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Electrocorticographic Monitoring as An Alternative
Tool for the Pre-surgical Evaluation of Patients
with Bi-temporal Epilepsy
Peng-Wei Hsu3, MD; Hsien-Chih Chen, MD; Yin-Cheng Huang3, MD;
Chee-Ching Hsu1, MD, PhD; Tony Wu2, MD, PhD; Chen-Nen Chang, MD
Background: To analyze the surgical outcomes of patients with temporal lobe epilepsy
with bilateral foci after one-week bilateral subdural strip electrocorticographic (ECoG) recording.
Methods:
We retrospectively evaluated 12 patients with bilateral epileptic foci after
scalp electroencephalography examination who underwent ECoG between
May 1995 and July 2000. Subdural strips were implanted in the bilateral subtemporal regions for a one-week ECoG recording.
Results:
All but one of the patients exhibited unilateral dominance of epileptogenic
discharges (> 65%) and, following an anterior temporal lobectomy, the
majority of patients (8 of 11) enjoyed a seizure-free life during the ensuing 3
years. No mortality or morbidity such as intracranial hemorrhage or wound
infection was noted.
Conclusions: The dominance of an epileptic focus in patients with bitemporal epileptogenic discharges can thus be successfully recorded by electrocorticographic
monitoring prior to anterior temporal lobectomy.
(Chang Gung Med J 2010;33:194-200)
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I

ntractable seizures are defined as seizures which
persist despite therapy with modern anticonvulsants at adequate serum levels. Surgical intervention
is a safe and effective approach for patients with
epilepsy who exhibit medically intractable seizures.(13)
Seizures arising from mesial temporal structures,
such as the amygdala, hippocampus, and parahippocampal gyrus, occur in more than 90% of the
patients with temporal lobe epilepsy (TLE) and are
most commonly ameliorated by anterior temporal

lobectomy (ATL).(4,5)
Scalp electroencephalography (EEG), singlephoton emission computed tomography (SPECT),
brain magnetic resonance imaging (MRI), combined
magnetoencephalography/EEG, and resting functional MRI have all been utilized to identify epileptic
foci.(6,7) Video-EEG is currently considered an effective method to localize the epileptogenic zone and
the site of seizure onset prior to surgery.(8) However,
these non-invasive approaches often provide insuffi-
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cient information about physiological processes at
the cellular level.(9)
One factor which can substantially influence the
outcome of the surgical treatment of TLE is the
appearance of epileptic discharges arising from the
bilateral temporal regions.(10) Electrocorticography
(ECoG) is a neurophysiological technique used to
record cortical potentials in the brain and to lateralize
and accurately localize the site of origin of seizure
activity.(11-15) In the current study, we evaluated the
long-term surgical outcomes of patients with TLE
and bilateral foci who underwent subdural ECoG
monitoring for one week prior to an ATL, after
which the majority of patients were seizure-free.

METHODS
We retrospectively reviewed the medical records
of 12 consecutive patients (10 males and 2 females)
with bilateral epileptic foci after scalp EEG examination who underwent ECoG between May 1995 and
July 2000 at Chang Gung Memorial Hospital. All
patients had medically recalcitrant seizures with an
adequate serum level of at least two anticonvulsants
and underwent comprehensive pre-surgical evaluations that included MRI, interictal scalp EEG recording, SPECT, and neuropsychological studies.
Because the aforementioned modalities failed to
determine the lateralization of the epileptic foci, the
patients underwent subdural ECoG monitoring. An
ATL was then performed on those patients with >
60% unilateral epileptogenic discharges, as determined by ECoG.
One week prior to the ATL, contact strips that
permit ECoG recording were placed on the inferior
surface of the temporal lobe. Under general anesthesia, burr holes were created through a small skin
incision in the temporal bone bilaterally using a
high-speed drill (Aesculap Company, Tuttlingen,
Germany), and were placed 1 cm anterior to the tragus and just superior to the root of the zygoma. The
dura was coagulated and then incised carefully to
avoid cortical lacerations or contusions which could
alter the ECoG recordings or lead to intraparenchymal strip placement. The subdural space was gently
dissected with a Penfield dissector No. 3 to ensure an
optimal working space for strip placement. Four contact strips were placed on the inferior surface of each
temporal lobe from the lateral to the medial aspect.
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ECoG monitoring was conducted for one week to
accurately identify the dominant epileptic focus.(5)
Thereafter, an ATL was performed by standardized resection of the temporal lobe perpendicular to
the long axis of the temporal lobe.(16) A depth electrode was applied to record epileptic discharges from
the hippocampus during surgery.
Post-surgical outcomes were categorized into
four classes as previously described;(5) briefly, class I
indicated a seizure-free state or the presence of auras
only, class II corresponded to a near seizure-free
state, class III was considered to be subjective
improvement, and class IV patients had no subjective
improvement.
The pre- and post-operative seizure frequency
was recorded by the patients and their family. In
order to analyze the surgical outcome, the post-operative seizure condition was adjusted to the average
frequency per month. Statistical analyses were performed using the paired t test and values were significantly different when p < 0.05.

