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Preoperative Electroencephalographic 
Investigation in Temporal Lobe Epilepsy: 
Extracranial and Intracranial Recordings 

Pierre Gloor 

ABSTRACT: Preoperative EEG investigations of patients with temporal lobe seizures include extracranial interictal and 
ictal recordings during wakefulness and sleep, including long-term EEG and video-monitoring. Interictal epileptiform 
discharges when evaluated conservatively and in conjunction with other EEG and non-EEG localizing information, pro
vide valuable guidance for the identification of the area to be resected, as do ictal recordings. When extracranial EEG fea
tures in conjunction with non-EEG data provide conflicting localizing information, intracranial recordings with stereo-
taxically implanted depth and epidural electrodes are used. Intracranial recordings must be designed to avoid biasing the 
exploration strategy in favor of one's preferred localizing hypothesis. Patients with evidence for bitemporal epileptogenic 
dysfunction in extracranial EEG recordings are suitable candidates for intracranial recordings. The majority of the 
patients explored in this manner show that all or more than 80% of their seizures arise from one temporal lobe. Excision 
of that lobe yields satisfactory results in a fair proportion of these patients. The number of satisfactory outcomes is, how
ever, still somewhat less than in patients with unilateral temporal foci in extracranial EEG recordings. 

RESUME: Investigations preoperatoires dans Pepilepsie temporale: enregistrements extra- et intracraniens. Les 
investigations pr6op6ratoires de malades souffrant d'epilepsie temporale comprennent des enregistrements extracraniens 
intercritiques et critiques durant la veille et le sommeil, incluant le "monitoring" EEG et video a long terme. Les 
decharges epileptiques intercritiques foumissent des informations diagnostiques de valeur a condition qu'elles soient 
6valu6es avec un sens critique approprie et interpreters eu egard a d'autres donnees localisatrices, electroencSphalo-
graphiques et autres. II en est de meme des enregistrements critiques. Lorsque les donn6es de l'EEG extracranien sont en 
conflit avec celles d'origine non-EEG, on procede a des enregistrements intracraniens. Deux types d'electrodes sont alors 
utilises: 12 des Electrodes profondes inserees par un procede stereotaxique, 22 des electrodes epidurales. Les enreg
istrements intracraniens doivent etre confus selon un plan qui evite d'introduire un biais favorisant une hypothese local-
isatrice de predilection. Les malades presentant dans leur EEG extracraniens des signes de dysfonction epileptique bitem-
porale sont des sujets appropries pour une exploration intracranienne. Chez la plupart des malades soumis a une telle 
exploration, toutes leurs crises ou plus que 80% debutent dans un seul lobe temporal. Chez un bon nombre de ces 
malades les r6sultats theiapeutiques d'une exerese de ce lobe sont satisfaisants. Ce nombre est cependant quelque peu 
infeYieur a celui qu'on obtient suite a la lobectomie temporale chez les malades presentant des foyers temporaux uni-
lateYaux a l'enregistrement EEG extracranien. 
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It should be stated at the outset that a decision to operate on 
an epileptic patient should not be based on EEG evidence alone; 
nor should that evidence alone determine which area should be 
removed. Localizing EEG evidence must always be evaluated in 
the context of other localizing information which can be derived 
from the clinical seizure pattern, neurological signs (if present, 
although they are often missing), evidence of structural or 
metabolic pathology in skull X-rays (which even today, in the 
era of sophisticated imaging techniques, still has its value), CT 
scans and MRI scans, PET scans or SPECT scans, and from the 
neuropsychological test profile. Ideally the localizing evidence 
from all these sources should converge. If it does not, the nature 

and the weight of the incongruous evidence must be pondered 
carefully before a decision to operate is made.1 

EXTRACRANIAL ELECTROENCEPHALOGRAPHIC EXPLORATION 

The EEG provides three types of localizing evidence: (i) 
interictal epileptiform abnormalities; (ii) interictal non-epilepti-
form abnormalities; and, (iii) ictal epileptiform abnormalities.2"4 

Interictal Electroencephalographic Evidence 
The major source of localizing evidence in the interictal EEG 

is the presence of recurrent interictal epileptiform discharges in 
the form of spikes, sharp waves and spike-and-wave complexes. 
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This evidence is usually easy to obtain in patients suffering from 
medically intractable seizures. It is also commonly considered 
to be easy to recognize. However, one should be conservative in 
interpreting interictal spike or sharp-wave discharges. Not every 
wave with a sharp wave form is epileptiform. The criteria by 
which epileptiform sharp waves can be distinguished from non-
epileptiform ones have been delineated in earlier publications.3'5 

Non-epileptiform abnormalities carry less diagnostic weight 
than the epileptiform ones, but should not be overlooked. They 
include depression or irregularity of background activity, or 
localized continuous or intermittent slow waves on the side of 
the epileptogenic lesion. 

