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Abstract: Ischemic stroke survivWors often suffer from severe
disability and impaired quality of life, and the current treatments
are inadequate. Deep brain stimulation (DBS) is a promising
strategy to enhance recovery and alleviate symptoms, as it can
modulate the electrical activity of neural circuits and facilitate
neuroprotection and regeneration. In this review, we conducted
a comprehensive literature search and summarized the chronic
sequelae and mechanisms of ischemic stroke. Then we discuss
the common targets and outcomes of DBS in preclinical and
clinical studies, as well as the challenges and opportunities of
DBS for ischemic stroke treatment.

Keywords: DBS, ischemic stroke; dentate nucleus; motor dys-
function; post-stroke pain.

INTRODUCTION

Ischemic stroke accounts for about 70% of all stroke cases, result-
ing in significant death and disability (Benjamin et al., 2019). Stroke
can cause a wide range of sensory-motor sequelae, including motor
weakness, paralysis, spasticity, ataxia, sensory loss/numbness, dys-
arthria, and dysphagia, as well as a variety of cognitive and psychi-
atric disorders, such as depression (Guo et al., 2022; Schweizer &
Macdonald, 2014).

However, current stroke treatments remain limited, with tPA ther-
apy and mechanical thrombolysis in the acute phase proving to be ef-
fective regimens for restoring perfusion (Phipps & Cronin, 2020). Due
to the short therapeutic window, only a small number of patients can
receive timely intervention (Albers et al., 2018; Powers William et al.,
2019). New therapeutic options are constantly being proposed, and at-
tention has been focused on the use of drugs, cell therapies, hydrogels,
electrical stimulation, and even ultrasound stimulation to modulate
neuroprotection in the acute phase and to promote neuroregeneration
in the chronic phase (Baek et al., 2020; Boese et al., 2018; Elias et al.,
2018; Griauzde et al., 2019; Jiang et al., 2023).

Various modalities of neuromodulation with electric stimulation
are currently being investigated for use in ischemic stroke, such as
transcranial direct current stimulation (tDCS), repetitive transcranial
magnetic stimulation (fTMS), motor cortex stimulation (MCS), vagus
nerve stimulation (VNS) and deep brain stimulation (DBS) (Ananda
et al., 2023; Elias et al., 2018). DBS is a well-established treatment for
Parkinson’s disease, with proven safety and efficacy (Troche et al.,
2013). In stroke rehabilitation, DBS is thought to modulate neuroplas-
ticity and enhance functional recovery after stroke (Elias et al., 2018).
In this review, we summarize the anatomical and functional aspects of
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DBS targets from pre-clinical and clinical evidence
and discuss the potential of DBS as a rehabilitation
approach for ischemic stroke.

1. ISCHEMIC STROKE: SITE,
MECHANISM, AND SEQUELAE

Much valuable evidence has been accumulated on
electrical stimulation for stroke rehabilitation, and
it is not our intention to repeat the statements that
have been made, but rather to focus on the asso-
ciation between deep brain electrical stimulation
and ischemic stroke - particularly ischemic dam-
age triggered by occlusion of the middle cerebral
artery - by summarizing and exploring a range of
pre-clinical to clinical experience for the reference
of colleagues.

1.1. Common occlusion site of stroke

In the 1970s, it was first discovered that the direct
cause of ischemic stroke is hypoperfusion in the
brain, where vascular occlusion leads to a lack of
oxygen and glucose in the brain tissue, which in
turn leads to hibernation and even death (Campbell
et al., 2019). Depending on the degree of perfusion
preservation, the survival of cells in the center and
around the ischemic infarct foci varies. Neurons
and astrocytes that have temporarily lost their elec-
trophysiological function are present in the region
near the ischemic margins, a region known as the
ischemic penumbra in nuclear magnetic imaging
(Astrup et al., 1981).

