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SUMMARY

For around two decades, electrical fastigial nucleus stimulation (FNS) has been demon-

strated to induce neuroprotection involving multiple mechanisms. In this review, we sum-
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Introduction

The fastigial nucleus (FN) is located at the top of the fourth ventri-
cle and includes adrenergic intrinsic neurons and nerve fibers.
Electrical stimulation excites fibers passing through the EN, lead-
ing to increased blood pressure, reflexive vascular expansion, and
increased cerebral blood flow, which together are referred to as
the fastigial pressor response (FPR) [1]. FPR is potentiated by sup-
pressing the baroreceptor reflex, which releases adrenaline and
noradrenaline from the adrenal medulla and arginine vasopressin
(AVP) from the posterior pituitary [2,3]. The increase in cerebral
blood flow (CBF) is global (including the spinal cord) but uneven,
with the largest increase in the frontal and parasaggital regions of
the cortex [4,5]. FN-evoked elevation in regional CBF is indepen-
dent of arterial pressure (AP), and most probably mediated by
intrabrain intrinsic circuitry [6]. Conversely, microinjection of
excitatory amino acids, which excite only FN nerve cells, lower
AP, heart rate, and global CBF, together called the fastigial
depressor response (FDR) [7,8]. Though selective damage to the
EN can eliminate the FDR, the FPR effect from electrical fastigial
nucleus stimulation (FNS) is preserved, suggesting that the FPR

710 CNS Neuroscience & Therapeutics 20 (2014) 710-716

marize the protective effects of FNS against cerebral ischemia through the inhibition of
electrical activity around the lesion, excitotoxic damage on neurons, and brain inflamma-
tory response, as well as apoptosis. Moreover, ENS has been reported to promote nerve tis-
sue repair, reconstruction, and neurological rehabilitation and improve stroke-related
complications including poststroke cognitive dysfunction, depression, and abnormal heart
rate variability. We thus further discuss the potential of ENS for clinical applications. Given
the absence of any risk of inducing sublethal damage, FNS may offer a new approach to pre-
conditioned neuroprotection against cerebral ischemia.

effect generated by the passing fibers exceeds the sympathetic
inhibitory response by EN nerve cells.

Fastigial nucleus stimulation can induce neuroprotection
against cerebral ischemia. One hour of FNS immediately after
middle cerebral artery occlusion (MCAO) in rats reduces infarc-
tion volume 24 h later by 40-50%, with the protected areas con-
fined to the penumbra surrounding the infarction core [9-12].
Additionally, to establish the time course of FN-evoked neuropro-
tection, Reis et al. [13] demonstrated that one hour of FNS prior
to permanent MCAO in a rat model also reduces infarct volume.
The neuroprotective effect is most obvious when MCAO is
delayed up to 3 days after ENS, and the infarction volume is
reduced by about 60%. Extending the interval between the FNS
and MCAO gradually diminishes the protective effect. Seven days
after FNS, the infarct volume is reduced by 26%, but the neuro-
protection disappears when MCAO is performed 3 weeks after
ENS. These data demonstrate that ENS can significantly enhance
the tolerance of brain tissue to subsequent cerebral ischemia.

Electrical stimulation of the structures near the FN such as the
cerebellar dentate nucleus (DN) or white matter does not have a
neuroprotective effect. Additionally, FNS 3 days after selective
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excitotoxic lesions of FN neurons fails to induce neuroprotection
despite the FPR effect is preserved, suggesting that long-lived pro-
tection against cerebral ischemia is produced in intrinsic FN neu-
rons and transmitted over pathways distinct from those regulating
rCBF [14].

Laser doppler flowmetry (LDF) and autoradiography during
ENS show that CBF increases in the nonischemic areas of the
hemisphere ipsilateral to the occlusion and in the contralateral
hemisphere. However, CBF does not increase in the penumbral
zone (the salvaged area) [4,12]. In addition, the increase in CBF
produced by ENS is transient; CBF gradually increases within
30-40 seconds in response to FNS, remains elevated only during
stimulation, and returns to baseline thereafter [12]. When MCAO
is performed 24 h after ENS, although there is no increase in sys-
temic mean AP or regional CBF (rCBF), the infarct volume can
still be reduced.

