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Abstract

Objective: Bilateral tonic—clonic seizures with focal semiology or focal interictal
electroencephalography (EEG) can occur in both focal and generalized epilepsy
types, leading to diagnostic errors and inappropriate therapy. We investigated
the prevalence and prognostic values of focal features in patients with idiopathic
generalized epilepsy (IGE), and we propose a decision flowchart to distinguish
between focal and generalized epilepsy in patients with bilateral tonic—clonic sei-
zures and focal EEG or semiology.

Methods: We retrospectively analyzed video-EEG recordings of 101 bilateral
tonic-clonic seizures from 60 patients (18 with IGE, 42 with focal epilepsy).
Diagnosis and therapeutic response were extracted after >1-year follow-up. The
decision flowchart was based on previous observations and assessed concordance
between interictal and ictal EEG.

Results: Focal semiology in IGE was observed in 75% of seizures and 77.8% of pa-
tients, most often corresponding to forced head version (66.7%). In patients with
multiple seizures, direction of head version was consistent across seizures. Focal
interictal epileptiform discharges (IEDs) were observed in 61.1% of patients with
IGE, whereas focal ictal EEG onset only occurred in 13% of seizures and 16.7% of
patients. However, later during the seizures, a reproducible pattern of 7-Hz lat-
eralized ictal rhythm was observed in 56% of seizures, associated with contralat-
eral head version. We did not find correlation between presence of focal features
and therapeutic response in IGE patients. Our decision flowchart distinguished
between focal and generalized epilepsy in patients with bilateral tonic—clonic sei-
zures and focal features with an accuracy of 96.6%.

Significance: Focal semiology associated with bilateral tonic-clonic seizures
and focal IEDs are common features in patients with IGE, but focal ictal EEG
onset is rare. None of these focal findings appears to influence therapeutic re-
sponse. By assessing the concordance between interictal and ictal EEG findings,
one can accurately distinguish between focal and generalized epilepsies.

Philippe Ryvlin and Sdndor Beniczky are members of the European Reference Network EpiCARE.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Epilepsia published by Wiley Periodicals LLC on behalf of International League Against Epilepsy.

Epilepsia. 2024;65:725-738.

wileyonlinelibrary.com/journal/epi 725


www.wileyonlinelibrary.com/journal/epi
https://orcid.org/0000-0001-7775-6576
mailto:
https://orcid.org/0000-0002-6035-6581
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sbz@filadelfia.dk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fepi.17895&domain=pdf&date_stamp=2024-01-27

VLACHOU ET AL.

™ LEpilepsia

KEYWORDS

EEG, focal epilepsy, generalized epilepsy, semiology, tonic—clonic seizures

1 | INTRODUCTION

Patients presenting with bilateral tonic-clonic seizures
and focal electroclinical features often raise a diagnostic
challenge: is their seizure a generalized onset tonic—clonic
seizure (GTCS) within the context of idiopathic/genetic
generalized epilepsy (IGE), or a focal to bilateral tonic-
clonic seizure (FBTCS) reflecting focal epilepsy. This has
important therapeutic consequences, with generalized epi-
lepsies at risk of not responding or even being aggravated
by some antiseizure medication (ASM)."” Focal electroen-
cephalographic (EEG) abnormalities and seizure semiol-
ogy suggesting focal onset are typically used to distinguish
FBTCSs from GTCSs. Yet, such findings are observed in
more than half of GTCSs,*’ and may lead to misdiagno-
sis.* Furthermore, video-EEG documentation of GTCSs in
patients with IGE is scarce, as these patients are rarely re-
ferred to video-EEG monitoring.® ' Whether the presence
of focal features in IGE influences the response to ASM re-
mains controversial, with some series reporting higher risk
of drug-resistance,n_13 and others not.'*’

Previous studies assessed the presence of specific focal
semiological signs and whether they differentiate between
GTCSs and FBTCSs."*" In our experience, although focal
interictal epileptiform discharges (IEDs) are common in
IGE, focal ictal EEG onset is rarely seen in GTCSs, and if
present, it is not in the same location as the focal TEDs. Based
on this observation, we proposed a decision flowchart to dis-
tinguish between GTCSs with focal semiology and FBTCSs.

We had the following goals: first, to provide a detailed
analysis of focal IEDs and focal ictal electroclinical findings
in IGE patients with GTCSs, using long-term video-EEG re-
cordings from the epilepsy monitoring unit (EMU); second,
to evaluate whether focal features in GTCSs are associated
with therapeutic outcome (seizure-free or not); and third,
to validate the decision flowchart that aims to distinguish
between focal and generalized epilepsies in patients with bi-
lateral tonic-clonic seizures (TCSs) and focal electroclinical
features. We compared the accuracy of the flowchart with
the accuracy of using seizure duration and head version
time onset, previously proposed as classifying parameters."’

