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Purpose of review

This review discusses the current state of the evidence related to the relationship between the cerebellum and
epilepsy, highlighting evidence on neurostimulation of the cerebellum for treatment of epilepsy, and placing

current knowledge into historical context.

Recent findings

The cerebellum plays an important role in certain epilepsy types, both as a key part of epileptic networks
and an area that can give rise to seizures. Cerebellar stimulation as a potential treatment for drug-resistant
epilepsy is a recurring, albeit niche, topic of interest. Over decades of intermittent, often highly limited
investigations into this area of research, there are still more questions than answers. However, more recent
preclinical insights point the way fowards leveraging modern surgical techniques and technology in
investigating cerebellar stimulation as a potential viable treatment approach to select types of epilepsy.

Summary

Cerebellar stimulation holds promise for improving seizure control in people with specific types of drug-
resistant epilepsy. Future studies should leverage new preclinical data, along with modern technology,
neurosurgical techniques, and clinical trial design, to help defermine the optimal stimulation parameters,
optimal stimulation targets, and optimal patientselection for this promising area of investigation.
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Epilepsy affects well over 60 million people world-
wide [1]. While most people with epilepsy can be
seizure-free with antiseizure medication (ASM),
approximately one-third continue to experience
seizures, and may be candidates for invasive treat-
ments including neurostimulation. However, there
remain significant barriers to care and limited treat-
ment options for those with drug-resistant epilepsy
[2]. A full assessment for potential invasive treat-
ments is complex, time-consuming, and expensive.
Many patients continue experiencing disabling seiz-
ures despite undergoing an invasive treatment. For
this reason, the cerebellum has re-emerged as a
potential target for the treatment of epilepsy.

Although historical clinical trials of cerebellar
neurostimulation yielded inconsistent outcomes,
recent advances in neurophysiology, functional
imaging, optogenetics, neurosurgical targeting, and
stimulation analysis have brought increasing clarity
and promise for clinical applicability. This review
briefly summarizes the relevant cerebellar neuroa-
natomy, evidence for the cerebellum's role in epi-
lepsy, and both historical and contemporary animal
and human cerebellar neurostimulation trials, high-
lighting recent contributions and discussing poten-
tial future clinical applications.
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The cerebellum is a complex, tightly folded structure
located in the posterior fossa, dorsal to the pons,
medulla, and fourth ventricle. It is separated from the
cerebral cortex through a thick layer of dura known
as the tentorium cerebelli; its connections with the
rest of the brain must travel through the brainstem,
primarily through three paired cerebellar peduncles.
Anatomically, the cerebellum consists of two hemi-
spheres (subdivided into lateral and intermediate
hemispheres), a midline vermis, and the flocculo-
nodular lobe. The cerebellum is separated rostral-to-
caudal into the anterior lobe (located above the
primary fissure) and the posterior lobe (located below
the primary fissure and above the posterior fissure).
Lobes are separated further into 10 lobules, which are
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KEY POINTS

o Cerebellar stimulation for treatment of epilepsy has a
long, sporadic history that raises more questions than it
answers.

e Current clinical trial data is inadequate for either
supporting or refuting cerebellar stimulation as a
potential target for treatment of drug-resistant epilepsy.

e Recent preclinical data has helped renew interest in
exploring more specific cerebellar targets for treatment
of epilepsy using modern surgical techniques,
technology, and clinical trial design.

then divided into folia. The flocculonodular lobe
(located below the posterior fissure) consists of a
midline nodule and paired lateral flocculi, with
one on each side of the nodule [3].

Derived from the Latin for “little brain” due to
accounting for only 10% of the brain's volume, the
cerebellum contains nearly 80% of neurons in the
central nervous system [4]. Histologically, it consists
of the outermost cerebellar cortex and cerebellar
white matter, with three paired gray matter nuclei
embedded within the white matter known as the
deep cerebellar nuclei (DCN). The cerebellar cortex
has three highly organized cell layers: the molecular
layer, the Purkinje cell layer, and granular layer,
which is just superficial to cerebellar white matter.
The DCN include the fastigial nucleus, medial to the
cerebellar vermis; the interposed nucleus (consisting
of two subnuclei, the anterior emboliform nucleus
and the posterior globose nucleus), located in the
intermediate hemisphere; and the dentate nucleus,
located in the lateral hemisphere. The DCN have
broad projections which include the brainstem, tha-
lamus, and cerebral cortex, highlighting the cerebel-
lum's role in diverse neurological processes [3].

