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Objective: Epilepsy patients with mesial temporal sclerosis (MTS) on imaging who are drug-resistant
usually undergo epilepsy surgery without previous invasive evaluation. However, up to one-third of
patients are not seizure-free after surgery. Prior studies have identified risk factors for surgical failure,
but it is unclear if they are associated with bilateral or discordant seizure onset.
Methods: In this retrospective case series, we identified 17 epilepsy patients who had MRI-confirmed
MTS but received invasive stereo-EEG (SEEG) evaluation before definitive intervention. We analyzed their
presurgical risk factors in relation to SEEG seizure onset localization and MRI/SEEG concordance.
Results: SEEG ictal onset was concordant with MTS localization (i.e. seizures started only from the hip-
pocampus with MTS) in 5 out of 13 patients with unilateral MTS (UMTS) and in 3 out of 4 patients with
bilateral MTS.
No statistically significant association regarding concordance of SEEG ictal onset and MTS location was

found in patients with such risk factors as a history of non-mesial temporal aura, frequent focal to bilat-
eral tonic-clonic seizures, prior viral brain infection, or family history of epilepsy. Nine out of 13 UMTS
patients had resective surgery only, 5 out of 9 (56 %) have Engel class I outcome at most recent follow-
up (median 46.5 months, range 22–91 months). In Engel class I cohort, the SEEG ictal onset was concor-
dant with MTS location in 3 out of 5 patients, and 2 patients had ipsilateral temporal neocortical ictal
onset.
Conclusions: Our findings suggest that patients with MTS might have discordant SEEG ictal onset (in
61.5% patients with UMTS in presented cohort), which may explain poor surgical outcome after destruc-
tive surgery in these cases.
Significance: Although no statistically significant association was found in this under-powered study,
these findings could be potentially valuable for future meta-analyses.
� 2024 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Patients with drug-resistant epilepsy related to unilateral
mesial temporal lobe sclerosis (UMTS) on imaging are considered
excellent surgical candidates, with > 65 % achieving seizure free-
dom for at least one year after destructive surgery.(Engel et al.,
2003) Thus, patients with UMTS often do not undergo invasive
stereo-electroencephalography (SEEG) evaluations prior to sur-
gery, unless seizure semiology, MRI lesion localization, and/or
scalp EEG ictal onset are discordant.(Paredes-Aragon et al., 2022)
On the other hand, patients with bilateral mesial temporal lobe
sclerosis (BMTS) may undergo SEEG to confirm the seizure onset
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zone, and receive bilateral hippocampal responsive neurostimula-
tion (RNS) afterwards.(Geller et al., 2017).

Presence of generalized convulsions and bilateral MRI abnor-
malities are considered as the risk factors for poor response to
destructive surgery such as anterior temporal lobectomy (ATL)
and selective amygdalohippocampotomy via laser interstitial ther-
mal therapy (ahLITT) in mesial temporal epilepsy.(Kuzniecky et al.,
1999, Jeha et al., 2006, Jehi et al., 2015) Yet, little is known about
how these risk factors contribute to precise electrographic seizure
localization in MTS, which plays an important role in surgical plan-
ning and prognosis.(Arévalo-Astrada et al., 2021) In this case series,
we retrospectively reviewed epilepsy patients without history of
prior destructive surgery who had MRI evidence of UMTS or BMTS
and underwent SEEG evaluation. We analyzed SEEG localization
results in relation to epilepsy risk factors and seizure semiology,
and epilepsy surgery outcomes in this patient cohort to define
biomarkers associated with surgical failures in patients with MTS.
2. Methods

2.1. Patients

This is a retrospective case series approved by the University of
Texas Southwestern Medical Center Institutional Review Board.
We screened 179 subsequent adult SEEG implantations and found
17 patients who met the following inclusion criteria: (1) presence
of UMTS or BMTS on MRI, (2) no prior destructive epilepsy surgery;
(3) underwent SEEG evaluation with stereoelectrodes sampling the
hippocampus or hippocampi with MTS, and (4) had� 18 months of
follow-up after initial intervention (destructive surgery, RNS, or
medical management).
2.2. SEEG evaluation

SEEG implantation was performed as previously described.
(Durica et al., 2023) Postoperatively, all SEEG segments were ana-
lyzed by two epileptologists, who determined the location of ictal
onset. The ictal onset was defined as repetitive spike discharges, or
rhythmic fast waves.

