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ABSTRACT - Surgery for space occupying lesions of the brain associated with intractable epilepsy represents 
a special problem because relief of the epilepsy is as much an operative goal as excision of the space occupying 
lesion itself. This study concerns 32 patients with space occupying lesions and intractable epilepsy who underwent 
excision of the lesion with acute intraoperative electrocorticography guided resection of the epileptogenic focus. 
Of the 32 patients, 16 formed a subgroup of gangliogliomas alone. The remaining were mixed lesions, 
predominantly benign. The duration of seizures in these patients ranged from 2 to 30 years, and the seizure 
frequency varied from 1 to 300 convulsions per month. The operative procedures included temporal corticectomy, 
amygdalo-hippocampectomy, and extratemporal corticectomies. Twenty nine patients were in Engel class I 
postoperatively, and three patients were in Engel class II. The findings with gangliogliomas are also considered 
in a separate group. This study strongly suggests that the operative procedure under electrocorticography guidance 
improves seizure outcome in space occuping lesions related intractable epilepsy. 

KEY WORDS: brain tumor, ganglioglioma, refractory epilepsy, electrocorticography. 

Tratamento cirúrgico da epilepsia refratária associada a lesões expansivas: experiência e revisão 

RESUMO - O tratamento cirúrgico das lesões que ocupam espaço (LOE) do sistema nervoso associadas a 
epilepsia intratável representa um problema clínico especial, já que tanto o tratamento da lesão como o da 
epilepsia são relevantes. Estudaram-se 32 pacientes com LOEs que foram submetidos a lesionectomia com 
margens guiadas por eletrocorticografia. Destes, 16 possuíam gangliogliomas e os restantes lesões variadas, 
predominantemente benignas. A duração das crises nesses pacientes variou de 2 a 30 anos e a frequência das 
crises de 1 a 300 por mês. Os procedimentos cirúrgicos incluíram corticectomia temporal , amigdalo-¬ 
hipocampectomia e corticectomias extra-temorais. Vinte e nove pacientes estvam em grau I de Engel pós-¬ 
operatoriamente e 3 em grau II. Os achados em relação aos gangliogliomas foram também estudados 
separadamente. Este estudo sugere que a inclusão da eletrocorticografia e da ressecção das margens epileptogênicas 
em pacientes com LOEs e epilepsia refratária melhoram os resultados obtidos em relação às crises. 

PALAVRAS-CHAVE: tumor cerebral, ganglioglioma, epilepsia refratária, eletrocorticografia. 

The surgical treatment of space occupying lesions (SOLs) of the brain associated with refractory 

epilepsy is an issue dogged by controversy. In such patients, surgery is directed as much towards the 

relief of seizures, as it is towards cure of the tumor. Many such patients are on supra-maximal doses 

of anticonvulsant therapy, freedom from which is another important goal. Many neurosurgeons 

believe that simple excision of the lesion alone is inadequate for this purpose'. 
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This study presents a series of 32 patients with SOLs and refractory epilepsy who underwent 
surgery to include the epileptogenic focus with the lesion, and examines on the basis of its results 
and of related literature the value of inclusion of the focus in the resection. 

PATIENTS AND METHODS 

One hundred and sixty patients were surgically treated at this center for epilepsy between 1992 and June 
1995. This study includes 32 of these patients (24.2%) selected retrospectively. Presence of SOLs associated 
with refractory epilepsy was the inclusion criterion. Refractory epilepsy was defined as persistent seizures (at 
least one per month) despite optimal or supra-optimal drug levels. Thirty two patients were included in this 
study with ages ranging from 6 to 57 years (mean 22.9). Twenty four of the patients were males (78%), and 8 
were females. 

All patients were investigated by both computed tomography (CT), and magnetic resonance imaging 
(MRI). Surface inter-ictal multi-channel electroencephalography (EEG) and neuropsychological testing were 
carried out in all patients preoperatively. Two patients underwent the intra-carotid amytal procedure (IAP) 
preoperatively. All patients were under treatment by neurologists, and were receiving optimal or supraoptimal 
doses of multiple antiepileptic drugs. 

