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SUMMARY

Objective: Frontal lobe epilepsy (FLE) frequently leads to secondary generalized
tonic–clonic seizures (SGTCS). However, little is known about the clinical, electro-
physiologic, and radiologic correlates of SGTCS and whether these could influence
diagnosis and treatment.
Methods: A cohort of 48 patients with confirmed FLE was retrospectively identified
and dichotomized into a group with and a group without SGTCS defined by history
(≥1/year) or video–electroencephalography (vEEG). Demographics, seizure semiol-
ogy, vEEG, neuroimaging data, and estimated seizure-onset zone were tabulated, and
their association with the occurrence of SGTCSwas evaluated with use of a chi-square
test. Independent predictors of SGTCS were confirmed using a stepwise multivariate
analysis. Similarly, these predictors as well as a history of SGTCSwere tested as multi-
variate predictors of the postoperative International League Against Epilepsy (ILAE)
score in the surgical subgroup (n = 25).
Results: We identified three independent predictors of a history of SGTCS in FLE,
including loss of responsiveness at seizure onset (corrected p = 0.04), a semiology
involving early elementary motor signs (corrected p = 0.01), and multifocal spikes on
EEG (corrected p = 0.02). A seizure-free outcome occurred in 57% of surgical cases
and wasmore likely in the group without SGTCS (100%, p = 0.001).When considering
only SGTCS occurring during video-EEG monitoring, the association with semiology
and surgical outcome vanished, but the association with preserved awareness and a
multifocal EEG persisted.
Significance: A history of SGTCS is related to a specific ictal semiology and interictal
EEG, andmay have a role in surgical risk stratification.
KEY WORDS: Secondary generalized tonic–clonic seizure, Video-EEG, Epilepsy
imaging, Epilepsy surgery, Seizure semiology.

Frontal lobe epilepsy (FLE) is the second most common
form of focal epilepsy after temporal lobe epilepsy (TLE)
that is amenable to surgery in cases refractory to medical
treatment.1,2 However, FLE surpasses TLE in its association
with secondary generalized tonic–clonic seizures (SGTCS)3

and thereby has a high risk for traumatic injury4 and sudden
unexpected death in epilepsy (SUDEP).5 Surgical outcome
has to be accurately predicted, as patients undertaking epi-
lepsy surgery as well as their providers have high expecta-
tions.6 Identifying FLE patients with SGTCS is clinically
important as these patients may benefit most from early
surgery in preventing SUDEP.5,7 On the other hand, focal
epilepsy with secondary generalization might be more
refractory to surgery as suggested by a TLE study,8 but this
has not been fully characterized in FLE. A recent meta-
analysis revealed a trend toward worse outcome in FLE
patients with SGTCS.2 Herein, we report a retrospective
study of a cohort of 48 FLE patients, aimed at identifying
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the clinical, electrophysiologic, and radiologic correlates of
recurrent SGTCS defined as happening yearly or more. To
challenge the robustness of our findings, we then tested the
associations with SGTCS proven by video electroen-
cephalography (vEEG), acknowledging that patients with
regular SGTCS do not necessarily have generalization of
their seizures during hospital monitoring. For the subset of
patients who underwent surgery, we also investigate
whether these factors would predict surgical outcome.

Methods
Patients

To retrospectively identify patients with FLE, we used
the database of our presurgical epilepsy monitoring unit,
only considering patients >16 years old at presentation who
did or did not undergo surgery after the evaluation. Seventy-
three adult patients with suspected FLE were referred to our
center for ictal vEEG monitoring between 1995 and 2014.
Twenty-five patients were excluded from the study based
on the following criteria: 10 patients had extrafrontal sei-
zure foci, 6 patients had generalized epilepsy, 4 patients did
not have any seizure during their hospitalization and epi-
lepsy could not be characterized, 3 patients had had previ-
ous epilepsy surgery, and 2 patients had atypical
presentations including cortical myoclonus and focal status
epilepticus. Patients with ictal EEG showing frontal and
frontocentral focus were included. Those with ictal EEG
showing frontoparietal, frontotemporal, and hemispheric
onset on ictal EEG who were subsequently shown to have a
frontal focus with alternative localizing techniques (struc-
tural and functional imaging or intracranial EEG) were also
included. In total, 48 patients had confirmed frontal epilepsy
on vEEG or when unclear, on intracranial EEG (n = 10). Of
these, 25 patients underwent surgery and 23 did not for vari-
ous reasons including personal preference or improvement
of seizure control with medication change. Among the 48
patients, we identified two groups based on the admission
report of presence or absence of generalized tonic–clonic