2 | MATERIALS AND METHODS

We performed a two-step retrospective observational study
of patients with GTCSs or FBTCSs, admitted for long-term
video-EEG monitoring, at the Danish Epilepsy Center. The

Key Points

» Focal semiology and interictal EEG are com-
mon in generalized tonic-clonic seizures and
should not exclude IGE diagnosis.

« Focal ictal EEG onset of tonic—clonic seizures is
rare in IGE, and when present, it points to dif-
ferent location than the IEDs.

« The most common focal semiological feature is
forced head version

 Presence of focal features in IGE does not seem
to affect the patient's therapeutic response.

« The flowchart assessing concordance between
interictal and ictal EEG localization accurately
classifies these difficult cases.

first step consisted of reviewing the electroclinical data of
patients with IGE and GTCSs. Inclusion criteria were (1)
diagnosis of IGE based on International League Against
Epilepsy (ILAE) classification guidelines,®*! (2) follow-
up at our center >1year after diagnosis of IGE, and (3) >1
GTCS recorded on video-EEG. The diagnosis was derived
from all available data in the electronic health records, in-
cluding detailed history, neuroimaging, and response to
ASMs. The second step consisted in testing whether our
decision flowchart distinguished patients with IGE and
GTCSs (cases) from those with focal epilepsy and FBTCSs
(controls). To this purpose, we used the IGE population
selected for the first step, as well as patients with focal epi-
lepsy and FBTCSs according to the following criteria: (1)
diagnosis of focal epilepsy based on ILAE guidelines,***"
(2) 21 FBTCSs recorded on video-EEG, and (3) age and
sex matched to the IGE cases. Patients gave their informed
consent before admission to the EMU for data reuse for
research. The study was approved by the regional ethics
committee (SJ-793).

The patients’ electroclinical findings were reviewed
from the video-EEG recordings by two experts with
>15years of experience (S.B., P.R.). We retrieved demo-
graphic and clinical data, including family history and
comorbidities, age at epilepsy onset, neurological status,
seizure frequency, ASM, and magnetic resonance imag-
ing (MRI) findings (3 T, with sequences according to the
HARNESS-MRI protocol®%). We assessed the presence and
distribution of IEDs and evaluated the ictal electroclinical
findings at onset, during propagation, and at termination

85UB017 SUOWIWOD 3A 81D 3|qedtjdde ayp Aq pausenob ae sapiie O ‘88N JO S9INJ 10} ArIg1T 8UIIUO AB|IA UO (SUORIPUOD-PUE-SWISHW0D" A3 | 1M ARIq 1RU1IUO//SANY) SUORIPUOD PUe SWB L 8U3 89S *[1202/60/52] U0 A%iqiauliuo A8|iM ‘suuesre] nog Aq G682 T IdS/TTTT OT/I0p/W00" A3 1M AeIq 1 Ul |UO//SANY WO14 papeoumMoq ‘€ 720z ‘L9TT8ZST



VLACHOU ET AL.

of GTCSs. EEGs were recorded using NicoletOne (Natus)
or Brainquick (Micromed), with the standard EEG array of
the International Federation of Clinical Neurophysiology™’
and four surface electromyographic (EMG) electrodes.
Intermittent photic stimulation was done in all patients
in the routine EEG and in the video-EEG monitoring in
16 patients with generalized and in 18 patients with focal
epilepsy.

Focal IEDs were defined as unilateral spikes, sharp-
waves, and polyspikes, in single discharge or in bursts.
Bilateral synchronous IEDs were considered generalized.
Semiological signs with unequivocal lateralizing value,
typically seen in focal epilepsies and pointing toward a
specific localization, were described as focal®*: head ver-
sion (defined as sustained, forced head deviation to one
side), figure-of-four, asymmetric tonic posturing, asym-
metric clonic or myoclonic jerks (when unilateral), and
lateralized automatisms. Asymmetric seizure termina-
tion, defined as unilateral clonic jerks on video-EEG or
EMG, was also included. Aura, ictal coughing, and head
orientation (not forced version) were described but not
reported as focal. According to the seizure timeline (se-
quence of symptoms), semiological features were grouped
into onset, propagation, and seizure termination phases.
In the postictal period, we evaluated palsy, aphasia, and
postictal nose-wiping. Spearman correlation method was
applied to evaluate possible relationships between cate-
gorical data.

