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ABSTRACT – Aim. To investigate how to select ideal candidates for extratem-
poral resective epilepsy surgery, without compromising efficacy and safety, in
countries with limited pre-surgical diagnostic facilities. Method. From the pro-
spective database maintained at an epilepsy surgery centre in southern India,
we reviewed the attributes of consecutive patients who had completed at least
two years of follow-up after resections involving frontal, parietal and occipital
lobes for medically refractory focal seizures. Results. Of 386 patients diagnosed
with extratemporal refractory epilepsies during the study period, 61 (15.8%)
were selected based on the presence of magnetic resonance imaging (MRI)-
identified lesions (in all) and concordant scalp recorded electroencephalo-
graphic (EEG) data (in nearly two thirds). Seventeen (27.8%) required invasive
investigations either to define the ictal onset zone, eloquent area, or both.
During a median follow-up period of five years, 63% of our patients were
seizure-free, excluding the presence of auras. Permanent disabling neurological
sequelae occurred in three (4.9%) patients. According to univariate analysis,
pre-operative secondary generalised seizures and interictal epileptiform dis-
charges (IEDs), during a one-year post-operative EEG monitoring period, por-
tended unfavourable seizure outcome. In multivariate analysis, frontal lobe
resections and IEDs in post-operative EEGs were independent predictors of
unfavourable outcome. Conclusions. Extratemporal resective epilepsy surgery
can be undertaken in countries with limited resources with efficacy and safety,
comparable to that in developed countries, when patients are selected based on
the presence of MRI-identified lesions and scalp EEG concordance. In such
patients, invasive EEG examinations, when necessary, can be undertaken by
limited coverage of cortical areas at an affordable cost.
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Focal resections of the extratemporal
neocortex were reported to be the
most common early operations for
epilepsy (Horsley, 1886; Feindel,
1991). However, in recent epilepsy

surgery series, resections of the frontal,
parietal and occipital neocortex
together accounted for only ~ 10%,
whereas ~ 90% of epilepsy surgery
involved the temporal lobe (Spencer
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et al., 2005; Cohen-Gadol et al., 2006). This difference is
not only due to increased prevalence of temporal lobe
epilepsies in comparison with extratemporal epilepsies,
but also due to the preferential exclusion of patients with
extratemporal epilepsies from surgical candidacy because
of the difficulties encountered in defining the epilepto-
genic zone andmore frequent overlap of the epileptogenic
zone with eloquent areas (Cascino, 2004). Because of the
unreliable localization value of seizure semiology, and
scalp recorded interictal and ictal electroencephalo-
graphic (EEG) data, the majority of patients with refractory
extratemporal seizures in the past have required intracra-
nial electrodes to localize the ictal onset zone (Haglund
and Ojeman, 1993). Data from multiple sources indicate
that while over two-thirds of patients undergoing temporal
resections become seizure-free, only less than half of
patients undergoing extratemporal resections achieve sei-
zure freedom, also at the expense of significantly more
neurological morbidity (Engel et al., 2003; Tonini et al.,
2004; Spencer et al., 2005; Téllez-Zenteno et al., 2005;
Cohen-Gadol et al., 2006).
During the last decade, it has become possible to identify
potentially epileptogenic lesions in extratemporal loca-
tions such as focal malformations of cortical development
and benign neoplasms with ease by high-resolution
magnetic resonance imaging (MRI) (Duncan, 1997).
Refinements in digital EEG, ictal single-photon emission
tomography (SPECT), interictal positron emission tomog-
raphy (PET), magnetoencephalography (MEG), and the
combined processing of these investigative modalities
provide valuable non-invasive information helpful to
localize epileptogenic zones involving extratemporal
locations, thereby obviating the need for invasive moni-
toring even in patients with normal or equivocal MRI find-
ings (So, 2000; Lee et al., 2005; Knowlton et al., 2006).
Functional MRI (fMRI) can non-invasively define eloquent
cortical areas to a level of accuracy comparable to that
provided by intra-operative or extra-operative cortical
stimulation and mapping through intracranial electrodes
(Medina et al., 2005; Kesavadas et al., 2007). All these
technological developments, providing more reliable
pre-operative localization of the epileptogenic and func-
tional zones, has resulted in recent years in a steady
increase in extratemporal resective epilepsy surgery with
better seizure-free outcome and decreased neurological
morbidity (Cascino, 2004).
A recent survey revealed that for 26 of 142 (18.3%) devel-
oping countries epilepsy surgery was regularly conducted
in at least one centre (Wieser and Silfvenius, 2000).
Epilepsy surgery centres in developing countries lack the
full range of state-of-the-art technologies usually available
in centres in the developed world to perform pre-surgical
evaluation and surgery (Sylaja and Radhakrishnan, 2003).
The PET, SPECT, fMRI and MEG are seldom available in
developing countries, and the cost of invasive monitoring
permits its use only in a small proportion of affluent