seizures (with SGTCS and without SGTCS, respectively).
Whenever possible, the history of SGTCS was confirmed
directly with a patient’s relative. A patient was included in
the group with SGTCS if they had at least one SGTCS per
year of treatment such as to reflect a recent, as opposed to
remote, history of SGTCS at the time of presurgical evalua-
tion. Of note, there was no occurrence of SGTCS in the
group without SGTCS except in two cases that had inaugu-
ral generalized seizure, but never again thereafter. Despite a
preset restrictive definition of the occurrence of SGTCS (≥1
per year), we did not find patients who could clearly state
they had had regular SGTCS in the remote past but would
not have reached the cut-off to be included in the group with
“active” SGTCS. Therefore, our cohort was effectively
dichotomized into a group who never had SGTCS and a
group who had recurrent (at least yearly) SGTCS.

Follow-up
Of the 25 surgical patients, 23 had a 1-year follow-up at

our center. One patient passed away before his 1-year fol-
low-up and was not included in the surgical outcome analy-
sis and one patient moved to another country and was lost to
follow-up. We retrospectively classified the surgical out-
come, based on the patient’s and family report of seizure
and aura frequency according to the International League
Against Epilepsy (ILAE).

Variables
Variables were chosen according to available clinical,

vEEG, MRI, SPECT (single photon emission computed
tomography), and FDG-PET (fluorodeoxyglucose positron
emission tomography) data. They were included in a multi-
variate analysis only if shown to have a p-value < 0.05 on
univariate analysis.

Demographic and anamnestic predictors
Predictors were based on demographics, systematic docu-

mentation of family history, personal history of epilepsy
risk factors, systematic and detailed epilepsy history (cause,
age at onset, presence of seizures during sleep, presence of
aura, seizure frequency, and number of different seizure
types). Auras were subdivided into epigastric (rising or local
sensation), sensory (including paresthesia, headaches and
vertigo for one case), psychic (including affective auras,
perceptive distortions, conscience alterations), and gusta-
tory or olfactive auras.

Semiologic predictors
All patients (n = 48) underwent continuous vEEG moni-

toring for at least 2 days, with a standard 10-10 montage
with 29 scalp electrodes for the detection of clinical and
subclinical seizures (Fig. 1). Based on a recent study pub-
lished on FLE semiology,9 we grouped early ictal signs
together into four semiologic categories. The decision on
which category each patient would fall into was based on

Key Points
• FLE, as compared to TLE, has a higher rate of SGTCS
and a poorer surgical outcome.

• Among patients with FLE, those with SGTCS might
have a poorer surgical outcome.

• The tendency to present with SGTCS in FLE can be
classified along a rostrocaudal axis of increasing odds.

• Initial retained awareness protects against SGTCS in
FLE and TLE.

• Widespread epileptogenic tissue, as assessed by EEG
or fluorodeoxyglucose positron emission tomography
(FDG-PET), increases the odds of SGTCS.
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the earliest three signs observed in the most common seizure
type if different types were present. As detailed below, some
signs can be found in different categories to reflect the con-
tinuum of semiologic variety:

• Elementary motor signs: contralateral clonic signs, con-
tralateral tonic posturing, asymmetric facial contraction,
and any atonic signs including axial atonia (head drops,
falls), proximal, or distal atonia (object fall).

• Complex motor posturing: axial posturing (e.g., arching,
head extension), symmetric or asymmetric bilateral tonic
posturing (e.g., arms extension or figure of four, respec-
tively), proximal gestural behavior (e.g., ballistic move-
ments, bicycling), and atonic signs.

• Gestural behavior: proximal or distal gestural behavior,
manual manipulation (grasping) or utilization, vocal
automatism (grunting, moaning), symmetric facial con-
traction (lip pouting), and fixed facial expression.