Because the level of metabolism increases in the penumbral
area surrounding the infarction core, inhibition of glucose utiliza-
tion (CGU) may be neuroprotective. However, in animals that did
not undergo MCAO, ENS does not significantly affect global cere-
bral CGU. In animals subjected to MCAO, FNS increases CGU in
the nonischemic tissue and contralateral hemisphere, but not in
the penumbra [4].

These data demonstrate that the neuroprotective effect of FNS is
site-dependent and not mediated by either CBF increase or CGU
decrease. This phenomenon indicates that intrinsic neuroprotec-
tive system exists within the brain, which mediates a conditioned
central neurogenic neuroprotection (CCNN) [15]. It can be initi-
ated by excitation of intrinsic neurons within the brain and
activation of a series of neural pathways. The FNS-induced neuro-
protection is a typical CCNN, which renders the brain more toler-
ant to adverse stimuli when activated [15]. Oxygen-conserving
reflex, also known as reflex central neurogenic vasodilation, is
another central approach of central neurogenic neuroprotection.
Oxygen-sensitive sympathoexcitatory reticulospinal neurons of
the rostral ventrolateral nucleus medulla (RVLM) would be
excited within seconds under conditions of ischemia or hypoxia.
Systemic blood pressure and rCBF increase profoundly. However,
unlike long-lasting CCNN by FNS, neuroprotection induced by
oxygen-conserving reflex remains only during stimulation and
disappears upon cessation of the stimulation [15].

Many studies have sought to explore the mechanisms that
might account for the neuroprotection elicited by FNS. We focus
on those mechanisms and the clinical applications of FNS in treat-
ment of ischemic stroke.

Mechanisms of Electrical Fastigial
Nucleus Stimulation-Induced
Neuroprotection

Inhibition of Electrical Activity around the
Lesion

In addition to brain tissue necrosis in the ischemic central area,
focal cerebral ischemia can induce neuron membrane potential
instability in ischemic penumbra, which causes repeated episodes
of irregular depolarization and the formation of periinfarction
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depolarizing waves (PIDs) around the infarction lesion [16,17].
PIDS can further deplete energy and aggravate ischemic injury of
neurons in the penumbra. The volume of the infarct increases
stepwise for each PID, and the number and frequency of PIDs is
proportional to the infarct volume [18,19]. The transmission
mode of PIDs is similar to the cortical spreading depression (CSD),
which is mediated by the NMDA receptor and can be inhibited by
NMDA receptor antagonist [20].

FNS immediately or 72 h prior to MCAO in rats reduces infarc-
tion volumes by approximately 45%, increases PID latency >10-
fold, and decreases the number of PIDs by >50%, suggesting that
FNS significantly inhibits PIDs [21]. The emergence of PIDs corre-
lates with ATP-dependent potassium (K-ATP) channel activity in
the neuron membrane [22]. The neuroprotective effect of FNS
against MCAO is partially abolished when the K-ATP channel is
blocked by glibenclamide before FNS, which indicates that FNS
can prolong the opening of the K-ATP channel and lead to neuro-
nal hyperpolarization and decreased excitability, thereby sup-
pressing the generation and conduction of the PIDs or CSD [22].

Inhibition of Excitotoxic Damage on Neurons

One of the main mechanisms underlying neuronal death in ische-
mic brain injury is excitotoxicity, which is triggered by excessive
activation of glutamate receptors [especially N-methyl-D-aspar-
tate (NMDA) receptors] and subsequent excessive Ca®* influx and
overload [23]. The glutamatergic NMDA receptor antagonist
MKS801 blocks the NMDA receptor channel and reduces excito-
toxic damage, effectively inhibiting delayed neuronal death in the
hippocampal CA1 region and the penumbra [24].

One hour of ENS 10 days prior to injection of IBO into the stria-
tum reduces the lesion volume by 80%, while lesions in FN (but
not DN) abolished the neuroprotective effect [14]. Dong [25]
found that FNS significantly decreases extracellular glutamate lev-
els in the ischemic penumbra in a rat MCAO/reperfusion model,
suggesting that FNS mediates neuroprotective effects by inhibiting
the release of glutamate. FNS-mediated inhibition of excitotoxic-
ity may be achieved by reducing the binding ability of the gluta-
mate receptor, although the exact mechanism remains unclear.

