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Abstract Small vessel disease (SVD) in the brain manifests in
the periventricular and deep white matter and radiographically
is described as “leukoaraiosis”. It is increasingly recognized as
a cause of morbidity from middle age onward and this clinical
relevance has paralleled advances in the field of neuroradiolo-
gy. Overall, SVD is a heterogenous group of vascular disorders
that may be asymptomatic, or a harbinger of many conditions
that jeopardize brain health. Management and prevention fo-
cuses on blood pressure control, lifestyle modification, and
symptomatic treatment.

Keywords Cerebral small vessel disease . CSVD . Lacunar
infarct . SVD . Silent brain infarct . SBI . CMB .Whitematter
hyperintensities .WMH . Leukoaraiosis . Dementia .

Cognition . Neuropsychology . Behavioral neurology .

Memory loss . Brain health

Introduction

Small vessel disease (SVD) is a heterogeneous group of vas-
cular disorders resulting from a diverse set of physiological
processes and blood vessel pathologies [1]. In this review
article, we focus on SVD of the brain and its role in producing
disability from cognitive decline and stroke. Awareness of SVD
has exploded in recent years due to advances in neuroimaging,

especially MRI scans, where small vessel disease is manifested
mainly as periventricular and deepwhitematter hyperintensities
(WMH); MRI is also exquisitely sensitive to cerebrovascular
pathologies associated with SVD such as lacunar infarcts and
microhemorrhages.

Part of the difficulty in communicating the concepts of SVD
results from various and overlapping terminology used over the
past 150 years. Historical entities include pathological findings
of “Binswangers disease”, “etat criblé”, and “etat lacuniere”.
“Leukoariaosis” emerged in the 1980s and refers to white
matter changes on CTandMRI scans of the brain and has since
been replaced with the phrase “white matter hyperintensities”.

Adding to the confusion in terminology is the role of SVD in
the pathogenesis of cerebral infarction and cerebral hemor-
rhage. Lacunar infarcts are an ischemic stroke subtype that
result from occlusion of small penetrating arteries (<20 mm
diameter) and therefore occur in predictable regions: the thala-
mus, basal ganglia, posterior limb of the internal capsule,
corona radiata, and brainstem. Due to their predictable location,
they are recognized clinically by their clinical presentations.
Lacunar infarct syndromes have been described for centuries
and include pure motor hemiparesis, ataxic hemiparesis, sen-
sorimotor stroke and dysarthria-clumsy hand syndrome [2].
Bilateral or multifocal lacunar infarcts may also cause
pseudobulbar palsy, contribute significantly to the development
of vascular dementia (VaD), or complicate primary degenera-
tive dementias such as Alzheimer’s disease (AD). While lacu-
nar infarcts and white matter hyperintensities (WMHs) are
often due to arteriosclerosis, there are other causes of SVD,
which share different risk factor profiles [3].

Another form of SVD identified by advances in MRI
sequences such as gradient echo or susceptibility weighted
imaging is cerebral microbleeds (CMB). These may occur at
low frequency in normal individuals, but are also increased in
patients with vascular risk factors and are also associated with
sporadic or familial cerebral amyloid angiopathy (CAA)
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[4, 5]. The relationship of cerebral microbleeds, which are
typically asymptomatic, to the risk of symptomatic or fatal
cerebral hemorrhage is unclear and a subject of current re-
search [6]. Table 1 summarizes the various forms of SVD and
their imaging characteristics.

Imaging and White Matter Hyperintensities

WMHs are best appreciated on MRI FLAIR and T2-Weighted
sequences [7, 8••]. Several grading schemes have been pro-
posed for clinical research but they are not used in routine
clinical practice [9, 10]. Volumetric quantification of SVD is
complex and limited to research studies of white matter vol-
umes calculated with either MRI-voxel morphometry or diffu-
sion tensor imaging (DTI) [11].

WMHs are cataloged by their location [12, 13], size, and
confluency. WMHs related to ischemia are more likely to be
“punctate”, “early confluent”, and “confluent” while non-
ischemic changes are often “caps”, “lining”, and “bands” or a
“halo” of high T2 signal [13]. Pathological heterogeneity
lessens with increasing lesion severity [14••]. Assessing the
clinical significance of SVD on MRI requires close clinical
correlation and lesions are assessed by their patterns, anatomy

and presumed or actual etiology [15–17, 18••, 19]. WMH or
CMB may be incidental findings on imaging performed for
other indications (e.g., headache, dizziness, falls in older pa-
tients, or migraine) [20, 21••, 22–25].

Epidemiology

SVD is quintessentially considered to be related to hyperten-
sion and aging, and is common after the age of 50 [26, 27].
Lacunar infarcts due to SVD accounts for 20 to 25 % of all
ischemic strokes, with an annual incidence of approximately
15 per 100,000 individuals. WMHs are found randomly in
about 40-50 % in adults of similar age groups [1]. Racial
differences regarding lesion distribution exist, with higher
rates of distal lesions (small vessel disease) observed in non-
white races [28].

Physiology and Pathology of Small Vessel Disease

Given the heterogeneous nature of SVD, it is not surprising that
they are associated with a variety of physiologic and pathologic
changes including stasis [29], ischemia, microhemorrhage,
failing vasodilation [30], changes in vasoreactivity [31••], and

Table 1 Terminology and imaging characteristics of cerebral small vessel disease

Equivalent terms MRI
sequences

Associated conditions Location

Microangiopathic disease
Leukoaraiosis (confluent lesions)
ARWMC
WMH
ILA

• FLAIR
• T2

Aging
Hypertension
Migraine
Toxic insults
(e.g., Chemotherapy, radiotherapy,
toluene, alcohol, smoking)

Chronic kidney disease
Diabetes
Vasculopathies*
Lupus
CADASIL
Fabry’s disease

Subcortical ischemic
vascular dementia

Hemispheric and brain stem white matter
Rarely in cerebellum

Lacunar Infarcts
Silent brain infarcts when
clinical correlate is unidentified

ILI

• FLAIR
• T1
• T2
• DWI

Stroke risk factors Lacunar syndromes 5-20 mm Infarcts most commonly in:
Basal ganglia
Thalamus
Internal and external capsule
Brainstem
Cerebellum

CMB
Microhemorrhages

• GRE
• SWI

• Aging
• Alzheimer’s disease
• ICH
• CAA

Hemispheric white matter
Brainstem white matter
Lobar when associated with CAA

CAA Cerebral amyloid angiopathy; CADASIL Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy; MRI
Magnetic resonance imaging; FLAIR Fluid attenuated inversion recovery; DWI Diffusion weighted imaging; GRE Gradient echo; SWI Susceptibility
weighted imaging; CMB Cerebral microbleeds; WMH White matter hyperintensities; ARWMC Age-related white matter changes; ILA Ischemic
leukoaraiosis; ILI Isolated lacunar infarcts; ICH Intracerebral hemorrhage

* Inflammatory or infectious vasculopathies

427, Page 2 of 12 Curr Cardiol Rep (2013) 15:427



arterial stiffness [32•, 33, 34]. WMHs are characterized by
reduced cerebral blood flow (CBF) [29, 35•], cerebral vascular
resistance (CVR), endothelial [18••, 36•, 37•] and blood brain
barrier dysfunction [38, 39], and thrombin leakage [40] among
others (plasma proteins, albumin, inflammatory cells) [37•, 40,
41]. Consistent with these changes are findings of local throm-
bosis, whereas it is estimated that only about 10-15 % of SVD
are embolic in nature [42].

The effects of SVD are more pronounced in white matter
areas of the brain, where axons and their myelin coating
compose about 40-50 % of the brain’s volume. SVD and
WMH are associated with myelin pallor, enlargement of
perivascular spaces, gliosis, axonal loss [43••], disruption of
the ependymal lining, and subependymal astrogliosis [44,
45••, 46]. Normal aging may have similar white matter pa-
thology, but scattered WMHs are much more diverse [47].

SVD induces cortical atrophy when demyelination of
axons leads to cortical-subcortical deafferentation and sequel-
ae related to neuronal loss. SVD related vascular dementia
preferentially damages frontal-basal ganglia networks and
thalamocortical circuits [48–50]. Attention and memory de-
pend on widely distributed neural networks and are not as
highly modular and localizable as other aspects of perceptual
and cognitive performance. Dorsolateral prefrontal and cingu-
late cortex circuit hubs are strategic brain networks [50, 51] as
processing speed deficits in VCI are influenced by frontal-
subcortical neuronal circuit lesions. The functional disruption
of brain networks from SVD probably depends on the degree
of brain plasticity in combination with other factors (genetics,
demographic, lesion extent) and the ability to compensate for
a given lesion [52, 53•].

Cerebral microbleeds (CMB) are small, less than 5 mm in
diameter, regions of remote hemorrhage typically located in
the basal ganglia, thalamus, posterior fossa, or posterior sub-
cortical white matter and often occur in relationship to hyper-
tension [54•, 55]. On MRI, CMB’s are hypointense foci with
sensitivity highest for susceptibility weighted imaging (SWI)
vs gradient echo T2 (40 % vs 23 % [56]), however the clinical
correlation of lesion number is limited and depends more on
location and size.

CMBs are associated with cognitive dysfunction in non-
demented older individuals, independent of ischemic SVD
changes [57]. They can also be found in asymptomatic indi-
viduals for unclear reasons [58••, 59, 60••, 61–63]. Although
there is a trend for higher ICH risk with CMBs, they have not
been definitely associated with greater risk of symptomatic
ICH following thrombolysis [64•, 65].