The cerebellar cortex is composed of Purkinje
cells and interneuron populations including granule
cells, Golgi cells, basket cells, and stellate cells. Pur-
kinje cells are the sole neuronal output, providing
tonic inhibitory control on the DCN. Purkinje cells
have been reported to directly project to extracere-
bellar locations as well, including the locus coeruleus
[5]. Granule cells are the sole excitatory interneurons
in the cerebellum, whereas Golgi cells, basket cells,
and stellate cells are inhibitory. Granule cells (located
in the granular layer) project through specialized
axons known as parallel fibers onto dendrites of
Purkinje cells, located in the molecular layer. The
molecular layer is the most superficial, containing
stellate and basket cell bodies, and is where granule
cell axons synapse with Purkinje cell dendrites.
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Functional divisions of the cerebellum include ves-
tibulocerebellum (known as the archicerebellum),
spinocerebellum (known as the paleocerebellum),
and cerebrocerebellum (known as the neocerebel-
lum). The vestibulocerebellum consists of the floc-
culonodular lobe and part of the vermis, and has
roles in balance, posture, and eye movements. The
spinocerebellum consists of the vermis and part of
the lateral hemispheres including the fastigial and
interposed nuclei, and is involved in muscle tone,
sensory modulation of movement, and postural con-
trol, among others [5,6]. The cerebrocerebellum con-
sists of the lateral cerebellar hemispheres, including
the dentate nuclei and has roles in motor planning,
motor learning, complex movements, speech, and
cognitive functions [3,6].

The cerebellum receives afferent input through
mossy fibers and climbing fibers. Mossy fibers origi-
nate from diverse regions throughout the brain,
including the cerebral cortex, brainstem, and spinal
cord. Mossy fibers synapse directly on DCN in addi-
tion to synapsing on excitatory granule cell interneur-
ons and inhibitory interneurons, which modulate
Purkinje cell activity. Climbing fibers originate from
neurons in the inferior olivary nucleus, synapsing
directly on DCN and directly with Purkinje cells [3,5].

Cerebellar output is broad and complex, with
multisynaptic and reciprocal connectivity through-
out the brainstem, cortex, and subcortical regions [3].
Outflow travels predominantly through the superior
cerebellar peduncles, with fibers that decussate in the
midbrain and synapse on numerous contralateral
thalamic and brainstem nuclei. DCN contain com-
plex cytoarchitecture with both local and projection
neurons, and excitatory glutamatergic or inhibitory
glycinergic and GABAergic neurons [4,5]. Fastigial
nucleus efferents predominantly target the reticular
formation and vestibular nuclei, though additional
outputs to the thalamus have been described to under-
lie connections with numerous cortical regions, with
over 60 distinct regions identified including motor
cortex and limbic system [3-5,7,8]. Outputs of the
interposed nuclei include the motor cortex through
the thalamus and the magnocellular division of the
red nucleus. Dentate nucleus output travels via tha-
lamic nuclei to multiple cortical regions including
frontal and parietal lobes, and the parvocellular divi-
sion of the red nucleus [3-5]. Among cerebellar nuclei,
the dentate nucleus receives the majority of Purkinje
cell afferents and provides excitatory output to the
thalamus and brainstem in addition to inhibitory
outputs to the inferior olive [6]. The dentate nucleus
is broadly connected, with outputs to the thalamus,
basal ganglia, and neocortex, highlighting its poten-
tial role in motor, cognitive, and affective disorders.
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Among its diverse connections are the default mode
network (DMN) and visual networks, implying a role
in thought processing, visual attention, and atten-
tion-driven motor control [6].

