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Background: Very few studies have specifically addressed
surgical treatment and outcome of patients with tumor-re-
lated temporal lobe epilepsy (TLE). Aim: To define the post-
operative seizure outcome and the factors that influenced
the outcome of patients with tumor-related TLE. Materials
and Methods: We selected patients whose surgical pathol-
ogy revealed a temporal lobe neoplasm and who had com-
pleted > 1 year of postoperative follow-up. We reviewed the
clinical, EEG, radiological and pathological data, and the sei-
zure outcome of these patients and assessed the factors
that influenced the outcome. Results: Out of the 409 pa-
tients who underwent surgery for refractory TLE during the
8-year study period, there were 34 (8.3%) patients with tem-
poral lobe neoplasms. The median age at surgery was 20
years and the median duration of epilepsy prior to surgery
was 9.0 years. MRI revealed tumor in the mesial location in
21 (61.8%) patients. Interictal and ictal epileptiform EEG
abnormalities were localized to the side of th lesion in the
majority. Mesial temporal lobe structures were included in
the resection, if they were involved by the tumor; otherwise,
lesionectomy alone was performed. During a median fol-
low-up of 4 years, 27 (79%) patients were completely sei-
zure-free. The only factor that predicted long-term seizure-
free outcome was being seizure-free during the first two
postoperative years. Conclusions: Our results emphasize
the fact that in patients with tumoral TLE, when the seizures
are medically refractory, surgery offers potential for cure of
epilepsy in the majority.
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Introduction

More than two-thirds of carefully selected patients with
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medically refractory temporal lobe epilepsy (TLE) become
seizure-free following surgery."?! A magnetic resonance
imaging (MRI)-detected lesion is one of the most important
factors that predicts the seizure outcome following epilepsy
surgery.? Although emphasis is often placed on mesial tem-
poral sclerosis-associated TLE," neuropathological series of
surgically treated TLE have reported neoplasms in 10% to
30% of the specimens.*”

The histopathological profile of tumor-related chronic epi-
lepsy is quite different from the usual pattern of primary brain
neoplasms.?1 Although low-grade tumors such as
eanglioglioma and dysembryoplastic neuroepithelial tumor
(DNET) account for only a very small proportion of primary
brain neoplasms, they are the lesions frequently associated
with tumoral refractory epilepsy.™*”’

Several studies have addressed the surgical treatment and
outcome of patients with tumoral chronie epilepsy.'** A ma-
jority of them have either combined a variety of neoplasms
imvolving different brain regions,'”!! or have assembled a spe-
cific tumor type involving different brain locations. ™ Tumor-
related refractory epilepsy encompasses a heterogeneous group
of temporal and extratemporal epilepsies with different patho-
logical substrates and postoperative seizure outcomes.”” To
our knowledge, very few studies have specifically addressed
the surgical treatment and outcome of tumoral TTE. 1012141
This is all the more surprising because the temporal lobe is
the commonest site of the neoplasms associated with medi-
cally refractory epilepsy.”! A literature survey from the In-
dian subcontinent revealed no published reports which high-
lichted the electro-clinical profile and postoperative outcome
of tumoral chronic TLE.

With the above considerations, we undertook this study to
review the clinical, electroencephalographic (EEG), and ra-
diological data of patients with tumoral TLE, who had under-
gone evaluation and surgery through our epilepsy program,
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and to define the postoperative seizure outcome of these pa-
tients and the factors that influenced the outcome.

Materials and Methods

Between March 1995 through March 2003, 409 patients under-
went surgery for medically refractory TLE at our epilepsy center.
The details of our presurgical evaluation protocol, which includes
history, optimum 1.5T MRI, interictal scalp EEG, video-EEG moni-
toring with scalp/sphenoidal electrodes, and neuropsychological as-
sessment, have been deseribed previously.”” None of the patients
were subjected to positron emission tomography and single photon
emission computed tomography or invasive EEG studies. For the
purpose of this study, we selected patients whose surgical pathology
revealed a temporal lobe neoplasm and who had completed =1 year
of postoperative follow-up. We excluded patients in whom the indica-
tion for surgery primarily was the lesion and not refractory epilepsy.

