
Introdution
 “White Matter Disease”, formerly described as “leukoaraiosis” 
by Hatchinsky on Computed Tomography (CT) [1], can be depicted  
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into two main types according to their causes: a) primary, derived 
from an unknown etiology and b) secondary, derived from a great 
variety of known etiologies [2]. White Matter Hyperintensity (WMH) 
is a purely descriptive term currently used on Magnetic Resonance 
Imaging (MRI), and it represents a very common finding in older pa-
tients affected by a wide range of diseases included autoimmune, in-
fective, toxic-metabolic and cerebrovascular. WMH can be classified 
into Periventricular (PV-WMH) and Deep Subcortical (DS-WMH). 
PV-WMH is characterized by gliosis, loosening of the white matter 
fibers and myelin, loss around tortuous venules in perivascular spac-
es, whereas the main features of DS-WMH are demyelination, gliosis 
and increased tissue loss as the lesions become more severe. Although 
cerebral blood flow and the cerebrovascular endothelial surface area 
are both so large as to consent storage of fluid and proteins with-
in interstitial spaces, these findings suggest that Blood Brain Barrier 
(BBB) impairment plays a key role on genesis of WM damage [3]. 

 Several papers demonstrated that specific clusters of human peri-
vascular tissue proteins in the WM would be involved in the process 
of arteriolar wall thickening. One of these clusters includes fibrin-
ogen, immunoglobulins and thrombomodulin, which occur in sub-
cortical grey and white matter [4]; another cluster includes albumin, 
PCR (not defined), homocysteine, interleukin-6 and the intracellular 
adhesion molecule-1, diffusively present in cerebral interstitial tissue 
in patients with increased risk of WHM development and lacunar 
stroke [5]. Cerebrovascular diseases are related to BBB damage and 
to WMH through a series of concatenated events. From a pathological 
point of view, acute subcortical infarct leads, in 90% of cases, to cavi-
tation or narrowing of surrounding brain tissues and secondary gliotic 
reaction that could create a protective “white matter hyperintensities 
cap” [6]. The main vascular pathologies associated with WMH are 
shown in table below (Table 1) [7].

 Small Vessels Disease (SVD), includes two main forms of cere-
brovascular sicknesses: Arteriolosclerosis and Cerebral Amyloid An-
giopathy. SVD due to Arteriolosclerosis relates to hypertension with 
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Abstract

	 “White	matter	disease”	 identifies	a	series	of	different	conditions	
and pathological mechanisms: autoimmune, infectious, toxic-meta-
bolic and vascular. Each of these leads to a global impairment of 
the neural myelination process through the secondary destruction 
of previously myelinated structures. To date, the imaging spectrum 
represents an irreplaceable tool to detect these lesions, describe 
their distribution patterns and stage them over time. This study aims 
presents a pictorial review of white matter disease, from pathology 
to imaging spectrum, reporting current main staging systems with 
greater emphasis to relationship between cerebrovascular disease 
and white matter hyper-intensity appearance, and the newest ad-
vances	in	this	field.

Keywords: CT = Computed Tomography; DWMH = Deep White 
Matter Hyperintensities; LA = Leukoaraiosis; MRI = Magnetic Res-
onance Imaging; PWMH = Periventricular White Matter Hyperinten-
sities; SVD = Small Vessels Disease; WMH = White Matter Hyper-
intensities

 Etiology Damaged Area

Small Vessel 
Disease (SVD) Hereditary/Sporadic Basal ganglia; fronto-temporal and periven-

tricular WM

Amyloid-related 
angiopathy Hereditary Cortical-subcortical temporal lobe

PrimaryAngitis 
of CNS Idiopathic Non-specific distribution

CADASIL Hereditary Bilateral subcortical white matter of tempo-
ral lobe; bilateral external capsule

CARASIL Hereditary
Basal ganglia and thalamus; diffuse leuko-

encephalopathy; middle cerebellar peduncle 
across the pons (arch sign)

MELAS Hereditary Parieto-occipital lobes with subcortical 
calcification

SusacSyndrome Idiopathic Corpus Callosum

Table 1: Main cerebrovascular disease causing WMH.
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muscle loss from the media with a general thickening and stiffness 
of the arterial wall and genesis of microaneurysm and micro-ather-
oma associated with calcification [8]. SVD due to Cerebral Amyloid 
Angiopathy is characterized by a progressive storage of the beta-am-
yloid protein into small and medium size cells of the vessel muscle 
wall mainly located on the leptomeningeal space, cortex and also in 
capillaries [9]. When vascular injuries occur in vascular “end-zones”, 
WMH distribution pattern will be focal beginning or diffuse conflu-
ent, while this pattern will appear centripetal in the basal nuclei, cen-
trum semiovale, corona radiata and brainstem (Figure 1 and 2) [10].

 Further, the recent small subcortical infarcts (involving perforat-
ing arterioles) may evolves into rounded or ovoidal lacunes of 3-15 
mm and represent the interrelate pathogenic substrate for WMH, 
which can be identified at the edge of ischemic territory [11]. CADA-
SIL represents the most common hereditary cause of cerebral vascu-
lar pathology related to subcortical infarcts and leukoencephalopathy. 
WMH involves firstly, the temporal lobe; and then progress to the pos-
terior temporal, frontal and parietal regions likely to the basal nuclei 
and thalamus [12]. PACNS is a very rare vasculitis syndrome, char-
acterized by leptomeningeal and cortical vessels inflammation [13]. 

MRI shows different and nonspecific pattern: a) “hemorrhagic form” 
related to intra- parenchymal infarction; b) “pseudo-tumoral form” 
related to mass lesion with central necrosis, perilesional edema, infil-
trating and surrounding cerebral structures. Hence angiography can 
demonstrate multifocal narrowing of large cerebral vessels [14].

 Susac Syndrome is a rare and multifactorial disease that involves 
small vessels and leads to vascular occlusion with thrombus forma-
tion involving the thalamus, basal nuclei and subcortical white matter 
[15]. MELAS is hereditary syndrome due to mutations on the mito-
chondrial genome. MRI shows some signal alteration areas as hyper-
intense through T2 and FLAIR sequences frequently located on pari-
eto-occipital cortex and less frequently in the temporo-parietal cortex. 
Characteristically, these lesions don’t respect the vascular distribution 
unlike ischemic lesions [16].

