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Abstract

Based on advanced techniques, both the brain structural network and functional
network can be reflected, giving rise to a new field: neural networks. Entering the
215t century, along with the extensive research on neural networks and the digital
brain imaging field of neuromodulation, the neurosurgical field has entered into
a novel stage: neural networks surgery. Neural networks surgery was developed
to devote to protecting the cognitive function of patients with central nervous
system diseases. By lucubrate, multiple new views of cerebrovascular disease have
emerged. In this paper, we review the applications of this novel concept in treating
cerebrovascular diseases, primarily through three aspects: disease mechanism,
progression, and treatment strategy. Based on recent research, the development of
a novel treatment system for cerebrovascular diseases might help clarify the course
of these diseases, provide optimal treatment strategies, and protect the cognitive
function of patients to the greatest extent.

Keywords: Cerebrovascular disease; Neural networks surgery; Neural networks;
Neurosurgery; Cognitive function

1. Introduction

The concept of neural networks surgery has been extensively discussed in the field of
neurosurgery. Neural networks surgery is defined as locating neural networks and their
relay stations by utilizing current advances in neural networks research and advanced
imaging technologies to regulate neural signal transmission in the field of operative
neuromodulation. This concept emphasizes the transition from traditional neurosurgery
based on excision or ablation to “surgery of networks” and highly specific surgical
treatments to restore neural function!..
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In the 21 century, this field is commonly described
as the developmental consequence of three dimensions
(anatomy and cognitive discovery of the brain, medical
imaging innovations, and medical devices). The history
of neurosurgery can be divided into three stages: classical
neurosurgery, microsurgery, and minimally invasive
neurosurgery. Research on neural networks and advances
in digital stereometric brain imaging today have led to the
emergence of the field of neural networks surgery!'l.

In the last decades, with the development and
application of advanced imaging equipment, multiple
imaging techniques, including computed tomography
(CT), magnetic resonance imaging (MRI), digital
subtraction angiography (DSA), single photon emission
computed tomography (SPECT), and positron emission
tomography (PET), have made great contributions to
both clinical and fundamental research. Meanwhile,
a combination of techniques that reflects the cerebral
anatomical structure and the brain function has
been introduced; this new concept is known as brain
networks?. Unlike the localizationist theory, which
proposes that one cortical area executes a specific function
discretely and separately, such as the Broca’s area for motor
images of speech and the Wernicke’s area for sensory
images of words, the brain network model is related to
functional segregation and integration. It implies that
a significant part of human behavior is determined by
global communication (Figure 1)®%. Following extensive
research on brain networks, this complex network has
gained recognition as the physiological basis of cerebral
information management and cognitive expression. As
the potential of brain networks in maintaining cognitive
function becomes more apparent, scientists have put
forward the concept of human connectome (Table 1). For
now, advanced medical techniques are used in human
connectome research to construct individual structural
and functional connectivity (FC), and the brain, as a
complex functional system with topological feature, has
been modeled based on the network analysis method
and the graph theory®. The topological feature of brain
networks is another theoretical basis for raising the concept
of neural networks surgery; the investigation of other
deuterogenic discoveries, including hubs, module, and
default mode network (DMN), helps in the exploration
of network connective rules (Figure 2). Understanding
the mechanism of lesion and plasticity plays a critical
role in condition assessment, prognosis prediction, and
even cerebral function protection in surgery®®”. Patients
with cerebrovascular disease often presents with stroke, of
which 85% of stroke cases are ischemic stroke, while 15%
are hemorrhagic®. The occurrence of stroke is affected by
various factors”. Data from the Global Burden of Disease

Figure 1. A general map of brain networks. Human behavior requires the
interaction of multiple networks.

Modulel

Figure 2. General structure of modules and hubs in a network. The
internal module connections are identified in dashed circles. The degree
of nodes is reflected by their size (the number of connections that are
maintained by a node). Provincial hubs mainly connect nodes within their
own module, and connector hubs are important in the interconnection of
modules.

