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Abstract
We conducted a systematic review and meta-analysis of the ictal semiology asso-
ciated with supplementary motor area (SMA) and pre-supplementary motor area 
(pre-SMA) epilepsy, to summarize current knowledge of related anatomo-clinical 
correlations in the context of presurgical evaluation. We conducted the review 
and reported its results according to the Preferred Reporting Items for Systematic 
Review and Meta-Analysis statement (PRISMA). We searched PubMed and 
Embase using relevant keywords related to the SMA and pre-SMA localization, 
seizure semiology, and scalp electroencephalography (EEG) or stereo-EEG. The 
risk of bias was evaluated using the QUADAS2 score. Twenty articles were in-
cluded, with extractable data from 37 patients. We analyzed the included studies 
and extracted data on the presence of 12 different symptoms. We then performed 
a meta-analysis of the proportion of patients with each symptom. The most fre-
quently reported ictal feature in SMA epilepsy was asymmetric tonic posturing, 
observed in 47% of cases. Automatisms (25%) and versive seizures (23%) were 
also common, while loss of consciousness occurred in 19% of patients. Sensory 
phenomena (11%) and speech arrest/inhibition (10%) were less frequent. Other 
features, including symmetric tonic posturing, elementary motor signs, hyperki-
netic patterns, affective phenomena, grimacing, and negative motor phenomena, 
were rarely observed. Little evidence is available on the distinct involvement of 
the pre-SMA. Although asymmetric tonic posturing appears to be the most com-
mon feature of SMA epilepsy, it occurs in fewer than 50% of patients and the level 
of evidence of this association remains low. The same semiological feature may 
result from the rapid propagation to adjacent or connected regions; hence, semi-
ology should always be interpreted in the context of a multimodal evaluation. 
Stereo-EEG investigation remains crucial when EEG and imaging are inconclu-
sive or conflicting.
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1   |   INTRODUCTION

The supplementary motor area (SMA), located on the 
medial surface of the superior frontal gyrus, plays a cen-
tral role in motor planning and initiation, particularly 
for complex, sequential, and bilateral movements. It is 
anatomically subdivided into the rostral pre-SMA and the 
caudal SMA-proper, two subregions which exhibit distinct 
patterns of connectivity and functional specialization. 
The identification of seizures originating from the premo-
tor cortex dates to the early 20th century. A landmark in 
this field is the work of Penfield and Jasper in 1954, who 
provided the first detailed clinical description of seizures 
involving the SMA.1 Their seminal observations described 
tonic limb posturing, adversive movements, and vocaliza-
tions as key semiological features. Notably, none of the pa-
tients in their series achieved seizure freedom following 
SMA resection, leading the authors to hypothesize that 
SMA was involved in symptom generation but not nec-
essarily represented the primary epileptogenic zone (EZ). 
The concept of “SMA seizures” as emerging from these 
early observations, was further delineated in subsequent 
decades especially through stereoelectroencephalogra-
phy.2–4 Although not included in the initial ILAE classi-
fication,5 SMA seizures were later described in 19896 as 
a subtype of frontal lobe seizures characterized by “pos-
tural, focal tonic with vocalization, speech arrest, and 
fencing postures.6”

Over time, the ictal semiology of SMA seizures has 
been mainly reported as featuring asymmetric tonic pos-
turing, involving both upper and lower limbs4 often asso-
ciated with loss of consciousness.7 Seizures are typically 
brief, with an abrupt onset and termination. They mainly 
occur during sleep, which can lead to the misdiagnosis 
of “sleep disorders.”8 However, although less frequently, 
negative phenomena, including speech inhibition and 
motor arrest, can also characterize seizures arising from 
the supplementary motor area.9 Seizures may either re-
main confined to the SMA or demonstrate rapid second-
ary bilateralization, thus contributing to the heterogeneity 
of their clinical presentation. In this context, Ikeda et al. 
proposed a distinction between “SMA seizures,” defined 
as seizures that may either originate within the SMA or 
rapidly propagate to it from adjacent regions, and “SMA 
epilepsy,” which refers to a well-demarcated epileptogenic 
zone confined to the SMA.10

