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Background: Subcortical vascular cognitive impairment (sVCI), caused by cerebral
small vessel disease, accounts for the majority of vascular cognitive impairment, and
is characterized by an insidious onset and impaired memory and executive function. If
not recognized early, it inevitably develops into vascular dementia. Several quantitative
studies have reported the consistent results of brain regions in sVCI patients that can be
used to predict dementia conversion. The purpose of the study was to explore the exact
abnormalities within the brain in sVCI patients by combining the coordinates reported in
previous studies.

Methods: The PubMed, Embase, and Web of Science databases were thoroughly
searched to obtain neuroimaging articles on the amplitude of low-frequency fluctuation,
regional homogeneity, and functional connectivity in sVCI patients. According to the
activation likelihood estimation (ALE) algorithm, a meta-analysis based on coordinate
and functional connectivity modeling was conducted.

Results: The quantitative meta-analysis included 20 functional imaging studies on sVClI
patients. Alterations in specific brain regions were mainly concentrated in the frontal
lobes including the middle frontal gyrus, superior frontal gyrus, medial frontal gyrus,
and precentral gyrus; parietal lobes including the precuneus, angular gyrus, postcentral
gyrus, and inferior parietal lobule; occipital lobes including the lingual gyrus and cuneus;
temporal lobes including the fusiform gyrus and middle temporal gyrus; and the limbic
system including the cingulate gyrus. These specific brain regions belonged to important
networks known as the default mode network, the executive control network, and the
visual network.

Conclusion: The present study determined specific abnormal brain regions in sVCI
patients, and these brain regions with specific changes were found to belong to important
brain functional networks. The findings objectively present the exact abnormalities within
the brain, which help further understand the pathogenesis of sVCI and identify them as
potential imaging biomarkers. The results may also provide a basis for new approaches
to treatment.

Keywords: subcortical vascular cognitive impairment, resting state, ALE, amplitude of low-frequency fluctuation,
regional homogeneity, functional connectivity
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INTRODUCTION

Cerebral small vessel disease (CSVD), referring to the series
of neuropathological processes related to heredity and age,
continuously damages the small perforating arteries, arterioles,
capillaries, and venules (1). The cerebral white and deep gray
matter are inevitably damaged, which further results in the
onset of occult cognitive impairment (1). Vascular cognitive
impairment (VCI), including VCI non-dementia (VCIND),
vascular dementia (VD), and mixed dementia with VCI, is
a potentially preventable and treatable cognitive impairment
(2). Accounting for about 36-67% of VCI, subcortical vascular
cognitive impairment (sVCI) caused by CSVD needs early
recognition and intervention, which is the key to reducing
the incidence of VD (3). Topics surrounding sVCI such as
cognitive impairment, imaging features, and biological markers
have gradually become the focus of today’s international stroke
and domestic research (4). It is well known that dementia
is a group of syndromes involving memory loss, judgment,
reasoning, mood changes, behavior, and communication (5).
However, compared with AD, the cognitive characteristics of
sVCI, involve the domains of executive function impairment
and attention deficit, rather than more prominent memory
impairment (6). It is reasonable to deduce that the main damaged
brain area in AD and the main damaged brain area in sVCI
are dissimilar because of the difference in cognitive impairment
between the two neurodegenerative diseases, which is a point
worthy of further study.

CSVD can be divided into three disease subtypes as follows
(7). Subtype 1 is composed of sporadic arteriolosclerosis
accompanied by aging and several vascular risk factors, which
include systemic arterial hypertension and diabetes mellitus (7).
Subtype 2 is defined by cerebral amyloid angiopathy (CAA)
linked to hereditary (7). Subtype 3 refers to all inherited or
genetic CSVD subtypes without CAA (7). Among them, the most
common disease is cerebral autosomal dominant arteriopathy
with subcortical ischemic strokes and leukoencephalopathy (8).
The common feature of the different subtypes is hemorrhage
or ischemia of the subcortical small cerebral vessels. Therefore,
it is necessary to clarify the characteristics and types of CSVD
by searching original studies and conducting comprehensive
quantitative analysis.