Inhibition of Brain Inflammatory Response

Both global and focal cerebral ischemia trigger the inflammatory
response, resulting in secondary brain damage. In the early stages
of cerebral ischemia, the increased glutamate release and the acti-
vation of NMDA receptor cause Ca** overload, which in turn acti-
vates nitric oxide synthase (NOS) expression and increases NO
synthesis [26]. NO mediates neuronal damage through a variety
of mechanisms, such as generation of peroxynitrite, DNA damage,
and inhibition of ATP-producing enzymes [27]. One hour of ENS
48 hours prior to MCAO reduces induced NOS (iNOS) mRNA and
protein expression in the penumbra (but not the core) by more
than 90% and decreases iNOS enzyme activity by 44 %, suggesting
that down-regulation of iNOS expression may be associated with
neuroprotection elicited by ENS [28].

Interleukin-1 (IL-1) is one of the most important inflammatory
cytokines induced by ischemia. It in turn induces expression of
iNOS and intracellular adhesion molecule-1 (ICAM-1) through
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the activation of nuclear factor-xB (NF-kB) [29]. One hour of FNS
72 h prior to microinjection of IL-1B into the rat striatal area
reduces the number of enlisted leukocytes by 50%. In isolated
microvessels, FNS decreases the IL-1B-induced up-regulation of
iNOS and ICAM-1 mRNA, whereas it increases IkappaB-alpha
mRNA expression [29]. These data suggest that FNS may render
brain microvessels refractory to IL-1p through overproduction of
TkappaB-alpha. Hsp70 has inflammatory properties due to inhibi-
tion of NF-kB [30]. We found that in rats with one hour of ENS 1,
4, or 7 days prior to MCAO/reperfusion, NF-kB expression is
decreased significantly; however, HSP70 expression is up-
regulated. In addition, leukocyte infiltration in the infarct area is
reduced by ENS performed before or after MCAO/reperfusion in
rats [31]. The suppression of microvascular inflammation may
contribute to the neuroprotection elicited by FNS.

Peroxisome proliferator-activated receptor-y (PPARy) is a
ligand-dependent transcription factor that regulates target gene
expression through binding to conserved DNA sequences called
peroxisome proliferator response elements as heterodimers with
another nuclear receptor, the retinoic acid receptor [32]. PPARYy
participates in cell glucose uptake, lipid metabolism, and energy
storage [33]. Additionally, the activation of PPARY transrepresses
DNA binding of NF-kB, thereby reducing the expression of NF-kB
target genes including ICAM-1, matrix metalloproteinase-9
(MMP-9), and cyclooxygenase-2 (COX-2), leading to suppression
of the inflammatory response [34]. The PPARYy antiinflammatory
effect has become an important therapeutic target in stroke [35].
Our study found that ENS promotes PPARY expression in neurons
and inhibits the inflammatory response induced by cerebral ische-
mia.

Inhibition of Apoptosis

The main manner of neuronal death in the cerebral ischemic pen-
umbra is apoptosis, which is initiated and induced by the cell
death gene, with a variety of intracellular molecules involved in
the process [36]. Regardless of the means by which apoptosis is
induced, ultimately caspase-3, the final pathway of apoptosis, will
be activated [37]. Caspase-3 can degrade a variety of substrate
proteins in the nucleus such as poly ADP-ribose polymerase
(PARP, which has a DNA repair function), cell cycle regulatory
factors, DNA binding protein, and the Bcl-2 protein family.
Although the loss of these proteins” activity leads to DNA cleavage
and ultimately cell death, apoptosis can be inhibited by blocking
caspase-3 activity [38-40]. Zhou et al. [41] found that FNS signifi-
cantly reduces staurosporine-induced caspase-3 activity. We
found that FNS reduces by >50% the number of apoptotic neu-
rons in cerebral ischemic penumbra in rats. In addition, fluores-
cence quantitative RT-PCR reveals that expression of caspase-3
mRNA is decreased by 63% and expression of inhibitor of apopto-
sis (IAPs) mRNA is increased by 133% in ischemic penumbra
[25]. Those results suggest that ENS inhibits neuronal apoptosis in
cerebral ischemic penumbra through blocking apoptosis initiation
and execution.