The usual cause of ischemic stroke is throm-
boembolism (Campbell et al., 2019). Thrombus
often comes from LARGE artery atherosclero-
sis and cardiac diseases such as atrial fibrillation
(Savoiardo, 1986). The blood supply to the brain
comes mainly from the skull base arterial ring, and
when one artery embolizes, neighboring arteries
may partially provide compensation to maintain
the survival of the ischemic penumbra tissue (Ta-
ble 1). Depending on the embolized vessel, isch-
emic stroke can cause damage to different regions
of brain tissue, corresponding to different clinical
symptoms (Mergenthaler et al., 2022). The blood
supply to the brain is ensured by four aortas: two
internal carotid arteries (ICA) and two vertebral
arteries (VA). The ICA ascends vertically from the
bifurcation of the common carotid artery to the
base of the skull, where it enters the skull through
the carotid canal.
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(DThe anterior cerebral artery (ACA) supplies
the medial surface of the brain and the superior mar-
gins of the frontal and parietal lobes (Mergenthaler
et al., 2022). (2)The middle cerebral artery (MCA)
supplies most of the cerebral hemispheres, includ-
ing the lateral surface of the cerebral hemispheres
and the deep margins of the frontal and parietal
lobes. and the deeper structures of the frontal and
parietal lobes. (3) The VA circulation, which in-
cludes the posterior cerebral artery (PCA), supplies
the upper spinal cord, the brainstem, the labyrinth,
the cochlea, the cerebellum, the lower thalamus,
parts of the thalamus, and the temporo-occipital
lobes. The ICA circulation and the VA circulation
form the base of the brain in the Willis Circle and
provide important collateral circulation to the brain
in the event of an obstruction of the ICA.

MCA stroke is the most common stroke group,
accounting for half of all stroke incidents (Ng et
al., 2007). It affects different brain regions depend-
ing on the involved division of the middle cerebral
artery. The superior division causes contralateral
hemiplegia, hemisensory loss, and non-fluent (Bro-
ca’s) aphasia on the dominant side, while the infe-
rior division causes contralateral hemianopia and
fluent (Wernicke’s) aphasia on the left side (S. JX.
Murphy & Werring, 2020).

1.2. Permanent sequelae of stroke

Focal ischemic stroke, which may involve cortical
and subcortical areas as well as downstream fiber
tracts, leads to deficits in neural circuits and may
even disturb brain regions distant from the isch-
emic lesion (Siegel et al., 2016). The impairment of
structural and functional connectivity plays a criti-
cal role in poststroke deficits and results in multiple
sequelae (Egger et al., 2021).

1.2.1. Post-stroke motor dysfunctions

Early damage from blood flow occlusion leads to
immediate and irreversible cell death in the isch-
aemic core, while neurons in the penumbra remain
partially perfused but at a reduced rate, and these
neurons can be salvaged if blood flow is restored in
time (Baron, 2018). Over time, reperfusion, blood-
brain barrier (BBB) disruption, and inflammation
can bring about a second injury, causing more dam-
age to the remaining tissue (Boese et al., 2018).
Dormancy and loss of neurons are direct con-
tributors to motor deficits, and while a small amount
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of neural regeneration and functional compensation
exists in the chronic phase, it is often insufficient
(Alawieh et al., 2018). Duncan et al.(1992) reported
that initial motor impairment as measured by the
Fugl-Meyer Upper Extremity (FM-UE) scale ac-
counted for half of the variance in motor score 6
months post ischemic stroke impairment. chronic
motor dysfunction can be predicted by assessing
the degree of nerve damage in the vulnerable pyra-
midal tract in patients with acute ischemic stroke.
Feng et al. (2015) developed an imaging biomark-
er (weighted CST lesion load, wCST-LL) to mea-
sure corticospinal tract (CST) damage by stroke.
wCST-LL in acute stroke predicted motor outcomes
(FM-UE scores) at 3 months, especially for severe-
ly impaired patients. When patients are above 7.0cc
wCST-LL, they had poor motor outcomes (FM-UE
< 25) at 3 months. Other preclinical studies have
also shown that there is a clear window of time for
neuroplasticity and that the ability for brain re-wir-
ing and plasticity is highly correlated with the
number of neurons involved after ischemic stroke,
thus affecting the recovery of motor function in the
chronic phase (Murphy & Corbett, 2009).