RESULTS
Pre-surgical evaluations using MRI did not disclose lesions in any of the study patients. However,
interictal scalp EEG recordings demonstrated bitemporal epileptogenic discharges from the mesial temporal region, as well as from the subtemporal cortex.
ECoG monitoring (Fig. 1) for one week
revealed that 11 (10 males and 1 female) of the 12
patients had > 65% unilateral epileptogenic discharges (Table 1). These patients ranged in age from
6 to 43 years (mean = 29.7 years), with a duration of
epilepsy ranging from 4 to 29 years (mean = 16.8
years). The seizure frequency ranged from 0.5 to 60
episodes per month (mean = 9.1 episodes) and the
duration of post-surgical follow-up ranged from 43
to 101 months (mean = 64.2 months).
During the ATL procedure, abnormal discharges
from the hippocampus were documented in all 11
patients (Fig. 2), and amygdalohippocampectomies
(AH) were thus performed in all patients. Subsequent
pathologic evaluation demonstrated hippocampal
sclerosis accompanied by a loss of more than 50% of
the neurons. After the ATL was performed, eight
subjects (73%) were free of seizures (class I), two
(18%) were almost seizure-free (class II), and one
(9%) showed no subjective improvement (class IV).
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Fig. 1 (A) After chronic ECoG recording, left-sided epileptic focus dominance (70%) is revealed in patient no. 3. (B) No dominant
side is evident after a recording conducted over a one week period in patient no. 12 (R’t-52%). Arrows indicate seizure spikes.
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Table 1. Patient Characteristics and Surgical Outcomes
Patient

Age/
Gender

Type

1

26/F

CPS

Seizure frequency Outcome Follow-up
History Dominant
(years)
%
Pre/month Post/year* class (months) Pre-surgery (dose)‡
13

L, 83

4

0

1

61

Medication

Phenytoin (200 mg bid)/ (18)

Post-surgery (dose)
Valproate (200 mg tid)

Valproate (200 mg qid)/ (87)
2

24/M

GTC

23

L, 81

2

0

1

51

Phenytoin (300 mg hs)/ (15)

Topiramate (100 mg bid)

Topiramate (100 mg bid)
3

4

32/M

33/M

CPS+GTC

CPS

7

26

L, 70

L, 75

0.5

60

0

0

1

1

101

52

Valproate (200 mg qid)/ (92)

Valproate (200 mg qid)

Phenytoin (100 mg tid)/ (19)

Phenytoin (100 mg tid)

Lamotrigine (50 mg hs)

Lamotrigine (50 mg hs)

Carbamazepine CR (200 mg bid)/ (9)

Topiramate (100 mg bid)

Topiramate (100 mg tid)
5

6

7

41/M

32/M

6/M

CPS+GTC

CPS+GTC

GTC

25

11

4

L, 71

R, 85

L, 79

5

4

60

0

0

0

1

1

1

100

69

52

Phenytoin (300 mg hs)/ (17)

Phenytoin (300 mg hs)

Gabapentin (300 mg bid)

Gabapentin (300 mg bid)

Valproate (200 mg qid)/ (96)

Valproate (200 mg qid)

Gabapentin (300 mg bid)

Gabapentin (300 mg bid)

Phenytoin (100 mg hs)/ (16)

Phenobarbital (20 mg bid)

Phenobarbital (20 mg bid)/ (33)
8

24/M

GTC

16

R, 74

0.5

0

1

66

Lamotrigine (50 mg bid)

Phenytoin (300 mg hs)

Phenytoin (300 mg hs)/ (17)
9

10

36/M

43/M

CPS+GTC

CPS+GTC

16

15

R, 69

L, 68

12

3

2

3

2

2

51

43

Valproate (200 mg qid)/ (83)

Valproate (500 mg bid)

Phenytoin (300 mg hs)/ (19)

Phenytoin (300 mg HS)

Topiramate (100 mg tid)

Topiramate (100 mg tid)

Valproate (200 mg qid)/ (95)

Valproate (500 mg bid)

Carbamazepine CR (200 mg bid)/ (11) Carbamazepine CR (200 mg bid)

11

30/M

CPS+GTC

29

R, 68

3

8

4

60

Gabapentin (400 mg bid)

Gabapentin (400 mg bid)

Phenytoin (300 mg hs)/ (18)

Phenytoin (300 mg hs)

Carbamazepine CR (200 mg bid)/ (10) Carbamazepine CR (200 mg bid)
Topiramate (100 mg bid)
12†

15/M

GTC

12

R, 52

30

---

---

---

---

---

Abbreviations: M: male; F: female; R: right; L: left; CPS: complex partial seizure; GTC: generalized tonic-clonic seizure; History: pre-surgery duration of seizures; Pre:
pre-surgical seizure frequency; Post: post-surgical seizure frequency; *: Significant difference compared to pre-surgical seizure frequency; †: This patient did not undergo
surgery as there was no clear epileptic focus dominance; ‡: plasma medication concentration, ug/ml.
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Fig. 2 Two depth electrodes were placed in the hippocampus of a patient. Epileptic discharges were recorded and an anterior hippocampectomy was performed. Arrows indicate seizure spikes.