Imaging Hallmarks
CT imaging

 Hatchinsky in the 1980 was the first scientist who described on 
CT, some findings of irregular low attenuation signals in the periven-
tricular and deep white matter [1]. The different location of damage 
probably depends on different pathological pathways which involve 
different levels of brain vascularization. In particular, SVD deter-
mines Deep subcortical White Matter Hyperintensity (DWMH) due 
to the higher grade of hypoxic sensitivity along the so called “bor-
der zones,” with subsequent appearance of ischemic lacunas that are 
visible as hypo-intense areas on CT (Figure 3 and 4). On the con-
trary, especially on chronic stage, the involvement of large vessels 
causes a variable and sporadic distribution pattern of WM damage 
[17]. Periventricular White Matter Hyperintensity (PWMH) relates 
to expansion of pre-existing periventricular damage due essentially 
to benign processes such as venous collagenosis involving an elderly 
cohort of patients [18]. Otherwise, brain CT scan showed a high ca-
pability to localize white matter changes as one or more hypo-inten-
sity areas, based on European Task Force on age related white matter 
changes, allowing staging of them into a four points scale [19].

0 = no lesion
1 = focal lesion > 5mm
2 = early confluent lesion
3 = diffuse involvement of brain

Figure 1: 77-yrs female with arteriolosclerosis-related SVD sagittal view 
on FLAIR-T2 sequences showing diffuse sovra-tentorial white matter hy-
perintensity.

Figure 2: Axial view on T2-FLAIR of watershed zones infarcts showing 
multiple white matter hyperintensity areas along ACA-MCA (anteriorly) 
and MCA-PCA (posteriorly) border zones.

Figure 3: Multiple hypointensity(orange arrow) areas associated with en-
larged cortical sulci (blue arrow) and ventricular spaces depicting hypox-
ic-ischemic encephalopathy.
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MRI imaging

 WMH is most commonly detected using MRI sequences such as 
T2-FLAIR and Diffusion Tensor Imaging weighted (DTI) sequen-
cesT2-weighted and T2- FLAIR sequences are able to show WMH. 
FLAIR sequence, in particular, using an attenuating CSF signal, can 
easily detect PWMH (Figure 1 and 2). Moreover, FLAIR can identify 
lacunar infarcts appearing as hypo-intense areas with a hyper-intense 
peripheral edge; these findings could represent a form of late-stage 
macroscopic damage. DTI sequences visualize orientation to quan-
tify integrity of neuronal pathways of white matter with evaluation 
of Fractional Anisotropy (FA) and Mean Diffusivity (MD). FA is a 
one dimensional value scaled from 0 to 1 which describes the pres-
ence (FA=1) or not (FA=0) of unidirectional water diffusion. MD, in 
addiction with its two components Radial (RD) and Axial Diffusivity 
(AD), can respectively quantify parallel or perpendicular diffusivity 
processes to orientation of WM tracts [20]. Therefore, DTI can detect 
any microstructural damage of WM due to the demyelination process 
predating axonal loss [21].

 Perfusion MR can dynamically evaluate WM lesions through 
BBB permeability measurement with two modalities:

• Arterial Spin Labeling: it works applying the inversion of longi-
tudinal magnetization of blood flow of afferent artery without the 
use of contrast media. This inversion pulse labels specific intracra-
nial vessels sampling in the head [22]

• Paramagnetic Contrast Administration = it works by reducing 
relaxation time on vessels and surrounding tissues that show an 
increase of signal on T1-weighted and a loss of signal on T2-T2* 
sequences.

 Recent advances in MRI allow the more careful description of the 
location but also the nature (ischemic or not) of white matter inju-
ries. Hydrogene Magnetic Resonance Spectroscopy (H-MRS) shows 
a reduced level of N-Acetyl Aspartate (NAA) and Cr along ischemic 
WMH area, which is intended as axonal and neuronal injury mark-
ers, while they do not show any variation in normal elderly patient’s 
cohort [23]. Another interesting role of MRI analyses is the evalua-
tion of BBB integrity. Dynamic Contrast-Enhanced MRI (DCEMRI) 
can evaluate and stage compromised permeability of BBB along-
side the ischemic core and “penumbra region” in deep white matter. 

DCEMRI identify increased permeability signal surrounding WMH’s 
area and decreased permeability signal within WMH’s area [24]. 
More recently, the 7 Tesla coils MRI yields a better spatial resolu-
tion to well identify early WM injuries, detecting more detailed sub 
cortical infarcts, micro bleeds and therefore distinguishing ischemic 
lacunas from perivascular spaces [25].

MRI grading scales
 Some Authors tried to define the location and size of white matter 
damage trying to relate this one to progression of underlying pathol-
ogy, as Fazekas did in 1987, when he proposed the “Fazekas Scale” 
to simplify the quantification of amount of WMH lesions [26]. This 
scale is still valid, and it remains a very useful and direct system to 
classify the severity of white matter diseases according to size, lo-
cation and confluence of lesions (Table 2). Later, in order to classify 
white matter changes, Wahlund (Table 3) and Longstreth (Table 4) 
assessed other two minor methods that included basal ganglia and 
both DWMH and PWMH involvement. [27,28]. The width of the sub-
arachnoid spaces and lateral ventricles are classified with the use of 
analog visual rating scale.

Figure 4: CT axial scans show large and confluent hypodensity «leukoara-
iosis» areas related to moderate-severe SVD involving corona radiata and 
centrum semiovale with gliotic deterioration (white arrow).

Imaging Technique Common Features

Computed tomography
Multiple and/or single hypo-dense lacunes involving periven-
tricular and deep white matter

Magnetic resonance 
Focal or diffuse areas of T2-FLAIR hyperintensity and T1 hy-
po-intensity; post-ischemic lacunes appear as a focal area of 
FLAIR hypo-intensity

Diffusion tensor imaging
Visualize orientation to quantify integrity of neuronal pathways 
of white matter with evaluation of Fractional Anisotropy (FA) 
and Mean Diffusivity (MD)

Perfusion imaging Evaluate and stage compromised permeability of BBB alongside 
the ischemic core and “penumbra region” in deep white matter

Spectroscopy Shows a reduced level of N-acetyl aspartate (NAA) and Cr along 
ischemic WMH area

Quantitative tractography of fibers crossing WMH with small and large volumes 
of WMH.

Low-volume WMH (a-c) and high-volume WMH (d-f ). a, d T2 FLAIR MRI 
with WMH. b, e Three-dimensional region of interest of WMH. c, f Tracts cross-
ing WMH. With kindly permission of Reginold, William & Luedke, Angela & 
Tam, Angela & Itorralba, Justine & Fernandez-Ruiz, Juan &Reginold, Jennifer & 
Islam, Omar & Garcia, Angeles. (2015).
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 Furthermore, Prins et al., [29], classified white matter lesions on 
the basis of their diffusion upon brain areas. This required defining 
periventricular a WMH area as directly extending along the ventri-
cle’s borders and subcortical a WMH area as extending perpendic-
ularly more or less 10 mm from the ventricle’s borders. This scale 
provides different scores depending on where the lesions are being 
located and their progression. According to this method, white mat-
ter lesions frame could include three main periventricular locations 
(frontal, occipital caps and lateral bands), and periventricular score 
fluctuates from -3 to +3; similarly, subcortical lesions includes four 
patterns of distribution (frontal, parietal, temporal and occipital) re-
sulting in a subcortical score from -4 to +4.