However, distinguishing between “SMA seizures” and 
“SMA epilepsy” remains challenging, despite advances 

in neuroimaging and neurophysiological techniques. We 
thus performed a systematic review of the ictal semiology 
of SMA and pre-SMA seizures with the view to summa-
rize the state-of-the-art of anatomo-clinical correlations in 
the field and help guide interpretation of ictal semiology 
within the framework of pre-surgical evaluation.

2   |   MATERIALS AND METHODS

2.1  |  Search method and eligibility 
criteria

We conducted a systematic review of the published evi-
dence and reported its results according to the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) statement.11 PubMed and Embase databases 
were searched for papers published in English, covering 
publication up to December 2023. The search strategy 
included terms related to the anatomical origin (“sup-
plementary motor area” OR “pre-supplementary motor 
area”) combined with seizure-related terms (“epilep*” OR 
“seizure”) and additional terms related to diagnosis and 
management (“surgery” OR “EEG” OR “video” OR “semi-
ology”). Boolean operators were used to optimize sensitiv-
ity and specificity.

We selected studies published as papers in peer-
reviewed journals, with an abstract available. We 

K E Y W O R D S
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Key points

•	 Diagnosing SMA epilepsy is challenging due 
to overlap with other frontal seizures and non-
localizing EEG findings.

•	 Asymmetric tonic posturing is the most fre-
quent sign of SMA epilepsy, though it is ob-
served in fewer than half of the patients.

•	 Automatisms, version, and speech arrest are 
common yet less specific to SMA epilepsy.

•	 Ictal semeiology may reflect early propagation 
to adjacent cortical regions and should always 
be interpreted in the context of a multimodal 
evaluation.

•	 Stereo-EEG is crucial for localizing the 
Epileptogenic Zone in SMA and pre-SMA, 
when MRI and scalp EEG are inconclusive.
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considered as eligible only primary studies on adult and 
pediatric (<18 years) patients undergoing presurgical 
evaluation and/or epilepsy surgery whose epileptogenic 
zone was localized to the SMA or pre-SMA (“SMA or 
pre-SMA epilepsy”). We included studies of the following 
criteria:

a.	 With at least 12 months of follow-up after surgery;
b.	 Conducted on at least one patient (informative case re-

ports were deemed eligible as they could provide valu-
able insights into clinical presentation);

c.	 In which anatomo-electroclinical correlations were ex-
plicitly investigated, with patients who underwent in-
vasive EEG monitoring and/or presented with a clearly 
identifiable MRI lesion;

d.	 Indicating seizure outcome if surgery was performed 
(Engel classification).12

In addition, we included articles meeting the inclusion 
criteria from the bibliography of the papers primarily se-
lected through PubMed and Embase.

Two independent reviewers (SB and MP) screened ti-
tles, abstracts, and full-text articles for eligibility criteria. 
Two additional reviewers (CB and SdM) resolved dis-
agreements at the full-text screening phase and the data 
abstraction phase.

2.2  |  Data extraction

For each selected publication, we extracted the number 
of reported patients, the proportion of patients with the 
epileptogenic zone hypothesized in the SMA and pre-
SMA, and all data informing on anatomo-clinical corre-
lations. We evaluated the risk of bias of each publication 
using a QUADAS2-adapted13 assessment at the level of 
each selected publication. We further assessed our level 
of confidence in the reported epileptogenic zone accord-
ing to a recently developed method.14 The latter is based 
on the availability and findings from MRI, intracerebral 
EEG and post-operative outcome, and distinguishes four 
levels of evidence: very high, high, moderate, and low. 
When multiple sources of information were available and 
suggested different confidence levels, priority was given 
to post-operative outcome over intracerebral EEG find-
ings, and to intracerebral EEG findings over MRI data. For 
each selected paper, we indicated the proportion of pa-
tients falling into each of the above-mentioned confidence 
categories. The summary of evidence was then assessed 
using the GRADE system. Detailed information regard-
ing the QUADAS-2 assessment, the summary of evidence 
and the level of confidence assigned to the localization of 

the epileptogenic zone can be found in Supplementary 
Material (Data S1).

