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Preoperative Electroencephalographic
Investigation in Frontal Lobe Epilepsy:
Electroencephalographic and
Electrocorticographic Recordings

L.FE. Quesney

ABSTRACT: The first section of this article deals with specific anatomic and pathophysiologic factors which con-
tribute to a poor EEG localization of the interictal epileptic abnormality and to the unreliable seizure onset localization
commonly reported in patients with frontal lobe epilepsy. The localizing effectiveness of long term EEG monitoring
was reviewed in four different groups of frontal lobe epileptic patients who underwent preoperative EEG investigation
with extracranial and intracranial electrodes. The results of this study reveal a continuum distribution of interictal
epileptic disturbances, ranging from focal abnormalities to lobar or multi-lobar epileptogenesis. A frontal lobe localiza-
tion of the seizure generator based on ictal recordings obtained with extracranial electrodes is rather poor and much
more reliable results can be obtained by depth-electroencephalography.

RESUME: Investigation EEG préopératoire dans I’épilepsie frontale: enregistrements EEG, SEEG et ECoG. La
premigre partie de ce chapitre discute des facteurs anatomiques et pathophysiologiques qui sont a la base des difficultés
rencontrées dans la localisation de 1’activité épileptique interictale et dans la détection du point de départ des crises
chez les patients avec épilepsie frontale. L'utilit€ du monitoring EEG prolongé en termes de localisation de 1’activité
épileptique a été évaluée chez quatre groupes de patients avec épilepsie frontale dont I’investigation préopératoire a été
réalisée a ’aide d’électrodes extra et intracriniennes. Notre étude révéle une grande variété d’anomalies allant des
anomalies focales jusqu’aux anomalies épileptiques lobaires ou multi-lobaires. La localisation du point de départ
intralobaire des crises d’épilepsie d’origine frontrale, basée sur des enregistrements réalisés avec électrodes extracrini-

ennes, est insatisfaisante. De biens meilleurs résultats peuvent étre obtenus a 1’aide d’électrodes implantées.
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The ictal behavioral manifestations commonly reported in
frontal lobe epilepsy are manifold and often they do not provide
reliable localization of the site of seizure onset.!® Despite several
attempts to correlate the clinical manifestations of frontal lobe
epilepsy with anatomical sites involved at seizure onset and or
spread,>'¢ no consensus has been reached in terms of an ictal
EEG-anatomo-clinical compartmentalization of the frontal lobe.
The EEG localization of frontal lobe epiletogenic foci remains a
challenge in spite of the increasing use of long term EEG-video
monitoring technique during the presurgical investigation of
patients with frontal lobe epilepsy. The poor localization of the
interictal epileptic abnormality and the rather unreliable EEG
localization of ictal onsets commonly reported in patients with
frontal lobe epilepsy,>>'82 is dependent upon some of the fol-
lowing factors:

— A small portion of the frontal lobe’s anatomy is accessible
to EEG recording with extracranial electrodes or with cortical
leads, a situation which leads to an inherent risk of EEG sam-

pling error when attempting to record EEG potentials generated
in the frontal lobe’s depth. The orbito-frontal cortex, the mesial
interhemispheric convexity, the cingular cortex and to a similar
extent the depth of the cerebral sulci within the frontatl
lobe3.:10.11.21.24.25 are |argely inaccessible to recording with
extracranial electrodes. Small epileptogenic foci involving these
anatomical structures, may be reflected as a widespread epilep-
tic disturbance involving the fronto-centro-parietal or the fronto-
centro-temporal convexity, thus giving the false impression of a
large epileptogenic zone. It is also a frequent finding that a
small epileptic focus in the frontal lobe’s depth may be unde-
tected by extracranial electrodes. Even focal electrographic
seizures involving for instance the cingular cortex may not be
reflected in the surface EEG and some of these episodes could
be associated with ictal behavioral manifestations, thus raising
the suspicion of psychogenic attacks.

— A functional network of pathways permitting rapid seizure
spread within and outside the frontal lobe, may in some cases
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account for a regional or even a multi-lobar distribution of the
interictal spiking and of the ictal onsets, thus defying an accurate
EEG localization. These pathways include the uncinate fascicu-
lus, the cingulum?® and the arcuate fasciculus. Focal seizures
may arise in a clinically silent region of the frontal lobe, pro-
ducing ictal behavioral symptomatology only after seizure
spread to nearing frontal or even central or temporal lobe struc-
tures.’

