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Pre-operative extracranial and intracranial EEG
investigation in patients with temporal

lobe epilepsy: trends, results and review of
pathophysiologic mechanisms

A thorough understanding of the clinical and EEG
correlates of complex partial seizures has been
achieved over the last decade, mainly as a result of
the utilization of long term EEG-video monitoring
technique in the pre-operative investigation of pa-
tients with focal cerebral seizures who are con-
sidered for surgical therapy (1-17). Evidence
derived from EEG-video recording of complex
partial seizures of temporal lobe origin, suggest that
the specificity of classical semiological signs tradi-
tionally attributed to the temporal lobe, is rather
limited (12,18,19). Some classical ictal symp-
tomatology remains, however, as a reliable pre-
dictor of seizure onset in the temporal lobe. Such is
the case with auditory, olfactory, and vestibular hal-
lucinations, as well, as with experiental phenomena
(9,18,19,20,21). Furthermore, EEG investigation
of patients with poorly controlled complex partial
seizures of temporal lobe origin with chronically
implanted intracerebral electrodes, has permitted a
more reliable identification of specific anatomical
substrates within the temporal lobe responsible for
the genesis of this ictal symptomatology (22).
Complex partial seizures of temporal lobe origin
normally do not provide clinical lateralizing clues
(3,10,12,13,18,19). Lateralization of seizure onset in
temporal lobe epileptic patients remains a corner-
stone problem in their pre-operative investigation,
particularly if one considers that recording of
bitemporal independent interictal epileptiform dis-
charges in patients with complex partial seizures of
temporal lobe origin who are surgical candidates, is
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a common phenomenon, ranging from 12 to 40%
according to different series (13,23-28). Whether
the etiopathogenesis of bitemporal independent
epileptic foci is due to bitemporal damage (29,30)
or due to a mechanism of secondary epileptogene-
sis (mirror focus) (25,31,32), is a controversial issue
and it is not always possible to ascertain despite the
utilization of sophisticated long-term EEG moni-
toring and neuro-imaging techniques. Evidence
supporting the existence of an underlying bitem-
poral pathological damage, as opposed to a primary
(lesional related) epileptic focus with secondary
epileptogenesis (mirror focus) will be presented and
discussed.

Most of the pre-operative lateralizing and local-
izing problems in patients with complex partial seiz-
ures of temporal and frontal lobe origin, can be
resolved by means of long-term EEG monitoring
with extracranial or intracranial electrodes, (13 and
28 as review articles), a technique which can supply
useful evidence deriving from three sources: iden-
tification of the clinical seizure pattern, recording of
the ictal electrographic seizure onset as well as
spread and recording of the interictal epileptic ab-
normalities.

The current study deals mostly with the effective-
ness of long term EEG monitoring with extracrani-
al and intracranial electrodes in the localization of
the epileptic focus in temporal lobe epileptic pa-
tients presenting with unilateral or bilateral inde-
pendent epileptic discharge.



The role of extracranial EEG re-
cordings in the pre-operative
localization of the epileptic focus

Material and Methods

A retrospective analysis of the pre-operative local-
izing effectiveness of extracranial EEG investiga-
tion, was performed in a sample of 41 randomly
selected patients with poorly controlled complex-
partial seizures, who underwent temporal lobecto-
my at the MNH between 1984-1985. Patients who
required depth electrode EEG investigation were
not included in this study.

The patients’ mean age was 29 years (range: 12-
51 years) and the mean time interval between sei-
zure onset and surgery was 12 years.

All patients underwent serial prolonged EEG
studies including sleep activation, using scalp and
sphenoidal electrodes. A total of 366 prolonged
EEG recordings were performed in this group of
patients (mean of 9 recordings per patient). Com-
puter assisted telemetry examination equipped with
automatic spike and seizure detection, as well as
with a push-button marker for ictal events, (33-37)
was performed in 34 of these patients in an attempt
to record their habitual seizures.

Results

Two groups of patients were identified:

1. The first group comprised 24 patients present-
ing with unilateral temporal lobe interictal epileptic
abnormality (58.5%). A total of 186 EEG re-
cordings were performed in these patients (mean:
7.7. tracings per patient). Forty-two seizures were
recorded in 18 patients of this group (range: 1-8
seizures per patient).

Focal interictal spiking most commonly involv-
ing mesial-basal temporal lobe structures was docu-
mented in 15 of these patients and regional spiking
involving mesial and dorso-lateral temporal lobe
structures, was observed in 9 patients (Table I).

Four patients exhibited generalized spike-and-
wave activity in addition to the focal or regional
epileptic disturbance.

In all patients, a predominant background acti-
vity disturbance consisting of slow wave activity in
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CORRELATION OF INTERICTAL AND ICTAL EEG FINDINGS:

UNILATERAL TEMPORAL SERIES (n=24)

Focal Regional N.L.

