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Neuroimaging Characteristics 
of Subcortical Vascular Cognitive 
Impairment

Geon Ha Kim, Jihye Hwang, and Jee Hyang Jeong

Subcortical vascular cognitive impairment 
(SVCI) refers to the cognitive impairment associ-
ated with small vessel diseases (SVD) such as 
lacunes, white matter hyperintensities (WMH), 
and cerebral microbleeds (CMB) in the subcorti-
cal areas [1], which encompasses both subcorti-
cal vascular mild cognitive impairment (svMCI) 
and subcortical ischemic vascular dementia 
(SVaD) [2, 3]. Clinically, it is important to detect 
SVCI as early as possible since early intervention 
for SVCI can delay the progression of the dis-
ease. Therefore, magnetic resonance imaging 
(MRI) is the most commonly used tool to diag-
nose SVCI which can detect SVD including lacu-
nes, WMH, and CMB in the subcortical area. In 
addition, recent methodological advances in MR 
imaging analysis have enabled further image-
based analyses to investigate neuroimaging char-
acteristics related to the mechanisms that underlie 
cognitive dysfunctions in SVCI.

Although ischemia is regarded as the primary 
underlying pathology of SVCI, one of the major 

concerns regarding diagnosis and research for 
SVCI is that the large proportion of clinically 
diagnosed SVCI patients often reveal concomi-
tant Alzheimer’s disease (AD) pathology [4]. The 
overlapping clinical manifestations and neuroim-
aging findings between pure SVCI and mixed AD 
concomitant with SVD (mixed dementia) have 
made it difficult to differentiate between the two. 
With the recent availability of amyloid positron 
emission tomography (PET) that allows for 
in  vivo detection of cerebral amyloidosis [5], 
however, it becomes possible to discriminate 
patients with relatively pure SVCI defined as not 
having concomitant amyloid (negative amyloid 
PET scan) from those with mixed pathology (pos-
itive amyloid PET scan) [6]. Indeed, a recent 
study (AMPETIS study) suggests that pure SVCI 
is more common than expected, which shows that 
68.9% of patients with severe WMH compatible 
with SVCI revealed negative for amyloid PET 
scan and they were slightly younger and had 
greater number of lacunes but less severe hippo-
campal atrophy on MRI than amyloid positive 
SVaD [6]. Therefore, more recent neuroimaging 
studies with amyloid PET scan in SVCI have 
shown that pure SVCI also has distinctive neuro-
imaging features compared to those in patients 
with AD or mixed pathology.

Here, this section aims to provide an over-
view of the structural and functional neuroimag-
ing characteristics of SVCI based on the recent 
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neuroimaging studies with MRI, with a special 
focus on pure SVCI.

10.1	 �Imaging Criteria 
for the Diagnosis of Pure SVCI

Criteria for brain imaging requirements by 
Erkinjuntti et al. were commonly used for diag-
nosing SVCI [7] (Table 10.1). This brain imaging 
criteria for SVaD not only cover cases having 
predominantly WMHs (“the white matter type,” 
Binswanger’s disease) but also is applicable for 
those with predominantly lacunar infarcts (“the 
lacunar state type”). It is common for both lacu-
nar state and the white matter type to occur 
together as the underlying pathology involves the 

lenticulostriate and the penetrating subcortical 
arterioles of the hemispheric white matter simul-
taneously [8]. However, these criteria cannot dis-
criminate pure SVCI from mixed dementia.