Corresponding WMH Score:

Corresponding WMH Score:

Deep White Matter (DWMH)

P=0 P=1 P=2 P=3

Absent “caps” or pencil 
thin lining smoothhalo irregular periventricular signal 

extending into deep white matter

Periventricular White Matter  (PVWMH)

P=0 P=1 P=2 P=3

Absent punctate foci beginning 
confluence large confluentareas

White Matter Number of Lesions

0 Absent

1 Focal

2 Beginningconfluent

3 Diffuse of entire regions with or without subcortical U-fibers

BasalGanglia Number of Lesions

0 Absent

1 1 focallesion (>5 mm)

2 More than 1 focallesions

3 Confluentlesions

P=0 Absent

P=1 Discontinuous periventricular rim with minimal dots of subcortical disease

P=2 Thin continuous periventricular rim with a few patches of subcortical disease

P=3 Thicker continuous periventricular rim with scattered patches of subcortical 
disease

P=4 More irregular periventricular rim with mild subcortical disease and minimal 
confluent periventricular white matter hyperintensities

P=5 Mild periventricular confluence surrounding the frontal and occipital hornes

P=6 Moderate periventricular confluence surrounding the frontal and occipital hornes

P=7 Periventricular confluence with moderate involvement of centrum semiovale

P=8 Periventricular confluence involving most of the centrum semiovale

Table 2 (Fazekas Scale): Four-point scale to describe deep white matter 
and periventricular white matter damage.

Table 3 (Wahlund Scale): 4-point scale where focal lesions are not defined; 
they are interpreted as diffuse-focal lesion. Brain areas used for rating are: 
frontal, parieto-occipital, temporal, infratentorial and basal ganglia (globus 
pallidum, nucleus caudatus, putamen, thalamus, internal-external capsule 
and insula).

Table 4 (Longstreth Scale): Eight-point scale for WM lesions graded at the 
level of the body of lateral ventricle.

Schematic “mild” WMH distribution along periventricular and deep subcorti-
cal brain areas using different Staging Scales. Red shadows highlight scattered 
WMH areas.

Figure a Figure  b Figure c Figure d

Fazekas scale = 1 Fazekas scale = 2 Fazekas scale= 1 Fazekas scale = 2

Wahlund scale = 1.5 Wahlund scale = 1.5 Wahlund scale= 1.5 Wahlund scale = 2.5

Longstreght scale = 2 Longstreght scale = 1 Longstreght scale= 3 Longstreght scale = 4

Schematic severe WMH distribution along periventricular and subcortical brain 
areas using different staging scales. Red shadows highlight confluent WMH ar-
eas.

Figure a Figure  b Figure c Figure d

Fazekas scale = 3 Fazekas scale = 3 Fazekas scale= 3 Fazekas scale = 3

Wahlund scale = 2.5 Wahlund scale = 2.5 Wahlund scale= 2 Wahlund scale = 2.5

Longstreght scale = 4 Longstreght scale = 4 Longstreght scale= 2 Longstreght scale = 4
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Discussion and Conclusion
 WMH lesions tend to appear heterogeneous, reflecting their de-
gree of “whiteness”. This feature explains how cellular breakdown 
leads to tissue structural and vascular changes not only inside of 
“core” of WMH area, but also on surrounding white matter’s “pen-
umbra” which evolve further away from the visible area of WMH. In 
particular, the extension of WMH edges relates to the improvement 
of functional outcomes in patients with a previous acute ischemic 
stroke or cerebral hemorrhage [30]. Saba et al., investigated a proba-
ble intrinsic relationship between LA and the distribution of cerebral 
micro bleeds, intended as an independent biomarker for small vessel 
damage. Therefore they enrolled a cohort of 85 vasculopathic patients 
of unknown cause who submitted to MRI multiple GRE (gradient 
echo) T2* weighted scans and observed a statistically significant as-
sociation between CMB’s, looking like small “dot-like” hypo intense 
lesions on GRE, and spreading WMH areas especially along periven-
tricular brain regions [31].

 According to these results, Lin et al., conducted a recent me-
ta-analysis by enrolling more than 6912 participants with a past isch-
emic stroke treated with an rt-PA thrombolytic therapy in acute stage, 
trying to identify eventual relationships between the rate of exten-
sion of WMH burdens and clinical outcome after administration of 
the therapy [32]. They confirmed that deep micro bleeds detected by 
T2*-weighted gradient echo sequences relate to the periventricular 
hyper-intensity, suggesting a sensibility to post-recanalization blood 
flow necrosis in those areas in which there is an increased hyper-in-
tensity signal. In particular, their results showed a double increased 
risk of intracerebral hemorrhage in acute ischemic stroke patients 
with detected LA. Therefore, the importance of detecting “leukoarai-
osis” signs regards not only clinical outcome after stroke, but also the 
recovery after administration of rt-PA. Bahrani et al., proposed an-
other interesting research perspective about WMH pathogenesis; they 
speculated about the specific relationship between WMH distribution  

(periventricular or deep) and decreased regional cortical blood flow. 
They found two important markers: the first was that deep WMH is 
associated with decreased regional cortical blood flow, and the second 
that blood flow in WM shows a greater reduction in the periventricu-
lar than in deep WMH areas. The strongest and most consistent risk 
factors that showed the clearest associations with WMH were age, 
hypertension, hypercholesterolemia, diabetes and smoke [33]. 

 Despite the fact that many Authors considered hyperglycemia as 
having a primary role on genesis of SVD, there are many controver-
sial associations between diabetes and WMH areas genesis, thus there 
is not sure concordances to consider diabetes as independent risk fac-
tor. This data discordance is likely due to a different and non- uniform 
sampling of case-control population [34]. DWMH or PVWMH can 
associate to different pathological correlates such as vascular demen-
tia [35]. This particular form of dementia showed high relationships 
with subcortical impairment of the frontal white matter network and 
other single infarction areas with puncate or confluent “area foci”: 
thalamus, angular gyrus, deep frontal areas and the left hemisphere 
[36]. Even the small vessels circulation may be different between 
deep and periventricular areas, with higher periventricular white mat-
ter damage due to large vessels disease [37]. SVD leads to lacunar 
infarction that shows a tight connection to WHM. In particular, WMH 
proximal to normal course of perforating vessels, are highly distrib-
uted at the edge of incident lacunas and enlarge from periventricular 
to subcortical region [11]. These findings suggest that vascular risk 
factors with reduction of general cerebral blood flow are associated 
with a pervasive SVD involving both periventricular and deep white 
matter.