We investigated the IGE population to test whether
the presence of focal EEG or semiological signs was as-
sociated with therapeutic outcome (seizure-free or not).
Seizure freedom was defined as no epileptic seizure
after reaching maintenance dose of the ASM, after the
video-EEG monitoring. We divided IGE patients into two
groups: seizure-free and not seizure-free. We used t-test to
compare the mean value of normally distributed data or
the nonparametric Wilcoxon rank sum test to compare the
median value of continuous data not following a normal
distribution. For the whole IGE population, we performed
a univariable logistic regression analysis for individual
focal features and their relation to the outcome, adjusting
afterward for the patient sex, age and epilepsy duration
in a multivariable model. We adjusted for patients with
repeated seizures, using the variance estimator subcom-
mand in our statistical program (p <.05 was considered
significant). The statistical analysis was performed in
Stata/MP 17.0.

We developed a decision flowchart based on the fol-
lowing observations, derived from our clinical experience
prior to this study: (1) patients with IGE have bilateral
synchronous IEDs (with or without focal features) re-
corded in the EMU, (2) patients with bilateral synchro-
nous ictal EEG onset of tonic-clonic seizures have IGE,

Epilepsia>

and (3) patients with bilateral TCSs who have bilateral
synchronous IEDs but focal ictal EEG onset have IGE if
they do not have focal IEDs or the focal IEDs are in a dif-
ferent location than the ictal EEG onset. We summarized
these in a flowchart (Figure 1). We tested the flowchart in
the dataset described above (cases and controls).

To compare the performance of our flowchart with
previously proposed classifiers, we measured seizure du-
rations and we plotted receiver operating characteristic
(ROC) curves to validate previous findings suggesting that
seizure duration threshold of 86.5s and head version onset
time threshold of 7s from ictal start may be discriminating
factors.'® Furthermore, we searched for better cutoff values
in our dataset. The area under the curve (AUC), sensitiv-
ity, specificity, and accuracy were determined. Both EEG
and semiology-based ictal duration were extracted and
separately used for the calculations. To adjust for patients
with multiple seizures, the mean seizure duration was cal-
culated. The same was applied for head version onset. The
previously published rating scale’® was used to character-
ize the AUC results. Using Fisher exact test, we investi-
gated whether the presence of a focal cluster, consisting of
a combination of initiating automatisms, unilateral facial
jerks, and a lateralized tonic mouth deviation, served as
a discriminator, as previously suggested." Seizures where
the presence of the focal cluster could not be accurately
determined were excluded from this calculation.

3 | RESULTS

Eighteen patients (10 females) with IGE fulfilled inclusion
criteria and had a total of 24 GTCSs. Two patients (Patients
15 and 16) had three GTCSs, two patients (Patients 5 and
18) had two GTCSs, and the remaining patients had one
GTCS each. Patients' mean age at epilepsy onset was 13.1
(SD=3.0) years and at the time of video-EEG recording
was 27.9 (SD=12.4) years; median epilepsy duration was
11years (interquartile range [IQR] =6-19). Two patients
had a family history of epilepsy, and none had previous
febrile seizures. Two patients suffered from depression.
All patients had normal MRI. Eight patients had juvenile
myoclonic epilepsy (JME), three patients had IGE with
GTCSs alone (GTCSA), and one patient had juvenile ab-
sence epilepsy (JAE). Two patients had photosensitive
IGE, and four patients were diagnosed with IGE not fur-
ther classified. Demographic and clinical characteristics
for each patient are in Table 1.

Focal seizure semiology occurred during GTCSs in
77.8% (95% confidence interval [CI] =51.4%-92%) of IGE
patients and 75% of seizures (95% CI=47.9%-90.7%).
When asymmetric seizure termination was included, the
proportion increased to 88.9% (95% CIl=62.2%-97.5%)
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Bilateral tonic-clonic seizure
with focal electro-clinical
features

Bilateral
synchronous

FIGURE 1 Decision flowchart to
distinguish between focal and generalized
epilepsy in patients with bilateral tonic-
clonic seizures and focal electroclinical
features. IED, interictal epileptiform
discharge.
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without focal
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Bilateral
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ictal onset
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No focal IEDs
OR
focal IEDs
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with ictal
onset

