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Accurate mapping of the seizure onset zone (SOZ) is critical to the success of epilepsy

surgery outcomes. Epileptogenicity index (EI) is a statistical method that delineates

hyperexcitable brain regions involved in the generation and early propagation of seizures.

However, EI can overestimate the SOZ for particular electrographic seizure onset

patterns. Therefore, using direct cortical stimulation (DCS) as a probing tool to identify

seizure generators, we systematically evaluated the causality of the high EI nodes (>0.3)

in replicating the patient’s habitual seizures. Specifically, we assessed the diagnostic yield

of high EI nodes, i.e., the proportion of high EI nodes that evoked habitual seizures.

A retrospective single-center study that included post-stereo encephalography (SEEG)

confirmed TLE patients (n= 37) that had all high EI nodes stimulated, intending to induce

a seizure. We evaluated the nodal responses (true and false responder rate) to stimulation

and correlated with electrographic seizure onset patterns (hypersynchronous-HYP and

low amplitude fast activity patterns-LAFA) and clinically defined SOZ. The ictogenicity

(i.e., the propensity to induce the patient’s habitual seizure) of a high EI node was only

44.5%. The LAFA onset pattern had a significantly higher response rate to DCS (i.e.,

higher evoked seizures). The concordance of an evoked habitual seizure with a clinically

defined SOZ with good outcomes was over 50% (p = 0.0025). These results support

targeted mapping of SOZ in LAFA onset patterns by performing DCS in high EI nodes to

distinguish seizure generators (true responders) from hyperexcitable nodes that may be

involved in early propagation.
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INTRODUCTION

Intracranial EEG investigation aims to localize seizure generators and, in resection cases,
to define the anatomical extent of surgical resection that will maximize the chance of
seizure freedom. The epileptogenic zone (EZ) is conceptualized as the area of the cortex
that is indispensable for the generation of epileptic seizures, the removal of which would
contribute to seizure freedom (1) Increasingly, the EZ is considered a network of functionally
interconnected structures that can involve anatomically non-contiguous regions (2, 3). In
temporal lobe epilepsy (TLE), the epileptogenic network (EN) can extend beyond the mesial
temporal structures to include nearby extra-temporal regions such as the orbitofrontal cortex.

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2021.761412
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2021.761412&domain=pdf&date_stamp=2022-01-13
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:patilabuab@gmail.com
https://doi.org/10.3389/fneur.2021.761412
https://www.frontiersin.org/articles/10.3389/fneur.2021.761412/full














Irannejad et al. Stimulation Induced Seizures in TLE

FIGURE 5 | Fifty Hertz stimulation of left hippocampus and right amygdala evoked seizures (true responses) in a patient with bi-temporal epilepsy. Nodes with a high

epileptogenicity index (>0.3) are highlighted in red. The spontaneous seizure had LAFA (low amplitude fast activity) pattern that emanated from the left hippocampus

with a rapid propagation to the left amygdala, right amygdala, and hippocampus. FAS, focal seizure with retained awareness. FIAS, focal impaired awareness seizure.
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Study Limitations
The study had three major limitations. 1) The responses
to DCS were only restricted to high EI nodes. Although
DCS was performed in nodes with lower EI (<0.3), due to
the heterogeneity in the sparse data, we could not perform
meaningful statistics. An ideal study to assess EI’s diagnostic yield
(sensitivity, specificity) should include stimulation of a significant
proportion of nodes (both low and high EI) in a large cohort
prospectively. Planning such a study should also involve ethical
approval as a patient-level of tolerance and safety should be
considered. The second limitation is the inability to correlate true
responsive nodes with the surgical outcome, as anterior temporal
lobectomy (performed in 38% of our cohort) included structures
beyond just the high EI nodes (like hippocampus and amygdala).
A focal therapy such as LITT could provide a more accurate
correlation of nodal response to outcome in the future (33). 2)
The presence of anti-seizure drugs could have influenced the
cortical excitability and response to DCS. However, restarting
medications before DCS is commonly practiced to prevent
evoked tonic-clonic seizures.

CONCLUSION

In the present study, we used DCS to investigate the ictogenicity
of putative epileptogenic nodes with high EI values (>0.3). We
observed that ictogenicity (i.e., the propensity to induce habitual
seizures) of a high EI node is only 44.5%, while 55.4% failed to
induce a seizure but had runs of ADs. The LAFA onset pattern
had a significantly higher responder rate to DCS (i.e., induced a
seizure), while the HYP pattern yieldedmaximum false responses
(i.e., runs of AD’s without seizures). The information may be
used to support targeted mapping of SOZ in LAFA onset patterns

by performing DCS in high EI nodes to distinguish seizure
generators (true responders) from hyperexcitable nodes that may
be involved in early propagation.
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