Historically, there has been an emphasis on the
cerebellum's role in balance, posture, and motor con-
trol, and more recently, it is understood to also have
an important role in nonmotor functions including
language, executive function, autonomic regulation,
attention, and emotion [4,5]. The cerebellum has
direct connections to the amygdala, appears critical
for hippocampal spatial representation, and can be
functionally connected to the hippocampus during
conditioning tasks [5,8,9]. The cerebellum also influ-
ences recovery from autonomic disturbances and is
hypothesized to have a role in SIDS and SUDEP
[4,5,10]. Recent and ongoing work involving trans-
neuronal virus tracing, fMRI, and diffusion tensor
imaging are providing important insights into cere-
bellar connectivity [6].

THE CEREBELLUM'S ROLE IN EPILEPSY

The cerebellum's broad and diverse connectivity impli-
cates it in numerous neurological disorders, including
seizures and epilepsy [4,5,8,9]. Across preclinical mod-
els, the cerebellum is prominent in epileptic networks,
and may have an active modulatory and inhibitory role
in epilepsy. Phase-locked cerebellar spiking is present in
absence and TLE models; cerebellar neuronal depolari-
zation abnormalities are present in absence and motor
seizures; pharmacological disruption of cerebellar exci-
tatory and inhibitory tone produces spontaneous
seizures; genetic deletion of cerebellar P/Q channels
produces absence epilepsy [4,5,7]. Similar to chronic
epilepsy in humans, animal models have shown mid-
line cerebellar volume loss, particularly in the posterior
lobe [4,11,12]. Using a novel calcium imaging techni-
que in a preclinical model of focal epilepsy, widespread
cerebellar alterations were preceding both hippocam-
pal seizures and interictal discharges [13].

While neuroanatomical changes in the cerebel-
lum in people with chronic epilepsy have historically
been attributed to ASMs (i.e. phenytoin), additional
studies controlling for exposure identified cerebellar
atrophy correlating to disease severity and duration,
particularly in temporal lobe epilepsy [4-6]. Volume
loss in the corpus medullare and posterior lobe, as
well as Purkinje cell degeneration are hallmarks of
epilepsy-related cerebellar atrophy [4,11]. Atrophy is
associated with epilepsy duration and tonic-clonic
seizure frequency, and reduced white matter volume
has been associated with generalized tonic clonic and
myoclonic seizures [4,14]. Decreased cerebellar gray
matter, particularly in the vermis, has been associ-
ated with SUDEP and those with high SUDEDP risk,
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compared to controls and low-risk patients [15]. This
may be related to Purkinje cell injury resulting in
impairment in the DCN function responsible for
autonomic recovery [16].

Functional imaging has also demonstrated impoz-
tant findings for understanding the role of the cere-
bellum in epilepsy. Cerebellar crossed diaschisis is well
known phenomenon in people with focal epilepsy,
and ictal FDG-PET during absence seizures has dem-
onstrated cerebellar vermis hypermetabolism with
cerebellar hemisphere hypometabolism [17]. In
patients with idiopathic generalized epilepsy, EEG-
fMRI shows cerebellar hyperperfusion following gen-
eralized epileptiform discharges [18]. Volumetric MRI
in patients with progressive myoclonus epilepsy has
revealed decreased white matter fiber density, partic-
ularly in deep cerebellar nuclei (DCN) and superior
cerebellar peduncles [19]. Similar analyses in familial
cortical myoclonic tremor with epilepsy also identi-
fied decreased cerebellar volume and gray matter
compared to both controls and patients with essential
tremor [20]. Cerebellar hyperperfusion is commonly
seen on ictal SPECT of focal seizures, with increasing
cerebellar hyperperfusion in proportion to the time
from seizure onset to radiotracer injection [21,22]. In
focal to bilateral tonic-clonic seizures, cerebellar
hyperpertusion changes follow bilateral propagation
and then become highly significant postictally [23].
Functional connectivity studies have identified
abnormalities in both temporal lobe epilepsy and
generalized epilepsy [7]. In patients with mesial tem-
poral sclerosis who undergo anterior temporal lobec-
tomy, postoperative PET hypermetabolism in the
cerebellar vermis and bilateral hemispheres is predic-
tive of poor surgical outcomes [24].