Recently, a new criterion that could help char-
acterize pure SVaD from mixed dementia has 

Table 10.1  Brain imaging criteria for subcortical vascu-
lar dementia proposed by Erkinjuntti et al. [7]

A. Computed tomography
• � Extending periventricular and deep white matter 

lesions: patchy or diffuse symmetrical areas of low 
attenuation (intermediate density between that of 
normal white matter and that of intraventricualr 
cerebrospinal fluid) with ill-defined margins 
extending to the centrum semiovale and at least one 
lacunar infarct

• � Absence of cortical and/or cortico-subcortical 
non-lacunar territorial infarcts and watershed infarcts, 
hemorrhages, signs of normal pressure hydrocephalus, 
and specific cause of white matter lesions (e.g., 
multiple sclerosis, sarcoidosis, brain irradiation)

B. Magnetic resonance imaging
• � To include predominantly “white matter cases”: 

extending periventricular and deep white matter 
lesions, extending caps (>10 mm as measured 
parallel to ventricle) or irregular halo (>10 mm 
broad, irregular margins and extending into deep 
white matter) and diffusely confluent 
hyperintensities (>25 mm, irregular shape) or 
extensive white matter change (diffuse 
hyperintensity without focal lesions) and lacune(s) 
in the deep gray matter

• � To include predominantly “lacunar cases”: multiple 
lacunes (e.g., >5) in the deep gray matter and at 
least moderate white matter lesions, extending caps 
or irregular halo or diffusely confluent 
hyperintensities or extensive white matter change

• � Absence of cortical and/or cortico-subcortical 
non-lacunar territorial infarcts and watershed infarcts, 
hemorrhages, signs of normal pressure hydrocephalus, 
and specific causes of white matter lesions (e.g., 
multiple sclerosis, sarcoidosis, brain irradiation)

Table 10.2  New operational criteria for pure SVaDa [9]

A. Meet the DSM-VI criteria for vascular dementia
  1. � Development of multiple cognitive deficits 

manifested by both
   �   (a) � Memory impairment (impaired ability to learn 

new information or to recall previously 
learned information)

   �   (b) � One or more of the following cognitive 
disturbances:

 �        • Aphasia
 �        • Apraxia
 �        • Agnosia
 �        • Disturbance in executive functioning
  2. � The cognitive deficits in criteria A1 and A2 each 

cause significant impairment in social or 
occupational functioning and represent a 
significant decline from the previous level of 
functioning

  3. � Focal neurologic sign and symptoms of 
laboratory evidence indicative of cerebrovascular 
disease, which are judged to be etiologically 
related to the disturbance

  4. � The deficits do not occur exclusively during the 
course of an episode of delirium

B. �Severe white matter hyperintensities on MRI (cap or 
band ≥ mm and deep white lesion ≥ 25 mm)

C. Age ≤75 years
D. Number of lacunes ≥5
E. Visual rating scale of temporal atrophy ≤3
F. Exclusion criteria
  1. � Only patients with SVaD or AD with small vessel 

diseases are included. Thus, patients with other 
than AD or SVaD are excluded. These include 
frontotemporal lobar degeneration, dementia of 
Parkinson’s disease, Lewy body dementia, 
corticobasal degeneration, and progressive 
supranuclear palsy

  2. � Patients with territory infarction, hemorrhage, or 
high signal abnormalities on MRI that are 
associated with etiologies other than ischemia, 
such as radiation injury, multiple sclerosis, 
vasculitis, or leukodystrophy

AD Alzheimer’s disease, DSM-IV Diagnosis and 
Statistical Manual Disorders, Fourth Edition, SVaD sub-
cortical vascular dementia
aA, B, and F are essential for pure mixed SVaD alike; C, 
D, and E should be fulfilled to differentiate pure SVaD 
from mixed SVaD
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been proposed using a combination of clinical 
and MRI findings, based on the data from SVaD 
patients with amyloid PET imaging [9] 
(Table 10.2). According to these criteria, among 
patients who met the Diagnostic and Statistical 
Manual of Mental Disorders-Fourth Edition 
(DSM-IV) criteria for vascular dementia [10] and 
also had severe WMH with a cap or band ≥10 mm 
and a deep white matter lesion ≥25 mm, the cut-
off values of clinical and MRI variables to dis-
criminate pure SVaD from mixed dementia were 
age ≤75, ≥5 lacunes, and visual rating scale of 
medial temporal atrophy ≤3, which in total 
yielded an accuracy of 67.5% [9].