— Secondary bilateral synchrony and secondary epileptogene-
sig8:12222427-2% may play a distinctive role in the genesis of bi-
frontal or generalized spike-and-wave activity which is so often
observed in patients with unilateral frontal lobe epilepsy (see
Table 1). Secondary bilateral synchrony is more likely to occur
when the primary epileptic focus is located in the mesial para-
sagittal convexity, in the orbito-frontal cortex or in the cingular
region.2*252% Bifrontal epileptogenesis could also be the result
of a bilateral frontal lobe damage.

— Some of our recent findings indicate that the extent of the
epileptogenic brain tissue in frontal lobe epilepsy, may range in
size from relatively small epileptic foci to large epileptogenic
zones, resembling a continuum distribution.?!?* One extreme of
this continuum comprises rather small epileptogenic foci, as
documented in patients who became and persisted seizure free
after selective surgical removal of restricted frontal lobe regions.!4
The distribution of interictal spiking in these patients is often
widespread, even multilobar and seizure onsets are rarely localiz-
able. The other extreme of this continuum includes patients with
large epileptogenic zones, frequently involving several frontal
gyri and at times, exhibiting a multi-lobar distribution.?! The
epileptogenicity in patients with widespread epileptic zones is
not uniform and it may often undergo focal accentuation in a
given brain region.2!223% This may explain why patients portray-
ing multi-lobar or extensive epileptogenic lesions may present
with EEGs disclosing focal interictal spiking. It should be empha-
sized that even in the presence of a circumscribed frontal lobe
focal pathological lesion, the distribution of ictal onsets and of
the interictal spiking may be widespread. Thus lesions, are not
necessarily accurate biological markers of the extent of epilepto-
genicity.??

This study intends to review the localizing effectiveness of
long term EEG monitoring in four different groups of frontal
lobe epileptic patients who underwent preoperative EEG inves-
tigation with extracranial and intracranial electrodes. In some
groups the results of the preoperative EEG investigation will be
correlated with the electrocorticography findings (ECoG).

SUBJECTS AND METHODS

Group A

Includes 34 patients (mean age: 25.4 years) with frontal lobe
epilepsy, who became and persisted seizure-free after restricted
surgical removal of the anterior frontal region (AF = 18
patients), the parasagittal convexity (PS = 10 patients) or the
frontal-opercular region (FO = 6 patients). The post-surgical fol-
low-up ranged from 2 to 46 years. The epileptogenic tissue
responsible for the patients’ habitual seizures was contained in
the resected portion of the frontal lobe, and therefore this group
represents a “pure culture” of the EEG and clinical manifesta-
tions of frontal lobe seizures originating in these regions.' A
more detailed report on these patients is available elsewhere.

Ictal recordings were obtained in 9/32 patients of this series
(AF = 4 patients; PS = 2 patients; FO = 3 patients).

Electrocorticography (ECoG) was performed in 30/34 patients.
All patients were operated on under local anesthesia and neuro-
lepto-analgesia. Partial or total withdrawal of anticonvulsants
was routinely performed, starting the night before surgery.

Group B

Comprises 22 patients (mean age: 23 years) presenting with
poorly controlled complex partial seizures of frontal lobe origin
who underwent preoperative long-term EEG monitoring. The
distribution of the interictal and ictal findings in these patients is
reported in further detail elsewhere.!®

Group C

Consists of 12 patients with frontal lobe epilepsy (mean age:
27 years; range 15 to 46 years), in whom preoperative EEG
investigation with extracranial electrodes failed to provide reli-
able localization of the anatomical substrate of seizure onset
(see reference 33 for more details).

Chronic intracerebral and epidural electrodes were implanted
in the frontal and temporal lobes either bilaterally (10 patients)
or unilaterally (2 patients). The most common sites for depth
electrode implantation in the frontal lobe included the orbito-
frontal region, the fronto-cingular area and the supplementary
motor cortex. Simultaneous depth electrode implantation was
performed in the amygdala and hippocampus in all patients.
Each depth electrode comprised 9 recording contacts separated
at 5 millimeter intervals. Long term EEG-video monitoring uti-
lizing a 16 channel computer assisted cable telemetry system?
was performed around the clock for a period of 2-4 weeks.