We reviewed all the preoperative MRI films to delineate the site,
size, and extent of the tumor, as well as the contrast enhancement,
caleification, cystic changes and mass effect, and associated hippoce-
ampal atrophy and sclerosis. We used collateral sulcus as the bound-
ary between the medial and lateral location of the tumor in the tem-
poral lobe.

Standard 10-20 system of extracranial electrode placement was
used with additional anterior temporal (T1 and T2) electrodes. The
distribution of interictal epileptiform discharges (IEDs) during pro-
longed video-EEG monitoring was assessed by visual analysis of
interictal EEG samples of 15 seconds every 15 minutes. We classi-
fied scalp recorded ictal EEG activity into three patterns: regular,
well-modulated, 5 - 9 Hz, unilateral temporal and/or subtemporal
rhythm (Type 1), polymorphic slower (<5 Hz) rhythm with broader
unihemispherie distribution (Type 2), and diffuse irregular slowing
in the background activity (Type 3).1%7 The diagnosis of the video-
EEG recorded seizures as temporal was based on the well recognized
semiological characteristics (such as epigastrie aura, behavioral ar-
rest, oro-alimentary and limb automatisms, dystonic limb postur-
ing, ictal speech, and post-ictal dysphasia) along with the localiza-
tion and pattern of ictal EEG discharges.™1*!

Surgical procedures

All surgeries were undertaken under general anesthesia. The op-
erative procedure was tailored as warranted by the site and extent of
the tumor. Intraoperative electrocorticography (ECoG) was performed
during all resections undertaken after September 2001.

Pathological examination

Four-micrometer-thick histological sections were generated from
10% formalin-fixed, paraffin-embedded tissue and stained with
hematoxylin and eosin.* For pathological diagnosis, we used the
WHO definition of primary brain neoplasms.'?” While the histopatho-
logical diagnosis of ganglioglioma required an intimate mixture of
neoplastic ganglion cells and neoplastic astrocytes, cystic spaces with
floating neurons and oligodendroglia-like cells characterized DNE'T.
We defined associated mesial temporal sclerosis as the loss of neuro-
nal cell population of = 30% in the CA1 sector of the hippocampal
formation with or without neuronal loss and gliosis involving other
mesial temporal lobe structures.!™
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Patients were regularly followed up at 3 months and 12 months
after surgery and at yearly intervals thereafter. The postoperative
seizure outcome at last follow-up was defined as seizure-free without
antiepileptic drugs, seizure-free with antiepileptic drugs, and
unfavorable outcome (seizure recurrence of any type).' Neuropsy-
chological assessment and KEG were repeated according to stand-
ard protocol during each follow-up visit until 3 years.!">?! Postop-
erative MRI was undertaken only in those with seizure recurrence.

Statistical methods

We analyzed the data using the SPSS statistical package. We tested
the association of different clinical, EEG and MRI characteristics
with the seizure outcome at last follow-up utilizing 2-tailed t-test,
Pearson’s chi-square test and Fisher’s exact test, as appropriate. We
used standard deviation (SD) to define the dispersion.

Results

Patient characteristics

Out of the 409 patients who underwent surgery for refrac-
tory TLE during the study period, there were 34 (8.3%) pa-
tients (22 males, 12 females) with temporal lobe neoplasms.
The demographic and clinical features of these patients are
provided in Table 1. The median age at surgery was 20.0 years
(range 1.3 to 37 years), and the median duration of epilepsy
prior to surgery was 9.0 (range 1 to 25) years. The anteced-
ents included family history of seizures (3 patients), febrile
seizures (5 patients) and encephalitis (1 patient). Seizure semi-
ology suggested complex partial seizures of temporal lobe ori-
gin in all patients; in addition, secondarily generalized sei-
zures occurred in 21 patients. Four of our patients exhibited
preoperative overt psychiatric disturbances (depression with
suicidal ideation, obsessive compulsive disorder in one each
and conduct disorder in 2 patients).