In terms of neuroimaging, CSVD appears as white matter
lesions, lacunar infarcts, enlarged perivascular spaces, and
cerebral microbleeds (8). Resting-state functional magnetic
resonance imaging (fMRI) has made it possible for researchers
to detect alterations in brain functional networks and local
spontaneous neuronal activity, which provides new insight into
the pathogenesis of neurological diseases (9). At present, there
are three reliable technical means widely used in fMR], including
the amplitude of low-frequency fluctuation (ALFF), regional
homogeneity (ReHo), and functional connectivity (FC) (10—
12). The ALFF is used to describe spontaneous regional brain
activity and ReHo is used to demonstrate the consistency of
brain activity (10). FC reveals whether there is connectivity
disruption or compensation in the brain regions (12). In
the field of neuroimaging, the known networks for cognitive

impairment include the default mode network (DMN), the
executive control network (ECN), and the visual network (VN).
Different networks interact and coordinate with each other to
maintain the cognitive level (13). When cognitive impairment
occurs, these networks are undoubtedly affected, and vice versa
(13). Since the clinical cognitive impairment of sVCI involves
multiple aspects, impairment in different networks is likely
to occur.

Anatomical Likelihood Estimation (ALE) is a coordinate-
based meta-analysis method whose principle is that a 3D
Gaussian probability distribution is derived from each coordinate
of the research (14). ALE maps are formed by synthesizing
the distribution of all eligible studies with a threshold of p <
0.05 (15). ALE has demonstrated statistically significant results
in studies of various neurological or psychiatric disorders (16).
There are no original articles on sVCI in the study of resting-
state FC and spontaneous neuronal activity. However, a rare
meta-analysis was conducted on specific functional alterations
of the brain regions in sVCI patients. Therefore, it is necessary
to summarize the previously published articles on sVCI caused
by CSVD to determine the specific cognitive domains and brain
regions damaged using the ALE algorithm. This study was
conducted to investigate the potential targets of sVCI and further
discover the pathogenesis. Hence, we made assumptions that
in sVCIL: (1) specific brain functional markers associated with
cognitive impairment would be revealed in sVCI patients and
(2) these specific markers would belong to important networks
whose interruption has been associated with cognitive decline.

METHOD

The meta-analysis of the present studies was based on the
PRISMA statement guidelines.

Literature Retrieval and Research

Selection

Retrieval Strategies

Two researchers thoroughly and systematically searched
the PubMed, Embase, and Web of Science databases using
the keywords (1) (“functional magnetic resonance imaging
[MeSH] OR “RESTING STATE” [MeSH]) AND (“subcortical
vascular cognitive impairment” [MeSH]) AND (“Functional
connectivity”); (2) (“functional magnetic resonance imaging
[MeSH] OR “RESTING STATE” [MeSH]) AND (“subcortical
vascular cognitive impairment” [MeSH] AND “regional
homogeneity”); (3) (“functional magnetic resonance imaging”
[MeSH] OR “RESTING STATE” [MeSH]) AND (“subcortical
vascular cognitive impairment” [MeSH] AND (“amplitude of
low frequency fluctuation”) (Supplementary Table 1). Figure 1
shows the flowchart of the literature search and selection strategy.

Inclusion and Exclusion Criteria

Inclusion Criteria

The inclusion criteria were (1) lacunar infarction (LI), cerebral
microinfarct, hemorrhage (CMB), leukoencephalopathy (WML),
lacunae, and enlarged perivascular gaps on head magnetic
resonance imaging (MRI) (17); (2) diagnostic criteria for CSVD
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FIGURE 1 | The flowchart of meta-analysis.

based on CSVD expert consensus (18); and (3) the results of the
assessment of all the enrolled patients were within the range of
cognitive impairment.

