a decline in naming
ability in some patients, and later epilepsy onset age was a
risk factor [35].
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4.2. Naming after tailored resections

Some studies have reported declines in naming ability
after tailored resections. Swanson et al. [18], using the
same criterion as Hermann et al. [8], found a naming
decline in 8% of patients after resection with language
mapping, a figure similar to that for the standard ATL.
Furthermore, in a multicenter comparison of naming
outcome in patients who had had standard temporal
resection (with sparing or resection of superior temporal
gyrus) versus those who had language mapping and
tailored resection (with intra- or extraoperative mapping),
there was no difference with respect to naming outcome.
[30]. All groups underwent a similar RCI decline. The
predictors of decline for all groups were later age of onset
and more extensive resection of lateral temporal cortex.
These findings 'suggest that for tailored resections, factors
apart from language mapping maybe relevant for naming
outcome.

In the present study we initially found significant
relationships between BNT score decline and higher
preoperative BNT score, later epilepsy onset age, and
resection of isolated language sites. The multiple
regression analysis initially showed that preoperative
BNT score was the only significant predictor of BNT
score change. However, higher preoperative BNT score is
consistent with absence of the syndrome of MTLE, as
reported previously [22,23], and these patients are known
to undergo greater BNT declines. When the analysis was
repeated omitting preoperative BNT score as an
independent variable, onset age emerged as the only
significant predictor of BNT score change. Resection of
isolated language sites was no longer a significant
predictor. We believe that this supports our
interpretation of these sites as not essential for language
integrity, although the study of additional cases is
necessary to fully evaluate the significance of these sites.

4.3. Mechanism of naming decline after temporal
resection

Naming has classically been considered. to be
dependent on lateral temporal neocortical function [36],
although localization of the naming function has proved
to. be quite elusive. Some studies have demonstrated
relationships between naming and hippocampal structure
and function [37-40]. It has not been clear whether the
naming decline after ATL is due to resection of mesial
structures directly involved in naming, or whether earlier
onset of epilepsy may result in intrahemispheric
reorganization of language in the lateral temporal lobe,
with the decline in naming then following the lateral
temporal resection. Functional imaging studies have
suggested a contribution of the mesial temporal lobe to
naming: Spitzer et al. showed left mesial temporal
activation. with a picture naming task [39], and Sawrie

et al. demonstrated with MR spectroscopy that the
language-dominant hippocampus is a component of the
visual confrontation naming network [37]. The report of
Bartha et al, showing naming decline after selective
amygdalohippocampectomy and greater decline with later
onset age, also supports the view that mesial temporal
structures and/or their connections are involved in the
mediation of naming [35]. .

Support for intrahemispheric reorganization of
language function comes from mapping studies that
show a relationship between epilepsy onset age and the
location of language sites in the temporal lobe. Devinsky
et al. [24] and Schwartz et al. [25] found that patients
with ecarlier onset age tended to have more anteriorly
placed sites, potentially within the 'resection line of a
standard ATL. This is the reverse of what may be
expected if these sites are essential to language function:
typically, patients with earlier onset age remain stable
with respect to naming after ATL. It is, however,
possible that these sites represent duplication of function,
as a consequence of reorganization of function
secondary to an eatly insult. The present study did not
find such a relationship: we found no significant
correlation between onset age and the distance of the
most anterior language site from the temporal pole.

We have found decline in naming ability in a group of
patients undergoing temporal resection after language
mapping. Higher preoperative BNT score and epilepsy
onset age were important in predicting this decline.
These results underscore the unique nature of the
naming function in relation to spontaneous expressive
speech, repetition, and auditory comprehension.
Naming, whether in response to visual or auditory
stimuli, appears to represent a different level of language
processing that may require integration of lateral
temporal and mesial temporal functions anatomically
distinct from primary language cortex. Thus, while
tailored resection continues to be a valuable technique in
the management of focal epilepsy by permitting
maximum resection-and minimizing risk to primary
language functions, it is not useful in predicting the
degtree of naming difficulty postoperatively.

References.

[1] Saykin AJ, Stafiniak P, Robinson L], et al. Language before and
after temporal lobectomy: specificity of acute changes and relation
to-early risk factors. Epilepsia 1995;36:1071-7.