Yes

Y VY
Generalized

No

Y
Focal

epilepsy type

of IGE patients and 83.3% of seizures (95% CI=54.6%—
94.5%). The most common lateralizing feature was head
version (Supplementary Document 1),**> observed in
12 patients (66.7%, 95% Cl=41.1%-85.2%) and 16 sei-
zures (66.7%, 95% CI1=40.3%-85.6%). In patients with
multiple GTCSs and head version (Patients 15 and 16),
direction of head version was consistent across seizures.
Other lateralizing features were focal tonic (22.2% of
patients, 95% CI=7.95%-48.6%; 16.7% of seizures, 95%
CI=5.6%-40.1%), focal myoclonic (5.6% of patients, 95%
CI = .7%-34%; 4.2% of seizures, 95% CI = .5%-29.1%),
lateralized gestural automatisms (11.1% of patients, 95%
CI1=2.5%-37.8%; 8.3% of seizures, 95% CI=1.8%-30.6%),
figure-of-four (11.1% of patients, 95% CIl=2.5%-37.8%;
8.3% of seizures, 95% CIl=1.7%-32.2%; Supplementary
Document 2), and asymmetric seizure termination (27.8%
of patients, 95% CI=11.2%-53.9%; 20.8% of seizures, 95%
CI=7.5%-46.2%; Supplementary Document 3). Postictal
lateralizing features were not found. Seizure semiology is
presented in Table 2.

> epilepsy type

All IGE patients had generalized (bilateral syn-
chronous) IEDs. Eleven IGE patients (61.1%, 95%
CI=36.2%-81.3%) also had focal IEDs, mostly multifo-
cal or bilateral independent IEDs. Three patients had
unifocal TEDs in the frontocentral and frontotempo-
ral regions (Patients 2, 14, and 16). Importantly, there
was no significant association between location of the
IEDs and the focal semiological features. Examples
of focal and generalized IEDs are shown in Figure 2.
Background activity was normal in all IGE patients.
Generalized photoparoxysmal response was recorded
in five patients (27.78%) with generalized epilepsy and
in none of the 42 patients with focal epilepsy (p <.001).
Generalized photoparoxysmal response had a sensitivity
of 27.78% (95% CI1=9.69%-53.48%), specificity of 100%
(95% CI1=91.59%-100%), and overall accuracy of 78.33%
(95% C1=65.80%—-87.93%).

Ictal EEG was obscured by artifacts in one patient.’
Ictal EEG onset was bilateral synchronous in 15 of the 17
remaining patients (82.4%, 95% CI=54.8%-94.7%) and in
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TABLE 2 (Continued)

Postictal clinical
phenomena

Asymmetric seizure
termination

Patient

Focal semiology signs

Semiology propagation

Onset semiology

(seizure)

Version

Impaired consciousness

No

L eye deviation — L version — bilateral

Motor/behavioral arrest

16 (¢)

tonic—clonic

Version

Impaired consciousness

No

R version — bilateral myoclonic (asymmetric

Bilateral myoclonic

17

R >L) — bilateral tonic-clonic

No

Impaired consciousness

No

Ictal cry — bilateral tonic - symmetric

Eye opening

18 (a)

tonic—clonic

No

Impaired consciousness

No

Ictal cry — bilateral tonic — symmetric

Eye opening

18 (b)

tonic—clonic

Note: The seizure timeline (sequence) is grouped into onset, propagation, and termination phases. Focal features are highlighted in bold.

Abbreviations: AST, asymmetric seizure termination; L, left; LL, lower limb; R, right; UL, upper limb.

Epilepsia--*

20 of the 23 GTCSs (86.9%, 95% C1=61.7%-96.5%). Three
patients (Patients 13, 14, and 17) had focal ictal EEG
onset: unilateral spike-waves, rhythmic delta activity, and
rhythmic fast activity, respectively. Examples of ictal EEG
onset are shown in Figure 3A,B. Focal ictal EEG activity
occurred later during propagation phase in 10 patients
(58.8%) and 15 seizures (65.2%). In these seizures, we ob-
served a typical pattern of focal ictal EEG activity during
propagation phase, consisting of lateralized 7-Hz (6.5-8-
Hz) rhythmic discharge. In patients with multiple GTCSs
(Patients 5, 15, and 16), this feature was consistent across
all recorded seizures. Lateralized ictal 7-Hz activity was
significantly associated with contralateral head version
(Spearman rho=.72, p <.001). Conversely, localization of
the interictal and ictal focal EEG features were discordant
in the vast majority of patients with IGE. Detailed descrip-
tion of the EEG findings is provided in Supplementary
Document 4 and a summary of the electroclinical focal
features in Table 3.