Table 1. Difference between human connectome and brain
networks

Human connectome Brain networks

The functional and structural The working pattern of the brain is
connections of the brain. abstracted into a connection of nodes
by edges.

study have indicated an increase in stroke-related mortality
and other worldwide epidemiological metrics from 1990
to 2019; in China, the incidence, prevalence rate, and
mortality of stroke increased by 86%, 106%, and 32.3%,
respectively; more importantly, the age-standardized
rates decreased during this period!?. Related studies
have listed ten modifiable risk factors that have over 90%
population-attributable stroke risk globally'!l. Due to the
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complexity and high incidence of cerebrovascular disease,
innovations to traditional interventions and new programs
are necessary.

Neurosurgery aims to preserve brain function, while
managing lesions effectively. In the process of vascular
malformation resection, aneurysm clipping, and nerve
interventional therapy, the brain function should be
preserved as much as possible to ensure a satisfactory
quality of lifel™”. Nowadays, with the application of novel
neural imaging equipment and microsurgery techniques,
the prognosis of patients has considerably improved™.
With the advancements in treatment methods, cognitive
protection has gained widespread attention in the field of
neurosurgery, especially in cerebrovascular diseases. With
the explosion of human connectome and neural networks
surgery, combining cerebrovascular disease treatment
with brain networks has been a subject of interest. Neural
networks surgery aims to improve the efficiency of neural
function and cognitive protection by stabilizing the
complex network. This new insight has been applied to
numerous studies, contributing to preoperative planning,
intraoperative brain function protection, and post-
operative prognosis assessment in the neurosurgical field.
However, the application of this concept in cerebrovascular
disease is in the early stage. Therefore, it is imperative
to continue to explore and improve the application of
cognitive-related brain networks analysis technology,
protection methods, and intervening measures. We aim
to review the application of the neural networks surgery
concept in the treatment of cerebrovascular disease from
three aspects (disease mechanism, progression, and
the new strategies in neurosurgery for cerebrovascular
disease) and describe its effect on prognosis and plasticity
maintenance.

2. A deeper understanding of disease
pathogenesis and improvementin
diagnosis

As the concept of brain networks emerges in the field
of neurology, we gain a deeper understanding of the
pathogenesis of certain cerebrovascular diseases, thus
filling in the gaps of prior ones, including some classical
diseases, such as moyamoya disease (MMD), intracranial
aneurysm (IA), and even the accompanying symptoms
after stroke. Along with advanced medical techniques,
this new concept has brought about a great deal of disease
diagnosis methods. In this section, we discuss some novel
achievements in disease mechanism following advanced
diagnosis methods.

Over centuries, the answer to how certain cognitive
operations are affected by local structural damage to

different parts of the brain is often centered on Brocas
approach!™l. Ever since diaschisis was first described by
von Monakov, many studies have focused on the possibility
that stroke does not only affect the function of focal areas,
but also the region far from the local damage!'®. Resting-
state. FC can be used to prove network topography.
Recently, the application of resting-state FC measurement
has made great progress in discovering the effects of stroke
on brain networks and the causal effect of linkage deficits

on behavioral abnormalities!'5!7].

In a study, after measuring the attention and motor
deficits in right hemisphere-damaged patients, Baldassarre
et al. found that the most common and robust disruption
are a decrement of interhemispheric connectivity in
brain networks, thereby concluding that attention
deficits are significantly more correlated with abnormal
interhemispheric FC within the dorsal attention network,
while motor deficits are significantly correlated with
abnormal motor networks. This study further deepens our
understanding of stroke-related behavioral deficits!.