Interictal Spiking 15 9 4%
[nterictal SWA Q 24 0
Jctal Onset 5 9 q

* generalized spike-and-wave

Table 1.

the theta or delta frequency band, was recorded
regionally from the temporal lobe exhibiting interic-
tal spiking (Table 1).

Unilateral focal seizure onset involving mesial or
dorso-lateral temporal lobe structures was docu-
mented in 5 patients (Table 1). Regional seizure
onset involving most commonly the temporal, fron-
tal and central regions of one cerebral hemisphere,
with consistent predominance of the ictal changes
in the temporal lobe, was recorded in 9 patients. In
the 4 remaining patients, the initial electrographic
changes could not be lateralized. It should be
emphasized that in latter group as well as in those
patients in whom seizures were not recorded pre-
operatively (n=6), localizing evidence deriving
from neuro-radiological and neuro-psychological
studies was compatible with the localization of the
interictal epileptic foci.

In summary, according to these findings, the pre-
operative localizing effectiveness of ictal recordings
obtained with extracranial electrodes in patients
with complex partial seizures of temporal lobe ori-
gin, presenting with unilateral temporal lobe spik-
ing, can be as high as 77% (14 out af 18 patients in
whom seizures were recorded).

II. The second group comprised 17 patients
(mean age: 30 years) presenting with bitemporal
independent epileptic foci (41.5%). A total of 180
EEG recordings were performed in these patients
(mean: 10.5 tracings per patient). One hundred and
eight seizures were recorded in 16 patients of this
group (mean: 6.7 seizures per patient; range: 1-8
seizures per patient),

A correlation between the interictal and ictal
findings performed in 16 patients of this group in
whom seizures were recorded, was as follows: 10
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CORRELATION OF INTERICTAL AND ICTAL EEG FINDINGS:

BITEMPORAL SERIES
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Table 2.

patients exhibited bitemporal independent interic-
tal spiking with consistent right-sided predomin-
ance (Table 2). In 9 of these patients, the electro-
graphic seizure onset involved the right temporal
lobe or the right hemisphere, with focal accentua-
tion in the temporal region. In the remaining pa-
tient, ictal recordings provided no lateralization of
the seizure onset. Six patients presented with bitem-
poral independent epileptic foci with left-sided pre-
dominance (Table 2). In 4 of them, the electrogra-
phic seizure onset involved the left temporal lobe.
In one patient, the seizure onset was lateralized to
the right temporal lobe and in the remaining pa-
tient, several ictal recordings provided no lateraliza-
tion of the seizure onset.

In summary, the effectiveness of long-term EEG
monitoring with extracranial electrodes in patients
with temporal lobe seizures presenting with bitem-
poral independent epileptic foci, yielded a positive
correlation of the side of seizure onset with the ana-
tomical site of predominant interictal epileptic ab-
normality in 13 out of 16 patients (81%). Ictal re-
cordings provided no useful lateralizing information
in 2 out of 16 patients (12.5%). Only in one patient
(6.5%), the location of seizure onset was cpposite

CORRELATION OF INTERICTAL AND ICTAL EEG FINDINGS
N DEPTH ELECTRODE SERJES: UNILATERAL TEMPORAL (n=13)
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Table 3.

to the anatomical site of maximum interictal epilep-
tic abnormality. In these patients, as well as in the
two cases in whom the ictal recordings provided no
lateralizing evidence of seizure onset, the decision
to remove one temporal lobe was supported by
neuro-radiological confirmation of a lesion and by
neuro-psychological documentation of a lateralized
temporal lobe malfunction.

The role of intracerebral EEG re-
cordings in the pre-operative locai-
ization of the epileptic focus

Material and Methods

The localizing effectiveness of depth electrode
EEG investigation in temporal lobe epilepsy was
studied in a population of 18 patients (12 females
and 6 males) with medically intractable complex
partial seizures of temporal lobe origin (mean age:
29 years). This group represents only a sample of
the depth electrode investigations performed at the
Montreal Neurological Institute, which has been
personally studied by the author. Long-term EEG
monitoring with extracranial electrodes including
sphenoidal leads, revealed bitemporal independent
interictal epileptic foci in 17 of these patients and
ictal recordings obtained with extracranial elec-
trodes, failed to provide reliable seizure onset lat-
eralization. Chronic stereotactic implantation of
depth electrodes in both temporal lobes, was per-
formed by one of us (A.O.) in all 18 patients. Each
depth electrode contained 10 contacts, Smm apart.
The deepest contacts of the depth electrode were
located in the amygdala and hippocampus respect-
ively. The superficial depth electrode contacts sam-
pled EEG activity from the temporal neocortex.
Bifrontal depth electrodes were implanted in 17 of
these patients. The intracerebral EEG was recorded
around the clock for 2-4 weeks (12).