10.2	 �Characteristics of Structural 
Neuroimaging in SVCI

10.2.1	 �Diffusion Tensor Imaging

The subtle change of microstructural integrity of 
white matters is one of the earliest manifestations 
of SVCI, although the most prominent manifes-
tations of SVCI on MRI include WMH and lacu-
nes in subcortical areas [11]. Such early changes 
could not be detected by conventional MRI but 
can be noticed by diffusion tensor imaging (DTI) 
[12], and abnormal DTI parameters can identify 
axonal or myelin disruption in the white matter 
tracts [13].

Previous studies using DTI analysis indicate 
that patients with SVCI display reduced frac-
tional anisotropy (FA) in the anterior corpus cal-
losum, frontal and parietal white matter regions 
[14], and mean FA values of the whole brain [15, 
16] compared to controls. This finding suggests 
that SVCI may have extensive microstructural 
abnormalities of white matters, although it often 
appears to be normal on conventional MRI [3].

One of the recent methods for DTI analyses is 
tract-based spatial statistics (TBSS) that can 
localize microstructural alterations by mapping 
diffusion parameters onto a white matter skeleton 
[17]. This method confirmed decreased FA in the 
bilateral frontal, temporal, and parietal white 
matters of AD patients with positive [11C] 
Pittsburgh compound B (PiB) PET scan com-

pared to the healthy controls (Fig. 10.1a). On the 
other hand, microstructural changes were seen in 
all of the white matters in the brain of patients 
with pure SVaD (characterized as PiB PET nega-
tive) when compared to normal controls [18] 
(Fig.  10.1b). Furthermore, direct comparison 
between patients with PiB(+) AD and PiB(−) 
SVaD also showed decreased FA in the anterior 
and posterior white matter regions of PiB(−) 
SVaD groups (Fig. 10.1c), unlike the PiB(+) AD 
group. Such results among the clinically diag-
nosed SVCI patients may stem from a combina-
tion of AD pathology [3]. However, this study 
based on PiB PET demonstrated that even pure 
SVCI patients also showed microstructural alter-
ations in posterior white matter regions without 
amyloid pathology in the brain [18], although the 
pathophysiology of posterior involvement of 
white matters in SVCI patients remains unclear.

A more recent study using tract-specific statis-
tical analysis (TSSA) based on 14 major white 
matter tracts also found that SVCI patients 
showed focal deficits in the bilateral anterior tha-
lamic radiation, cingulum, superior longitudinal 
fasciculus, uncinate fasciculus, corticospinal 
tract, and the left inferior longitudinal fasciculus 
relative to normal controls, which suggests that 
SVCI patients might have significant deficits in 
the tracts that traverse frontal and parietal white 
matter regions [19]. This finding could support 
the idea that ischemia in SVCI may preferentially 
affect the white matter in frontal and parietal 
regions rather than in the temporal and occipital 
regions [20–22].

It is well known that cognitive impairments in 
SVCI are related to ischemic interruption of fron-
tal cortical circuits or disruption of cholinergic 
pathways that traverse the subcortical white mat-
ter [23, 24]. DTI measurement can also be used 
as one of the markers that correlate with cogni-
tive functions in SVCI once age and other SVD 
markers are adjusted [25]. It has been suggested 
that white matter integrity at specific locations in 
SVCI was related to specific cognitive perfor-
mance [25]. For example, the low FA and high 
mean diffusivity (MD) in the genu and splenium 
of the corpus callosum were associated with 
lower scores in the global cognitive function and 
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Fig. 10.1  Tract-based spatial statistics results of FA 
images. Green represents the MNI152 standard brain and 
the skeleton image. Red-yellow color represents decreased 
FA (a) in PiB(+) AD patients compared with normal con-
trols, (b) in PiB(−) SVaD patients compared with normal 