Cerebral amyloid angiopathy (CAA) is an alternative cause
for CMBs and can be associated with AD, in autosomal dom-
inant forms as well with or without dementia. Sporadic CAA is
seen almost exclusively in the elderly and is a major cause of
large cortical (lobar) ICH in the absence of hypertension [66].

Genetic Conditions and Small Vessel Disease

The genetics of SVD is a developing story [26, 67–69].
Apolipoprotein E type ε4 allele carriers have decreased integ-
rity of white matter in corpus callosum, cingulate gyrus, and
parahippocampal formation [70]. Small vessel pathology may
be influenced by metabolic variants suggested by the associ-
ation between common genetic variants in oxidative phos-
phorylation genes and SVD, stroke and ICH [71]. When
comparing 19 candidate genes with neuroimaging from the
Alzheimer’s dementia neuroimaging initiative, no other ge-
netic associations were found [72, 73•, 74]. Genetic tenden-
cies for increased inflammation are associated with increased
volume of WMHs [75].

A number of hereditary forms of cerebral amyloid angiopathy
(CAA) have been described including mutations in presenilin
(PS) 1 and PS2 genes, some due to mutations in the amyloid
precursor protein on chromosome 21, and other forms cause
SVD in a cortico-medullary territory distribution [84]. In these
familial forms of CAA, the cause of the amyloid build up is
likely due to increased production rather than poor clearance
[85].

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is an autoso-
mal dominant hereditary form of SVD. CADASIL usually
presents with a history of migraine with aura, a mid-adult
onset of cerebrovascular disease, mood disturbance, apathy,
dementia, and diffuse white matter lesions and subcortical
infarcts [76–78]. It carries a 5-10 % misdiagnosis in multiple
sclerosis [79, 80], CADASIL is due to the effect of NOTCH-3
mutations on endovascular tissue.

Fabry’s disease is due to an X-linked deficiency in alpha-
galactosidase. It should be considered when stroke and pro-
teinuria occurs in young males. Strokes are either small or
large vessel in nature and diffuse white matter changes are
commonly found. A relatively specific finding is a high signal
intensity signal on MRI in the pulvinar, occurring in 20-30 %
of Fabry’s disease patients [81–83].

Small Vessel Disease in NeuroPsychiatric Disorders

It is increasingly recognized that severe WMH on neuroim-
aging is not benign and is linked to several forms of dementia
[8••, 14••, 86] and hippocampal atrophy [87–89]. Longitudi-
nal studies have linked WMH progression to mild cognitive
impairment (MCI) and acceleration of brain atrophy over the
rate experienced in normal aging of approximately 0.5 % per
year [89]. Cerebral atrophy predicts the occurrence of MCI,
and MCI conversion to dementia [90–92], most commonly
AD, at a rate often estimated to be 15 % per year [93].

SVD effects are predicted by their location: frontal lobe
lesions are associated with progressive cognitive decline
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(38 %), gait apraxia (27.8 %), stroke related symptoms, sei-
zures (24.2 %), transient ischemic attack (TIA) (22 %), and
vertigo (17 %). Parietooccipital lesions may present as TIA
and seizures. Basal ganglia lesions correlate with gait apraxia
and vertigo [94]. Urinary incontinence is less frequent as a
symptom of SVD [95].

Post-Stroke Dementia

Post-stroke dementia resulting from medium-to-large vessel
brain infarcts is a common form of VaD [96] and is also
closely related to SVD severity and brain atrophy [97, 98].
In symptomatic large artery atherostenoses, the presence and
progression of periventricular WMH and lacunar infarcts are
associated with greater progression of brain atrophy indepen-
dent of vascular risk factors [19, 98].

Vascular Dementia

Vascular dementia and vascular cognitive impairment (VaD/
VCI) accounts for about 20 % of all cases of dementia. The
diagnosis of “probable VaD” requires evidence of cerebrovas-
cular disease (CVD), usually confirmed by neuroimaging.
SVD often has an insidious onset, challenging the temporal
link of cognitive changes and stroke by the NINDS-AIREN
criteria [99, 100]. In addition, VaD often co-exists with
Alzheimer’s disease pathology [12, 101]. The vascular compo-
nent includes infarct(s), ischemia, hemorrhage or blood vessel
pathology, while AD components are related to beta-amyloid
(Aβ-42) deposition in brain, and hyperphosphorylated tau
protein [87, 102, 103].

Common clinical features of VaD include slowed thinking,
forgetfulness and disorientation [104]. Deficits in executive
function, also known as “frontal lobe function” may result
with relatively preserved language and recognition memory.
Perseveration, depression or disinhibition may also occur
[105]. Standard screening tests like the mini-mental state
examination are insensitive to the cluster of features in pri-
marily subcortical VaD [106, 107]. Testing executive function
is more challenging than testing memory or visuospatial func-
tion, and detailed neuropsychological testing is often needed.
Finger tapping tasks differentially engage attentional control
systems and appear useful in the differentiation of AD, VaD
and healthy subjects [108].

Differential Diagnosis of Vascular Dementia

In some patients, VaD is associated with progressive motor
dysfunction termed vascular parkinsonism [109, 110], and
presents as psychomotor slowing, gait disturbance [111] and
falls [112, 113], urinary incontinence, emotional lability and
pseudobulbar palsy [114] and is distinguished from Parkinson’s
disease in its lack of response to levodopa therapy. Other

conditions include normal pressure hydrocephalus [115], and
other synucleinopathies such as dementia with Lewy bodies
[116], Parkinson’s disease, and multiple system atrophy.

Depression

SVD has been implicated in the neurobiology of late life
depression [105, 117]. The vascular depression hypothesis
posits that SVD disrupts fiber tracts within frontostriatal cir-
cuits that regulate mood [118], and has been described as a
type of “disconnection syndrome”, leading to a clinical and
neuropsychological profile of depression [119]. Vascular me-
diated depression may be recurrent and respond poorly to
SSRI’s [120]. Severe deep WMH remains an independent
predictor of post-stroke depression [121] and periventricular
WMHmay be a strong predictor of suicide attempts in bipolar
and unipolar depression [122].

Other Conditions Associated with Small Vessel Disease

Rarer conditions associated with SVD include Susac’s and
Sneddon’s syndromes. The former presents with combina-
tions of encephalopathy, hearing loss and branch retinal artery
occlusions [123]. Sneddon’s syndrome is characterized by
stroke and TIAs, livedo racemosa of the skin, headache
(62 %), vertigo (54 %), seizures, mental deterioration, and
dementia [124].

Systemic Risk Factors for Small Vessel Disease

The risk of SVD and WMH increases steadily with age and
are associated with a variety of systemic disorders, metabolic
derangements and lifestyle variables including hypertension,
chronic kidney disease, diabetes, alcohol use and homocyste-
ine levels [125] (see Table 2).

Hypertension and Chronic Kidney Disease

Midlife hypertension is a risk factor in the development of later
cognitive impairment [79, 126–129]. Progression is faster in
women and depends on the volume of lesions at baseline [105,
130], older age, cigarette smoking, and elevation of blood

Table 2 Main risk factors for small vessel disease

Hypertension

Diabetes

Coronary artery disease

Obesity (body mass index of 30 or higher)

High homocysteine levels

Inactive lifestyle

Age: Older than 45 in men and older than 55 in women

427, Page 4 of 12 Curr Cardiol Rep (2013) 15:427



pressure [131–133]. Chronic hypertension leads to changes in
cerebral blood flow autoregulation. A shifted “set point”
adapted to higher perfusion pressures, also leads to increased
risk of symptomatic hypotension. Cautious use of antihyper-
tensives is recommended as even small periodic hypotensive
episodes contribute to WMHs [134–136]. Ambulatory blood
pressure monitoring has identified nocturnal patterns of blood
pressure shifts, with extreme falls in blood pressure being
associated with SVD [137•, 138, 139]. Obstructive sleep apnea
often complicates hypertension [140, 141••] produces wide-
spread structural and functional changes in the brain [142], and
is a recognized factor for TIA and small vessel stroke. Chronic
kidney disease is highly correlated with SVD [58••, 143, 144]
and chronic kidney disease increases the risk of lacunar in-
farcts, possibly through a shared pathophysiology of small
vessel injury [58••, 145, 146].

Diabetes

Diabetes is a risk of vascular dementia (VaD), AD, MCI, and
all-cause dementia, and cross-sectional studies have shown that
diabetics have reduced performance in numerous cognitive
domains [144]. SVD seen on MRI in diabetics is also a good
marker for predicting future cognitive decline [145]. There is an
inverse correlation between hemoglobin A1c levels, motor
speed, and psychomotor response [147–149]. In patients with
type-1 diabetes, specific and global deficits involving speed of
psychomotor efficiency, information processing, mental flexi-
bility, attention, and visual perception [150] are seen. Type-2
diabetes patients show an increase in memory deficits [151],
reduced psychomotor speed, and reduced executive functions.
It also causes an autonomic dysfunction that is implied in the
pathophysiology of SVD [152, 153].

From a clinical perspective it is important to consider the
patient’s age at the onset of disease, the glycemic control status,
and the presence of complications when estimating the inter-
active effect of diabetes and SVD on the brain [154•]. The role
of glycemic control is still uncertain but may have a U-shaped
association with cognitive impairment [155].

Other Vascular Risk Factors

Other possible SVD risk factors include alcohol, cigarette
smoking, diet and elevated serum homocysteine [156•, 157,
158]. After a period of abstinence, alcoholics show partially
reversible pathology of widespread micro and macrostructural
and metabolite changes [159] of the white matter by MRI
diffusion tensor imaging (DTI), that contrast with the vulner-
ability of tracts in the frontal lobe, thalamus and middle
cerebellar peduncle to acute alcohol consumption on DTI.
Mild to moderate alcohol consumption is not associated with

a higher risk of cognitive decline and may have a protective
effect against dementia [160•].