The localizing effectiveness of ictal recording ob-
tained with depth electrodes was assessed in 261
temporal lobe seizures recorded in 18 patients
(mean: 14.5 seizures per patient; range: 4-47 seiz-
ures per patient).

Electrographic seizures without clinical behav-
ioral manifestations and seizures in which the EEG
onset was missed were not included in this study.
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Results

Two groups of patients were identified:

I. The first group comprised 13 patients (72%),
with clinical seizures exhibiting electrographic onset
in one temporal lobe. Their mean age was 28 years.
As illustrated in Table 3, the pre-implantation
EEG investigation with extracranial electrodes
revealed bitemporal interictal epileptic foci in 12 of
these patients (R>L:6; R=L:2; L>R:4). In the
remaining patient, interictal epileptic abnormality
was recorded from the right temporal lobe, but the
seizures recorded with extracranial electrodes exhi-
bited a left temporal lobe onset.

In 8/13 patients investigated with dept elec-
trodes, their habitual seizures exhibited an unilater-
al focal or regional temporal lobe onset.

Focal eletrographic seizure onset (13) involving
amygdala or hippocampus was documented in 85
seizures (45%) recorded in 10 patients (Table 4,
Figs 1 & 2). 103 seizures recorded in 11 patients
exhibited a regional (13) electrographic (55%)
onset, most frequently involving the amygdala and
hippocampus simultaneously (Fig. 3). In 6 of the
patients with unilateral temporal lobe onset as
documented by depth electrode recordings, the
result of the neuro-psychological examination
revealed a bilateral temporal lobe malfunction
(Table 4).

In the remaining 5 patients of this group, the
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recorded seizures showed a focal (n=2) or regional
onset (n=3). Two thirds of the seizures disclosing a
regional onset involved the amygdala and hippo-
campus. In one third of the seizures exhibiting
regional onset, the temporal neocortex was also
involved. Only in 50% of patients disclosing bitem-
poral independent epileptic foci with unilateral pre-
dominance (n=10), the lateralization of seizure
onset as judged by depth electrode recording, was
concordant with the side exhibiting predominance
of the interictal epileptic abnormality (Table 3).

II. The second group comprised 5 patients
(28%), in whom the results of depth electrode
EEG investigation revealed that their habitual seiz-
ures originated on either temporal lobe independ-
ently (Table 5). Their mean age was 35 years. The
nature of the ictal behavioral manifestations did not
permit ictal reliable lateralization of seizure onset on
clinical grounds.

Table 5 summarizes the localization of seizure
onset on either temporal lobe for each individual
patient. In three of these patients (# 1, # 2, # 5,
Table 5) complex partial seizures with a focal EEG
onset were recorded from either temporal lobe in-
dependently. In 2 patients of this group (# 2 and #
4) a definite unilateral predominance of seizure
onset was noticed.

Three of the 5 patients exhibiting bitemporal
independent seizures according to depth electrode
investigation, also disclosed bitemporal malfunc-
tion on neuropsychological testing. These patients
could probably be considered as representative
samples of bitemporal damage or malfunction asso-
ciated with bitemporal independent epileptogene-
sis.

PATIENTS WITH BITEMPORAL INDEPENDENT SEIZURE ONSET

Left Temporal Onset Right Temporal Onset  Psychology

Patient Sex  Age Focal Regional Focal Regional
1 F 34 2 6 1 2 B
2 F 46 1 2 il B

3 M 26 3 1 1 L

Table 5.
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Fig. 1. Arrow at (A): Focal EEG seizure at 10-12 Hz involving the left hippocampus (LB1-3, LC1-3). Arrow at
(B): Seizure spread to amygdaloid and hippocampal structures of the right temporal lobe. Between (A) and (B)
the patient was aware of surroundings and responsive, but did not recall one out of four previously learned words.
Patient reported experiencing her habitual warning after arrest of seizure activity in the left temporal lobe. (L.F.
Quesney, 1986, with permission).
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Fig. 2. Focal EEG scizure onset consisting of rhythmic polyspike activity at 18 Hz recorded from the right amygda-
la (RA1-4, see arrow), which was associated with a gustatory warning. Seizure spread to amygdaloid and hippo-
campal regions of the left temporal lobe occurred a few seconds after onset (LA1-4, LA4-7, and LB1-4). Notice
that automatic behaviour and arrest of activity were observed during ictal electrographic involvement of both tem-
poral and frontal lobes (FO, orbito-frontal; FC, fronto-cingular). Towards the end of the seizure section illustrated,
lifting of the left upper extremity was observed. (L.F. Quesney, 1986, with permission).
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Fig. 3. Focal EEG seizure onset consisting of high-amplitude, rhythmic polyspike activity at 16-18 Hz recorded
from the left hippocampus (LB1-3, LC1-4). Motionless stare was observed shortly after seizure onset. Ipsilateral
head turning and automatic behaviour (fumbling) was noticed during electrographic seizure activity restricted to
the left temporal lobe. Posturing of both upper extremities was observed following seizure spread to the left orbito-
frontal region (LFO1-4) and coinciding with seizure spread to the right temporal lobe (RA14, RB1-3). Patient
became unresponsible. Subsequently further automatic behaviour was noticed.