1.2.2. Post-stroke pain

Central post-stroke pain (CPSP) is a neuropath-
ic pain syndrome that results from damage in the
central nervous system (CNS), for example, isch-
emic stroke. It is characterized by pain in the body
regions that correspond to the injured brain areas.
Although the thalamus is the most common site of
injury, other brain regions such as the internal cap-
sule, brainstem, and cerebral cortex are also consid-
ered candidate targets (Akyuz & Kuru, 2016).

The pathogenesis of CPSP is still not fully elu-
cidated, but it is generally attributed to abnormal
nociceptive processing in the damaged brain after
a stroke occurs. This may cause alterations in pain
perception and hypersensitivity (Betancur et al.,
2021). Here are some possible mechanisms:

Head and Holmes (1911) proposed the disinhi-
bition theory to explain the abnormal perception of
pain and non-pain stimuli after lateral thalamus in-
jury which can be caused by ischemic stroke. They
suggested that the injury would cause loss of corti-
cal control and thalamus hyperactivity. Craig et al.
extended this theory and proposed that the imbal-
ance between the thermosensory area in the insula
and the limbic network is due to CNS lesion ((Bud)
Craig, 1998). They claimed that lesions of the
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lateral spinothalamocortical pathway, connected
to the parieto-insular cortex, would disinhibit the
nociceptive activity in the medial spinothalamocor-
tical pathway, connected to the anterior cingulate
cortex. This would result in loss of thermo-sensory
integration, manifested as burning pain and exag-
gerated responses to harmless temperatures.

1.2.3. Other post-stroke sequelae

After stroke occurs, other multiple sequelae may per-
sist over time, such as psychosomatic problems and
cognitive impairments. Post-stroke depression (PSD)
is one of the most common and serious complications
following a stroke, with approximately one-third of
ischemic stroke patients experiencing depressive
symptoms (Guo et al., 2022). PSD has a serious im-
pact on functional recovery and quality of life and is
also associated with a high mortality rate. One theo-
ry suggests that this phenomenon is primarily related
to the dysfunction of the hypothalamic-pituitary-ad-
renal (HPA) axis, with altered neurotransmitters
(e.g., 5-HT and glutamate) contributing to the devel-
opment of PSD (Juruena et al., 2018). Alternative-
ly, neurotrophic factors, such as insulin-like growth
factor-1 (IGF-1) and brain-derived neurotrophic fac-
tor (BDNF), are suggested to change serum levels
after stroke onset (King et al., 2019).

Cognitive dysfunction is another common
stroke complication, affecting approximately one-
third of stroke patients (Zhang & Bi, 2020). The
pathogenesis of cognitive dysfunction after stroke
includes neuronal injury, altered neuronal metab-
olism, neuroinflammation, and neuroplasticity.
Cognitive dysfunction after stroke is commonly
assessed in a variety of ways including neuropsy-
chological testing, neuroimaging, and biomarkers.

2. DBS TARGETS FOR CIRCUIT
REMODULATION

In this section, we introduce several stimulation
targets for DBS implantation. By modulating the
electrical balance, neural circuits damaged by
stroke can be partially activated or blocked with
certain stimulation patterns (Table 2).