• Psychomotor-vegetative agitation: screams, facial expres-
sion of fear or anxiety, hyperkinetic motor behavior, auto-
nomic signs (including facial flushing, paleness,
piloerection, labored breathing, or tachycardia).
In addition, the presence of early responsiveness, known

to be a strong negative predictor for SGTCS in TLE,8 was

systematically tested by asking a question (“what is your
name?”) and giving a command (“point to the window!”).
Spontaneous signs of awareness of the onset of seizure (e.g.,
pushing the alarm button to alert the nurse) were also con-
sidered as preserved early responsiveness. The onset of each
seizure was documented to be either out of sleep or out of
wakefulness. We defined nocturnal FLE as having 80% or
more seizures out of sleep during monitoring.10

EEG predictors
Interictal EEG data was categorized as follows:

• Normal: no interictal spikes were detected; sometimes
focal slowing was seen.

• Unifocal: all spikes originated from the same one to two
adjacent electrode(s).

• Broad field: the spike field extended beyond two adjacent
electrodes including cases of bi-hemispheric involvement
(e.g., F3 and F4) but was involving all electrodes
in-between.

• Multifocal: Independent spikes at nonadjacent electrodes.
Ictal EEG data were categorized into unifocal or multifo-

cal if there was more than one independent seizure-onset
zone (SOZ). Two patients were not included in the ictal
EEG analysis because muscle artifacts masked the seizure
onset.

Structural and nuclear imaging predictors
All patients (n = 48) underwent 1.5 T or 3 T MRI

including sequences dedicated to seizure focus identifica-
tion. Lesional and nonlesional epilepsy categories were
based on MRI results. All patients but four (n = 44) under-
went an interictal FDG-PET scan. Thirty-five patients had
an ictal SPECT that was visually compared to an interictal
SPECT or by SISCOM (subtraction ictal SPECT co-regis-
tered to MRI). MRI, FDG-PET, and ictal SPECT results
were categorized as follows:

• Normal: no focal signal abnormalities detected.
• Unilobar: focal structural or metabolic abnormalities lim-
ited to one lobe.

• Multilobar: structural or metabolic abnormalities span-
ning across more than one lobe or involving deep gray
nuclei.

Etiologic and localization predictors
We categorized the patients into four localizations as an

independent variable taking into account the conclusion of
the preceding investigations.

• Centrofrontal.
• Dorsofrontal.
• Orbitofrontal.
• Mesiofrontal.

The etiology of the epilepsy was determined by MRI or
postoperative histology, accordingly. Lesional diagnosis

A

B C

Figure 1.
Individual spike fields obtained by drawing the minimal size ellipse
that encompasses all electrodes involved on interictal EEG (29
electrode montage). For visual rendering, unifocal (blue, left hemi-
sphere), broad (red, right hemisphere), and multifocal spike fields
(orange, right hemisphere) were projected on a schematic double
banana montage irrespective of their actual lateralization. Spike
fields for the group with SGTCS are shown in two separate sub-
plots for clarity (B andC). Note the greater proportion of unifocal
spike fields in the group without (!) SGTCS (12 [A] vs. 7 [B])
compared to the greater proportion of multifocal spike fields in
the group with (+) SGTCS (8 [B] vs. 0 [A]).
Epilepsia ILAE
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was categorized in cortical dysplasia, cavernoma, tumor,
gliosis related to stroke or trauma (obtained on history).

Statistics
Categorical variables were expressed in counts and per-

centage of the total number of patients in each category.
Continuous variables were expressed as medians and range.
Univariate statistical significance was calculated using
Excel chi-square and Matlab’s unpaired Mann-Whitney
tests for categorical and continuous variables, respectively.
Chi-square test was applied to the entire set of data for
predefined exhaustive categories. Only variables with a
probability of <0.05 were included in the multivariate anal-
ysis. p-values >5% but <20%were reported to reflect trends.
Pearson correlation coefficients were calculated for each
pair of variables as a way to estimate whether a variable was
independent or not. Significance at p < 0.05 on multivariate
analysis was the final criteria for a variable to be indepen-
dent and statistically significant in predicting an association.
This was performed using Matlab’s stepwise analysis
including criteria in the usual order of collection: clinical
signs first, and then electrophysiologic and radiologic find-
ings. The same method was repeated to predict surgical out-
come as the dependent variable.

Results
Two-thirds (67%, 32 of 48) of patients with FLE (n = 48)

reported a history of at least one SGTCS per year on treat-
ment (median 12, range 1–260 per year), and the rest (33%,

16 of 48) never had SGTCS, except for two patients who
had inaugural SGTCS and never thereafter.