Exclusion Criteria

The exclusion criteria were (1) existing or past infarction,
hemorrhage, and derma in 1/3 of the cerebral lobe; (2) obvious
cerebral artery stenosis or occlusion (18); (3) other diseases of
the brain that cause leukinopathy (e.g., hypoglycemia, poisoning,
and immune disorders (18)); (4) patients with intracranial
tumors and major organ dysfunction (18); and (5) patients with
dementia, mental symptoms, audiovisual impairment, and the
inability to cooperate (18).

Article Requirements

The articles needed to contain resting-state functional MRI
and present Talairach or Montreal Neurologic Institute (MNI)
information. We only selected articles in English. Literature such

as reviews and meta-analysis articles were excluded. Articles
with incomplete information or secondary processing were
also excluded.

Data Extraction

Two researchers independently selected, extracted, and checked
the data. When there is any disagreement, a third reviewer
participated in the decision. All of the abnormal brain region
coordinates were derived from the consistent text.

Data Analysis Program

We identified both increased and decreased indicators. The
ALFF/fALFF ratio was increased in 32 foci (n = 169) and
decreased in 11 foci (n = 202); ReHo was increased in 6 foci (n =
95) and decreased in 7 foci (n = 95); and FC was increased in 24
foci (n = 122) and decreased in 44 foci (n = 136).
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TABLE 1 | Demographic data and clinical information.

Study G N Age (SD) Gender (male/female) MMSE (SD) Group contrasts Foci Correction for multiple comparisons

ALFF

(19) sVCl 11 40.2 (11.2) 4/7 19.6 (4.3) sVCI>HC 15 p < 0.05 (cor)
HC 22 40.2 (87.2) 10/12 28.5(1.5) sVCI<HC 3

(20) sVCI 30 69.0(7.8) 19/11 68.0 (5.8) sVCI>HC 6 p < 0.01 (cor)
HC 35 68.0 (5.8) 22/13 28.4(1.1) sVCI<HC 2

©@1) sVCI 30 69.0 (7.8) 19/11 16.1 (5.1) SVCI>HC 3 p < 0.01 (cor)
HC 35 68.0 (5.8) 22/13 28.4 (1.1) SVCI<HC 1

22 sVCI 22 79 (6) 16/6 25 (2.05) SVCI>HC 2 p < 0.05(cor)
HC 28 70 (9) 17/11 29 (1.09) SVCI<HC 2

23) sVCI 22 49.0 (14.2) 13/9 23.3 (6.3) SVCI>HC 3 p < 0.05 (cor)
HC 44 48.5(13.7) 26/18 28.6 (1.1) sVCI<HC 1

(24) sVCI 46 59.99 (8.59) 22/24 23.23 (2.70) sVCI>HC 1 p < 0.05 (cor)
HC 28 58.35 (6.82) 13/15 29.46 (1.07) sVCI<HC 1

(25) sVCl 28 65.3 (8.1) 12/16 29.1(1.2) sVCI>HC 2 p < 0.01 (cor)
HC 26 66.7 (9.5) 11/15 25.7 (2.7) SVCI<HC 1

FC

(26) sVCI 32  70.09 (8.26) 14/18 23.78 (2.66) SVCI>HC 2 p < 0.05 (cor)
HC 23 68.87 (7.05) 14/9 27.96 (0. 98) sVCI<HC 8

©7) sVCI 22 48.9 (14.2) 13/9 235 (5.7 SVCI>HC 3 p < 0.05 (cor)
HC 44 48.4 (13.7) 26/18 28.2 (1. ) SVCI<HC 6

(28) sVCl 29  71.07 (6.72) 19/10 25.90 (3.09) SVCI>HC 3 p < 0.05 (cor)
HC 22 67.78(6.75) 14/8 28.61 (1.23) sVCI<HC 7

(29) sVl 16 69.1(7.8) 14/2 28.1 (1.4) sVCI>HC 5 p < 0.01 (cor)
HC 18 66.2 (7.7) 16/2 28.9 (1.3 sVCI<HC 5

