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 Current Concepts 

 Public Health Burden of Ischemic White Matter 
Injuries 
 About 750,000 Americans experience fi rst-ever or re-

current stroke annually  [1, 2] . However, these estimates 
refl ect only clinically manifest, symptomatic strokes and 
fail to take into account the annual toll of vascular cere-
bral white matter injury within the American population. 
In the elderly, symptomatic stroke has a prevalence of 
4.7%  [3] , but MRI white matter hyperintensities (WMH) 
are found in a signifi cant proportion of the community-
dwelling elderly population and the incidence of these 
lesions approaches 100% by the age of 85  [4, 5] . WMH 
may initially produce no symptoms or only mild, nonspe-
cifi c and/or unrecognized symptoms, but eventually can 
lead to substantial neurological, psychiatric, and medical 
morbidity. WMH are associated with cognitive dysfunc-
tion, frank dementia, depression  [6, 7] , psychosis, gait 
impairment and falls  [8–10] , hand incoordination  [9, 10] , 
and markedly increased risk of future symptomatic 
stroke. 

 MRI White Matter Hyperintensities 
 WMH are areas of bright, high signal intensities noted 

on MRI T 2 -weighted and proton density sequences, rep-
resenting regions of scattered brain white matter loss as-
sociated with local increases in brain water content. These 
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  Abstract 
  Background:  White matter hyperintensities (WMH) are 
commonly observed MRI abnormalities in the elderly, 
which generally refl ect covert vascular brain injury. 
WMH cumulatively produce substantial neurologic, psy-
chiatric, and medical morbidity. This review provides an 
overview of current knowledge on vascular WMH, and 
describes some pharmacological agents that may have 
a role in mitigating this condition.  Summary of Review:  
This review has two main focus areas. The fi rst is a dis-
cussion of currently available knowledge regarding the 
public health burden, pathogenesis, and various risk fac-
tors associated with the presence of vascular white mat-
ter lesions noted on brain MRI. The second section of the 
article details the mechanistic and clinical basis for prom-
ising pharmacological treatment modalities that could 
potentially prevent progression of ischemic cerebral 
white matter brain injury. Many of these therapies are 
already of proven effi cacy in preventing recurrent stroke. 
 Conclusions:  Individuals with vascular white matter le-
sions on MRI may represent a potential target population 
likely to benefi t from secondary stroke prevention thera-
pies. 
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hyperintensities refl ect leukoaraiosis (from the Greek leu-
ko = white, araios = rarefi ed), a term coined by Hachin-
ski et al.  [11]  to indicate ‘a diminution of the density of 
representation of the white matter’ on neuroimaging. 

 WMH of vascular origin can also be divided into punc-
tate, early confl uent and confl uent hyperintensities  [12, 
13] . Punctate lesions tend to correspond to a perivascular 
reduction in myelin content with atrophy of the neuropil 
and seem to constitute a negligible extent of tissue dam-
age from low permeability through thickened arteriolar 
walls. Early confl uent and confl uent ( fi g. 1 ) hyperintensi-
ties, however, indicate more extensive ischemic damage 
consistent with advanced microangiopathy.  [12, 13] . 

 Progression of WMH and the Distinctly High Risk of 
Subjects with Confl uent Lesions 
 The presence of confl uent WMH at the time of initial 

observation has been shown to be a potent predictor of 
subsequent WMH progression  [14] . Early confl uent and 
confl uent white matter abnormalities are progressive, 

and likely malignant. Two large population studies have 
provided detailed information regarding the dramatic 
differences in the rate of progression of lesion volume in 
individuals with different degrees of baseline WMH ( ta-
ble 1 ). The Austrian Stroke Prevention Study investiga-
tors performed a population-based study assessing the 
progression of white matter lesions in community-dwell-
ing volunteers aged 50–75 years without neuropsychiatric 
disease  [15] . MRIs were obtained in 296 volunteers at 
baseline, 3 years and 6 years, and the total volume of 
white matter lesions was measured. Those participants 
with no lesions and with punctate abnormalities at base-
line had a low tendency for lesion progression, whereas 
those participants with early confl uent and with confl uent 
lesions showed substantial median increases in lesion vol-
ume at 6 years. Lesion grade at baseline was found to be 
a signifi cant predictor of lesion progression (p  !  0.0001) 
 [15] . 

