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Focal status epilepticus, particularly the motor variant of epilepsia partialis con-
tinua (EPC), is a rare condition characterized by near-continuous, chronic focal
motor seizures, and associated with poor outcomes. Medications, including

anesthetics, are often unsuccessful. Surgical resection can result in motor defi-

cits. We report a medically complex pediatric case of super-refractory EPC that
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was successfully managed with combined focal resection and responsive neuro-

modulation. This case introduces neuromodulation as a treatment modality for
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Introduction

Status epilepticus is a medical emergency, with a cumula-
tive incidence of 3—42 episodes per 100,000 children.
Focal motor status epilepticus involving the primary
motor cortex includes epilepsia partialis continua (EPC),
characterized by prolonged, focal myoclonic activity that
can persist for years.” ° In adults, EPC is associated with
neurologic decline in 36% of patients.® Pediatric EPC is
associated with significant neurological consequences in
65% and lethal outcomes in 16%.” The most common
cause of pediatric EPC is Rasmussen encephalitis or other
inflammatory and immune-mediated disorders, followed
by mitochondrial disorders, and malformations of cortical
development.””?

Approximately 15% of cases of status epilepticus are
super-refractory to medical management despite escala-
tion to anesthetics for at least 24 h.'"” Due to concerns for
permanent neuronal damage, efforts are made to stop the
ictal activity but can be difficult to achieve.''™ Novel
therapies to treat status epilepticus have been reported in

this challenging condition.

adult!* 22

stimulation (VNS),'*!* cortical stimulation,
nial magnetic stimulation (TMS),#16:21
therapy (ECT),'*'” and thalamic deep brain stimulation
(DBS).14’24’25

The responsive neurostimulator (RNS) is a closed-loop
brain stimulation device FDA-approved to treat chronic
multifocal epilepsy in adults.”**® Typical use involves

and pediatric populations, including vagal nerve
14,23

transcra-
electroconvulsive

device implantation followed by months or years of outpa-
tient parameter adjustment for optimal seizure control. In
adults, the median reduction in seizures was 44% at 1 year,
53% at 2 years, 60% at 3 years, and 75% at 9 years.zg’3 0
RNS has rarely been used off-label in adults to treat
super-refractory status epilepticus. A recent case series
reported acute RNS implantation and initiation in 10 adult
patients with refractory status epilepticus: 70% had resolu-
tion of status epilepticus, though two patients died of status
epilepticus complications and one had a recurrence.”’
Although not FDA-approved for use in pediatric popu-
lations, the RNS device has been reported to have similar
or improved long-term efficacy and safety when used to
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treat drug-refractory epilepsy in children.”>** Building on
this, we present a case of successful treatment of
super-refractory focal motor status epilepticus in a child
using combined limited focal resection and acute RNS
implantation and treatment. We review the details of the
case and the stimulation parameters used that led to sei-
zure control. Importantly, this reversible, non-destructive
treatment targeting eloquent cortex, in combination with
resection targeting non-eloquent cortex, led to sustained
seizure control and avoided the morbidities associated
with a larger resection. Tailored, multimodal approaches
can be considered as an option for children with similar
presentations in the future.
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RNS for pediatric status epilepticus

Case

Our patient is a 6-year-old left-handed female with a
complex history of diffuse left hemispheric polymicrogyria
and pachygyria, maternally inherited DYNCI1H]1 variant
(cytoplasmic dynein 1 heavy chain), mild right hemipar-
esis, mild global developmental delay, near-continuous
epileptiform discharges during sleep localized to the left
frontopolar region, and drug-refractory daily brief focal
motor seizures localized to the left centroparietal region.
She had no prior history of clinical status epilepticus.
Baseline structural and electrophysiologic imaging are
shown in Figure 1.
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Figure 1. Baseline structural and electrographic findings. (A) Axial and coronal T2 FLAIR images demonstrating diffuse left frontal pachygyria and
polymicrogyria. (B) EEG recording 2 months prior to status presentation revealed abundant left frontopolar epileptiform discharges that were
continuous at 2 Hz during non-rapid eye movement sleep. (C) EEG recording 2 months prior to status presentation also revealed bursts of left
central fast activity and spikes that coincided with right hand and face myoclonic seizures.
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The patient developed continuous right thumb twitching
that escalated to include right face and arm jerking. She
was evaluated in a local hospital, diagnosed with focal sta-
tus epilepticus, and treated with escalating medications,
including lorazepam, fosphenytoin, levetiracetam, lacosa-
mide, topiramate, midazolam, ketamine, and phenobarbital
without response. She was intubated and burst-suppressed
on propofol, which was terminated after 48 h due to the
development of fever, metabolic acidosis, rhabdomyolysis,
cardiac arrhythmia, and transaminitis consistent with pro-
pofol infusion syndrome. Her course was further compli-