 Recently, many Authors suggested a determinant role of carotid 
disease [38,39] as specific predictor factor for increasing WMH areas. 
In particular, Lucatelli et al., carried on a study considering a leading 
role of carotid occlusion degree, evaluating in particular carotid Inti-
ma-Media Thickness (IMT) and Intima-Media Thickness Variability 
(IMTV) as the driving parameters for cerebrovascular risk such as 
atherosclerosis progression or regression. They enrolled a cohort of 
61 patients to MRI examination and subsequently to carotid US that 
has permitted the evaluation of IMT and IMTV parameters. From this 
data derives statistically significant correlation between IMTV value 
and WMH extension and the number of lesions preferentially located 
on the right hemisphere, while IMT did not show any significance 
or any predictive role for WMH’s evolution. These findings would 
support the hypothesis according to which IMTV could represent 
an early marker of endothelial dysfunction in the carotid artery and 
predictor factor of LA [40]. Another item to evaluate, according to 
increased cerebrovascular risks, is the structural composition of ath-
eromasic plaque; in particular, fatty components is a critical factor for 
carotid artery vulnerability and increased risk of micro-embolization 
[41] associated with multiple infarct lacunas and WMH’s areas ex-
pansion as observed by Saba and colleagues. They planned a system-
atic evaluation of 50 patients, enrolled to Carotid-Endo-Arterectomy 
(CEA) who underwent firstly to CTA to well define stenosis degree, 
composition of carotid plaque and predict its behavior as stable or 
unstable on the basis of presence or not of fibro-calcific components; 
and then to brain MRI. The results showed a critical association be-
tween total carotid artery plaque volume and the onset of WMH areas 
mainly located in cerebral areas perfused by MCA in spite of Anteri-
or (ACA) or Posterior Cerebral Artery (PCA) [42]. These behavioral 
differences relate to frequent variations and subsequently different 

MRI different scanning plans obtained by FLAIR T2-weighted sequences show-
ing large and confluent white matter hyperintensity areas related to advanced 
stages of SVD (Fazekas scale 3).

Figure a,d= axial scans show deep periventricular and subcortical partially 
confluent WMH areas extending to right frontal cortical sulci
Figure b,e = coronal scans show deep periventricular and subcortical largely 
confluent WMH extending to right parietal-temporal lobe
Figure c,f = sagittal scans show largely diffuse WMH extending from  an-
terior to posterior involving splenium of corpus callosum and deep WM of 
frontal lobe
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compartmentalization of vascular blood-flow along Circle of Willis 
(COW) demonstrating lower risk of stroke and transient ischemic at-
tacks among people who have effective collateral circles, while high-
er risk in those who have poor collateral circles [43].

 On this basis, Saba et al., investigated about any existing rela-
tionships between COW variants and LA volume analyzing COW 
variations and WMH’s area by MRI on FLAIR and MRA on TOF 
sequences. The results confirmed not only a different location of LA 
distribution volume with predilection for MCA and PCA territories, 
but also a significant association between more COW existing vari-
ants and more WMH’s extension areas detected [44]. Bilateral occlu-
sion of carotid artery, detected with CTA, would be determinant to 
emphasize a perpetual state of inflammation of blood brain barrier, 
through the activation in loco of MMPs that contribute to brain injury. 
In particular, the majority of the emboli, originated from principal 
atheroma, addressed through “perforating arteries” to most hypoxic 
sensitive territory such as hippocampus, white matter and some areas 
of cortex with a subsequent ischemia and genesis of WMH’s areas 
[45].

 Further, Saba et al., analyzed, in a multicentric study, 98 patients 
who underwent CTA examination of brain and supra aortic vessels in 
parallel both brain white matter damage either grade of stenosis and 
nature of plaque. This study confirmed that CTA scan detect the ma-
jor risk patient’s cohort developing a future LA and lead to consider 
white matter change as intermediate of stroke’s brain damage evolu-
tion in elderly vasculopathic patients [46,47]. All of these studies con-
sider the presence or not of carotid artery stiffness [48], carotid artery 
wall thickness, composition and behavior of carotid plaque detected 
by echo-color Doppler, as independent risk factors for WMH genesis 
and distribution alongside the brain. In particular, patients with an un-
stable carotid plaque developed an extended distribution of WMH’s 
burdens especially on periventricular area, with associated cognitive 
decline [49]. 

 Thanks to these findings, we can assume a new interpretative role 
of combined imaging (ECD, CT and MRI) as predicting the outcome 
in patient’s cohort undergoing to Carotid Endarterectomy (CEA). The 
global vascular impairment observed leads to negative influence and 
also to general outcome and successful recanalization of carotid ves-
sel after CEA and Carotid Stenting Procedure (CAS) [50]. The most 
reasonable hypothesis is that basal hypo-perfusion leads to a reduced 
wash out of emboli not only on the treated artery side but also on 
the contralateral, leading frequently to ischemic brain injuries [51]. 
This feature explains how much the extension of WM lesions, de-
tected by MRI with DWI and FLAIR sequences, could influence a 
clinical outcome and predict a higher probability of a new ischemic 
event after CEA among patients with asymptomatic ischemic brain le-
sions [52]. In the last decade, many studies focused on clinical impact 
of WMH; in particular, the European Leukoaraiosis and Disability 
(LADIS) study contributed to this porpoise substantially. This mul-
ticenter study provided harmonization between different diagnostic 
instruments (clinical, neuropsychological and radiological) to predict 
progression on global disability in subjects with a WMH load using 
Fazekas Scale and Scheltens Visual Rating Scale for global and tem-
poral atrophy. After three years follow-up they found a significant 
correlation between moderate-severe WMH load and progression of 
clinical disability, such as speed and motor control, with annual tran-
sition of 29,5% [38]. They also suggested strong relationship between  

WMH load and cognitive decline as well as attention, visual-con-
structural and naming praxis depending from number and distribu-
tion of lacunar infarcts and depression [38]. Since depression can be 
described as a result of altered patterns of regulation between ventral 
structures (affective sphere) and dorsal structures (cognitive sphere), 
especially involving the prefrontal cortex, any vascular insults of this 
neural pathway can cause a disbalance and lack of modulation of 
limbic structures activity. Based on this hypothesis Aizenstein et al., 
conducted a functional imaging study using f-MRI among 33 elderly 
depressed patients and 27 nondepressed comparison subjects which 
demonstrated, among cohort of patients with middle and late-life on-
set of depression, a strong relationship between global cerebral WMH 
burden and higher degree of BOLD response of ventral and anterior 
structures (amygdala, rostral cingulate, prefrontal cortex and anterior 
insula) using faces and shapes affective reactivity task [39]. In partic-
ular, they observed in late-life onset of depression rostral cingulated 
hyperactivation associated with a greater WMH load as the strongest 
predictors of treatment despite middle-life onset of depression [39]. 