Neuroimaging findings

Computed tomography (CT) scan was available in 10 pa-
tients, in 2 of whom CT did not identify the tumor. MRI de-
fined the location and extent of the tumor in all patients (Ta-
ble 1). The tumor was confined to the mesial temporal lobe in
21 patients (61.8%) and to the lateral temporal lobe in 9 pa-
tients, while in the remaining 4, the lesion involved both the
mesial and lateral temporal regions. The MRI findings in-
cluded eystic changes in the tumor in 15, contrast enhance-
ment in 11, mass-effect in 6, and perilesional edema in 2 pa-
tients. Calcification in the CT and/or MRI was noted in 11
patients. Concomitant mesial temporal sclerosis was observed
in 3 patients.

EEG data

Temporal IEDs were present exclusively on the side of the
lesion in 24 patients. Bilateral independent temporal IEDs
were seen in 7 patients. While 1 patient had extratemporal
IEDs, 2 patients did not manifest any IEDs. During video-
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Table 1: Characteristics of 34 patients with tumoral temporal

lobe epilepsy
Characteristics n (%) Median Range
Gender: Male 22 (65.0)
Female 12 (35.0)
Age at first unprovoked seizure (yr.) 10 0.25-19
Age at surgery (yr.) 20 1.25-37
Presurgery duration of epilepsy (yr.) 9 1.0-25
Antecedents
Febrile seizures 5 (15.0)
Scalp IEDs
Unitemporal 23 (67.6)
Bitemporal 7 (20.6)
TIRDA 8 (23.5)
Extratemporal 1(2.9)
Generalized 2 (5.9)
None 2 (5.9)
Ictal EEG”
Type 1 pattern 14 (41.2)
Type 2 pattern 18 (52.9)
Neuropsychological deficit
Concordant 20 (58.8)
Bilateral 9 (26.5)
Not done 5 (14.7)
Brain MRI
Tumor location
Mesial 21 (61.8)
Lateral 9 (26.5)
Both 4 (11.8)
Cystic changes 15 (44.1)
Contrast enhancement 11 (32.4)
Mass effect 6 (17.6)
Concomitant mesial 3(8.8)
temporal sclerosis
Type of surgery
Standard ATL+AH 11 (32.4)
Extended ATL+AH 15 (44.1)
AH+lesionectomy 1(2.9)
Lesionectomy alone 5 (14.7)
ATL alone 2 (5.9)
Histopathology
Lesion alone 31 (91.2)
Lesion + mesial temporal 3(8.8)
sclerosis
Postoperative seizure outcome”
Seizure-free without AED 11 (32.0)
Seizure free with AED 16 (47.0)
Unfavorable outcome 7 (20.6)

IEDs — interictal epileptiform discharges; AED - antiepileptic drugs; ATL — an-
terior temporal lobectomy; AH — amygdalohippocampectomy; TIRDA — tempo-
ral intermittent rhythmic delta activity; "See text for definitions

EEG monitoring, temporal intermittent rhythmic delta ac-
tivity (TIRDA) ipsilateral to the tumor location was seen in 8
patients. Ictal EEG pattern was Type 2 in 18 patients and
Type 1 in 14 patients (Table 1). No seizures were recorded in
2 patients. The mean duration of the video-EEG monitoring
was 2.9 days (range 6 hours to 9 days).

Surgery

[able 1 lists the surgical procedures employed. While
lesionectomy alone was sufficient in 5 patients, involvement
of the mesial structures by the tumor necessitated either an-
terior temporal lobectomy with amyedalohippocampectomy (21

patients) or selective amygdalohippocampectomy (1 patient).

None underwent postoperative radiotherapy. Two patients with
postoperative seizure recurrence required repeat surgery to
resect residual lesions.