In some population-based studies chronic smoking in-
crease the risk of WMH on MRI [161, 162]. Longer-term
tobacco use is associated with increased risk of cognitive
impairment and dementia including AD [162]. In elderly
individuals, smoking was associated with decrease in cerebral
perfusion and reduced cerebral gray matter volume, possibly
mediated by SVD.

The location of WMHs in association with smoking seems
to differ among age groups when comparingWMH burden on
smokers under and over the age of 65. Multivariate regression
analysis showed that cigarette smoking was an independent
risk factor for periventricular-WMHs in the younger age
group and for deep-WMHs in the older age group [163].
The effects of diet on SVD are only beginning to be assessed.
In a large cross sectional study, the Mediterranean diet was
associated with lower burden of WMHs [164].

Interventions

The cornerstone of SVD and small vessel stroke prevention
has been identification and modification of risk factors such as
diabetes and hypertension [165, 166]. Aspirin may exert a
partial effect due to mechanisms that decrease superoxide
radicals, which abolishes amyloid mediated vasoactivity and
damage [167], and also reduce endothelial disruption through
inhibition of cyclooxygenase and matrix metalloproteinase
production by microglia/macrophages [168]. Overall, data
specific to isolated WMH or SVD- stroke subtype prevention
or disease modification is scarce [169].

Blood Pressure (BP) Lowering Therapy

The relationship between BP and risk of cognitive impairment
is a complex one. Midlife hypertension (40–60 years of age)
increases VaD and AD risk. Previously, it was thought that
control of blood pressure in the range of 135 to 150 mmHg
might be useful to maintain cognitive function in people with
hypertension and VCI, or the use of aspirin might improve
cerebral perfusion. The ACCORD study in hypertensive dia-
betics failed to show significant decreases in dementia risk, but
a BP goal of 120/80 mmHg significantly reduced stroke risk
[170••]. Beyond the questionable utility of anti-hypertension
strategies to decrease the incidence of dementia, there is much
to be learned about anti-hypertensives modifying dementia
progression. In the oldest old (>90), hypertension may be
protective for dementia risk [171–173]. Trials targeting aspirin
and aggressive blood pressure management will provide fur-
ther insight into prevention and treatment strategies (ASPREE,
SPRINT-MIND) [174]. The effects of nocturnal blood pressure
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“dipping” and BP variability as a risk factor for SVD is only
beginning to be recognized [137•, 175•].

Lifestyle Modification

Multiple biological pathways link cognitive lifestyle to pro-
tection from dementia [8••, 73•, 176–178]. Prevention in-
cludes modifying cardiovascular risk factors through physical,
cognitive and social activity, balanced nutrition, smoking
cessation, limiting alcohol use, and promoting sleep-quality.
Because of its long prodromal phase, the timing of the inter-
ventions remains a therapeutic challenge [179, 180].

Physical and Mental Activity

Physical activity may reduce risk of dementia by increasing
oxygen saturation and neurogenesis, decreasing vascular risk
factors [181], inflammation, and depressive symptoms [182].
Cardiovascular exercise is one of the few interventions that
increases neuronal plasticity and replication, and plays a role
in neuroprotection, and has neuroimmunological effects in
depression, and other chronic conditions [183, 184]. Body
fat distribution is associated with both SVD and atheroscle-
rotic and ischemic cerebral lesions [185]. There is also a
positive relation of lesion load with age, arterial hypertension,
and obesity [31••]. Weight loss has been linked with improve-
ments in executive-function and attention [186]. Regular men-
tal exercise, popularly known as “brain games”, is considered
a positive lifestyle intervention, but unproven in its efficacy,
and its effects in terms of improving all cognitive domains
ambiguous [187–190].

Symptomatic Treatment

Memantine and nimodipine both have statistically significant-
ly better outcomes in cognition in the setting of some key
endpoints in large trials of VaD. A clinical trial of donepezil
for 24 weeks in VaD improved ADAS-Cog scores, but had no
significant effects on global function [191].

The recommendations for drug treatments of VaD from the
AHA-ASA are: 1) donepezil may be useful for improving
cognition (Class IIa, LOE A); 2) galantamine may be useful
for patients with mixed AD/VaD (Class IIa, LOE A); 3) the
benefits of rivastigmine and memantine are not established.
Overall the data is insufficient to recommend the widespread
use of these medications in VaD [178, 192•].

Conclusion

Medical advances have shown that SVD is frequently seen and
linked with many common disorders and finding an optimal

prevention and treatment of SVD and vascular dementia re-
mains a challenge, especially given the uncertainties of causa-
tion and complex pathophysiology [94]. Treatments to reverse
or halt SVD progression are not yet available or have not been
validated and there is clinical and pathological overlap be-
tween VaD and AD. Further research addressing the complex-
ity of SVD by integrating data from brain MRI and innovative
in-vivo imaging, screens of cognitive function, and DNA
analysis [193] may help define biological subtypes for design-
ing intervention studies [9, 128].

Enhancing Brain Health and quality of life across the
lifespan should be a priority when intervening in brain disor-
ders. Clinicians need to integrate many sources of information
including genetic and environmental factors along with pa-
tient preferences and risk benefit calculations in formulating
an individualized diagnostic approach and treatment plan.
SVD is frequently not a benign sign of “aging”, but must be
interpreted and treated in context of the above issues.

Acknowledgments The authors thank Kathy Perkins for editorial as-
sistance. Dr. Schenk receives support from the Brain Health and Memory
Center of the Neurological Institute at University Hospitals-Case Medical
Center; and also from NIH Grants (ADCS, ADNI, and SPRINT).

Compliance with Ethics Guidelines

Conflict of Interest Christian Schenk has been a consultant for Eli Lilly
and Siemens; has given expert testimony for Easton and Smith, and
Wulliger, Fadel, and Beyer; and has received royalties from Elsevier and
Springer. He also has received grant support fromBaxter Labs and Ceregene
in association with ADCS; and has received travel/accommodations ex-
penses covered or reimbursed from NIH-sponsored grant-related meetings.

Timothy Wuerz declares that he has no conflict of interest.
Alan J. Lerner declares that he has no conflict of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Roman GC, Erkinjuntti T, Wallin A, Pantoni L, Chui HC. Subcorti-
cal ischaemic vascular dementia. The Lancet Neurology. 2002;1(7):
426–36.

2. Fisher CM. Lacunar strokes and infarcts: A review. American
Academy of Neurology. 1982;32(8):871–6.

3. Chen X, Wen W, Anstey KJ, Sachdev PS. Prevalence, incidence,
and risk factors of lacunar infarcts in a community sample. Neurol-
ogy. 2009;73(4):266–72.

4. Viswanathan A, Greenberg SM. Cerebral amyloid angiopathy in the
elderly. Ann Neurol. 2011;70(6):871–80.

427, Page 6 of 12 Curr Cardiol Rep (2013) 15:427



5. Mehndiratta P, Manjila S, Ostergard T, Eisele S, Cohen ML, Sila C,
et al. Cerebral amyloid angiopathy–associated intracerebral hemor-
rhage: Pathology andmanagement. Neurosurg Focus. 2012;32(4):E7.

6. Poels MMF, Steyerberg EW, Wieberdink RG, Hofman A,
Koudstaal PJ, IkramMA, et al. Assessment of cerebral small vessel
disease predicts individual stroke risk. Journal of Neurology, Neu-
rosurgery & Psychiatry. 2012;83(12):1174–9.

7. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F,
Frayne R, et al. Neuroimaging standards for research into small
vessel disease and its contribution to ageing and neurodegeneration.
Lancet Neurol. 2013;12(8):822–38.

8. •• Medrano Martorell S, Cuadrado Blázquez M, García Figueredo
D, González Ortiz S, Capellades Font J. Hyperintense punctiform
images in the white matter: A diagnostic approach. Radiología
(English Edition). 2012;54(4):321–35. Radiological review of
SVD and small vessel anatomy in the brain . Proposal of a Novel
diagnostic assessment strategy in WMH . Takes account lesion
ethiopathogenesis .

9. Wahlund LO, Barkhof F, Fazekas F, Bronge L, AugustinM, Sjogren
M, et al. A new rating scale for age-related white matter changes
applicable to MRI and CT. Stroke. 2001;32(6):1318–22.

10. Xiong Y, Yang J, Wong A, Wong CHK, Chan SSW, Li HHS, et al.
Operational definitions improve reliability of the age-related white
matter changes scale. Eur J Neurol. 2011;18(5):744–9.

11. Wijtenburg SA, McGuire SA, Rowland LM, Sherman PM, Lancas-
ter JL, Tate DF, et al. Relationship between fractional anisotropy of
cerebral white matter and metabolite concentrations measured using
1H magnetic resonance spectroscopy in healthy adults. Human
Brain Mapping Journal. 2013;66:161–8.

12. de GrootM, Verhaaren BFJ, de Boer R, Klein S, HofmanA, van der
Lugt A, et al. Changes in normal-appearing white matter precede
development of white matter lesions. Stroke. 2013;44(4):1037–42.

13. Fazekas F, Schmidt R, Kleinert R, Kapeller P, RoobG, Flooh E. The
spectrum of age-associated brain abnormalities: Their measurement
and histopathological correlates. J Neural Transm Suppl. 1998;53:
31–9.