2.3  |  Statistical analysis

Descriptive statistics were used to summarize patient de-
mographics and surgical outcomes. Seizure semiology 
features were classified based on the clinical descriptions 
reported in the selected studies. In line with the most re-
cent classifications provided by the International League 
Against Epilepsy,15,16 twelve ictal symptoms were retro-
spectively identified from the available data: asymmetric 
tonic posturing, symmetric tonic posturing, elementary 
motor signs in combination (unilateral tonic posture fol-
lowed by unilateral clonic activity), automatisms (oro-
alimentary automatisms, gestural automatisms, vocal 
automatisms), version, speech inhibition, other nega-
tive phenomena (atonia, palilalia), hyperkinetic pattern, 
facial grimacing, sensory phenomena (somatosensory-
paresthesia), affective phenomena (fear, anxiety), and loss 
of consciousness.

We analyzed the included studies and extracted data 
to assess the proportion of patients presenting with at 
least one of the 12 symptoms. We then conducted a 
meta-analysis of the prevalence of each symptom re-
ported across studies, based on the total number of pa-
tients with a confirmed SMA epilepsy. When the number 
of events was zero, the software used made a continuity 
correction, adding .5 to event counts and sample sizes.17 
Heterogeneity between studies was assessed using the 
chi-squared test and quantified using the I-squared pa-
rameter. All analyses were performed with Stata version 
16.

3   |   RESULTS

3.1  |  Study selection and characteristics

A total of 41 records were identified through PubMed and 
78 through Embase. Following the screening and eligibil-
ity assessment, 20 studies met the predefined inclusion cri-
teria and were included in the final analysis. The detailed 
selection process is outlined in the PRISMA flow diagram 
(Figure 1). Three articles included more than 10 patients, 
and nine articles were case reports leading to a total num-
ber of 86 patients, 37 of whom had SMA or pre-SMA in-
volvement. The mean number of patients per study was 
two (1–26), the mean number of patients with SMA/pre-
SMA involvement was one (1–7), the median percentage of 
patients explored using Stereo-EEG and operated on was 
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100% (see Tables  1 and 2 for all the details). There were 
no case–control studies; all studies reported random cases 
referring to a specific clinical sign in relation to the EZ lo-
calization to SMA or pre-SMA. Confidence in the localiza-
tion of the epileptogenic zone was rated as “high” or “very 
high” in almost all cases (91.9%). However, according to the 
GRADE approach, the overall certainty of the association 
between clinical signs and the SMA origin is low to very 
low, due to the predominance of case reports, small sample 
sizes, methodological heterogeneity, and selection bias.

Among the 37 patients included in the study, 8 (21.6%) 
were children (<18 years of age). MRI was unrevealing in 
16 patients (43.2%), and invasive EEG monitoring with 
stereo-EEG or subdural grids was performed in 35 patients 
(94.6%). Epilepsy surgery was carried out in 34 patients 
(91.9%), resulting in seizure freedom (Engel class Ia) in 
22 cases (59.4%) after a follow-up of at least 12 months. 
Two of the three remaining patients were included be-
cause Stereo-EEG findings indicated that their seizures 
originated in the SMA. The remaining patient presented 

an encephalomalacic lesion in the left superior frontal 
gyrus; an analysis using subtraction ictal-interictal SPECT 
co-registered to MRI revealed a significant increase in per-
fusion involving the SMA.