 Corpus Callosum is another emerging important topic of study 
which can relate with cognitive and motor disabilities and many stud-
ies suggest that its involvement may be a stronger predictor of worst 
evolution on memory performance, executive dysfunction and speed 
[53]. As described above, WMH represents a very useful radiological 
“primer” to identify many pathological processes. Correct imaging 
assessment and scare present a crucial pathway to improve clinical 
approach predicting outcome and staging risk factors among their na-
ture. Further perspectives on this field need many longitudinal studies 
are needed to evaluated effective long-term risk factors and predictors 
of clinical outcome.

Conflicts of Interest
The authors declare no conflict of interest.

References

1. Hachinski VC, Potter P, Merskey H (1987) Leuko-araiosis. Arch Neurol 
44: 21-23.

2. Sarbu N, Shih RY, Jones RV,  Horkayne-Szakaly I, Oleaga L, et al. (2016) 
White Matter Diseases with Radiologic-Pathologic Correlation. Radio-
Graphics 36.

3. Wardlaw JM, Valdés Hernández MC, Muñoz-Maniega S (2015) What are 
white matter hyperintensities made of? Relevance to vascular cognitive 
impairment. J Am Heart Assoc 4: 001140.

4. Giwa MO, Williams J, Elderfield K, Jiwa NS, Bridges LS, et al. (2012) 
Neuropathologic evidence of endothelial changes in cerebral small vessel 
disease. Neurology 78: 167-174.

5. Farrall AJ, Wardlaw JM (2009) Blood-brain barrier: Ageing and micro-
vascular disease--systematic review and meta-analysis. Neurobiol Aging 
30: 337-352.

6. Black S, Gao F, Bilbao J (2009) Understanding white matter disease: Im-
aging-pathological correlations in vascular cognitive impairment. Stroke 
40: 48-52.

7. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, et al. 
(2013) Neuroimaging standards for research into small vessel disease and 
its contribution to ageing and neurodegeneration. Lancet Neurol 12: 822-
838.

8. Furuta A, Ishii N, Nishihara Y, Horie A (1991) Medullary arteries in aging 
and dementia. Stroke 22: 442-446.

http://dx.doi.org/10.24966/NIVI-7400/100007
http://doi.org/10.24966/NIVI-7400/100017
https://www.ncbi.nlm.nih.gov/pubmed/3800716
https://www.ncbi.nlm.nih.gov/pubmed/3800716
https://pubs.rsna.org/doi/full/10.1148/rg.2016160031
https://pubs.rsna.org/doi/full/10.1148/rg.2016160031
https://pubs.rsna.org/doi/full/10.1148/rg.2016160031
https://www.ncbi.nlm.nih.gov/pubmed/26104658
https://www.ncbi.nlm.nih.gov/pubmed/26104658
https://www.ncbi.nlm.nih.gov/pubmed/26104658
https://n.neurology.org/content/78/3/167
https://n.neurology.org/content/78/3/167
https://n.neurology.org/content/78/3/167
https://www.ncbi.nlm.nih.gov/pubmed/17869382
https://www.ncbi.nlm.nih.gov/pubmed/17869382
https://www.ncbi.nlm.nih.gov/pubmed/17869382
https://www.ncbi.nlm.nih.gov/pubmed/19064767
https://www.ncbi.nlm.nih.gov/pubmed/19064767
https://www.ncbi.nlm.nih.gov/pubmed/19064767
https://www.ncbi.nlm.nih.gov/pubmed/23867200
https://www.ncbi.nlm.nih.gov/pubmed/23867200
https://www.ncbi.nlm.nih.gov/pubmed/23867200
https://www.ncbi.nlm.nih.gov/pubmed/23867200
https://www.ncbi.nlm.nih.gov/pubmed/2024272
https://www.ncbi.nlm.nih.gov/pubmed/2024272


Citation: Garofalo P, Suri HS, Porcu M, Suri JS, Saba L (2020) White Matter Hyperintensity and Vascular Disease from Biological Basis to Clinical Significance. 
J Non Invasive Vasc Invest 5: 017.

• Page 7 of 9 •

J Non Invasive Vasc Invest ISSN: 2572-7400, Open Access Journal
DOI: 10.24966/NIVI-7400/100017

Volume 5 • Issue 1 • 100017

9. Vonsattel JP, Myers RH, Hedley-Whyte ET, Ropper AH, Bird ED, et al. 
(1991) Cerebral amyloid angiopathy without and with cerebral hemorrhag-
es: A comparative histological study. Ann Neurol 30: 637-649.

10. Erro ME, Gállego J, Herrera M, Bermejo B (2005) Isolated pontine in-
farcts: Etiopathogenic mechanisms. Eur J Neurol 12: 984-988.

11. Duering M, Csanadi E, Gesierich B, Jouvent E, Hervé D, et al. (2013) 
Incident lacunes preferentially localize to the edge of white matter hy-
perintensities: Insights into the pathophysiology of cerebral small vessel 
disease. Brain 136: 2717-2726.

12. Chabriat H, Vahedi K, Iba-Zizen MT, Joutel A, Nibbio A, et al. (1995) 
Clinical spectrum of CADASIL: A study of 7 families. Cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoencephalopathy. 
Lancet 346: 934-939.

13. Birnbaum J, Hellmann DB (2009) Primary Angiitis of the Central Nervous 
System. Arch Neurol 66: 704-709.

14. Abdel Razek AA, Alvarez H, Bagg S, Refaat S, Castillo M (2014) Imaging 
spectrum of CNS vasculitis. Radiographics 34: 873-894.

15. Singh TD, Fugate JE, Rabinstein AA (2014) Central pontine and extrapon-
tine myelinolysis: A systematic review. Eur J Neurol 21: 1443-1450.

16. Pröbstel AK, Schaller A, Lieb J, Hench J, Frank S, et al. (2016) Mitochon-
drial cytopathy with common MELAS mutation presenting as multiple 
system atrophy mimic. Neurol Genet 2: 121.

17. White WB, Marfatia R, Schmidt J, Wakefield DB, Kaplan RF, et al. (2013) 
INtensive versus standard ambulatory blood pressure lowering to prevent 
functional DeclINe in the ElderlY (INFINITY). Am Heart J 165: 258-265.

18. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, et al. (2003) From 
vulnerable plaque to vulnerable patient: a call for new definitions and risk 
assessment strategies: Part I. Circulation 108: 1664-1672.

19. Wahlund LO, Barkhof F, Fazekas F, Bronge L, Augustin M, et al.  (2001) 
A new rating scale for age-related white matter changes applicable to MRI 
and CT. Stroke 32: 1318-1322.

20. Le Bihan D, Mangin JF, Poupon C, Clark CA, Pappata S, et al. (2001) Dif-
fusion tensor imaging: Concepts and applications. J Magn Reson Imaging 
13: 534-546.