Pathology

The distribution of patients according to pathological diagno-
sis is provided in Figure 1. Ganglioglioma (Figure 2) was the
commonest tumor type (23 patients). Low-grade gliomas and
DNET (Figure 3) were diagnosed in 8 and 3 patients, respec-

6%

l Ganglioglioma

B Astrocytoma

] DNET

[] Oligodendroglioma
[l Mixed glioma

Figure 1: Distribution of patients according to tumor type

Figure 2: (A) T1-weighted coronal MRI sequence from one of our
patients shows a neoplasm involving the right mesial temporal region,
(B) photomicrograph shows admixture of neoplastic ganglion cells
(thick arrow) and astrocytic cells (thin arrow) characteristic of
ganglioglioma (H/E x200)

Figure 3: (A) T1-weighted coronal MRI sequence from one of our
patients shows right temporal lobe neoplasm with cystic changes, (B)
photomicrograph shows microcystic spaces with floating neurons
(thick arrow) and oligodendrocyte-like cells (thin arrow) characteristic
of dysembryoplastic neuroepithelial tumor (H/E x200)
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tively. The interesting association of DNET with melanotic dif-
ferentiation has been reported previously in 1 of our patients.*!

Seizure outcome

During the median duration of follow-up of 4 (range 1-9)
years, 27 of 34 patients (79.0%) were completely seizure-free
at last follow-up; antiepileptic drugs could be suceesstully dis-
continued in 11 (32%) of them (Table 1). The seizure-free
outcome at 2 years (23/29, 79.3%) and at 5 years (9/12, 75%)
did not differ (P=1.000). Seven patients continued to have
postoperative seizures, although 5 of them experienced >75%
seizure reduction. Two patients continued to have auras, which
did not impair the activities of daily living.

Complications

No patient died. Long-term morbidity in the form of hemi-
paresis and hemianopia occeurred in 3 patients each. Fifteen pa-
tients had quadrantinopic field defect, which did not bother them.
None of our patients exhibited any significant postoperative ag-
gravation of psychiatric disturbances. Residual lesion was de-
tected in 5 out of 8 patients who underwent postoperative MRI.

Predictors of outcome

The attributes of the patients with excellent and unfavorable
seizure outcomes are compared in Table 2. Age at surgery,
duration of epilepsy prior to surgery, preoperative interictal
and ictal EEG data, distribution of neuropsychological defi-
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cit and histopathological tumor type did not influence the
outcome. While 25 of 27, (92.6%) patients who were seizure-
free at last follow-up did not have seizures in the first postop-
erative year, only 3 of 7 (42.9%) with seizure recurrence were
seizure-free during the first postoperative year. The differ-
ence (49.7%, 95% confidence interval 11.7% - 87.7%) was
significant (P=0.01). The difference was even more signifi-
cant for those who remained seizure-free for two years (67.7%,
33.5%-99.1%, P=<0.001). The seizure outcome of those with
tumor only (25/32, 80.6%) and of those with tumor plus me-
sial temporal sclerosis (dual pathology) (2/3, 66.7%) did not
differ (P=0.511). Similarly, there was no significant differ-
ence (P=0.317) in the seizure outcome between the patients
who underwent standard anterior temporal lobectomy (10/
11, 90.9%), extended anterior temporal lobectomy (10/15,
66.7%) or lesionectomy (5/6, 83.3%). Tumor location, whether
mesial (16/21, 76.2%) or lateral (7/9, 77.8%), did not influ-
ence the seizure outcome (P=1.000). Seizure-free outcome
was seen in all 3 patients with post-resection IEDs (100%)
compared to 5 of 8 patients with no post-resection IEDs
(62.5%) in the ECoG (P=0.49).

Discussion
Tumor-related epilepsy constitutes about one-third of pa-

tients with medically refractory epilepsy.**! A number of stud-
ies have investigated the clinical features, electrographic cor-

Table 2: Comparison of the attributes of patients with seizure-free and unfavorable seizure outcomes

Seizure-free
outcome* (n=27)

Attributes

Gender (male: female) 19:8
Age at surgery (yr, mean £ SD) 18.0£6.9
Presurgery duration of epilepsy 10.0+5.6
(yr, mean * SD)
n (%)

Scalp EEG IEDs

Unitemporal 18 (66.7)

Bitemporal 6 (22.2)

TIRDA 6 (22.2)
Ictal EEG*

Type 1 pattern 11 (40.7)

Type 2 pattern 14 (51.9)
IEDs in postoperative EEG

3 months 5 (18.5)