3.2  |  Seizure semiology

The main semiological features and their characterization 
are indicated in Table  3. A meta-analytic approach was 
employed to estimate the overall prevalence of each re-
ported ictal manifestation.

Asymmetric unilateral tonic posturing emerged as a 
prominent and characteristic feature of SMA epilepsy, 
with a pooled prevalence of 47%, nearly half of the pa-
tients reported, and a moderate heterogeneity which sug-
gests some variability across studies (I2 = 33.49%, p = .07). 
Head and/or eye version and automatisms were observed 
in approximately one-fourth of the reported patients, 
respectively 23% and 25% of patients. The studies were 

F I G U R E  1   PRISMA flow diagram of the study selection. n, number of records at each step; pre-SMA, pre-supplementary motor area; 
SMA, supplementary motor area.
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homogeneous regarding versive symptoms (I2 = .00%, 
p = .47), with a low heterogeneity when reporting autom-
atisms (I2 = 14.19%, p = .28). Although loss of conscious-
ness is not traditionally considered a hallmark of seizures 
originating from SMA, it was reported in 19% of cases; the 
heterogeneity was moderate, reflecting some variability 
across studies but no clear inconsistency in the overall 
pattern (I2 = 30.37%, p = .10).

Speech inhibition was reported in 10% (I2 = .51%, 
p = .45) and sensory phenomena in 11% of the pop-
ulation (I2 = .00%, p = .59). Conversely, features such 
as hyperkinetic pattern, symmetric tonic posturing, 
other elementary motor signs, grimacing, affective 

phenomena and other negative phenomena (e.g., ato-
nia) were rare (<5%). For a comprehensive overview, 
see Figures S1–S12.

4   |   DISCUSSION

We conducted a systematic review of the semiological 
spectrum of SMA and pre-SMA epilepsy to provide in-
sights into the localization of EZ for presurgical evalua-
tion. Identifying seizures truly originating from these brain 
regions poses significant clinical challenges, primarily due 
to the semiological overlap with other frontal lobe seizure 

T A B L E  1   Detailed information on individual study results.

Study
No. of 
patients

% MRI 
positive

Adults (A), 
Children (P)

% 
iEEG

% 
operated

% class Ia 
≥1 year

Confidence EZ (%very 
high/high/moderate/low)