SEEG concordance with MTS was defined as SEEG ictal onset
recorded only from the hippocampus with MTS seen on MRI.
2.3. Surgical treatments

Recommendations for surgery were made at a multidisciplinary
conference after SEEG evaluation. Patients who underwent surgical
treatments received either ATL, ahLITT, extra-temporal lesionec-
tomy, resection plus RNS, or RNS implantation only.
2.4. Surgical outcomes

Seizure outcomes at the most recent follow-up were classified
according to the Engel Epilepsy Surgical Outcome Scale.(Engel
1993) For patients who had RNS implantation or medical manage-
ment, we calculated their percentage reduction in seizure
frequency.
2.5. Statistics

Statistical analysis was performed with MATLAB R2022a soft-
ware (The MathWorks Inc., Natick, Massachusetts). Group differ-
ences were compared using Fisher’s Exact Test, and two-sided
p < 0.05 was taken as significant.
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3. Results

3.1. Patient characteristics

Patient characteristics are summarized in Table 1. Reasons for
SEEG evaluation include presence of other brain lesions (10/17),
discordant seizure semiology (12/17), discordant scalp EEG
(11/17, defined as presence of scalp EEG ictal onset outside of
the temporal or frontotemporal lobe ipsilateral with MTS as seen
on MRI), and a combination of these factors (12/17).
3.2. MRI findings

Thirteen patients had MRI evidence of UMTS (4 left MTS). Four
patients had MRI evidence of BMTS. Additional lesions were iden-
tified on MRI in 10 patients (Table 1).
3.3. SEEG ictal onset localization

SEEG ictal onset was concordant with MTS localization in 5 out
of 13 patients and discordant in 8 patients with UMTS (Table 1).

SEEG ictal onset was concordant with BMTS localization in 3 out
of 4 patients, and one patient had ictal onset of clinical seizures
from the left posterior temporal/parietal cortex, and bilateral
mesial temporal subclinical seizures.

Only 1 out of 10 patients with additional brain lesion(s) had
SEEG ictal onset from such a lesion.
3.4. Discordance risk factors analysis

Analysis of risk factors contributing to SEEG/MTS discordance
and presence of bilateral ictal onset on SEEG are described below.
P values are summarized in Table 2.
3.4.1. Non-mesial temporal auras
Eight out of 17 patients (7-UMTS, 1-BMTS) had non-mesial tem-

poral auras (e.g., visual, auditory, and somatosensory), and 6 of
them (75 %) had SEEG/MTS discordant ictal onset. Interestingly, 4
of these 6 patients who had non-mesial temporal aura and SEEG/
MTS discordant ictal onset had concordant scalp EEG ictal onset
localization.
3.4.2. Frequent focal to bilateral tonic-clonic seizures
Five out of 13 patients with UMTS had frequent (>1/year) focal-

to-bilateral tonic-clonic seizures (fFBTC), and 4 (80 %) of them had
SEEG/MTS discordant ictal onset, despite scalp EEG showing ictal
onset ipsilateral to MTS. Overall, six out of 8 patients with reported
fFBTC had bilateral ictal onset on SEEG (p = 0.057, Table 2).
3.4.3. History of viral and bacterial brain infection
Three out of 17 patients (1-UMTS, 2-BMTS) had history of viral

encephalitis, all three had bilateral temporal SEEG ictal onsets, and
2 (67 %) of them had SEEG localization discordant with MTS loca-
tion (Table 1). Three other patients in the cohort had prior history
of bacterial meningitis/encephalitis, all three had concordant MTS/
SEEG ictal onset.
3.4.4. Family history of epilepsy
Four out of 13 patients in UMTS group had positive family his-

tory of epilepsy. None of them had unilateral mesial temporal SEEG
ictal onset and none were concordant with MRI localization. How-
ever, scalp ictal EEG onset was concordant with MTS in 2 of these 4
patients.



Table 1
Patient demographics, SEEG seizure localization, and outcome.