The strategy of collecting interictal data is straightforward. 
One normally starts with a waking scalp recording in the hope 
of finding interictal discharges, for if present in a waking record, 
this provides the most reliable localizing interictal evidence (see 
below). The electrodes of the 10-20 international electrode 
placement system do not, however, adequately explore the basal 
and mesial surface of the temporal lobe, the area most promi
nently implicated in temporal lobe seizures.4 

After an initial scalp recording, one would therefore proceed 
to investigate a patient with one or the other variety of basal 
electrodes. The most useful ones are sphenoidal electrodes 
aimed at the foramen ovale.4'6"8 Thin wire electrodes introduced 
with a rigid guide wire that is removed once they are inserted, 
are the most useful, since they can be left in place for several 
days without risk to the patient. They thus make repeated and 
chronic recordings including ictal recordings possible. 

Zygomatic electrodes, placed on the zygomatic arch or min-
isphenoidal electrodes,9 fine needles inserted below this arch, 
may provide recordings from the basal temporal surface which 
in some cases are almost as good as those obtained with sphe
noidal electrodes and are therefore methods that one may want 
to use in ambulatory practice or in children. 

The next step in the extracranial EEG work-up is to record 
during sleep.4 Even in cases in which the waking record has 
provided interictal epileptiform abnormality, it is still useful to 
obtain a sleep recording, since it greatly increases the yield of 
interictal epileptiform abnormalities. This does not come with
out a price, however. A recent study undertaken in our labora
tory10 showed localization during slow-wave sleep to be less 
crisp than in wakefulness; thus a patient exhibiting only unilat
eral interictal epileptiform discharges when awake may begin to 
show contralateral discharges during sleep, raising the question 
of a bitemporal epileptiform problem. Usually in these cases 
there is, however, no shift of the predominance of epileptiform 
discharges to the other side during sleep. In REM sleep, the 
number of epileptiform discharges regresses again and their spa
tial extent shrinks and becomes restricted to the major epilepto
genic area, as has been reported for depth electrode recordings 
by Montplaisir et al." Localizing evidence obtained during 
REM sleep thus appears to be the most reliable. However, the 
restriction of epileptiform discharges during REM sleep may 
lead to its total disappearance, which weakens the usefulness of 
recordings during that sleep stage. 

Since interictal epileptiform abnormality are often bilateral, 
particularly during sleep, it is useful to quantify the number of 
epileptiform discharges to establish the degree of lateralizing 
predominance. This can be done automatically with an appropri

ate computer program that prints out the numbers appearing in 
various regions.12-13 

It is also important to evaluate the consistency of the local
ization prior to surgical treatment. Multiple examinations are 
therefore mandatory. If localizations vary from one examination 
to another, this considerably lessens the usefulness of the diag
nostic information obtained. 

Withdrawal from anticonvulsant medication (which must be 
done slowly) often helps in increasing the diagnostic yield of 
interictal abnormalities in the EEG. We know now, however, 
that this usually occurs only if drug withdrawal has led to 
seizures.14 

How useful are interictal discharges as a guide for making a 
decision to operate on a patient? The ideal finding is that in 
which all interictal discharges originate from one temporal 
region during both wakefulness and sleep, preferably associated 
with some abnormality of background activity in the same area. 
Relatively few cases completely satisfy this optimal criterion. 
Commonly there is some measure of bilaterality of interictal 
abnormality, particularly in sleep. If, however, a lateralized tem
poral focus consistently stands out as the major focal area of 
epileptiform firing, this information is quite compelling, 
although it must be evaluated in the context of all the other 
localizing information derived from EEG and non-EEG 
sources.1 Difficulties arise when the number of bilateral inde
pendent interictal discharges is large, especially if this is the 
case also during wakefulness and a strong lateralizing predomi
nance cannot be established. In such a case the additional local
izing evidence must be evaluated carefully. The most useful 
ones are ictal onset localized to the site of the predominant 
interictal abnormality and the demonstration of a clear-cut 
lesion in one temporal lobe in imaging studies, particularly if 
associated with congruent lateralized neurological signs, both 
supporting the lateralizing and localizing diagnosis derived from 
the EEG. If such additional information is not forthcoming, 
exploration with stereotaxically implanted depth electrodes pos
sibly in combination with epidural or subdural electrodes is 
indicated.3-4 