patients. In such a set-up, selection of ideal extratemporal
epilepsy surgical candidates using locally available tech-
nology and expertise becomes a real challenge. To our
knowledge, very little information is available from
resource-poor countries about the surgical treatment and
outcome of patients with extratemporal epilepsies.
A previous study reported from India included only a
small number of patients and did not assess the outcome
predictors (Shukla et al., 2003).
Based on these considerations, we report prospectively
collected data on the pre-surgical evaluation process,
post-surgical outcome, and potential predictors of seizure
remission of patients who underwent resections involving
frontal, parietal or occipital neocortex for medically
refractory epilepsy from an epilepsy centre in a develop-
ing country. The objective of this study was to answer the
germane question: how to choose candidates for extra-
temporal resective epilepsy surgery without compro-
mising efficacy and patient safety, based on the limited
availability and affordability of pre-surgical diagnostic
modalities in resource-poor countries?

Materials and methods

Study setting and patient selection

Between March 1995 and October 2005, 696 patients
underwent epilepsy surgery at the R. Madhavan Nayar
Centre for Comprehensive Epilepsy Care, Sree Chitra
Tirunal Institute for Medical Sciences and Technology, sit-
uated at Trivandrum, the capital city of the southern Indian
state of Kerala. This centre receives patients from all over
India. Patients are selected for surgery based on a system-
atic pre-surgical evaluation protocol and a detailed discus-
sion in the weekly patient management conference. We
have described our general pre-surgical evaluation strat-
egy, selection criteria, and post-operative follow-up proto-
col in previous publications (Rao and Radhakrishnan,
2000; Sylaja et al., 2004; Lachhwani and Radhakrishnan,
2008; Chemmanam et al., 2009), and those relevant to
extratemporal epilepsy surgery are further detailed below.
All patients aged ≥ 12 years underwent neuropsychologi-
cal testing using an Indian adaptation of the test batteries
in the local Malayalam language. We do not have vali-
dated test batteries for neuropsychological testing in
children. A detailed pre- and post-operative psychiatric
evaluation was also carried out in all patients by a psychi-
atrist involved in the comprehensive epilepsy care pro-
gram. Patients who underwent resections involving frontal,
parietal or occipital lobes for medically refractory focal sei-
zures and who would have completed ≥ two years of post-
operative follow-up were the subjects for this study. The
per capita domestic product of the geographical region at
current prices in Indian Rupees (INR) is 39,300 (US dollar
[$] 980) (Kerala State Planning Board, 2007).
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MRI evaluation

We have described our MRI (Signa, 1.5 T, GE Medical
Systems, Milwaukee, MI, USA) protocol in detail else-
where (Sylaja et al., 2004). MRI was initially interpreted
and reviewed by the neuroradiologist (CK) from the epi-
lepsy program. The lesions were classified as focal when
confined to a single lobe, regional when more than two
contiguous lobes of one hemisphere were involved, and
bilateral when both hemispheres were involved.

Interictal and Ictal EEG

We have described our prolonged video-EEG monitoring
protocol in detail elsewhere (Chemmanam et al., 2009).
A standard 10-20 system of scalp electrode placement
was used with additional anterior temporal (T1 and T2)
electrodes. The distribution of interictal epileptiform dis-
charges (IEDs) during prolonged video-EEG monitoring
was assessed by visual analysis of interictal EEG samples
of 15 seconds every 15 minutes. Only definite spikes or
sharp waves were considered as IEDs. The IEDs were clas-
sified as concordant (if ≥ 75% of the IEDs corresponded to
the site of MRI abnormality) and discordant/diffuse (con-
tralateral, bilateral independent, multifocal, and general-
ised IEDs). We insisted on recording at least two habitual
seizures for those with strictly unilateral MRI abnormali-
ties and concordant IEDs, and at least five seizures in
those with discordant data. We categorized scalp
recorded ictal EEG activity into three patterns in relation
to the MRI lesion location: localizing (to the lesional
lobe), lateralizing (to the lesional hemisphere), and diffuse
(uncertain hemispheric origin).