14. ••GouwAA, Seewann A, van der Flier WM, Barkhof F, Rozemuller
AM, Scheltens P, et al. Heterogeneity of small vessel disease: A
systematic review of MRI and histopathology correlations. Journal
of Neurology, Neurosurgery & Psychiatry. 2011;82(2):126–35.
Characterization of visible and “invisible” lesions seen on MRI by
post-mortem histopathology and reviews more than 20 studies with
pathological-Imaging correlations of SVD .

15. Sirimarco G, Lavallée PC, Labreuche J, Meseguer E, Cabrejo L,
Guidoux C, et al. Overlap of Diseases Underlying Ischemic Stroke:
The ASCOD Phenotyping. Stroke 2013.

16. Amarenco P, Bogousslavsky J, Caplan L, Donnan GA, Wolf ME,
Hennerici MG. The ASCOD phenotyping of ischemic stroke (up-
dated ASCO phenotyping). Cerebrovasc Dis. 2013;36(1):1–5.

17. Schmidt H, Zeginigg M, Wiltgen M, Freudenberger P, Petrovic K,
Cavalieri M, et al. Genetic variants of the NOTCH3 gene in the
elderly and magnetic resonance imaging correlates of age-related
cerebral small vessel disease. Brain. 2011;134(Pt 11):3384–97.

18. •• Wardlaw JM, Smith C, Dichgans M. Mechanisms of sporadic
cerebral small vessel disease: insights from neuroimaging. Lancet
Neurol. 2013;12(5):483–97. This is a thorough and updated review
of clinical implications in SVD and insights from MRI studies .

19. Maillard P, Carmichael O, Harvey D, Fletcher E, Reed B, Mungas
D, et al. FLAIR and diffusion MRI signals are independent predic-
tors of white matter hyperintensities. Am JNeuroradiol. 2013;34(1):
54–61.

20. Seneviratne U, Chong W, Billimoria PH. Brain white matter
hyperintensities in migraine: Clinical and radiological correlates.
Clin Neurol Neurosurg. 2012;7:1–4.

21. •• Aradi M, Schwarcz A, Perlaki G, Orsi G, Kovács N, Trauninger
A, et al. Quantitative MRI studies of chronic brain white matter

Hyperintensities in migraine patients. Headache. 2013;53(5):752–
63. Migraine is one of the most prevalent neurologic conditions
worldwide . This study examines evidence of white matter tissue
damage secondary to migraine as correlated with white matter
lesions frequently found on neuroimaging of migraine patients .

22. Palm-Meinders IH, Koppen H, Terwindt GM, Launer LJ, Konishi J,
Moonen JME, et al. Structural brain changes in migraine. JAMA.
2012;308(18):1889–97.

23. Tana C, Tafuri E, Tana M, Martelletti P, Negro A, Affaitati G, et al.
New insights into the cardiovascular risk of migraine and the role of
white matter hyperintensities: Is gold all that glitters? J Headache
Pain. 2013;14(1):9.

24. Yu D, Yuan K, Zhao L, Dong M, Liu P, Yang X, et al. White matter
integrity affected by depressive symptoms in migraine without aura:
A tract-based spatial statistics study. NMR Biomed 2013.

25. Rist PM, Kurth T. Migraine and cognitive decline: A topical review.
Headache. 2013;53(4):589–98.

26. Kochunov P, Glahn DC, Lancaster J, Winkler A, Karlsgodt K,
Olvera RL, et al. Blood pressure and cerebral white matter share
common genetic factors in Mexican Americans. Hypertension.
2011;57(2):330–5.

27. Gotoh K, Okada T, Satogami N, Yakami M, Takahashi JC, Yoshida
K, et al. Evaluation of CT angiography for visualisation of the
lenticulostriate artery: Difference between normotensive and hyper-
tensive patients. Br J Radiol. 2012;85(1019):e1004–8.

28. Aboyans V, Lacroix P, Criqui MH. Large and small vessels atheroscle-
rosis: Similarities and differences. Prog Cardiovasc Dis. 2007;50(2):
112–25.

29. Brickman AM, Zahra A, Muraskin J, Steffener J, Holland CM,
Habeck C, et al. Reduction in cerebral blood flow in areas appearing
as white matter hyperintensities on magnetic resonance imaging.
Psychiatry Res. 2009;172(2):117–20. Elsevier Ireland Ltd.

30. Pico F, Labreuche J, Seilhean D, Duyckaerts C, Hauw J-J, Amarenco
P. Association of small-vessel disease with dilatative arteriopathy of
the brain: Neuropathologic evidence. Stroke. 2007;38(4):1197–202.

31. •• ten VH D, van den Heuvel DMJ, de Craen AJM, Bollen ELEM,
Murray HM, Westendorp RGJ, et al. Decline in total cerebral blood
flow is linked with increase in periventricular but not deep white
matter hyperintensities. Radiology. 2007;243(1):198–203. Study
showing different characteristics of Cerebral Blood Flow values
in SVD through logistic regression by their two main locations
(Periventricular and Deep White Matter).

32. • Rabkin SW. Arterial stiffness: Detection and consequences in
cognitive impairment and dementia of the elderly. J Alzheimers
Dis. 2012;32(3):541–9. Summary of 12 studies looking at arterial
stiffness in the pathogenesis of dementia in the elderly through non-
invasive Pulse Wave Velocity.

33. Brisset M, Boutouyrie P, Pico F, Zhu Y, Zureik M, Schilling S, et al.
Large-vessel correlates of cerebral small-vessel disease. Neurology.
2013;80(7):662–9.

34. Hatanaka R, Obara T, Watabe D, Ishikawa T, Kondo T, Ishikura K,
et al. Association of arterial stiffness with silent cerebrovascular
lesions: The ohasama study. Cerebrovasc Dis. 2011;31(4):329–37.

35. • Makedonov I, Black SE, MacIntosh BJ. Cerebral small vessel
disease in aging and Alzheimer’s disease: A comparative study
using MRI and SPECT. Eur J Neurol. 2013;20(2):243–50. Com-
parison of SVD in aging and Alzheimer ’s disease .

36. •GiwaMO,Williams J, Elderfield K, Jiwa NS, Bridges LR, Kalaria
RN, et al. Neuropathologic evidence of endothelial changes in
cerebral small vessel disease. Neurology. 2012;78(3):167–74.
Micropathology study of the blood vessel and associated endothe-
lial changes in the pathophysiology of SVD .

37. • Rouhl RPW, Mertens AECS, van Oostenbrugge RJ, Damoiseaux
JGMC, Debrus-Palmans LL, Henskens LHG, et al. Angiogenic T-
cells and putative endothelial progenitor cells in hypertension-
related cerebral small vessel disease. Stroke. 2012;43(1):256–8.

Curr Cardiol Rep (2013) 15:427 Page 7 of 12, 427



Inflammatory cells and possible mechanisms of the endothelium to
prevent further damage are discussed view of the pathogenesis of
SVD .

38. Yang Y, Rosenberg GA. Blood–brain barrier breakdown in acute
and chronic cerebrovascular disease. Stroke. 2011;42(11):3323–8.

39. Wardlaw JM. Blood–brain barrier and cerebral small vessel disease.
J Neurol Sci. 2010;299(1–2):66–71.

40. Chen B, Friedman B,WhitneyMA, Winkle JAV, Lei I-F, Olson ES,
et al. Thrombin activity associated with neuronal damage during
acute focal ischemia. J Neurosci. 2012;32(22):7622–31.

41. Bueche CZ, Garz C, Kropf S, Bittner D, Li W, Goertler M, et al.
NAC changes the course of cerebral small vessel disease in SHRSP
and reveals new insights for the meaning of stases - a randomized
controlled study. Exp Transl Stroke Med. 2013;5(1):5.

42. Potter GM, Doubal FN, Jackson CA, Sudlow CLM, Dennis MS,
Wardlaw JM. Lack of association of white matter lesions with
ipsilateral carotid artery stenosis. Cerebrovasc Dis. 2012;33(4):
378–84.

43. •• Pantoni L. Cerebral small vessel disease: From pathogenesis and
clinical characteristics to therapeutic challenges. Lancet Neurol.
2010;9(7):689–701. Reviews the consequences of SVD on the brain
in detail . Illustrates pathogenesis and symptom staging associated
with SVD .

44. Schmidt R, Schmidt H, Haybaeck J, LoitfelderM,Weis S, Cavalieri
M, et al. Heterogeneity in age-related white matter changes. Acta
Neuropathol. 2011;122(2):171–85.

45. •• Schmidt R, Grazer A, Enzinger C, Ropele S, HomayoonN, Pluta-
Fuerst A, et al. MRI-detected white matter lesions: Do they really
matter? J Neural Transm. 2011;118(5):673–81. Reviews of known
correlations between WMH and cognitive function . Draws predic-
tive values for stroke , dementia and functional decline in ADL’s
based on WMH burden .

46. Seiler S, Cavalieri M, Schmidt R. Vascular cognitive impairment—
An ill-defined concept with the need to define its vascular compo-
nent. J Neurol Sci. 2012;322(1–2):11–6.

47. van Norden AG, de Laat KF, Gons RA, van Uden IW, van Dijk EJ,
van Oudheusden LJ, et al. Causes and consequences of cerebral
small vessel disease. The RUN DMC study: A prospective cohort
study. Study rationale and protocol. BMC Neurol. 2011;11(1):29.
BioMed Central Ltd.

48. Duering M, Csanadi E, Gesierich B, Jouvent E, Hervé D, Seiler S,
et al. Incident lacunes preferentially localize to the edge of white
matter hyperintensities: Insights into the pathophysiology of cere-
bral small vessel disease. Brain. 2013.

