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The patient is an 18-year-old female who was delivered
full term without complications. At the age of two, she
experienced a non-febrile episode with symptoms includ-
ing dull eyes and immobility following a bout of diarrhea.
Subsequently, the patient developed frequent seizures that
proved resistant to various antiseizure medications, begin-
ning from the age of eight.

The patient provided that seizures commenced with
an aura, characterized by a sudden and unexplained sen-
sation of excitement. Subsequently, she would extend
both hands in an attempt to grasp someone, followed by
a loss of consciousness. Upon regaining consciousness,
she experienced drowsiness and felt difficulty in articu-
lating her thoughts. Over the past 2years, seizures of the
patient were subjective and had no motor symptoms,
manifesting as a series of sensations which included a
sensation of tightness in the scalp, feelings of fear and ten-
sion, and occasionally accompanied by cognitive conflict
and an intensified heartbeat. Additionally, intermittent
writing errors had been observed. Video-EEG recording
confirmed the consistent pattern of symptoms, as de-
picted in Figure 1. Magnetic resonance imaging revealed
bilateral multiple periventricular nodular heterotopias
(PNH), left incomplete hippocampal inversion (IHI), and

hippocampal sclerosis (HS) (Figure 2.1). FDG-PET exhib-
ited focal hypometabolism of the periventricular nodules
and left mesial temporal regions (Figure 2.1). Functional
MRI demonstrated activation in the posterior part of the
left middle temporal lobe during sentence completion
tasks. Stereoelectroencephalography (SEEG) exploration
was performed to investigate two potential epileptogenic
regions, namely the left atrium nodule or left mesial tem-
poral structures (Figure 2.2).

A total of six intracranial electrodes were surgically
implanted. During the 9days of monitoring, interictal
discharges were observed in three brain regions: @ left
mesial temporal structures, specifically the amygdala,
hippocampus head, the hippocampus tail, @ left atrium
nodules, ® the collateral sulcus occipital branch, and
Heschl's gyrus. Two distinct ictal patterns were identified:
subclinical seizure (SCS), characterized by fast activity
primarily observed over the hippocampal tail, and clini-
cal seizures which the seizure onset zone (SOZ) was de-
termined to be the hippocampal tail, with ictal discharges
exhibiting an initial hypersynchronization of spikes and
waves, transitioning into low voltage fast activity, and rap-
idly spreading to the anterior hippocampus and the amyg-
dala. A few seconds after the onset of electrical activity
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in clinical seizures, the patient pressed the button and re-
ported feeling sleepy, accompanied by tachycardia (heart
rate increased from 68 bpm to 100bpm) and postictal par-
tial retrograde amnesia.

Normalized epileptic index (EI) analysis was con-
ducted on both SCS and clinical seizures.! Brain structures
with an EI score higher than 0.3 were considered epilepto-
genic. In both seizure patterns, the caudal hippocampus,
amygdala, and occipital branch of the collateral sulcus
exhibited EI scores exceeding 0.3. However, the inferior
peri-insular sulcus and Heschl's gyrus showed EI scores
higher than 0.3 only in pattern 2. The left atrial nodule
did not consistently exhibit epileptogenic activity in each
seizure (Figure 2.3).

Fifty-six cortical contacts were stimulated during the
direct electrical cortical stimulation (DES) procedure. Four
contacts elicited stimulate-induced aura (SIA): two in the
amygdala, one in the hippocampal head, and one in the
hippocampal tail. During stimulation, simple visual hallu-
cinations in the upper right visual field were reported in
3 out of 4 contacts within the left atrium nodule. The re-
maining contact in the left atrium nodule induced complex
visual hallucinations in the same eye field (Figure 2.4).

In this case, the identified epileptogenic zone encom-
passed the caudal hippocampus and amygdala, with the
left atrium nodule exhibiting close connections to the epi-
leptogenic zone. These regions were selected as targets for
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radiofrequency thermocoagulation (RFTC),>*
seizure free for 10 months.

