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Resective Surgery without Invasive Intracranial EEG Monitoring

in Patients with Temporal Lobe Epilepsy
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INTRODUCTION

The International League Against Epilepsy” classifies the
patients with epilepsy based on whether their seizures are
generalized or localization-related. Localization-related ep-
ilepsy is further subdivided into specific clinical syndromes,
depending on the locadon of the epileptogenic focus. Te-
mporal lobe epilepsy is one of the most common localiza-
tion-related epilepsy in adults, and large numbers of them
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are medically intractable.?”

Since the pioneering work of the Montreal school,”
the surgical treatment of epilpesy has continued to achi-
eve worldwide acceptance as an alternative treatment for
sclected patients with medically intractable seizures.® The
patients with temporal lobe epilepsy still consttute the
most important group in the surgical series. In early surg-
ical series, operations were performed only for removal
of mass lesions or scars and were often successful in reli-
eving seizures. In recent years, use of preoperative intr-
acranial EEG recording has made the localizadon of ma-
ny epileptogenic foci possible.”

Futhermore, the non-invasive techniques such as clinic-
al seizure semiology, scalp EEG patterns, neuroimagings
(MRI, single photon emission computed tomography (SP-
ECT) and positron emission tomography (PET)), neurop-
sychologic tests and the intracranial amobarbital procedu-
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res (IAP) can help to lateralize hemispheric dysfunction.®
Therefore, excellent seizure control after surgery can be
obtained after meticulous review of the intracranial EEG
and the other non-invasive studies in medically intractable
epileptic patients.

However, chronically implanted intracranial electrodes
are difficult to use, expensive, and risky. Moreover, local-
ization of mesial temporal lobe epilepsy can be possible
only with scalp EEG monitoring using sphenoidal elec-
trodes.” In this study, we analyzed the outcome and the
predicdve value of various presurgical tests as potential pr-
edictors of outcome for resective surgery in patents with
medically refractory temporal lobe epilepsy who had been
evaluated only with non-invasive studies.

PATIENTS AND METHODS

We retrospectively reviewed the database of 217 conse-
cutive patents who had surgery for intractable epilepsy
at the comprehensive epilepsy center in New York Univ-
ersity (N.Y.U.) between February 1, 1990 and December
31, 1995. Out of these 217 patients, we selected 46 pa-
tients who underwent ATL without invasive monitoring.
Among them, we included 35 patdents who had finished
an at least one year follow-up evaluation, whether they
have a definite lesion in the temporal lobe or not. All pa-
tients were evaluated with the audiovisual and the scalp
EEG monitoring of interictal and ictal activity. All seizu-
res were recorded with the Telefactor Beehive digital vi-
deo-monitoring system (West Conshohocken, PA), and
EEGs were analyzed in bipolar and referential montages
with the Telefactor Beekeeper system. All the padents had
2 seizures recorded at a minimum, and at least one of
them was arising from the unilateral temporal lobe. They
were also evaluated with MRI with 3-mm coronal cuts th-
rough the temporal lobes. We used the following criteria
for interpretation of hippocampal sclerosis on MRI find-
ings : 1) anterior temporal lobe atrophy, 2) asymmetry of
temporal horns, 3) hippocampal atrophy, and 4) increased
signal intensity at the hippocampus.'® All the patents in
our series underwent ATL if the ictal onset zone was ex-
clusively confined to the unilateral temporal lobe, if it was
concordant or not disconcordant with PET or SPECT, if
MRI disclosed unilateral hippocampal atrophy or a fore-
ign dssue lesion, and if they had passed IAP language test.

The average follow-up period was 35.1+15.5 months
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(range 12-60 months). The surgical outcomes of these
patients were classified according to Engel's classification.
" Out of 35 patients, 30 patients belonged to the Class
I, and 5 patients belonged to the Class I or II.

We analyzed the following potential variables to deter-
mine their predictive value : age at seizure onset, age at
the dme of surgery, sex, duration of seizure, a history of
febrile seizure, seizure type i.c. type I and type 11 compl-
ex partial seizure depending on clinical semiology'?, con-
gruity of preoperative IAP memory, and neuropsycholog-
ical tests in addition to the presence of a lesion on MRI.
These potental predictors of outcome were analyzed for
two types of outcome groups : the seizure-free group (Cl-
ass I) and the persistent seizure group (Class 11 and ).