Cerebral microbleeds (CMBs) are small foci of chronic
brain hemorrhages that are caused by the structural
malformation of small blood vessels and the deposits of
blood products. They are often related to stroke™ and
are always accompanied by dysfunction, dementia, and
cognitive impairment®. Therefore, pre-symptomatic
detection of CMBs may help relieve the enormous burdens
on hospitals and patients. Al-Masni et al. have proposed
a fully automated two-stage integrated deep learning
approach for efficient CMB detection, a regional-based
You Only Look Once network for potential CMB candidate
detection, and a three-dimensional convolutional neural
network for reducing false positives®.. Conventionally,
in the study of CMB formation, Perls’ Prussian blue stain
is often used in the histological analysis of fixed tissue
sections®l. This deep learning approach significantly
increases the accuracy of CMB detection and decreases
the false positive rate. In their research, Crouzet et al.,
aiming at the advances in digital pathology, developed and
compared three digital pathology approaches to identify
and quantify CMBs from sections stained with Prussian
blue; they concluded that the deep learning approach is
more precise than the ratiometric approach, but the latter
has higher accuracy and versatility??. The deep learning
approach can certainly be referred to as another CMB
diagnosis improvement.

IA rupture often leads to a dismal prognosis or even
death. Several studies have reported that in the general
population, the morbidity of IAs has increased to more than
5%. However, IAs that are small in size or with low-intensity
contrast to normal vessels in medical imaging scans are
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hard to distinguish; as a result, undetected IAs could
cause severe consequences®?!. Since 2017, deep neural
networks have been used to detect cerebral aneurysms! by
combining them with traditional IA detection techniques,
such as computed tomography angiography (CTA),
magnetic resonance angiography (MRA), and DSAR7],
Bo et al. have put forward the Global Localization-based
IA Network, which is an automatic deep-learning model
for IA segmentation and can be applied to CTA images.
Based on the new recognition, it has been discovered
that TAs are related to the vascular network distributed
in the brain, indicating that the position information is
significant. This model has truly enhanced the detection
precision of IAs, thus making a progress in IA detection/.
Meanwhile, Chen et al. have developed a computer-
assisted detection (CAD) system for cerebral aneurysms in
contrast-unenhanced time-of-flight MRA images using a
fully convolutional network. When validating the internal
and external test sets, the presented system achieved
a sensitivity of 94.4% and 82.9%, respectively, proving
that this CAD system can improve the accuracy of IA
diagnosis™!. As is known to neurosurgeons, symptomatic
cerebral vasospasm (SCV) is a common complication
following IA rupture, causing severe cerebral ischemia and
increased mortality™!. Dumont has validated an artificial
neural network model of SCV; this tool allows clinicians to
identify those patients who have a high risk for SCV and
thus should be prophylactically treated. According to the
result, this tool has excellent negative predictive value and
acceptable positive predictive value®!l.

Cerebral amyloid angiopathy (CAA) has been
recognized as one of the accompanying lesions of
Alzheimer’s disease (AD). Its pathogenesis is related to the
cerebrovascular deposition of amyloid-f, which may cause
spontaneous intracerebral hemorrhage (ICH) and age-
related cognitive decline®. Recent studies have indicated
that CAA is not only a specific cerebrovascular pathological
feature, but also a clinical syndrome and a set of clinical
imaging diagnostic criteria (the Boston criteria)i®.
Arvanitakis ef al. and Boyle et al. have discovered that CAA
appears to cause cognitive deficit and is independent of AD
or other accompanying pathologies, including ICH. In a
subsequent community-based cohort study, individuals
harboring CAA not only had an increased risk of dementia,
but also a decline in both global and domain-specific
cognition**]. Scientists have proposed that CAA-related
cognitive impairment is associated with CMBs and altered
structural connectivity. In order to verify this hypothesis,
Reijmer et al., in their study, examined brain networks
as a surrogate measure of global small-vessel pathology
in CAA; the result showed that lower global network
efficiency leads to a dismal performance of processing

speed and executive functioning independently; the
study also showed direct evidence linking CAA with
impairments in white matter connectivity under PET®.,
In another study, after researching Dutch CAA mutation
carriers and control subjects, Drenth et al. found that both
pre-symptomatic and symptomatic groups had decreased
connectivity in medial and lateral visual networks, DMN,
executive control, and bilateral frontoparietal networks;
the symptomatic group, however, showed diminished
connectivity in all but one network, whereas the pre-
symptomatic group had decreased connectivity solely in
the frontoparietal left network; based on the data, they
concluded that although CA A affects network connectivity,
it has no association with aging or other neurodegenerative
processest®’l. 'This novel recognition of CAA may have
significant clinical implications.