 In the PROGRESS MRI substudy, a multicenter study 
group in France obtained baseline and 3-year MRIs in 
consecutive stroke subjects enrolled in the international 
PROGRESS trial of poststroke antihypertensive therapy 
 [16] . In the placebo group, lesion grade at baseline was 
powerfully related to lesion progression, with no progres-
sion seen in mild baseline subjects, and fi vefold greater 
progression seen in confl uent subjects compared to early 
confl uent subjects. 

 Pathogenesis 
 Pathologic correlation has shown that these patchy 

white matter lesions correspond primarily to areas of 
ischemic demyelination and gliosis, and occasionally to 
clinically silent infarcts  [17] . Chronic low-grade vascular 
insuffi ciency produces atrophic perivascular demyelin-
ation rather than acute tissue necrosis created by more 
severe ischemia. The WMH are presumably mostly 
caused by hypoperfusion and arteriolar disease  [18] . Li-
pohyalinosis of the media and thickening of the vessel 
walls narrow the lumen of the small perforating arteries 

  Fig. 1.  MRI T 2 -weighted sequences show-
ing confl uent WMH. 

Table 1. Annual increase in white matter lesion volume (cm3) in subjects with different grades of WMH at study 
entry

Study Subjects Baseline WMH grade

none punctate early
confl uent

con-
fl uent

Austrian Stroke Prevention, 2003 [15] 296 0 0.03 0.23 1.60
French PROGRESS MRI Study Placebo, 2005 [16] 103 0 0.43 2.53
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and arterioles which nourish the deep white matter  [19] . 
The perforating vessels, which originate from cortical and 
leptomeningeal arteries, have a relatively poor anasto-
motic system, which makes the white matter vulnerable 
to cerebral ischemia. Postmortem studies have indicated 
that WMH seen on MRI scans are associated with degen-
erative changes in arterioles that are related to atheroscle-
rosis, suggesting that cerebral arteriosclerosis of the pen-
etrating vessels is a major factor in the pathogenesis of 
ischemic WMH  [19] . 

 Risk Factors for Cerebral Ischemic White Matter 
Injury 
 Hypertension 
 Besides age, hypertension is consistently reported to 

be the most common risk factor for cerebral WMH and 
spinal cord injury  [20–22] . The association between hy-
pertension and WMH has been established in cross-sec-
tional  [19] , and longitudinal studies  [20] . Several studies 
have examined the prevalence of WMH in hypertensive 
and high normotensive subjects  [23–25] . For instance, 
the ARIC study  [23]  reported a 24.6% prevalence of 
WMH among individuals aged 55–72 years, 49% of 
whom were hypertensives. Previously increased blood 
pressure may increase the risk for dementia by inducing 
small vessel disease and white matter lesions  [26] . There 
is also a suggestion of greater association of hypertension 
with confl uent white matter lesions; van Swieten et al. 
 [27]  found diastolic blood pressures were higher in indi-
viduals with confl uent lesions than in those with no or 
focal lesions 13  8  9 years earlier. 

 Large-Vessel Atherosclerosis 
 Breteler et al.  [25]  reported that WMH were related to 

atherosclerosis, indicated by increased common carotid 
intima-media thickness and carotid plaques. Similarly, 
Manolio et al.  [28]  found that MRI infarcts, ventricular 
and sulcal widening, and white matter score were strong-
ly associated with carotid intimal-medial thickness and 
stenosis degree after adjustment for age and sex (all p  !  
0.01). Furthermore, de Leeuw et al.  [29]  showed that the 
presence of aortic atherosclerosis during midlife, assessed 
on abdominal radiographs, was signifi cantly associated 
with the presence of periventricular WMH 20 years 
 later. 

