
Naming Outcome After Left or Right Temporal Lobectomy in
Patients with Bilateral Language Representation by Wada
Testing

Julie K. Janecek, PhD1, F. Scott Winstanley, PhD2, David S. Sabsevitz, PhD1, Manoj
Raghavan, MD, PhD1, Wade Mueller, MD3, Jeffrey R. Binder, MD1, and Sara J. Swanson,
PhD1

1Department of Neurology and the Comprehensive Epilepsy Center, Medical College of
Wisconsin, Milwaukee, WI, USA
2Department of Neurology and the Comprehensive Epilepsy Center, Yale University School of
Medicine, New Haven, CT, USA
3Department of Neurosurgery and the Comprehensive Epilepsy Center, Medical College of
Wisconsin, Milwaukee, WI, USA

Abstract
Objective—To examine language outcome after left or right anterior temporal lobectomy (ATL)
in epilepsy patients with bilateral language representation on intracarotid sodium amobarbital
(Wada) testing.

Methods—Twenty-two epilepsy patients with bilateral language (Wada laterality index between
−50 and 50) underwent right ATL (RATL, n = 10) or left ATL (LATL, n = 12). All patients were
administered the Boston Naming Test pre-operatively and six months post-operatively.

Results—LATL patients showed greater post-operative naming decline than RATL patients.
Group differences were also observed on subtests of the Wada test. Performance on the Wada
naming and comprehension subtests was better in the non-surgical hemisphere than the surgical
hemisphere in the RATL group, but there was no difference between the non-surgical and surgical
hemisphere naming and comprehension performance in the LATL group.

Conclusions—LATL patients with bilateral language are at greater risk for naming decline than
RATL patients with bilateral language. This difference may be due to relatively better naming and
comprehension abilities in the nonsurgical hemisphere in the RATL group.
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Anterior temporal lobectomy (ATL) is an effective treatment for intractable temporal lobe
epilepsy (TLE) [1, 2]. Language decline is a potential complication, particularly after ATL
in the language-dominant hemisphere [3–5]. Most post-operative language outcome studies
have focused on dominant-hemisphere ATL because naming decline is generally not
observed after nondominant-hemisphere ATL [5, 6]. Currently, little is known about post-
operative language morbidity in epilepsy patients with relatively symmetric or “bilateral”
language representation who undergo ATL. While it seems logical that having bilateral
language representation would entail less risk for decline after LATL than having left
language dominance, there have been conflicting reports regarding the relationship of
language dominance and naming outcome after LATL surgery. Sabsevitz et al. [7] found
that language lateralization toward the left hemisphere in LATL patients was associated with
poorer post-operative naming outcome, whereas patients with bilateral or right hemisphere
language dominance had less decline after LATL. In contrast, Kovac et al. [8] reported that
epilepsy patients with atypical language representation paradoxically had greater post-
operative naming decline after LATL than patients with left hemisphere language
dominance.

No one has yet examined whether Wada language lateralization indices (LIs) predict
outcome after RATL, as these patients usually have left hemisphere language dominance
and do not typically decline post-operatively. Bilateral language is relatively rare in patients
with a right seizure focus. Loring and colleagues [9] described a patient with bilateral
language on Wada testing who experienced transient aphasia after RATL. Jabbour and
colleagues [10] described two additional RATL patients with bilateral language who had
post-operative naming decline, and one who had post-operative verbal and non-verbal
memory decline, without naming decline. While these studies involved a small number of
patients, the results suggest that patients with bilateral language who undergo RATL may be
at risk for language decline.

The objectives of the present study were to assess the risk of naming decline in patients with
bilateral language on Wada testing, and to compare this risk in patients undergoing LATL
vs. RATL. The present study is unique in that a sample of patients with right seizure foci
and bilateral language has been identified. A third aim was to examine the hemispheric
representation of Wada language subtests to better understand whether differences in
language organization in RATL and LATL patients are related to differences in language
outcome.