In case reports of cerebellar lesional epilepsy, ster-
eotyped features include hemifacial and ocular move-
ments, as well as autonomic dysfunction including
apnea and bradycardia [4]. Depth electrode sampling
of cerebellar lesions have found both interictal dis-
charges and seizure onsets when surface EEG was
unrevealing [25-27]. Cerebellar lesional epilepsy is
nearly always diagnosed in infancy, with a third pre-
senting on the first day of life and over 80% before age
one. It typically presents with ipsilateral hemifacial
clonic or tonic seizures, which are highly resistant to
ASMs, but respond well to resective surgery: patients
with such lesions typically achieve long-term seizure-
freedom and medication discontinuation following
resection [4,27,28].

CEREBELLAR STIMULATION AS EPILEPSY
TREATMENT

Modern preclinical studies support investigation into
human trials. As opposed to open-loop stimulation,
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closed loop stimulation has been recently explored as
a more controlled method of stimulating in response
to seizures or interictal activity [29-31]. Closed loop
stimulation has allowed for optimization analyses,
improving the ability to suppress seizures with stim-
ulation, in contrast to open loop stimulation [32-34].
Excitation of excitatory DCN output appears critical
for seizure inhibition across preclinical models,
though specific DCN targets may vary between epi-
lepsy models and seizure types [8,9,32].

Thereis evidence of different stimulation effects
at specific targets in various models. For instance,
excitation and not inhibition of fastigial nuclei
reduces seizures in a mouse model of TLE [33].
Generalized spike-wave discharges have been
reduced through stimulation of intermediate and
lateral cerebellar nuclei, and exacerbated through
inhibition of DCN [35]. Based on current preclinical
data, the fastigial nucleus and medial cerebellum
may be more effective for treating TLE, while the
dentate nucleus and lateral cerebellum may be more
effective in targeting generalized epilepsies (Fig. 1);
however, it remains unclear which may be ideal for
extratemporal focal, multifocal, or mixed epilepsies
(4,8,51].

Data from humans on this topic predates animal
models. From a historical perspective, targeting the
cerebellum has been a recurring topic in the treat-
ment of epilepsy beginning with Hughlings Jack-
son's first case report of seizures secondary to a

cerebellar tuberculoma nearly 150years ago [28].
Galvani and Aldini explored electrical stimulation
of the ox cerebellum as early as 1798, yet advances
in understanding have been slow and incompletely
explored [36]. Years later, human and animal stud-
iesin the 1930s and 1940s demonstrated cerebellar
stimulation can affect electroencephalography
(EEG), including the abrupt termination of cobalt-
induced frontal lobe seizures [37-40]. Based on this,
researchers at the time thought the cerebellum may
have an “active inhibitory role” in epilepsy and
hypothesized that status epilepticus was at least
partially related to a breakdown of cerebellar inhib-
ition [37,41-43]. In 1965, Snider and Wetzel [44]
performed the first studies of cerebellar stimulation
in humans, demonstrating both “synchronizing
and desynchronizing effects” on the awake EEG.
Additional studies found evidence of fastigial
nuclei involvement in at least some seizures,
though this was not adequately controlled for epi-
lepsy type [45].

Irving S. Cooper performed the first clinical
trial of chronic cerebellar stimulation in epilepsy,
utilizing an “electrode mesh” and reporting that
56% of patients experienced 50% or more reduc-
tion in seizures. The stimulation targets for these
cases were reported as regions the cerebellar cortex
that were not well specified, and the specific stim-
ulation settings were also largely unreported apart
from using a pulse width of 1 ms [46-48]. This was