Patient
ID

Race,
Ethnicity,
Gender,
Handedness

Epilepsy
onset age
(years) and
duration
until SEEG
(years)

History
of non-
MTLE
aura, Y/
N

Viral (V),
bacterial (B)
encephalitis
or meningitis,
or neither (N)

Frequent
GTC (at
least
every
year), Y/N

Family
history
of
epilepsy,
Y/N

Scalp EEG
ictal onset,
habitual
seizures

SEEG
ictal
onset,
habitual
seizures

MRI findings MTS/ SEEG
concordance,
Y/N

Surgery or other
intervention;
surgical pathology

Outcome at most recent
follow-up (Engel class or %
reduction in seizure
frequency)*/follow-up
duration since surgical
intervention

Destructive surgery only
1 White, Non-

Hispanic, Fe,
L

16, 10 N N N N L TPO IMT L MTS, LP
encephalomalacia, L
STG atrophy

Y L ATL; MTS IA, 30 mo

2 White,
Hispanic, M,
R

27, 4 Y N N N R FT IMT R MTS Y R ATL; MTS IA, 31 mo

3 White, Non-
Hispanic, M,
R

2, 35 N N Y*** N LT, non-
localizing

IMT L MTS Y ahLITT; NA IA, 63 mo

4 White, Non-
Hispanic, M,
R

0.5, 24.5 N N N Y CS: R FC; SS:
RT

ILT R MTS, LP MCD N R ATL; normal
neocortex, MTS

IA, 30 mo

5 White,
Hispanic, Fe,
R

7, 17 Y N N N L TP IMT, ILT L MTS, L FP
encephalomalacia

N L ATL; MTS IB, 91 mo

6 White,
Hispanic, Fe,
R

8, 28 N B N N LT, non-
localizing

IMT L MTS Y L ATL; MTS II, 22 mo

7 White, Non-
Hispanic, M,
R

51, 9 Y N N N LT, L TP, LF,
Cz, non-
localizing

CS - IET;
SS - IMT

L MTS, L FP
encephalomalacia

N L mesial frontal
resection; normal

II, 55 mo

8 White, Non-
Hispanic, Fe,
R

17, 2 Y N Y N RT IMT, BLT R MTS N R ATL; MTS III, 57 mo

9 White, Non-
Hispanic, M,
R

8, 42 Y N Y Y RT BMT R MTS, TS N R ATL, then R parietal
resection; R MTS, TS

IV, 52 mo

RNS
10 White, Non-

Hispanic, Fe,
R

35, 2 Y V Y Y L PO BMT BMTS, L fronto-
parietal meningioma

Y RNS; NA 0 %, 66 mo

11 White,
Hispanic, Fe,
R

3, 45 N B N N Non-
localizing/
non-
lateralizing,
L FT

BMT BMTS, Bilateral
frontal
encephalomalacia

Y RNS; NA 66 %, 68 mo

12 Black/
African
American,
Non-
Hispanic, Fe,
R

0.5, 12 Y N Y N RT BMT R MTS, Hypoplasia of
the R thalamus,
subependymal
nodularity along the
R lateral ventricle

N RNS; NA 0 %, 36 mo

13 White,
Hispanic, M,
R

36, 5 N V Y N RT, LT, R PO,
RF

CS - ILT,
IET; SS -
ILT, BMT

BMTS N RNS; NA 100 %, 27 mo

14 Asian, Non-
Hispanic, M,
R

30, 27 N B N N RT, LT, non-
localizing

IMT R MTS, LP
encephalomalacia

Y Concurrent R ATL
and RNS; MTS

100 %, 26 mo

15 White, Non-
Hispanic, M,

8, 14 Y N Y Y RT ILT, IET R MTS, R MTG MCD N 1. R posterior
temporal neocortical

0 %**, 41 mo
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3.5. Surgical and nonsurgical outcomes

Ten out of 13 UMTS patients had destructive surgery as the first
therapeutic surgical procedure (7-ATL, 1-ahLITT, 1-posterior tem-
poral neocortex and insula resection, 1-frontal lesionectomy),
median follow-up 46.5 (22–91) months. After initial resection, 2
out of 10 UMTS patients (both had discordant SEEG ictal onset)
received a second resection, one of them then received a third
resection and RNS.

In patients who received destructive surgery, 5 (56 %) were
Engel I outcome at the most recent follow-up (4 ATL, 1 ahLITT), 2
are Engel II (1 ATL, 1 frontal lesionectomy), 1 is Engel III (ATL),
and one is Engel IV (ATL followed by extratemporal lesionectomy
in patient with bilateral mesial temporal seizures and tuberous
sclerosis). One patient received initial destructive surgery followed
by RNS as described above. SEEG/MTS was concordant in four out
of ten patients who received destructive surgery. Three out of four
patients with SEEG/MTS concordance are Engel I at last follow-up,
and one out of four has Engel II outcome. All patients with SEEG/
MTS discordance had seizure relapse after resection. In Engel I
cohort, SEEG/MTS was discordant in 2 out of 5 patients, but the
ictal onset regions were deemed to be within the resected cortex.