Significant carotid stenosis often causes severe clinical
or subclinical complications due to decompensated
hemodynamics, and it may lead to impairment of cognitive
function®. In a previous study, asymptomatic carotid
stenosis patients showed decreased or asymmetrical FC
of the frontoparietal network, DMN, dorsal attention
network, and sensorimotor network™. However, the
impact of unilateral carotid stenosis on the overall
functional networks has not been investigated. In order to
study the whole-brain influence of carotid stenosis, Chang
et al. recruited 27 patients with unilateral carotid stenosis
(260%) and 20 controls. The study showed that FC was
indeed disrupted in patients with carotid stenosis but not in
a global pattern, affecting only hemodynamically impaired
regions. The indicators in the study, including global
efficiency, characteristic path length, and modularity, have
been found to be highly associated with neuropsychological
performance, and thus could be potential predictors of
cognitive deficit in patients with carotid stenosis so as to
improve the accuracy of diagnosis™*!.

In the context of MMD, several case reports have
concluded that this disease not just disrupts the blood
vessels that supply brain regions, but also affects the brain
networks interaction of specific brain regions; therefore,
the reorganization of brain networks interaction may have
arole in the recovery of patients with MMD/#4],

3. New strategies in cerebrovascular
disease treatment

3.1. Protection of hubs in brain networks

Ever since it has been discovered that the brain performs
its functions based on a complex network, a plethora of
relative concepts have progressively come into view!..
With advanced medical imaging technologies, functional
MRI (fMRI) or diffusion-weighted imaging has been used
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to investigate the interaction of different brain regions
functionally or structurally!®®. With the help of the graph
theory to analyze data from medical imaging, brain
networks can be described as a combination of nodes
(i.e., brain regions) connected by edges (i.e., white matter
tracts)®. In brain networks, the majority of nodes have few
connections, while the remaining nodes, which are known
as hubs, have many connections*!. Through the analysis
of both structural and FC data, studies have revealed
that these brain hubs are mainly located at the posterior
cingulate cortex/precuneus, medial prefrontal cortex, and
lateral temporal and parietal cortices, among which most
of these regions are considered as parts of the DMN, which
plays a significant role in the resting state!**”.. The previous
studies have shown compelling evidence to validate the
aforementioned theory. Based on resting-state FC MRI
defined hubs, Power et al. used two methods (identifying
network nodes that participate in multiple sub-networks
of the brain, and identifying the spatial locations where
several systems are represented within a small volume) to
confirm the previously accepted hubs in brain networks
and considered novel brain regions in both methods. Their
research supports the earlier finding and identifies putative
hubs in brain networks®. According to another study,
network hubs play a critical role in information transfer
during resting and task states by combining with regional
cerebral blood flow (rCBF) and functional connectivity
strength (FCS). During resting state, FCS has high spatial
correlation with rCBF; this correlation is stronger in the
DMN and executive control network than in the visual
and sensorimotor networks, having a connection-distance
dependent relationship. However, during task state, the
indices are related to task load. Meanwhile, rCBF and
metabolism are positively associated with either structural
or functional hubs. From the studies above, it can be
concluded that there is a tight association between blood
supply and brain functional topology during both rest and
task states, and the studies also indicate the importance of
functional hubs in brain networks*°.