 Endothelial Dysfunction 
 Several studies suggest that cerebral leukoaraoisis is 

associated with impaired endothelial relaxation and re-
activity of both cerebral and system vessels. Transcranial 

Doppler ultrasound studies have shown signifi cantly im-
paired vasomotor reactivity in subjects with periventric-
ular white matter lesions  [30]  and lacunar strokes  [31] . A 
prolonged arteriovenous cerebral transit indicating disor-
dered cerebral microcirculation has been demonstrated 
in subjects with microangiopathy and vascular dementia 
 [32] . 

 Several authors have drawn upon epidemiologic, 
pathologic, and experimental studies to suggest that cere-
bral small vessel endothelial dysfunction, with leakage of 
plasma components into the vessel wall and surrounding 
brain tissue leading to neuronal damage, may contribute 
to the development of lacunar stroke, leukoaraiosis, and 
dementia  [33, 34].  

 A study by Hassan et al.  [35]  measuring circulating 
levels of markers of endothelial activation and damage, 
intercellular adhesion molecule 1, thrombomodulin, tis-
sue factor (TF) and tissue factor pathway inhibitor (TFPI) 
in a prospective series of subjects with lacunar stroke 
found that the ischemic leukoaraiosis group had a differ-
ent endothelial marker profi le, with lower levels of TFPI 
(p = 0.01) and a higher TF/TFPI ratio (p = 0.01) com-
pared with the isolated lacunar infarction group. Throm-
bomodulin levels were associated with the number of la-
cunes (p = 0.008) and the leukoaraiosis score (p = 0.03), 
but TF levels and the TF/TFPI ratio were associated only 
with the extent of leukoaraiosis (p  ̂   0.02). These results 
suggested that there is evidence of chronic endothelial 
dysfunction in cerebral small vessel disease and that en-
dothelial prothrombotic changes may be important in 
mediating the ischemic leukoaraiosis phenotype. 

 Diabetes 
 Some studies have suggested that WMH are associated 

with diabetes  [12, 13] . However, other studies have not 
confi rmed this association  [27, 36] . It has been suggested 
that the reasons for these confl icting results may be dif-
ferences in sample sizes, grades of WMH, diabetes sever-
ity, and diabetes duration across the various study popu-
lations  [37] . Most recently, a study of nondemented el-
derly persons has found a signifi cant Pearson correlation 
with WMH for elevated hemoglobin level, an index of 
recent (preceding 3 months) glycemic control  [38] . Fur-
ther investigation of any potential relationship between 
diabetes and WMH is most certainly needed. 
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 Therapeutic Implications 

 Promising Treatment Modalities for Preventing 
Progression of Ischemic Cerebral White Matter Brain 
Injury 
 Antiplatelet Agents 
 Antiplatelet agents have an established role in reduc-

ing secondary stroke and primary cardiac risk  [39] . How-
ever, up until recently, antiplatelet agents could not be 
recommended for routine use in the primary prevention  

 of clinically manifest cerebrovascular disease. This was 
largely due to a lack of high-quality evidence supporting 
effi cacy and the potentially increased risk of hemorrhag-
ic stroke, as noted with prophylactic aspirin use for pri-
mary stroke prevention  [40] . The results from the Wom-
en’s Health Study have now suggested that there may be 
a role for a primary stroke prevention strategy using an-
tiplatelet therapy in selected populations  [41] . This study 
showed a 24% reduction in ischemic stroke risk (relative 
risk 0.76; 95% CI 0.63–0.93; p = 0.009) and a nonsignif-
icant slight increase in the risk of hemorrhagic stroke in 
favor of aspirin (vs. placebo) among women 45 years of 
age or older, with no prior history of stroke  [41] . The re-
sults of the Women’s Health Study and the proven effi -
cacy of various antiplatelet agents acting via distinct 
mechanisms in secondary stroke prevention (please see 
below) may support the need for developing studies to 
assess the potential for antiplatelet therapies to mitigate 
the adverse consequences of WMH in individuals with-
out clinically manifest cerebrovascular disease. 