(30) SVCl 54  70.48 (4.81) 32/22 25.80 (2.48) sVCI>HC 6 p < 0.05 (cor)
NC 27 67.63 (8.19) 10/17 27.93 (1.03) sVCI<HC 5

293) sVCI 22 49.0 (14.2) 13/9 23.3 (6.3) SVCI=HC 0 p < 0.05 (cor)
HC 44 485 (13.7) 26/18 28.6 (1.1) SVCI<HC 8

31) sVCI 14 66.00(5.13) 77 26.86 (2.66) SVCI=HC 5
HC 33 62.03(7.53) 16/17 28.47 (1.49) SVCI<HC 0

(32) sVCl 31 63.84 (14.1) 18/13 26.32 (2.06) sVCI>HC 0 p < 0.05 (cor)
HC 32 62.72(8.22) 18/14 28.75 (1.39) sVCI<HC 5

ReHo

(32) sVCl 31 63.84 (14.1) 18/13 26.32 (2.06) sVCI>HC 0 p < 0.05 (cor)
HC 32 62.72 (8.22) 18/14 28.75 (1.39) sVCI<HC 2

31) sVCI 14 66.00(5.13) 77 26.86 (2.66) SVCI>HC 3 p < 0.05 (cor)
HC 33 62.03 (7.53) 16/17 28.47 (1.49) sVCl<HC 0

(33) SWVD 20 75.8 (7.67) 13/7 20.1 (5.88) SVCI>HC 2 p < 0.05 (cor)
HC 23 65.1 (6.97) 11/12 27.9 (1.60) SVCI<HC 1

22 sVCI 22 79 (6) 16/6 25 (2.05) SVCI>HC 1 p < 0.05 (cor)
HC 28 70 (9) 17/11 29 (1.09) sVCI<HC 3

©7) sVCl 22 48.9 (14.2) 13/9 23.5(5.7) sVCI>HC 0 p < 0.05(cor)
HC 44 48.4 (13.7) 26/18 28.2(1.3) sVCI<HC 1

We used a Java-based version of Ginger ALE 2.3.6 (http:// RESULTS

www.brainmap.org/ale) to perform the ALE meta-analysis. The
convergence of the difference in foci was assessed between
the sVCI and HC groups. The steps were as follows: (1)

import a text file used to read the data into the software;

(2) set a threshold at p < 0.05; (3) input the maps into
the MNI template and view the image with dpabi software
(http://fmri.org/dpabi).

Research Results
The study characteristics and results are summarized in Table 1.

Meta-Analysis Results
Compared to the HC groups, sVCI patients had no increased

ALFF in the specific brain regions. In contrast, the brain regions
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L
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medial frontal gyrus; R, right; L, left.

FIGURE 2 | Decreased ALFF in sVCI patients compared with HCs. sVClI, subcortical cognitive impairment; HCs, healthy controls; ALFF, amplitude of low-frequency
fluctuation; PCUN, precuneus; PCC, posterior cingulate cortex; CUN, cuneus; MTG, middle temporal gyrus; IPL, inferior parietal lobule; AG, angular gyrus; Mfg,

with a significant decrease in ALFF values mainly included the
precuneus (PCUN), posterior cingulate cortex (PCC), cuneus
(CUN), middle temporal gyrus (MTG), inferior parietal lobule
(IPL), angular gyrus (AG), and the medial frontal gyrus (mFG)
(Figure 2 and Table 2).

sVCI patients had increased ReHo in the PCUN, IPL,
cingulate gyrus (CG), fusiform gyrus (FFG), and middle frontal
gyrus (MFG) (Figure 3 and Table 2). In addition, sVCI patients
presented with decreased ReHo in the PCUN, lingual gyrus
(LING), insula, posterior lobe, lentiform nucleus, and MFG
(Figure 3 and Table 2).

Compared to the HC groups, sVCI patients showed
increased FC in the precentral gyrus (PreCG), superior
frontal gyrus (SFG), and MFG (Figure4 and Table 2). sVCI
patients showed decreased FC in the MFG, postcentral
gyrus (PosCG), PreCG, sub-gyral, mFG, and MFG (Figure 4
and Table 2).