Since we know that hubs are vital in maintaining whole-
brain network stability, the primary task now is to identify
specific hubs in certain behavior. By combing with meta-
analyses and the graph-theoretic approach, a tri-network
model in human semantic processing has been proposed
by Xu et al., who have found that the semantic system is
topologically segregated into three brain modules: DMN,
left perisylvian network, and left frontoparietal network.
These three modules serve as the multimodal experiential
system, the non-experiential system, and the semantic
control system, respectively, with five hubs (posterior
middle temporal gyrus [pMTG], anterior temporal lobe,
posterior intraparietal sulcus, angular gyrus, and superior

and middle frontal gyrus) involved in the integration
of information in semantic processing (Figure 3)0.
This model directs the focus onto hub protection to
achieve cognitive maintenance following neurosurgical
intervention. Through further investigations, the influence
of brain lesions on brain network topology has been
identified. Yuan et al. have contributed a lesion model
to explore this issue and found that the damage to brain
network hubs causes two different directions of change in
network topology, one being more integrated (global) and
the other being more segregated (local). The result further
confirms the significant role of hubs in brain networks*!..

Previous studies have shown that neurosurgery has
been the primary focus in the treatment of nervous
system diseases. Based on three data sets of fMRI and 127
participants, Buckner et al. gained a consensus estimate
of cortical hubs; PET amyloid imaging in AD patients
compared with older controls showed high amyloid-3
deposition in the locations of cortical hubs, consistent
with the accepted hubs®. This finding suggests that brain
network hubs may have an association with cognitive
deficits. Aben et al. have developed a lesion impact score
that integrates information on infarct size with healthy
brain network topology to estimate the damage to network
hubs; the research has verified that this scoring system
can predict the cognitive recovery of patients based on
the damage of hubs in brain networks!*. This evidence
opens a new insight into the treatment of cerebrovascular
disease; during surgery, the hubs need to be protected
to achieve the purpose of cognitive function protection;
after surgery, the focal hemorrhage needs to be estimated
accurately; and pre-symptomatic intervention must be
confirmed. Based on the topological feature of brain
networks, there is a huge possibility for neural function
recovery if the network hubs are not damaged in surgery.

Figure 3. Three modules of semantic system. LFPN, DMN, and PSN
serve as semantic control system, multimodal experiential system, and
language-supported system, respectively. AG, angular gyrus; ATL,
anterior temporal lobe; pMTG, posterior middle temporal gyrus; pIPS,
posterior intraparietal sulcus; SFG/MFG, superior and middle frontal
gyrus; LEN, left frontoparietal network; DMN, default mode network;
PSN, perisylvian network.
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In that way, patients may have a better prognosis as a
result of the protection of hubs.

3.2. Protection of brain networks connectivity

Along with the extensive exploration of brain networks,
computational analyses have revealed abundant
characteristics of brain networks!, such as clusters of
brain regions®), hierarchical organization®, small-
world attributes), distinct functional streams, motifs®,
and so on. The physiological basis of these features is
the connectivity of brain networks. The development of
noninvasive diffusion tractography imaging (DTI) has
revealedthehistologicalbasisofbrainnetworksconnectivity,
of which the structure involved is the white matter tract.
By analyzing the data collected from DIT, a number of
reviews have divided brain networks connectivity into
three types: association bundles interconnecting ipsilateral
cortical sites; projection fibers connecting cortical areas
with subcortical structures; and commissural bundles
connecting contralateral hemispheres®. As previous
studies have provided some insights into the structural
basis of brain networks connectivity, combing with clinical
trials, several relative indicators have been developed to
estimate the connective characteristic, including path
length and global efficiency®”!. Furthermore, it has been
concluded that a change from short-range connection
to long-range connectivity, along with increasing age,
and a change in interregional connectivity patterns to
form stronger cortico-cortical but weaker subcortical-
cortical connections indicate that the completeness of
brain networks connectivity is related to their plasticity.
Meanwhile, a reduction in lesions-induced FC affects not
only the ipsilateral hemisphere, but also extends to the
contralateral side®. All the above evidence emphasizes the
significance of either structural or FC in brain networks.