49. Jokinen H, GouwAA, Madureira S, Ylikoski R, van Straaten ECW,
van der Flier WM, et al. Incident lacunes influence cognitive de-
cline: The LADIS study. Neurology. 2011;76(22):1872–8.

50. Takeuchi H, Taki Y, Nouchi R, Hashizume H, Sekiguchi A,
Kotozaki Y, et al. Effects of working memory training on functional
connectivity and cerebral blood flow during rest. Cortex. 2012.

51. Duering M, Gonik M, Malik R, Zieren N, Reyes S, Jouvent E, et al.
Identification of a strategic brain network underlying processing
speed deficits in vascular cognitive impairment. Neuroimage.
2013;66:177–83.

52. Welker KM, De Jesus RO, Watson RE, Machulda MM, Jack Jr CR.
Altered functional MR imaging language activation in elderly indi-
viduals with cerebral leukoaraiosis. Radiology. 2012;265(1):222–
32. Radiological Society of North America.

53. • Manenti R, Brambilla M, Petesi M, Miniussi C, Cotelli M. Com-
pensatory networks to counteract the effects of ageing on language.
Behav Brain Res. 2013;249:22–7. Explores active adaptations that
the brain undergoes after normal and abnormal changes in aging
through neuroplasticity and other strategies .

54. • Jia Z, Mohammed W, Qiu Y, Hong X, Shi H. Hypertension
Increases the Risk of Cerebral Microbleed in the Territory of Pos-
terior Cerebral Artery: A Study of the Association of Microbleeds

Categorized on a Basis of Vascular Territories and Cardiovascular
Risk Factors. Journal of Stroke and Cerebrovascular Diseases.
2013. Association of hypertension with posterior cerebral artery
territory cerebral microbleeds , a different mechanism from lobar
microhemorrhages associated with amyloid angiopathy.

55. Liu W, Liu R, Sun W, Peng Q, Zhang W, Xu E, et al. Different
impacts of blood pressure variability on the progression of cerebral
microbleeds and white matter lesions. Stroke. 2012;43(11):2916–22.

56. Goos JDC, van der Flier WM, Knol DL, Pouwels PJW, Scheltens P,
Barkhof F, et al. Clinical relevance of improved microbleed detec-
tion by susceptibility-weighted magnetic resonance imaging.
Stroke. 2011;42(7):1894–900.

57. van Norden AGW, van Uden IWM, de Laat KF, Gons RAR, Roy
P.C. Kessels, van Dijk EJ, et al. Cerebral microbleeds are related to
subjective cognitive failures: The RUN DMC study. NBA. 2013 1–
6. Elsevier Ltd

58. •• Otani H, Kikuya M, Hara A, Terata S, Ohkubo T, Kondo T, et al.
Association of kidney dysfunction with silent lacunar infarcts and
white matter hyperintensity in the general population: The ohasama
study. Cerebrovasc Dis. 2010;30(1):43–50. This is a cross-sectional
study done in Japan with 1008 patients called The Ohasama Study,
which showed Creatinine Clearance as an independent risk factor
in the elderly, especially when values fall under 60ml /min /
1 .73sqm , even in the presence or absence of hypertension.

59. Devan WJ, Falcone GJ, Anderson CD, Jagiella JM, Schmidt H,
Hansen BM, et al. Heritability estimates identify a substantial ge-
netic contribution to risk and outcome of intracerebral hemorrhage.
Stroke. 2013;44(6):1578–83.

60. ••WestoverMB, BianchiMT, Yang C, Schneider JA, Greenberg SM.
Estimating cerebral microinfarct burden from autopsy samples. Neu-
rology. 2013;80(15):1365–9. Pathological exploration of SVD and
imaging-negative micropathologies. Routine sampling of the brain ,
as few as 1 or 2 microinfarcts may indicate the presence of thousands
of lesions in the entire brain. Estimation of total microinfarcts was
found to exceed the total burden when compared to the number of
grossly visible lacunar infarcts and larger infarcts in the brain.

61. Greenberg SM, Vernooij MW, Cordonnier C, Viswanathan A,
Al-Shahi Salman R,Warach S, et al. Cerebral microbleeds: A guide
to detection and interpretation. The Lancet Neurology. 2009;
8(2):165–74.

62. De Reuck JL. The significance of small cerebral bleeds in neurode-
generative dementia syndromes. Aging Dis. 2012;3(4):307–12.

63. Patel B, Lawrence AJ, Chung AW, Rich P, Mackinnon AD, Morris
RG, et al. Cerebral microbleeds and cognition in patients with
symptomatic small vessel disease. Stroke. 2013;44(2):356–61.

64. • Charidimou A, Kakar P, Fox Z, Werring DJ. Cerebral microbleeds
and the risk of intracerebral haemorrhage after thrombolysis for
acute ischaemic stroke: systematic review and meta-analysis. Jour-
nal of Neurology, Neurosurgery & Psychiatry. 2013;84(3):277–80.
Meta-analysis of 790 patients over 5 studies and a review of the
presence of Cerebral Microbleeds in the risk of intracerebral hem-
orrhage after thrombolytic administration for acute ischemic
stroke . The available evidence does not demonstrate a statistically
significant increased risk of symptomatic ICH although some con-
siderations are advised .

65. McCarron MO, Nicoll JAR. Cerebral amyloid angiopathy and
thrombolysis-related intracerebral haemorrhage. The Lancet Neu-
rology. 2004;3(8):484–92.

66. Caprio FZ, Maas MB, Rosenberg NF, Kosteva AR, Bernstein RA,
Alberts MJJ, et al. Leukoaraiosis on magnetic resonance imaging
correlates with worse outcomes after spontaneous intracerebral
hemorrhage. Stroke. 2013;44(3):642–6.

67. Yamamoto Y, Craggs L, Baumann M, Kalimo H, Kalaria RN.
Review:Molecular genetics and pathology of hereditary small vessel
diseases of the brain. Neuropathol Appl Neurobiol. 2011;37(1):94–
113.

427, Page 8 of 12 Curr Cardiol Rep (2013) 15:427



68. Kochunov P, Glahn DC, Lancaster JL, Winkler AM, Smith S,
Thompson PM, et al. Genetics of microstructure of cerebral white
matter using diffusion tensor imaging. Neuroimage. 2010;53(3):
1109–16.

69. Szolnoki Z, Szaniszlo I, Szekeres M, Hitri K, Kondacs A, Mandi Y,
et al. Evaluation of the MTHFR A1298C variant in leukoaraiosis. J
Mol Neurosci. 2012;46(3):492–6.

70. Nierenberg J, Pomara N, HoptmanMJ, Sidtis JJ, Ardekani BA, Lim
KO. Abnormal white matter integrity in healthy apolipoprotein E
epsilon4 carriers. NeuroReport. 2005;16(12):1369–72.

71. Anderson CD, Biffi A, Nalls MA, Devan WJ, Schwab K, Ayres
AM, et al. Common variants within oxidative phosphorylation
genes influence risk of ischemic stroke and intracerebral hemor-
rhage. Stroke Am Heart Assoc. 2013;44(3):612–9.

72. Freudenberger P, Schmidt R, Schmidt H. Genetics of age-related
white matter lesions from linkage to genome wide association
studies. J Neurol Sci. 2012;322(1–2):82–6.

73. • Kanchibhotla SC, Mather KA, Wen W, Schofield PR, Kwok JBJ,
Sachdev PS. Genetics of ageing-related changes in brain white
matter integrity - a review. Ageing Res Rev. 2013;12(1):391–401.
This paper reviews the studies probing for genetic associations of
SVD . Mentions the results from a Genome-Wide Study and other
candidate genes and the evidence towards their function in white
matter disease .Genes in chromosome 3 and 15 and apoE are linked
to Small Vessel Disease pathology so far.

74. Paternoster L, Chen W, Sudlow CLM. Genetic determinants of
white matter hyperintensities on brain scans: A systematic assess-
ment of 19 candidate gene polymorphisms in 46 studies in 19 000
subjects * supplemental references. Stroke. 2009;40(6):2020–6.

75. Raz N, Yang Y, Dahle CL, Land S. Volume of white matter
hyperintensities in healthy adults: Contribution of age, vascular risk
factors, and inflammation-related genetic variants. Biochim
Biophys Acta (BBA) - Mol Basis Dis. 2012;1822(3):361–9.

76. DeGuio F, Reyes S, DueringM, Pirpamer L, Chabriat H, Jouvent E.
Decreased T1 Contrast between Gray Matter and Normal-
Appearing White Matter in CADASIL. Am J Neurorad. 2013.

77. Ciolli L, Pescini F, Salvadori E, Del Bene A, Pracucci G, Poggesi A,
et al. Influence of vascular risk factors and neuropsychological
profile on functional performances in CADASIL: Results from the
MIcrovascular LEukoencephalopathy Study (MILES). Eur J
Neurol. 2013.

78. Monet-Lepretre M, Haddad I, Baron-Menguy C, Fouillot-Panchal M,
Riani M, Domenga-Denier V, et al. Abnormal recruitment of extracel-
lular matrix proteins by excess Notch3ECD: A new pathomechanism
in CADASIL. Brain. 2013.

79. Cherubini A, Lowenthal DT, Paran E, Mecocci P, Williams LS,
Senin U. Hypertension and cognitive function in the elderly. Dis
Mon. 2010;56(3):106–47.

80. Miller DH, Weinshenker BG, Filippi M, Banwell B, Cohen JA,
Freedman M, et al. Differential diagnosis of suspected multiple
sclerosis: A consensus approach. Mult Scler. 2008;14(9):1157–74.