controls, and (c) in PiB(−) SVaD patients compared with 
PiB(+) AD patients. P < 0.01, FWE corrected for multiple 
comparisons. AD Alzheimer’s disease, PiB Pittsburgh 
compound-B, SVaD subcortical vascular dementia. 
(Adapted from European Journal of Neurology [18])
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executive functions, whereas those in the cingu-
lum bundle correlated with poorer verbal mem-
ory performance [25]. An approach with TSSA 
also indicated that FA values in the cingulum 
were associated with the scores in language, 
visuospatial, memory, and frontal functions, 
while those in the anterior thalamic radiation 
were associated with scores in attention, lan-
guage, memory, and frontal functions [19].

It is also noteworthy that microstructural 
changes in SVCI were also correlated with motor 
symptoms such as gait disturbances [3, 26, 27]. A 
previous study showed that gait disturbance in 
SVCI was associated with decreased FA and 
increased MD values in the frontal and parietal 
white matter including anterior thalamic radia-
tion, superior longitudinal fasciculus, cingulum, 
inferior fronto-occipital fasciculus, corticospinal 
tract, and corpus callosum [27].

10.2.2	 �Cortical Thickness

The term “subcortical” vascular cognitive impair-
ment is used by researchers due to prominent 
WMH and lacunes within white and deep gray 
matter and their characteristic clinical features 
associated with this particular anatomic location 
[1, 28, 29]. Increasing evidence has highlighted 
that the impacts of SVD on subcortical areas may 
extend into the cerebral cortex, manifesting both 
as microscopic vascular lesions and cortical atro-
phy [30–32]. Therefore, cortical changes have 
now been considered as clinically relevant char-
acteristics of SVCI [11, 30, 33].

Relative to normal controls, recent cortical 
thickness measurement revealed widespread cor-
tical thinning in patients with SVCI, especially in 
the frontal areas including dorsolateral prefrontal 
cortex, superior medial frontal region, and orbito-
frontal gyrus, which are known to be associated 
with the frontosubcortical circuits [34]. This is 
contrary to the previous findings showing that 
patients with AD demonstrated cortical thinning 
in temporoparietal association cortices including 
the medial temporal lobe [34–36]. Interestingly, 
more recent studies based on PiB PET showed 
that compared to controls, cortical thinning in 

PiB(−) SVCI was most profound in the perisyl-
vian area, medial prefrontal area, and posterior 
cingulate gyri, while the precuneus and medial 
temporal lobes were relatively spared (Fig. 10.2b) 
[37, 38]. When the cortical thickness of AD and 
PiB(−) SVaD was directly compared, PiB(−) 
SVaD demonstrated significant cortical thinning 
in the bilateral inferior frontal, superior temporal 
gyri, and right medial frontal and orbitofrontal 
lobes, while AD showed significant cortical thin-
ning in the right medial temporal region 
(Fig. 10.2c) [37]. Although the exact mechanisms 
underlying secondary cortical atrophy are poorly 
elucidated, it has been believed that cognitive 
impairments in SVCI arise when the subcortical 
ischemic vascular lesions demonstrated by WMH 
and lacunes disrupt the subcortical axonal dam-
age and interrupt the white matter circuits that 
connect the various cortical regions and subcorti-
cal structures, especially the frontal subcortical 
circuits and the long association fibers, through 
which the cholinergic pathways pass [23, 39–41]. 
These lesions also result in a cascade of second-
ary neuronal degeneration in connected cortical 
regions via processes known as “dying back” and 
Wallerian degeneration [42, 43], manifesting as 
cortical atrophy which may also contribute 
toward cognitive impairment. In addition, 
impaired blood flow causes ischemia, and infarc-
tion in the gray matter such as cortical microin-
farcts may lead to direct cortical neuronal damage 
and atrophy [37, 44].