Invasive EEG studies

In patients with inconclusive or non-localizing scalp EEG
data, invasive EEG studies were performed using 20- to 48-
contact subdural grids, 4- to 8-contact subdural strips, and 4-
to 8-contact depth electrodes (supplied by AdTech Medical
Instruments, Racine, Wisconsin, USA). No more than one
grid, four strips and two depth electrodes were placed in
any one patient. While 12 patients had a combination of
grid and strip electrodes, five patients had a combination of
strip, grid and depth electrodes. The ictal onset in grid elec-
trodes was defined as focal (originating from ≤ 3 adjacent
contacts), regional (originating from 4-8 adjacent contacts),
and diffuse (> 8 contacts simultaneously involved). Ictal
onset in depth electrodes confined to one or two contacts
was defined as focal. Extra-operative or intra-operative stim-
ulation studies were performed after placement of subdural/
depth electrodes to map eloquent cortices in patients with
closely approximating lesions. A current ranging from
2.5-12.5 milliamperes in increasing intensity, pulse duration
of 0.2 milliseconds, train duration of two seconds in adults
and five seconds in children, and pulse rate of 50 Hz
was used. In all instances, other than those requiring

intra-operative cortical stimulation studies, surgery was per-
formed under general anaesthesia. Pre-resection and
post-resection direct electrocorticography (ECoG) was per-
formed in all patients operated on after September 2001.
A reduction of ≥ 75% in the number of post-resection IEDs,
compared to pre-resection IEDs, was considered as indica-
tive of adequate resection of the spiking zone.

Pathological examination

Four-micrometre-thick histological sections were gener-
ated from 10% formalin-fixed, paraffin-embedded
resected brain tissue, and were stained with haematoxylin
and eosin, Bielschowsky, and cresyl violet stains. The
neuropathologist (VVR) interpreted the histopathology
and grouped the lesions into developmental (focal corti-
cal dysplasia [FCD]), tumours (dysembryoplastic neuroe-
pithelial tumour [DNET], ganglioglioma, and low-grade
gliomas), gliosis, and vascular lesions (arterio-venous mal-
formation [AVM] and cavernoma).

Outcome assessment

We prospectively followed all epilepsy surgery patients at
three months and 12 months after surgery and at yearly
intervals thereafter. In our epilepsy centre, we routinely
use the elaborate Engel Seizure Scoring System (So
et al., 1997; Rao and Radhakrishnan, 2000) in preference
to the commonly used Engel Seizure Outcome
Classification (Engel, 1987), which has several limitations.
For this study, we adopted the latter by classifying the
post-operative seizure outcome at last follow-up or until
November 2007 as seizure-free outcome (Engel class I)
and unfavourable outcome (seizure recurrence of any
type excluding auras), according to seizure status during
the preceding two years. The awake and sleep EEG was
performed during each follow-up visit for three years.
Post-operative MRI was undertaken only in those with sei-
zure recurrence.

Cost computation

In India, heath insurance does not cover the cost of epi-
lepsy care. In our centre, patients are charged treatment
cost according to their income. While the maximum
income category bears the total cost, poorest groups
receive free treatment. For this study, we computed out-
of-pocket payment of INR for pre-surgical evaluation, sur-
gery and post-operative care as paid by the maximum
paying group. The cost of INR was converted to $ at a
rate of 40 INR = 1 $.

Statistical methods

We summarized data as mean, median or percentages with
range or standard deviation for dispersion, and in 95%
confidence intervals (CI). Survival analysis based on
Kaplan-Meir curve was conducted to estimate cumulative

N. Chaudhry, et al.

40 Epileptic Disord Vol. 12, No. 1, March 2010



probability of remission at various time points after surgery.
To test the association of different pre-, intra- and post-
operative characteristics with seizure outcome at last
follow-up using univariate analysis, we utilized 2-tailed
t-test, Pearson’s chi-square test and Fisher’s exact test,
where appropriate. We performed standard forward step-
wise multiple logistic regression, using post-operative sei-
zure outcome as a dependent variable and the following
independent variables that did not influence selection of
our patients for surgery: presence vs. absence of pre-
operative secondary generalised seizures, frontal vs. other
lobar resections, FCD vs. other lesional pathologies and
presence vs. absence of IEDs in the first-year post-operative
EEG. A P value of ≤0.05 was considered as significant.