21. Etherton MR, Wu O, Rost NS (2016) Recent Advances in Leukoaraiosis: 
White Matter Structural Integrity and Functional Outcomes after Acute 
Ischemic Stroke. Curr Cardiol Rep 18: 123.

22. Wintermark M, Sesay M, Barbier E, Borbély K, Dillon WP, et al. (2005) 
Comparative overview of brain perfusion imaging techniques. Stroke 36: 
83-99.

23. Brooks WM, Wesley MH, Kodituwakku PW, Garry PJ, Rosenberg GA 
(1997) 1H-MRS differentiates white matter hyperintensities in subcortical 
arteriosclerotic encephalopathy from those in normal elderly. Stroke 28: 
1940-1943.

24. Taheri S, Gasparovic C, Shah NJ, Rosenberg GA (2011) Quantitative 
measurement of blood-brain barrier permeability in human using dynam-
ic contrast-enhanced MRI with fast T1 mapping. Magn Reson Med 65: 
1036-1042. 

25. De Cocker LJ, Lindenholz A, Zwanenburg JJ, van der Kolk AG, Zwartbol 
M, et al. (2018) Clinical vascular imaging in the brain at 7T. Neuroimage 
168: 452-458.

26. Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA (1987) MR 
signal abnormalities at 1.5 T in Alzheimer’s dementia and normal aging. 
AJR Am J Roentgenol 149: 351-356.  

27. Wahlund LO, Agartz I, Almqvist O, Basun H, Forssell L, et al. (1990) The 
brain in healthy aged individuals: MR imaging. Radiology 174: 675-679.

28. Longstreth WT Jr, Manolio TA, Arnold A, Burke GL, Bryan N, et al. 
(1996) Clinical correlates of white matter findings on cranial magnetic res-
onance imaging of 3301 elderly people. The Cardiovascular Health Study. 
Stroke 27: 1274-1282.

29. Prins ND, van Straaten EC, van Dijk EJ, Simoni M, van Schijndel RA, et 
al. (2004) Measuring progression of cerebral white matter lesions on MRI: 
Visual rating and volumetrics. Neurology 62: 1533-1539.

30. Caprio FZ, Maas MB, Rosenberg NF, Kosteva AR, Bernstein RA, et al. 
(2013) Leukoaraiosis on magnetic resonance imaging correlates with 
worse outcomes after spontaneous intracerebral hemorrhage. Stroke 44: 
642-646.

31. Saba L, Raz E, Bassareo PP, di Martino M, de Cecco CN, et al. (2015) 
Is there an association between cerebral microbleeds and leukoaraiosis? J 
Stroke Cerebrovasc Dis 24: 284-289.

32. Lin Q, Li Z, Wei R, Lei Q, Liu Y, et al. (2016) Increased Risk of 
Post-Thrombolysis Intracranial Hemorrhage in Acute Ischemic Stroke Pa-
tients with Leukoaraiosis: A Meta-Analysis. PLoS One 11: 0153486.

33. Bahrani AA, Powell DK, Yu G, Johnson ES, Jicha GA, et al. (2017) White 
Matter Hyperintensity Associations with Cerebral Blood Flow in Elderly 
Subjects Stratified by Cerebrovascular Risk. J Stroke Cerebrovasc Dis 26: 
779-786.

34. Lucatelli P, Montisci R, Sanfilippo R, Sacconi B, Suri JS, et al. (2016) Is 
there an association between leukoaraiosis volume and diabetes? J Neu-
roradiol 43: 273-279. 

35. Smith CD, Johnson ES, Van Eldik LJ, Jicha GA, Schmitt FA, et al. (2016) 
Peripheral (deep) but not periventricular MRI white matter hyperintensi-
ties are increased in clinical vascular dementia compared to Alzheimer’s 
disease. Brain Behav 6: 00438.

36. Grysiewicz R, Gorelick PB (2012) Key neuroanatomical structures for 
post-stroke cognitive impairment. Curr Neurol Neurosci Rep 12: 703-708.

37. De Reuck J (1971) The human periventricular arterial blood supply and the 
anatomy of cerebral infarctions. Eur Neurol 5: 321-334.

38. The LADIS Study Group, Poggesi A, Pantoni L, Inzitari D, Fazekas F, et 
al. (2011) 2001-2011: A Decade of the LADIS (Leukoaraiosis And DIS-
ability) Study: What Have We Learned about White Matter Changes and 
Small-Vessel Disease? Cerebrovasc Dis 32: 577-588.

39. Aizenstein HJ, Andreescu C, Edelman KL, Cochran JL, Price J, et al. 
(2011) fMRI correlates of white matter hyperintensities in late-life depres-
sion. Am J Psychiatry 168: 1075-1082.

40. Lucatelli P, Raz E, Saba L, Argiolas GM, Montisci R, et al. (2016) Rela-
tionship between leukoaraiosis, carotid intima-media thickness and inti-
ma-media thickness variability: Preliminary results. Eur Radiol 26: 4423-
4431.

41. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, et al. (2003) From 
Vulnerable Plaque to Vulnerable Patient: A Call for New Definitions and 
Risk Assessment Strategies: Part II. Circulation 108: 1772-1778.

42. Saba L, Raz E, Grassi R, Di Paolo PL, Iacomino A, et al. (2013) Associ-
ation between the volume of carotid artery plaque and its subcomponents 
and the volume of white matter lesions in patients selected for endarterec-
tomy. AJR Am J Roentgenol 201: 747-752. 

43. van der Zwan A, Hillen B, Tulleken CA, Dujovny M, Dragovic L (1992) 
Variability of the territories of the major cerebral arteries. J Neurosurg 77: 
927-940. 

44. Saba L, Raz E, Fatterpekar G, Montisci R, di Martino M, et al. (2015) 
Correlation between Leukoaraiosis Volume and Circle of Willis Variants. J 
Neuroimaging 25: 226-231. 