The statistical tests were performed either with the Stu-
dent t-test or the Pearson chi-square test. The Fisher's ex-
act test was used for dichotomous variables. The signifi-
cance level of the tests was 5 percent.

RESULTS

Table 1 summarizes the results of the stadstical analy-
sis. Out of 35 temporal lobe epilepsy (TLE) patients, 13
were men and 22 were women. The mean age of the pa-
tients at the time of operation was 32.4 years (range 13—
54 years), and the mean duration of seizures was 16.9 ye-
ars (range 1~ 52 years). Thirty two right-handed and one
ambidextrous patients were underwent right temporal lo-
bectomy, and two left-handed patient underwent left te-
mporal lobectomy. During the follow-up period, thirty
(85.7%) out of 35 patients were seizure-free, while 5 per-
sisted seizures. Nineteen patents (54.3%) had a clearly id-
entifiable lésion on MRI, and all of them belonged to
the seizure-free group. Among these 19 patients, eleven,
four, and four patients had hippocampal sclerosis, brain
tumor and vascular malformation, respectively. Eleven pa-
tients (31.4%) had a history of febrile convulsion.

The differences in sex and handedness between two gro-
ups were not statistically significant. All 19 patents (100%)
that had a visible lesion on MRI were scizure-free, while
only 11 (66.8%) out of the 16 padents without a lesion
were seizure-free. This shows that a visible lesion on MRI
predicts seizure-free at a stadstically significant level (p=0.
013). All the 11 padents (100%) with a history of febrile
convulsion and 19 (79.2%) out of the 24 padents without
a history of febrile convulsion were seizure-free, and hen-
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Table 1. Analysis of outcome predictors after surgury in 35 TLE pat

Seizure free group Persistent seizure group Significance
{n=30) {(n=5) {p-value)
Age (year ; mean*S5.D.) 323 + 95 330 + 139 0.809
Age of seizure onset (year : mean+5.D.) 163 £ 87 104 =+ 76 0.161
Duration of epilepsy (year : mean+S.D.) 16.0 + 104 226 £ 176 0.243
Sex (%)
Male 12 (923) 1(7.7) 0.374
Female 18 { 81.8) 4 (18.2)
Handedness (%)
Right 27 ( 83.4) 5 ( 16.6) 0.436
Left 2 (100.0) 0 (00
Bilateral 1 (100.0) 0 (00
History of febrile convulsion (%)
Yes ) 11 (100.0) 0 (0.0 0.131
No 19 ( 79.2) 5 (20.8)
Seizure type (%)
Type 1 22 { 81.5) 5 (18.5) 0.436
Type 1 8 (100.0) 0 (0.0
Presence of lesion on MRI (%)
Yes 19 (100.0) 0 (0.0 0.013*
No 11 ( 68.8) 5 (31.2)
Etiology (%)
HS with/without DS 11 (100.0) 0 (0.0 0.074
Tumor 4 (100.0) 0 (0.0
Vascular malformation 4 (100.0) 0 (0.0
No 11 ( 68.8) 5 (31.2)
IAP memory failure (%)
Ipsilateral 2 (100.0) 0 (00 0.332
Contralateral 13 (92.9) 1(7.1)
None 5(714) 2 (28.6)
Neuropsychological test (%)
Congruous 18 { 81.8) 4 (18.2) 0.374
Incongrous 12 (192.3) 1(7.7)

+ Student t-test, Pearson chi square test or Fisher Exact test used ; *p<(0.05
Abbreviations : MRI signify magnetic resonance imaging ; 1AP, intracarotid amobarbital procedure ; HS, hippocampal sclerosis : DS, diffuse

sclerosis

ce a history of febrile convulsion tended to predict seizure-
free, although not statistically significant (p=0.131).

We found that the age at seizure onset of the persi-
stent seizure group (10.4£7.6 year) was earlier than the
seizure-free group (16.3x8.7 year). On the contrary, the
durarion of epilepsy of the seizure-free group (16.0+10.4
year) was shorter than the persistent seizure group (22.
6+17.6 vear). So, earlier seizure onset and longer dura-
tion of epilepsy tend to predict persistent seizure, alth-
ough not statistically significant (p=0.161, 0.243, respec-
tively).