Further clinical studies have opened a novel insight
for us. A total of 26 depressed MCI patients with amyloid
accumulation and 27 depressed MCI patients without
amyloid accumulation were recruited in a study conducted
by Lee et al. to prove that cerebral amyloidopathy can truly
affect the brain network topology and may be associated
with cognitive symptoms. The result showed a significant
correlation between disrupted network connectivity and
patients with amyloid accumulation in brain vessels, which
certainly relate to depressed elderly’®. Another review has
concluded that the disruption of network connectivity is
directly associated with depressive symptoms in cerebral
small vessel disease patients™. Based on 10 stroke
patients and 18 healthy controls (HC), Bosnell et al. have
found that apart from cognitive function, motor function
disruption is related to the interruption of brain structural
connectivity!®. With the development of imaging

techniques, the variation in the definition of diaschisis has
been summarized in a review; in contrast to traditional
focal diaschisis, connectional diaschisis is highly
related to clinical stroke-induced motor and attentional
network disruption, which causes motor and cognitive
abnormalities; furthermore, the normalization of remote
connectivity changes relates to a better recovery™®l.

Multiple studies have shown that interregional
connections, similar to hubs, play a key role in maintaining
cognitive function and improving patients’ prognosis.
Maintaining the integrity of brain networks connectivity
has yet to become an additional focus in neurosurgical
intervention for cerebrovascular diseases.

3.3. Cognitive protection

With the development of treatment means for
cerebrovascular  diseases beyond neural function
protection to satisfy the basic requirements of life,
cognitive protection has been emphasized in surgery.
According to the localizationist theory, a structural
correspondence exists between the cognitive function of
the human brain and the cortical regions, indicating that
human character, thoughts, and emotions are located in
specific parts of the brain. For example, the third frontal
circumvolution is related to speech articulation, while
the posterior part of the left temporal gyrus is associated
with word comprehension. However, recent studies have
proven that human cognitive function is achieved through
the interaction of multiple networks in global regions, thus
providing a theoretical basis for cognitive protection in
neurosurgery®. Correspondingly, the deuterogenic neural
networks surgery idea that aims at achieving neural and
cognitive function protection by maintaining the stability
of brain networks in neurosurgery has been applied in
many clinical trials. Boukrina and Barret have reviewed
studies of post-stroke delirium and spatial neglect,
concluding that right hemisphere strokes may impair the
ascending arousal system and cortical attention networks,
which are composed of ascending projections from the
midbrain nuclei and integrating dorsal and ventral cortical
and limbic components, causing spatial neglect and thus
lowering the threshold for developing delirium®.. In a
study of chronic stroke patients, Bonilha et al. observed
that patients with non-fluent aphasia, who had lesions in
superior longitudinal fasciculus and precentral, inferior
frontal, supramarginal, and insular cortices after stroke,
achieved better assisted speech from preserving the pMTG,
inferior fronto-occipital fasciculus, and uncinate fasciculus;
this indicates that the interaction of brain networks plays
a vital role in cognitive function maintenance®. In a
study conducted by Altinbas et al., the cognitive difference
in patients who underwent carotid artery stenting and
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carotid endarterectomy (CEA) was not statistically
significant, but a higher rate of new ischemic lesions
was observed in carotid artery stenting-treated patients
compared with CEA-treated ones®. Another research
on neuropsychological sequelae prediction following
treatment with microsurgical clipping or endovascular
embolization in patients with anterior communicating
artery aneurysm has indicated that microsurgical clipping-
treated patient had significantly more severe cognitive
deficits!™?. All the above studies are evidence showing
that cognitive protection in cerebrovascular diseases has
received its due attention and further research and clinical
trials must follow their lead.

By reviewing neurological research and clinical trials,
we put forward three new strategies for the surgical
treatment of cerebrovascular disease. As hubs and
connectivity are critical components of brain networks,
they play an irreplaceable role in maintaining the stability
of the global network to preserve human cognitive function
(Table 2). As the preservation of human cognitive function
has gained widespread attention clinically, the concept of
neural networks surgery provides us an immense insight
into the treatment of cerebrovascular disease. As discussed
above, the protection of network hubs and connectivity
relates to better cognitive recovery and preserves the
human central nervous system up to a point of plasticity.
There is an urgent need for new strategies in neurosurgery
to be developed and applied in clinical settings.