Interestingly, the perisylvian cortical area was 
one of the characteristic areas that was primarily 
affected in PiB(−) SVaD. It is plausible that cho-
linergic circuits may participate in cortical thin-
ning in the perisylvian region. Cholinergic 
pathways penetrate through the anterior cap and 
into the perisylvian division of the lateral cholin-
ergic pathway which are joined by the opercula 
and insular cortex [45]. Hence, the cholinergic 
pathway by the ischemic lesions in SVaD may 
contribute toward cortical thinning in the perisyl-
vian area. A study which found impaired subinsu-
lar cholinergic fibers in dementia with SVD is in 
support of the cortical thinning in the perisylvian 
region [46]. Another possible interpretation could 
be that subcortical WMH or lacunes might affect 
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the arcuate fasciculus, which consecutively results 
in cortical thinning in the adjacent perisylvian 
region, if there was a strong interrelation between 
perisylvian cortical thickness and fractional 
anisotropy of the arcuate fasciculus according to 
the previous study [47].

10.2.3	 �Hippocampal Volume and Shape

Although hippocampal atrophy is a key hallmark 
of AD patients [48, 49], previous studies reported 
that hippocampal atrophy is also present in 
patients with SVCI.  Hippocampal atrophy in 
SVCI has been suggested whether it stems from 
the accumulating burden of ischemia or com-
bined AD pathology [50–52].

Recent studies have demonstrated that pure 
SVaD defined as the absence of amyloid depo-
sition in PiB PET also had significant hippo-
campal atrophy compared to normal controls 
[38, 53] but less than that of AD [53]. Not only 
this, but hippocampal shape analysis from the 
same study also showed that both PiB(+) AD 
(Fig.  10.3a) and PiB(−) SVaD (Fig.  10.3b) 
patients displayed deflated shape of the cornus 
ammonis (CA) 1 and subiculum compared with 
normal controls but more inward deformity in 
the subiculum of the left hippocampus in PiB(+) 
AD compared to PiB(−) SVaD (Fig.  10.3c) 
[53]. Such results all support the idea that 
cumulative ischemia without amyloid pathol-
ogy could lead to hippocampal atrophy and 
shape changes in SVaD.

a

b

c

Fig. 10.2  Cortical thickness in PiB(−) SVaD. (a) 
Relative to NC, AD patients showed significant cortical 
thinning in widespread regions of the temporoparietal 
and frontal cortices, most prominently in the medial 
temporal lobes and the inferior parietal lobules. (b) 
PiB(−) SVaD patients showed cortical atrophy in the 
frontal, temporoparietal, medial frontal, and posterior 
cingulate cortices and the lingual gyri, while relative 
sparing in the medial temporal lobe and precuneus. (c) 

The bottom row shows a general trend of cortical thin-
ning between AD (in blue) and PiB(−) SVaD (in red), in 
particular, statistically meaningful thinning was noted 
in right temporal lobe in AD and bilateral perisylvian, 
right medial frontal, and orbitofrontal regions in PiB(−) 
SVaD. NC normal controls, AD Alzheimer’s disease, 
PiB Pittsburgh compound-B, SVaD subcortical vascular 
dementia. (Adapted from Journal of Alzheimer’s 
Disease [37])
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Fig. 10.3  Hippocampal shape comparison. (a) Compared 
with NC, PiB(+) AD patients demonstrate inward defor-
mity in the lateral zones (LZ) containing CA 1 and infe-
rior medial zones (IMZ) approximating subiculum. (b) In 
PiB(−) SVaD patients, the regional inward deformity 

appears most evident in the LZ and IMZ. (c) Compared 
with PiB(−) SVaD, PiB(+) AD patients show more inward 
deformity especially in left IMZ.  Nonsignificant differ-
ences are colored in white. (Adapted from Neurobiology 
of Aging [53])
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Another recent study using an incremental 
learning method has shown notable results on 
discriminating mixed dementia from pure 
SVaD by hippocampus and amygdala shape, 
with the sensitivity of 95.7%, specificity of 
75.6%, and accuracy of 82.4% [54], with pure 
SVaD highlighted by nonexistence of amyloid 
deposition on brain confirmed with negative 
PiB PET scan.