Cerebellar
cortex

Dentate
nucleus

Fastigial

nucleus
Globose

nucleus
>

Emboliform
nucleus

FIGURE 1. Theoretical targets of cerebellar stimulation for the treatment of epilepsy. Current preclinical data suggests the fastigial
nucleus and medial cerebellum may be more effective for treating temporal lobe epilepsy; the dentate nucleus and lateral
cerebellum may be more effective in targeting generalized epilepsies. Adapted with permission from Elder et al. 2024 [4].
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followed by several small, uncontrolled, unblinded
trials reporting improvements in seizure control
though of unclear significance due to poor study
design. In the many studies, targets included var-
ious (and often unspecified) areas of the cerebellar
cortex [49-51], and one included the dentate
nucleus [52]. Eventually, two controlled, blinded
trials reported no benefit to seizure control, and
subsequent trials of cerebellar stimulation were
largely abandoned [50,53]. However, even these
trials were fraught with inconsistences. The blinded
controlled trial by van Buren et al. [50] reported
no benefit, but following review, four out of
five study patients had experienced dramatic seiz-
ure reduction when cerebellar stimulation was
enabled [38]. A 2005 study was the most recent
clinical trial of cerebellar stimulation for epilepsy,
and showed that in five patients with drug-
resistant epilepsy, tonic-clonic seizure was reduced
by 59% within 6 months of stimulation, and in
the three patients who continued stimulation up
to 2 years, this reduction increased to 76% [38].
However, three of five patients experienced
displacement of the lead or electrode requiring sur-
gical repositioning, and one experienced serious
infection, indicating that cerebellar electrode place-
ment may have unique risks as compared to other
regions.

Considering available clinical trial data with the
(implications from the most prominent studies out-
linedin Table 1), thereis limited information on the
efficacy of cerebellar stimulation for epilepsy. This
highlights the importance of this as an area for

further investigation, utilization more rigorous
study methods, and accounting for important
patient-specific information such as seizure and
epilepsy classifications, seizure frequencies, medi-
cation data, imaging data, type of stimulation, and
controlling for potential placebo and implant
effects [54].

The cerebellum, once viewed primarily through the
lens of motor control, has re-emerged as a compel-
ling target for epilepsy treatment. Growing evidence
supports the cerebellum as an active, possibly critical
component of seizure networks, with a likely role in
SUDEP. Regrettably, early work in this field was
largely abandoned in response to studies, that in
retrospect had significant methodological and tech-
nological limitations. However, with advances in
imaging, optogenetics, and closed loop stimulation,
contemporary preclinical research has provided crit-
ical insights for the re-emergence of human cerebel-
lar stimulation trials. The therapeutic effect of
cerebellar stimulation is now hypothesized to be
driven by excitation of DCN, achieved through
either direct stimulation or indirectly through dis-
inhibition. The fastigial nucleus and medial cerebel-
lum may be a viable target for temporal lobe epilepsy,
while the dentate nucleus and lateral cerebellum
may be effective for generalized epilepsies. With
modern stimulation technology and surgical techni-
ques, the field is poised for hypothesis-driven, well
designed clinical trials.

Table 1. Cerebellar stimulation clinical trials: key findings and implications

Study Summary

Implications

Cooper et al. 1973, 32 total patients with epilepsy received stimulation via
cortical mesh stimulator. Uncontrolled, unblinded, and

1078 [47,48]

Reported benefit. However, numerous concerns regarding
study design and replicability.

not stratified by seizure/epilepsy classification. Overall
reported that 56% of patients experienced >50%

seizure reduction.

van Buren et al.

1978 [50]

range of stimulation parameters.

Wright et al. 1984

[53] stimulation for six months.

Velasco et al. 2005

double-blind stimulation initiation protocol

Enrolled five patients and compared 1-week-on vs. one-
week-off cerebellar cortical stimulation intervals under
blinded and double blinded conditions using a wide

Enrolled 12 patients for double-blind cerebellar cortical

Enrolled five patients for midline cerebellar cortical
[38] stimulation; control period of 3 mo preimplant
compared to postimplant at multiple time points, with

Reported no benefit. However, upon subsequent review it
was found that four of five participants had experienced
dramatic reduction in seizure frequency when cerebellar
stimulation was enabled over a longer period.

Reported no objective benefit could be attributed to
stimulation, though 11 of 12 reported subjective benefit.

Reported clinically significant improvement in seizures.
However, frequent clinically significant complications
(three of five patients).

1350-7540 Copyright © 2026 Wolters Kluwer Health, Inc. All rights reserved.
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