Results

Patient cohort

Of the 696 patients who underwent epilepsy surgery dur-
ing the study period, 61 (8.8%) had extratemporal resec-
tions. During the same period, of the 2,630 patients who
underwent pre-surgical evaluation, 386 were diagnosed
with extratemporal refractory epilepsies; of these only
61 (15.8%) underwent surgery. After obtaining noninva-
sive pre-surgical evaluation data, each patient was thor-
oughly discussed in the weekly patient management con-
ferences to decide their surgical candidacy (Lachhwani
and Radhakrishnan, 2008). A majority of patients could
not be selected for surgery either because of the absence
of a demonstrable lesion by MRI or inadequate ictal EEG
data to delineate the ictal onset zone. These patients
could not be further evaluated either because of the non-
availability of facilities to investigate them or their inabil-
ity to afford the cost of further evaluation. Of the
38 patients who underwent invasive EEG evaluation dur-
ing the study period, all 17 with extratemporal epilepsy
underwent resective surgery.

Clinical characteristics

The demographic and clinical profiles of 61 patients are
provided in table 1. Eleven were children (aged ≤ 12 years).
The median age at surgery was 17.5 (range 5-38) years,
and the median duration of epilepsy prior to surgery was
10.5 (range 1-36) years. The surgical resection involved the
frontal lobe in 22 (36.1%), parietal lobe in seven (11.5%),
occipital lobe in 13 (21.3%) and multilobar in 19 (31.1%)
patients. All patients had complex partial seizures, seven,
in addition, had simple partial seizures. Secondary gener-
alised seizures occurred in 39 (63.9%) patients.
Neurological examination revealed subtle deficits related
to lesion location such as hemiparesis (four patients),
hemihypoesthesia (two patients), hemiatrophy of extremi-
ties (one patient) and visual field defects (homonymous
hemianopia in seven and quadrantnopia in three patients).

In 50 adult patients where a detailed neuropsychological
examination was carried out, 24 (48%) showed a neuro-
psychological dysfunction (in memory and language
domains) concordant with the hemisphere of ictal onset,

Table 1. Clinical characteristics of 61 extratemporal
epilepsy surgery patients.

Characteristics n (%) Median Range

Gender
- Male 40 (65.6)
- Female 21(34.4)
Age at first unprovoked seizure (yr) 6.00 0.2-27
Age at surgery (yr) 17.5 5-38
Presurgical duration of epilepsy
(yr)

10.5 1-36

Antecedents 25 (40.9)
- Perinatal insults 6 (9.8)
- Febrile convulsions 9 (14.7)
- Meningitis/encephalitis 5 (8.2)
- Head trauma 3 (4.9)
- Others 2 (3.3)
Seizure types
- Complex partial seizures 61 (100)
- Simple partial seizures 7 (11.5)
- Secondary GTCS 39 (63.9)
- Status epilepticus 2 (3.3)
Preoperative neurological deficits
- Hemiparesis 4 (6.6)
- Hemihyposthesia 2 (3.3)
- Hemiatrophy 1 (1.6)
- Visual field defects 10 (16.4)
Resection location
- Frontal 22 (36.1)
- Parietal 7 (11.5)
- Occipital 13 (21.3)
- Multilobar 19 (31.1)
Surgical procedures
- Lesionectomy 49 (80.3)
- Lobectomy 11 (18.0)
- Frontal cyst decompression 1 (1.6)
- Multilobar resection 10 (16.4)
- Multiple subpial trisection 1 (1.6)
- Amygdalohippocampectomy 1 (1.6)
Surgical complications
- Transient 9 (14.7)
- Hemiparesis 6 (9.8)
- Hemianesthesia 2 (3.3)
- Aphasia 1 (1.6)
- Pneumocephalus 1 (1.6)
- Infection 1 (1.6)
Long-standing 17 (27.9)
- Hemiparesis 3 (4.9)
- Visual field defects 14 (22.9)

GTCS: generalized tonic-clonic seizure.

Extratemporal epilepsy surgery

Epileptic Disord Vol. 12, No. 1, March 2010 41



whereas in others (52%), a diffuse dysfunction was noted.
None exhibited any significant pre-operative behavioural
or psychiatric disturbances.

MRI and histopathological findings

The distribution of patients according to location of MRI-
based lesions and histopathological diagnosis is shown in
table 2. Focal lesions were present in 38, regional in
20 (including one each of insular and peritrigonal lesions)
and bilateral in three patients. The lesion involved exclu-
sively the frontal lobe in 22 (36.1%) patients, occipital
lobe in 13 (21.3%), parietal lobe in seven (11.5%), and
more than one lobe in 19 (37.7%). The histopathological
diagnoses comprised focal cortical dysplasia in
13 (21.3%), DNET in four (6.6%), ganglioglioma in five
(8.2%) low-grade astrocytoma in two (3.3%), gliosis in
28 (45.9%), calcification in two (3.3%), AVM in one
(1.6%), cavernoma in four (6.6%) and cystic changes in
two (3.3%). One patient, in addition to a frontal gliosis,
had ipsilateral mesial temporal sclerosis.