Twenty two (81.5%) out of the 27 patents who had a
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type | seizure were seizure-free, while all 8 patients (100%)
who had a type 1 seizure were seizure-free. However, the
difference in the seizure type between two groups was not
statistically significant.

The IAP memory test was performed for 23 patients
in our series. Memory was lateralized on the contralateral
side of surgery in 14 patients and on the bilateral side in
7 patients. Eighteen (85.7%) out of these 21 patients who
had adequate memory on the contralateral side of surgery
were seizure-free. All 2 patients (100%) that had lateral-
ized momory on the ipsilateral side of surgery were seizu-
re-free after surgery. Eighteen (81.8%) out of 22 padents
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whose neuropsychological test results were congruent with
the side of seizure onset were seizure-free, while 12 (92.3%)
out of 13 patients whose results were incongruent were
seizure-free. The correlation between the surgical outcome
and the JAP memory failure or congruity of neuropsycho-
logical tests is not significant.

DISCUSSION

Thirty (85.7%) out of 35 TLE patients were seizure-
free after ATL. The scizure outcome in our series was si-
milar to those reported previously.”'® Considering that
an extensive invasive monitoring was used as a presurg-
ical evaluation in some of these studies, our result com-
pares favorably in terms of seizure control with those of
other series. All patients in our series underwent ATL if
the ictal onset zone was exclusively confined to the uni-
lateral temporal lobe, if MRI disclosed unilateral hippo-
campal atrophy or a foreign tissue lesion, and if the oth-
er investigations were either concordant or not discor-
dant. Morris et al."” and Risinger et al."® reported that
some scalp EEG findings such as unilateral epileptic fo-
cus and inital lateralized EEG features could predict a
good outcome. Based on these studies, our surgical resul-
ts can casily be expected, because the ictal onset zone of
all patients in this study was confined to the temporal
lobe. Moreover, several different presurgical tests yielded
concordant results that localized the epileptogenic focus
to one temporal lobe.

Only the presence of a lesion on MRI predicts seizure-
free after ATL (p<0.05). The presence of an identifiable
etiology, regardless of an etiology (p=0.074) and a histo-
ry of febrile convulsion (p=0.013) tended to predict sei-
zure-free, although not stadsdcally significant. As sug-
gested by previous studies,”? the presence of a lesion
and a history of hippocampal sclerosis correlates with a
good outcome after ATL. Because the hippocampal path-
ology was not available from all surgical specimens, we
did not consider this factor. Considering that the mesial
temporal sclerosis is the most common pathologic find-
ing in medically intractable TLE patients who respond
surgically well,"*** we believe that most of these non-le-
sional individuals had microscopic mesial temporal scler-
osis.

Some researchers found that there is a correlation bet-
ween a shorter duration of epilepsy before surgery and a
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better outcome.'® There is some evidence that patients
with earlier onset and longer duration of epilepsy genera-

lly have more severe epilepsy.”™

Salanova et al.' sugges-
ted that earlier onset of seizures and longer duration of
epilepsy may allow progression of the epileptogenic pro-
cess by secondary epileptogenesis. We also found that ear-
lier seizure onset and longer duration of epilepsy tend to
predict persistent seizure, although not significant (p=0.
161, 0.243, respectively).

Temporal lobe epilepsy is subdivided into type I and

type 11 complex pardal seizure depends on clinical semiol-
2

OgY,
epilepsy from mesial temporal lobe epilepsy clinically is

although differendating neocortical temporal lobe

very difficult.*® Those who had a seizure characterized
by Type I, generally known to originate from the hip-
pocampus, can be a good surgical candidate, while those
who had .a type 1l seizure originating from lateral neo-
cortex cannot. However, there is no statistical differences
between seizure types in this study. Some ictal behaviors
such as head turning, dysphasia and contralateral dystonia
may help to lateralize the side of seizure origin, but furth-
er prospectively designed case-controlled study must be ne-
eded for these factors.