10.3	 �Structural and Functional 
Network Analyses in SVCI

A myriad of evidence has suggested that the 
human brain is a large-scale network with “small-
world” topology [55–57], which represents an 
optimal balance between the integration and seg-
regation of information for efficient use [58]. 
Therefore, it is known that human cognitive func-
tions depend on the efficient function of the brain 
networks that consist of cortical gray matter 
(hubs), subcortical brain regions, and white mat-
ter tracts [11, 59].

It has been noted that SVD pathologies in 
SVCI patients may disrupt the balance in struc-
tures and functions of brain network [11]. 
Undoubtedly, recent neuroimaging studies have 
shown that the effects of vascular lesions on cog-
nitive functions are mediated through alterations 
in structural connectivity, which have consis-
tently found an association between the burden of 
SVD-related brain lesions and reduced network 
efficiency [59, 60]. Some studies have investi-
gated regional structural connectivity and cogni-
tive functions in SVCI patients [61, 62], which 
found that reduced network efficiency mediates 
the effects of SVD-related lesions on frontal gray 
matter loss, as well as on executive dysfunction 
[62]. Given that the lower network efficiency pre-
dicts conversion to dementia along with older age 
and lower hippocampal volume [63], structural 
network disruptions in SVCI may play a pivotal 
role in the development of cognitive dysfunctions 
and dementia. In hindsight, these findings empha-
size the importance of the network analysis of the 
structural connectivity as a potential predictive 
marker in SVCI [63].

Recently, resting-state functional MRI (rs-
fMRI) has emerged as an effective, noninva-
sive imaging technique that is used to study the 
intrinsic functional architecture of the human 
brain when subjects are not engaged in exter-
nal tasks. The rs-fMRI can measure the corre-
lated spontaneous activity within cortical and 
subcortical regions that are functionally related 
as well as intrinsic functional organization of 
the human brain [64]. Although functional 
connectivity has been less well explored in 
SVCI, there is some evidence showing that the 
effects of vascular lesions on SVCI are influ-
enced by altered functional connectivity to 
some degree [65–68], especially in the frontal 
brain regions [69, 70].

Recent analysis of resting-state default mode 
network (DMN) or central executive network 
(CEN) highlights some distinctive patterns 
among patients with PiB(−) SVaD, PiB(+) AD, 
and mixed dementia [70]. When the resting-state 
DMN of PiB(+) AD and PiB(−) SVaD patients 
were compared, the PiB(+) AD patients dis-
played lower functional connectivity particularly 
in the inferior parietal lobule, whereas the 
PiB(−) SVaD patients show lower functional 
connectivity in the medial frontal and superior 
frontal gyri. Mixed dementia patients, on the 
other hand, exhibits lower functional connectiv-
ity within the DMN specifically in the posterior 
cingulate gyrus compared to those in the PiB(−) 
SVaD or PiB(+) AD. In addition, when the rest-
ing-state CEN connectivity of PiB(+) AD and 
PiB(−) SVaD patients were compared 
(Fig. 10.4), the PiB(−) SVaD patients displayed 
lower functional connectivity especially in the 
anterior insular region compared to normal con-
trols. Furthermore, it should be noted that the 
mixed dementia patients displayed lower func-
tional connectivity within the CEN especially in 
the inferior frontal gyrus, compared to the 
PiB(−) SVaD or PiB(+) AD patients. Such accu-
mulative findings point toward the fact that the 
DMN disruption occurs in both PiB(+) AD and 
PiB(−) SVaD patients in a disease-specific pat-
tern, while the CEN disruption is more unique in 
PiB(−) SVaD. Additionally, more profound dis-
ruption of DMN and CEN is seen in patients 
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with mixed dementia that combined AD and 
SVD burdens. All in all, a growing body of evi-
dence suggests that disturbances in large-scale 
functional brain networks play a decisive role in 
cognitive decline [11].