Protein kinase C (PKC) is a Ca®*- and phosphatidylserine-
dependent protein kinase that catalyzes phosphorylation of serine
or threonine residues of various protein substrates. The PKC fam-
ily, which comprises at least 10 isoforms with distinct means of
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regulation and tissue distribution patterns, exerts both inhibitory
and stimulatory influences on apoptosis [42]. Studies suggest that
PKCS may be the major mediator or modulator of apoptotic in
response to excitotoxic insult or brain ischemia [43,44]. More-
over, administering a PKCd-selective inhibitor peptide at the onset
of reperfusion significantly reduces cerebral tissue damage [45].
We found that PKC6 and PKCy expression is elevated in ischemic
brain tissue in rats, and the distribution of PKC expression is con-
sistent with the distribution of neuronal apoptosis. However, one
hour of FNS 1 day, 4 days, or 7 days prior to MCAO/reperfusion
significantly inhibited PKCd and PKCy expression [46]. Those
results suggest that down-regulation of PKC expression in cerebral
ischemia may contribute to the antiapoptotic effects of FNS.

Mitochondria are critical in determining cell fate. Some data
demonstrate that FNS can inhibit apoptosis through stabilizing
mitochondrial function. In an in vitro rat brain slice culture model,
ENS results in a 56.5% reduction in cytochrome c release upon
staurosporine incubation [41]. Mitochondria isolated from
FN-stimulated rats exhibit a marked increase in their ability to
sequester Ca®* and an increased resistance to Ca** -induced mem-
brane depolarization and depression in respiration. Additionally,
in brain slices, FNS reduces the staurosporine-induced insertion of
the pro-apoptotic protein Bax into the mitochondria, a critical step
in the mitochondrial mechanisms of apoptosis [47]. These results
suggest that FNS directly modifies the sensitivity of brain cells to
apoptotic stimuli.

Yamamoto et al. [48] found that 72 h after FNS (for 1 h),
mRNA levels of uncoupling protein 4 (UCP4), a mitochondrial
protein, increase by 160% in the cortex of spontaneously hyper-
tensive rats. Even in MCAO rats, levels of UCP4 mRNA are
increased by 150% in the cortex. In FNS rats, the decrease of mito-
chondrial membrane potential evoked by carbonylyanide-4- (tri-
fluoromethoxy) phenylhydrazone (FCCP, a mitochondrial toxin)
was significantly attenuated in the cortex [48]. These data indicate
that increased UCP4 expression and mitochondrial tolerance fol-
lowing FNS may be components of the endogenous neuroprotec-
tive mechanism.

Prohibitin (PHB) is another essential mitochondrial protein well
described in many cell types and localized to neuronal mitochon-
dria [49]. Recently, in a proteomic screen of rat brains in which
ischemic tolerance was induced by ENS, Zhou et al. [49] found
that PHB is up-regulated in mitochondria. In addition, up-regula-
tion of PHB reduces neuronal death from various injury modali-
ties, whereas its down-regulation increases neuronal susceptibility
to injury, an effect associated with loss of mitochondrial mem-
brane potential and increased mitochondrial production of reac-
tive oxygen species. Those findings suggest that PHB is an
endogenous neuroprotective protein involved in ischemic toler-
ance.

Cerebral ischemia induces massive inflow of Ca* into neurons
and activation of calpain (a calcium-dependent protease), which
leads to degradation of cytoskeletal protein, culminating in neuro-
nal ulceration and necrosis [50]. Studies have demonstrated that
calpain can mediate neuronal apoptosis through activating cas-
pase-3, 6, 7, 12, and cleaving Bax and other apoptosis-related pro-
teins; however, calpain inhibitor can help prevent apoptosis
[51,52]. One of our own studies found that FNS significantly
inhibits the activation of the calpain induced by MCAO in rats and
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reduces the degradation of its substrate spectrin, thereby reducing
delayed neuronal death.

DNA repair ability after DNA damage is one of the main
determinants of cell survival, and cerebral ischemia can induce
oxidative DNA damage [36]. Liu et al. [53] found that 8-hydroxy-
2’-deoxyguanosine (8-OHdG) accumulates in the ischemic region
of rat brains subjected to MCAO/reperfusion, while the expression
of the mRNA of the DNA repair enzyme 8-oxodeoxyguanosine
glycosylase (rOGG1) in the ischemic region is reduced. However,
ENS significantly reduces the 8-OHdG content and up-regulates
rOGG1 mRNA expression in the ischemic region at both 24 and
48 hours after MCAO/reperfusion. In addition, one hour of FNS
up-regulated the activity of Ku-70, another DNA repair enzyme
and reduced neuronal apoptosis in the ischemic region.