1 year 3(11.1)
Neuropsychological deficit

Concordant 15 (55.6)

Diffuse 8 (29.6)
Tumor type

Ganglioglioma 19 (70.4)

DNET 13.7)

Gliomas 7 (25.9)
Residual lesion in
postoperative MRI 3(11.1)
Postoperative seizure freedom

At 3 months 25 (92.6)

First year 25 (92.6)

Second year 26 (96.3)

Unfavorable Significance

outcome* (n=7) P
34 0.211°
18.0+8.3 0.205
9.6+6.4 0.792
n (%)
5 (71.4) 1.000'
1(14.3) 1.000"
2 (28.6) 1.000"
3 (42.9) 1.000"
4 (57.1) 1.000"
3 (42.9) 0.315
2 (28.6) 0.268"
5 (71.4) 0.672
1(14.3) 0.644"
4 (57.1) 0.656"
2 (28.6) 0.101"
1 (14.30) 1.000'
2 (28.6) 0.268"
6 (85.7) 0.511t
3 (42.9) 0.01t
2 (28.6) 0.001"

IEDs - interictal epileptiform abnormalities, SD — standard deviation, DNET — dysembryoplastic neuroepithelial tumor, TIRDA — temporal intermittent rhythmic
delta activity; “P by Student’s t test, TP by Fisher’s exact test; *See text for definitions
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relates and postoperative seizure outcome of patients with
chronie epilepsy due to tumors of different histological types
located at different brain regions.'*** The electro-clinical
features, presurgical evaluation strategy, surgical treatment
and outcome differ considerably between temporal and
extratemporal epilepsies.”” Only very few studies have spe-
cifically addressed the clinical, electrographic and surgical out-
come of tumoral TLE, %> and none of them are from In-
This prompted us to the
electrophysiological and radiological data, and seizure out-
come of patients with tumor-related TLE who had undergone
surgery in our Epilepsy Program.

Because of differences in the selection and histopathologi-
cal criteria, the distribution of the neoplasms aceording to
type has varied widely between series of patients with tumoral
chronic epilepsy.**%?* Nevertheless, in the majority of the se-

dia. review clinical,

ries, as in ours, ganglioglioma is the commonest tumor type,
followed by other low-grade gliomas and DNET.PT A majority
of the patients with tumoral refractory epilepsy, as in our se-
ries, gets recruited for surgery in early adult life after having
had refractory seizures for a decade or more.>!

Among our 34 patients with tumoral TLE, during a median
postoperative follow-up period of 4 years, seizure freedom was
achieved in nearly 80% of patients; one-third of them were
completely free of AEDs. Over 90% of our patients had more
than 75% seizure reduction at last follow-up. Among the 68
patients, who had undergone evaluation and surgery for re-
fractory epilepsy in the Yale University Epilepsy Program,!
during a mean period of follow-up of 9 years after surgical
intervention, 65% of patients were seizure-free and 87% had
substantial seizure reduction. Our results are in agreement
with those from epilepsy surgery centers in the West 1012141
and emphasize the fact that in patients with tumoral TLE,
when the seizures are medically refractory, sureery offers po-
tential cure of epilepsy in the majority. Although no system-
atic study has so far been conducted comparing patients with
tumors in temporal and extratemporal locations, tumoral TLE
is generally considered to have a better seizure-free outcome
following surgery.”’

In the Yale University series of patients with tumoral TLIE, !
a better postoperative seizure outcome was found in patients
with early surgical intervention and complete tumor resec-
tion. However, other studies have failed to find a significant
association between age at surgery and postoperative seizure
outcome. % While incomplete tumor resection was an im-
portant cause of poor postoperative seizure outcome in some
studies,*1%*™ the presence of residual tumor did not signifi-
cantly influence the seizure outcome in other studies.*! In
the present series of patients with tumoral TLE, our inability
to find a significant association of these variables with post-
operative seizure outcome may be a reflection of the small
number of patients who had an unfavorable outcome. Moreo-
ver, considering the financial constraints of the patients and

the benign nature of the neoplasms resected, we undertook
postoperative MRI only in those with seizure recurrence. Early
successful surgical intervention will minimize the adverse
medical, behavioral and psychosocial consequences on
longstanding refractory epilepsy."™ The objective of any brain
tumor surgery is the complete resection of the lesion, if feasi-
ble.>?1 As we observed, several epilepsy surgery outcome stud-
ies have shown that long-term seizure control is best when the
patient is seizure-free during the first two years following sur-
ger,},.uii,?}(),iil |