Predictors of history of SGTCS

Demographic and anamnestic predictors
Demographic and anamnestic data were not different

between the groups with and without a history of SGTCS
(Table 1), with the exception of a history of epigastric aura
(25% in the group without SGTCS, vs. 3% in the group with
SGTCS). Of note, a history of nocturnal seizures was
equally common in both groups. SGTCS frequency was
unrelated to the overall seizure frequency: some patients
had multiple seizures per day with rare generalizations and
others had occasional seizures with frequent generaliza-
tions, although a trend to a higher seizure burden was
observed in the group without SGTCS (Table 1, p = 0.1).

Semiologic predictors
Semiologic data obtained during vEEG were used for

semiologic categorization. As anticipated, head or eye
version to the contralateral side (78% [25 of 32] vs. 25% [4
of 16]) and the presence of an ictal cry (25% [8 of 32] vs.
0% [0 of 16]) were strongly associated with a history of
SGTCS and not included in statistical calculations, given
that these associations are already established. For each
patient, we limited our analysis to the predictive value of the
earliest three signs observed across all seizures (of the most
common type if multiple types were present) and summa-
rized them in one of four cluster of semiologic signs

Table 1. Anamnestic predictors of SGTCS in FLE

With SGTCS (n = 32) Without SGTCS (n = 16)
p-Value
univariate

p-Value
multivariate

Male sex 16 (50%) 8 (50%) NS –
Age 33 (16–59) 28 (16–58) NS –
Positive family Hx 9 (28%) 4 (25%) NS –
Abnormal pregnancy 7 (22%) 4 (25%) NS –
Abnormal delivery 11 (34%) 3 (19%) NS –
Abnormal development 13 (41%) 4 (25%) NS –
Hx of febrile seizures 3 (9%) 2 (13%) NS –
Epilepsy duration 19 (2–45) 15 (1–49) NS –
Age at epilepsy onset 11 (1–35) 10 (1–56) NS –
Seizure frequency 9 (0.25–600) 60 (2–240) 0.1 –
Hx of nocturnal seizures 21 (66%) 9 (56%) NS –
Number of seizure types 1 (1–3) 1 (1–4) NS –
Hx of status epilepticus 4 (13%) NA NA –
Presence of an aura 16 (50%) 11 (69%) NS –
Psychic 5 (16%) 3 (19%) NS –
Sensory 6 (19%) 3 (19%) NS –
Epigastric 1 (3%) 4 (25%) 0.02 NS

Olfactive, gustatory 2 (6%) 1 (6%) NS –

Hx, history; NS, not significant; NA, not applicable, –, not included in statistical testing.
Count (percentage) and median (range) for categorical and continuous variables, respectively. Seizure frequency is given in count per month. Final multivariate

analysis included only epigastric aura (in bold).
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recently described by Bonini and collaborators9: (1) ele-
mentary motor signs: 16 of 48 patients, (2) complex motor
posturing: 14 of 48, (3) gestural behavior: 14 of 48, and (4)
psychomotor-vegetative agitation 3 of 48. One patient could
not be categorized due to the lack of any predefined sign.
We do not report statistics on individual signs, as these
would be redundant with semiologic categories. A chi-
square statistic applied to the cluster categorization showed
that patients with elementary motor signs and complex
posturing signs had a tendency to show secondary general-
ization, whereas patients with early gestural behaviors and
psychomotor-vegetative agitation were less likely to
progress to secondary generalization (p = 0.02, Table 2).
Preserved responsiveness, systematically assessed by
commanding an action at the beginning of the seizure was
negatively associated with SGTCS (p = 0.04, Table 2).

EEG predictors
An interictal EEG displaying multifocal spikes was

found to have a greater tendency to be associated with a
history of SGTCS, whereas unifocal spikes were protective
against a history of SGTCS (p = 0.004, Table 3 and
Fig. 1). Multifocal SOZ on ictal EEG were more frequent
in the group with SGTCS, but this did not reach statistical
significance (p = 0.13, Table 3).