In the 5 patients with Engle I outcome, 1 had history of fFBTC, 1
had family history of epilepsy, and none had history of viral or bac-
terial brain infections. Bilateral SEEG ictal onset were present in
none of the patients with Engel I outcome.

Seven patients did not receive initial destructive surgery,
including all four patients with BMTS and three patients with
UMTS. Three patients with BMTS received RNS only and 1 received
medical management. Of the three remaining UMTS patients, one
had bilateral ictal onset on SEEG and received RNS, one had an ictal
onset concordant with MTS localization, but also had continuous
bilateral mesial and neocortical temporal interictal activity and
received ATL and bilateral temporal RNS, and one had autoimmune
etiology confirmed after SEEG evaluation and is managed medi-
cally. Percentage of seizure frequency reduction for these patients
are listed in Table 1.
3.6. Response to RNS therapy

In the RNS cohort, 3 out of 6 patients had the same seizure fre-
quency at the last follow-up, but their seizure duration and sever-
ity decreased compared to their pre-operative baselines (Table 1,
Patients 10, 12, and 15). Two out of three ‘‘poor responders” had
bilateral mesial temporal SEEG ictal onsets and are receiving bi-
hippocampal RNS therapy. The other ‘‘poor responder” had unilat-
eral MTS and ictal SEEG onsets within the ipsilateral right posterior
temporal neocortex and right insula. He had resections of the right
temporal neocortex, insula, and right ATL, and had RNS leads
placed over the posterior resection edge. All three ‘‘poor respon-
ders” had fFBTC before epilepsy surgery which could potentially
be a risk factor of less favorable response to RNS therapy. Two
patients (Patient 13 and 14) had 100 % seizure frequency reduc-
tion, and one (Patient 11) had 66 % reduction of seizure frequency.
In these three ‘‘good responders”, only Patient 13 reported fFBTC
pre-operatively. Patients 11 and 13 both received bi-hippocampal
RNS therapy. Patient 14 had right MTS and his SEEG ictal onset
was concordant with MTS but with frequent bilateral mesial and
neocortical temporal interictal spikes. He underwent right ATL
and RNS leads placement to the right temporal lobe resection edge
and left hippocampus. His RNS only captured one seizure that
started from the right temporal lobe resection edge, which was a
result of missed anti-seizure medications.



Table 2
Risk factor vs. discordant or bilateral SEEG seizure localization.

SEEG and MRI
Concordant (N = 8)

SEEG and MRI
Discordant (N = 9)

P value Unilateral SEEG
ictal onset (N = 9)

Bilateral SEEG
ictal onset (N = 8)

P value

Non-mesial temporal auras Y 2 6 0.15 4 4 1
N 6 3 5 4

>1/year focal to bilateral tonic-clonic seizures Y 3 5 0.64 2 6 0.057
N 5 4 7 2

History of viral infection of the brain Y 1 2 1 0 3 0.082
N 7 7 9 5

History of bacterial infection of the brain Y 3 0 0.082 2 1 1
N 5 9 7 7

Family history of epilepsy Y 2 4 0.62 2 4 0.33

N 6 5 7 4
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4. Discussion

In this study, we present a cohort of 17 patients with MTS who
required SEEG for further seizure localization. We found SEEG/MTS
concordance in patients with MTS who required SEEG evaluation
could be predictive of favorable epilepsy surgery outcome. Further,
patients with non-mesial temporal auras, fFBTC, viral brain infec-
tions, or family history of epilepsy were more likely to have discor-
dant SEEG findings or bilateral SEEG ictal onset and may be poor
candidates for destructive surgery, but these finding were not sta-
tistically significant.