2.1. Subthalamic Nucleus
The subthalamus contains the subthalamic nucleus
(SNT), which serves to form a loop with the Nu-

cleus reticularis tegmenti projecting back and forth
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to form synchronized excitation pulses, from which
excitation pulses are delivered to the medial and
lateral nuclei of the pallidum and substantia nigra
in the main loop of the basal ganglia nerves to pro-
vide excitation and temporal control of neural activ-
ity in these nuclei, which is then followed by syn-
ergistic control of motor actions by the main loop
(Obeso et al., 2008). Kramer et al. implanted elec-
trodes into the rat STN and used photothrombosis
to inflict ischaemic damage to the cortex (Kramer,
Schuhmann, Volkmann, et al., 2022). After 7 days
of continuous high-frequency stimulation (130 Hz;
60 ps; monophasic square wave pulses), the fore-
limb grasping ability of rats with ischemic stroke
was significantly improved, while [18F]JFDG PET
also showed an increase in glucose metabolism in
the sensorimotor cortex. More extensive [18F][FDG
PET revealed a high glucose uptake in the corticos-
ubthalamic/pallidosubthalamic circuit, particularly
ipsilateral to the stimulated side, suggesting that
high-frequency electrical stimulation targeting the
STN may have remoduled the neuronal network in-
volved in upper limb motor function.

2.2. Mesencephalic locomotor region

The mesencephalic locomotor region (MLR) is a
region located in the midbrain that is closely asso-
ciated with motor evocation. This name originally
comes from experiments on electrical stimulation
of the cat brain, where electrical stimulation of
this region induced locomotor behavior in cats
(Shik et al., 1966). The mesencephalic locomotor
region is highly conserved evolutionarily and is
enriched in glutamatergic MLR neurons express-
ing vesicular glutamate transporter 2(VGLUT?2)
in three subregions: the pedunculopontine nucleus
(PPN), the cuneiform nucleus (CnF) and the mes-
encephalic reticular formation (mRT) (Arber &
Costa, 2022).

The MLR is considered a target for neuromod-
ulation because of its involvement in the initiation
and control of gait. Fluri et al. (2017) implanted
stimulating electrodes in the MLR of rats using
photothrombosis to trigger stroke in the sensorim-
otor cortex and initiated electrical stimulation (130
Hz; 60 ps; monophasic square wave pulses) 3-4
days after the stroke occurs. The results showed
that high-frequency electrical stimulation target-
ing the MLR significantly increased walking speed
and improved gait in rats with ischemic stroke.
Unilateral stimulation of the MLR (ipsilateral to
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photothrombotic stroke) was sufficient to improve
quadrupedal walking. The authors speculate that
high-frequency electrical stimulation of the MLR
may partially restore normal locomotor behavior
in rats by shielding brainstem and spinal locomotor
centers from abnormal cortical inputs after isch-
emic stroke.

2.3. Dentate nucleus

The dentate nucleus (DN) is the largest nucleus
in the cerebellum, adjacent to the fourth ventri-
cle. It consists of a dorsal motor area and a ventral
non-motor area (Nicholson et al., 2020). The DN
projects to the upper cerebral cortex via a dentate
synaptic tract (DRT) that crosses the superior pe-
duncle of the cerebellum, whereas the dorsal mo-
tor domain of the DN projects to the ventral lateral
nucleus of the thalamus, parabasal red nucleus of
the lateral ventricles, and the reticular formation,
and thus primarily targets the motor and premotor
cortex (Tacyildiz et al., 2021). In contrast, the ven-
tral non-motor domain projects to the ventral lateral
thalamic nucleus and the dorsomedial paraventric-
ular red nucleus, thus targeting primarily the pre-
frontal and parietal cortex (Dum & Strick, 2003).
Efferent fibers from the DN to the reticular for-
mation are critical for muscle tone management.
Although there is no evidence for a direct link be-
tween the right and left DN, they may communicate
indirectly through the corpus callosum, the cerebel-
lar junction, and bilateral projections to the mesen-
cephalon and brainstem, and modulate muscle tone
during unilateral motor tasks (Hoshi et al., 2005).
Thus, the structural and functional specificity of the
DN makes it an important target for DBS therapy.
The idea of using electrical stimulation to target
DN to modulate movement disorder after ischemic
stroke is not new. The first attempt was in 2009,
Machado et al. discovered that chronic 30-Hz deep
cerebellar stimulation coupled with training en-
hances post-ischemia motor recovery and peri-in-
farct synaptophysin expression in rats ( Machado
et al., 2009, 2013). Then Cooperrider et al. ( 2015)
investigated changes in cortical infarcted rats after
receiving lateral cerebellar nucleus (LCN, the ro-
dent analog to the human DN) stimulation in the
chronic phase from a neuroplasticity perspective.
They found that electrically stimulated treated
animals had a twofold increase in synaptic densi-
ty and exhibited increased long-term potentiation
and plasticity, including synaptophysin, NMDARI,
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CaMKII, and PSD95. Recent clinical studies have
also shown promising outcomes with solid evidence
from a phase I trial, which we shall discuss in the
clinical section (Wathen et al., 2018).