Structural and nuclear imaging predictors
All patients underwent MRI studies and 29% (14 of 48)

were nonlesional. MRI data did not permit further delin-
eation of patients to those with or without a history of
SGTCS (Table 3). On the other hand, FDG-PET studies that
showed multilobar (including bihemispheric) reduction of
glucose metabolism predicted a history of SGTCS
(p = 0.04, Table 3). A similar trend was also observed for
ictal SPECT studies but failed to reach statistical signifi-
cance (p = 0.11, Table 3).

Sublobar localization and etiologic predictors
In the majority of cases, the etiology of FLE was lesional

(71%, 34 of 48). In nonlesional cases, localization was
achieved by paraclinical studies except for nine cases that
did not undergo surgery. Lateralization of the epileptogenic
zone was left in 54% of cases (26 of 48), right in 40% of
cases (19 of 48), uncertain in three cases, and was not differ-
ent between groups (p > 0.05, chi-square test). There was
no etiologic difference between groups (Table 4). Parallel-
ing findings obtained at the semiologic level, we found that
patients without SGTCS were more likely to have a SOZ in
the orbitofrontal region, whereas patient with SGTCS were
more likely to have a SOZ closer to the precentral gyrus
(p = 0.05, Table 4).

Table 2. Semiologic predictors of SGTCS in FLE

With SGTCS (n = 32) (%) Without SGTCS (n = 16) (%)
p-Value

Univariate
p-Value

Multivariate

Semiology clusters
Elementary motor signs 14 (44) 2 (13)
Complex posturing 10 (31) 4 (25) 0.02 0.01
Gestural behaviors 8 (25) 6 (38)
Psychomotor agitation 0 (0) 3 (19)

Individual signs
Nocturnal FLE 11 (34) 6 (38) NS –
Early responsiveness 10 (31) 10 (63) 0.04 0.04

Individual signs included in cluster
Version 25 (78) 4 (25) – –
Ictal cry 8 (25) 0 (0) – –
Asymmetric tonic–clonic signs 13 (41) 3 (19) – –
Asymmetric facial contraction 4 (13) 2 (13) – –
Atonic signs 11 (34) 1 (6) – –
Bilateral tonic posturing 13 (41) 3 (19) – –
Proximal/axial automatism 6 (19) 9 (56) – –
Distal automatism 8 (25) 5 (31) – –
Manipulation/utilization 3 (9) 4 (25) – –
Vocalization (grunts) 6 (19) 5 (31) – –
Oral automatism 1 (3) 4 (25) – –
Symmetric facial contractions 3 (9) 3 (19) – –
Fixed facial expression 9 (28) 6 (38) – –
Hypermotricity 2 (6) 4 (25) – –
Negative emotions 3 (9) 4 (25) – –
Autonomic signs 6 (19) 5 (31) – –

Asym: Asymetric, Prox: proximal, NS: not significant, –: not included in statistical testing.
Semiologic clusters and their constituent signs (Nocturnal FLE and early responsiveness are not included in semiologic clusters). Final multivariate analysis

included semiology clusters and early responsiveness (in bold).
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Correlation among predictors
We found that many of these predictors had a weak

degree of correlation, suggesting that they would not all
independently contribute to explain a history of SGTCS
(see Table S1). For example, an epigastric aura was often
found in the semiologic cluster including gestural behaviors
(Pearson = 31%, p < 0.05). As expected from recent litera-

ture,11 we found correlations between SOZ and semiologic
clusters or isolated signs. An orbitofrontal SOZ correlated
with gestural behaviors and psychomotor-vegetative agita-
tion categories (Pearson = 51% and 14%; p < 0.05 and
p > 0.05, respectively) or oral and proximal automatism
taken in isolation (Pearson = 44% and 49%, respectively;
p < 0.05). It inversely correlated with elementary motor

Table 3. EEG and neuroimaging predictors of SGTCS

Interictal EEG
With SGTCS Without SGTCS p-Value

Univariate
p-Value

Multivariaten = 32 (%) n = 16 (%)

Normal 5 (16) 1 (6)
Unifocal 7 (22) 12 (75) 0.004 0.02

Broad field 12 (38) 3 (19)
Multifocal 8 (25) 0

Ictal EEG n = 31 (%) n = 15 (%)

Unifocal 23 (74) 14 (93) 0.13 –
Multifocal 8 (26) 1 (7)

FDG–PET n = 30 (%) n = 14 (%)

Normal 9 (30) 5 (36)
Unilobar 8 (27) 8 (57) 0.04 NS
Multilobar 13 (43) 1 (7)