All except one patient were operated under general anesthesia. Intraoperative electrocorticography (ECoG) 
was performed in 29 patients. The remaining 3 underwent stereotactically guided lesionectomy. The use of 
ECoG followed the protocol of first performing a base-line ECoG, followed by excision of the lesion. ECoG was 
then repeated to evaluate for residual spiking activity, which was then excised if feasible. Intraoperative mapping 
of the motor strip under general anesthesia was performed in 8 patients, and mapping of the Wernicke's area 
was carried out in the single patient who was operated under local anesthesia. 

The operative procedures performed included temporal corticectomy with amygdalo-hippocampectomy 
(TCAH), temporal corticectomy (TC), extra-temporal corticectomy (ETC), posterior hippocampectomy (PH), 
and lesionectomy with stereotactic guidance (LS). Excision of the mass lesion, partial or total, was common to 
all, irrespective of additional or modified procedures for control of epilepsy. Total excision was confirmed by 
means of MRI. 

All excised tissue was examined histopathologically; sixteen patients were diagnosed to have 
gangliogliomas (GG) and the other 16 patients had miscellaneous pathologies. 

Post operative anti-epileptic treatment was continued for a period of one year with the same drug regimen 
as was being used before surgery. Where supra optimal doses were being used, they were reduced to optimal 
levels. Drugs were tapered off after one year under serial EEG control. All malignant lesions were irradiated 
post-operatively irrespective of the completeness of resection. 

Patients were followed up with post-operative MRIs, neuropsychological testing and serial EEGs. Each 
of these was performed every 3 months, except MRI which was performed every 6 months in the presence of 
residual tumor. If no residual lesion was found, MRI was performed yearly. 

RESULTS 

The male predominance (24 male, 8 female) was statistically significant (p<0.03). The earliest 
age of seizure onset was 1 year and the oldest was 48 years (mean 12.7 years). Patients with GG 
presented after a significantly longer duration of seizures than did patients with other lesions 
(p < 0 .03) . Complex partial seizures were present in 29 patients (90.6%), of whom 11 (34.3%) had 
secondarily generalized convulsions. Three patients (9.3%) had primarily generalized seizures. 

In twenty four patients (75%) EEG was unequivocally lateralised and 4 patients showed 
bitemporal interictal activity, 3 had diffuse spiking, and one had a normal recording. Table 1 show 
these findings correlated with the clinical and EEG findings. 

No patient with GG had perilesional edema on the CT or MRI, and 5 patients had normal CT 
scans 5 4 . Only 3 patients in this group had lesions with mass effect. Six patients had calcifications in 







the lesions. The intensity of contrast enhancement of the lesions on both CT and MRI was greater in 
patients with miscellaneous pathologies, although no specificity could be discerned in other signal 
characteristics (Table 2). 

All 29 patients who underwent ECoG were found to have spiking activity outside the immediate 
vicinity of the lesion . Three patients did not undergo ECoG, but had LS procedures because of 
lesions located in eloquent areas. Two patients underwent only temporal corticectomy without 
amygdalo-hippocampectomy, because the tumor was very posteriorly located. ETCs were performed 
on 5 patients in each group, each of whom had extratemporal lesions. The patient with the occipito­
temporal lesion was found to have tumor growing into the posterior medial temporal lobe, and 
underwent PH also. Depth recordings showed no spiking from the head of the hippocampus. His 
seizure outcome corresponded to Engel class I. No patient with a temporal lesion was found to have 
an extratemporal seizure focus. Seven patients had partial resections because of involvement of 
sensitive areas by the tumors. Two post operative complications were seen. The patient with a lesion 
in the Wernicke's area who underwent surgery under local anesthesia with sparing of eloquent cortex 
suffered a temporary sensory dysphasia which improved within a week. One patient had a transient 
hemiparesis after frontal corticectomy, which recovered over 2 weeks. 

The postoperative results in relation to seizures were assessed according to Engel's system . 
The average follow up was 26.3 months (4-68 months) there were 29 patients in class I and 3 in class II. 

