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BACKGROUND  Responsive neurostimulation (RNS) has emerged as an effective neuromodulatory intervention for patients with medically refractory 
epilepsy who are not candidates for resective or ablative surgery. However, in patients with multifocal seizures arising from a widely distributed 
network, optimizing lead placement can be challenging.
OBSERVATIONS  Here, the authors present the case of a patient with drug-resistant multifocal, nonlateralizing seizures and multiple developmental 
brain lesions who underwent phase II monitoring with stere​oelec​troen​cepha​logra​phy electrodes targeting the lesion and surrounding cortex as well 
as the centromedian thalamus. Neurophysiological signals observed during recorded events implicated a seizure network within the left perisylvian 
polymicrogyria, involving the left parietal operculum, insula, and centromedian thalamic regions rather than a single focus.
LESSONS  Using a regional RNS approach to modulate this network, the patient improved from 5 seizures a day to freedom from disabling seizures 
shortly after lead implantation despite low stimulation parameters. This has implications for understanding the timescale of adaptive mechanisms that 
occur in response to stimulation and supports the use of RNS as a surgical treatment for drug-resistant epilepsy.
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Epilepsy is a highly prevalent disorder, affecting more than 45 mil-
lion people worldwide.1 Antiseizure medications (ASMs) effectively 
control seizures and allow for an improved quality of life for approxi-
mately two-thirds of patients. For the remaining patients with medically 
refractory epilepsy, surgery may be the best way to reduce or eliminate 
seizures.2 Resective or ablative procedures, such as anterior temporal 
lobectomy and laser amygdalohippocamptomy, have shown marked 
efficacy over medication management.3 However, patients with multi-
focal epilepsy or who are otherwise considered high risk for resection 
require alternative treatment options.4–7

Responsive neurostimulation (RNS) is a neuromodulatory inter-
vention that allows for the treatment of epileptogenic zones through 
closed-loop detection of ictal activity and subsequent stimulation to 
terminate seizures.8,4 Because closed-loop detection and stimulation 
are thought to be most effective when delivered at the seizure focus, 

RNS leads are typically targeted toward the hypothesized seizure 
onset zone (SOZ).8 However, in patients in whom seizures arise from 
a widely distributed network, optimal lead placement can be chal-
lenging. One emerging strategy in these cases is to position the RNS 
leads to target nodes within the seizure network through a regional 
approach.9,10

In the following case report, we present an example of a patient 
with drug-resistant multifocal, nonlateralizing seizures and multiple 
developmental brain lesions. This patient underwent phase II moni-
toring with stere​oelec​troen​cepha​logra​phy (SEEG) electrodes target-
ing the lesion and the surrounding cortex as well as the centromedian 
thalamus. Neurophysiological signals observed during recorded 
events implicated a seizure network within the left perisylvian poly-
microgyria, involving the left parietal operculum, insula, and centro-
median thalamic regions rather than a single focus. Using a regional 
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RNS approach to modulate this network, the patient improved from 5 
seizures a day to freedom from disabling seizures.

Illustrative Case
A 25-year-old female with a history of global developmental delay, 

multiple congenital malformations, and drug-resistant epilepsy (DRE) 
was referred to the neurology service by a community provider to 
assess whether her seizures were psychogenic nonepileptic or epi-
leptic. Her history of seizures began at the age of 6 months as focal 
aware seizures consisting of left-sided clonic activity. She was started 
on ASMs, eventually reaching seizure freedom intervals of 1–2 years 
with levetiracetam, clonazepam, and oxcarbazepine. She was previ-
ously trialed on phenobarbital and lamotrigine during childhood and 
had no family history of seizures.

At the age of 25 years, during a period of increased family and life 
stressors, she developed a new semiology, described as a sudden fall 
with preserved awareness lasting seconds. These seizures occurred 
between 1 and 5 times a day and resulted in numerous head strikes 
and falls, impacting her quality of life. There was no change in fre-
quency with increases in her ASM or the addition of new agents (e.g., 
lacosamide and cenobamate). Due to family concerns and a history 
of head strikes and falls, she was referred to the epilepsy monitoring 
unit (EMU) for diagnostic evaluation of nonepileptic versus epileptic 
events.

Diagnostic EMU admission revealed delta-theta slowing in the 
right temporal region and multifocal discharges over the left frontal 
region and independently over the right and left temporal regions. 
Five very brief (< 4 seconds) stereotyped clinical events during her 
stay demonstrated right lower-extremity flexion, left head version, and 
right-hand dystonia. Although there was no electroencephalography 

(EEG) correlate, given the semiology and multiple possible epileptic 
foci, these events were thought to be scalp-negative seizures.