Ictal SPECT n = 22 (%) n = 13 (%)

Normal 0 1 (8)
Unilobar 5 (23) 5 (46) 0.11 –
Multilobar 17 (77) 5 (46)

MRI n = 32 (%) n = 16 (%)

Normal 9 (28) 5 (31)
Unilobar 14 (44) 9 (56) 0.47 –
Multilobar 9 (28) 2 (13)

NS: not significant, –: not included in statistical testing.
Final multivariate analysis included interictal EEG (29 electrode montage) and FDG-PET results (in bold). Unifocal: 1–2 electrodes. Broad field: >2 electrodes.

Multifocal: independent spike foci. Unilobar: abnormal signal constrained to one lobe. Multilobar: abnormal signal includes >1 lobe.

Table 4. Anatomohistologic predictors of SGTCS

Etiology
With SGTCS Without SGTCS p-Value

univariate
p-Value

multivariaten = 32 (%) n = 16 (%)

Nonlesional 9 (28) 5 (31)

Lesional 23 (72) 11 (69)

Dysplasia 9 (28) 7 (44) NS –
Cavernoma 3 (9) 2 (13)
Trauma 6 (19) 0 (0)
Tumor 3 (9) 1 (6)
Stroke 2 (6) 1 (6)

Localization n = 26 (%) n = 13 (%)

Orbitofrontal 2 (6) 4 (31)
Mesiofrontal 4 (16) 1 (6) 0.05 –
Dorsofrontal 8 (31) 5 (38)
Centrofrontal 7 (28) 1 (6)

NS, not significant.
Lesional epilepsy was defined by MRI results. Final etiology was determined by MRI or histology, accordingly. Variables not included in final multivariate analysis

(–).
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signs and complex motor posturing categories (Pear-
son = !29%, and !27%, respectively; p < 0.05 for both).
A centrofrontal SOZ correlated weakly with elementary
motor signs and complex motor posturing categories (Pear-
son = 18% and 12%, respectively; p > 0.05 for both) or
more strongly with atonia (Pearson = 30%; p < 0.05).
Finally, multifocal EEG had a strong correlation with multi-
focal PET (Pearson = 54%; p < 0.05), suggesting that both
similarly reflected the extent of epileptogenic tissue.

Multivariate predictors
To identify independent predictors of SGTCS in FLE,

factors that had p-values < 0.05 on univariate statistics
were tested in a multivariate analysis by stepwise regres-
sion. A multilobar PET scan was not independent in predict-
ing a history of SGTCS as it correlated with a multifocal
EEG. In our database, a multifocal EEG predicted a history
of SGTCS, explaining 10% of the response variability (co-
eff = 0.30, R2 = 0.1, adjusted-R2 = 0.08, F-stat = 4.9,
p = 0.007). Preserved responsiveness at seizure onset added
9% prediction of the response variability (coeff = !0.25,
R2 = 0.19, adjusted R2 = 0.15, F-stat 5.3, p = 0.008).
Finally, a semiologic cluster of elementary focal signs
independently explained additional 11% of the response
variability (coeff = 0.31, R2 = 0.3, adjusted R2 = 0.25,
F-stat = 6.3, p = 0.001). In total, 30% of the response vari-
ability was explained with two statistically independent
clinical predictors and one statistically independent para-
clinical predictor with the following adjusted statistics: ele-
mentary motor signs cluster, T = 2.6, p = 0.01; preserved
responsiveness at seizure onset, T = !2.1, p = 0.04; and
multifocal EEG, T = 2.4, p = 0.02.

Predictors of SGTCS during vEEGmonitoring
Two-thirds of patients with a history of SGTCS experi-

enced a convulsion in the hospital (22 of 32), whereas none
of the patients without SGTCS did (0 of 16). We studied
whether variables found to be significant on multivariate
analysis above would also predict the occurrence of SGTCS
during monitoring (see Table S2). On multivariate analysis,
preserved responsiveness (adjusted p = 0.03) and multifo-
cal interictal EEG were independent predictors (adjusted
p = 0.02), but not multifocal ictal EEG, as it covariated with
interictal EEG (adjusted p = 0.45). Semiologic clusters
showed a trend but failed to reach significance to predict
SGTCS in the hospital (p = 0.17).

