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Abstract Cerebrovascular pathologies (CVPs) are common pathologies associated with age-related cogni-
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tive decline along with Alzheimer disease pathologies. The impact of CVP on the prevalence of de-
mentia is increasingly being recognized. The goal of this review is to improve our understanding of
the pathophysiological underpinnings and the multimodal magnetic resonance imaging and positron
emission tomography imaging changes that are associated with the hallmarks of CVP. This knowl-
edge will facilitate the development of early detection, intervention, and prevention strategies that
may contribute to lowering the risk of dementia. In this review, we will first discuss currently known
risk factors of CVPs including cardiovascular, lifestyle, genetic, sex differences, and head injury.
Next, we will focus on the pathophysiology of CVPs and their impact on neurodegeneration and
downstream cognitive impairment. Specifically, we will discuss three of the most common cerebro-
vascular lesions seen onMRI: white-matter hyperintensity, microbleeds, and infarcts. Finally, wewill
discuss the unanswered open questions in this field.
� 2016 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Cerebrovascular pathologies (CVPs) are one of the most
prevalent pathologies in older adults [1,2]. There is a
monotonic age-related increase in the prevalence of cases
with CVP, and it has been noted that there is detectable patho-
logical evidence of CVP in 75%–90% of persons over age of
90 years [3]. The three main vessel disorders frequently under-
lying CVP are atherosclerosis (degenerative disorder of large-
and medium-sized arteries), cerebral small-vessel disease, and
cerebral amyloid angiopathy (CAA) [4]. All three disorders are
related to cerebral infarction and hemorrhage. The patholog-
ical hallmarks of CVP are the presence of microvascular
changes (white-matter hyperintensities [WMHs], microbleeds,
and microinfarcts) and macrovascular changes (subcortical
and cortical macroinfarcts) in the brain. With the advent of so-
phisticated magnetic resonance and PET imaging methodolo-
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gies, many previously invisible cerebrovascular changes can
now be detected using multimodal imaging techniques.

Recently, there has been renewed interest in the field of CVP
research because it contributes significantly to the risk of de-
mentia by lowering the threshold of dementia detection [5]
and is one of the more preventable pathologies associated
with cognitive impairment [6]. Increased interdisciplinary
research efforts are currently being undertaken to improve our
understanding of vascular contributions to cognitive impair-
ment and mechanisms through which CVP can be targeted
and prevented. In this review, we describe currently known
risk factors and pathophysiology of CVPs and their impact on
neurodegeneration anddownstreamcognitive impairment. Spe-
cifically, wewill discuss three of themost common cerebrovas-
cular lesions seen on MRI: WMH, microbleeds, and infarcts.

2. Risk factors for cerebrovascular pathologies

Based on neuropathology studies, about 30% of nonde-
mented elderly subjects have CVP [7–9]. Although the
imer’s Association. This is an open access article under the CC BY-NC-ND
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strongest risk factor for the occurrence of CVP is age [10–15],
there are several other risk factors discussed in the following
sections that are associated with increased risk of CVP.

2.1. Cardiovascular and lifestyle risk factors

Common cardiovascular risk factors such as hypertension,
diabetes, dyslipidemia, atrial fibrillation, and smoking are asso-
ciatedwith greaterWMHburden [16], infarcts [17], andmicro-
bleeds [11], particularly when they occur in midlife [18]. It has
been shown that subjects with metabolic syndrome have twice
the probability of presenting with WMH [19]. These common
risk factors contribute to cerebrovascular changes through
build-up of atherosclerotic plaque, lipohyalinosis, arteriolo-
sclerosis, and fibrinoid necrosis [20,21]. Healthy lifestyle
behaviors specifically healthy diets and physical activity that
are associated with lower cardiovascular disease have been
associated with lower risk of CVP [22,23].