4. Impact on the course of the disease

As aforementioned, brain network stability is vital for
maintaining cognitive function and is also the basis for
the plasticity of the central nervous system. Brain network

Table 2. New strategies in cerebrovascular disease treatment
(examples in this review)

Disease
Buckner!®?! AD
Aben®!

Treatment strategy First author

Hub protection
Hub protection Ischemic stroke
Connectivity protection ~ Leel® AD

Cuadrado-Godial® Cerebral small

vessel disease

Connectivity protection

Connectivity protection ~ Bosnell®”) Stroke
Connectivity protection ~ Carreral®! Diaschisis
Cognitive protection Boukrinal® Stroke
Cognitive protection Altinbas!®¥ CAS
Cognitive protection Chan" Anterior

communicating
artery aneurysm

AD, Alzheimer’s disease; CAS, carotid artery stenosis.

hubs and interregional connections are the key factors in
maintaining the stability of brain networks and ensuring
their plasticity. Studies have described several critical
indicators that can be applied in the prediction of cognitive
situation, prognosis, and even the cognitive recovery of
patients with the central nervous system diseases.

The prediction of cognitive decline in multiple
sclerosis (MS) patients is usually considered difficult. In
their clinical study, Nauta et al. investigated the role of
magnetoencephalography (MEG) in measuring functional
brain network organization to predict cognitive decline
in MS patients; using resting-state MEG recordings,
structural MRI, and neuropsychological assessments,
they found that the level of functional brain network
integration is an independent predictive marker of
cognitive decline and suggested that MEG may be a
great prediction tool for disease progression in MS®.
In a study of AD patients with MCI, Zhang et al. used a
proposed highly-available nodes approach to develop a
brain network model based on rest-state fMRI data; they
successfully constructed a reliable brain network model
and also identified 18 significant regions as hubs. This
model can be used to predict cognitive impairment in
AD patients and analyze the topological feature of brain
networks!®. Moreover, in a study comprising Parkinson’s
disease (PD) patients with MCI (PD-MCI), PD patients
without MCI (PD-nMCI), and HC, Chen et al. found
that all three groups exhibited small-world architecture in
their functional brain networks, and early-stage PD-MCI
patients had decreased clustering coeflicient, increased
characteristic path length, and changed nodal centrality
in multiple brain functional networks, including the
DMN, control network, somatomotor network, and visual
network. The research has not only found the cause of MCI
in PD patients, but also suggested that these key indicators
can be applied for cognitive situation prediction, even for
reflecting prognosis and network plasticity in the central
nervous system diseases!”.

Most cerebrovascular diseases often begin with
cognitive impairment or are accompanied by symptoms of
cognitive dysfunction. In a deeper study of brain networks,
many scientists focus on the evaluation of cognitive
impairment and long-term prognosis of patients with
cerebrovascular disease.

Temporo-occipital junction arteriovenous
malformations (TOJ-AVMs) certainly do not affect the
eloquent brain cortex; instead, they form beside functional
fiber tracts. Jiao et al. have found that lesion-to-eloquent
fiber distance is a significant risk factor related to a dismal
prognosis in patients with TOJ-AVMs; this indicator could
be a significant reminder for surgical performancel®.. In
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Table 3. Prediction of the disease course

Firstauthor  Disease Symptoms Indicator Predictive Tools

Nauta!®! MS Cognitive decline Functional brain network integration level MEG

Zhang!*®! AD Mild cognitive impairment Characteristic of brain network A highly-available nodes approach
Chen!” PD Mild cognitive impairment Characteristic of brain network MRI

Jiao!¢”! AVM Postoperative neurological deficits Lesion-to-eloquent fiber distance DSA, CT, fMRI, and DTI
Kazumata® ~ MMD Cognitive function impairment Gray matter density DTI