DISCUSSION 

This study contains patients with a wide range of ages (6 to 57 years, mean 22.9). This wide 
variance agrees with other studies3"" as does the predilection of GGs for younger patients 2 9- 3 1. One 
study insists that no age is more prone to G G s 8 " ' 2 9 , 3 7 , 5 3 . There appears to be no bias towards either 
sex in most series 2 5 , 2 9- 4 8 . Our series shows an overwhelming predominance of males, as does that of 
Castillo et al.".Traditionally, intractability of seizures has always raised suspicions of underlying 
structural lesions 1 1 5- 2 1- 2 6- 2"- 4 1. This review includes patients in whom additional corticectomy for control 
of intractable seizures was necessary, unlike in patients with tumors and non-refractory epilepsy in 
whom tumor excision is the sole concern. 

The average duration of seizures prior to surgical treatment in our series was 9.3 years. Kalyan-
Raman and Oliveiro 3 1 noted that in their series of GGs the range of duration of seizures was from 5 
to 16 years. Haddad et al . 2 5 in their study of GGs found that the length of symptoms ranged from 3 
months to 20 years (average 9.6 years). Reporting on intractable seizures associated with structural 
lesions, Awad et al.' found a mean duration of seizures of 9.6 years. Interestingly the longer duration 
of seizures in their work was associated with a non-contiguous, remote focus, which was explained 
partly by the supposition that the focus may not have represented true secondary epileptogenesis. 
Kirkpatrick et al . 3 3 reported a mean seizure duration of 10.9 years for a series of low grade tumors 
(including 3 GGs). Thus, if malignant neoplasms are excluded, there appears to be some similarity 
between the various series on the duration of seizures. Also, there appears to be little difference 
between GGs, and non GG benign or low grade lesions in this regard. The three high grade lesions 
had seizure frequencies of 300,300 and 1 per month (mean 212.1), whereas for all the non-malignant 
lesions the mean was 37.4. This is an intriguing finding. Slow growing tumors have been argued to 
have a greater potential for provoking seizures 3 9- 4 1. This is presumably because slow growth allows 
time for "maturation" of the focus, a term that is often used in relation to various aspects of epilepsy. 
However, this epileptogenicity really denotes the incidence of seizures with each type of tumor, and 
not their severity. With a small non-randomized sample, it is difficult to determine whether these two 
profiles (short history of dense seizure clusters and long history of less frequent seizures) represent 
characteristic patterns of malignant and benign tumors respectively. 

All the surgeries were performed by the same surgeon, ensuring some uniformity of technique. 
However, the term "lobectomy" is probably inappropriate here. The procedures performed here 
were really corticectomies guided by ECoG, and not anatomical lobectomies. 



The patient follow-up here is varied. This has relevance to our results. It has been noted that 
the risk of recurrence of seizures remains for at least 2 years, but there is also evidence that freedom 
from seizures for one year probably ensures relief for at least the next five years. 

The majority of patients in this study (87.5%) had CPS, of which 39.2% secondarily 
generalized. Britton et al. 3 have looked at 51 patients with partial epilepsy and tumors, and found 
that 92% of them had CPS. Other studies with heterogeneous tumor populations also show a 
predominance of CPS in their patients 2- 2 2 , 5 0. In our series, 22 tumors (68.7%) were located in the 
temporal lobes. Awad et al. 1 have 21 of 47 tumors causing intractable epilepsy so located. It must be 
noted here that as traditionally defined, CPS is not an anatomically localizing definition, and this 
may arise extratemporally 5 0. 

In this study, patients were split down the middle according to their tumor pathologies; 50% 
of them had GGs, the rest having miscellaneous lesions. Of the 16 GGs, 12 were temporal, 2 were 
frontal , 2 were occipital, and 1 was parietal. Haddad et al. 2 5 found that 6 out of 13 GGs were 
temporal in location, a smaller percentage than ours, but they did note that the temporal lobe is the 
commonest site. Others have similar results*"11 1 9-2 9-3 1-4 7. This may or may not be related to the postnatal 
prolongation of neuronal growth and maturation of the temporal lobe. It is said GGs are seen in a 
minority of convulsive disorders 2 4 2 5 . This may be true as a percentage of all epilepsies, but seen as a 
function of CPS and refractory seizures the picture is less clear. Williamson et al. 5" pointed out that 
between 5 and 10% of CPS will become refractory; however, how many such patients will have 
tumors is a moot issue. Kalyan-Raman and Olivero 3 1 reported on 10 GGs (1.3% of all brain tumors) 
of which 6 were temporal. However, they did not mention what percentage they form of all tumors 
with seizures. Johannsson et al. 2 9 recorded that their cases represented 7.6% of pediatric intrinsic 
CNS tumors. Others provided figures varying from 0.4% to 1.7%20-2''. None of these are seen as 
percentages of those tumor patients who had epilepsy, much less intractable CPS. Zentner et al. 5 3 in 
a study on temporal lobe epilepsy have shown that 40.5% of patients had GGs, but they have not 
mentioned their anatomical location. 