Shuichiro Neshige 
et al. 2019

1 100 1A-0P 100 100 100 100/0/0/0

Van Tri Truong 
et al. 2013

1 0 1A-0P 100 100 100 100/0/0/0

Akio Ikeda et al. 
1999

1 100 1A-0P 100 100 0 0/100/0/0

Takeshi Inoue et al. 
2021

1 0 0A-1P 100 100 100 100/0/0/0

S. Meletti et al. 2002 1 100 1A-0P 0 100 100 100/0/0/0

Mitsumasa Fukuda 
et al. 2023

1 100 1A-0P 100 100 100 100/0/0/0

B. C. Jobst et al. 
2000

7 14–43 4A-3P 100 100 71.4 71.4/27.6/0/0

K. M. Smith et al. 
2022

1 0 1A-0P 100 100 0 0/100/0/0

Kovac et al. 2012 1 0 1A-0P 100 100 0 0/100/0/0

Yang-Je et al. 2009 1 100 1A-0P 0 0 0 0/100/0/0

Cukiert et al. 2001 1 0 1A-0P 100 100 0 0/100/0/0

Ciurea et al. 2015 1 0 1A-0P 100 100 100 100/0/0/0

Ikeda et al. 2002 1 100 1A-0P 100 100 50 0/100/0/0

Morris et al. 1988 3 100 3A-0P 100 33 100 33/66/0/0

Barba et al. 2005 2 100 2A-0P 100 100 100 100/0/0/0

Baumgartner et al. 
1996

5 60 4A-1P 100 100 40 60/0/40/0

Job et al. 2014 3 33 1A-2P 100 100 33 66/33/0/0

Nobili et al. 2003 1 0 1A-0P 100 100 100 100/0/0/0

Scholly et al. 2017 1 100 0A-1P 100 100 100 100/0/0/0

Takayasu et al. 1993 3 100 3A-0P 100 100 33 66/0/33/0

Note: Patient demographics, imaging findings, surgical outcomes, and confidence levels in identifying the epileptogenic zone (EZ) across the 20 studies 
included in the review. It includes data on the number of included patients (adults or pediatric), percentage of positive MRI, percentage of patients undergoing 
iEEG, percentage of patients operated on, percentage of patients on Engel Class Ia at 1 year, and the confidence in EZ identification (rated as very high, high, 
moderate, or low).
Abbreviations: EZ, epileptogenic zone; iEEG, invasive EEG.
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types. Accurate delineation of seizure onset can be par-
ticularly challenging due to the frequent lack of localizing 
interictal or ictal abnormalities on scalp EEG; the deep, 
mesial position of the SMA often results in nonspecific or 
falsely localized EEG patterns.7,18 Nearly all patients from 
the studies included in our review (92%) underwent inva-
sive EEG evaluation, most commonly stereo-EEG, to con-
firm that the EZ was located in SMA and guide surgical 
resection. Intracranial recordings have emerged as an es-
sential modality for enabling differentiation between sei-
zures truly originating in the SMA and those propagating 
from adjacent frontal regions.19 As shown in this review, 
stereo-EEG has been used in patients with or without MRI-
visible structural abnormalities, when scalp EEG and/or 
semiological features were inconclusive or conflicting.20

In this context, ictal semiology represents the pri-
mary clinical clue suggesting a possible SMA EZ, to be 
subsequently integrated with EEG and imaging data. 
Our meta-analysis highlights that asymmetric tonic pos-
turing is the most prevalent manifestation, reported in 
nearly half of the patients, and typically appearing at 

seizure onset. This finding aligns with extensive litera-
ture describing SMA as the origin of this specific ictal 
pattern. From early seminal accounts by Penfield and 
Jasper1 to more recent studies, this feature has been 
repeatedly recognized as a key marker distinguishing 
between SMA seizures and SMA epilepsy.10 For in-
stance, Sitthinamsuwan et  al. suggested that patients 
with seizures originating in the SMA, confirmed via 
stereo-EEG, exhibited unilateral or bilateral asymmet-
ric tonic posturing significantly more often than those 
with extra-SMA onset, who more commonly presented 
with symmetric tonic posturing.21 Complex gestural 
automatisms have been frequently reported in seizures 
originating from frontal lobe areas.6,22 Among these, the 
SMA, and especially the pre-SMA,23–26 may be involved 
in the generation of stereotyped repetitive movements 
as confirmed in our meta-analysis; however, due to the 
limited number of observations, we could not attribute 
a specific type of automatisms to either the SMA or pre-
SMA. In general, the differentiation between SMA and 
pre-SMA epilepsy was possible only in a few studies.

T A B L E  2   Aggregated data across the selected studies.

No. of 
patients % MRI positive % adults % iEEG % operated

% class Ia 
≥1 year Confidence in the EZ

Min 1 0 0 0 0 0 Moderate

Max 7 100 100 100 100 100 Very high

Median 1 80 100 100 100 85.7 NA

Total 37 21 (56.8%) 29 (78.4%) 35 (94.6%) 34 (91.9%) 22 (59.4%) Moderate 8.1%, High 
29.7% Very High 62.2%

Note: Aggregated data across the 20 selected studies: median values for the number of included patients (adults or pediatric), percentage of positive MRI, 
percentage of patients undergoing iEEG, percentage of patients operated on, percentage of patients on Engel Class Ia at 1 year, and the confidence in EZ 
identification (rated as very high, high, moderate, or low).
Abbreviations: EZ, epileptogenic zone; iEEG, invasive EEG.