Gadd458 is one isoform of the highly homologous Gadd45 pro-
tein family, members of which participate in DNA repair, cell sur-
vival and apoptosis, cell cycle arrest, and probably DNA
demethylation in response to environmental and physiological
stress [54,55]. Gadd45f can be transiently induced by neuronal
activity and may promote adult neurogenesis through dynamic
DNA demethylation of specific gene promoters in the hippocam-
pus [56]. Chen etal. [57] and Jin et al. [58] found that
Gadd45mRNA and protein are overexpressed in neurons that sur-
vive cerebral ischemia, indicating that Gadd45 may play a protec-
tive role in the injured brain. Recently, Liu et al. [59] found that
FNS promotes Gadd45p expression and motor function recovery
after focal cerebral ischemia.

In conclusion, ENS can significantly reduce infarct size in the
acute stage of stroke through a variety of mechanisms (Figure 1)
and improve neurological outcomes. To identify the endogenous
neuroprotective mechanisms of FNS, most of the studies cited
above adopt preconditioning strategies. In this context, FNS may
be considered an effective preconditioning method to elicit neuro-
genic neuroprotection against subsequent severe ischemic brain
injury. Additionally, transient FNS is superior to ischemic precon-
ditioning because it causes no brain damage. However, precondi-
tioning through FNS seems to be of little value from the
standpoint of clinical stroke treatment. Therefore, further experi-
mental evidence is urgently needed to establish the time course of
FEN-evoked neuroprotection when ENS is performed after MCAO.

Promotion of Nerve Tissue Repair and
Reconstruction

Growth-associated protein-43 (GAP-43) is an axonal membrane
protein, a type of neuron-specific protein involved in nerve cell
growth, external growth synapse formation, and nerve cell regen-
eration. It plays an important role in the ontogenetic process and
regeneration after injury [60,61]. One hour of FNS 24 h prior to
MCAO increased the expression of GAP-43 mRNA in neurons
around the infarction area during recovery 7 and 14 days after
MCADO, suggesting that FNS can promote axonal regeneration and
plasticity. Nerve fiber regeneration during the middle and late
stages after stroke onset may help to promote recovery of limb
motor function.

Nogo receptor (NgR) is a neuron-specific protein ubiquitous in
the central nervous system (CNS) that is capable of inhibiting axo-
nal growth through specific binding with Nogo-66 molecules
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[62,63]. Recently, Zhang et al. [64] found that NgR expression in
the infarct cortex and hippocampus is significantly up-regulated
and that axons are grossly damaged 24 h after cerebral ischemia-
reperfusion. However, one hour of FNS administered 2 h after
ischemia reduces NgR expression and improves axonal growth at
both 24 h and 2 weeks after ischemia-reperfusion. These results
suggest that FNS may offer a new strategy to promote CNS axonal
regeneration.

Focal ischemia/reperfusion can activate proliferation and migra-
tion of neural stem cells (NSCs) in the lateral ventricle and hippo-
campus area [65]. Huang et al. found that FNS promotes the
proliferation and migration of NSCs after focal cerebral ischemia/
reperfusion, and the underlying mechanisms may be associated
with the up-regulation of basic fibroblast growth factor (bFGF)
and brain derived neurotrophic factor (BDNF) expression by FNS.
Additionally, Huang et al. [66] found that FENS prolongs the sur-
vival of transplanted neural stem cells and improves neurological
function score in MCAO rats.

In summary, current experimental data indicate that FENS has
both early neuroprotection and late recovery enhancement
effects. This potential dual effect could translate into a robust
treatment effect on neurological outcome if FNS is initiated early
stroke onset.

Clinical Application Prospects

Improvement of Poststroke Neurological
Dysfunction

Given that large amounts of experimental data demonstrate the
neuroprotective and neural restorative effects of FNS, it is reason-
able to speculate that ENS has potential clinical applications. Using
a biological bionic current to therapeutically stimulate FN, we
have developed the cerebrovascular function therapeutic appara-
tus (CVFT). Additionally, through animal experiments we have
demonstrated that stimulation of FN can be achieved extracranial-
ly [31]. Some clinical studies have found that ENS through CVFT
can be applied safely in stroke treatment and significantly improve
neurological outcomes [67-69]. However, due to the small num-
ber of cases in these studies, the clinical efficacy of ENS through
CVEFT in ischemic stroke still lacks sufficient evidence.