2.2. Genetic risk

Studies investigating genetic risk factors for CVP aim to
identify genes that effect risk of disease, influence outcome
after a cerebrovascular event, and interact with various thera-
peutics [24]. Genome-wide association studies (GWASs)
have yielded possible genetic associations with different cere-
brovascular lesions. The odds of having ischemic stroke are
increased patients with genetic variations in HDAC9 (related
to large-vessel disease) andPITX2 and ZFHX3 (related to car-
dioembolism) [25]. Themost common genetic risk factors for
lobar microbleeds are APOE ε2 [26] and APOE ε4 [10] allele
carrier status [13,27]. Mutations associated with familial
conditions including cerebral autosomal-dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy [28],
Dutch-type or Iowa-type CAA and APP and presenilin muta-
tions in familial AD are also associated with microbleeds
[29]. WMH is likely associated with many different genes
as it has heterogeneous etiologies [24]. APOE genotype is a
well-known genetic indicator of risk for Alzheimer disease
and is also shown to be associated with cardiovascular risk
factors [30]. Many other gene candidates have presented
themselves as links to CVP through GWAS investigations
of cerebrovascular lesions as endophenotypes. However, the
diversity of pathologies contributing to these various imaging
hallmarks of CVP makes it difficult to firmly identify genetic
underpinnings to pathology [17].

2.3. Sex differences

Risks and effects of cardiovascular disease differ greatly
between males and females. Premenopausal women appear
to have fewer strokes than age-matched men; however,
rate and severity of strokes in postmenopausal women sur-
passes those of age-matched men [28]. There is evidence
that the regional distribution and contributing risk factors
to WMH differs among older men and women and that
WMH is more common in women [31]. The impact of sex
on risks and effects of cardiovascular disease might be attrib-
uted to sex-specific conditions, for example, pregnancy or
menopause; a disproportionate effect of a disease or condi-
tion on one sex; and distinct causes, manifestations, out-
comes, or treatments that are sex dependent [32].

2.4. Head injury

Acute and chronic traumatic encephalopathies (CTEs) as
a result of one or more incidents of traumatic brain injury are
gaining public and scientific notice as significant contribu-
tors to cognitive impairment and dementia [33]. Following
an acute insult, there can be severe vascular pathology
including contusions, intracerebral hemorrhage, and vaso-
constriction in response to blood products. Even in “closed
head” injuries in which the skull remains intact or mild
head trauma without readily apparent brain damage, there
is injury to the vasculature and meninges due to the strain ex-
erted on them by the impact [33]. The study of pathologies
ensuing from head injuries is evolving; current and future
work will attempt to characterize the epidemiology,
in vivo biomarkers, and pathologies of various types of trau-
matic brain injuries [33,34]. Although criteria for staging of
CTE are still in progress, CTE pathology is being recognized
largely as accumulation of tau pathology at the depths of the
sulci and perivascularly, suggesting a connection between
insult to vasculature and subsequent tauopathy [35]. Work
has also begun to investigate possible therapeutic targets in
the secondary immune reactions following vascular injury
to ameliorate symptoms and progression of pathology [36].
3. Imaging hallmarks of cerebrovascular pathologies

Alzheimer disease has imaging biomarkers that are avail-
able for assessing the accumulation of amyloid b and tau pa-
thologies; similarly several different cerebrovascular changes
can be observed on imaging (Fig. 1). Although CT has been
most commonly used clinically for assessing stroke, MRI is
valuable in noncritical clinical assessments and research
studies because it provides a more sensitive and detailed visu-
alization of CVP damage to the brain. Fluid Attenuated Inver-
sion Recovery (FLAIR) MRI and T2* MRI are the most
common imaging sequences used to visualize ischemic cere-
brovascular disease. In this section, we will describe the im-
aging hallmarks of CVP that are observed on MRI.

3.1. White-matter hyperintensities
3.1.1. Imaging
WMHs, also termed leukoaraiosis, white-matter lesions,

or leukoencephalopathy, are areas of bilateral hyperintense
signal in brain white matter on T2-weighted or FLAIR
MRI (Fig. 2A). They occur in subcortical and periventricular
white matter. These lesions are associated with pathologies
in multiple disease contexts including vascular disease, mul-
tiple sclerosis, and leukodystrophies [21]. In addition to



Fig. 1. Alzheimer disease has positron emission tomorgraphy imaging bio-

markers (left) that are available for assessing the accumulation of amyloid

b and tau pathologies. Only surrogates of cerebrovascular pathology using im-

aging are possible. T2/FLAIR and T2* GRE magnetic resonancy imaging

(right) provide surrogates of ischemic pathology and microhemorrhages,

respectively. The relationship betweenAlzheimer disease and vascular disease

in their contributions to cognitive impairment is still unknown. Abbreviations:

FLAIR, Fluid Attenuated Inversion Recovery; GRE, gradient recalled echo.
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having heterogeneous contributing pathologies, studies
show that, similar to heterogeneity in make-up of a tumor,
WMH and its surrounding tissue can represent varying de-
grees of white-matter injury within an individual [37,38].
Here, we discuss WMH as an imaging feature of
underlying vascular pathology.

