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Responsive Cortical Stimulation: The 21% Solution?

Responsive Cortical Stimulation for the Treatment of Medically Intractable Partial Epilepsy.
Morrell MJ, RNS System in Epilepsy Study Group. Neurology 2011;27;77(13):1295–1304.

OBJECTIVES: This multicenter, double-blind, randomized controlled trial assessed the safety and effectiveness of
responsive cortical stimulation as an adjunctive therapy for partial onset seizures in adults with medically refractory
epilepsy. METHODS: A total of 191 adults with medically intractable partial epilepsy were implanted with a responsive
neurostimulator connected to depth or subdural leads placed at 1 or 2 predetermined seizure foci. The neurostimulator
was programmed to detect abnormal electrocorticographic activity. One month after implantation, subjects were randomized 1:1 to receive stimulation in response to detections (treatment) or to receive no stimulation (sham). Efficacy
and safety were assessed over a 12-week blinded period and a subsequent 84-week open-label period during which
all subjects received responsive stimulation. RESULTS: Seizures were significantly reduced in the treatment (-37.9%, n
= 97) compared to the sham group (-17.3%, n = 94; p = 0.012) during the blinded period and there was no difference
between the treatment and sham groups in adverse events. During the open-label period, the seizure reduction was
sustained in the treatment group and seizures were significantly reduced in the sham group when stimulation began.
There were significant improvements in overall quality of life (p < 0.02) and no deterioration in mood or neuropsychological function. CONCLUSIONS: Responsive cortical stimulation reduces the frequency of disabling partial seizures,
is associated with improvements in quality of life, and is well-tolerated with no mood or cognitive effects. Responsive
stimulation may provide another adjunctive treatment option for adults with medically intractable partial seizures.
CLASSIFICATION OF EVIDENCE: This study provides Class I evidence that responsive cortical stimulation is effective in
significantly reducing seizure frequency for 12 weeks in adults who have failed 2 or more antiepileptic medication trials, 3 or more seizures per month, and 1or 2 seizure foci.

Commentary
Despite decades of antiepileptic drug development and refinements in neurosurgical treatment, many patients continue
to have uncontrolled, disabling epilepsy. New methods to stop
seizures are needed, and this report by Morrell et al. represents
genuine innovation, because it uses an entirely new method
to treat pharmacoresistant focal seizures.
More than 50 years ago, Penfield and Jasper (1) showed
that direct electrical stimulation of the cortex suppressed
epileptiform discharges. It was later observed that afterdischarges elicited during cortical stimulation mapping could
be aborted by restimulation at the same electrodes (2). In addition, cyclical, low-intensity, high-frequency electrical stimulation of the hippocampus with depth electrodes was found to
produce long-term suppression of temporal lobe seizures (3,
4). Subsequent bedside studies during invasive monitoring
demonstrated that software designed to detect spontaneous seizures could abort them by triggered direct electrical
stimulation of the focus (5, 6). This was termed closed-loop
stimulation, and it was postulated that successful termination
Epilepsy Currents, Vol. 12, No. 3 (May/June) 2012 pp. 97–98
© American Epilepsy Society

of seizures depended on how early in the course of the seizure
the stimulation was delivered and the proximity of the stimulation site to the actual seizure focus (7).
This work led to development of an implantable, programmable system to use chronically for closed-loop stimulation
for treatment of focal epilepsy. This device, the responsive
neurostimulator (RNS), is implanted cranially and is connected
to one or two chronically implanted intracranial depth or strip
electrodes, each with up to four contacts (7). Seizure detection is performed by three different, configurable, detection
algorithms, and stimulation is also adjustable in regards to
frequency, amplitude, and the combination of electrodes to
which it is delivered. Preliminary evidence of safety and efficacy of the device was obtained prior to the pivotal controlled
trial (7).
The cohort of the current study had clinical characteristics
similar to patients typically enrolled in trials of investigational
antiepileptic medications or the vagal nerve stimulator, except
for the additional requirement that they be judged to have
one or two localizable sites of seizure origination that could be
covered by the device’s electrodes. The complication rate was
similar to that reported for invasive epilepsy monitoring (8).
Moderate and serious device-related adverse effects occurred
in 2.5% of patients in the first year, and serious hemorrhage
not caused by seizure-related head trauma occurred in 2.1%.