EEG data

Scalp recorded ictal and interictal EEG data are provided in
table 2. The duration of the scalp recorded video-EEGmon-
itoring ranged from one to six days and that of invasive
monitoring ranged from five to 13 days. The median num-
ber of seizures recorded was three per patient (range two to
15) during scalp video-EEG monitoring and eight per
patient (range three to 21) in subjects who underwent inva-
sive video-EEG monitoring. The seizure semiological and
ictal EEG data were considered localizing in 19 and later-
alizing in 23 patients. The IEDs were confined to the side of
MRI lesion in 22 patients. Invasive EEG studies were per-
formed in 17 patients (27.9%), of whom five had frontal,
four occipital, two parietal, four multilobar and two bilat-
eral lesions byMRI. Invasive monitoring revealed focal ictal
onset in eight (at the edge of the grid for two patients),
regional onset in five and diffuse onset in two patients.
Cortical stimulation studies were done in 18 (29.5%)
patients, during awake craniotomy in 10 and extra-
operatively in eight. ECoG was performed in 54 patients
(88.5%). A ≥ 75% reduction of spikes in the post-resection
ECoG was noted in 46 (85.2%) patients and six had persis-
tent post-resection spikes (11.1%), while three patients
(5.6%) did not have any pre/post-resection spikes. One-
year follow-up EEG showed IEDs in 22 patients.

Surgical procedures

The surgical procedures undertaken were lesionectomy in
49 (frontal 24, occipital seven, parietal eight and multilo-
bar lesional resection in 10), lobectomy in 11 (eight
occipital, three frontal) and frontal cyst decompression
in one patient (table 1). Multilobar resections involved
parietal and occipital lobes in three, parietal, temporal
and occipital lobes each in one, and frontal and temporal,
temporal and occipital and peritrigonal each in two. In
addition to lesionectomy, multiple subpial transection of
the motor cortex was undertaken in one patient with a
frontal lesion, and an amygdalohippocampectomy in
another with an occipital lesion. The resection was con-
sidered to be complete by the operating neurosurgeon
(MA) in 51 (83.6%) patients, while in 10 (16.4%) it was
limited by eloquent cortex. Although it is highly desirable
to perform post-operative MRI in every patient to confirm
the extent of resection, in a developing country scenario
where the patient and the family have to bear the cost, we
were forced to limit this investigation to selected patients.

Operative complications

Temporary deficits following surgery, which had resolved
within three months, comprised hemiparesis in six, hemi-
sensory loss in two and aphasia in one (table 1). Other
temporary complications noted peri-operatively were
pneumocephalus and brain abscess, each present in one
patient (both of whom had undergone invasive EEG stud-

Table 2. Investigative data from 61 extratemporal epilepsy
surgery patients.

Parameter n (%)

Lesion location on MRI
- Frontal 22 (36.1)
- Parietal 7 (11.5)
- Occipital 13 (21.3)
- Multilobar 19 (31.1)
Scalp IEDs
- Concordant 44 (72.1)
- Discordant/diffuse 14 (23.0)
- Absent 3 (4.9)
Scalp EEG ictal onset
- Localizing 19 (31.1)
- Lateralizing 23 (37.7)
- Diffuse 19 (31.1)
Invasive EEG (n = 17) ictal onset
- Focal 8 (47.1)
- Focal, but edge electrodes 2 (11.7)
- Regional 5 (29.4)
- Diffuse 2 (11.7)
Histopathological diagnosis
- Cortical dysplasia 13 (21.3)
- DNET 4 (6.6)
- Ganglioglioma 5 (8.2)
- Astrocytoma 2 (3.3)
- Gliosis 28 (45.9)
- AVM 1 (1.6)
- Cavernoma 4 (6.6)
- Others 4 (6.6)

AVM: arteriovenous malformation; DNET: dysembryoplastic
neuroepithelial tumour; IEDs: interictal epileptiform discharges.
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ies), meningitis, subdural empyema, and lung collapse in
each. Eleven patients (18%) suffered permanent deficits
following surgery. Two developed hemiparesis (one with
dysphasia), and one patient with pre-operative mild hemi-
paresis developed a disabling dense hemiplegia. Visual
field defects were noted in 14 patients (10 occipital, one
parietal and three with resections involving parietal and
occipital lobes): quadrantnopia in four, hemianopia in
seven, and the pre-operative quadrantnopia worsened to
hemianopia in three patients. No patients described visual
field deficits to be disabling. There was no operative or
post-operative mortality.

