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Chapterr 3 
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Abstract t 
Background:: Cerebral white matter lesions (WML) are regarded manifestations of small 
vessell  disease, but have also been associated with large vessel atherosclerosis. We 
investigatedd whether WML have a predictive value for future ischemic events. 
Methodss and results: 230 patients with proven atherosclerotic disease, recent ischemic stroke 
(IS,, n=70), recent myocardial infarction (MI, n=71), or peripheral arterial disease (PAD, 
n=89)) were included. The presence of periventricular lesions (PVL) and deep white matter 
lesionss (DWML) on MRI at entry and ischemic events during follow-up were registered. 
Duringg follow-up with a mean duration of 3.5 years 22 patients had a MI, 21 patients had an 
ISS and 2 patients died suddenly. The frequency of ischemic events was higher among patients 
withh PVL (IS: PVL+ 18% versus PVL- 5%, p=0.001, MI: PVL+ 15% versus PVL- 7%, 
p=0.03,, any ischemic event: PVL+ 36% versus PVL- 11%, p<0.001). DWML was only 
associatedd with the combined outcome any ischemic event (p=0.04). In multivariate 
regressionn analysis the presence of PVL was independently associated with IS (HR 3.2 
(95%CII  1.3-8.4) and MI (HR 3.8 (95%CI 1.6-9.2)). 
Conclusion:: We observed an association between WML, especially PVL, and future ischemic 
strokee and myocardial infarction in patients with established atherosclerotic disease. 
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Introduction n 
Cerebrall  white matter lesions (WML) are frequently observed on MRI and CT scans, in 

healthyy elderly persons as well as in patients with atherosclerotic disease. They are regarded 
ass manifestations of cerebral small vessel disease1. Their presence is associated with cognitive 
decline,, dysarthria and gait disturbances2'4. 

Thee pathogenesis of cerebral WML is not fully elucidated. Hypertension and age are the 
onlyy established risk factors5'6. A number of factors including hyperinsulinism, endothelial 
changes,, altered coagulation factors, homocysteine, changes in diurnal blood pressure and 
polymorphismss of apo E, angiotensinogen and paraoxonase l7*15 may be involved in the 
pathogenesis,, but the number of studies is too small to draw final conclusions regarding their 
causall  role. WML are signs of ischemia in the cerebral white matter. It is therefore not 
surprisingg that cerebral WML are associated with future ischemic stroke16"18. 

Theree is increasing evidence that cerebral WML are associated with large vessel 
atheroscleroticc disease. Cerebral WML have been associated with aortic atherosclerosis 
duringg midlife, carotid artery intima-media thickness, ankle to arm systolic blood pressure 
ratioo and the number of plaques in the carotid artery519'20. 

Thee association of cerebral WML with large vessel atherosclerotic disease lead us to the 
hypothesiss that these lesions may also be associated with future extra-cerebral ischemic 
events,, like myocardial infarctions. To test this hypothesis we examined the relation between 
cerebrall  WML on MRI and both cerebral and extra-cerebral ischemic events during follow-up 
inn patients with different types of atherosclerotic disease. 

Methods s 
Subjectss and follow-up 

Consecutivee patients with established atherosclerotic disease were recruited in two teaching 
hospitals.. Patients with a recent myocardial infarction (< 1 month), a recent ischemic stroke(< 
66 months), and peripheral arterial disease were included. Myocardial infarction was defined as 
typicall  chest pain with a duration of at least 20 minutes, ST segment elevation in at least two 
adjacentt leads and confirmation by laboratory tests. Ischemic stroke was defined as acute 
neurologicc deficit persisting at least one week and intracerebral hemorrhage ruled out by an 
earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure 
off  95 mmHg or higher or current treatment, diabetes and hypercholesterolemia defined as a 
totall  plasma cholesterol level of 7 mmol/L or higher or current treatment were registered. 

Wee followed patients prospectively by sending them a questionnaire every six months to 
assesss vascular complications. Non-responders were contacted by telephone. Reported 
cardiovascularr outcomes were confirmed by a review of hospital records, discharge letters and 
autopsyy reports. For myocardial infarction and stroke we utilized the same definitions as 
mentionedd for the qualifying event. When patients suddenly died during follow-up, without a 
clearr diagnosis (ECG, CT scan) or autopsy, we regarded these events as "cardiovascular 
deaths".. The classification of ischemic events was made without knowledge about the 
presencee of WML. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consent. . 

Laboratoryy investigation 
Fastingg homocysteine, total cholesterol, HDL cholesterol, triglycerides and lipoprotein(a) 

weree assessed in blood samples drawn 3 months after the acute event. Homocysteine 
concentrationn was determined by high-performance liquid chromatography. Total cholesterol, 
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HDLL cholesterol and triglycerides were determined by standard commercial laboratory 
assays.. Lipoprotein(a) was measured using a nephelometric method (Beekman, Fullerton 
California,, USA). 