10.4	 �Positron Emission 
Tomography (PET) 
and Single Photon Emission 
Computed Tomography 
(SPECT) Findings in SVCI

Functional neuroimaging techniques such as pos-
itron emission tomography (PET) and single 
photon emission computed tomography (SPECT) 
techniques are known to provide quantitative 
information on the possible functional changes 

which can occur in the early course of disease 
[71, 72]. SPECT, in particular, is advantageous to 
investigate cerebral blood flow (CBF), whereas 
PET can measure regional oxygen (15O isotope) 
and glucose (18F isotope) metabolism besides 
CBF and cerebral blood volume [73].

It is well known that the variations in CBF can 
be compensated with autoregulatory mechanism 
under normal condition, which means that blood 
vessels can dilate to maintain regional CBF when 
cerebral perfusion pressure decreases. With fur-
ther decline of regional CBF, oxygen extraction 
fraction (OEF) increases to sustain regional cere-
bral oxygen metabolism (CMRO2) [1]. Therefore, 
increased OEF is a characteristic of ongoing 
ischemia and impending infarction [1].

The compromised autoregulatory reserve in 
patients with SVCI can increase the risk of isch-

a b

c d

Fig. 10.4  Brain regions with significant differences in 
resting-state functional connectivity within the central 
executive network (CEN). Colored areas indicate signifi-
cantly lower connectivity in the latter group in each com-
parison. >120 voxel size after post hoc tests with age, 
gender, and education adjusted. (a) Compared to the nor-
mal controls, the PiB(−) SVaD patients displayed lower 
functional connectivity within the CEN in the left insular 
area. (b) In the direct comparison between the PiB(+) AD 
and PiB(−) SVaD patients, the PiB(−) SVaD patients dis-
played lower functional connectivity within the CEN in 
the left insular area, while there was no region where the 

PiB(+) AD patients displayed lower functional connectiv-
ity. (c) Compared to the PiB(−) SVaD patients, the mixed 
dementia patients displayed lower functional connectivity 
within the CEN in the left inferior frontal gyrus, while 
there was no region where the PiB(−) SVaD patients dis-
played lower functional connectivity compared to the 
mixed dementia patients. (d) Compared to the PiB(+) AD 
patients, the mixed dementia patients displayed lower 
functional connectivity within the CEN in the left inferior 
frontal gyrus, while there was no region where the PiB(+) 
AD patients displayed lower functional connectivity. 
(Adapted from Journal of Alzheimer’s Disease [70])
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emia if blood pressure should be abruptly lowered 
(e.g., orthostatic hypotension, aggressive antihy-
pertensive treatment or cardiac failure, etc.) [1]. 
Several studies have shown that decreased CBF in 
SVCI may be directly linked to the compromised 
vascular reserve [74, 75]. A study using 15O PET 
discovered that resting CBF in patients with 
Alzheimer’s and Binswanger’s diseases both 
decrease within a similar range, with only the latter 
having a vasoreactive response to hypercapnia 
[74]. Such adjustment in vasoreactivity in response 
to acetazolamide is found only in SVaD, not in 
multi-infarct dementia [75]. Other 15O PET studies 
also support the above results showing that CBF 
and CMRO2 were notably reduced in both the 
white matter and parietal, frontal, and temporal 
cortices in patients with Binswanger’s disease [76, 
77], which suggests patients with SVaD had misery 
perfusion and impaired cerebral vascular reserves.