81. Meschia JF. New information on the genetics of stroke. Current
Neurology and neuroscience reports. 2010;11(1):35–41.

82. Meschia JF, Worrall BB, Rich SS. Genetic susceptibility to ischemic
stroke. Nat RevNeurosci. 2011;7(7):369–78. Nature PublishingGroup.

83. Tillema J-M, Renaud D. Leukoencephalopathies in Adulthood.
Semin Neurol. 2012;32(01):085–94.

84. Yoneda Y, Haginoya K, KatoM, Osaka H, Yokochi K, Arai H, et al.
Phenotypic spectrum of COL4A1Mutations: Porencephaly to
schizencephaly. Ann Neurol. 2012;73(1):48–57.

85. Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer's disease:
Progress and problems on the road to therapeutics. Science.
2002;297(5580):353–6.

86. Behrouz R, Malek AR, Torbey MT. Small vessel cerebrovascular
disease: The past, present, and future. Stroke Research and Treat-
ment. 2012;2012(1):1–8. 4 ed.

87. BrickmanAM, Provenzano FA,Muraskin J,Manly JJ, Blum S, Apa
Z, et al. Regional white matter hyperintensity volume, not hippo-
campal atrophy, predicts incident Alzheimer disease in the commu-
nity. Arch Neurol. 2012;69(12):1621–7.

88. Leung KK, Bartlett JW, Barnes J, Manning EN, Ourselin S, Fox
NC, et al. Cerebral atrophy in mild cognitive impairment and
Alzheimer disease: Rates and acceleration. Neurology. 2013.

89. Jack Jr CR, Petersen RC, XuYC,Waring SC, O'Brien PC, Tangalos
EG, et al. Medial temporal atrophy on MRI in normal aging and
very mild Alzheimer's disease. Neurology. 1997;49(3):786–94.

90. Dhikav V, Anand K. Potential predictors of hippocampal atrophy in
Alzheimer’s disease. Drugs Aging. 2011;28(1):1–11. Springer.

91. Henneman WJP, Sluimer JD, Barnes J, van der Flier WM, Sluimer
IC, Fox NC, et al. Hippocampal atrophy rates in Alzheimer disease:
Added value over whole brain volume measures. Neurology.
2009;72(11):999–1007.

92. Wiseman RM, Saxby BK, Burton EJ, Barber R, Ford GA, O'Brien
JT. Hippocampal atrophy, whole brain volume, and white matter
lesions in older hypertensive subjects. Neurology. 2004;63(10):
1892–7.

93. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG,
Kokmen E. Mild cognitive impairment: Clinical characterization
and outcome. Arch Neurol. 1999;56(3):303–8.

94. Okroglic S, Widmann CN, Urbach H, Scheltens P, Heneka MT.
Clinical symptoms and risk factors in cerebral microangiopathy
patients. Minnerup J. PLoS ONE. 2013;8(2):e53455.

95. Sakakibara R, Panicker J, Fowler CJ, Tateno F, Kishi M, Tsuyuzaki
Y, et al. Vascular incontinence: Incontinence in the elderly due to
ischemic white matter changes. Neurol Int. 2012;14:4(2).

96. Kling MA, Trojanowski JQ, Wolk DA, Lee VMY, Arnold SE.
Vascular disease and dementias: Paradigm shifts to drive research
in new directions. Alzheimers Dement. 2013;9(1):76–92. Elsevier
Ltd.

97. Price CC, Mitchell SM, Brumback B, Tanner JJ, Schmalfuss I,
Lamar M, et al. MRI-leukoaraiosis thresholds and the phenotypic
expression of dementia. Neurology. 2012;79(8):734–40.

98. Kloppenborg RP, Nederkoorn PJ, Grool AM, Vincken KL, Mali
WPTM, Vermeulen M, et al. Cerebral small-vessel disease and
progression of brain atrophy: the SMART-MR study. Neurology.
2012;79(20):2029–36.

99. Gustavo C. Román. Chapter 2: Clinical Forms of Vascular Dementia.
In: Vascular Dementia. Paul RH, Cohen R, Ott BR, Salloway S,
(eds.) Humana Press; 2005.

100. Román GC, Tatemichi TK, Erkinjuntti T, et al. Vascular dementia:
Diagnostic criteria for research studies. Report of the NINDS-
AIREN international workshop. Neurology. 1993;43:250–60.

101. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP.
The global prevalence of dementia: A systematic review and
metaanalysis. Alzheimers Dement. 2013;9(1):63–75.e2. Elsevier
Ltd.

102. Barnes J, Carmichael OT, Leung KK, Schwarz C, Ridgway GR,
Bartlett JW, et al. Vascular and Alzheimer“s disease markers inde-
pendently predict brain atrophy rate in Alzheimer”s Disease Neu-
roimaging Initiative controls. NBA. 2013;20:1–7. Elsevier Ltd.

103. Hedden T, Mormino EC, Amariglio RE, Younger AP, Schultz AP,
Becker JA, et al. Cognitive profile of amyloid burden and white
matter hyperintensities in cognitively normal older adults. J Neurosci.
2012;32(46):16233–42.

104. Staekenborg SS, Su T, van Straaten ECW, Lane R, Scheltens P,
Barkhof F, et al. Behavioural and psychological symptoms in vascular
dementia; Differences between small- and large-vessel disease. Jour-
nal of Neurology, Neurosurgery & Psychiatry. 2010;81(5):547–51.

105. Kim HJ, Kang SJ, Kim C, Kim GH, Jeon S, Lee J-M, et al. The
effects of small vessel disease and amyloid burden on neuropsychi-
atric symptoms: A study among patients with subcortical vascular
cognitive impairments. Neurobiol Aging. 2013.

Curr Cardiol Rep (2013) 15:427 Page 9 of 12, 427



106. Srikanth V, Thrift AG, Fryer JL, Saling MM, Dewey HM, Sturm
JW, et al. The validity of brief screening cognitive instruments in the
diagnosis of cognitive impairment and dementia after first-ever
stroke. Int Psychogeriatr. 2006;18(2):295–305.

107. Zhao J, TangH, Sun J,Wang B, Chen S, Fu Y. Analysis of cognitive
dysfunction with silent cerebral infarction: A prospective study in
Chinese patients. Metab Brain Dis. 2012;27(1):17–22.

108. Bangert AS, Balota DA. Keep up the pace: Declines in simple repet-
itive timing differentiate healthy aging from the earliest stages of
Alzheimer’s disease. J Int Neuropsychol Soc. 2012;18(06):1052–63.

109. Reijmer YD, Leemans A, Caeyenberghs K, Heringa SM, Koek HL,
Biessels GJ, et al. Disruption of cerebral networks and cognitive
impairment in Alzheimer disease. Neurology. 2013;80(15):1370–7.

110. Winikates J, Jankovic J. Clinical correlates of vascular parkinson-
ism. Arch Neurol. 1999;56(1):98–102.

111. Rosano C, Longstreth WT, Boudreau R, Taylor CA, Du Y, Kuller
LH, et al. High blood pressure accelerates gait slowing in well-
functioning older adults over 18-years of follow-up. J Am Geriatr
Soc. 2011;59(3):390–7.

112. Blahak C, Baezner H, Pantoni L, Poggesi A, Chabriat H, Erkinjuntti
T, et al. Deep frontal and periventricular age related white matter
changes but not basal ganglia and infratentorial hyperintensities are
associated with falls: Cross sectional results from the LADIS study.
Journal of Neurology, Neurosurgery & Psychiatry. 2009;80(6):608–
13. BMJ Publishing Group Ltd.

113. de Laat KF, Tuladhar AM, van Norden AGW, Norris DG, Zwiers
MP, de Leeuw FE. Loss of white matter integrity is associated with
gait disorders in cerebral small vessel disease. Brain. 2010;134(1):
73–83.

114. Thanvi B, Lo N, Robinson T. Vascular parkinsonism—an important
cause of parkinsonism in older people. Age Ageing. 2005;34(2):
114–9.

115. Maillet A, Pollak P, Debu B. Imaging gait disorders in parkinson-
ism: A review. Journal of Neurology, Neurosurgery & Psychiatry.
2012;83(10):986–93.

116. Wang H-C, Hsu J-L, Leemans A. Diffusion tensor imaging of
vascular parkinsonism: structural changes in cerebral white matter
and the association with clinical severity. ArchNeurol. 2012;69(10):
1340–8.

117. Naismith SL, Norrie LM, Mowszowski L, Hickie IB. The neurobi-
ology of depression in later-life: Clinical, neuropsychological, neu-
roimaging and pathophysiological features. Prog Neurobiol.
2012;98(1):99–143. Elsevier Ltd.

118. Dalby RB, Frandsen J, Chakravarty MM, Ahdidan J, Sørensen L,
Rosenberg R, et al. Correlations between Stroop task performance
and white matter lesion measures in late-onset major depression.
Psychiatry Res. 2012;202(2):142–9. Elsevier Ireland Ltd.

119. Aizenstein HJ, Andreescu C, Edelman KL, Cochran JL, Price J,
Butters MA, et al. fMRI correlates of white matter hyperintensities
in late-life depression. Am J Psychiatry. 2011;168(10):1075–82.

120. Perez HCS, Direk N, Hofman A, Vernooij MW, Tiemeier H, Ikram
MA. Silent brain infarcts A cause of depression in the elderly?
Psychiatry Res. 2013;211(2):180–2. Elsevier.

121. Thomas A. A neuropathological study of periventricular white
matter hyperintensities in major depression. J Affect Disord. 2003;
76(1–3):49–54.

122. Pompili M, Innamorati M, Mann JJ, Oquendo MA, Lester D, Del
Casale A, et al. Periventricular white matter hyperintensities as
predictors of suicide attempts in bipolar disorders and unipolar
depression. Prog Neuro-Psychopharmacol Biol Psychiatry.
2008;32(6):1501–7.