One patient with IGE was lost to follow-up?; all other
patients had follow-up of >lyear (median=6years,
IQR =3-7years). Supplementary Document 6 shows the
follow-up time for all patients. Of the 17 patients with
follow-up data, 12 (70.6%) were seizure-free. There was
no significant difference in age, sex, and duration of epi-
lepsy between seizure-free and non-seizure-free patients.
Univariable regression analysis for individual focal fea-
tures did not show any correlation with therapeutic out-
come. Multivariable analysis after adjusting for sex, age,
and epilepsy duration did not show any correlation be-
tween focal features and outcome either (Supplementary
Document 5). The patients’ therapeutic outcome, seizure
frequency, and current treatment are presented in detail in
Supplementary Document 6.

To assess the accuracy of our decision flowchart in
distinguishing between focal and generalized epilepsy in
patients with bilateral TCSs and focal electroclinical fea-
tures, we included and analyzed 42 consecutive patients
(47.6% female) with focal epilepsy who had bilateral
tonic-clonic seizures in the EMU and who were age-
and sex-matched with the IGE group. The mean age of
this patient population was 31.5 (SD =15.9) years. There
was no significant difference between the IGE and focal
group regarding sex distribution (p=.57) and mean age
(p=.39). The average number of recorded bilateral TCSs
in the focal group was 1.8; 24 patients presented only
one seizure. Eighteen patients (42.9%) had temporal
lobe epilepsy, seven (16.7%) had frontal lobe epilepsy,
three (7.1%) had posterior epilepsy, and 14 (33.3%) had
multifocal epilepsy.

We applied the flowchart to 59 cases and controls,
17 with IGE (after excluding Patient 9, whose ictal
EEG onset was obscured by artifacts) and 42 with focal
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FIGURE 2 (A) Focal interictal epileptiform discharges (IEDs), common average montage. (B) Focal IEDs, longitudinal bipolar montage.

(C) Generalized IEDs, common average montage. (D) Generalized IEDs, longitudinal bipolar montage.

epilepsy. All patients had bilateral TCSs and focal EEG
or clinical features. The flowchart correctly classified 57
patients (accuracy: 96.6%, 95% CI=88.3%-99.6%, sensi-
tivity: 94.1%, 95% CI=71.3%-99.9%, specificity: 97.6%,
95% CI1=87.4%-99.9%). One patient with focal epilepsy
was misclassified as generalized, and one patient from
the IGE group was misclassified as having focal epilepsy
by the flowchart.

In concordance with previously published data," we
found a significant group difference in seizure duration
between GTCSs and FBTCSs (both based on duration
determined using EEG and seizure semiology). Median
GTCS duration based on EEG was 73.7s (IQR=66.7-
92), whereas the median FBTCS duration was 97.4s
(IQR=81.3-143; Wilcoxon rank sum test p<.001).
Similarly, based on semiology, the median GTCS du-
ration was 73.8s (IQR=66.7-92), whereas the median
GBTCS duration was 94.3s (IQR =80-117; Wilcoxon rank
sum test p=.02). However, no significant difference was
found on the presence or not of head version between
the generalized and focal groups in our dataset (66.67%
vs. 59.52%, respectively; XZ test p=.6). We found, how-
ever, a significant difference in the head version onset
time during the seizure; the median version onset in the
generalized group (based on the EEG seizure onset) was
10.3s (IQR=7-19.5), whereas in the focal group this was

25s (IQR=15-54; Wilcoxon rank sum test p=.001). The
results were similar for version time onset based on the
semiologic seizure onset.

AUC for EEG-based seizure duration was fair (.77). The
previously proposed cutoff value of 86.5s in our dataset
gave specificity of 69% (95% CI=52.9%-82.4%), sensitivity
of 68.4% (95% C1=40.9%-86.7%), and accuracy of 68.3%
(95% C1=55%-79.7%). We identified a different elbow point
in our ROC curve, at 92s. This gave specificity of 62% (95%
CI=45.6%-76.4%), sensitivity of 77.8% (95% CI=52.4%-
93.6%), and accuracy of 66.7% (95% Cl=53.3%-78.3%).
The results were similar when semiology-based ictal dura-
tion was taken into account. Regarding head version onset
time, the AUC was .96 (outstanding), with the 7-s cutoff
showing high specificity of 92.3% (95% CI=74.9%-99.1%),
but a low sensitivity of 33.3% (95% CI1=9.9%-65.1%) and
accuracy of 73.7% (95% CI=57.9%-86.6%). A different
threshold appeared in our ROC curve, and its elbow point
was 15s, showing a specificity of 73.1% (95% Cl=57.1%-
91%), sensitivity of 66.7% (95% CI=34.9%-90.1%), and
accuracy of 71.1% (95% CI=53.4%-84.5%). More details
on this are available in Supplementary Documents 7 and
8. The presence of the focal cluster was possible to eval-
uate in 53 patients (18 with IGE, 35 with focal epilepsy),
and it was significantly more common in the focal group
(two-sided Fisher exact test p=.01; 31.43% of the focal
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FIGURE 3 Ictal electroencephalograms. (A) Generalized onset. Observe the bilateral synchronous and symmetrical onset (F3 vs. F4)