(L.F. Quesney, 1986, with permission).
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Discussion

The results og this study emphasize the effective-
ness of long-term EEG monitoring with extracrani-
al electrodes in the pre-operative localization of
epileptic foci in temporal lobe epilepsy. This task is,
however, not always possible and admittedly, some
patients do require pre-operative EEG investiga-
tion with intracranial electrodes (13,14,38-45,46-
48) particularly when the extracranial EEG locali-
zation is discordant with the localization evidence
derived from ancillary disciplines such as neuro-
psychology, neuro-radiology and neuro-imaging
techniques.

According to different series, bitemporal inde-
pendent epileptic foci are recorded in 9-40% of pa-
tients with complex partial seizures of temporal
lobe origin. The view implying that the genesis of
bitemporal independent epileptic foci is due to se-
condary epileptogenesis is not universally accepted
since, many of the etiological factors responsible for
focal cerebral seizures such as trauma, anoxia, ence-
phalitis and vasculitis may produce bilateral brain
damage. Hippocampal sclerosis, the most common
etio-pathological entity of temporal lobe epilepsy,
may occur bilaterally in approximately 80% of tem-
poral lobe epileptic patients according to autopsy
studies (29,30,49,50).

The results of this study, suggest a continuum
distribution of temporal lobe epilepsy in man. One
extreme of this continuum comprises patients with
unilateral temporal lobe epilepsy without secondary
epileptogenesis, as documented in 24 patients who
underwent pre-operative EEG investigation with
extracranical electrodes (Table 1). The opposite
extreme is represented by patients with bitemporal
independent epileptogenesis judged by interictal
and ictal recordings obtained with chronically
implanted intracerebral electrodes, associated with
bitemporal psychological malfunction, a condition

Bilateral Temporal D: and Epil

g plieplog

QRH-R6),

Fig. 5.

which is presumably due to a bitemporal damage or
malfunction (Fig. 4). This was the case in at least 3
of the 5 patients investigated with chronically
implanted depth electrodes. A large proportion of
patients with complex partial seizures of temporal
lobe origin, which are surgical candidates, can be
grouped in a vast zone between these two extremes.
They do not, however, represent a uniform group.
Two different population of patients can be identifi-
ed namely those with unilateral temporal lobe
damage or malfunction and interictal evidence for
secondary epileptogenesis, as documented in 17 pa-
tients submitted to pre-operative extracranial EEG
investigation (Table 1) and in 7 of the 13 depth elec-
trode patients with strictly unilateral temporal lobe
seizures (Table 4). In these patients, the la-
teralizing evidence deriving from neuropsychologi-
cal investigation (#»=7 patients), was also unilateral
and concordant with the side of seizure onset. This
population of patients probably represents a pure
culture of a primary or lesion-related epileptic focus
with secondary epileptogenesis (Fig. 5) (mirror
focus) as reported elsewhere (31,32,25). The se-
cond group comprises patients in whom depth elec-
trode EEG investigation provided evidence for a
bitemporal interictal epileptogenesis and bilateral
temporal malfunction on neuro-psychological test-
ing, but in whom the clinical seizures originated
only in one temporal lobe. This occurred in 6 of the
13 patients investigated with depth electrodes
reported in this series (Table 4). One could postul-
ate the existence of an underlying bitemporal path-
ological damage in these patients, in order to
explain the presence of bitemporal epileptic foci
and the bilateral neuropsychological malfunction.
The presumptive bitemporal damage would be
“supra-liminal” for the elicitation of bitemporal
independent interictal epileptic foci and for the
production of bitemporal psychological malfunc-
tion. It would be however “infra-liminal” in regard
to ictal epileptogenesis in one of the temporal lobes.



Differentiation between the latter two groups
based merely on electroencephalographic tech-
niques is not always possible. The lateralizing
information deriving from neuro-psychological
testing is, however, most valuable (52) and it is pos-
sible that the diagnostic efficacy on newly devel-
oped neuro-imaging techniques, such as MRI,
SPECT and PET scan, might be useful in the “in-
vivo” demonstration of a bilateral temporal lobe
damage or metabolic malfunction (53). Post-opera-
tive follow-up study will, of course, provide crucial
information regarding the significance of bitempor-
al independent epileptogenesis in terms of seizure
control, in patients of this series submitted to tem-
poral lobectomy.
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