Outcome

The post-operative outcome is summarized in table 3.
During the median follow up of five years (range two to
10 years), 37 patients (62.7%) were seizure-free until the
last follow-up date. Seven patients had seizures in early
post-operative years before becoming seizure-free. The
cumulative probability of a two-year remission at two,
three, four and five years after surgery was 0.66 (95% con-
fidence interval [CI]: 0.54-0.78), 0.71 (0.60-0.83),
0.71 (0.60-0.83), and 0.75 (0.63-0.87), respectively (figure
1). Four patients could be completely weaned off antiepi-
leptic drugs. Of the 22 patients (36.1%) who continued to
have seizures, seizure frequency was reduced in seven.
Two patients died: both underwent frontal resections and
remained seizure-free until death; one at six months from
an unrelated accident, and the other at eight months from
presumed tuberculous meningitis. One patient was dis-
abled by a dense post-operative hemiplegia. Visual field
defects did not affect activities of daily life in any patients.

Predictors of seizure outcome

The attributes of patients with favourable and unfavourable
seizure outcomes are compared by univariate analysis in
table 4. Patients with secondary generalised seizures had
unfavourable outcome compared to those without (50%
vs 14.3%, p < 0.011). We did not find any significant rela-
tionship between seizure outcome and the following char-
acteristics that did not influence selection for surgery: age at
surgery, duration of epilepsy prior to surgery, presence or
absence of antecedent events, location and histopathology
of the lesion, resected lobe, type and extent of the resection,
and significant residual spikes in the post-resection ECoG.
As expected, variables that were used in the selection for
surgery such as pre-operative interictal and ictal EEG data,
and need for invasive EEG did not influence the outcome.

Table 3. Seizure outcome of 59 extratemporal epilepsy
surgery patients.

Outcome status n (%)

Favourable seizure outcome 37 (62.7)
- Seizure-free and aura-free 32 (54.2)
• Off AEDs 4 (6.8)
• On AEDs 28 (45.9)

- Aura only 5 (8.5)
Unfavourable seizure outcome 22 (36.1)
- Less frequent seizures 7 (11.9)
- No change/worsened 15 (25.4)

Out of 61 patients, two died during first post-operative year of
unrelated causes.
AED: antiepileptic drug.
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Figure 1. Cumulative probability of seizure remission of 59 extratemporal resective epilepsy surgery patients.
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While eight of the 16 patients who underwent invasive EEG
monitoring had a favourable outcome, 29 of 43 patients
who did not undergo invasive monitoring had a similar out-
come (50% vs 67.4%, p 0.353) (table 4). Persistence of IEDs
in the one-year post-operative EEG predicted an unfav-
ourable seizure outcome (60% vs 20.6%, p < 0.003).
Standard multiple logistic regression identified frontal lobe
resection and persistent IEDs in the post-operative EEG as
independent predictors, and pre-operative history of sec-
ondary generalised seizures as a predictor of marginal
significance of unfavourable seizure outcome (table 5).

Cost

The mean combined cost of noninvasive pre-surgical
evaluation, uncomplicated epilepsy surgery and hospital
stay was INR 60,000 ($ 1,500). Invasive monitoring
resulted in an additional cost that ranged from INR
21,500 ($ 540) to 200,000 ($ 5,000), escalating the
mean cost of surgical treatment to INR 137,000 ($ 3,400).

Discussion

This study describes the pre-surgical evaluation strategy
and post-surgical outcome of 61 consecutive patients
with medically refractory extratemporal epilepsies treated
in a comprehensive epilepsy care centre in southern
India. During the study period, 8.8% of epilepsy surgery
in our centre was for extratemporal epilepsy of which
37.7% involved the frontal lobe. All our patients poten-
tially had epileptogenic lesions identified by MRI. Three
quarters of them were selected for surgery based on the
localization evidence provided by noninvasive pre-
surgical evaluation. All except two of our patients, who
died during the first post-operative year due to unrelated
causes, could be prospectively followed-up for ≥ two
years. During a median follow-up period of five years,
63% of our patients were seizure-free, excluding auras.
Permanent post-surgery disabling neurological deficits
occurred in only three (4.9%) patients. The mean out-
of-pocket payment for pre-surgical evaluation and surgery
was 60,000 Rs ($ 1,500). Invasive monitoring escalated
the cost two to three fold. To our knowledge, this is the
first description of surgically treated patients with extra-
temporal epilepsy who have undergone a detailed pre-
surgical evaluation including invasive EEG monitoring
and functional mapping from a large developing country.
Cost-effective use of an expensive treatment modality like
epilepsy surgery is of paramount importance in a devel-
oping country where health care resources are severely
constrained, and patients and their families have to bear
the cost. Our objective through the following discussion is
to put extratemporal resective epilepsy surgery in the
proper perspective in such a scenario.