at the end of the second number 2. Common average montage is shown. (B) Focal onset. Observe the buildup of spike-wave activity in F4,
while background activity continues undisturbed during the first 3s in F3. Common average montage is shown. (C) Lateralized 7-Hz activity
during the later (propagation) phase of the generalized onset tonic—clonic seizure. The inserts show frequency analysis and voltage maps.
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% per patient
Feature (95% CI)
Focal IEDs 61.1 (36.2-81.3) -
Focal ictal EEG pattern
Onset 17.6 (5.3-45.2) 13.0 (3.5-38.3)
Propagation 58.8 (33.4-80.2) 65.2 (36.9-85.8)
Termination 0 0

Focal semiology

Onset 33.3(14.8-58.9) 25.0(9.7-50.8)

Propagation 61.1 (36.2-81.3) 62.5(36.5-83.9)
Termination 27.8 (11.2-53.9) 20.8 (7.5-46.2)
Postictal 0 0

% per seizure (95% CI, adjusted for
patients with multiple seizures)

TABLE 3 Focal EEG and semiological
features in idiopathic generalized

epilepsy.

Abbreviations: CI, confidence interval; EEG, electroencephalographic; IED, interictal epileptiform

discharge.

group, 0% of the IGE group). The presence of focal clus-
ter showed a specificity of 100% (95% CI=73.5%-100%)
for focal epilepsy, but with a relatively low sensitivity of
42.9% (95% C1=21.8%-66.0%) and accuracy of 63.6% (95%
CI1=45.1%-79.6%).

4 | DISCUSSION

We found that the vast majority of patients with IGE show
focal semiology during GTCSs, most often forced head
version. Similar to the focal IEDs, these are common find-
ings in patients with IGE, and may lead to misdiagnosis
and inappropriate therapeutic choice. Focal electroclini-
cal features were not associated with therapeutic outcome
in our series. Ictal EEG onset was rarely focal in patients
with IGE. However, lateralized 7-Hz activity often oc-
curred during seizure propagation, time-locked to con-
tralateral head version. A flowchart assessing bilateral
synchrony and concordance between interictal and ictal
EEG accurately distinguishes between focal and gener-
alized epilepsies in patients with bilateral TCS and focal
electroclinical features. Although at group level, GTCSs
seem to be significantly shorter, and head version, if pre-
sent, occurs earlier compared to FBTCs, the cutoff values
do not distinguish between the two seizure types at pa-
tient level (neither the previously published cutoff nor the
one found in our dataset). The presence of generalized
photoparoxysmal response reliably indicates generalized
epilepsy. However, this occurs only in approximately one
of four patients.

Although the classic dichotomy of generalized and
focal epilepsy is useful in clinical practice, an increas-
ing number of studies have challenged it, and demon-
strated the overlapping features between focal and
generalized seizures, often leading to misclassification

and suboptimal treatment. Various hypotheses have
been proposed for the focal EEG abnormalities in IGE,
including development of focal cortical pathology and
a state of hyperexcitability in localized, low-threshold
brain structures, subjected to repeated spike-wave ac-
tivity.”® However, this remains speculative. The position
paper on seizure classification from the ILAE attempts
to resolve the contradiction between terminology and
pathophysiology; generalized seizures are defined as
“originating at some point within, and rapidly engag-
ing, bilaterally distributed networks.”***! Although
individual seizure onsets can appear localized, it was
hypothesized that “the location and lateralization are
not consistent from one seizure to another.” However,
our findings of consistent lateralization in patients with
multiple seizures seem to contradict this, and empha-
size the diagnostic challenge in such cases.

In our series, >60% of the patients presented at least
one focal EEG sign, either interictal or ictal. This is con-
cordant with previous studies reporting 30%-70% of IGE
patients showing focal EEG."'**""* Furthermore, previ-
ous studies reported focal slowing in IGE patients as well.
However, the recent ILAE position paper by Hirsch et al.*
specifies focal EEG slowing as an exclusion criterion for
JME and GTCSA. Accordingly, we have not found focal
slowing in IGE patients.