In a comparative analysis of the distribution of the IEDs as
seen in the scalp EEG in TLE due to hippocamal sclerosis
versus mesial temporal lobe tumors, Hamer et al™! observed
more widespread distribution of IEDs in tumor patients com-
pared to the restricted spiking zone at the anterior temporal
region in patients with hippocampal sclerosis. The presence
of TEDs over the contralateral temporal lobe did not affect
the seizure outcome in our patients. The patterns of scalp-
recorded ictal EEG patterns have been correlated with the
etiological subtypes of TLE.M17 Whereas a localized well-
modulated, subtemporal theta frequency rhythm (Type 1) sig-
nified hippocampal sclerosis, a polymorphic slower rhythm with
broader hemispheric distribution was more often associated
with other causes.15! In view of the poor predictive value of
the EEG abnormalities in patients with tumor-related TLE,
the need of long-term video-EEG monitoring in such patients
has been questioned.® Ietal monitoring, however, is the only
method to document the patient’s habitual seizures and to
exclude non-epileptic behavioral events. Some studies have
found better seizure outcome in patients with tumor who un-
derwent resection of the epileptogenic cortex in addition to
the tumor, guided by ECoG.M%633 However, in an analysis of
the postoperative seizure outcome among 60 children with
tumor-related refractory seizures, favorable seizure outcome
was achieved in the majority without the assistance of
intraoperative ECo(.27 Intraoperative ECoG was done in 13
of our patients to guide the tumor resection. There was no
difference in the seizure outcome among those operated with
and without ECoG.

Although an inereased occurrence of psychosis with predomi-
nant depressive and paranoid features following surgical treat-
ment of ganglioglioma was initially postulated over 40 years
ago,™ recent temporal lobectomy series have failed to sub-
stantiate this observation.” % We did not observe major psy-
chosis in the postoperative period in any one of them or in
those with other neoplasms. However, the psychiatric distur-
bances observed preoperatively in 4 patients persisted in the
postoperative period without significant ageravation.

Our results are in agreement with prior reports regarding
the imaging findings and the optimal surgical strategy.” A
majority of our patients had removal of the mesial temporal
lobe structures because, as suggested by the MRI and
intraoperative findings, they were involved by the tumor. When
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the lesion was confined to the lateral temporal region, we did
lesionectomy alone. In patients with tumoral TLE, in the ab-
sence of tumor invasion of the hippocampus and/or secondary
hippocampal sclerosis, inclusion of mesial structures in the

resection is unnecessary, as it has not been shown to improve

seizure outcome.>310571
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worldwide. Though surgical results have been very encourag-
ing we still need to fine-tune the selection eriteria to improve
the results further and ask the question why every patient is
not benefited? As a corollary, maybe there is a need to identify
the factors to reject the surgical option.

MRI has greatly contributed to the selection of cases by de-
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lineating structural abnormalities, largely hippocompal atro-
phy. It stands to reason that if a lesion is responsible for medi-
cally refractory temporal lobe epilepsy lesionectomy should
give excellent results. This article focuses on a subtype of a
structural temporal lobe lesion i.e. tumoral lesion. Seizure free-
dom was achieved in nearly 80% of the patients, one-third of
them without antiepileptic drugs and 75% seizure reduction
in 90% of the patients. If the tumor is involving the mesial
temporal lobe structures, these too need to be resected. In-
complete tumor resection is an important cause for continued

seizures in the postoperative period. It would have been worth-
while to have done postoperative MRI in all the cases (eco-
nomically difficult proposition!) to know how many had re-
sidual tumor, but yet were free from seizures. From the clini-
cal point of view the most important observation is the sei-
zure-free period during the first postoperative year, which
portends excellent long-term prognosis.
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