Magnetic resonance imaging (MRI) demonstrated scattered abnor-
malities, including an absent corpus callosum, callosal dysgenesis 
from prior lipoma, bilateral perisylvian polymicrogyria, gray matter 
heterotopias, and focal cortical dysplasia. Hippocampi were sym-
metric and normal in size bilaterally with intact interior architecture. 
Positron emission tomography imaging demonstrated mild asym-
metric diminished activity in the left mid-temporoparietal region. 
Magnetoencephalography showed frequent interictal epileptiform 
activity clustering in the left temporoparietal cortex and right tempo-
ral lobe. Neuropsychological testing showed notable impairments in 
executive learning and memory as well as overall moderate to severe 
impairment across all measured domains in a pattern suggestive of 
stronger right-hemisphere dysfunction. However, this lateralizing pat-
tern was difficult to attribute to a precise seizure focus due to the pres-
ence of multiple structural brain abnormalities.

Given the patient’s asymmetry of semiology and nonlateralizing 
seizures with multifocal interictal abnormalities on EEG, the seizures 
were hypothesized to represent asymmetric tonic seizures, with a 
deep frontal or perisylvian onset. To more precisely characterize the 
seizure focus, a bilateral SEEG lead implantation strategy targeting the 
multiple lesions, frontal region, and perisylvian region was developed.

The patient underwent MRI and CT-guided placement of 22 depth 
leads (with a total of 305 contacts) bilaterally in the following loca-
tions (Fig. 1): insula, anterior cingulate cortex, frontal horn, prefrontal 
cortex, parietal region, cingulate, centromedian nucleus of the thala-
mus (CMT), amygdala, anterior hippocampus, orbitofrontal cortex, 
and posterior sylvian fissure (PSYL). Postoperatively, the patient was 
admitted to the EMU and recovered without complication.

FIG. 1. Reconstructed SEEG electrodes using preoperative MRI and postoperative CT. L = left; R = right.
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During her EMU stay, the patient had 24 typical seizures, each 
lasting < 10 seconds, with bilateral lower-extremity adduction and left 
head version, with variable right upper-extremity elevation or figure 4 
posturing. These seizures were preceded by a DC shift of 500 ms prior 
to electrographic onset followed by continued rhythmic activity within 
the left insular, parietal, and PSYL leads (Fig. 2). In approximately half 
the seizures, the left CMT also demonstrated high gamma frequency 
activity simultaneously with the onset of seizure activity on SEEG. 
Stimulation of the left parietal region and left PSYL contacts during 
seizure stimulation testing most consistently led to the wave sensa-
tion over the patient’s legs and sensation of head turn or leg elevation 
(without the corresponding actions). These findings suggested poten-
tial spread to the SOZ, which was postulated to lie between these two 
electrodes. Given these findings and the lack of language involvement 
in the patient’s seizure semiology, no language mapping or functional 
MRI studies were performed. After acquiring sufficient evidence, all 
depth electrodes were explanted on postoperative day 7. The patient 
recovered without complications and was discharged the next day on 
her typical ASMs.

Based on the data collected during phase II monitoring, there was 
no single focus; the patient’s asymmetric tonic seizures were thought 
to arise from a network that included the left perisylvian polymicro-
gyria and frequently the left CMT. Given the multifocal nature of the 
patient’s seizure semiology, the comprehensive epilepsy team recom-
mended an RNS system targeting the left parietal operculum and left 
insula over deep brain stimulation (DBS) of the anterior nucleus of the 
thalamus or CMT. This choice of RNS over DBS was also motivated 
by the consistently observed activity in the left parietal operculum 
and left insular nodes versus the variable involvement of the left CMT 
during seizures. The patient agreed to proceed with this intervention 
and underwent an uncomplicated RNS device placement with depth 
electrodes (Fig. 3). The device was turned on 3 months after the initial 
implant to low bipolar settings (left insula: 200 Hz, 160 μs, 100 ms, 
0.3 mA; left operculum: 200 Hz, 160 μs, 100 ms, 0.5 mA) and later 
up-titrated (left insula: 0.6 mA, 200 Hz, 160 μs, 100 ms; left opercu-
lum: 1.0 mA, 200 Hz, 160 μs, 100 ms). After the second increase, 
roughly 3 months after stimulation activation, she was completely 