Methods
Participants

Patients were selected from a consecutive series of 299 ATL patients who were treated in
the Medical College of Wisconsin Comprehensive Epilepsy Program between 1994 and
2012. Thirty-six of these patients (12%) had bilateral language based on Wada testing
(defined below). Of these, six were excluded because they had invalid Wada tests due to
obtundation, one was excluded because his full-scale IQ was 65, and seven were excluded
because they did not return for follow-up neuropsychological testing. The 22 remaining
patients met the following inclusion criteria: 1) valid preoperative Wada test indicating
bilateral language (Wada laterality index between −50 and 50), 2) preoperative and six-
month post-operative neuropsychological evaluation, and 3) full-scale IQ ≥ 70. This yielded
a sample of 10 RATL patients and 12 LATL patients.
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Wada testing
The Wada test was modeled after the procedure developed at the Medical College of
Georgia [11]. Baseline testing was performed 2 hours before the procedure. Amobarbital
was injected into the internal carotid artery ipsilateral to the seizure focus, and language
functions of the contralateral cerebral hemisphere were tested. All patients were initially
given 75mg of amobarbital followed by a saline flush. If they did not develop hemiplegia
and delta slowing on EEG they were administered 1–2 additional 25-mg boluses until
hemiplegia was obtained and delta slowing occurred. Thus, we used the minimal dose
necessary to produce hemianesthesia for the purpose of avoiding invalid test data due to
obtundation. The procedure was then repeated on the hemisphere contralateral to the seizure
focus. Counting disruption was numerically rated, as well as ability to follow two simple
midline commands just after injection. Language was assessed using measures of counting,
comprehension of commands, object naming, phrase repetition, sentence reading, and a
rating of paraphasic errors during the period of hemianesthesia. Return of motor function (or
resolution of hemiplegia) and cessation of delta slowing on EEG were used to determine the
duration of hemianesthesia. Only language trials obtained during the period prior to any
motor return in the contralateral upper extremity or resolution of delta on EEG (whichever
occurred first) were included in the language lateralization score. The scores for each
language task ranged from 0–3, with lower scores indicating a greater degree of impairment.
The total possible, or maximal obtainable, score therefore varied depending on the duration
of hemianesthesia. LIs were calculated as the difference between the percent of maximal
obtainable score in the inject right/test left condition and the percent of maximal obtainable
score in the inject left/test right condition. LIs ranged from +100 (indicating complete left
hemisphere dominance) to −100 (indicating complete right hemisphere dominance). Wada
language representation was categorized using a cut score of ±50, yielding the following
dominance categories: left (LI ≥ 50), right (LI ≤ −50), and bilateral (LI between −50 and
50). The application of a cut score is somewhat arbitrary because language lateralization
exists on a continuum. The rationale for using cut scores of ±50 has been described in detail
elsewhere [12 in press].

Neuropsychological measures
A comprehensive neuropsychological examination was administered to all patients both
before and six months after ATL surgery. The 60-item BNT was used to assess
confrontation naming [13]. The BNT consists of 60 black and white line drawings arranged
in increasing order of difficulty. Patients were shown each item and asked to name the
object. One point was given for each item correctly and spontaneously named or named
following semantic cueing.

Results
T-tests and Fisher’s exact tests were used to compare the groups on demographic and
clinical variables (see Table 1). A family history of left handedness was more common in
the RATL group than in the LATL group (p = .03). There was also a trend toward a greater
proportion of females in the RATL group. The groups differed significantly on Wada LI (p
<.01). This difference reflects the fact that language, while bilateral, was slightly better
represented in the hemisphere contralateral to the side of seizure focus for both the RATL
and LATL patients. However, the LIs were similar in absolute value (p = .23), and there was
no difference between groups with regard to Wada language scores in the surgical (p = .73)
or nonsurgical hemisphere (p = .33). Thus, the degree of lateralization toward the
nonsurgical hemisphere was equivalent in the two groups.
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The LATL group showed significantly greater pre-to post-operative BNT change than the
RATL group (p = .04). In the RATL group, only patient number 10 showed a decline in
BNT performance, and this decline was only 2 points, whereas 6/12 patients (patients 17–
22) demonstrated naming decline in the LATL group, including 3 who declined by 6 points
or more (see Table 2).

T-tests were used to investigate group differences on the Wada subtests of naming,
comprehension, repetition, and paraphasic errors. The RATL patients performed better on
the naming subtest than the LATL patients when the left hemisphere was tested (p < .01).
However, right hemisphere naming performance did not differ between the groups (p = .50).
There were no significant differences between the RATL and LATL groups on any other
Wada subtests (all p values >.05).