[2] Davies KG, Maxwell 'RE, Beniak TE, Destafney E, Fiol ME.
Language function after temporal lobectomy without stimulation

mapping of cortical function. Epilepsia 1995;36:130-6.

[3] Davies KG. Language function after temporal lobectomy without

-stimulation mapping of language function [letter]. Epilepsia
1995;36:1164-5.

[4] Hermann BP, Wyler AR. Effects of anterior temporal lobectomy

on language function: a controlled study. Ann Neurol
1988;23:585-8.



278 K.G.Davies et al. / Epilepsy & Behavior 7 (2005) 273-278

[5] Hermann BP, Wyler AR. Comparative results of dominant
temporal lobectomy under general or local anesthesia: language
outcome. J Epilepsy 1988;1:127-34.

[6] Hermann BP, Wyler AR, Somes G. Language function following

anterior temporal lobectomy. J Neurosurg 1991;74:560-6.

[7] Hermann BP, Wyler AR. Temporal lobectomy and language. '
function [letter]. J Neurosurg 1991;75:830-1. -

[8] Hermann BP, Wyler AR, Somes G, Clement L. Dysnomia after

left anterior temporal lobectomy without functional mapping:

frequency and correlates. Neurosurgery 1994;35:52-6. discussion

56-7.

Hermann BP, Wyler AR. Language function, temporal lobe
epilepsy, and anterior temporal lobectomy. In: Wyler AR,
Hermann BP, editors. The surgical management of epilepsy. Bos-
ton: Butterworth-Heinemann; 1994. p. 208-16.

[10] Langfitt JT, Rausch R. Word-finding deficits persist- after left
anterotemporal lobectomy. Arch Neurol 1996;53:72-6.

[11] Stafiniak P, Saykin AJ, Sperling MR, et al. Acute naming deficits
following dominant temporal lobectomy: prediction by age at 1st
risk for seizures. Neurology 1990;40:1509-12.

[12] Davies KG, Bell BD, Bush AS, Hermann BP, Dohan Jr FC, Jaap
AS. Naming decline after left anterior temporal lobectomy
correlates with pathological status of resected hippocampus.
Epilepsia 1998;39:407-19.

[13] Ojemann GA. Individual variability in cortical localization of

language. J Neurosurg 1979;50:164-9.

[14] Ojemann G, Ojemann J, Lettich E, Berger M. Cortical language
localization in left, dominant hemisphere: an electrical stimulation
mapping investigation in 117 patients. J Neurosurg 1989;71:316-
26.

[15] Ojemann GA. Intraoperative electrocorticography and functional
mapping. In: Wyler AR, Hermann BP, editors. The surgical
management of epilepsy. Boston: Butterworth-Heinemann; 1994.
p. 189-96.

[16] Davies KG, Maxwell RE, Jennum P, et al. Language function
following subdural grid-directed temporal lobectomy.'Acta Neurol
Scand 1994;90:201-6.

[17] Liiders HO, Awad I, Wyllie E, Schafi3er L. Functional mapping
of. language abilities with subdural electrode grids. In: Wyler AR,
Hermann BP, editors. The surgical management of epilepsy. Bos-
ton: Butterworth-Heinemann; 1994. p. 70-7.

[18] Swanson SJ, Lisk LM, Morris GL, et al. Language function
following temporal lobectomy with functional mapping [abstract].
Epilepsia 1994;35(Suppl..8):103.

[19] Kaplan E, Goodglass H, Weintraub S. Boston Naming Test.
Philadelphia: Lea & Febiger; 1983.

[20] Sawrie S, Chelune G, Naugle R, Luders H. Empirical methods for
assessing meaningful neuropsychological change following epi-
lepsy surgery. J Int Neuropsychol Soc 1996;2:556-64.

[21] Engel Jr J, Van Ness PC, Rasmussen TB, Ojemann LM. Outcome
with respect to epileptic seizures. In: Engel Jr J, editor. Surgical
treatment of the epilepsies. 2nd ed. New York: Raven Press;

[9

[

1993. p. 609-22.