cated by COVID-19 and subsequent multisystem

inflammatory syndrome in children, treated with a 8 days
(0.15 mg/kg),

of dexamethasone IVIG (2 g/kg) and
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anakinra (15 mg/kg). Her focal status epilepticus persisted
and local epilepsy consultation recommended hemispher-
otomy. On hospital day 19, she was transferred to our
institution.
Neurological
right-sided blinking, right facial twitching, tongue biting,

examination revealed near-continuous
and right hand, thumb, and finger contraction. At the
time of transfer, she was treated with levetiracetam
(74.1 mg/kg/day), valproic acid (22.6 mg/kg/day), pheno-
barbital (5.7 mg/kg/day), diazepam (0.4 mg/kg/day). Mid-
azolam (0.2 mg/kg/h) and lorazepam (0.4 mg/kg/day)
were added and diazepam (0.4 mg/kg/day) and clonaze-
pam (0.2 mg/kg/day) were cross-tapered. She was treated
with solumedrol (30 mg/kg) for 5 days without effect.
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Figure 2. Perioperative functional and electrophysiological imaging. (A) Axial and coronal PET imaging reveal ictal hypermetabolism diffusely over
the left frontal region. (B) EEG 1 week prior to surgical intervention reveals focal status over the left hemisphere with a dominant epileptic focus

over the left frontopolar region.
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Figure 3. Operative data and treatment. (A) Diagram summarizing the intraoperative recordings and results. (B) Example ictal intraoperative
recording localized the ictal focus for resection. (C) Frontopolar resection focus and RNS lead placement targeting motor cortex. (D)

Neurostimulator placement.

Video EEG demonstrated 2-5 Hz left frontal discharges
time-locked to her myoclonic jerks. Ictal PET demon-
strated hypermetabolism diffusely throughout the left
hemisphere, but most prominently in the left frontal
region. Preoperative functional and electrophysiological
imaging is shown in Figure 2.

After a multidisciplinary epilepsy surgery conference
discussion, the patient was suspected to have two inde-
pendent epileptogenic zones: a frontopolar focus and a
focus over the primary motor cortex. She underwent
resection of the frontopolar ictal focus guided by
intra-operative electrocorticography, and an RNS was
implanted with two depth electrodes targeting presumed
superior and inferior motor cortex identified by intrao-
perative sensorimotor mapping (Fig. 3). Immediately,
post-operatively, seizure-free. However, on
post-operative day (POD) 1, the patient developed

she was

frequent right-hand contractions, right facial jerking and
tongue biting. Over the first 9 post-operative days, anti-
seizure medication changes included lacosamide initiation
(11 mg/kg/day), levetiracetam increase (100 mg/kg/day),
and clonazepam decrease (0.09 mg/kg/day); each without
a notable change in clinical seizures. After post-operative
day 9, antiseizure medications remained stable or were
decreased due to inefficacy. RNS recordings revealed
abundant epileptic spikes maximal over presumed pri-
mary motor cortex contacts (channels 1 and 3). Lead-to-
lead neurostimulation at these contacts resulted in wors-
ened myoclonus. Lead-to-lead stimulation over the con-
tacts estimated to be immediately anterior to the primary
motor cortex (channels 2 and 4) was tolerated and initi-
ated on POD1 with a second treatment using a grouped
bipolar stimulation between channels 1 and 2. We used a
non-specific detector at channels 1 and 3 resulting in