Leil®! MMD Progressive cognitive decline ALFF of BOLD fMRI BOLD fMRI

Lei”! MMD Vascular cognitive impairment CNE fMRI

He!™ CAS and CAO  Cognitive function impairment Global attributes rs-fMRI

AD, Alzheimer’s disease; ALFF, amplitude of low-frequency fluctuations; AVM, arteriovenous malformations; BOLD fMRI, blood oxygen
level-dependent functional magnetic resonance imaging; CAO, carotid artery occlusion; CAS, carotid artery stenosis; CNE, connectivity number
entropy; CT, computed tomography; DSA, digital subtraction angiography; MEG, magnetoencephalography; MMD, moyamoya disease; MRI, magnetic
resonance imaging; MS, multiple sclerosis; PD, Parkinson’s disease; rs-fMRI, resting-state functional magnetic resonance imaging.

terms of MMD, Kazumata et al. have observed a decrease
in gray matter density and fractional anisotropy but an
increase in radial diffusivity using DTI in 23 adult patients
with MMD; moreover, the impaired regions have been
found to be associated with basic cognitive functions,
including processing speed, attention, working memory,
and so on®. In another study, Lei et al. investigated the
relationship between MMD patients with vascular cognitive
impairment (VCI) and the amplitude of low-frequency
fluctuations (ALFF) of blood oxygen level-dependent
fMRI at rest; significant differences in ALFF were observed
between VCI/non-VCI and normal control groups in
multiple brain regions, with some changes associated with
progressive cognitive decline!®”. The dynamic measurement
of connectivity number entropy (CNE), which characterizes
both spatial and temporal dimensions of network
interactions, was also used in an MMD study; significant
differences in CNE were observed between VCI/non-
VCI and normal control groups”. Their studies indicate
that both ALFF and CNE can be regarded as indicators,
which may play important roles in predicting the cognitive
function and prognosis of patients with MMD. On the
other hand, in a study of patients with asymptomatic carotid
artery stenosis and occlusion (CAO), distinct differences
in the global attributes (including assortativity, hierarchy,
network efficiency, and small-worldness) of brain networks
were observed among all three groups. Compared with
HC, the carotid artery stenosis and CAO groups showed
decreased nodal efficiency of hubs in multiple brain regions;
furthermore, a compensatory functional connection in the
contralateral cerebral hemisphere of patients with carotid
artery stenosis and CAO was observed, suggesting that the
network has a degree of plasticity!'.

All the above studies are evidence showing the
application of the concept of brain networks in

cerebrovascular disease for disease progression prediction.
Clearly, this application is vital for predicting patients’
cognitive function and recovery after surgery (Table 3). By
utilizing these indicators and approaches in further studies,
it is possible to prevent a dismal prognosis and improve
the cognitive recovery of patients with cerebrovascular
diseases.

5. Conclusions

In this paper, we mainly review the application of the
concept of neural networks surgery in cerebrovascular
disease treatment. With the advancements in medical
technologies, neurosurgery has transitioned from the
traditional protection of neural function to a more
systematic and sophisticated comprehensive protection of
brain neural function and cognitive function. This review
first renews the mechanism of several types of common
cerebrovascular diseases following the application of
the neural networks surgery concept. Subsequently, new
strategies in neurosurgery are proposed for the treatment
of cerebrovascular diseases, including the protection
of hubs, network connectivity, and cognitive function.
Finally, we relate that some indicators or features of brain
networks may play certain roles in predicting the prognosis
and cognitive recovery of patients with cerebrovascular
disease. From this perspective, we may develop a novel
treatment system for cerebrovascular diseases. This
system entails identifying diseases, predicting possible
cognitive function disruption and degree of recovery,
designing surgical strategies, choosing reasonable surgical
methods, and executing according to priority. Combining
the concept of neural networks surgery and advanced
medical techniques, we hope that this system can improve
the prognosis and cognitive function of patients with
cerebrovascular diseases following treatment.
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