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Abstract
This case study reports the auditory findings in one patient with left temporal lobectomy.
Behavioral and electrophysiologic central auditory tests were administered just before and
1 week after surgical removal of the left anterior temporal lobe, including the amygdala
and portions of the hippocampus . The dichotic digits test and late auditory evoked potentials with P-300 showed marked improvement postoperatively, consistent with improved
central auditory function . Postoperative behavioral results on the dichotic digits test are
consistent with anatomic evidence that there are few, if any, auditory connections to the
anterior temporal lobe . Although electrophysiologic recordings improved postoperatively,
they are still considered abnormal . This case study illustrates the use of both behavioral
and electrophysiologic procedures for monitoring central auditory function .
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emporal lobectomy is considered a viable means of controlling intractable seiT zure disorder (~
Penfield and Flani 'n ,
1950). Since a major portion of the temporal lobe
is involved in auditory function, a number of investigators have studied the effect of the seizure
disorder or temporal lobectomy on a variety of
central auditory test procedures (Collard, 1984 ;
Berlin et al, 1975 ; Olsen, 1983 ; Kimura, 1961 ;
Oxbury and Oxbury, 1969 ; Mazzacchi and Parma, 1978). In these studies, central auditory system test results remained essentially the same,
became worse, or in some cases improved slight-

ly after temporal lobectomy. The test procedures
commonly used were dichotic listening tasks.
Improvement in test scores after temporal lobectomy was usually noted when the right hemisphere was involved ; decrements were usually
noted when the left side was involved (Olsen,
1983 ; Kimura, 1961 ; Oxbury and Oxbury, 1969 ;
Mazzucchi and Parma, 1978). We report on a patient with intractable seizures who demonstrated marked improvement on both behavioral and
electrophysiologic tests after left temporal
lobectomy.
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A

t the time of testing, this 20-year-old female patient had suffered from a generalized seizure disorder as well as occasional clonic
activity of the right arm since the age of three.
There was no history of either otologic or audiologic problems; however, it was reported that the
patient had difficulty following verbal directions. Early electroencephalography (EEG) data
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indicated focal slowing from the anterior left
temporal lobe region, but subsequent EEGs
showed some spread of activity to the
mid/posterior left temporal lobe, as well as additional involvement of the left frontal lobe and
right temporal lobe. Recent EEGs confirmed
that the primary site of involvement was the anterior left temporal lobe. The Wechsler Adult Intelligence Score-Revised placed this patient in
the low-average range with no differences between verbal and performance scores . The patient had completed high school and training to
work as a medical assistant and dental technician . It was difficult for her to pursue these
vocations because of her seizures, which often
occurred two or three times a day. Medications
(phenytoin, carbamazepine, and divalproex sodium) that were maintained during the preoperative and postoperative test period mitigated
the severity of the seizures to some extent, but
did not control them adequately. Therefore, a left
anterior temporal lobectomy was performed for
seizure control.
SURGICAL PROCEDURE

A

t surgery a left frontotemporal craniotomy
was done and electrocorticography showed
epileptiform activity with phase reversal over

Figure 2 A horizontal view MRI scan of the brain ;
arrow indicates the inferior-anterior part of the left
temporal lobe that has been excised.

the anterior temporal lobe. There were no abnormal gross findings in the anatomy of this region .
The resection extended posteriorly from the
temporal pole 3 cm in the superior temporal gyrus, 4.5 cm in the middle temporal gyrus, and
5 cm in the inferior temporal gyrus (Figs. 1 and
2) . The temporal horn of the lateral ventricle was
entered, and the amygdala as well as the
anterior-most portion of the hippocampus were
removed. There were no complications and the
patient tolerated the procedure well.
AUDIOLOGIC TESTS AND RESULTS

Figure 1 A lateral sagittal view magnetic resonance
imaging (MRI) scan of the brain; arrows indicate the
sectioned region of the anterior temporal lobe.

udiologic tests were performed just before
A and 1 week after surgical removal of the
anterior temporal lobe. All tests were conducted in a sound-treated room (IAC). The patient
was alert, well oriented, conversant, and without
any seizure activity. She was able to understand
verbal instructions for all test sessions. Pre- and
postsurgical medications were held constant .
The tests conducted preoperatively and
postoperatively included pure tone thresholds,
dichotic digits, and late auditory evoked potentials including the 8300 . The pure tone data
were acquired in the standard clinical manner.
The digit data were acquired using prerecorded
reel-to-reel' tape played on a TEAC X-300 EE
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N-100, 8200, and N-200 at both C-3 and C-4
recording sites. Tracings with rare stimuli in this
ear showed these same potentials, as well as a
large and slightly delayed 8300 . The postoperative right ear tracings at C-3 and C-4 were not
as large or as readable. However, on the frequent
tracings, a definite P-200 was seen and on the
rare tracings a noisy and broad peaked P-300
may be present (Figs . 4A and 4B).