It has been suggested that the combination of intractable CPS, young age, and hypodense 
cortical temporal lobe tumors may form a distinct complex"1-3'1'5 4. It is tempting to consider that 
temporal GGs have a particular tendency to cause intractable epilepsy, specially CPS. This tendency 
is seen from the fact that lesionectomy alone relieved seizures in 9 of 14 patients with extra temporal 
lesions, but in only 2 out of 9 patients with temporal lesions 6. It is possible that secondary foci 
develop more often, and become autonomous more readily in the temporal lobes than in other areas 
of the brain 1 6- 4 2- 4 5. Whether GGs abet this process, or whether their association is merely a statistical 
illusion, needs to be looked into. The principle of amygdalo-hippocampectomy stems from the belief 
that in chronic temporal lesion related seizures the hippocampus suffers cell loss and becomes capable 
of independently sustaining seizures 3 0- 4 2. In almost 50% of patients who underwent ECoG and depth 
recordings in one series, spiking was seen from the medial temporal structures 4 6. Whether this 
represents cause or effect is not known. In unresectable posteriorly located tumors, amygdalo-
hippocampectomy has been beneficial 1 6- 3 0- 4 5. Indeed, even amygdalectomy alone, sparing the 
hippocampus has been useful in selected cases 3 0 . 

The practical need of the neurosurgeon is to know how the seizure focus relates to the site of 
the lesion. Seizure foci may be coincident with the lesion, paralesional, but contiguous with it, or 
completely remote without a bridge of contiguity1-2 1 -27-34 3 5 . Extracranial EEG (EEG-Ex) is inadequate 
for the purposes of surgical decision making. Some suggest that a third of refractory TLEs may have 
bitemporal EEG activity 1 3- 3 2. The chances of such findings increase with the duration of recording 1 3- 4 9. 
False localization of extratemporal seizures to the temporal area is also known 1 3- 4 0- 4 9. The importance 
of ECoG is in its expected ability to define the "epileptogenic zone". In the series of Awad et al . 1 ,36 
of 47 patients had seizure foci outside the lesion vicinity. Half of these were non-contiguously 



remote. For malignant lesions, the seizure focus was always remote and non contiguous. Jooma at 
al. 3 0 have shown that excision of epileptogenic tissue that was identified by ECoG improved seizure 
control by almost 5 times compared to lesionectomy alone. Conversely, in two of their cases, 
intraoperative depth recording allowed them to spare excision of the hippocampus without compromise 
of the quality of seizure control. 

The issue of ECoG is full of conflicting opinions as a result of mixed pathology samples, 
different methodologies used for monitoring and resection, and often very divergent opinions on 
basic definitions 1 ' 4- 5 1 2 1 5 ' 2 1 ' 2 3•w 4 3- 5 2. In this study, in all 29 patients in whom ECoG was used, abnormal 
area of spiking activity were identified, and excision of the epileptogenic zone was tailored to this 
area. Post excision ECoG showed deafferentation spikes with phase reversal in some patients, a 
finding which is not uncommon after such excisional procedures 1 3. The previously seen spiking 
patterns were conspicuously absent. The results have vindicated the use of ECoG in these patients. 

Depth recording is most useful in identifying hippocampal spiking activity, specially in simple 
partial seizures 4 6. It has been argued that properly inserted subdural strips will have equal yields'^ 4 4- 4 6, 
but given the propensity of these devices to provoke cerebral edema their use in the presence of 
SOLs must be cautiously considered. All 29 patients in this series who underwent TLAH had acute 
intraoperative depth recordings from the hippocampal head, and abnormal spiking was seen in all 
cases. The post operative seizure outcome appears to vindicate this. The single patient of PH had 
normal recordings, and the anterior hippocampus was spared to good effect3 0. Despite the fact that 
chronic temporal lobe lesions causing refractory epilepsy may be associated with a significant 
incidence of epileptogenic hippocampal changes 3 0- 4 2, it seems unreasonable to routinely excise this 
structure as a matter of policy. Depth recordings may help spare the innocent subject, and resect the 
deserving ones. 