Ictal symptom
No. of 
patients

Pooled 
prevalence (%)

More at onset or 
during propagation

Asymmetric tonic posturing 17 47 Onset

Automatisms 11 25 Onset

Version 11 23 Onset

Loss of consciousness 9 19 Propagation

Sensory phenomena 8 11 Onset

Speech inhibition 7 10 Onset

Symmetric tonic posturing 5 5 Onset

Grimacing 5 5 Onset

Elementary motor signs 5 4 Onset

Other negative phenomena 4 1 Propagation

Hyperkinetic pattern 3 1 Onset

Affective phenomena 3 1 Propagation

T A B L E  3   Type of ictal symptoms 
reported in SMA epilepsy and their pooled 
prevalence from the meta-analysis.
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The SMA has been considered the epileptogenic zone in 
a minority of patients with contralateral versive manifesta-
tions, which have been more frequently associated with other 
frontal areas such as the dorsolateral premotor cortex.27,28 
However, the relatively high frequency of this ictal manifes-
tation in our meta-analysis suggests that the SMA may play a 
direct role in its generation, rather than merely being involved 
via spread from other cortical regions.29–31 Actually, all three 
aforementioned manifestations, that is, unilateral/bilateral 
asymmetric tonic posturing, automatisms and version, were 
mostly reported at seizure onset, thus highlighting their pos-
sible role as early localizing signs in SMA epilepsy.

In our meta-analysis, loss of consciousness was ob-
served in a small proportion of patients. However, there is 
potential bias in the available data. Patients were not uni-
formly assessed for consciousness /responsiveness, and 
their presence or absence was not consistently reported 
across the included studies.

Ictal speech inhibition, though less frequent, is a well-
documented manifestation in SMA epilepsy, recognized 
since the earliest ILAE classifications.6 It may reflect an 
ictal disruption of motor execution,9 consistent with find-
ings from electrical cortical stimulation studies. These stud-
ies have demonstrated the critical role of SMA and pre-SMA 
in both the initiation and inhibition of speech, with stimu-
lation often resulting in speech arrest without affecting con-
sciousness.32–37 Other negative phenomena, such as atonia, 
were rarely reported in our systematic review but may share 
a common functional substrate with speech inhibition. 
They could reflect a transient disruption of motor output 
pathways, particularly during early stages of seizure activity 
before recruitment of adjacent motor areas.38,39

In our cohort, 11% of patients experienced sensory phe-
nomena prior to the onset of motor symptoms. Sensory 
auras have already been described in association with 
SMA epilepsy and may present as nonspecific cephalic 
sensations, paresthesia, or a sense of impending move-
ment, typically diffuse and poorly localized.40,41 Sensory 
phenomena, such as numbness, dizziness, tingling, have 
been reported during cortical stimulation studies of the 
SMA, leading Lim et al.36 to conclude that the term “sup-
plementary sensorimotor area (SSMA)” represents a 
more appropriate expression to identify this cortical re-
gion. Other features, such as hyperkinetic movements, 
elementary motor signs, grimacing, affective features ap-
pear uncommon in our systematic review, likely because 
they are not distinctive for SMA involvement. In particu-
lar, hyperkinetic seizures have been widely described in 
association with frontal lobe epilepsy,42,43 especially the 
ventromedial prefrontal cortex26 with a rapid propaga-
tion to motor and premotor areas.