DISCUSSION
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Figure 3 Preoperative (o) and postoperative (A)
results on the dichotic digits test.

tape deck at 7'/z i.p.s ., passed through the speech
circuit of a diagnostic audiometer (Grason Stadler 1701), and presented through TDH-49 earphones . Other procedural data for this test are
delineated elsewhere (Musiek, 1983). The late
potentials and P-300 were acquired using the
standard odd-ball paradigm with 1,000 and
2,000 Hz tone bursts (10 ms riselfall, 20 ms
plateau) representing the frequent and rare
stimuli. The stimuli were presented at 75 dB
SPL, and C-3 and C-4 were selected as recording sites, in order to define laterality effects .
Other details of the late potentials and P-300
procedure can be found elsewhere (Kibbe-Michal
et al, 1986).
The pure tone thresholds for frequencies
from 250 to 4,000 Hz were well within the normal range (520 dB HL) bilaterally and showed
no change after surgery. The dichotic digits test
showed markedly abnormal scores bilaterally
before surgery, but improved postoperatively to
near-normal levels of performance bilaterally
(Fig. 3) .
Preoperatively, the late potentials and P-300
did not show any repeatable tracings for the
N-100, 8200, N-200, or 8300. However, tracings
obtained postoperatively with frequent stimuli
in the left ear showed a shallow but repeatable

fter surgery, both behavioral (dichotic
digits) and electrophysiologic (late potentials and 8300) evidence indicated improved
central auditory function. This finding is especially significant since the patient, as of this
report, has been without seizures since the surgery (5 months) .
This case also demonstrates the use of both
behavioral and electrophysiologic tests for
monitoring function of the central auditory nervous system. The results of these tests provide
information about changes in the central auditory system resulting from surgery or lesions.
This information can be of value to the patient,
surgeon, and audiologist.
The preoperative bilateral auditory deficits
were consistent with bilateral EEG abnormalities in the auditory areas of the temporal lobes.
The primary seizure focus was the anterior temporal lobe, which is not thought to be an auditory area, but which may have been responsible
for the spread of abnormal electrical discharges
to more prominent auditory areas via inter- and
intrahemispheric connections. This is consistent
with the interpretation that once the primary
epileptic focus was removed, epileptic activity
in secondary areas stopped.
The postoperative audiologic test results
provide further insight to central auditory function and anatomic substrate. The anterior temporal lobe was removed, with a greater portion
of mesial than lateral side excised. After this tissue was removed there was essentially normal
performance on the dichotic digits test, which
is in keeping with the anatomic data from Jones
and Powell (1970) . These investigators suggest
that there are few if any auditory connections
to the temporal pole ; therefore, excision of this
area should have little or no effect on central auditory function tests. In addition, the excision
stopped the spread of electrical discharges to the
main auditory areas, resulting in overall improved function .
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Figure 4 A, Preoperative and postoperative N-100, P-200, N-200, and
P-300 evoked potentials for the left ear. The arrows in Figures 4A and
4B indicate responses . From left to right, the first arrow = N-100, second
arrow = 8200, third arrow = N-200, and fourth arrow = P-300 . (The
calibration marker at the upper left = 5 microvolts.)
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B, Preoperative and postoperative evoked potentials for the right
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The postoperative late potentials and P-300
results are more difficult to explain. Although
these responses showed marked improvement,
the C-3 and C-4 tracings from the right ear must
still be considered abnormal for a 20-year-old
person. The P-300 may have been affected by excision of the left amygdala and part of the hippocampus . These structures have been
considered relevant to the generation of the
8300, based on depth-electrode recordings (Halgren et al, 1986). Other investigators, however,
have demonstrated that unilateral removal of
the amygdala and hippocampus had no marked
effect on scalp-recorded P-300 in humans (Johnson and Fedio, 1987). Recordings obtained from
monkeys with bilateral lesions of the amygdala
and hippocampus (Paller et al, 1988) provide additional evidence that these structures may contribute little to the generation of the 8300 . Once
the epileptic activity was controlled in our patient, a P-300 was observed, despite removal of
the amygdala and portions of the hippocampus.
Hence, our findings would argue against these
structures being primary generators of the
8300 . Since amplitude and latency differences
in electrode sites were not noted, the abnormal
findings could represent a contralateral ear effect in reference to the excised area. The poor
morphology of the late potentials may be related to a reduced volume conducted potential
(Knight et al, 1980) along the right ear to left
hemisphere tract, which could also affect the
8300 . It is also possible that the poor electrophysiologic response may be related to residual neural damage caused by the seizure disorder.
Since damage may have selectively affected the
late auditory and cognitive potentials, and not
the dichotic listening task .
Both behavioral and electrophysiologic central auditory test procedures have shown improvement in central auditory function after
anterior temporal lobectomy in a patient with
seizure disorder. The results indicate a marked
change in central auditory function that
paralleled the patient's overall improvement af-

ter surgery illustrating the use of central tests
as a monitoring tool .
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