Figure 4. Surgical and neuromodulatory treatment. (A) Post-operative CT reveals resection of left frontopolar ictal focus. (B) RNS placement with
two depth electrodes targeting motor cortex. (C) RNS recording on POD1 shows abundant epileptic spikes maximal in channels 1 and 3, which
were often time-locked to right facial and right-hand myoclonic activity. (D) RNS recording on POD 30 shows absent epileptiform activity. (E)
Using a non-specific detector, abundant events were detected resulting in ~4500 stimulations per day. (F) Longer bursts of epileptiform activity,
recognized as long events, decreased with time. (G) Final stimulation settings that corresponded with resolution of epilepsia partialis continua.
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~4500 stimulations/day. Current was increased by 0.5 uC/
cm’ every 2-3 days and frequency increased from 40 to
333 Hz over the following 24 days. Using the limited
observations available, adjustments that increased total
energy delivered appeared to correspond best to reduced
activity. For each programming session, several test stim-
ulations were delivered and confirmed to be tolerated
without after-discharges or clinical events. Detected events
that triggered stimulation increased over time and long
episodes estimated to reflect longer periods of epileptic
activity decreased over time (Fig. 4). On post-operative
day 24, when treatment reached an estimated charge den-
sity of 4.1 uC/cm2 (4 mA, 333.3 Hz, 160 ps pulse width,
200 ms burst duration), the EPC stopped. The patient
successfully tapered off multiple antiseizure medications,
returned to baseline cognitive and motor function, and
remained clinically seizure-free. Occasional myoclonus
was observed when a levetiracetam taper was attempted
at 11 months post-operatively. An adjustment to a full
lead-to-lead stimulation across all channels (channels 1
and 2 to channels 3 and 4) was now tolerated, and a leve-
tiracetam taper was successfully reattempted. Aside from
this breakthrough event, she has remained seizure-free for
over 17 months with only occasional epileptiform activity
observed on RNS recordings.

Discussion

We report a pediatric case of super-refractory focal motor
status epilepticus consistent with EPC that responded to a
combination of limited resection and acute treatment
with RNS. This case demonstrates the potential role of
neuromodulation to achieve seizure control in the acute
setting. Use of this non-destructive surgical treatment in
eloquent brain targets avoids the functional morbidities
that would result from alternate, destructive options. In
EPC, faster adjustments and higher neurostimulation set-
tings than used in the outpatient setting may be required.
Although RNS remains an off-label treatment option in
children, the nondestructive and reversible nature of neu-
romodulation mitigates risks and motivates its use. In our
case, although hemispherotomy would likely have resulted
in seizure freedom, this neurosurgical cure would have
introduced a new permanent hemiplegia and hemifield
defect. In contrast, the use of a tailored approach, with a
combined limited resection of non-eloquent cortex and
neuromodulation in eloquent cortex, enabled our patient
to recover to her preoperative functional baseline.
Although long-term remodeling likely contributes to the
efficacy of neuromodulatory treatment in the outpatient
population,®®** in the setting of status epilepticus, an
immediate, abortive response is the goal. The typical out-
patient treatment protocol following RNS includes

RNS for pediatric status epilepticus

approximately 1 month of recording without stimulation,
followed by stimulation adjustments every 3 months.*
Here, we increased current every 2—3 days and seizure con-
trol was obtained in 3.5 weeks, consistent with prior expe-
rience in adults.’® Tt is possible that even faster uptitration
may have achieved faster results. In addition, although
lower stimulation currents are typically used adjacent to
the motor cortex, with 0.5 uC/Cm? used in the prior adult
case report of EPC,>* here we escalated treatment to
4.1 pC/Cm? (4.0 mA) in contacts adjacent to the primary
motor cortex. This charge density coincided with resolu-
tion of status epilepticus and caused no observed after-
discharges, discomfort, myoclonus, or other evident side
effects. Overall, our experience supports the application of
acute RNS treatment with settings tailored based on
patient tolerance and response.”* Although optimal param-
eter settings remain an area of active research, here we used
high frequency stimulation (333 Hz) and a relatively non-
specific detector, which resulted in a relatively high stimu-
lation rate and total energy delivered.*®?%?>%¢

Despite the positive outcome we observed in this case,
there are several limitations. Multiple treatments were
offered simultaneously, confounding causal analysis.
However, the resolution of status epilepticus by post-op
day 24 concordant with RNS uptitration while antiseizure
medication was being weaned is consistent with a
response to neurostimulation. It is possible that the
patient’s focal status epilepticus self-resolved. However,
the presence of persistent, intermittent epileptiform activ-
ity on her RNS recordings and the improvement in sei-
zure control even compared to her premorbid baseline
suggest that RNS is contributing to obtaining and sustain-
ing seizure freedom. Finally, it remains unclear which
stimulation parameters were most effective or whether
they would generalize to other cases.

This case suggests that acute, aggressive RNS treatment
can be considered in drug-refractory pediatric status epi-
lepticus. Future work to test detection and stimulation
parameters is required to further optimize outcomes and
response in pediatric status epilepticus.
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