123. Ramadan HH, Vinjam M, Macmullen-Price J, Hassan A. Susac’s
syndrome. Pract Neurol. 2012;12(4):263–5.

124. Boesch SM, Plörer AL, Auer AJ, POEWE W, Aichner FT, Felber
SR, et al. The natural course of sneddon syndrome: Clinical and
magnetic resonance imaging findings in a prospective six year

observation study. Journal of Neurology, Neurosurgery & Psychia-
try. 2003;74(4):542–4.

125. Khan U, Porteous L, Hassan A, Markus HS. Risk factor profile of
cerebral small vessel disease and its subtypes. Journal of Neurology,
Neurosurgery & Psychiatry. 2007;78(7):702–6.

126. Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of
blood pressure to cognitive function and dementia. The Lancet
Neurology. 2005;4(8):487–99.

127. Launer LJ, Hughes T, Yu B, Masaki K, Petrovitch H, Ross GW,
et al. Lowering midlife levels of systolic blood pressure as a public
health strategy to reduce late-life dementia perspective from the
Honolulu heart program/Honolulu Asia aging study. Hypertension
Am Heart Assoc. 2010;55(6):1352–9.

128. Reis JP, Loria CM, Launer LJ, Sidney S, Liu K, Jacobs DR, et al.
Cardiovascular health through young adulthood and cognitive func-
tioning in midlife. Ann Neurol. 2013;73(2):170–9.

129. Verhaaren BFJ, Vernooij MW, de Boer R, Hofman A, Niessen WJ,
van der Lugt A, et al. High blood pressure and cerebral white matter
lesion progression in the general population. Hypertension.
2013;61(6):1354–9.

130. Jones WS, Vemulapalli S, Patel MR. Interventional treatment of
hypertension: A new paradigm. Curr Cardiol Rep. 2013;15(5):356.

131. van Dijk EJ, Prins ND, Vrooman HA, Hofman A, Koudstaal PJ,
Breteler MMB. Progression of cerebral small vessel disease in
relation to risk factors and cognitive consequences: Rotterdam scan
study. Stroke. 2008;39(10):2712–9.

132. Schmidt R, Petrovic K, Ropele S, Enzinger C, Fazekas F. Progres-
sion of leukoaraiosis and cognition. Stroke. 2007;38(9):2619–25.

133. Sachdev PS, Wen W, Chen X, Brodaty H. Progression of white
matter hyperintensities in elderly individuals over 3 years. Neurol-
ogy. 2007;68(3):214–22.

134. Bowler JV. The concept of vascular cognitive impairment. J Neurol
Sci. 2002;203–204:11–5.

135. Kario K, Pickering TG, Umeda Y, Hoshide S, Hoshide Y, Morinari
M, et al. Morning surge in blood pressure as a predictor of silent and
clinical cerebrovascular disease in elderly hypertensives a prospec-
tive study. Circulation Am Heart Assoc; 2003;107(10):1401–6.

136. Alosco ML, Spitznagel MB, Raz N, Cohen R, Sweet LH, Colbert
LH, et al. Obesity interacts with cerebral hypoperfusion to exacer-
bate cognitive impairment in older adults with heart failure.
Cerebrovasc Dis Extra. 2012;2(1):88–98.

137. • Jung H-W, Kim K-I. Blood pressure variability and cognitive
function in the elderly. Pulse. 2013;1(1):29–34. This article dis-
cusses the considerations in maintaining normotension in the elder-
ly to reduce the risk of cognitive impairment while maintaining the
benefits of anti-hypertensive therapy in selected populations.

138. Kario K, Matsuo T, Kobayashi H, Imiya M, Matsuo M,
Shimada K. Nocturnal fall of blood pressure and silent cere-
brovascular damage in elderly hypertensive patients: Advanced
silent cerebrovascular damage in extreme dippers. Hyperten-
sion. 1996;27(1):130–5.

139. Sierra C. Associations between ambulatory blood pressure param-
eters and cerebral white matter lesions. Int J Hypertens. 2011; ID:
478710.

140. Durgan DJ, Bryan RM. Cerebrovascular consequences of obstruc-
tive sleep apnea. Journal of the American Heart Association. Am
Heart Assoc. 2012;1(4).

141. •• Canessa N, Castronovo V, Cappa SF, Aloia MS, Marelli S, Falini
A, et al. Obstructive sleep apnea: brain structural changes and
neurocognitive function before and after treatment. Am J Respir
Crit CareMed. 2011;183(10):1419–26. This study shows the impact
of Obstructive Sleep Apnea Syndrome (OSAS) in brain structure
and function. Follows up data with reversible changes after treat-
ment of OSAS.

142. Zimmerman ME, Aloia MS. A review of neuroimaging in obstruc-
tive sleep apnea. J Clin Sleep Med. 2006;2(4):461–71.

427, Page 10 of 12 Curr Cardiol Rep (2013) 15:427



143. Vogels SCM, Emmelot-Vonk MH, Verhaar HJJ, Koek HDL. The
association of chronic kidney disease with brain lesions on MRI or
CT: A systematic review. Maturitas. 2012;71(4):331–6. Elsevier
Ireland Ltd.

144. Nickolas TL, Khatri M, Boden-Albala B, Kiryluk K, Luo X,
Gervasi-Franklin P, et al. The association between kidney disease
and cardiovascular risk in a multiethnic cohort: Findings from the
northernManhattan study (NOMAS). Stroke. 2008;39(10):2876–9.

145. Takahashi W, Tsukamoto Y, Takizawa S, Kawada S, Takagi S. Rela-
tionship between chronic kidney disease and white matter
hyperintensities on magnetic resonance imaging. J Stroke Cerebrovasc
Dis. 2012;21(1):18–23.

146. IkramMA, Vernooij MW, Hofman A, Niessen WJ, van der Lugt A,
Breteler MMB. Kidney function is related to cerebral small vessel
disease. Stroke. 2007;39(1):55–61.

147. Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for
dementia and mild cognitive impairment: A meta-analysis of longi-
tudinal studies. Intern Med J. 2012;42(5):484–91.

148. Imamine R, Kawamura T, Umemura T, Umegaki H, Kawano N,
Hotta M, et al. Does cerebral small vessel disease predict future
decline of cognitive function in elderly people with type 2 diabetes?
Diabetes Res Clin Pract. 2011;94(1):91–9.

149. Roriz-Filho SJ, Sá-Roriz TM, Rosset I, Camozzato AL, Santos AC,
Chaves MLF, et al. (Pre)diabetes, brain aging, and cognition.
Biochim Biophys Acta (BBA) - Mol Basis Dis. 2009;1792(5):
432–43.

150. Kodl CT, Seaquist ER. Cognitive dysfunction and diabetes mellitus.
Endocr Rev. 2008;29(4):494–511.

151. Zhen YF, Zhang J, Liu XY, Fang H, Tian LB, Zhou DH, et al. Low
BDNF is associated with cognitive deficits in patients with type 2
diabetes. Psychopharmacology. 2012;227(1):93–100.

152. Matei D, Popescu CD, Ignat B, Matei R. Autonomic dysfunction in
type 2 diabetes mellitus with and without vascular dementia. J
Neurol Sci. 2013;325(1–2):6–9.

153. Williamson JB, Lewis GF, Nyenhuis DL, Stebbins GT, Murphy C,
HandelmanM, et al. The effects of cerebral white matter changes on
cardiovascular responses to cognitive and physical activity in a
stroke population. Psychophysiology. 2012;49(12):1618–28.

154. • Verdelho A, Madureira S, Moleiro C, Ferro JM, Santos CO,
Erkinjuntti T, et al. White matter changes and diabetes predict
cognitive decline in the elderly The LADIS Study. American Acad-
emy of Neurology AAN Enterprises. 2010;75(2):160–7. Results
from the LADIS study on predictin cognitive decline in diabetic
patients through neuroimaging .

155. Exalto LG, Whitmer RA, Kappele LJ, Biessels GJ. An update on
type 2 diabetes, vascular dementia and Alzheimer’s disease. Exp
Gerontol. 2012;47(11):858–64.

156. • Feng L, Isaac V, Sim S, Ng T-P, Krishnan KRR, Chee MWL.
Associations between elevated homocysteine, cognitive impair-
ment, and reduced white matter volume in healthy old adults. Am
J Geriatr Psychiatry. 2013;21(2):164–72. High blood homocysteine
levels are associated with higher SVD morbidity, although treating
hyperhomocysteinemia has not shown a reduction or improvement
of lesions in brain neuroimaging .

157. Feng C, Bai X, Xu Y, Hua T, Huang J, Liu X-Y. Hyper-
homocysteinemia associates with small vessel disease more closely
than large vessel disease. Int J Med Sci. 2013;10(4):408–12.

158. Hassan A, Hunt BJ, O'Sullivan M, Bell R, D'Souza R, Jeffery S,
et al. Homocysteine is a risk factor for cerebral small vessel disease,
acting via endothelial dysfunction. Brain. 2004;127(Pt 1):212–9.

159. Fein G, Shimotsu R, Di Sclafani V, Barakos J, Harper C. Increased
white matter signal hyperintensities in long-term abstinent alco-
holics compared with nonalcoholic controls. Alcohol Clin Exp
Res. 2009;33(1):70–8.

160. • Gazdzinski S, Durazzo TC, Mon A, Yeh P-H, Meyerhoff DJ.
Cerebral white matter recovery in abstinent alcoholics—a

multimodality magnetic resonance study. Brain. 2010;133(4):
1043–53. White matter partial recovery after abstinence was seen
in a population of alcoholics through MRI modalities , opening the
discussion to white matter lesion mechanisms and possibility of
lesion regression or repair.