DISCUSSION

The present study was the first meta-analysis conducted to
explore the specific functional alterations in brain regions in
sVCI patients. We determined different patterns of spontaneous
brain activity through two indicators, ALFF and ReHo, and found
different brain functional connections by comparing the results.
In patients with sVCI, the areas most affected in the brain were
the frontal lobes, parietal lobes, and occipital lobes. Additionally,
the significant difference in the limbic system may indicate
spatially distinct patterns of brain function in sVCI patients.
Decreases in ALFF were found in the PCUN, PCC, MTG, IPL,
and AG. ReHo was also decreased in the PCUN and increased
in the PCUN and IPL. As the medial aspect of the parietal lobe,
the PCUN is considered the hub of multiple brain networks (34).
The PCUN has three separate areas that participate in different
functional networks (35). The anterior PCUN mainly links to

Frontiers in Neurology | www.frontiersin.org

September 2021 | Volume 12 | Article 649233


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Xu et al.

A Review of SVCI

TABLE 2 | All brain regions and clusters derived from meta-analysis.

Cluster Volume (mm?) MNI Anatomical regions Maximum ALE value Side BA
X Y Y4
ALFF
sVCI>HC
None
sVCI<HC
1 44,904 2 —54 48 Precuneus 0.017697 Left 7
1 44,904 —6 —45 24 Posterior cingulate cortex 0.008758 Left 30
1 44,904 6 -81 30 Cuneus 0.008326 Right 18
1 44,904 -8 -80 42 Cuneus 0.008056 Left 19
1 44,904 0 —66 54 Precuneus 0.006929 Left 7
2 17,440 48 —72 30 Middle temporal gyrus 0.00918 Right 39
2 17,440 42 —54 50 Inferior parietal lobule 0.006901 Right 40
3 11,360 -30 —60 44 Angular gyrus 0.006901 Left 39
4 9,664 -9 -3 57 Medial frontal gyrus 0.007794 Left 6
ReHo
sVCI>HC
1 30,608 24 —68 36 Precuneus 0.007556 Right 7
1 30,608 42 —51 39 Inferior parietal lobule 0.007112 Right 40
2 15,872 —-18 —60 51 Cingulate gyrus 0.007331 Left 7
3 14,400 —-12 21 30 Precuneus 0.008136 Left 32
4 13,576 53 -31 —-23 Fusiform gyrus 0.007794 Right 20
5 12,872 39 51 15 Middle frontal gyrus 0.007624 Right 10
sVCI<HC
1 32,920 2 —76 30 Precuneus 0.011713 Left 31
1 32,920 15 -87 6 Lingual gyrus 0.008056 Right 17
2 14,400 -39 0 12 Insula 0.008326 Left 13
3 13,216 —21 —78 —-33 Pyramis 0.008618 Left -
4 13,216 21 3 6 Lentiform nucleus 0.008618 Right -
5 12,872 39 51 15 Middle frontal gyrus 0.007624 Right 10
FC
sVCI>HC
1 19,800 40 6 28 Precentral gyrus 0.00901 Right 6
1 19,800 48 44 24 Superior frontal gyrus 0.008695 Right 9
1 19,800 50 24 22 Middle frontal gyrus 0.008292 Right 6
1 19,800 28 50 24 Superior frontal gyrus 0.007415 Right 9
sVCI<HC
1 14,976 —-34 —6 42 Middle frontal gyrus 0.008927 Left 6
1 14,976 —36 —-18 50 Postcentral gyrus 0.008331 Left 3
1 14,976 -50 —-20 38 Postcentral gyrus 0.007795 Left 2
1 14,976 —36 0 28 Precentral gyrus 0.007652 Left 6
2 13,800 48 48 Middle frontal gyrus 0.009673 Left 6
2 13,800 42 14 30 Precentral gyrus 0.009003 Right 9
2 13,800 48 40 Middle frontal gyrus 0.008929 Right 6
2 13,800 64 12 Precentral gyrus 0.008695 Right 6
2 13,800 48 22 Precentral gyrus 0.00806 Right 6
4 8,736 22 28 36 Sub-gyral 0.008695 Right 8
4 8,736 10 36 42 Medial frontal gyrus 0.008695 Right 8
4 8,736 32 38 30 Middle frontal gyrus 0.008621 Right 9