Surgical outcome
Surgical outcome was assessed at 1-year follow-up: 13 of

23 surgical patients seen in follow-up at our institution were
seizure-free (57%, with or without aura, ILAE scores 1 and
2) (Table 5). All patients (100%, n = 8) without a history of
SGTCS were seizure-free, compared to a third (33%, n = 5)
of patients with a history of SGTCS, suggesting that
anamnestic SGTCS might predict surgical outcome. This

prompted a follow-up multivariate analysis with postsurgi-
cal seizure freedom (ILAE scores 1 and 2) as the dependent
variable. There was no difference in time of follow-up
between groups (median follow-up at 11.2 months vs.
12.0 months, p = 0.69, Mann-Whitney test). All predictors
found above showed a trend to be associated with worse sur-
gical outcome including multifocal spikes on interictal EEG,
multilobar abnormalities on PET scan, and multilobar
abnormalities on MRI. However, this was not independent
of a history of SGTCS in a stepwise multivariate analysis,
suggesting that the presence of SGTCS is the best negative
predictor of surgical outcome identified in the surgical sub-
population of this study (coeff = !0.7, R2 = 0.41, adjusted
R2 = 0.38, F-stat = 14.6, p < 0.001). SGTCS in the hospital
did not predict surgical outcome (p = 0.16). Among the
patients who were not seizure-free postsurgically, all but one
experienced a reduction in their seizure frequency at 1 year
(n = 10: 2 with ILAE 3, 7 with ILAE 4, 1 with ILAE 5).

Discussion
Our study population, carefully evaluated with a large

battery of noninvasive and invasive localization techniques,

Table 5. First-year surgical outcome

Ongoing seizures
(ILAE 3–5)

Seizure-free
(ILAE 1–2) p-Value

multivariaten = 10 (%) n = 13 (%)

History of SGTCS 10 (100) 5 (38) 0.001

Semiology n = 10 (%) n = 13 (%)

Early responsiveness 3 (30) 7 (54) NS
Elementary motor 2 (20) 4 (31)
Complex posturing 3 (30) 2 (15) NS
Gestural behaviors 5 (50) 4 (31)

Psychomotor agitation 0 (0) 2 (15)

Interictal EEG n = 10 (%) n = 13 (%)

Normal 2 (20) 1 (8)
Unifocal 0 (0) 9 (69) NS
Broad field 4 (40) 2 (15)
Multifocal 4 (40) 1 (8)

MRI n = 10 (%) n = 13 (%)

Normal 2 (20) 0 (0)
Unilobar 3 (30) 10 (77) –
Multilobar 5 (50) 3 (23)

FDG-PET n = 9 (%) n = 12 (%)

Normal 3 (30) 2 (15)
Unilobar 1 (10) 8 (62) NS
Multilobar 5 (50) 2 (15)

NS: not significant. –: not included.
Multivariate analysis with seizure freedom as the dependent variable

showed that only a history of SGTCS independently predicts ongoing seizures
after surgery (in bold). Unifocal: 1–2 electrodes. Broad field: >2 electrodes.
Multifocal: independent spike foci. Unilobar: abnormal signal constrained to
one lobe. Multilobar: abnormal signal includes >1 lobe.
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shares characteristics with other FLE cohorts reported in the
literature including a high prevalence of recurrent SGTCS
(at least once per year while on treatment in two thirds of
patients) and postsurgical seizure freedom in 57% of cases
(ILAE class 1 and 2).1,3,12,13 Compared to TLE,11,14 FLE
leads to a higher prevalence of SGTCS and has slightly
worse surgical outcomes. These two observations may be
linked as suggested by our findings.