  Aspirin.  Aspirin (acetylsalicylic acid) prevents platelet 
activation by inhibiting the enzyme cyclooxygenase re-
sulting in the blockage of thromboxane generation, and 
has been shown to be protective in most types of subjects 
at increased risk of occlusive vascular events  [39] . Cyclo-
oxygenase also produces superoxide radicals within vas-
cular endothelial cells. Decreasing superoxide radicals 
abolishes amyloid-mediated vasoactivity and damage. 
Thus, aspirin may also reduce endothelial damage through 
its inhibition of cyclooxygenase  [42] . Another mecha-
nism for aspirin’s cerebroprotective effects may lie in its 
known inhibition of matrix metalloproteinase activity 
 [43] . It has been suggested that ongoing cerebral white 
matter injury is related to matrix metalloproteinase pro-
duction by microglia/macrophages  [44] . 

  Dipyridamole.  Dipyridamole is well known to exert 
antiplatelet activity  [45] . Dipyridamole is not only an an-
tiplatelet agent exerting its effects directly on platelets by 
inhibition of adenosine uptake but it is also an antithrom-
botic agent utilizing other mechanisms  [46] . One of the 

pharmacological effects of dipyridamole is vasodilata-
tion, which in turn may result in lowering blood pressure 
 [47] . Dipyridamole also directly stimulates the release of 
endothelial PGI 2 , as well as reduces the thrombogenicity 
of subendothelial structures by increasing the productive 
mediator 13-hydroxyoctadecadienic acid. One study sug-
gested that dipyridamole may act primarily on mediators 
of infl ammation (as determined by C-reactive protein) 
and endothelial dysfunction (assessed by von Willebrand 
factor)  [48] . 

  Aspirin and Dipyridamole.  Preclinical studies have 
shown a synergistic effect of dipyridamole and acetyl-
salicylic acid in reducing thrombus formation  [49] . The 
combination of aspirin and dipyridamole is superior to 
either agent alone in preventing overt recurrent ischemic 
stroke. The large European Stroke Prevention Study 2 
trial found that low-dose aspirin plus dipyridamole more 
than doubled the reduction in stroke risk achieved with 
aspirin alone, i.e. a 37% risk reduction for the combina-
tion versus 18.1% for aspirin alone. The results also sug-
gested that the effects of aspirin and dipyridamole are 
additive  [50] . 

   Clopidogrel.  Clopidogrel is an adenosine diphosphate 
receptor antagonist, which inhibits adenosine diphos-
phate-induced fi brinogen binding to platelets, a necessary 
step in the platelet aggregation process. The CAPRIE 
study revealed a slight advantage for clopidogrel over as-
pirin in the composite endpoint of ischemic stroke, myo-
cardial infarction or vascular death among a cohort of 
19,185 patients with recent ischemic stroke, myocardial 
infarction or peripheral arterial disease  [51, 52] . 

 Antihypertensive Agents 
 Subjects taking antihypertensive drugs and who have 

controlled blood pressure have a reduced risk of severe 
WMH  [20] . Although mean blood pressure is an impor-
tant predictor of stroke events, the results of recent clini-
cal trials showing benefi t of blood pressure reduction even 
in normotensive individuals  [53]  indicate that blood 
pressure likely represents a continuum of risk for stroke, 
and that the categorical distinction of hypertension from 
normotension is somewhat artifi cial  [54] , thereby imply-
ing that the scope of subjects who can be treated with ef-
fective stroke-preventive therapies could be widened, and 
reinforcing the view that the use of antihypertensives 
should be determined by a person’s overall level of risk 
rather than level of blood pressure alone. 

