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Stimulating the brain for epilepsy

Refractory focal epilepsy causes physical, psychologi-
cal, psychiatric, social, familial, and financial morbid-
ity and a greatly increased risk of premature mortality.
Resective neurosurgery brings the possibility of long-
term seizure remission, but is only suitable in approx-
imately half of the patients who undergo presurgical
evaluation.1 The remaining individuals are often not
suitable for ablative procedures, because a single epi-
leptogenic zone may not be definable, or it overlaps
eloquent cortex so that the risk/benefit ratio is not
appealing. What further treatment can be offered to
these individuals, noting that the chance of further
medication changes bringing remission is less than
5%? Vagus nerve stimulation is of modest benefit,
reducing seizures by 50% in 55% of patients2 and
with long-term remission being exceptionally rare.
What else might be offered?

In this issue of Neurology®, Bergey et al.3 report the
7-year follow-up of 230 adults with refractory focal
seizures treated with the Neuropace Responsive
Neuro-Stimulator (RNS). At 6 years, 126 individuals
were still being followed up and 56% had seizure fre-
quencies that were less than half the baseline seizure
frequency. This response rate was similar to that
achieved with vagus nerve stimulation. Thirteen percent
of individuals had at least 1 seizure-free year and none
were seizure-free over the duration of the study. There
were parallel improvements in quality of life measures.

A key feature of this study was that the stimulating
electrodes were placed close to the presumed site of
seizure onset, based on intracranial EEG recordings,
and the cortical EEG at this site was continuously
monitored. The stimulation was activated when fea-
tures suggestive of a developing seizure were detected,
and stimulation parameters were individualized to
each patient. The closed loop RNS utilized a micro-
chip to recognize the EEG features and activate the
stimulator. The whole system and battery power sup-
ply were placed in the skull.

Adverse effects were not a major issue. Five per-
cent of patients had intracranial hemorrhage, mainly
in the first few days after implantation, and 2% had
surgical site infections. Sudden unexplained death
in epilepsy (SUDEP) was not clearly augmented or

prevented. The SUDEP rate of 3.5/1,000 person-
years is to be expected in the study population of in-
dividuals with refractory focal epilepsies.

As with all such long-term studies with their inev-
itable dropouts, it is important to guard against the
enrichment of the population with self-selection of
individuals who are benefitting and not troubled by
adverse effects. This was accounted for in the analysis
of this study, so that we can be confident that benefits
are not spuriously inflated.

In contrast to the Neuropace study, in the Stimula-
tion of the Anterior Nucleus of Thalamus for Epilepsy
(SANTE) trial of 110 persons, the anterior nucleus of
the thalamus was stimulated electrically, irrespective of
the site of seizure onset. The stimulation was delivered
by standard deep brain stimulation electrodes, and the
stimulator and power supply were implanted in the
chest wall, in a similar location to a vagus nerve stimu-
lator. A further difference from the Neuropace study is
that the SANTE stimulation was preset and not respon-
sive to changes in brain electrical activity. In the
SANTE trial, by 2 years of follow-up, 54% of patients
had seizures reduced by at least 50%,4 similar to the
results of vagus nerve stimulation and the RNS study.

This is an important study of a new therapeutic
technology. As with other neuromodulation treat-
ments for epilepsy, most patients were not seizure-
free. However, the fact that 56% of individuals had
seizures reduced by more than 50%, albeit without
long-term remissions, is an encouraging finding. This
report indicates the feasibility of long-term focal intra-
cranial stimulation, and hence possibly other local ther-
apies, that is responsive to impending seizures, with a
treatment that is given only when and where needed.
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