Magneticc Resonance Imaging 
Magneticc Resonance Imaging (MR!) was performed with a 1.5 Tesla Siemens Magnetom 

633 SP/4000 (Siemens AG, Erlangen, Germany). Five millimeter transversal images were 
obtainedd with a Tl-weighted (Tl W-SE), and a combined proton density weighted (PDW-SE) 
andd a T2-weighted (T2W-SE) spin echo sequence. At the same levels transversal images were 
madee with a T2W-gradient echo FLASH 2D sequence. Two investigators independently 
assessedd the MRI scans without knowledge of clinical or laboratory data. Periventricular 
(PVL)) and deep white matter lesions (DWML) were assessed on the T2W-SE and PDW-SE 
imagess according to an adapted version of the scoring system of Fazekas et al21,22. WML were 
definedd as hyperintense lesions on T2W-SE images without corresponding hypointense 
lesionss on T1W-SE images. Hyperintensities limited to small caps and thin linings along the 
ventricless were considered normal. All other hyperintense lesions in the hemispheric white 
matterr were considered abnormal. The interobserver variability of this scoring system ranges 
fromm poor to reasonable (kappa 0.35 - 0.74)23. We considered a MRI to be abnormal only 
whenn both observers reached consensus. 

Statisticall  analysis 
Alll  calculations were performed with the Statistical Package for the Social Science (SPSS 

versionn 10.0). Frequencies were compared using chi-square tests and continuous variables 
withh Students' t test. Kaplan-Meier plots were made to investigate the relation between WML 
andd ischemic events in time. To determine which factors were independently associated with 
ischemicc stroke, myocardial infarction or the combined outcome of any ischemic event during 
follow-up,, we performed multivariate Cox regression analyses. WML and cardiovascular risk 
factorss (smoking, hypertension, diabetes, age, sex, lipids including lipoprotein(a), 
hyperhomocysteinemia,, defined as level in the highest quartile (> 18.8 umol/1)) were used for 
analysis.. All variables with a p value < 0.10 in univariate analysis were selected for the 
multivariatee forward analyses. Hazard ratio's (HR) and 95% confidence intervals were 
calculated.. A p value <0.05 was regarded as statistically significant. 

Results s 
Patientss and white matter lesions 

AA total of 230 patients were included, 70 with a recent ischemic stroke, 71 with a recent 
myocardiall  infarction, and 89 with peripheral arterial disease. The mean age at entry was 62 

22 years. Patients characteristics are given in table 1. During follow-up with a mean duration 
off  3.5  1.4 years 45 ischemic events occurred. Twenty two patients had a myocardial 
infarction,, 21 patients had an ischemic stroke and 2 patients, who died suddenly, were 
classifiedd as cardiovascular death. 

Ninety-onee patients had cerebral white matter lesions (PVL or DWML, 40%). PVL were 
presentt in 78 patients (34%), while DWML were present in 59 patients (26%). Characteristics 
accordingg to type of cerebral WML are also shown in Table 1. The prevalence of cerebral 
WMLL was higher among patients with a recent ischemic stroke at inclusion compared to the 
otherr patients (recent ischemic stroke PVL 53%, DWML 31%, recent myocardial infarction 
PVLL 18%, DWML 16%, peripheral arterial disease PVL 31%, DWML 29%, * 2 PVL pO.001, 
DWMLL p=0.06). 
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Tablee 1 Patient characteristics according to type of white matter lesions 

Age e 

Male e 

Hypertension n 

Diabetes s 

Smokers Smokers 

Hyperlipidemia a 

(mean) ) 

(%) ) 
(%) ) 
(%) ) 
(%) ) 
(%) ) 

Alll  patients 
n=230 0 

62 2 

68 8 

41 1 

12 2 

86 6 

48 8 

PVL L 
n=78 8 

699 f 

63 3 

588 t 
13 3 

78* * 

43 3 

DWML L 
n=59 9 

699 % 

63 3 

49 9 

12 2 

76* * 

47 7 

anyy WML 
n=91 1 

688 % 

62 2 

533 f 

12 2 

788 t 
44 4 

**  p<0.05, t p<0.01, % p<0.001 compared to patients without white matter lesions (x2 test and Student's t-test 
whenn applicable). PVL: periventricular lesions, DWML: deep white matter lesions, any WML: any white 
matterr lesion. 

Whitee matter lesions and ischemic events during follow-up 
Patientss with PVL had more often IS (18%) during follow-up compared to patients without 

PVLL (5%, x2 test, p=0.001). They also had more often MI during follow-up (with PVL 15% 
versuss without PVL 7%, % test, p=0.03) (table 2). Kaplan Meier plots showed that these 
differencess were consistent throughout the follow-up period (figure 1). The association 
betweenn cerebral WML and ischemic events during follow-up was identical for patients with 
orr without a previous ischemic stroke (data not shown). 

Inn univariate analysis PVL, hypertension and type of atherosclerotic disease at entry 
(ischemicc stroke, myocardial infarction) were associated with ischemic stroke during follow-
upp in univariate analysis. In the multivariate Cox regression analysis PVL (HR 3.2 (95%CI 
1.3-8.4))) and type of atherosclerotic disease at entry (ischemic stroke HR 2.8 (95%CI 1.1-
7.0))) were independently associated with ischemic stroke during follow-up. 