There has been a tendency in the last few decades to down
play the importance of the localizing evidence provided by 
interictal epileptiform discharge derived from extracranial 
recordings. There is no doubt that if such evidence is interpreted 
in a non-rigorous fashion and if the criteria of selection of cases 
is not sufficiently strict, errors in localizing diagnosis will be 
made. It should, however, be stressed that in most of the hun
dreds of patients operated by Penfield for the relief of temporal 
lobe seizures, the EEG evidence he had available was interictal 
and was mostly derived from waking EEG recordings.2 His 
results of surgical treatment were as good as those of more 
recent series in which more sophisticated techniques have been 
employed.15"17 This should not, however, be misinterpreted to 
mean that one should limit oneself only to the collection of 
interictal EEG data, since undoubtedly many patients who are 
now appropriate surgical candidates would have been denied 
surgical treatment in these early years when the EEG evidence 
used for decision making was in most cases interictal. Penfield's 
record, however, does indicate that the interictal EEG abnormal
ity is a useful diagnostic guide which should not be under-
evaluated. 
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Ictal Electroencephalographic Abnormalities 
To obtain ictal recordings in patients with seizures is more 

difficult than to collect interictal data, even with the help of 
long-term monitoring. Furthermore, even if seizures are recorded, 
the EEG data obtained from scalp and sphenoidal recordings are 
often difficult to interpret.34'18 Muscle and movement artefact 
may obscure such recordings from the very beginning, and even 
if the artefact problem is absent or minimal, the EEG onset not 
infrequently may appear generalized, especially if it consists of 
a sudden flattening of the background activity, or the ictal pat
tern may be ill-defined morphologically. There may be some lat-
eralizing or localizing predominance which, however, may not 
be sufficiently clear-cut to inspire confidence in its reliability. 
Furthermore, video monitoring may reveal that the first clinical 
signs appear before any change is apparent in the EEG. In all 
these instances a definitive localizing diagnosis as to ictal onset 
cannot be made. 

The ideal ictal recording is one in which there is a clearly 
localized onset of rhythmic or fast low-voltage activity in one 
temporal region or in one of its subdivisions such as the mesial 
temporal area as recorded with sphenoidal electrodes. This EEG 
onset should precede or at least be concomitant with that of the 
first clinical signs. Ideally this area should coincide with that of 
the maximum interictal spiking and with the localizing evidence 
provided by non-EEG data.18 Misleading localizing evidence 
may sometimes be provided by ictal recordings in patients who 
have a gross localized lesion in one of the temporal lobes.19 In 
such instances ictal discharge may appear to arise predominantly 
from the temporal lobe opposite to that harboring the lesion. The 
more destructive the lesion and the larger its size, the more like
ly is the occurrence of such a misleading lateralization and local
ization. Difficulty arises with small lesions in cases in which 
there is a discrepancy in the lateralization of apparent seizure 
onset in the EEG and the localization of such a lesion. In most of 
these instances, depth electrode recordings are mandatory. 

It is difficult to make any definitive statements about the use
fulness of the extracranial ictal EEG onset as a guide for surgi
cal treatment.4 Intuitively one would feel that a demonstrated 
local onset of seizure discharge should be the most reliable 
localization sign for the purpose of guiding surgical treatment. 
Unfortunately, for the reasons enumerated above, this is not 
always the case. A systematic evaluation of the true contribution 
of localizing value of ictal onsets in extracranial recordings is 
difficult to perform, because surgical decisions are never based 
solely on ictal EEG evidence and, whenever there is a serious 
conflict between the localization of ictal versus non-ictal EEG 
abnormality, the patient is subjected to intracranial recordings. 
For the interictal epileptiform abnormality the situation is some
what different, because in earlier years many patients had been 
operated upon with few ictal EEG recordings having been avail
able for evaluation (see above). 

LONG-TERM MONITORING 

The advent of adequate technology to make long-term moni
toring feasible has revolutionized the diagnostic work-up of 
epileptic patients.20 Especially when combined with video 
recordings, this method provides means to correlate interictal, 
ictal and clinical features obtained during both wakefulness and 
sleep. This review is not the place to discuss the various techno

logical approaches to long-term monitoring which obviously 
may vary from one center to another. To make such methods 
practically useful, however, some data reduction is desirable. 
Continuous computer-assisted supervision of the records and 
online analysis of interictal data are in our experience some of 
the most useful tools in long-term monitoring.20-21 