97

Responsive Cortical Stimulation: The 21% Solution?

Incision site or implant infection occurred in 5.2% of patients,
but no infections of the brain or skull were seen; however,
explanting of the device was necessary in 2.1%. Although it is
conceivable that patients might have symptoms when cortical
stimulation was occurring, it was confirmed that they were not
able to guess, beyond chance, to what group they had been
randomly assigned.
It is notable that there was an overall approximately 30%
reduction in seizure frequency in both the control and treated
groups in the first month after RNS implantation before the
time that treatment began, and this did not return to the preimplantation seizure rate until the fifth postoperative month.
It is not clear whether this represents a placebo effect, akin to
what is observed in investigational antiepileptic medication
trials, or a physiological effect of the surgery itself—transient
or even persistent seizure reductions have been observed
after invasive monitoring in the absence of resection (9). This
drop in seizure frequency in the early postoperative months
resulted in a 27% responder rate (a 50% or great seizure reduction relative to the baseline frequency) in the control group
and a 29% responder rate in the stimulated group during the
12-week blinded randomized period. During this period, 2.1%
of the stimulated group became seizure free, but none of the
control group did. The randomized period was followed by
an unblinded open extension study, during which all patients
received stimulation; the responder rate was 43% at the end of
the first postoperative year.
The finding of a significant, approximately 21%, reduction
in seizure frequency in stimulated patients (-37.9%) relative to
controls (-17.3%) during the randomized evaluation period in
this well-designed trial has led to submission of a premarket
approval application to the FDA. If introduced into clinical
practice, it is likely that device implantation would initially
be offered to a very limited patient subgroup. The modest
demonstrated efficacy in the clinical trial means that RNS is
not an alternative to surgical resection. Also, it should only
be considered after failure of numerous trials of antiepileptic
drugs and vagal nerve stimulation, because the pivotal clinical
trial does not provide evidence that it is more effective than
these other treatments although it does demonstrate that it
has a higher morbidity.
It should be recognized that this trial was designed to
provide definitive evidence of RNS benefit, not to compare
its efficacy to that of other treatments. Because of the paucity
of studies that directly compare different epilepsy therapies, the rate of seizure reduction, or the responder rates in
placebo controlled trials of different therapies are sometimes
compared to estimate relative efficacy. This exercise may be
somewhat misleading for RNS, however, because this is a
complicated treatment. If this device is introduced into clinical
practice, there are many factors that might affect outcomes.
Just as with epilepsy surgery, RNS requires precise delineation of the location and extent of the seizure onset zones.
In patients for whom seizures originate from discrete zones
involving essential language or motor cortex, RNS could be an
appropriate alternative to the current surgical option, multiple
subpial transections, which has unclear effectiveness (10).
Patients with well-defined bilateral seizure onset zones—for
example, those with bilateral temporal lobe epilepsy and
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mesial temporal sclerosis—might also be considered for implantation. Patients who are determined to be poor resection
candidates because of diffuse, multifocal, or ill-defined seizure
origination would also be expected to respond poorly to RNS.
More experience with neural stimulation might better define
specific subgroups of patients with focal epilepsy who have a
higher chance of responding to this modality.
This new epilepsy therapy also lends itself to additional innovation. Efficacy might be improved if new algorithms are developed to detect seizures earlier. Improved electrode arrays might
more completely cover regions of seizure origination. If electrical
stimulation still proved inadequate to arrest seizures completely,
other interventions, such as release of neuroactive substances or
rapid focal cooling, might be coupled to the seizures. RNS could
just be the prototype of a new treatment paradigm.
This successful clinical trial of this complex intervention in
a heterogeneous patient population at 32 centers is remarkable, even though the demonstrated seizure reduction is very
modest. Hopefully, this achievement will break a barrier to
development of different ways to treat epilepsy and will be the
forerunner of many novel approaches to therapy.
by John W. Miller MD, PhD
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