 Most salient to this reasoning is the recent report of 
the French MRI substudy of the PROGRESS clinical tri-
al, which represents the fi rst clinical trial to examine pro-
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gression of white matter abnormalities in subjects treated 
with add-on antihypertensive therapy. In the PROG-
RESS trial, hypertensive and high normotensive subjects 
with a history of stroke received add-on thiazide diuretic 
and angiotensin-converting enzyme inhibitor (ACEI) 
therapy (added to their existing blood pressure regimen). 
A French multicenter group performed an MRI substudy 
of the PROGRESS trial to determine if active diuretic 
plus ACEI therapy resulted in a decrease of incidence of 
new WMH during MRI follow-up, compared to the pla-
cebo-treated group of individuals. Dufouil et al.  [16]  ob-
tained baseline and 3-year follow-up MRI to measure the 
presence and volume of incidental white matter lesions 
on 225 persons with prior cerebrovascular disease (stroke 
or transient ischemic attack). The results demonstrated a 
statistically signifi cant effect of diuretics plus ACEIs in 
reducing the occurrence of new white matter lesions, with 
the treatment effect most pronounced in the subgroup of 
subjects with advanced leukoaraiosis at the time of study 
entry. 

 Of those subjects in the active treatment group who 
had severe white matter lesions upon entry, none experi-
enced an increase in lesions. The results clearly suggest 
that an add-on blood-pressure-lowering regimen in sub-
jects with prior stroke stops or delays further covert isch-
emic brain damage. However, these promising results in 
subjects who have already suffered an overt clinical stroke 
need to be extended to subjects with no past history of 
overt stroke, who may have different rates of progression 
of covert vascular injury. It is noteworthy that the PROG-
RESS MRI substudy fi ndings suggest that only subjects 
with more advanced leukoaraoisis at entry will experi-
ence substantial enough progression to benefi t from ther-
apy to avert progressive covert vascular brain injury with-
in a few years of intervention. 

 The general consensus is that blood pressure lowering 
is the most important factor in the stroke prevention ben-
efi t conferred by antihypertensive treatment regardless of 
the antihypertensive agent class, and that this should be 
the focus of any management geared at reducing stroke 
risk. However, there is mounting evidence that certain 
antihypertensive classes may confer clinical benefi t in 
stroke prevention through additional mechanisms  [55] . 

 The Renin-Angiotensin-Aldosterone-Kinin System 
 Angiotensin II receptor blockers (ARBs) and ACEIs 

are two classes of antihypertensive drugs that reduce the 
activity of the renin-angiotensin II system (RAS). Phar-
macological modulation of the renin-angiotensin-aldo-
sterone-kinin system is an attractive therapeutic target for 

the treatment of covert vascular brain injury because ab-
normalities in the renin-angiotensin-aldosterone-kinin 
cascade have been implicated in the pathogenesis and 
clinical expression of brain small vessel disease  [56, 57] . 
ACEIs and ARBs have both been shown benefi cial in pre-
venting fi rst and recurrent symptomatic strokes  [53, 58, 
59] . These agents also appear to lower blood pressure 
without reducing measures of cerebral perfusion  [60] . 

 Genetic association studies in the setting of the Aus-
trian Stroke Prevention Study indicated that polymor-
phisms in the RAS increase the susceptibility for progres-
sion of cerebral small vessel disease. Homozygosity for 
the T allele of the M235T polymorphism of the angioten-
sinogen gene was associated with a 3.19-fold increased 
risk for lesion progression independently of arterial hy-
pertension. These data suggest that drugs infl uencing the 
RAS may allow interference of the unfavorable course of 
cerebral small vessel disease  [61] . 

 Angiotensin II (ANG II), the main effector peptide of 
the RAS, is implicated in the development of vascular 
pathologies. Considered to be central to the whole vascu-
lar continuum, recent investigations have also established 
a role for ANG II in the recovery of the brain after cere-
bral insult. ANG II exerts its actions through two recep-
tors: ANG II type 1 (AT1) and type 2 (AT2). Drugs that 
activate the AT2 receptors, such as ARBs, have consis-
tently been more benefi cial for stroke reduction than 
drugs devoid of such activation, despite an equal fall 
in arterial pressure  [62, 63] . These clinical and epide-
miologic observations are supported by experimental 
data documenting greater cerebroprotection with ARBs 
(which increase ANG II levels and stimulate the AT2 re-
ceptors) than with ACEIs  [62] . Among the many potential 
effects mediated by stimulation of the AT2 is the neuro-
nal regeneration after injury and inhibition of pathologi-
cal growth. Indeed, experimental data indicate that ARBs 
offer double protection in that they inhibit the AT1 recep-
tor-mediated proatherothrombotic effects and enhance 
the AT2 receptor-mediated protection against ischemia 
by increasing the generation of ANG II, particularly in 
small arteries  [62] . This latter effect may give ARBs an 
advantage over ACEIs, because although ACEIs inhibit 
the AT1-mediated proatherothrombotic effects as well, 
they also reduce circulating ANG II levels and thereby 
AT2 receptor-dependent cerebroprotection  [62] . Howev-
er, this potential advantage has not been proven in the 
clinical arena. The Ongoing Telmisartan Alone and in 
Combination with Ramipril Global Endpoint Trial (ON-
TARGET) is an ongoing double-blind randomized study 
comparing the effi cacy and safety of add-on therapy of an 
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ARB vs. ACEI in the prevention of cardiovascular events, 
and will confi rm or disconfi rm any additional benefi ts of 
ARBs over ACEIs  [64] . 