INTRACRANIAL RECORDINGS 

When extracranial EEG recordings have failed to provide 
good localizing evidence, it becomes necessary to proceed with 
intracranial recordings.1-22 Before embarking on an intracranial 
study, one must have data from extracranial EEG, clinical, 
imaging and neuropsychological sources that are sufficient to 
allow one to formulate a number of working hypotheses con
cerning the possible localization of the patient's epileptogenic 
focus.23'24 Intracranial recordings must be designed in a way 
that they make it possible to determine which of the alternative 
hypotheses is correct. Obviously electrodes should be implanted 
in areas in which the patient's seizures are suspected to origi
nate. One must, however, be mindful of the very narrow range 
of vision provided by intracranial electrodes23'24 and one must 
therefore avoid devising an intracranial strategy of exploration 
that merely serves to confirm one's diagnostic prejudices. Thus 
one should explore temporal lobes bilaterally even if one is fair
ly convinced that the seizures originate from one side only, for if 
one implants electrodes only on the side "of suspicion" seizure 
activity will only be recorded on that side, even if this may 
result from spread of discharge from the other side. For the 
same reason implantation into one lobe only is not advisable, 
even if one is convinced that the patient's seizures are temporal 
in origin. Obviously there is a limit to how many areas one can 
explore, but if the patient's pre-implantation data are carefully 
analyzed, it is usually not too difficult to devise a rational strate
gy that is sufficiently objective to avoid the pitfalls of self-ful
filling prophecies. 

The choice of methods of intracranial recordings is a point 
on which there exists a wide spectrum of opinions.25'26 In our 
institution we emphasize stereotaxic exploration, particularly for 
the temporal lobes, because this is the only reliable method for 
adequately exploring the mesial temporal structures such as the 
amygdala, hippocampus and parahippocampal gyrus with simul
taneous recordings of superficial and deep sulcal isocortex.27-29 

Originally we had limited ourselves to stereotaxic recordings, 
but later began to use, in addition, subdural strips and, more 
recently, epidural electrodes insulated except for their tips 
touching the dura which provide just as reliable recordings as 
subdural electrodes. With the help of stereotaxic angiograms 
and MRI scans it is possible to place these electrodes in precise
ly identifiable areas of the brain.28'29 

Armed with these techniques, the yield of electrographic 
information provided by intracranial recordings is often over
whelming. Even 16-channel recording techniques often appear 
limited. The ideal strategy is to have a multielectrode recording 
system providing 32 channels or more and to record all the data 
with a referential technique reformatting the information later 
on in whatever combination of montages one would want to see 
the data displayed. We are just beginning to use such a tech
nique, but have as yet not had sufficient experience with it to 
evaluate its results. 
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In patients with bitemporal epileptiform abnormalities one 
finds an abundance of interictal abnormality in depth recordings 
and this abnormality is present in both lobes, which considering 
the selection of these patients is not surprising. It is often diffi
cult to establish whether the interictal epileptiform abnormali
ties predominate in one lobe or the other and we have therefore 
not used interictal evidence as a guide for surgery. 

The decision to operate was therefore based on the identifica
tion of the area(s) from which seizures originate. Some of these 
have a strictly focal, others a regional onset. In a recent review 
of 57 bitemporal cases explored with depth electrodes,30 we 
found that the largest group of patients (25-44%) consisted of 
those in whom all seizures originated exclusively from one tem
poral lobe; in the next largest group (19 patients = 33%) 80% or 
more seizures arose from one lobe with the remainder originat
ing contralaterally. The number of patients with a lesser or no 
lateralized predominance of onset was much smaller (8 = 14%). 
Relatively few patients (5-9%) had more diffuse onsets in the 
temporal and the frontal lobes on one side or bilaterally. 

To determine which of these patterns are reliable guides pre
dicting the likelihood of a favorable outcome from resective 
surgery of one temporal lobe, we have up to now been generous 
in offering surgical treatment to all patients in whom the data 
taken together provided some justification to operate on one 
side, even though predominance of seizure onset in one tempo
ral lobe may have been rather weak. 

The therapeutic results from operating on these patients were 
as follows:31 when all or more than 80% of the seizures arose 
from one temporal lobe 18 out of the 48 patients operated (47%) 
derived a significant benefit from surgery with 14 having 
remained seizure free. The much smaller group of patients in 
whom the predominance of onset to one side was less than 80% 
or who in addition to temporal also had extratemporal seizure 
onsets did rather poorly. None, except one, of these cases had a 
satisfactory outcome from surgery, even when the lobe with the 
predominant seizure onset had been removed. However, 6/10 of 
these patients still had more than a 50% reduction in seizure 
incidence. It is thus possible to treat surgically medically refrac
tory patients in whom the evidence a priori suggests that both 
temporal lobes are epileptogenic. 

It is noteworthy that even in the group of our patients with 
bitemporal extracranial epileptiform abnormalities in whom all 
seizures where shown in depth electrode recordings to originate 
from one temporal lobe, the incidence of good results was still 
less than in those patients with unilateral temporal foci as 
defined by extracranial EEG recordings alone in whom temporal 
lobectomy had been performed. 15-17,32,33 This again indirectly 
demonstrates that a careful extracranial approach to EEG analy
sis in patients considered to be surgical candidates is worthwhile 
and in many cases sufficient to reach a surgical decision and that 
intracranial recordings with depth electrodes or other techniques 
need not be applied in all patients considered for temporal 
lobectomy. 
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