Repeated measures analysis of variance tests were performed to explore within-group
performance on the Wada subtests by hemisphere (ipsilateral or contralateral to the seizure
focus). As shown in Figure 1, the RATL patients performed better on the naming (p = .02)
and comprehension (p = .03) subtests in the non-surgical hemisphere (left) compared to the
surgical hemisphere (right). In contrast, the LATL group showed no significant differences
between the non-surgical (right) and surgical (left) hemispheres on naming or
comprehension subtests (both p values >.05). There were no significant differences in
repetition performance or number of paraphasic errors between the two hemispheres in
either group (all p values >.05).

Hemisphere (ipsilateral vs. contralateral) x group (LATL vs. RATL) interaction analyses
showed no significant interactions for Wada naming performance, repetition performance,
or paraphasic errors (all p-values > .05). However, a significant interaction (p < .05) was
observed between hemisphere and group for comprehension performance, suggesting that
the difference between ipsilateral and contralateral comprehension performance in the
RATL group is significantly greater than the difference between ipsilateral and contralateral
comprehension performance in the LATL group.

Discussion
This is the first study to systematically address naming outcome in a rare population of adult
epilepsy patients with right hemisphere seizure foci who have bilateral language
representation as determined by the Wada test. The results suggest that LATL and RATL
patients with bilateral language representation have subtle differences in language
organization. LATL patients with bilateral language representation tend to be at greater risk
for naming decline compared to RATL patients with bilateral language. In our sample, 50%
of the LATL cases declined on the BNT, and 25% showed a decline considered significant
using published reliable change indices (5 points or more [14]). In contrast, only one RATL
patient declined on the BNT, and only by two points. In fact, 80% of the RATL patients
showed some degree of improvement on the BNT (from 1 to 7 points), which has also been
reported in other postoperative RATL samples ([8, 15]).

One likely explanation for the observation that RATL patients with bilateral language in the
present study did not decline is that they have a left-lateralized semantic network, whereas in
the LATL group, the semantic network was more equally represented in both hemispheres.
This hypothesis is consistent with Wada subtest performances, which revealed that the
RATL patients had greater representation of naming and comprehension abilities in the non-
surgical hemisphere (left), whereas the LATL group had a more equal hemispheric
distribution of naming and comprehension abilities. Postoperative improvements in naming
in the RATL group are consistent with the contralateral improvement model of memory
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function after anterior temporal lobectomy, which suggests that contralateral improvement
in verbal memory after RATL is related to postoperative seizure control [16].

Drawing on the functional adequacy vs. functional reserve model of hippocampal
functioning and memory outcome [17], a similar theory for anterior temporal lobe
functioning and naming outcome can be postulated. Overall, RATL patients did not differ
from the LATL patients on Wada naming performance in the surgical hemisphere
(functional adequacy) or the nonsurgical hemisphere (functional reserve). However, within
the RATL group, Wada naming performance was significantly better in the non-surgical
hemisphere than the surgical hemisphere, whereas this difference was not observed in the
LATL group. Therefore, the RATL patients may have preserved postoperative naming
ability because of their relatively greater functional reserve in the nonsurgical temporal lobe,
whereas the LATL group declined because they did not have this protective nonsurgical
temporal lobe functional reserve.

The basis for these differences in language organization is unclear. From a developmental
perspective, familial handedness may shed light on the etiology of bilateral language
organization in the LATL and RATL groups. The majority of the LATL patients had no
family history of left handedness (83%), and were likely genetically predetermined to have
left hemisphere language dominance [18, 19]. With the development of left hemisphere
seizures, language likely reorganized, resulting in “pathological bilateral language.” In
contrast, the RATL group had a significant number of patients with a family history of left
handedness (70%), suggesting that they were more likely genetically predetermined to have
bilateral language representation [18, 19]. This may reflect a greater degree of “genetic
bilateral language,” and lesser pathological reorganization.