 Statins 
 The use of statins (HMG-CoA reductase inhibitors) 

intuitively has potential appeal for preventing WMH in-
jury. Numerous trials have shown that treatment with 
statins is associated with a signifi cant decrease in the risk 
of stroke and transient ischemic attack in patients with 
symptomatic coronary artery disease or multiple risk fac-
tors for atherosclerosis  [65] , and some studies indicate 
that pretreatment with statins may result in lesser stroke 
severity  [66] . The mechanism by which statins confer vas-
cular protection is likely multifactorial and includes lipo-
protein alterations (upregulation of low-density lipopro-
tein receptor activity and reducing the entry of low-
density lipoprotein into the circulation), improved 
endothelial function (upgrade endothelial nitric oxide 
synthase, inhibit inducible nitric oxide synthase), plaque 
stabilization, antithrombosis, attenuation of infl amma-
tory cytokine responses, and antioxidant effects  [67] . 

 All of this notwithstanding, no study has yet shown 
that statins are effective in preventing secondary stroke. 
The SPARCL trial is currently investigating this issue 
 [68] . Pertinent to patients with WMH, the Cardiovascu-
lar Health Study examined the association of statin drug 
use with changes in white matter measures on serial MRI 
scans separated by 5 years, and found no notable differ-
ences in evolution of white matter measures between 
treatment (statin vs. no statin) groups  [69] . However, only 
limited inferences can be made from these MRI data of 
the Cardiovascular Health Study subset since the study 
was observational, the sample size was relatively modest 
(n = 1,730), and the grading system used to measure white 

matter disease in the study may not have had suffi cient 
sensitivity or interreader reliability to detect signifi cant 
changes within the study interval. Future larger random-
ized studies will be needed to explore the role of statins, 
if any, in reducing ischemic white matter brain injury. 

 Conclusions 

 Although associated with cognitive impairment and 
dementia, and likely predictors of future vascular events, 
the varied and covert nature of WMH presents an impor-
tant obstacle in evaluating the effi cacy of therapies. Large 
sample sizes are likely to be required for treatment trials 
using clinical endpoints alone, and by the time clinical 
endpoints become manifest, the burden of brain injury 
caused by these lesions would be substantial. Clinical 
endpoints set the ultimate standard for defi nitive clinical 
trials, but more sensitive surrogate markers could be use-
ful in evaluating the effi cacy of new treatments and select-
ing the most promising treatments for large trials. An 
analogy is provided by multiple sclerosis, for which detec-
tion of new lesions by contrast-enhanced MRI has been 
implemented as a surrogate marker of disease activity 
 [70, 71] , and new lesion detection has been incorporated 
into guidelines for disease monitoring in therapeutic tri-
als in multiple sclerosis  [71] . The European Task Force 
on Age-Related White Matter Changes has recently con-
cluded that MRI white matter lesions are an appropriate 
biometric marker for use in phase 2 clinical trials  [72] . 
With the emergence of promising new (and not so new) 
therapies that may limit cognitive decline in persons with 
MRI WMH, opportunities may abound for exploring av-
enues to reduce the immense public burden of cerebral 
vascular white matter ischemic injury. 
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