Focal semiology in GTCSs of patients with IGE is more
the rule than the exception (77.8% of patients and 75% of
seizures). Although GTCSs are rarely recorded in the EMU,
because IGE patients are rarely referred to long-term video-
EEG monitoring, previous studies found similarly high
incidence of focal features in GTCS; 66% had forced head
version,’ 15% figure-of-four sign,® and 41% asymmetric
seizure-termination.’’ These are typically considered signs
indicating focal epilepsy.”*** Lateralized gestural automa-
tisms are typically seen in ipsilateral temporal lobe focus.*
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Lateralized limb automatisms have been documented in
absence seizures,*** but only rarely in video-EEG studies
of GTCSs,* as well as in a single survey study suggesting
their presence in this seizure type.” Two of our patients
with IGE (11.1%) presented lateralized limb automatisms.
A higher incidence of unilateral myoclonic jerks reported
by other authors (42%-61.5% vs. 5.6% in our series) derives
from the different study populations with exclusively JIME
patients in those studies.'®*’

Postictal nose-wiping and hemiparesis were previously
reported in 10% and 5% of patients, respectively, in a single
study.* None of our patients presented these postictal lat-
eralizing phenomena. Moreover, none of our patients pre-
sented ictal aphasia.***? Aphasia was mentioned as one of
the most common (15.6%) focal semiological features in
IGE patients with GTCSs in a survey study.” The authors
used an epilepsy interview questionnaire, where the pa-
tients reported their ictal symptoms based on open- and
closed-ended questions. This method is less reliable than
a video-EEG recording with simultaneous patient testing
to identify ictal aphasia, which otherwise may be difficult
to distinguish from consciousness impairment.*’

The recent ILAE position paper on IGE* indicates that
focal features should be “red flags” and alert the clinician
regarding the diagnosis, or even exclude IGE. According
to the position paper, a consistent unifocal semiology at
seizure onset can rarely be seen, and consistent focal EEG
patterns are considered as exclusionary criteria for JAE,
JME, and GTCSA. However, in our series, consistent later-
alizing semiology was observed in two of the four patients
with multiple GTCSs in the EMU. Previous studies have
also reported consistent focal semiology in IGE, such as
head version, figure-of-four sign, or circling seizures.>*"*!
Regarding focal IEDs, these were distributed in both
hemispheres or were multifocal in most of the patients.
However, three patients had unifocal IEDs. Lombroso re-
ported that 56% of 58 patients with IGE who had multiple
EEG recordings (average =39 EEGs per patient) had con-
sistent focal features in 65% of the EEGs.*®

An interesting observation in our study was a signifi-
cant correlation between head version and a contralateral
ictal EEG pattern consisting of 7-Hz activity during the
propagation phase of the seizure. A similar observation
was made previously in two reports, describing rhyth-
mic lateralized alpha activity contralateral to head devi-
ation during versive seizures.'®”’ A specific ictal pattern
during focal versive semiology of GTCSs is not yet recog-
nized. In our study, most patients with lateralized 7-Hz
activity during version presented this ictal pattern in the
frontal-temporal regions in the contralateral hemisphere.
Other studies reporting versive seizures in IGE>*"** did
not describe this EEG pattern. Although the focal propa-
gation of generalized onset seizures has previously been

Epilepsia--*

highlighted,*®*** the existing literature reports only a
limited number of cases, with heterogeneous population/
different generalized seizure types (absence, myoclonic,
GTCS),*® with epilepsy onset age before the first year of
life,** or patients presenting with positive MRI findings or
with cognitive impairment.*® This ictal pattern was char-
acterized as an uncommon phenomenon,43 with some
authors proposing that it might represent a distinct sub-
group of genetic or idiopathic generalized epilepsy.44 In
accordance with our findings, the focal discharges were
most often located at the temporal and frontal regions and
mainly in the theta or frequency band.*® Our study extends
the existing observations, showing that ictal propagation
of generalized onset seizures may be present in idiopathic
generalized epilepsy syndromes, it is more common than
previously described, and it may be associated with a focal
clinical pattern of head version.