Age,, hyperhomocysteinemia, type of atherosclerotic disease at entry (ischemic stroke), 
PVLL and DWML were univariately associated with myocardial infarction during follow-up. 
Inn the multivariate analysis the presence of PVL (HR 3.8 (95%CI 1.6-9.2)), and type of 
atheroscleroticc disease at entry (ischemic stroke HR 0.3 (95%CI 0.1-0.9) were independently 
associatedd with myocardial infarction during follow-up. The odds ratio lower than 1.0 
indicatess that patients with an ischemic stroke had a lower chance of future myocardial 
infarctionn compared to patients with a myocardial infarction or peripheral arterial disease. 

Finally,, age, hyperhomocysteinemia, PVL, DWML, total cholesterol and LDL cholesterol 
weree associated with any ischemic event during follow-up in univariate analysis. Only PVL 
(ORR 4.0 (95%CI 1.9-8.7)) remained associated with any ischemic event during follow-up in 
thee multivariate analysis. 

Discussion n 
Inn our patients with established atherosclerotic disease, cerebral WML are not only 

associatedd with future ischemic strokes, but also with future myocardial infarctions. This 
associationn was stronger for PVL than for DWML. PVL predicted future ischemic events 
independentt of other risk indicators. To our knowledge this is the first study to show the 
predictivee value of cerebral WML for future myocardial infarction. 

Ourr results are in line with previous observations that cerebral WML are associated with 
manifestationss of atherosclerosis5'19'20. WML are thought to be caused by pathologic 
thickeningg or necrosis of the vessel wall, and microatheromas in small cerebral endarteries24. 
Thee only established risk factors for small vessel disease, hypertension and age, are also risk 
factorss for large vessel atherosclerotic disease. Most factors which seem to be involved in the 
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Tablee 2 Ischemic events during follow-up in patients with or without white matter lesions 

present t absent t 

PVL L 

DWML L 

IS S 

MI I 

Anyy event 

IS S 

MI I 

Anyy event 

18(14/78) ) 

155 (12/78) 

366 (28/78) 

122 (7/59) 

155 (9/59) 

29(17/59) ) 

5(7/152) ) 

7(10/152) ) 

11(17/152) ) 

8(14/171) ) 

8(13/171) ) 

16(28/171) ) 

0.001 1 

0.03 3 

0.000 0 

0.40 0 

0.09 9 

0.04 4 

Frequenciess presented as percentages, absolute numbers between brackets, p: % test. 
PVL:: periventricular lesions, DWML: deep white matter lesions, IS: ischemic stroke, MI: myocardial infarction. 

Figuree 1 

PVLL and IS during follow-up PVLL and Ml during follow-up 

E E 

_JP P 

followw up (days) followw up (days) 

Kaplan-Meierr plots for the endpoints ischemic stroke (IS) and myocardial infarction (MI) in patients with PVL 
andd patients without PVL. IS=ischemic stroke, MI=myocardial infarction 
PVL L 
Noo PVL 

pathogenesiss of cerebral WML are also associated with atherosclerosis7"15. The association 
betweenn cerebral WML and future ischemic events was independent of hypertension, age, and 
otherr risk indicators in our study. It is likely that other factors than those registered in our 
studyy are involved in the pathogenesis of both cerebral small vessel disease and systemic 
largee vessel disease. These factors may account for the association between small and large 
vessell  disease. 

AA consistent finding in our study is that PVL is a better predictor for ischemic events than 
DWML.. This is in line with other studies17'18. There are several theories. PVL is thought to be 
thee result of ischemia in an arterial borderzone. It maybe the result of hypoperfusion that can 
bee caused by large vessel disease. PVL is associated with atrial fibrillation, especially with 
highh frequencies, suggesting hypoperfusion25. PVL is also associated with diminished 
cerebrall  vasomotor reactivity, suggesting that compensatory mechanisms to cerebral 
hypoperfusionn are already maximal26. 
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Anotherr hypothesis is that cerebral small vessel disease might develop parallel to systemic 
largee vessel disease, due to a diffuse change of the endothelial function. Markers of 
endotheliall  activation have been found in both patients with WML and patients with carotid 
arteryy disease27. However, this would not explain why especially PVL is associated with 
myocardiall  infarction. 

Wee studied the association between presence of cerebral WML and future ischemic events 
inn patients with or without prior ischemic stroke. Although the frequency of cerebral WML 
wass lower among patients with coronary artery disease and peripheral artery disease, the 
predictivee value for future ischemic stroke and future myocardial infarction was similar. In 
addition,, our results show that the presence of WML is associated with future ischemic events 
nott only in the elderly general population18, but also in patients with established 
atheroscleroticc disease. 

Wee assume that the presence of cerebral WML may be a marker of (subclinical) 
atheroscleroticc disease like intima-media thickness28. Although WML are frequently clinically 
silent,, our results in patients with established atherosclerotic disease and the results of 
Vermeerr et al18 in the elderly general population indicate that their presence may have 
importantt clinical implications. We suggest that if WML are observed in a person without 
knownn atherosclerotic disease, it may be useful to carefully assess the cardiovascular risk and 
too consider the treatment of cardiovascular risk factors, when present. 
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