3.1.2. Underlying pathology
Even within the context of vascular disease, WMHs have

been shown to be correlated with multiple pathologies. Au-
topsy studies correlating histology findings with WMH on
MRI indicate that WMHs are associated with small-vessel
ischemic disease [39–46]. Hyperintense WM on antemortem
FLAIR appears to have vacuolation and decreased myelin
and small-vessel density when assessed microscopically at pa-
thology [47]. There is also evidence that periventricular and
subcortical WMHs have a different underlying pathophysi-
ology [44]. Hyperintense periventricular WM has decreased
myelin and oligodendrocyte density with astrogliosis and acti-
vated microglia, whereas hyperintense subcortical WM has
loss of myelin that is not accompanied by oligodendrocyte
loss. Pathologic white matter also occurs with affected vascu-
lature including “string vessels,” which are capillaries that only
have their basement membrane and tortuous arterioles, which
occur commonly in patients with hypertension or other cardio-
vascular diseases [48,49]. The presence ofWMH is not specific
but can also occur in neurodegenerative disorders.

There are several biomarker studies that investigated the
possible effects of WMH on neurodegenerative changes in
the brain. Higher WMHs are associated with reduced cere-
bral perfusion on arterial spin labeling [50], gray-matter vol-
ume on structural MRI, and glucose metabolism on
fluorodeoxyglucose-PET [51].

3.1.3. Clinical effects
It has been extensively shown that WMH is associated with

and can be predictive of increased global cognitive impairment
in cognitively normal adults and individuals with various
neurodegenerative diseases or neurological or psychiatric dis-
orders. The effects are seen most often as impairment in atten-
tion and executive function [52–54]. Acceleration in the
accumulation of WMH burden over time is associated with
progression to mild cognitive impairment [55]. WMHs also
contribute to disruption of normal gait, balance, and postural
stability [52]. Particularly in older adults, WMH is associated
with late-life depression [56]. However, WMH can also be
seen as a part of normal aging [57]; the differentiation of
disease-related WMH from normal age-related WMH is an
ongoing area of investigation.
3.2. Brain infarcts

Infarctions occur when there is disruption of the neuro-
vascular unit—a term describing the intimate relationship
between cerebral vasculature and brain tissue. When cere-
bral blood flow is disrupted, the high energy needs of neu-
rons are no longer met, eventually leading to ischemic
infarctions. The process is usually initiated with occlusion
of a vessel by thrombi or emboli or systemic pathologies
that significantly reduce focal blood flow. This leads to a
cascade of events beginning with failure of ionic pumps
maintaining ionic gradients, followed by inflammatory re-
sponses, release of excitotoxins, and generation of free rad-
icals [58]. This manifests as cytotoxic edema, seen as
restricted diffusion on diffusion-weighted MRI, that is later
followed by increased diffusion after breakdown of the cell
membrane, which ultimately results in cell death [59,60].

Cortical macroinfarcts are usually the result of cerebral
emboli from a myocardial infarction or atrial fibrillation.
Plaque deposition in atherosclerosis is the most common
cause of large-vessel thrombosis leading to large infarcts.
Subcortical macroinfarcts or lacunar infarcts occur in the
subcortical WM or deep gray-matter structures. They are
usually caused by the effects of small-vessel disease, which
result in occlusion of the small penetrating arteries that
perfuse subcortical gray and white matter [61]. Pathologic
changes that decrease the vessel lumen include tortuous ves-
sels seen in hypertensive patients, lipohyalinosis which
makes the vessel walls glass-like, or atherosclerosis which
deposits plaques and decreases cerebral blood flow [49].
Reduced cerebral perfusion not caused by vessel occlusion
can also lead to infarcts. For instance, disrupted autoregula-
tion in elderly with compromised vascular systems or overly
aggressive treatment of hypertension might cause hypoper-
fusion that leads to brain ischemia [62,63].