BA, Brodmann Area; ALE, Anatomical/Activation Likelihood Estimation; MNI, Montreal Neurologic Institute; sV/CI, subcortical vascular cognitive impairment; HCs, healthy controls; ALFF,
the amplitude of low-frequency fluctuation; ReHo, regional homogeneity; FC, functional connectivity.
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MFG, middle frontal gyrus; LING, lingual gyrus; R, right; L, left.

FIGURE 3 | (A) Increased ReHo in sVClI patients compared with HCs. (B) Decreased ReHo in sVCI patients compared with HCs. sVCI, subcortical cognitive
impairment; HCs, healthy controls; ReHo, regional homogeneity; PCUN, precuneus; IPL, inferior parietal lobule; CG, cingulate gyrus; INS, insula; FFG, fusiform gyrus;

medial frontal gyrus; MFG, middle frontal gyrus; R, right; L, left.

MFGRPreCGR R
MFG.R

MFG.

PreCG.R
||

0 0.01

FIGURE 4 | (A) Increased FC in sVCI patients compared with HCs. (B) Increased FC in sVCI patients compared with HCs. sVCI, subcortical cognitive impairment;
HCs, healthy controls; FC, functional connectivity; PreCG, precentral gyrus; SFG, superior frontal gyrus; MFG, middle frontal gyrus; PosCG, postcentral gyrus; mFG,

sensorimotor areas and projects into the insula. The central
PCUN is related to the hippocampus and the posterior PCUN
joins with regions of the visual cortex (35). Previous evidence
reported in a positron emission tomography (PET) study showed
hypometabolism of the PCUN in sVCI patients (36). It is known
that the IPL is responsible for maintaining attention control
and dealing with information (37). The AG is involved in
language, number processing, and memory retrieval (38). As
an important part of the limbic system, the PCC has extensive

functional connections with many brain areas in the prefrontal
lobe. Weak signal values in this region, which is responsible for
monitoring sensation, stereotyping, and memory, suggest that
cognitive impairment in sVCI patients is closely related to this
important brain region (39). A recent study revealed that the PCC
and PCUN appeared to have the most structural and functional
alterations in sVCI patients (40). Some studies reported that
the language understanding network, centered on the dominant
hemisphere of the MTG, is the neural basis of the brain’s language

Frontiers in Neurology | www.frontiersin.org

September 2021 | Volume 12 | Article 649233


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Xu et al.

A Review of SVCI

understanding function (41). As we know, language impairment
is an important manifestation of vascular dementia (42).

All of the brain regions mentioned above are part of the
DMN, the main function of which is to extract the process
of episodic memory, cognition, and emotion (43). As for both
rising and falling signals in the same brain region, this is
due to different stages of the disease (44). It has been shown
that during the development of sVCI, some brain regions are
compensated for to coordinate cognitive functions (45). Thus, it
is not hard to explain why there are elevated signals in certain
brain regions. In summary, brain function damage caused by
sVCI was concentrated in the DMN, which is consistent with
the impairment of episodic memory shown in sVCI patients.
However, the within-group analysis showed no significant
differences in the increased ALFF values.