HS is the most common cause of mesial temporal
lobe epilepsy.* However, the epileptogenicity of THI re-
mains a controversial topic. In this report, we present a
rare case of a patient with PNH along with left THI and
HS. Based on our assessment, we hypothesize that the
underlying seizure etiology is THI accompanied by HS.?
It is noteworthy that in PNH patients, the occurrence
of a malformed hippocampus is significantly higher in
cases with bilateral posterior or asymmetrical subtypes,®
which was consistent with the observations in this par-
ticular case. Furthermore, IHI may act as a contributing
factor to progressive neuronal loss and even subsequent
development of HS.’

Numerous SCS originating from the hippocampal tail
were identified. The concordance pattern between clinical
and subclinical onset zones aligns with the partial concor-
dance pattern according to Mayo categorizations. While
different concordance patterns did not serve as predictors
of surgical outcomes, there was a tendency toward better
outcomes in patients who had complete destruction of the
subclinical onset zone compared with those with incom-
plete destruction.®

Moreover, the presence of hippocampal abnormali-
ties in conjunction with PNH raised the possibility of
dual pathology. Although the left atrium nodule was not
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FIGURE 1 Video-EEG recording confirmed this consistent pattern of symptoms, that is, aura (feelings of fear and tension, conflict

in her mind) — automotor behavior (repeated grasping with the left hand) — immobility of the right arm. Ictal EEG changes could be

characterized by rhythmic theta waves over M1-T3 electrodes, spreading to the adjacent posterior temporal T3-T5 electrodes and anterior

temporal F7-M1 electrodes.
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FIGURE 2 (1) First row of pictures showed 3.0 T 3D MR images with bilateral multiple heterotopic nodules along the wall of lateral
ventricle body (A), a prominent nodule on the lateral wall of the left atrium region (B), left bulbous hippocampus (C, D red arrow), enlarged
temporal horn of the lateral ventricle (C white arrow), crus of the fornix lower position (E red arrow), and left hippocampus sclerosis (C,

D, E green arrow). Hypometabolism of these structures were shown in the second row of the corresponding PET and MR fusion images.

(2) Lateral view of all implanted stereotactic electrodes on a three-dimensional reconstruction of the cerebral cortex. The red region

represented a left atrium periventricular nodule. (3) Index scores of associated structures in subclinical seizure and clinical seizure when

threshold =100hz. (SCS, subclinical seizure; SZ, clinical seizure; PHN, periventricular nodular heterotopias; HCp, posterior hippocampus;

COS-0, collateral sulcus occipital branch; AM, amygdala; HCa, anterior hippocampus; PSi, inferior peri-insular sulcus; HG, Heschl's gyrus;
STGp, posterior part of superior temporal gyrus; MTGp, posterior part of middle temporal gyrus). (4) Stimulation sites of SIA shown in A,
B, C. Picture D, E exhibited the stimulation sites of gray matter nodule on the lateral wall of the left ventricle atrium. Minimal stimulation

intensities and contents of response to each stimulating site, respectively, were listed in F.

an epileptogenic focus itself in this case, it possessed
not only physiological visual functions but also exten-
sive direct and indirect connections with the epilepto-
genic area through the surrounding white matter. The
posterior nodules played a complex role alongside the
ipsilateral hippocampus within the epileptic network
of temporal lobe epilepsy.>’ Additionally, an increased
complexity of the parahippocampal cortex was found to
correlate with hippocampal malrotation indices.® This
structural abnormality may share a common patholog-
ical mechanism with our findings of a high epileptic
index in the occipital collateral sulcus and its connec-
tions to the left atrium nodule.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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1. What is the typical aura of mesial temporal lobe epilepsy? What is the mechanism?
2. What is the localization value of SCS to the epileptogenic area?
3. What is the best SEEG implantation strategy for drug-resistant epilepsy with bilateral asymmetrical PNH with

incomplete hippocampal inversion?

Answers may be found in the Supporting information.
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