Improvement of Poststroke Cognitive Dysfunction

There is increasing evidence that the cerebellum plays a role in
cognition, behavior, and psychiatric illness [70-73]. Theoretically,
stroke in any part of the brain (including the frontal lobe and hip-
pocampus) can affect cerebellar function and produce vascular
dementia (VD). Several studies have found that activation of the
cerebellum significantly alleviates VD. Fan et al. found that cogni-
tive function in rats is reduced after 2 months of chronic cerebral
hypoperfusion and becomes even worse after 4 months of hypop-
erfusion; however, it is improved by ENS treatment. Similarly,
Tan et al. [74] found that FNS significantly improves learning and
memory disorders in rats after 2 weeks or even 12 weeks of recir-
culation following repetitive global ischemia. These data suggest
that FNS may have potential in treating patients with vascular or
poststroke cognitive dysfunction.
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Improvement of Poststroke Depression

Poststroke depression (PSD) is the most frequent psychiatric com-
plication of stroke and often difficult to treat. The cerebellum plays
an important role in the regulation of emotion, and recent data
suggest that cerebellar dysfunction may be common in poststroke
depression [75]. Functional imaging studies found low local regio-
nal blood flow and low excitability in the cerebellar cortex of
patients with depression [76]. Wu et al. found that ENS up-regu-
lates norepinephrine (NE) and 5-HT in the frontal lobes of rats
with depression. Recent clinical studies have shown that ENS
alone or combined with drug therapy contributes to improve-
ments in PSD. Liu et al. found that FNS through CVFT improves
emotional disorders in stroke patients. Similarly, Zhu et al. dem-
onstrated that FNS improves PSD symptoms. Taken together,
these data indicate that FNS through CVFT may become a new
strategy to treat poststroke PSD.

Improvement of Poststroke Heart Rate
Variability

Ischemic stroke often causes reduced heart rate variability (HRV),
which can last for as long as 6 months [77] and is associated with
adverse clinical outcomes [78]. We analyzed HRV in rats with
right MCAO and found that the power spectral components and
chaos of HRV after MCAO are significantly reduced; however,
FNS performed two hours after MCAO improves HRV parameters
starting 3 days after MCAO [79]. Moreover, we found that FNS
treatment by CVFT in stroke patients alleviates abnormal HRYV,
enhances cardiac parasympathetic activity, and increases the
chaotic fractal dimension (FD) index, which indicates that FNS
can improve cardiac autonomic nerve dysfunction after stroke
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Figure 1 A schematic diagram illustrating the
mechanisms by which ischemia injury neurons
and some targets (blue mark) through which
fastigial nucleus stimulation provides
protection on the neurons.

and reduce the risk of brain-derived sudden death [80]. The
mechanisms underlying the improvement in HRV elicited by ENS
remain unclear. Electrophysiological studies and anatomic tracing
techniques have demonstrated extensive connections between FN
and the central autonomic nervous system [81-84]. When the FN
is stimulated, projections and related pathways are activated
through indirect paths and multiple synapses, which can regulate
the expression and release of neurotransmitters including acetyl-
choline (ACH), neuropeptide Y (NPY), and norepinephrine (NE),
thereby allowing sympathetic—parasympathetic activity to reach a
new equilibrium [70,85].

In conclusion, the cerebellum not only maintains balance, inte-
gration, and stability in the somatic motor sphere, but also helps
to balance, integrate, and stabilize other brain functions including
cognition and emotion [75]. According to preliminary results and
the above clinical observations, FNS not only alleviates neurologi-
cal dysfunction after stroke, but also helps to improve stroke-
related complications including cognitive dysfunction, depression,
and abnormal HRV. These data indicate that FNS by CVFT may be
a safe and low-cost therapy to improve clinical stroke outcomes.

Conclusions

As FNS can induce robust CCNN against cerebral ischemia, and
transient FNS runs no risk of inducing sublethal damage, it may
offer a new approach to preconditioned neuroprotection for cere-
bral ischemia and other neurological disorders. It is reasonable to
visualize the application of FNS in populations at high risk to
develop resistance or tolerance to stroke. Although some clinical
studies have shown that FNS by CVFT is safe and effective in stoke
treatment, high-quality clinical studies are urgently needed to
confirm its efficacy.
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