[22] Hermann BP, Seidenberg M, Schoenfeld J, Davies K. Neuropsy-
chological characteristics of the syndrome of mesial temporal lobe
epilepsy. Arch Neurol 1997;54:369-76.

[23] Seidenberg M, Hermann B, Wyler AR, Davies K, Dohan Jr FC,
Leveroni C. Neuropsychological outcome following anterior
temporal lobectomy in patients with and without the syndrome

of mesial temporal lobe epilepsy. Neuropsychology 1998;12:303-
16.

[24] Devinsky 0, Perrine K, Llinas R, Luciano DJ, Dogali M. Anterior
temporal language areas in patients with early onset of temporal
lobe epilepsy. Ann Neurol 1993;34:727-32.

[25] Schwartz TH, Devinsky 0, Doyle W, Perrin K. Preoperative
predictors- of anterior temporal language areas. J Neurosurg
1998;89:962-70.

[26] Hermann BP, Seidenberg M, Schoenfeld J, Peterson J, Leveroni
C, Wyler AR. Empirical techniques for determining the reliability,
magnitude, and pattern of neuropsychological change after epilepsy
surgery. Epilepsia 1996;37:942-50.

[27] Davies KG, Bell BD, Hermann BP, Dohan Jr FC. Self-reported
naming ability following left anterior temporal lobectomy: absence
of relationship to change in confrontation naming scores [abstract].
Epilepsia 1999;40(Suppl. 7):52.

[28] Hamberger MJ, Tamny TR. Auditory naming and temporal lobe
epilepsy. Epilepsy Res 1999;35:229-43.

[29] Hamberger MJ, Goodman RR, Perrine K, Tamny T. Anatomic
dissociation of auditory and visual naming in the lateral temporal
cortex. Neurology 2001;56:56-61.

[30] Hermann BP, Perrine K, Chelune GJ, et al. Visual confrontation
naming following left anterior temporal lobectomy: a comparison of
surgical approaches.. Neuropsychology 1999;13:3-9.

[31] Engel Jr J. Update on surgical treatment of the epilepsies.
Summary of the Second International Palm Desert Conference on
the Surgical Treatment of the Epilepsies (1992). Neurology
1993;43:1612-7."

[32] Wieser HG, Engel IT, Williamson PD, Babb TL, Gloor P.
Surgically remediable temporal lobe syndromes. In: Engel Jr J,
editor. Surgical treatment of the epilepsies. 2nd ed. New York:
Raven Press; 1993. p. 49-63.

[33] Davies KG, Hermann BP, Dohan Jr FC, Foley KT, Bush AJ, Wyler
AR. Relationship of hippocampal sclerosis to duration and age of
onset of epilepsy, and childhood febrile seizures in temporal
lobectomy patients. Epilepsy Res 1996;24:119-26.

[34] Sass KJ, Westerveld M, Buchanan CP, Spencer SS, Kim JH,
Spencer DD. Degree of hippocampal neuron loss determines
severity of verbal memory decrease after left anteromesiotemporal
lobectomy. Epilepsia 1994;35:1179-86.

[35] Bartha L, Trinka E, Ortler M, et al. Linguistic deficits following
left selective amygdalohippocampectomy: a prospective study.
Epilepsy Behav 2004;5:348-57.

[36] McCarthy RA, Warrington EK. Cognitive neuropsychology. New
York: Academic Press; 1990.

[37] Sawrie SM, Martin RC, Gilliam FG, et al. Visual confrontation
naming and hippocampal function: a neural network study using
quantitative IH magnetic resonance spectroscopy. Brain
2000;123(Pt 4):770-80.

[38] Snyder PJ, Barr WB, Schaul N, Lieberman JA. Quantitative MRI
correlates of naming disorders in temporal lobe epilepsy [abstract].
Epilepsia 1994;35(Suppl. 8):102.

[39] Spitzer M, Kwong KK, Kennedy W, Rosen BR, Belliveau JW.
Category-specific brain activation in fMRI during picture naming.
Neuroreport 1995;6:2109-12.

[40] Wilson R, Sullivan M, deToledo-Morrell L, Stebbins G, Bennett
D, Morrell F. Association of memory and cognition in Alzheimer's
disease with volumetric estimates of temporal lobe structures.
Neuropsychology 1996;10:459-63".