In patients with Binswanger’s disease, the pat-
tern of cerebral perfusion measured by SPECT 
using N-isopropyl-p-123I-iodoamphetamine (IMP) 
as a tracer revealed that regional perfusion was 
decreased in the thalamus, basal ganglia, and 
frontal areas, whereas perfusion in AD dementia 
patients was lowered in the parietal and temporal 
areas compared to normal controls [78]. Another 
SPECT study using the same tracer also demon-
strated similar results showing that patients with 
Binswanger’s disease had greater CBF reduction 
in frontal and anterior cingulate cortices, whereas 
patients with AD dementia had greater CBF 
reduction in temporoparietal and posterior cingu-
late cortices compared to normal controls [79]. 
Similarly, statistical parametric mapping analysis 
of SPECT using 99mTc-ethyl-cysteinate 
dimer(99mTCD) as a tracer showed that reduced 
regional CBF was noted in the right thalamus, 
left caudate nucleus, and cingulate, bilateral 
superior temporal, and left ventral subcallosal 
gyri in patients with SVaD compared to normal 
controls [80] (Fig. 10.5). A more recent SPECT 
study showed that there were no differences in 
the regional patterns of CBF between the 
Binswanger’s and the lacunar type [81].

In addition to oxygen metabolism, the pattern 
of glucose metabolism using [18F]-2-fluoro-2-
deoxy-d-glucose (FDG) is also commonly 

applied to differentiate various types of demen-
tia, which is one of well-established methods to 
reveal impaired function that usually precedes 
atrophy [71, 82]. With FDG-PET, SVaD patients 
showed decreased glucose metabolism in the 
frontal lobe and deep nuclei, whereas AD demen-
tia patients revealed decreased metabolism in 
temporoparietal regions [83–85]. Even in patients 
with svMCI, FDG-PET shows hypometabolism 
in the subcortical areas especially in the thala-
mus, cerebellum, and brain stem, which is a dis-
tinctive feature compared to that of amnestic 
mild cognitive impairment [86] (Fig.  10.6). 
Frontal executive dysfunction in SVaD can also 
be explained by the FDG-PET study, which 
revealed that white matter lesions lead to impaired 
glucose metabolism in the frontal lobe regardless 
of their location [87].

10.5	 �Conclusions

MRI has a great potential for diagnosing and 
differentiating SVCI from various diseases, by 
providing disease-specific features in cortical, 
subcortical, and white matters that may occur 
before the onset of cognitive decline in 
SVCI. Modern MRI techniques such as DTI or 
rs-fMRI provide a good opportunity to investi-
gate ischemic vascular lesion as well as detect 
early changes that are predictive of individual’s 
risk for developing dementia or progression of 
disease [88] in SVCI as a preventative measure. 
In addition, SPECT and PET can also be 
considered as a complement to characterize 
SVCI from other types of dementia, although 
there is little consensus on a specific brain per-
fusion pattern in SVCI. Furthermore, with the 
aid of amyloid PET, the identification of pure 
SVCI has provided further insights into the 
understanding of neuroimaging characteristics 
of pure SVCI, which may help choose proper 
management for SVCI according to the pres-
ence of amyloid deposition [71]. In the near 
future, the advancement of neuroimaging will 
in all likelihood broaden our knowledge of the 
development of cognitive decline in patients 
with SVCI.

G. H. Kim et al.
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Fig. 10.5  SPM analysis of SPECT results in SVaD. Areas 
with decreased regional cerebral blood flow in patients 
with SVaD in comparison to the healthy controls are pre-
sented in red and yellow colors (corrected P < 0.05). In 
patients with SVaD, reduced regional CBF was noted in 

the right thalamus, left caudate nucleus, and cingulate, 
bilateral superior temporal, and left ventral subcallosal 
gyri compared to normal controls. (Adapted from Journal 
of the Neurological Sciences [80])
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Fig. 10.6  Cerebral glucose metabolism in subcortical 
vascular MCI. The areas in red represent the brain regions 
that were more hypometabolic in subcortical vascular mild 
cognitive impairment (svMCI) than in normal controls 

(NC), and those in blue represent brain regions that were 
more hypometabolic in amnestic MCI (aMCI) than in NC. 
(Adapted from Journal of Neuroimaging [86])
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