3. DBS TARGETS FOR
NEUROPROTECTION & NEUROGENESIS

DBS is thought to modulate the inflammatory re-
sponse in the acute phase and promote neural re-
generation in the chronic phase, thus improving
post-infarction recovery in terms of regeneration of
neurological functions.

3.1. MLR

Recent studies have shown that MLR electrical
stimulation 3 days after stroke modulates the lev-
el of glucose metabolism in the cerebral cortex and
can trigger anti-inflammatory processes within the
perilesional area by modulating the cholinergic
system (Krdamer, Schuhmann, Schadt, et al., 2022;
Schuhmann et al., 2019). Another study showed
that high-frequency stimulation aimed at the MLR
triggers anti-inflammatory processes in the peri-in-
farct zone by modulating the cholinergic system
(Schuhmann et al., 2021). The electrical-stimulated
group of rats with cortical infarcts exhibited lower
levels of IFN-y, TNF-a, and IL-1a, and the number
of ChAT+ CD4+-cells was significantly elevated,
speculating that electrical stimulation may achieve
suppression of the inflammatory response through
the activation of a7 nicotinic acetylcholine recep-
tor(a7nAchR) (Schuhmann et al., 2021).

3.2. Medial Preoptic Nucleus

In addition, Zhang et al. (2022) found that electrical
stimulation of the medial preoptic nucleus (MPNs)
could effectively reduce body and brain tempera-
tures in mice, which in turn inhibited the neuroin-
flammatory response after ischemia, lowered the
level of inflammatory factors, and reduced neuronal
apoptosis and necrosis, thereby reducing the vol-
ume of ischemic cerebral infarction, and improving
neurological and cognitive functions.

Lateral Cerebellar Nucleus
Wu et al. placed DBS electrodes in the lateral
cerebellar nucleus (LCN) and then created cor-

tical ischemia in the rat cerebral cortex using
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endothelin-1, and started electrical stimulation
8 days after endothelin-1 injection. The results
showed that LCN electrical stimulation could pro-
mote the proliferation and differentiation of neural
stem cells and the formation of new neurons and
synapses by activating cerebellar-cerebral circuits
and increasing the expression of neurotrophic
factors. The effect of LCN electrical stimulation
was affected by parameters such as the frequency,
intensity, duration, and timing of stimulation, as
well as the severity and location of ischemia (Wu
et al., 2020). Chan et al. (2018) found that neuro-
genesis following motor cortex ischemia could be
promoted by electrical stimulation of the LCN in
mice, resulting in improved neurological and cog-
nitive function. Cortical ischemia was induced in
rats, electrodes were implanted in the contralateral
LCN, and then electrical stimulation was started 6
weeks after stroke induction and continued for 4
weeks. The results showed that increased cell pro-
liferation was observed in the peri-injured cortex
as well as in bilateral mediodorsal and ventrolater-
al thalamic subnuclei and that this neurogenic ef-
fect at the level of the motor cortex was selective,
with more glutamatergic neurogenesis but signifi-
cantly less GABAergic neurogenesis occurring in
rats that had undergone electrical stimulation of
the LCN.