45. Rosenberg GA, Wallin A, Wardlaw JM, Markus HS, Montaner J, et al. 
(2016) Consensus statement for diagnosis of subcortical small vessel dis-
ease. J Cereb Blood Flow Metab 36: 6-25.

http://dx.doi.org/10.24966/NIVI-7400/100007
http://doi.org/10.24966/NIVI-7400/100017
https://www.ncbi.nlm.nih.gov/pubmed/1763890
https://www.ncbi.nlm.nih.gov/pubmed/1763890
https://www.ncbi.nlm.nih.gov/pubmed/1763890
https://www.ncbi.nlm.nih.gov/pubmed/16324092
https://www.ncbi.nlm.nih.gov/pubmed/16324092
https://www.ncbi.nlm.nih.gov/pubmed/23864274
https://www.ncbi.nlm.nih.gov/pubmed/23864274
https://www.ncbi.nlm.nih.gov/pubmed/23864274
https://www.ncbi.nlm.nih.gov/pubmed/23864274
https://www.ncbi.nlm.nih.gov/pubmed/7564728
https://www.ncbi.nlm.nih.gov/pubmed/7564728
https://www.ncbi.nlm.nih.gov/pubmed/7564728
https://www.ncbi.nlm.nih.gov/pubmed/7564728
https://jamanetwork.com/journals/jamaneurology/fullarticle/797208
https://jamanetwork.com/journals/jamaneurology/fullarticle/797208
https://www.ncbi.nlm.nih.gov/pubmed/25019429
https://www.ncbi.nlm.nih.gov/pubmed/25019429
https://www.ncbi.nlm.nih.gov/pubmed/25220878
https://www.ncbi.nlm.nih.gov/pubmed/25220878
https://www.ncbi.nlm.nih.gov/pubmed/27878137
https://www.ncbi.nlm.nih.gov/pubmed/27878137
https://www.ncbi.nlm.nih.gov/pubmed/27878137
https://www.ncbi.nlm.nih.gov/pubmed/23453090
https://www.ncbi.nlm.nih.gov/pubmed/23453090
https://www.ncbi.nlm.nih.gov/pubmed/23453090
https://www.ncbi.nlm.nih.gov/pubmed/14530185
https://www.ncbi.nlm.nih.gov/pubmed/14530185
https://www.ncbi.nlm.nih.gov/pubmed/14530185
https://www.ncbi.nlm.nih.gov/pubmed/11387493
https://www.ncbi.nlm.nih.gov/pubmed/11387493
https://www.ncbi.nlm.nih.gov/pubmed/11387493
https://www.ncbi.nlm.nih.gov/pubmed/11276097
https://www.ncbi.nlm.nih.gov/pubmed/11276097
https://www.ncbi.nlm.nih.gov/pubmed/11276097
https://www.ncbi.nlm.nih.gov/pubmed/27796861
https://www.ncbi.nlm.nih.gov/pubmed/27796861
https://www.ncbi.nlm.nih.gov/pubmed/27796861
https://www.ncbi.nlm.nih.gov/pubmed/16100027
https://www.ncbi.nlm.nih.gov/pubmed/16100027
https://www.ncbi.nlm.nih.gov/pubmed/16100027
https://www.ncbi.nlm.nih.gov/pubmed/9341699
https://www.ncbi.nlm.nih.gov/pubmed/9341699
https://www.ncbi.nlm.nih.gov/pubmed/9341699
https://www.ncbi.nlm.nih.gov/pubmed/9341699
https://www.ncbi.nlm.nih.gov/pubmed/21413067
https://www.ncbi.nlm.nih.gov/pubmed/21413067
https://www.ncbi.nlm.nih.gov/pubmed/21413067
https://www.ncbi.nlm.nih.gov/pubmed/21413067
https://www.ncbi.nlm.nih.gov/pubmed/27867089
https://www.ncbi.nlm.nih.gov/pubmed/27867089
https://www.ncbi.nlm.nih.gov/pubmed/27867089
https://www.ncbi.nlm.nih.gov/pubmed/3496763
https://www.ncbi.nlm.nih.gov/pubmed/3496763
https://www.ncbi.nlm.nih.gov/pubmed/3496763
https://www.ncbi.nlm.nih.gov/pubmed/2305048
https://www.ncbi.nlm.nih.gov/pubmed/2305048
https://www.ncbi.nlm.nih.gov/pubmed/8711786
https://www.ncbi.nlm.nih.gov/pubmed/8711786
https://www.ncbi.nlm.nih.gov/pubmed/8711786
https://www.ncbi.nlm.nih.gov/pubmed/8711786
file:///D:/Indesignnn/Indesign/2020/01%20Jan/HNIVI/HNIVI-20-001/ncbi.nlm.nih.gov/pubmed/15136677
file:///D:/Indesignnn/Indesign/2020/01%20Jan/HNIVI/HNIVI-20-001/ncbi.nlm.nih.gov/pubmed/15136677
file:///D:/Indesignnn/Indesign/2020/01%20Jan/HNIVI/HNIVI-20-001/ncbi.nlm.nih.gov/pubmed/15136677
https://www.ncbi.nlm.nih.gov/pubmed/23391853
https://www.ncbi.nlm.nih.gov/pubmed/23391853
https://www.ncbi.nlm.nih.gov/pubmed/23391853
https://www.ncbi.nlm.nih.gov/pubmed/23391853
https://www.ncbi.nlm.nih.gov/pubmed/25440349
https://www.ncbi.nlm.nih.gov/pubmed/25440349
https://www.ncbi.nlm.nih.gov/pubmed/25440349
https://www.ncbi.nlm.nih.gov/pubmed/27096292
https://www.ncbi.nlm.nih.gov/pubmed/27096292
https://www.ncbi.nlm.nih.gov/pubmed/27096292
https://www.ncbi.nlm.nih.gov/pubmed/28063772
https://www.ncbi.nlm.nih.gov/pubmed/28063772
https://www.ncbi.nlm.nih.gov/pubmed/28063772
https://www.ncbi.nlm.nih.gov/pubmed/28063772
https://www.ncbi.nlm.nih.gov/pubmed/26740385
https://www.ncbi.nlm.nih.gov/pubmed/26740385
https://www.ncbi.nlm.nih.gov/pubmed/26740385
https://www.ncbi.nlm.nih.gov/pubmed/26925303
https://www.ncbi.nlm.nih.gov/pubmed/26925303
https://www.ncbi.nlm.nih.gov/pubmed/26925303
https://www.ncbi.nlm.nih.gov/pubmed/26925303
https://www.ncbi.nlm.nih.gov/pubmed/23070618
https://www.ncbi.nlm.nih.gov/pubmed/23070618
https://www.ncbi.nlm.nih.gov/pubmed/5141149
https://www.ncbi.nlm.nih.gov/pubmed/5141149
https://www.ncbi.nlm.nih.gov/pubmed/22277351
https://www.ncbi.nlm.nih.gov/pubmed/22277351
https://www.ncbi.nlm.nih.gov/pubmed/22277351
https://www.ncbi.nlm.nih.gov/pubmed/22277351
https://www.ncbi.nlm.nih.gov/pubmed/21799066
https://www.ncbi.nlm.nih.gov/pubmed/21799066
https://www.ncbi.nlm.nih.gov/pubmed/21799066
https://www.ncbi.nlm.nih.gov/pubmed/27027314
https://www.ncbi.nlm.nih.gov/pubmed/27027314
https://www.ncbi.nlm.nih.gov/pubmed/27027314
https://www.ncbi.nlm.nih.gov/pubmed/27027314
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000087481.55887.c9
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000087481.55887.c9
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000087481.55887.c9
https://www.ncbi.nlm.nih.gov/pubmed/24147504
https://www.ncbi.nlm.nih.gov/pubmed/24147504
https://www.ncbi.nlm.nih.gov/pubmed/24147504
https://www.ncbi.nlm.nih.gov/pubmed/24147504
https://www.ncbi.nlm.nih.gov/pubmed/1432137
https://www.ncbi.nlm.nih.gov/pubmed/1432137
https://www.ncbi.nlm.nih.gov/pubmed/1432137
https://onlinelibrary.wiley.com/doi/abs/10.1111/jon.12103
https://onlinelibrary.wiley.com/doi/abs/10.1111/jon.12103
https://onlinelibrary.wiley.com/doi/abs/10.1111/jon.12103
https://www.ncbi.nlm.nih.gov/pubmed/26198175
https://www.ncbi.nlm.nih.gov/pubmed/26198175
https://www.ncbi.nlm.nih.gov/pubmed/26198175