Table 1: Distribution of Interictal Spiking in Patients with Frontal Lobe Epilepsy

Group Patients F L ML HS BI BS

A 34 3 14 2 4 0 16

B 22 3 12 4 0 1 0

C 12 6 4 4 0 5 6

D 45 2 6 18 6 4 2
113 14 (12%) 36(32%) 28(24%) 10(9%) 10(9%) 42(37%)

The distribution of the interictal epileptic abnormality obtained during extracranial EEG
recordings or at electrocorticography was classified in the following categories: Focal (F),
lobar (L), multilobar (ML), hemispheric (HS), bifrontal independent (BI) and bilaterally

synchronous (BS).
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Group D

Comprises 45 children (median age 11 years, range 6 months
to 15 years) who underwent preoperative EEG investigation and
subsequent frontal lobe excisions at the Montreal Neurological
Hospital between 1940 and 1980 (see references 22 and 23 for
more details).

Patients belonging to groups B and C were submitted to pre-
operative long-term EEG-video monitoring utilizing a 16 chan-
nel cable telemetry system according to a technique described
elsewhere.?'32 The main emphasis of the EEG investigation was
placed in the localization of ictal onsets and in its correlation
with the distribution of the interictal epileptic abnormality. The
preoperative EEG investigation in patients belonging to groups
A and D consisted mostly of prolonged (2-4 hours) daytime
EEG recordings with special extracranial electrodes. Seizures
were recorded only in 9/34 patients of group A and in 21/45
patients of group D.

The localization of the interictal epileptic abnormality
obtained during extracranial EEG recordings and/or at electro-
corticography was classified in the following anatomical cate-
gories:

Focal (F), lobar (L), multilobar (ML), hemispheric (HS),
bifrontal independent (BI) or bilateral synchronous (BS) (see
Tables 1, 2 and 3).

RESULTS

Distribution of the interictal spiking

The anatomical distribution of the interictal epileptic abnor-
mality in adult and pediatric patients with frontal lobe epilepsy
is detailed in Table 1.

In the adult group, only a few patients belonging to group A
presented with focal spiking (3/34 = 9%). Fourteen patients
belonging to this group exhibited lobar spiking (41%). Multi-
lobar or hemispheric spiking was recorded in 6/34 patients
(18%). Sixteen patients (47%) exhibited either bifrontal or gen-
eralized bilaterally synchronous interictal epileptic abnormality,
most commonly of the spike-and slow wave type. A similar
result was obtained in patients belonging to group B (Table 1)
revealing a definite predominance for lobar spiking (12/22
patients = 55%). It should be mentioned that generalized and
bilaterally synchronous spike-and slow wave complexes were
not included in the assessment of this group.

Patients belonging to group C presented with a more even
distribution of the interictal spiking within the focal, lobar and
multilobar categories.

The distribution of the interictal spiking in children with
frontal lobe epilepsy is summarized in Table 1, D. Patients
belonging to this group presented predominantly with multilo-
bar spiking (18/45 patients = 40%). Only two patients (4%)
exhibited focal interictal epileptic activity in their EEGs. The
incidence of bilateral synchrony was approximately the same as
that observed in group A of the adult population (Table 1). A
good indicator of the localizing effectiveness provided by the
interictal epileptic abnormality in frontal lobe epilepsy is avail-
able in the summary of Table 1, comprising 113 patients belong-
ing to four different subgroups previously discussed. Only 14 of
these patients (12%) presented with focal interictal spiking. In
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contrast, 28 patients (24%) exhibited multilobar epileptic dis-
charges and the most prevalent interictal pattern consisted of
bilateral synchronous epileptiform potentials, as documented in
42 patients (37%).

Electrocorticography Findings

Electrocorticography was performed in 30 patients of group
A, and in 42 patients of group D. The distribution of the cortical
interictal spiking is summarized in Table 2. Patients in group A
exhibited a predominantly regional distribution of the interictal
spiking (15/30 = 50%) whereas patients belonging to group D
exhibited predominantly a multilobar distribution of the interic-
tal epileptic abnormality (27/42 patients = 64%).