A The dosage of anti-epileptic medications was
reduced in five of the eight seizure-free subjects and
remained unchanged in three subjects (Table 1).
Moreover, the post-surgical seizure frequency was
significantly decreased compared to the pre-surgical
period (Table 1, p < 0.05). No mortality or morbidity,
such as intracranial hemorrhage, wound infections or
post- operative neurological deficits such as limbs
weakness or aphasia, occurred in any of the patients.

DISCUSSION
Temporal lobe resection is a well-established
treatment for patients with medically intractable temporal lobe epilepsy, because other approaches fail
approximately 75% of the time.(17,18) Approximately
90% of patients who undergo temporal lobe resection
become seizure-free.(19,20) The evaluation methods for
the selection of MRI-negative, TLE patients for surgical treatment include scalp EEG, video-EEG, and
SPECT, which can indicate patients who are expected to have a favorable post-surgical outcome.(21)
Bilateral independent epileptic discharges arising from the temporal regions are found in approximately 20 to 35% of patients and complicate the

decision for surgical treatment of TLE.(13) Although
most studies which have demonstrated that bitemporal patients are poor surgical candidates were based
on scalp EEGs, examination using depth EEG has
often shown that these patients exhibit a unilateral
onset of seizure activity.(16,22) An alternative approach
that uses foramen ovale electrodes appears to be reliable in lateralizing seizures that could not be recorded by surface EEG.(23) Furthermore, a recent study
involving patients with bitemporal, independent
seizures on scalp EEG revealed that commonly used
non-invasive approaches do not reliably predict surgical outcome and suggested that intracranial EEG is
necessary to localize seizure foci.(24) ECoG has been
used to localize epileptogenic tissue, evaluate cortical functions, and determine the feasibility of
surgery.(11) When EEG, MRI, SPECT, or similar diagnostic modalities fail, extended intracranial ECoG
monitoring is required and advantageous, particularly in patients with bilateral foci, in order to lateralize
and accurately localize the site of seizure origin.
We used subtemporal subdural strips herein to
localize the lateralization of epileptic foci using
long-term ECoG monitoring after failure to detect
foci using non-invasive diagnostic modalities. In
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other series, an 80% cutoff was applied to separate
patients with strong unilateral temporal predominance from those without.(10,25) Our results demonstrated that seizure-free (class I) treatment outcomes
can be achieved in patients with a dominance > 70%
on one side and a favorable outcome (class II) can be
obtained in patients with a dominance > 65%; however, a larger TLE patient population is needed to
confirm this finding. Our observations demonstrate
the promising value of long-term pre-surgical ECoG
monitoring as an alternative approach to detect unilateral dominant epileptic foci in patients with bitemporal epilepsy.
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ͽ̂ཝϩኳҜᐂઇࠎᗕّ㝅ཧឩ⿔ఙ݈۞ෞҤ̍
षᚈઈ3 ౘАԠ เ࠳ྕ3 षҌ1 ӓࡈӀ2 ૺٚਕ
ࡦ ഀĈ ࣎ࡁտ۞ϫ۞дٺଣᗕّ㝅ཧឩ⿔གྷ࿅ࠎഇ˘۞ർཝቯ˭ϩኳҜᐂޢ
̝͘ఙඕ̈́ڍޢĄ
͞ ڱĈ གྷϤа໖ّ۞ࡁտĂԧࣇ̶ ˞ژ1995 ѐ 5 ͡Ҍ 2007 ѐ 7 ͡มĂ็ٺᐝϩཝگᑭ
ߤពϯᗕّ㝅ཧឩ⿔۞˩˟Ҝଈ۰Ąд݈㝅ཧ̷ੵ͘ఙ̝݈ĂՏҜଈ۰ౌତ˞צ
ᗕർཝቯ˭ϩኳҜᐂໂങˢ͘ఙĂͽซҖࠎഇ˘̂۞ཝϩኳҜᐂĄ
ඕ ڍĈ ੵ˞˘Ҝଈ۰ͽγĂ˘˩۞Щଈ۰࠰ពϯ˞ಏ̂ཝឩ⿔گᛖ۞ٸពّ (>
65%)ć˩˘Щଈ۰ౌତ˞צព̂ཝ۞݈㝅ཧ̷ੵఙĄдఙ۞ޢᖸഇมĂ
̚۞ˣЩଈ۰Ξͽ྿זឩ⿔൴ү۞ௐ˘৺ଠטड़ڍćТॡ͘ఙ˵՟ѣጱЇң׀
൴া۞யϠĄ
ඕ ኢĈ ᗕّ㝅ཧឩ⿔ଈ۰۞̂ཝឩ⿔گᛖ̝ٸពĂΞͽགྷϤᗕർཝቯ˭ϩኳҜ
ᐂໂങˢ͘ఙјΑгᏰҾć҃˵೩˞݈㝅ཧ̷ੵఙ۞ޢឩ⿔ଠטड़ڍĄ
(طܜᗁᄫ 2010;33:194-200)
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