Defining outcome and its predictors is important in select-
ing ideal candidates for epilepsy surgery and counselling
individual patients before and after surgery. As random-
ized control design in surgical patients has several ethical
implications, assessment of epilepsy surgery outcome
therefore mostly relies on the results of observational stud-
ies. However, published results of observational studies,
to date, on extratemporal resective epilepsy surgery are
often contradictory and confusing. In a critical analysis
of observational studies with respect to epilepsy surgery
outcome, Beghi and Tonini (2006) identified the following
drawbacks to explain conflicting data: retrospective
design, differing criteria used to select surgical candidates
and their inadequate description, short and incomplete
post-surgery follow-up, variable definition of prognostic
predictors and outcome measures, and application of
inappropriate statistical methods.
In any epilepsy surgery series, patients undergoing extra-
temporal resections comprise a highly select group based
on the locally available diagnostic technology and exper-
tise. Of 386 patients with extratemporal refractory sei-
zures who underwent pre-surgical evaluation at our
centre during the study period, only 61 (15.8%) under-
went surgery. These patients were selected for surgery
based on MRI-identified potentially epileptogenic lesions
and MRI-EEG concordance. Less than a quarter of them
required intracranial electrode placement to further refine
the ictal onset zone and/or to delineate its proximity to the
functional cortex. Even our patients who required inva-
sive monitoring were selected because, at a cost afford-
able to the patient, only limited coverage of cortical
areas was possible. We excluded the remainder of
patients from surgical candidacy either because of our
inability to generate a reasonable hypothesis regarding
the ictal onset zone with the locally available noninvasive
pre-surgical evaluation strategy or due to their inability to
undergo invasive EEG monitoring for financial reasons.
During the study period, we did not have SPECT, PET or
fMRI facilities. We routinely perform intra-operative
ECoG, although its role in tailoring resection, and
cost-effectiveness of this strategy, is controversial. In
patients with FCD, better seizure outcome has been
achieved when resection of both the MRI-identified lesion
and cortical areas showing continuous rhythmic spiking
could be undertaken (Palmini et al., 1994). In patients
with DNET, extended resection guided by ECoG has
been shown to result in better seizure-free outcome due
to the frequent association with cortical dysplasia (Mikuni
et al., 2006).
The selection process of ideal candidates for epilepsy sur-
gery, which mandates a concordance of clinical, MRI and
EEG findings, defies true analysis of the majority of predic-
tive factors routinely assessed in epilepsy surgery out-
come studies (Armon et al., 1996; Spencer et al., 2005).
Only factors other than those used for patient selection
can be reliably examined (Spencer et al., 2005). Since a
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Table 4. Univariate analysis of the predictive factors of post-operative seizure outcome of 59 patients
with extratemporal epilepsies.

Attributes Favourable outcome
(n = 37)

Unfavourable outcome
(n = 22)

Significance
p

Age at surgery (yr)† 17.1 ± 8.4 22.4 ± 9.2 NS
Presurgical epilepsy duration (yr)† 11.3 ± 8.6 12.4 ± 8.5 NS
Age at seizure onset (yr)† 6.5 ± 4.5 8.6 ± 5.8 NS