161. Kim SH, Yun C-H, Lee S-Y, Choi K-H, Kim MB, Park H-K. Age-
dependent association between cigarette smoking on white matter
hyperintensities. Neurol Sci. 2011;33(1):45–51.

162. Longstreth WT, Arnold AM, Beauchamp NJ, Manolio TA,
Lefkowitz D, Jungreis C, et al. Incidence, manifestations, and
predictors of worsening white matter on serial cranial magnetic
resonance imaging in the elderly. Stroke. 2005;36(1):56–61.

163. Kim JH, Hwang KJ, Kim J-H, Lee YH, Rhee HY, Park K-C.
Regional white matter hyperintensities in normal aging, single
domain amnestic mild cognitive impairment, and mild Alzheimer’s
disease. J Clin Neurosci. 2011;18(8):1101–6.

164. Gardener H, Scarmeas N, Gu Y, Boden-Albala B, Elkind MSV,
Sacco RL, et al. Mediterranean diet and white matter hyperintensity
volume in the NorthernManhattan Study. Arch Neurol. 2012;69(2):
251–6.

165. Obisesan TO, Gillum RF, Johnson S, Umar N,Williams D, Bond V,
et al. Neuroprotection and neurodegeneration in Alzheimer’s dis-
ease: Role of cardiovascular disease risk factors, implications for
dementia rates, and prevention with aerobic exercise in African
Americans. Int J Alzheimers Dis. 2012;2012(16):1–14.

166. Kim YS, Park SS, Lee SH, Yoon BW. Reduced severity of strokes
in patients with silent brain infarctions. Eur J Neurol. 2010;18(7):
962–71.

167. Ovbiagele B, Saver JL. Cerebral white matter hyperintensities on
MRI: Current concepts and therapeutic implications. Cerebrovasc
Dis. 2006;22(2–3):83–90.

168. Candelario-Jalil E, Thompson J, Taheri S, Grossetete M, Adair JC,
Edmonds E, et al. Matrix metalloproteinases are associated with
increased blood–brain barrier opening in vascular cognitive impair-
ment. Stroke. 2011;42(5):1345–50.

169. Smith EE, Schneider JA, Wardlaw JM, Greenberg SM. Cerebral
microinfarcts: The invisible lesions. Lancet Neurol. 2012;11(3):
272–82.

170. •• Terry T, Raravikar K, Chokrungvaranon N, Reaven PD. Does
aggressive glycemic control benefit macrovascular and micro-
vascular disease in type 2 diabetes? Insights from ACCORD,
ADVANCE, and VADT. Curr Cardiol Rep. 2012;14(1):79–88.
Results from various clinical trials looking at aggressive gly-
cemic control in reducing the risk of microvascular disease
such as SVD .

171. Li G, Rhew IC, Shofer JB, Kukull WA, Breitner JCS, Peskind E,
et al. Age-varying association between blood pressure and risk of
dementia in those aged 65 and older: a community-based prospec-
tive cohort study. J Am Geriatr Soc. 2007;55(8):1161–7.

172. Slavin MJ, Brodaty H, Sachdev PS. Challenges of Diagnosing
Dementia in the Oldest Old Population. J. Gerontol. A Biol Sci
Med Sci. 2013.

173. Kravitz E, Schmeidler J, Schnaider BM. Cognitive decline and
dementia in the oldest-old. RMMJ. 2012;3(4):e0026.

174. Nelson M, Reid C, Beilin L, Donnan G, Johnston C, Krum H, et al.
Rationale for a trial of low-dose aspirin for the primary prevention
of major adverse cardiovascular events and vascular dementia in the
elderly: Aspirin in reducing events in the elderly (ASPREE). Drugs
Aging. 2003;20(12):897–903.

175. •Maillard P, Seshadri S, Beiser A, Himali JJ, Au R, Fletcher E, et al.
Effects of systolic blood pressure on white-matter integrity in young
adults in the Framingham heart study: A cross-sectional study. The
Lancet Neurology. 2012;11:1039–47. Results from the Framingham
Heart Cross-Sectional Study in young adults to assess the effects of
mid-life hypertension in the risk of Small Vessel Disease of the
brain .

Curr Cardiol Rep (2013) 15:427 Page 11 of 12, 427



176. Blumenthal JA, Smith PJ, Welsh-Bohmer K, Babyak MA,
Browndyke J, Lin P-H, et al. Can lifestyle modification improve
neurocognition? Rationale and design of the ENLIGHTEN clinical
trial. Contemp Clin Trials. 2013;34(1):60–9.

177. ValenzuelaMJ, Matthews FE, Brayne C, Ince P, Halliday G, Kril JJ,
et al. Multiple biological pathways link cognitive lifestyle to pro-
tection from dementia. BPS. 2012;71(9):783–91.

178. Baskys A, Cheng J-X. Pharmacological prevention and treatment of
vascular dementia: Approaches and perspectives. EXG. 2012;47(11):
887–91.

179. Skoog I, Korczyn AD, Guekht A. Neuroprotection in vascular
dementia: A future path. J Neurol Sci. 2012;322(1–2):232–6.

180. Nithianantharajah J, Hannan AJ. Mechanisms mediating brain and
cognitive reserve: Experience-dependent neuroprotection and func-
tional compensation in animal models of neurodegenerative dis-
eases. Progress in Neuropsychopharmacology & Biological Psychi-
atry. 2011;35(2):331–9.

181. Schmidt W, Endres M, Dimeo F, Jungehulsing GJ. Train the vessel,
gain the brain: physical activity and vessel function and the impact
on stroke prevention and outcome in cerebrovascular disease.
Cerebrovasc Dis. 2013;35(4):303–12.

182. Ahlskog JE, Geda YE, Graff-Radford NR, Petersen RC. Physical
exercise as a preventive or disease-modifying treatment of dementia
and brain aging. Mayo Clin Proc. 2011;86(9):876–84.

183. Eyre H, Baune BT. Neuroimmunological effects of physical exer-
cise in depression. Brain Behav Immun. 2012;26(2):251–66.

184. Bridle C, Spanjers K, Patel S, Atherton NM, Lamb SE. Effect of
exercise on depression severity in older people: Systematic review
and meta-analysis of randomised controlled trials. Br J Psychiatry.
2012;201(3):180–5.

185. Karcher H-S, Holzwarth R, Mueller H-P, Ludolph AC, Huber R,
Kassubek J, et al. Body fat distribution as a risk factor for

cerebrovascular disease: An MRI-based body fat quantification
study. Cerebrovasc Dis. 2013;35(4):341–8.

186. Siervo M, Arnold R, Wells JCK, Tagliabue A, Colantuoni A,
Albanese E, et al. Intentional weight loss in overweight and obese
individuals and cognitive function: A systematic review and meta-
analysis. Obes Rev. 2011;12(11):968–83.

187. Unverzagt FW, Guey LT, Jones RN, Marsiske M, King JW, Wadley
VG, et al. ACTIVE cognitive training and rates of incident demen-
tia. J Int Neuropsychol Soc. 2012;18(04):669–77.

188. Williams KN, Kemper S. Interventions to reduce cognitive decline
in aging. J Psychosoc Nurs Ment Health Serv. 2010;48(5):42–51.

189. Steinerman JR. Minding the aging brain: Technology-enabled cog-
nitive training for healthy elders. Current Neurology and neurosci-
ence reports. 2010;10(5):374–80.

190. Schneider N, Yvon C. A Review of multidomain interventions to
support healthy cognitive ageing. J Nutri, Health Aging. 2009;1–6.

191. Roman GC, Salloway S, Black SE, Royall DR, DeCarli CS,
Weiner MW, et al. Randomized, placebo-controlled, clinical
trial of donepezil in vascular dementia differential effects by
Hippocampal size. Stroke Am Heart Assoc. 2010;41(6):1213–
21.

192. • Gorelick PB, Scuteri A, Black SE, DeCarli CS, Greenberg SM,
Iadecola C, et al. Vascular contributions to cognitive impairment
and dementia: A statement for healthcare professionals from the
American heart association/American stroke association. Stroke.
2011;42(9):2672–713. AHA /ASA 2011 statement on vascular con-
tributions on cognitive impairment and Alzheimer ’s and Vascular
dementia .

193. Jahanshad N, Kochunov P, Sprooten E, Mandl RC, Nichols TE,
Almassy L, et al. Multi-site genetic analysis of diffusion images and
voxelwise heritability analysis: A pilot project of the ENIGMA–
DTI working group. Hum Brain Mapp J. 2013;1:1–15.

427, Page 12 of 12 Curr Cardiol Rep (2013) 15:427


	Small Vessel Disease and Memory Loss: What the Clinician Needs to Know to Preserve Patients’ Brain Health
	Abstract
	Introduction
	Imaging and White Matter Hyperintensities
	Epidemiology
	Physiology and Pathology of Small Vessel Disease
	Genetic Conditions and Small Vessel Disease
	Small Vessel Disease in NeuroPsychiatric Disorders
	Post-Stroke Dementia
	Vascular Dementia
	Differential Diagnosis of Vascular Dementia
	Depression
	Other Conditions Associated with Small Vessel Disease
	Systemic Risk Factors for Small Vessel Disease
	Hypertension and Chronic Kidney Disease
	Diabetes

	Other Vascular Risk Factors
	Interventions

	Blood Pressure (BP) Lowering Therapy
	Lifestyle Modification
	Physical and Mental Activity

	Symptomatic Treatment
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