seizure free for 7 months. At the 18-month follow-up, she continued 
to have no typical seizures with left head version, bilateral lower-
extremity adduction, or right lower-extremity extension with variable 
right upper-extremity extension and right-hand dystonia. However, a 
new semiology occurred, consisting of a seconds-long head drop with 
right upper-extremity extension and right-hand dystonia. As there was 
no involvement of the lower extremities, she continued to remain free 
of falls and injuries. RNS parameters were modified to the left insula 
(1 mA, 200 Hz, 160 μs, 100 ms, 1 μC/cm2) and left operculum (2 mA, 
200 Hz, 160 μs, 100 ms, 2 μC/cm2). At the most recent follow-up, it 
became clear that overstimulation of the insula was likely causing an 
increase in seizure activity, so the patient’s settings were changed (left 
insula: 0.8 mA, 200 Hz, 160 μs, 170 ms, 0.8 μC/cm2; left operculum: 
1.5 mA, 200 Hz, 160 μsc, 100 ms, 1.5 μC/cm2). There was no reduc-
tion in ASMs throughout this period.

Patient Informed Consent
The necessary patient informed consent was obtained in this study.

Discussion
Observations

Circuit-based neuromodulation for the treatment of DRE has 
become central to epilepsy surgery. Neuromodulatory devices such as 
those for RNS and DBS have become increasingly valuable tools for 
treating patients with regional seizure onset or SOZs in eloquent areas 
of the brain.11–13 To effectively treat patients using this approach, iden-
tification of nodes within a patient’s seizure network is critical14,15 but 
can often be challenging.16 Here, we present the case of a patient with 
drug-resistant multifocal, nonlateralizing seizures and multiple devel-
opmental brain lesions. Findings from invasive monitoring implicated 
a seizure network involving the left parietal, insular, and centromedian 
thalamic regions rather than a single focus. Using an RNS approach 
to modulate regional nodes within this network, the patient improved 
from 5 focal aware seizures a day to an Engel class IA outcome within 
3 months of stimulation activation (6 months after implantation) and 
Engel class IB at the 18-month outcome.

FIG. 2. Typical seizure with LPar1–2 sentinel spike, followed by a large DC shift in LPar1–2 and LInsul2–7 (red arrow). Low-voltage fast activity evolving 
into delta slowing is seen primarily in LPar1–2. The blue arrows demonstrate an abrupt offset with postictal slowing. LInsul = left insula; LPar = left 
parietal (operculum).
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Previous work has demonstrated that in patients with drug-resistant 
regional neocortical epilepsy, RNS is a feasible treatment option with 
long-term outcomes comparable to those of other interventions.9 The 
initial seizure freedom seen in the present case supports this finding 
and further suggests that RNS may be the optimal treatment strat-
egy for the management of seizures originating from a broad network. 
Notably, our patient had a bipolar electrode configuration compared to 
the lead-to-lead configuration as in the work by Ma and colleagues, 
demonstrating that this stimulation pattern may also be effective for 
treating multifocal seizures.9 The RNS settings for this patient were 
also remarkably low (initially 0.3 μC/cm2 and maximum 1 μC/cm2 at 
the most recent follow-up) compared to those in prior studies. Further 
work to investigate the impact of RNS settings and lead configurations 
on outcomes is necessary.

Although the precise effects of brain stimulation on epileptogenic 
networks remain unclear, it is hypothesized that the therapeutic benefit 
may come from disrupting or suppressing aberrant activity at the site of 
seizure onset to restore normal oscillatory patterns.17,18 However, recent 
evidence has suggested that improvement in seizure outcomes may 
come from long-term, stimulation-induced changes in seizure networks 
rather than the target of single regions, as in DBS.19,20 Importantly, the 
timescale (e.g., weeks versus months versus years) in which plasticity-
dependent changes in network activity occur remains unclear. In the 
present case, an Engel IA outcome was achieved within 3 months, 
a shorter time frame than typically observed for adaptive changes to 
occur, and persisted for at least 7 months. Additionally, the electrocor-
ticography onset detected by the RNS system preceded clinical symp-
toms by only 500 ms This time window is shorter than what prior work 
has suggested is needed to terminate a seizure before the onset of 
behavioral symptoms.19

These findings suggest that network modulation or modulation of 
specific nodes within a network leading to seizure reduction can, at 
least partially, operate on a shorter timescale and that effective seizure 
control in the regional RNS approach may cumulatively build through 
modulation over successive stimulation events.

Lessons
Here, we present a patient with drug-resistant multifocal epilepsy 

treated with RNS using a regional approach. Seizure freedom was 
achieved shortly after system implantation despite low stimulation 
parameters. This result has implications for our understanding of the 
timescale of adaptive mechanisms that occur in response to stimula-
tion and supports the use of RNS as a surgical treatment for drug-
resistant epilepsy.
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