Extension of surgery to include epileptogenic areas has been questioned by many 1- 4- 5- 7 1 7- 2 5 ' 3 1- 3 9- 4 3 , 4 7. 
However, there is a large volume of data to support it 1 6 3 0- 3 6- 4 2. In our study, only three patients were in 
Engel Class-II post operatively, each of whom had only three seizure per year till the most recent 
review. Twenty nine patients (90.6%) were seizure free (Engel Class-I) at the time of last follow up. 
In the study by Pilcher and Silbergeld 3 9 90% of patients with excision of focus and lesion were 
seizure free with one patient recording 90% improvement. This patient had an incomplete excision 
of focus. Wyllie et al. 5 2 observed that seizure-tailored surgery showed better results than tumor 
directed surgery alone. It has been reported by Jooma et al. 3 0 that 93% of those undergoing resection 
of the lesion with the epileptogenic zone were seizure free compared to only 19% of those undergoing 
lesionectomy alone. Reoperation to excise the seizure focus in those patients in whom excision of the 
lesion alone failed, resulted in a further 62.5% "complete seizure control". Cascino et al. 6 have shown 
that 90% of temporal lobectomies, but only 50% of temporal lesionectomies became seizure free. 

Sometimes, as in 7 of our patients, lesions may need to be incompletely excised because of 
invasion of eloquent tissue. In such patients, it has been recorded that excision of the seizure focus 
with partial resection of the lesion provides better control than partial lesionectomy alone 1. Four 
patients out of 7 (57.1 %) in our study had partial lesionectomy with Engel Class-I results. Three had 
Engel class-II results. In all seven, surgery included the focus as defined by ECoG. 

A comprehensive review of the issues associated with this is found in the work of Weber et 
al. 5 1. They have compared 5 studies with patients who have undergone seizure surgery, or lesionectomy 
alone. The side-by-side placement of these results shows how difficult the task of comparison is. 
Discrepancies between different studies include lack of standardization of operative procedures, 
mixed lesion pathologies, variable follow-up parameters, and small sample sizes. Resorting to meta­
analysis, they have shown that all these studies taken together, twice as many patients with only 
lesionectomy persist with seizures after 2 years as do those with seizure surgery. They also note that 
the presence of a larger fraction of refractory seizure patients in a sample may worsen the outcomes. 



Three groups of patients exist 1 , 3". In one group, seizure foci are closely related to the lesion, 
and the focus is apparently unable to function independently after lesionectomy. Such patients should 
benefit from lesionectomy alone. In a second group, mature seizure foci are capable of autonomously 
provoking seizures, and would logically need excision. A third less distinct group is one where the 
focus is far removed from the lesion, capable of being autonomous and may be, on occasion, associated 
with another pathology such as mesial sclerosis 3 9. The role of epileptogenic zone excision in these 
patients is, at best nebulous. Unfortunately, definite preoperative determination of which category a 
given patient belongs to is difficult at the present time. Reduced GABA and somatostatin in the peri-
lesional "epileptogenic" tissue 3 9 seen by immuno-histochemical techniques confirms the presence 
of an identifiable abnormality. The intention is to correlate this with persistent seizure activity, even 
after the lesion has been excised. On the other hand, this finding by itself does not indicate the need 
for resection. 

In tumor related refractory epilepsy, control of the seizure disorder is as urgent and important 
a neurosurgical goal as the tumor "cure" itself. As in our study, patients with tumor related intractable 
seizures are often only mildly symptomatic for the tumors themselves, and are frequently on supra-
optimal doses of antiepileptic medication. Taken together with the core of previously published 
related literature, our data strongly suggest that the resection of the focus under ECoG and depth 
recording guidance after appropriate preoperative EEG, imaging and neuropsychological assessment 
maximizes patient's chances of freedom from seizures, and from the harmful effects of aggressive 
long term drug therapy. This had led to excellent results in this study. 
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