Language lateralization patterns in neurologically normal and epilepsy patients suggest that
most people are strongly left hemisphere language dominant, and those with atypical
language representation tend to be less strongly lateralized [18, 20]. One possibility is that
the LATL patients were originally more likely to be strongly left hemisphere dominant and
then shifted their language partly as a result of seizures, but naming skills remained in the
surgical hemisphere. This is consistent with the finding that naming is the least likely
language function to be represented in both hemispheres on the Wada test [21]. In contrast,
we believe that many of the RATL patients originally had atypical language representation,
given their family history of sinistrality, but like most individuals with atypical language,
were less strongly right-lateralized. While it is unclear whether the language functions of the
RATL group shifted to the left, or were never lateralized to the right hemisphere in the first
place, it is possible that these patients developed naming in the left (nonsurgical) hemisphere
rather than reorganizing naming to the left hemisphere.

The RATL group was also predominantly female (90%), while the LATL group was evenly
split (50% female). The significance of this trend is unclear, as some studies suggested that
women more frequently have bilateral language representation than men; however, gender
differences in language lateralization have not been consistently reported [22–24]. As
gender differences between the LATL and RATL groups only approached statistical
significance, we acknowledge that the predominance of women in the RATL group may be
a spurious finding. The potential interaction between gender, language dominance, and
seizure focus warrants further investigation.

Of note, our findings did not replicate the three previously published cases of language
decline after RATL [9, 10]. This may be due to the fact that the patients in the current study
had relatively symmetric language capabilities. In contrast, the RATL patient described by
Loring and colleagues [9] had primarily right hemisphere language dominance with only
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some counting ability in the left hemisphere, which may represent automatic speech
processes unrelated to naming or word retrieval. The strength of right hemisphere language
lateralization in the patients described by Jabbour et al.[10] is unclear, as details of the Wada
results were not reported for the 3/6 patients who declined after RATL. Patients with greater
right hemisphere language representation may be at greater risk for language decline after
RATL than those with bilateral language.

Though these results are preliminary, this study suggests that LATL patients with bilateral
language representation based on Wada testing are at greater risk for naming decline than
RATL patients with similar language lateralization relative to the surgical hemisphere.
Although both groups demonstrated bilateral language on their overall Wada laterality index
score, closer examination of the specific Wada subtests revealed distinct patterns of
performance, particularly on naming and language comprehension subtests. Naming and
language comprehension were more left-lateralized, or better represented, in the nonsurgical
hemisphere in the RATL group, but equally represented in the surgical and nonsurgical
hemispheres in the LATL group. Examination of Wada subtest scores may offer additional
diagnostic information in predicting potential language morbidity in patients with bilateral
language representation. This information is clinically important for counseling patients
regarding risk for cognitive morbidity prior to ATL.
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Highlights

• Naming decline is sometimes seen after LATL, but is infrequently seen after
RATL.

• Little is known about naming after LATL vs. RATL in cases with bilateral
language.

• We examined epilepsy patients with bilateral language who underwent LATL or
RATL.

• LATL patients showed greater post-operative naming decline than RATL
patients.
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Figure 1.
Wada Subtest Performance for RATL and LATL Patients, Showing Language Performance
in the Surgical and Nonsurgical Hemispheres.
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Table 1

Comparisons between RATL and LATL Patients with Bilateral Language

RATL (N = 10) LATL (N = 12) p value

Mean (SD) Mean (SD)

Age at testing, y 32.9 (10.9) 37.6 (12.4) .36

Sex, M/F 1/9 6/6 .07

Education, y 13.3 (3.0) 12.7 (3.8) .67

Handedness, R/L 6/4 9/3 .65

Family history of LH 70% 17% .03

Age at epilepsy onset, y 11.9 (10.1) 11.5 (6.9) .93

Epilepsy duration, y 21.1 (14.1) 26.2 (15.2) .43

MTS on MRI 60% 50% .99

FSIQ 90.9 (16.0) 89.5 (14.1) .83

Wada LI 23.8 (19.5) −10.2 (30.2) <.01

Absolute Value Wada LI 23.8 (19.5) 10.2 (30.2) .23

Wada score surgical hemisphere 45.9 (20.4) 49.2 (23.2) .73

Wada score non-surgical hemisphere 69.7 (27.5) 59.3 (21.6) .33

Pre-op BNT score 47.8 (8.2) 46.1 (6.3) .60

BNT change 1.8 (2.4) −1.5 (4.4) .04

RATL, right anterior temporal lobectomy; LATL, left anterior temporal lobectomy; y, years; LH, left handedness; MTS, mesial temporal sclerosis;
FSIQ, full scale IQ; LI, laterality index; BNT, Boston Naming Test
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