3.3. Fastigial Nucleus

The fastigial nucleus(FN) is located at the top of the
fourth ventricle and contains adrenergic intrinsic
neurons and nerve fibers, which serve as the final
integration site and final output of the spinocerebel-
lum and are involved in the regulation of a wide
range of whole-body systems including feeding,
cardiovascular, respiratory, defecation and urina-
tion.(Sathyanesan et al., 2019) Stimulation of the
fastigial nucleus is thought to exert neuroprotective
effects after stroke through inhibition of apopto-
sis, inflammatory response, excitotoxic damage on
neurons, and electrical activity around the lesion to
exert neuroprotective effects after ischemic stroke
and to promote reconstruction of neural tissue
(Wang et al., 2014).

In addition, several earlier studies have also
supported the idea that electrical stimulation pro-
motes increased brain plasticity and enhanced neu-
ral regeneration after ischaemic stroke.(Cooperrid-
er et al., 2014; Machado et al., 2013; Morimoto et
al., 2011)

Human Brain (2023) 2(3) | B
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4. RECENT CLINICAL APPLICATIONS
OF DBS IN POST-STROKE RECOVERY

The literature review reveals two primary indica-
tions in recent years for the application of Deep
Brain Stimulation (DBS) following an ischemic
stroke: the management of post-stroke pain and the
intervention for motor dysfunction (Table 3).

4.1. DBS for post-stroke pain

Post-stroke pain can impact up to 50% of stroke
survivors, with the majority enduring daily pain
(Plecash et al., 2019). The most common forms of
chronic post-stroke pain are shoulder pain, central
post-stroke pain (CPSP), painful plasticity, and
tension-type headache, among which CPSP main-
ly corresponds to the cerebrovascular lesion (Klit
et al., 2009). Initial hypotheses posited that CPSP
originated exclusively from a lesion in the somato-
sensory thalamus (Krause et al., 2012; Paciaroni
& Bogousslavsky, 1998). However, contemporary
understanding recognizes that the disorder can
arise from a lesion impacting any pain processing
pathway in the brain, including the brainstem, the
posterior limb of the internal capsule (PLIC) or co-
rona retina, and somatosensory cortex emerge as
implicated regions in alterations to bursting and
oscillatory behavior in diverse areas, such as the
somatosensory thalamus and Periaqueductal Gray
(PAG) (Elias et al., 2018).

The advancement in our understanding of pain
pathways has led to a broadening scope of clinical
studies in the past decade, encompassing an ex-
panded array of stimulation sites in research. While
the PVG/PAG, somatosensory thalamus (specifical-
ly, VPL or VPM thalamus), and PLIC continue to
be regarded as commonly used and reliable stim-
ulation sites, new sites such as the nucleus ventro-
caudalis parvocellularis internis (VCPCI) and the
junction of the Cl and MD (CL/MD) are emerging
as potential sources of patient benefit. The anteri-
or cingulate cortex (ACC), in conjunction with the
orbitofrontal cortex (OFC) and other pain-related
brain regions, is under ongoing investigation in
clinical cohorts. As for the evaluation of outcome,
The Visual Analog Scale (VAS) remains the most
objective measure of pain. However, short-term
reductions in objective measures may not neces-
sarily indicate the true efficacy of DBS, as patient
analgesia is significantly influenced by the insertion
effect (Hamani et al., 2006). Consequently, longer
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follow-up periods and retrospective studies may be
imperative to demonstrate the effectiveness of new
stimulation sites.