The impact of the focal features on therapeutic re-
sponse is controversial. Some studies reported a less fa-
vorable outcome in IGE patients with focal findings.'"!?
Other studies, on specific IGE syndromes, as in CAE'
and in JAE and JME," did not find association between
focal features and therapeutic outcome. In our series,
the presence of focal EEG or semiology did not affect the
therapeutic response. The discordant results may be due
to variable reasons. It may reflect heterogeneity regard-
ing the definition of the focal signs among the studies; for
example, the inclusion of amplitude asymmetry or focal
EEG slowing may in some cases lead to an overinterpre-
tation or misclassification, affecting the evaluation of out-
come. Moreover, there is important heterogeneity in the
studied populations, comparing patients with different
IGE syndromes, which may differ in terms of treatment
response. The choice of ASM is also a crucial factor, as
ASM not recommended for generalized epilepsies may
affect the prognosis.*> Additionally, the studies examin-
ing focal semiological features of GTCSs in IGE based on
video-EEG often contain a limited number of patients, as
capturing GTCSs in IGE patients is rare. The relatively
small cohorts may also contribute to the remarkable vari-
ability. In our series, no significant difference was found
in the outcome between patients with and without elec-
troclinical focalities.

The overlap of focal signs in focal and generalized
epilepsies and bilateral TCSs is significant. Our decision
flowchart based on the concordance between interictal
and ictal EEG findings in these patients (Figure 1) distin-
guished the two forms of bilateral TCS with high accuracy
(96.6%). Lack of bilateral synchronous (generalized) IEDs
identifies the vast majority of patients with focal epilepsy.
However, patients with both focal and generalized IEDs
may have either focal or generalized epilepsy. In these
cases, presence of generalized ictal onset or focal onset
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not concordant with the IEDs identifies the patients with
generalized epilepsy, even in the presence of focal semio-
logical features. This flowchart may serve as a useful addi-
tional tool for diagnostically challenging cases of patients
with bilateral TCS and focal electroclinical features. In
clinical practice, the challenging patients are those who
report GTCSs with focal semiology and have focal IEDs.
In our series, 11 of 18 patients with IGE and GTCSs with
focal semiology were in this category. One of our main
messages is that in these selected, difficult cases, video-
EEG monitoring is needed for accurate and reliable clas-
sification. The main element in the flowchart is the ictal
EEG, and one of the main messages in this paper is that
although patients with IGE and GTCSs often have focal
IEDs, the ictal onset rarely is focal, even in patients who
have focal semiology. In the rare cases when the ictal
onset is focal too, it is not congruent with the interictal
focus. However, the latter observation is based on a small
number of cases, which is an important limitation of that
observation. Rarely, patients appear to have two separate
seizure disorders, namely both IGE and a focal epilepsy.
Although this is considered a rare phenomenon, account-
ing for <1% of IGE patients,* relevant literature evidence
exists,**® and clinicians should also bear this pitfall in
mind.

Although at group level there is a significant difference
in ictal duration between GTCSs and FBTCSs, as well as
in the time onset of head version (if present), separation
at patient level, sufficient for clinical application, is not
achieved using these duration measures."” Changing the
threshold to achieve a high sensitivity of >90% as previ-
ously reported comes at the cost of specificity, which in
this case falls to <50% (see Supplementary Document 7).
Only moderate sensitivity and specificity were found for
seizure duration as classifying factor. To achieve a sensi-
tivity level of >80% as previously reported, the specificity
falls to approximately 50%.

Our work contributes further to awareness of the pres-
ence of focal electroclinical signs in IGE to avoid misclas-
sification. An important strength of the study is the use
of video-EEG recordings. The additional surface EMG is
another important tool used in our study to assess motor
phenomena, especially asymmetric seizure termination
to avoid underreporting. Video-EEG studies investigat-
ing systematically both ictal and interictal signs, electro-
graphic and clinical, as well as their possible association
with patient outcome are scarce.

Our study has several limitations. Similar to previous
works, the population size is relatively small, because of
the rare occurrence in the EMU of GTCSs in IGE patients.
Nevertheless, our study has the second largest sample size
of patients with GTCSs and focal features documented in
the EMU, reporting both semiology and EEG findings.'*"

Moreover, our patients may represent a more complicated
IGE group, as they were referred to our tertiary center due
to diagnostic challenges, hence an overrepresentation of
the focal findings may exist.

5 | CONCLUSIONS

The presence of focal findings, either electrographic or se-
miological, does not exclude IGE, and does not influence
therapeutic response. Clinicians treating patients with
epilepsy should be aware of this, to avoid erroneous diag-
nosis and inappropriate seizure management. Our simple
decision flowchart, based on the interictal and ictal EEG
findings, may help in difficult cases.
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