Fig. 2. Cerebrovascular disease pathologies on histology, gross pathology, and imaging. (A) White-matter hyperintensities: rarefied tissue (indicated by arrows) on

histology, discolored white matter on gross pathology, and hyperintensity on FLAIR MRI. (B) Large cortical infarct: tissue loss and gliosis on H&E stained histology
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Microinfarcts occur very commonly in older adults
[1,7,64] and are also very numerous—there may be up to
hundreds or thousands distributed throughout the brain of
even one subject [65]. Microinfarcts cannot be detected on
gross pathologic examination unless numerous and associ-
ated with cortical granular atrophy [66,67]. Granular
atrophy manifests as pitting of the cortical surface due to
multiple cortical microinfarcts and is most often found in
the watershed distributions between the middle and
anterior cerebral arteries [68]. Evidence suggests that this at-
rophy can be seen as macroscopic loss of GM volume over
time in the cortical watershed zones on antemortem MRI
of autopsied patients with microinfarcts [69]. This atrophy
was independent of Braak and Braak stage of neurofibrillary
tangles, indicating that the contribution of this CVP to
neuronal loss was additional to those of AD pathology.

3.2.1. Imaging

3.2.1.1. Acute infarction
The process of acute infarction can be tracked using

diffusion-weighted imaging (DWI) within hours after the
onset of stroke. During this time frame, restricted diffusion
(decreased apparent diffusion coefficient or hyperintensity
on DWI) represents cytotoxic edema occurring in response
to cell membrane breakdown [59,60]. A chronic ischemic
lesion is seen as increased diffusivity due to clearance of
dead neurons and replacement of the infarcted tissue by
CSF. In this way, DWI can be used to distinguish acute
from chronic ischemic lesions [70,71].

3.2.1.2. Chronic macroinfarcts
Chronic macroinfarcts are best seen on FLAIR and T1-

weighted MRI; they appear as areas of tissue loss that have
been replaced by CSF and on FLAIR are surrounded by a
hyperintense rim-reflecting gliosis (Fig. 2B). Cortical macro-
infarcts are best seen on FLAIR MRI as cortical lesions with
high signal intensity that extend to the cortical surface [72].
Infarcts smaller than 5 mm may not be diagnosed with high
confidence on conventional MRI as they may be reflecting a
pulsation artifact caused by CSF in the subarachnoid space
or by blood flow in the leptomeningeal blood vessels [73].
Subcortical macroinfarcts (Fig. 2C) are also seen on FLAIR
MRI but occur in subcortical WM or deep gray-matter struc-
tures and are lesions that are surrounded by a hyperintense
rim. Subcortical infarcts ,3 mm may be difficult to distin-
guish from dilatation of perivascular spaces [39].

3.2.1.3. Microinfarcts
Microinfarcts (Fig. 2D) are ischemic lesions that occur in

both cortical and subcortical regions. They are described path-
ologically as infarcts that are not visible on gross tissue but are
slide, apparent tissue loss on gross pathology, tissue loss with surrounding hyperinten

histology slide, apparent tissue loss on gross pathology, tissue loss with surrounding

gliosis on H&E stained histology slide, not apparent on gross pathology, microinfarct

uptake in vessel walls seen on parietal lobe histology slidewith amyloid stain, not appar

increased focal uptake seen on amyloid PET scan (shown by arrow). Abbreviations: CA

GRE, gradient recalled echo; WMH, white-matter hyperintensity.
found microscopically. Microinfarcts are typically below the
resolution of conventional clinical MRI. Fig. 2D shows a
histology slide with 2 chronic cortical microinfarcts. Neither
lesion is visible on the gross pathology image in the middle
panel, but the larger microinfarct (w1.3 mm) is visible on
high-resolution ex vivo MRI in the third panel. The definition
of microinfarct size varies greatly across different groups.
The definitions range from the smallest criteria at 50–400 mm
and the largest criteria at �5 mm [74]. Recently, imaging
studies have begun investigating the feasibility of imaging large
cortical microinfarcts (1–3 mm) on high-resolution in vivo
structural and diffusion-weighted MRI [75–78]. These studies
aimed to detect the microscopic lesions in vivo because
clinical-pathologic studies have shown an effect of microin-
farcts on cognition [40,79,80]. Pathologically, microinfarcts
have a mean diameter of w0.2 mm [80,81]. The large
(.1 mm) lesions that these studies were able to capture on
MRI represent w0.5% of pathologically identified
microinfarcts, so we are still only able to see a small fraction
of the overall burden [78].