4.2. DBS for post-stroke
motor dysfunctions

The principal motor dysfunctions encompass trem-
ors, dystonia, dyskinesia, and motor deficits. A
tremor in stroke patients often stems from thalamic,
brainstem, or cerebellar lesions, precipitating either
action tremor, resting tremor, or combined Holmes
tremor. Recent studies of post-stroke tremor have
centered primarily on the Holmes tremor, which is a
unique and debilitating movement disorder that usu-
ally results from lesions of cerebellothalamic and
dento-rubro-olivary connections (Nsengiyumva et
al., 2021). The treatment approach for postischemic
stroke tremor mirrors that applied to other forms of
tremor, with a focus on the motor thalamus, par-
ticularly targeting the ventral intermediate nucleus
(VIM) and the nucleus ventralis oralis (VO).
Post-stroke dystonia often arises from lesions in
the cortico-striato-pallido-thalamic or the cerebel-
lo-thalamo-cortical loops (Gonzalez et al., 2015).
In post-stroke dystonia, the commonly targeted re-
gions for DBS include the traditional Globus Palli-
dus Internus (GP1i) as well as more recently explored
sites such as VIM, Subthalamic Nucleus (STN), and
Dentate Nucleus (DN). It is essential to note that the
widely used Burke-Fahn-Marsden Dystonia Rating
Scale (BFMDRS) in DBS trials may lack valida-
tion. Disease heterogeneity may explain some of
the large differences in BFMDRS improvement,
but taken together, stroke-induced dystonia did
not respond well enough to DBS (Abdulbaki et al.,
2023). Also, this scale does not adequately capture
changes relevant to daily functioning and quality of
life, therefore, incorporating additional endpoints is
crucial for a more comprehensive and accurate as-
sessment of the benefits derived from DBS.
Post-stroke dyskinesias typically include chorei-
form dyskinesias (ballism, chorea, and athetosis)
and non-choreo-dystonic dyskinesias (eg, tremor,
asterixis, and myoclonus) (Nakawah & Lai, 2016).
Hemiballism is the most common form of dyskine-
sias that appears in recent research, which is nota-
bly better controlled through DBS in clinical cases.
The motor nuclei of the thalamus, particularly the
VIM and the VO, served as the most frequently tar-
geted areas. However, recent studies have revealed
that GPi is also an effective target for treatment.
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Upper motor neuron syndrome persists as the
predominant consequence of a stroke, and despite
contemporary interventions, up to 50% of stroke
survivors endure post-stroke disability, often re-
quiring assistance for daily tasksa (Lawrence
et al., 2001; Tsao et al., 2022). Empirical data re-
garding the utility of DBS in addressing paralytic
dyskinesia and concomitant Upper Motor Neuron
Syndrome (UMNS) is limited. However, recent
advancements in cerebellar neuromodulation have
exhibited promise in rehabilitation, introducing a
potential site selection for patients (Cooperrider et
al., 2020). A recent phase I clinical trial has show-
cased the capacity of Dentate Nucleus (DN) DBS
to extend the extent and time window of neuro-
plasticity after both ischemic and traumatic brain
injuries. (Baker et al., 2023). This approach facili-
tates functional recovery and homologous cortical
reorganization, presenting a promising avenue for
enhancing patient outcomes.

4.3. Limitation and future direction

The existing clinical literature highlights the pivot-
al role of DBS in addressing maladaptive phenom-
ena post-stroke. However, the evidence regarding
DBS for treating positive post-stroke disorders

Major Blood
Vessels

Secondary Blood
Vessels

Support Region
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predominantly originates from case series and case
studies rather than blinded, sham-controlled trials.
Consequently, there is an imperative need for addi-
tional controlled trials to elucidate critical details,
such as optimal brain targets and stimulation pa-
rameters. While assembling a cohort for post-stroke
symptoms with a low probability of occurrence
might pose challenges, prospective cohort studies
could be incrementally undertaken for high-proba-
bility post-stroke pain and hemiparesis. A practical
strategy for rare poststroke symptoms would in-
volve systematically documenting patients’ symp-
toms in intricate detail, fostering comparability, and
accumulating valuable experience over time.