Brain regions such as the MFG, SFG, mFG, and PreCG
exhibited abnormal FC. These brain regions were located in
the ECN, which aims at integrating sensory and memory
information and regulating cognition and behavior (30). The
ECN, whose core is the prefrontal lobe, is in charge of
the integration of sensation, memory information, and the
regulation of cognition and behavior (46). Executive function
has been confirmed to be the main cognitive domain that
shows degeneration in sVCI (29). A structural equation model
on CSVD showed that the main neuropsychological symptom,
executive dysfunction, may predict both reductions in awareness
and the quality of life (47). The pathogenesis of sVCI is
mainly the long-term damage of gray matter and white matter.
Naturally, the course of the disease shows a trend of gradual
aggravation. As a result, it is significant to conclude that
the involved brain regions were located in the ECN based
on the existing literature. Recent findings pointed out that
the employment of transcranial magnetic stimulation could
promote an increase in global excitability in sVCI (42). Our
research can provide meaningful potential targets for transcranial
magnetic stimulation (TMS) to enhance cortical excitability and
synaptic plasticity.

Our study showed decreased ALFF in the cuneus and
decreased ReHo in the LING. Located at the center of the
visual cortex, the LING and the cuneus are in charge of
visual function processes (48). A randomized controlled trial
confirmed that visual dysfunction may exist in sVCI and regular
ophthalmological exams can help improve the quality of life
(49). Our findings were consistent with the clinical symptoms.
There was a synergistic effect between the networks. When the
DMN and ECN are abnormal, the VN will also be functionally
damaged (49). As for the compensatory increase in the VN in
the later period, more experiments are needed to prove this.
Regardless, ReHo tends to demonstrate the coherence of neural
activity. Interestingly, a decrease in ReHo in the insula was a
unique and important discovery in sVCI patients (50). Covered
by the frontal and temporal opercula, the insula contains several
functional regions involved in attention, language, speech, and
working memory. It is also the hub of several important networks
(51). As mentioned in the DMN above, the insula is connected
to the anterior PCUN, both of which are reduced. Thus, brain
regions and brain networks interact with each other in sVCI
patients (49).

LIMITATIONS

Although the results of this study are valuable, limitations
were inevitable. The heterogeneity of the data sources is clear.
Different threshold settings and preprocessing methods used in
the studies would affect our results to different extents (52).
However, these differences were negligible with respect to the
neuroimaging changes. Since CSVD is a broad concept that
includes a wide range of diseases, there were limitations in this
area even though the pathogenesis was similar. Due to the small
number of studies, it was difficult to study the detailed unified
classification. Another limitation was confounding factors such
as load of white matter lesions, the presence of microbleeds,
and infarcts, which influenced the resting-state indexes to some
degree. Besides, as the domains of cognitive impairment were
different in the included papers, the heterogeneity of the article
was undeniable. Finally, because it is difficult to get the full text
of several literatures, this is also the limitation of this paper.

CLINICAL IMPLICATIONS

Although a single study can provide valuable information, it still
lacks uniformity and precision. Considering this, our quantitative
analysis was very necessary. Core brain areas such as the PCUN,
LING, frontal gyrus, and insula were regarded as neuroimaging
markers in sVCI. The findings also provide a valuable basis for
TMS and drug treatment. Having identified which functions
were impaired, we can follow up regularly, such as focusing
on visual function, to improve the patients’ quality of life.
In conclusion, our results showed disease-specific brain area
damage characteristics and provide information for follow-up
care and treatment.

CONCLUSION

By synthesizing the published literature on sVCI caused by
cerebral microvascular disease, we obtained special imaging
markers, which were concentrated on the frontal lobes including
the middle frontal gyrus, superior frontal gyrus, medial frontal
gyrus, precentral gyrus; parietal lobes including the precuneus,
angular gyrus, postcentral gyrus, and inferior parietal lobule;
occipital lobes including the lingual gyrus and cuneus; temporal
lobes including the fusiform gyrus and middle temporal gyrus;
and the limbic system including the cingulate gyrus. By dividing
these brain regions, the brain networks to which they belonged
were also identified. Multiple brain functional networks such
as the DMN, ECN, and VN showed abnormal performance
consistent with sVCI patients. These findings objectively present
the exact abnormalities within the brain, which can help to
further understand the pathogenesis of sVCI and suggest imaging
findings as a potential biomarker. It may also provide a basis for
new treatment approaches.
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