Prior studies have associated visual and somatosensory auras
with poor surgery outcomes in mesial temporal lobe epilepsy
(mTLE).(Ferrari-Marinho et al., 2012, Perven et al., 2015) Presum-
ably, the presence of these auras indicate extratemporal localiza-
tion of seizure activity, which cannot be eliminated with ATL or
ahLITT.(Ferrari-Marinho et al., 2012) Indeed, we found that SEEG
evaluations in these patients often resulted in discordant localiza-
tion to MRI findings. Similarly, focal to bilateral tonic-clonic sei-
zures were associated with poor surgical outcomes in mTLE
likely due to bilateral or extended epileptogenic regions that are
unamenable to destructive surgery.(Janszky et al., 2005, Jeha
et al., 2006) We found that SEEG evaluation in patients with fFBTC
often resulted in discordant and/or bilateral seizure localization.
Our results agree with previous findings and advocate for SEEG
evaluation before definitive surgical management in these
patients.

In our cohort, decision to proceed with surgery in 2 patients
(Table 1, subjects 8 and 9) who ultimately had poor outcomes
when there was lack of SEEG/MTS concordance as well as the pres-
ence of 2 risk factors (non-mesial temporal aura, fFBTC) known to
predict a worse surgical outcome was based on previous study
reported improvement of quality of life after resective surgery in
27 % of patients despite of persistent seizures (Sheikh et al., 2019).

Patients with a history of viral encephalitis were found to be
less likely to achieve seizure freedom after surgery than those with
a history of bacterial meningitis.(Ramantani and Holthausen, 2017)
Here, we observe that all the patients in our cohort with prior viral
brain infections had bilateral ictal onset on SEEG, which suggests
that viral pathogens may cause diffuse brain damage and subse-
quent bilateral epileptogenicity, rendering these patients poor sur-
gical candidates.(Ramantani and Holthausen, 2017, Liu et al.,
2019).

Family history of epilepsy has not been consistently associated
with poor surgical outcomes in mTLE.(Asadi-Pooya et al., 2016,
Pereira Dalio et al., 2022) The genetics of mTLE is complex, and rare
genetic variants did not appear to influence surgical outcomes.
(Perucca et al., 2023) In our cohort, genetic analysis was only car-
ried out in one patient, who was found to have one benign variant
110
in KCNH5 and one variant of uncertain significance in SATB2.
(Rosenfeld al. 2009, Happ et al., 2023) This patient was deemed a
surgical candidate and underwent ATL with Engel III outcome at
most recent follow-up. Overall, we did not observe a strong trend
for the association of family history of epilepsy with bilateral or
discordant SEEG localization. Studies with extensive genetic analy-
sis are required in the future to identify specific genes that may
influence epileptogenesis and response to surgery in mTLE.

An interesting finding in this series is that only 1 out of 10
patients with additional brain lesions had SEEG ictal onset from
this lesion. Although our series is small, this could suggest that
SEEG may not be necessary or helpful if the presence of an addi-
tional lesion is the only indication for SEEG and all other findings
suggest concordance with MTS.

We observed that only 5 out of 9 (56 %) patients with destruc-
tive surgery achieved Engel I outcome at last follow-up, which
was slightly lower than previously reported outcomes in all MTS
patients.(Engel et al., 2003) It is known that the need for invasive
EEG evaluation by itself is associated with poor response to surgery
in MTS patients.(Jeha et al., 2006) Our results in this complex pop-
ulation suggest that further SEEG/MTS concordance may help
select good candidates for destructive surgery.

Interestingly, the response to RNS appears to be extreme in one
direction or the other �100 % of seizure frequency reduction in 2
patients, and 0 % reduction in 3 others - with only 1 patient having
the more expected response (66 % reduction). All ‘‘poor respon-
ders” have fFBTC before epilepsy surgery which potentially could
be a risk factor of less favorable response to RNS therapy, although
these patients reported improvement in seizure frequency and
severity.

The biggest limitation in our study is the small sample size; we
are underpowered to determine any statistically significant associ-
ations. However, since patients with UMTS usually proceed to sur-
gery without invasive evaluation, our cohort of patients who have
all received SEEG evaluation represents a minority of MTS patients.
Another limitation is the retrospective, single-center design, which
may limit the generalizability of our results. Future multicenter,
prospective studies are needed to address these limitations.
5. Conclusion

In conclusion, our study demonstrates that patients with UMTS
and concordant scalp EEG ictal onset might have discordant SEEG
ictal onset, which may explain poor surgical outcome after
destructive surgery in these cases. History of non-mesial temporal
aura, fFBTC, prior viral brain infection, or family history of epilepsy
could raise the concern for higher probability of surgical failure,
and these findings could be potentially valuable for future meta-
analyses.
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