n (%) n (%)
Antecedent events
- Present 11 (29.7) 8 (36.2) NS
- Absent 26 (70.3) 14 (63.6)
Secondary GTCS
- Present 19 (51.4) 19 (86.4)
- Absent 18 (48.6) 3 (13.6) 0.011
MRI Lesions
- Focal 23 (62.2) 15 (68.2) NS
- Regional 12 (32.4) 5 (22.7) NS
- Bilateral 2 (5.4) 2 (9.1) NS
Lobar distribution
- Frontal 13 (35.1) 9 (40.9) NS
- Occipital 10 (27.2) 3 (13.6) NS
- Parietal 4 (10.8) 3 (13.6) NS
- Multilobar 10 (27.2) 7 (31.8) NS
Pathology
- FCD 9 (24.3) 4 (18.2) NS
- Gliosis 13 (35.1) 13 (59.1) NS
- Neoplasms 7 (18.9) 4 (18.2)
- Vascular lesions 4 (10.8) 1 (4.5)
- Others 4 (10.8) 0 (0)
Ictal onset
- Lateralizing 15 (40.5) 7 (31.8) NS
- Localizing 11 (29.7) 8 (36.4) NS
- Diffuse 11 (29.7) 7 (31.8) NS
IEDs
- Concordant 26 (70.3) 16 (72.7) NS
- Discordant 11 (29.7) 6 (27.3)
Invasive EEG monitoring
- Undertaken (n = 16)‡ 8 (50.0) 8 (50.0) NS
- Not undertaken (n = 43)‡ 29 (67.4) 14 (32.5)
ECoG (n = 50)
- > 75% reduction 28 (80.0) 13 (86.7) NS
- < 75% reduction 4 (11.4) 0 (0) NS
- No IEDs 3 (8.6) 2 (13.3)
Post-operative EEG at 1 yr
- IEDs absent 27 (73.0) 7 (31.8) 0.003
- IEDs present 10 (27.0) 15 (68.2)
Surgical resection
- Adequate 34 (91.9) 18 (81.8) NS
- Inadequate 3 (8.1) 4 (18.3)

n: number; † mean ± standard deviation; FCD: focal cortical dysplasia; GTCS: generalised tonic-clonic seizure; IEDs: interictal epilep-
tiform discharges; EEG: electroencephalogram; ECoG: electrocorticogram; NS: not significant; MRI: magnetic resonance imaging;
‡ one patient in each group died before the first post-operative-year follow-up.
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focal abnormality by MRI is the only variable consistently
shown to be associated with a favourable outcome
(Cascino, 2004), we selected all our patients for surgery
based on this attribute. The lack of correlation of interictal
and ictal scalp and invasive EEG data with post-operative
outcome of our patients is not unexpected because our
selection protocol dictated these variables to be predomi-
nantly localizing. Among the factors that did not figure in
the selection process, by univariate analysis, only the
presence of pre-operative secondary generalised seizures
and IEDs in the one-year post-surgery EEG stood out as
negative predictors for seizure remission (table 4). These
two variables have previously been shown to be predic-
tive of seizure outcome. In a multicentre prospective
observational study of (temporal and extratemporal com-
bined) resective epilepsy surgery, Spencer et al. (2005)
noted that a lack of pre-operative generalised seizures
was the only variable that predicted post-operative sei-
zure remission. In meta-analysis of predictors of epilepsy
(temporal and extratemporal combined) surgery outcome,
Tonini et al. (2004) noted that persistent IEDs in the post-
surgery EEG portended an unfavourable prognosis. The
FCD and frontal resections are generally considered to
have less favourable outcome. In a group of patients
who underwent neocortical temporal and extratemporal
resections, Yun et al. (2006) identified FCD as a negative
predictor by univariate analysis, but, as in our study, this
variable did not stand up as an independent predictor in
multivariate analysis. In a meta-analysis of long-term sei-
zure outcome, frontal resections produced the worst long-
term median seizure-free rates (27% compared to 46%
with occipital and parietal resections) (Téllez-Zenteno
et al., 2005). Based on multivariate analysis, our patients
with frontal resections had a less favourable outcome
compared to those with other resection sites.
As observed in a multicentre prospective study that eval-
uated the long-term seizure outcome following resective
epilepsy surgeries (Spencer et al., 2005), the cumulative
probability of seizure remission in our patients improved
with time (figure 1). Seven of our patients with seizures
during early post-operative years subsequently became
seizure-free. In a comparative evaluation of the long-

term seizure outcome, improvement in seizure control
with time was more common in patients who had under-
gone frontal lobe resection compared to those who had
undergone temporal lobe resective epilepsy surgery
(Ficker et al., 1999).
In order to be cost-effective, epilepsy surgery centres in
resource-poor countries will have to achieve excellent
results by selecting candidates destined to a seizure-free
outcome using locally available limited technology and
expertise, without compromising on patient safety. Our
results illustrate that this goal can be achieved by select-
ing patients for extratemporal resective surgery, whose
epileptogenic zone can be reliably localized based on
MRI-identified lesions and interictal and ictal EEG
findings. Among such patients, for those who require
intracranial electrode placement for verification of the
scalp recorded EEG data or for functional mapping, the
number of electrode contacts used, and thereby the cost,
can be kept to a minimum. The following facts justify our
strategy: none of our patients with refractory extratemporal
seizures, who underwent invasive monitoring during the
study period, were denied surgery due to inadequate
localizing data, and the seizure outcome rate between
our patients selected for surgery with and without invasive
evaluation did not differ.□
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