Little is known about the mechanisms leading from focal
onset to SGTCS. In our cohort of FLE patients, we identi-
fied three independent predictors of a history of recurrent
SGTCS: preserved responsiveness at seizure onset as a pro-
tective factor, early elementary motor signs, and multifocal
EEG as risk factors. Preserved responsiveness at seizure
onset and a multifocal EEG survived as independent predic-
tors to a more stringent definition of vEEG-proven SGTCS.
Clinical generalization of seizures does not imply that the
entire cortex is involved in ictal activity on intracranial
EEG,15 suggesting that involvement of key anatomic
regions may be sufficient for the occurrence of SGTCS.
Bonini et al. recently put forward the idea that FLE can be
conceptualized as an electroclinical spectrum following a
rostrocaudal gradient of integrated behaviors to elementary
motor signs with a parallel increasing tendency to secondary
generalization.9 Using a similar semiologic categorization,
our results support this idea. Most rostral on this axis, orbi-
tofrontal seizures can spread to the temporal lobes rather
than along the frontal convexity, sometimes heralded by an
epigastric aura,16 as seen in our data. This alternative route
might prevent ictal recruitment of key areas in the frontal
lobes, possibly limiting the involvement of deep nuclei.
Moving posteriorly along the rostrocaudal axis, seizures are
characterized by oral, axial, and appendicular automatisms
especially utilization or manipulation stereotypies, and have
an intermediate rate of generalization in our study. Finally,
closest to the primary motor cortex, seizures are character-
ized by early elementary motor signs including tonic, clo-
nic, or atonic movements and were associated with frequent
SGTCS in our study. These results suggest that the posterior
structures of the frontal lobes and their connections could be
the gateway to secondary generalization in FLE enabling
ictal spread to remote areas and subcortical structures.9 By
analogy, intracranial recordings in TLE identified the poste-
rior lateral temporal lobe as a necessary anatomic relay for
secondary generalization.17 Other factors in TLE revealed
that ictal speech, oral and pedal ictal automatisms, as well
as retained responsiveness independently protected against
SGTCS.8 This suggests that activation (or disinhibition) of
regions underlying ictal automatisms (including possibly
the orbitofrontal or cingular gyri and the amygdala) may
have a protective effect against generalization as seen in our
data. Moreover, we showed an interesting correlation
between multifocal spikes, widespread metabolic abnormal-
ities, and a tendency to SGTCS. Widespread abnormal elec-
trometabolic networks may increase the chances of

secondary generalization by amplifying ictal activity. Other
studies showed that abnormal glucose metabolism involv-
ing deep nuclei18,19 also favors the rapid spread of ictal
activity. In summary, it seems that the location of the SOZ
is of prime importance, with surrounding electrometabolic
physiology also playing a key role.

Furthermore, outcome data from our small surgical sub-
group suggest that a history of secondary generalized tonic–
clonic seizures may be a risk factor for incomplete response
to surgery, similarly to findings in TLE.8 Here, none of the
clinical, electrophysiologic, or imaging finding superseded
a history of SGTCS in predicting surgical outcome. The
same association was revealed as a trend in a recent meta-
analysis on FLE surgery compiling information about the
occurrence of SGTCS in 269 patients.2 However, in the
original data, some studies defined SGTCS as occurring
during vEEG,3 whereas other defined SGTCS as occurring
on history.13,20,21 When restraining the analysis to only
vEEG-proven SGTCS in our study, the association did not
reach significance. We therefore consider this result as a
tentative link between a history of frequent recurrence of
SGTCS and worse surgical outcome that needs to be further
explored in future studies, through a careful assessment of
the occurrence of SGTCS outside of the hospital. In addi-
tion, if a differential seizure freedom outcome was con-
firmed for patients with recurrent SGTCS, it does not
necessarily predict the long-term survival, as even if surgery
does not achieve seizure freedom, it has the potential to
lower the chances of secondary generalization and SUDEP.

Limitations of our study include its retrospective nature
and the small cohort size, which is comparable to most sin-
gle tertiary center FLE studies.12,20,22 We limited the num-
ber of statistical tests by lumping semiologic variables into
four categories and considered only results on multivariate
analysis as truly significant. The occurrence of SGTCS was
assessed by anamnestic recall with family members, which
suffers from the potential confusion by witnesses between
SGTCS and frontal lobe hyperkinetic seizures. This was
favored over including only patients with SGTCS recorded
on vEEG because the latter may grossly underestimate the
number of patients in that category, as probably seen in our
results. Many patients may only experience secondary gen-
eralized seizure outside of the hospital.8

In conclusion, a history of SGTCS is reflected in
early ictal semiology as well as interictal EEG and
imaging data, and should be discussed when planning
surgery as it might influence surgical outcome. A possi-
ble surgical disadvantage regarding seizure freedom has
to be weighed against potential greater benefit from sur-
gery in terms of survival, as frequent SGTCS is a proxi-
mate cause of SUDEP.
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