Seizure onset localization

Seizures were recorded in 8/12 patients of group C and in
21/45 of group D. In approximately 50% of the patients (14/29)
the electrographic seizure onset could not be lateralized. Local-
ized seizure onsets were more frequent in children (8/21 = 38%)
than in the population of frontal lobe patients who required pre-
operative EEG investigation with intracranial depth electrodes
(C, 1/8 patients = 12%).

Depth electrode EEG investigation was carried out in the 12
patients belonging to group C. Focal or regional seizure onset
confined to one frontal lobe was observed in 9/12 patients (75%).
A lateralized seizure onset was documented in 1/12 patients. A
bifrontal seizure onset without lateralization was recorded in
2/12 patients.

Table 2: Cortical Distribution of Interictal Spiking in Frontal
Lobe Epilepsy

F Regional L ML
A 30 7 15 0 5
D 2 2 4 2 2
72 9 (12%) 19 (26%) 9 (12%) 32
(44%)

The distribution of the interictal epileptic abnormality obtained during
extracranial EEG recordings or at electrocorticography was classified
in the following categories: Focal (F), lobar (L), multilobar (ML),
hemispheric (HS), bifrontal independent (BI) and bilaterally synchronous
(BS).

Table 3: Localizing Effectiveness of Seizure Monitoring in Frontal
Lobe Epilepsy

Seizures Recorded 302
Number of Patients 16
Localized Seizure Onset 66
(22%)
Lateralized Seizure Onset 34
(11%)
Bilateral or Generalized Seizure Onset 1t
(37%)
Uninterpretable 57
(19%)
Absence of Inctal EEG Changes 34
(11%)

Reproduced with permission from Quesney and Gloor 1985.
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The effectiveness of long-term EEG monitoring in the localiz-
ation/lateralization of seizure onsets in patients belonging to
group B is illustrated in Table 3. Only a minority of seizures
recorded with extracranial electrodes exhibited a focal (22%) or
a lateralized (11%) EEG onset. Bilateral or generalized seizure
onset was the most frequent finding (37%). Approximately 11%
of frontal lobe seizures lacked correlation with ictal EEG changes.

DISCUSSION

The anatomical distribution of the interictal spiking in frontal
lobe epilepsy is not a reliable marker of the seizure generator.
According to our study, only a minority of patients who became
and remained seizure free after selective frontal lobe surgical
removals, presented with focal interictal spiking in the frontal
lobe during extracranial recordings or at electrocorticography.?®
The predominant distribution of the interictal epileptic abnor-
mality in this group of patients was widespread, involving the
fronto-centro-temporal convexity. Entirely similar findings were
observed in two additional groups of adult patients with frontal
lobe epilepsy (groups B and C).'*33 The distribution of the inter-
ictal epileptic abnormality in children with frontal lobe epilepsy
was predominantly multilobar as opposed to focal or regional and
this appears to be an age-dependent phenomenon as reported
elsewhere.?2 A multilobar epileptogenesis was also the main
finding at electrocorticography in these children.

In adults who became and persisted seizure free after restric-
tive surgical removal in the frontal lobe, the interictal ECoG
findings were consistent with a more focal and/or regional dis-
tribution of the epileptic focus.

A frontal lobe localization of the seizure generator based on
ictal recordings obtained with extracranial electrodes is rather
poor in adult patients'®?® and somewhat better in children.??
Long-term EEG monitoring with intracranial electrodes is help-
ful in the localization of the seizure generator in patients with
frontal lobe epilepsy,>* should the extracranial approach fail to
achieve this goal.

Our findings confirm some of the EEG limitations in the
localization of frontal lobe epileptic foci/zones mentioned earlier
as an introductory remark. They also emphasize that despite a
widespread distribution of the interictal epileptic foci, a more
restricted (“critical mass”) of epileptic brain tissue is required to
produce the patient’s habitual attacks.>* The extent of the frontal
lobe surgical removal required to render the patient seizure free
or significantly improved, must therefore be guided not only by
the interictal and ictal EEG evidence, but also by the clinical
seizure pattern, the results of neuro-imaging studies and the pro-
file of the neuropsychological dysfunction.2035-37
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