Citation: Garofalo P, Suri HS, Porcu M, Suri JS, Saba L (2020) White Matter Hyperintensity and Vascular Disease from Biological Basis to Clinical Significance. 
J Non Invasive Vasc Invest 5: 017.

• Page 8 of 9 •

J Non Invasive Vasc Invest ISSN: 2572-7400, Open Access Journal
DOI: 10.24966/NIVI-7400/100017

Volume 5 • Issue 1 • 100017

46. Saba L, Pascalis L, Sanfilippo R, Anzidei M, Bura R, et al. (2011) Carotid 
artery wall thickness and leukoaraiosis: Preliminary results using multide-
tector row CT angiography. AJNR Am J Neuroradiol 32: 955-961.

47. Saba L, Sanfilippo R, Pascalis L, Montisci R, Mallarini G (2009) Carotid 
artery abnormalities and leukoaraiosis in elderly patients: evaluation with 
MDCT. AJR Am J Roentgenol 192: 63-70.

48. Kandiah N, Goh O, Mak E, Marmin M, Ng A (2014) Carotid stenosis: A 
risk factor for cerebral white-matter disease. J Stroke Cerebrovasc Dis 23: 
136-139.

49. Raman MR, Kantarci K, Murray ME, Jack CR Jr, Vemuri P (2016) Im-
aging markers of cerebrovascular pathologies: Pathophysiology, clinical 
presentation, and risk factors. Alzheimers Dement (Amst) 5: 5-14.

50. Maggio P, Altamura C, Lupoi D, Paolucci M, Altavilla R, et al. (2017) 
The Role of White Matter Damage in the Risk of Periprocedural Diffu-
sion-Weighted Lesions after Carotid Artery Stenting. Cerebrovasc Dis 
Extra 7: 1-8. 

51. Caplan LR Hennerici M (1998) Impaired clearance of emboli (washout) is 
an important link between hypoperfusion, embolism, and ischemic stroke. 
Arch Neurol 55: 1475-1482.

52. Ederle J, Davagnanam I, van der Worp HB, Venables GS, Lyrer PA, et al. 
(2013) Effect of white-matter lesions on the risk of periprocedural stroke 
after carotid artery stenting versus endarterectomy in the International Ca-
rotid Stenting Study (ICSS): A prespecified analysis of data from a ran-
domised trial. Lancet Neurol 12: 866-872.

53. Schmidt R, Ropele S, Ferro J, Madureira S, Verdelho A, et al. (2010) Dif-
fusion-weighted imaging and cognition in the leukoariosis and disability 
in the elderly study. Stroke 41: 402-408.

http://dx.doi.org/10.24966/NIVI-7400/100007
http://doi.org/10.24966/NIVI-7400/100017
https://www.ncbi.nlm.nih.gov/pubmed/21349963
https://www.ncbi.nlm.nih.gov/pubmed/21349963
https://www.ncbi.nlm.nih.gov/pubmed/21349963
https://www.ncbi.nlm.nih.gov/pubmed/19155382
https://www.ncbi.nlm.nih.gov/pubmed/19155382
https://www.ncbi.nlm.nih.gov/pubmed/19155382
https://www.ncbi.nlm.nih.gov/pubmed/23265783
https://www.ncbi.nlm.nih.gov/pubmed/23265783
https://www.ncbi.nlm.nih.gov/pubmed/23265783
https://www.ncbi.nlm.nih.gov/pubmed/28054023
https://www.ncbi.nlm.nih.gov/pubmed/28054023
https://www.ncbi.nlm.nih.gov/pubmed/28054023
https://www.ncbi.nlm.nih.gov/pubmed/28125807
https://www.ncbi.nlm.nih.gov/pubmed/28125807
https://www.ncbi.nlm.nih.gov/pubmed/28125807
https://www.ncbi.nlm.nih.gov/pubmed/28125807
https://www.ncbi.nlm.nih.gov/pubmed/9823834
https://www.ncbi.nlm.nih.gov/pubmed/9823834
https://www.ncbi.nlm.nih.gov/pubmed/9823834
https://www.ncbi.nlm.nih.gov/pubmed/23849948
https://www.ncbi.nlm.nih.gov/pubmed/23849948
https://www.ncbi.nlm.nih.gov/pubmed/23849948
https://www.ncbi.nlm.nih.gov/pubmed/23849948
https://www.ncbi.nlm.nih.gov/pubmed/23849948


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1-646-661-6626; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: http://www.heraldopenaccess.us/Online-Submission.php

 
Advances In Industrial Biotechnology | ISSN: 2639-5665 

Advances In Microbiology Research | ISSN: 2689-694X 

Archives Of Surgery And Surgical Education | ISSN: 2689-3126 

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779 

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X 

Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276 

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292 

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370 

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594 

Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X 

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562 

Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608 

Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879 

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397 

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751 

Journal Of Aquaculture & Fisheries | ISSN: 2576-5523 

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780 

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546 

Journal Of Cardiology Study & Research | ISSN: 2640-768X 

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943 

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771 

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844 

Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801 

Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978 

Journal Of Cytology & Tissue Biology | ISSN: 2378-9107 

Journal Of Dairy Research & Technology | ISSN: 2688-9315 

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783 

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X 

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798 

Journal Of Environmental Science Current Research | ISSN: 2643-5020 

Journal Of Food Science & Nutrition | ISSN: 2470-1076 

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X 

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566 

 

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485 

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662 

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999 

Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640 

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654 

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493 

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657 

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044 

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X 

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313 

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400 

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419 

Journal Of Obesity & Weight Loss | ISSN: 2473-7372 

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887 

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052 

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X 

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649 

Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670 

Journal Of Plant Science Current Research | ISSN: 2639-3743 

Journal Of Practical & Professional Nursing | ISSN: 2639-5681 

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150 

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177 

Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574 

Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060 

Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284 

Journal Of Toxicology Current Research | ISSN: 2639-3735 

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193 

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829 

Trends In Anatomy & Physiology | ISSN: 2640-7752 

http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