3.2.2. Clinical effects
Clinical presentations of macroinfarcts are dependent on

their location. For instance, so-called “strategic” infarcts in
the striatum or other subcortical structures can lead to
vascular parkinsonism [82]. A pathologic study showed that
cortical microinfarcts and lacunes in the white matter, basal
ganglia, and thalamus were all significantly associated with
lower CDR scores and explained much of the clinical vari-
ability when compared against age and amyloid burden
[83]. Subcortical macroinfarcts are often clinically silent
but are associated with increased risk of stroke and gait
impairment [84,85]. Silent infarcts particularly those in the
thalamus may increase the risk of cognitive impairment and
dementia [84–86]. Cortical microinfarcts are associated
with cognitive impairment and have been shown to increase
the risk of dementia [79,80,87]. Although a relationship has
been shown between the volume of infarcts and cognitive
impairment, regional associations between infarcts and
cognitive outcomes are not clearly defined [20].
3.3. Cerebral amyloid angiopathy and microbleeds

3.3.1. Imaging
Microbleeds or microhemorrhages are microscopic

(w200 mm) areas of blood leakage from weakened vessels.
After the leakage of blood from a damaged vessel, hemosid-
erin is deposited in macrophages, and these deposits are
visible as blooming hypointense lesions ,10 mm in size
on T2* gradient recalled echo or susceptibility weighted
sity. (C) Subcortical cerebellar infarct: tissue loss and gliosis on H&E stained

hyperintensity. (D) Cortical microinfarct (indicated by arrows): tissue loss and

s .1 mm seen on high-resolution MRI. (E) Lobar microbleeds/CAA: amyloid

ent on gross pathology,microbleed visible in parietal lobe (shown by arrow), and

A, cerebral amyloid angiopathy; FLAIR, Fluid Attenuated Inversion Recovery;
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MR images. Therefore, these imaging findings are consid-
ered markers of cerebral microangiopathy [88,89].

3.3.2. Pathophysiology and clinical effects
Microbleeds can occur in both subcortical and lobar cortical

brain regions. Subcortical microbleeds are associated with
small-vessel disease pathologies associated with vascular risk
factors [17]. Lobar cortical microbleeds (Fig. 2E), however,
are associated with CAA [29]. In CAA, amyloid deposits are
found in the vessel wall, which leads to weakening and rupture
of thevessel and subsequent blood leakage. In patientswithmi-
crobleeds that are associated with CAA, increased focal uptake
of Pittsburgh compound B is seen on positron emission tomog-
raphy, indicating presence of amyloid pathology in the area of
the microbleed [90]. Microbleeds and increased amyloid
burden seen together on imaging is considered a marker for
presence of cerebral amyloid angiopathy [90]. In patients
with CAA, microbleeds seem to occur most often in posterior
brain regions [10,91]. Microbleeds are also seen as a side effect
in patients receiving AD immunotherapy which is typically
accompanied by vasogenic edema [92,93]. An association
has also been established between microhemorrhages and
greater WMH burden [29,45,91,94,95]. Additionally, a
higher number of baseline microbleeds is associated with a
faster accumulation of microbleeds [10,95–97].

Microbleeds occur more frequently in subjects with MCI
and AD but are also seen in cognitively normal individuals
[29]. There is some evidence that subcortical microbleeds
may also be associated with gait changes [98]. The associa-
tion between microbleeds and clinical impact is an area of
active investigation.

4. Open questions and future directions

Althoughmuch has been established in the imaging, path-
ophysiology, and clinical effects of CVP, there are still some
unanswered questions that are still being investigated:

1) What levels of CVP are abnormal?

Although we are able to detect imaging findings during
life associated with CVPs, criteria are still being eval-
uated to understand the levels of CVP that are abnormal
and contribute to cognitive impairment. In the case of
WMH, a heterogeneous marker with numerous
contributing pathologies, clinical utility will have to
be determined due to possible lack of specificity. The
goal will be to develop in vivo staging criteria to mirror
existing histopathologic staging criteria [99].