Another ictal motor manifestation observed in a small 
subset of patients in our systematic review was represented 

by clonic jerks following focal tonic manifestations. 
Seizures originating from the SMA are usually associated 
with sustained tonic muscle contractions, whereas clonic 
jerks are more characteristic of seizures arising from the 
primary motor cortex. The emergence of clonic activity 
after tonic manifestations in these patients likely reflects 
the propagation of ictal discharges from the SMA to the 
primary motor area.44

Although fear and other affective features are more 
commonly associated with seizures originating from the 
limbic and paralimbic regions, they have also been re-
ported in a few (<5%) of the patients included in our meta-
analysis. This manifestation is likely related to the rapid 
propagation of ictal activity to the anterior cingulate cor-
tex and orbitofrontal regions.45 Within this framework, 
facial grimacing, especially ictal pouting or chapeau de 
gendarme, has been described as a facial expression con-
veying a range of negative emotions. Although reported 
in a few patients in association with SMA seizures, this 
ictal feature has been interpreted as a behavioral mani-
festation rather than a purely motor phenomenon. It may 
reflect the activation of affective networks within the me-
dial frontal regions, including the anterior cingulate and 
the medial prefrontal and premotor cortex.45,46

4.1  |  Limitations of the review

The main limitations of our systematic review included 
the low number of observations, all retrospective, and 
the high number of case reports. In addition, due to the 
inherent characteristics of systematic reviews assessing 
semiological features in retrospective cases, a uniform 
evaluation of seizure onset and ictal semiology cannot 
be assumed across all reports. Finally, due to the specific 
focus of this review, we did not examine the role of fron-
tal networks as in some previous studies, which were not 
included in our study because they did not allow sepa-
rate analysis of patients with SMA epilepsy. For instance, 
Bonini et  al.26 expanding upon previous investigations 
from the same group into the clinical spectrum of frontal 
lobe seizures,4 delineated four distinct electroclinical sub-
types based on detailed semiological analysis, with SMA 
and pre-SMA involvement in both Group 1 and Group 2. 
The former is characterized by elementary motor signs, 
and the latter by nonintegrated gestural behaviors and 
proximal tonic posturing, reflecting the propagation or 
overlap with posterior prefrontal areas. Seizure semiology 
reflected the involvement of distributed epileptogenic net-
works, rather than isolated cortical regions. Overall, the 
study observed a rostro-caudal gradient: seizures origi-
nating from rostral prefrontal areas produced the most 
integrated and complex behaviors, whereas those arising 
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from posterior motor regions were limited to elementary 
motor signs. These findings emphasize the dynamic spati-
otemporal evolution of seizure activity and its propagation 
through functional networks within the frontal lobe.

Despite these limitations, our systematic review al-
lowed us to delineate the most frequent semiological fea-
tures of SMA epilepsy.

5   |   CONCLUSION

The purpose of this study was to characterize the ictal 
semiology associated with SMA and pre-SMA epilepsy, 
summarizing their anatomo-clinical correlations in the 
context of presurgical evaluation. Asymmetric posturing 
has been consistently identified as the clinical sign most 
frequently associated with SMA epilepsy; however, the 
overall certainty of this association remains low, and no 
firm conclusions can be drawn regarding its diagnostic 
specificity. Additionally, our findings underscore the need 
to integrate semiology with neuroimaging and scalp EEG 
and to inform hypothesis-driven implantation of Stereo-
EEG electrodes in order to optimize the surgical strategy 
in a region close to the motor cortex.
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Test yourself

1.	 What is one of the main clinical challenges in localizing the epileptogenic zone in the supplementary motor 
area (SMA)?
A.	 The difficulty in localizing ictal and interictal abnormalities on scalp EEG
B.	 The semiological overlap with other types of frontal lobe seizures
C.	 The frequent need for invasive EEG (e.g., stereo-EEG) to confirm epileptogenic zone
D.	 All of the above

2.	 According to the meta-analysis, which ictal manifestation was most frequently associated with SMA and 
pre-SMA epilepsy?
A.	 Fear and affective features
B.	 Complex gestural automatisms
C.	 Unilateral or bilateral asymmetric tonic posturing
D.	 Hyperkinetic movements

3.	 Which of the following symptoms is less frequent but well documented in SMA epilepsy?
A.	 Automatisms
B.	 Ictal speech inhibition
C.	 Hyperkinetic movements
D.	 Clonic jerks

Answers may be found in the supporting information.
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