Bengzon et al.*® found that patents undergoing non-
dominant temporal resection had a better outcome, and
Wyllie et al.* observed that the outcome did not corre-
late with the site of surgery. Because most of the patients
included in this study were underwent the non-dominant
hemisphere resection, we could not evaluate this factor.

The IAP is a procedure commonly used to assess pa-
tients for epilepsy surgery. It identifies the language dom-
inant hemisphere and can evaluate long-term memory in
the nonoperated temporal lobe.to assess the likelihood of
postoperative memory impairment. Because hippocampus
is essendal for long-term memory, the IAP serves as an in-
direct means of asscssing its funcdonal and structural in-
tegrity. Sperling et al.* found that the surgery of the side
of IAP memory failure predicts seizure-free. But in this
study the difference is not statstcally significant. This re-
sult is due to that most padents in our series were under-
went right temporal lobectomy. Comprehensive neuropsy-
chological test can help to lateralize the side of seizure ori-
gin®*? Boon et al.” reported that abnormal findings on
neuropsychological tests were congruent with lesion late-
ralizaton in 56% of patients and were localized to the re-
gion in 26%. And 39 (83.0%) of 47 padents who under-
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went a subtotal temporal lobectomy are seizure-free after

longer than or equal to 1 year of follow-up. In this study

22 (62.9%) of 35 patients were congruent with the side of
surgery and 81.8% of them were scizure-free. But there is
no correlation between neuropsychological tests and out-

come.

Interictal and ictal SPECT and PET scan also help to
lateralize epileptogenic zone.*®* We could not include
MRI volumetrics and PET scan due to a lack of these
data for most padents. We used SPECT data mainly

for selecting patients for surgery without any invasive

studies.

CONCLUSIONS

Eighty five percent of patients were benefited from rese-
ctive surgery in our series. Therefore excellent surgical out-
come could be obtainable in highly selected medically refra-
ctory temporal lobe epileptic patients without an extensive
invasive intracranial EEG evaluation, especially those who
have a lesion or a hippocampal sclerosis in MRI and the hi-
story of febrile convulsion. We conclude that those patie-
nts do not require the extensive invasive EEG monitoring,.
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Resective Surgery without Invasive Intracranial EEG Monitoring
in Patients with Temporal Lobe Epilepsy

Won Young Jung, M.D. and Onin Devinsky, M.D.

ABSTRACT

Furpose : Anterior temporal lobectomy (ATL), the most common operation for intractable temporal lobe ep-
ilepsy (TLE), sometimes requires several stages of non-invasive and invasive presurgical evaluations. Various
non-invasive presurgical tests can help to lateralize and/or localize the epileptogenic zone, therefore it is pos-
sible to resect epileptogenic zone without invasive intracranial studies. We performed this study in order to a-
nalyze the predictive value of the predictors of outcome after ATL. Methods : Prior to surgery, all patients were
evaluated with non-invasive scalp interictal and ictal EEG, clinical seizure semiology. MRI, intracarotid amo-
barbital (Wada) and neuropsychological tests. If these results were converge to one temporal lobe, we per-
formed ATL without invasive intracranial EEG monitoring. In order to analyze the predictive value of these
presurgical tests as well as the following potential predictors of outcome, we reviewed 35 patients with med-
ically refractory epilepsy who were consecutively underwent ATL : age at the time of surgery, age at seizure
onset, sex, duration of seizures, the presence of a lesion or hippocampal sclerosis in MRI. The average follow
up period was 35.1+15.5 months (range 12-60 months). The outcome factors analyzed were compared to
two types of outcome group : seizure free group (Class D) and persistent seizure group (Class 1-IV) according
to Engel’s classification. Resufts : Thirty (85.7%) out of 35 patients were seizure free during follow up. Only the
presence of a lesion in MRI significantly predicted seizure free at the significance level of 5 percent. The pres-
ence of diffuse sclerosis including hippocampal sclerosis in MRI and the history of febrile convulsion tended to
seizure free, but only at the significance level of 7 and 13 percents, respectively. Condusions : We conclude
some intractable TLE patients, especially those who have a lesion or a hippocampal sclerosis in MRI and the his-
tory of febrile convuision, do not require invasive intracranial EEG monitoring.

KEY WORDS : Anterior temporal lobectomy - Non-invasive presurgical evaluation - Predictors of outcome.
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