2) Can midlife interventions for vascular risk factors be
used to reduce risk of dementia?
Epidemiological studies have found that presence of
vascular and metabolic risk factors during midlife is
most strongly associated with risk of cognitive impair-
ment and dementia, suggesting that this would be the
opportune time for preventive measures and treatment
of vascular and metabolic disease [18,100]. Studies
have found that antihypertensive treatment can have a
beneficial effect in the risk of dementia, particularly
when treated over a long period [20]. Additionally,
the interaction between age and sex indicates that sex
should also be considered for age-specific preventive
measures. There need to be longitudinal imaging
studies designed to study the evolution of CVP in sub-
jects at higher risk of cardiovascular disease starting at
midlife. This will enable us to design better early CVP
prevention trials which may have significant impact on
the number of dementia cases.

3) What is the relationship between AD and CVP?
There is some evidence that AD may contribute to
increased risk of CVP and CVP in turn may increase
the risk of AD [91,101–106]. However, there are also
studies in the field that have found that AD and CVP
are independent pathologies, and CVP mainly lowers
the threshold of dementia detection in subjects with
comorbid AD pathology thus increasing the
likelihood that the AD pathology will produce
clinical symptoms [107]. There need to be more mech-
anistic studies to resolve this debate by studying the
interplay between AD and CVP. Autopsy data show
that the most common pathologic make-up in the oldest
old is AD pathology mixed with vascular pathology,
with each having independent and similarly severe
impact on cognition [108]. Recent evidence suggests
that vascular care can reduce the risk of non-AD de-
mentias (possibly by reducing the risk of CVP). Both
AD and CVP have been shown to contribute to the
loss of brain structure and function which is the prox-
imal surrogate of cognitive impairment. Understanding
the interplay between vascular risk factors and imaging
surrogates of AD and CVP pathologies (illustrated in
Fig. 1) will aid in the development of effective inter-
vention strategies.

4) Can we detect small infarcts? What is their impact on
cognition?
Many autopsy studies have defined microinfarcts as in-
farcts that are not visible on gross pathology. However,
given the evidence that they are the most widespread
CVP at autopsy and have been correlated with cognitive
impairment, there is a push to assess them in vivo [79,87].
With the availability of high-resolution MRI imaging,
large microinfarcts can be detected using in vivo imaging
[75]. There is a need to establish consensus criteria on the
definitions of micro and macroinfarcts.

5) Can we use advanced methodologies to detect early
changes due to vascular dysfunction in the brain?
Diffusion tensor imaging (DTI): DTI measures the
diffusion properties of water molecules in the brain
and therefore is useful in visualizing the white-matter
tracts and microstructural changes due to hypoxic-
ischemic injury [109]. It has been shown that DTI
changes underlyingWMH captures severity of vascular
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disease including extent of WMH [110] and baseline
DTI measures on normal appearing WM may be an
early predictor of subsequent WMH incidence on the
subsequent FLAIR scans [111]. DTI may prove to be
a powerful biomarker for CVP.
Blood-brain barrier (BBB) imaging: There is patho-
logic evidence that the BBB is disrupted during the
course of vascular disease [17]. A recent study used dy-
namic contrast-enhanced MRI to capture high-
resolution MR images and measure BBB permeability
disruption in the brains of cognitively normal and MCI
subjects [112]. Methods such as these that are sensitive
to changes in permeability of the BBB before the
occurrence of overt lesions can be useful as a
biomarker for early detection and treatment of vascular
changes in the brain.
Current and future work will investigate unknown mech-
anisms of vascular injury to the brain, new imaging methods
and other biomarkers for effective diagnosis, and better un-
derstand which treatments are beneficial in maintaining
cognitive function.
RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the existing
literature on cerebrovascular pathologies using stan-
dard database search engines for biomedical research
journal articles. Cerebrovascular pathologies (CVPs)
are one of the most common pathologies among
older adults. The understanding of the pathophysi-
ology of CVP is important to guide intervention stra-
tegies and understand the relationship with common
comorbidities in the elderly population, such as Alz-
heimer disease. The literature describing CVP has
been appropriately cited.

2. Interpretation: Our study describes the current under-
standing of common CVP in the elderly population,
including descriptions of clinical phenotypes, imag-
ing biomarkers, and underlying pathologies identi-
fied histologically.

3. Future directions: The gaps in our current knowledge
to be addressed by future studies of cerebrovascular
pathologies are (1) What levels of CVP are abnormal?
(2) Can midlife interventions for vascular risk factors
be used to reduce risk of dementia? (3) What is the
relationship between AD and CVP? (4) Can we detect
small infarcts? What is their impact on cognition? (5)
Can we use advanced methodologies to detect early
changes due to vascular dysfunction in the brain?
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