5. CONCLUSION

From rodents to humans, electrical stimulation of
multiple deep brain nuclei as targets can produce a
variety of positive effects including neural circuit
modulation, inhibition of inflammatory respons-
es, and promotion of neural regeneration. A small
number of clinical trials have also demonstrated the
safety and efficacy of DBS stimulation, but a great
deal of future work is needed to explore the optimal
targets and parameters and to further investigate
the efficacy of DBS for stroke.

Consequences

of Occlusion Reference

Anterior cerebral
artery

Internal Carotid

Medial surface of the

brain and the superior
margins of the frontal
and parietal lobes

Dyskinesia, Emo-
tional numbness,
hypobulia, urinary
incontinence

(Mergenthaler
et al., 2022)

Contralateral hemi-

Arteries(ICA)

Vertebral
Arteries(VA)

Middle cerebral
artery

Posterior cerebral
artery

Most of the cerebral
hemispheres, including
the lateral surface of
the cerebral hemis-
pheres and the deep
margins of the frontal
and parietal lobes

Upper spinal cord, the
brainstem, the labyrin-
th, the cochlea, the
cerebellum, the lower
thalamus, parts of the
thalamus, and the tem-
poro-occipital lobes.

plegia, hemisensory
loss, non-fluent
aphasia, contrala-
teral hemianopia,
fluent aphasialDe-
pending on infract
division)

Headache, homony-
mous hemianopsia

(Ng et al., 2007)

(Mergenthaler
et al., 2022)

Table 1. Major blood supply of cerebrum and manifestations after occlusion.
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List of Abbreviations

PLIC: posterior limb of the internal capsule

VAS: visual analogue scale

PVG: periventricuiar grey matter

PAG: periaqueductal grey matter

VPL: ventroposterolaterathalamic nucleus

VS: ventral striatum

VC: ventral capsule

VO: ventralis oralis thalamic area

VCPCI: nucleus ventrocaudalis parvocellularis
internis

STN: subthalamic nucleus

BFMDRS: Burke-Fahn-Marsden Dystonia
Rating Scale

M1-I'TMS: motor cortex repetitive transcranial
magnetic stimulation

MCS: motor cortex stimulation

Vc-DBS: deep brain stimulation of the sensory
thalamus

CL: central lateral thalamus

MD: medial dorsal thalamus

CL/MD: the junction of the Cl and MD,
lateral to the habenula

MCA: middle cerebral artery

ACC: anterior cingulate

OFC: orbitofrontal cortex

VIM: ventralis intermedius nuclei

Voa: ventralis oralis anterior nuclei

Z1: zona incerta

TRS: Fahn-Tolosa-Marin Tremor Rating Scale

PSA: posterior subthalamic area

DN: dentate nucleus

UPDRS: Unified Parkinson’s Disease Rating Scale

HADS: Hospital Anxiety and Depression Scale

BFMDRS: Burke-Fahn-Marsden Dystonia
Rating Scale

SF-36: Short-Form 36

UDRS: Unified Dystonia Rating Scale

QOLS: Quality of Life Scale

UHDRS: Unified Huntington’s disease rating scale

SARA: Scale for the assessment and rating
of ataxia
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We searched WOS (Web of Science) using the search
terms TS= (((deep) AND (stimulation)) AND ((brain)
OR (Cerebellar))) AND (stroke). For specific sections,
additional search terms included “neurogenesis”,
“neurorestoration”, “DBS”, “LCN”, “post-stroke de-
pression”, “motor dysfunction”, “cerebellum”, “reha-
bilitation”, or “clinical trials”. We also searched the
references within the selected papers for relevant arti-
cles. We reviewed papers in English and Chinese. We
did not apply date restrictions to the search. The last
search was done on November 21, 2023. Results from
2013 and older papers were included only if deemed
necessary to understand the subject under discussion.
The final reference list was generated based on rele-
vance to the topics covered in this Review.
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