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Stellingen 

behorend bij het proefschrift 

CLINICAL AND MAGNETIC RESONANCE OBSERVATIONS IN CEREBRAL 

SMALL-VESSEL DISEASE 

1. Hypertensie is de belangrijkste behandelbare risicofactor voor cerebrale 

microangiopathie. (Hoofdstuk2). 

2. Hyperintense lesies in de pons op een MRI-afbeelding komen bij bijna een kwart van 

patiënten met arteriole ischemische aandoeningen voor en berusten op 

microangiopathie. (Hoofdstuk3). 

3. Microangiopathie in het vertebrobasilaire stroomgebied is één van de oorzaken van 

evenwichtsstoornissen bij ouderen. (Hoofdstuk 4). 

4. Het obsolete concept van de "vertebrobasilaire insufficiëntie" kan een tweede leven 

beginnen als "vertebrobasilaire microangiopathie". (Hoofdstuk 4). 

5. Bij patiënten met cerebrale microangiopathie komen kleine intracerebrale 

hematomen voor zonder klinische symptomen. (Hoofdstuk 5). 

6. Het grote aantal intracerebrale bloedingen bij gebruik van anticoagulantia in het 

SPIRIT* onderzoek is deels te verklaren doordat patiënten met een TIA of klein 

herseninfarct vaak cerebrale microangiopathie hebben. (Hoofdstuk 5). 

* The Stroke Prevention In Reversible Ischemia Trial (SPIRIT) Study Group. A randomized trial of 

anticoagulants versus aspirin after cerebral ischemia of presumed arterial origin. Ann Neurol 

1997:42:857-865. 



7. Samenwerking tussen specialisten, die zich bezig houden met aandoeningen van 

bloedvaten, en die verder kijken dan hun orgaan van studie lang is, verbetert de 

kwaliteit van patiëntenzorg en wetenschappelijk onderzoek. 

8. Snelle opname op een "Stroke Unit" is op dit moment de beste behandeling voor 

patiënten met een herseninfarct. 

9. Het nut van gerandomiseerde trials heeft zich ook bewezen in de forellenvisserij. 

(Britton BJ et al. Does the fly matter ? The CRACKPOT study in evidence based trout fishing. BMJ 

1998;317:1678-1680). 

10. Een snoepje op zijn tijd verlengt het leven. 

(Lee l-Metal. Life is sweet: candy consumption and longevity. BMJ 1998:317: 1683-1684). 

I I. De "impact factor" van het tijdschrift, waarin de publikatie staat, is een 

onwetenschappelijke manierom de prestatie van een onderzoeker te meten. 

(Richard Smith, redacteur British Medical Journal BMJ 1998:316:1036) 

12. Er zijn meer verschillen tussen Chinezen dan op het eerste gezicht lijkt. 

Amsterdam, 12 maart 1999 Vincent I.H. Kwa 



Clinical and magnetic resonance observations 

in cerebral small-vessel disease 





Clinical and magnetic resonance observations 

in cerebral small-vessel disease 

ACADEMISCH PROEFSCHRIFT 

ter verkrijging van de graad van doctor 
aan de Universiteit van Amsterdam 
op gezag van de Rector Magnificus 

prof. dr. J.J.M. Franse 
ten overstaan van een door het college voor promoties ingestelde 

commissie, 
in het openbaar te verdedigen in de Aula der Universiteit 

op vrijdag 12 maart 1999, te 13.00 uur 

door 
'Vincent ' Ing Han Kwa 

geboren te Bandung 



Promotor 
Prof. Dr. J. Stam 

Promotiecommissie 
Dr. J. Boiten 

Dr. H.R. Büller 
Prof. Dr. PJ. Koudstaal 
Dr. M. Limburg 
Prof. Dr. M. Vermeulen 
Prof. Dr. J.J. Weening 

Paranimfen 
Drs. T. Koelewijn 
Drs. B.J.W. Verhoeven 

Faculteit der Geneeskunde 

ISBN 90-9012466-7 

De uitgave van dit proefschrift werd mede mogelijk gemaakt door steun 
van (in a l fabe t i sche vo lgorde) : Afdeling Neuro log ie AMC, The 
Amsterdam Vascular Medicine Group, ASTA-Medica BV, Boehringer 
Ingelheim BV, Centocor BV, Janssen-Cilag BV, Katwijk Farma BV, Leo 
Pha rmaceu t i ca l P roduc t s BV, N o u r y p h a r m a BV, Parke-Davis BV, 
Roche Neder land BV, SANOFI BV, Stichting "Het Remmer t Adriaan 
L a a n f o n d s " , S t i c h t i n g Kl in i sch We tenschappe l i j k O n d e r z o e k 
Slotervaartziekenhuis, Universiteit van Amsterdam, Zeneca Farma. 



Ter nagedachtenis aan mijn vader, opdat hij trots op me moge zijn. 
Voor mijn moeder, mijn broer en mijn zus, die altijd trots op me zijn geweest. 



Contents 

General introduction 9 

Chapter 1 15 
Brief historical review 

Hypothesis and controversies 
Terminology and confusion 
Lacunar infarcts 
White matter lesions 
Intracerebral hemorrhage 

Chapter 2 41 
Cerebral small-vessel disease compared with large-
vessel atherosclerosis: genetic and vascular risk factors. 

Submitted for publication 

Chapter 3 55 
T2-weighted hyperintense MRI lesions in the pons in 
patients with atherosclerosis. 

Stroke 1996;28:1357-1360 

Chapter 4 69 
Disequilibrium in patients with atherosclerosis: 
relevance of pontine ischemic rarefaction. 

Neurology 1998;51:570-573 

Chapter 5 81 
Silent intracerebral microhemorrhages in patients with 
ischemic stroke. 

Annals of Neurology 1998;44:372-377 

Chapter 6 95 
Early progression of symptoms in small vessel and large 
vessel ischemic stroke. 



Summary 109 

Samenvatting 115 

Publicatielijst 123 

Dankwoord 125 

Curriculum vitae 131 

Appendix A 133 

Appendix B 143 

Selected abbreviations 151 





General introduction 



General introduction 



General introduction 

Hardening and thickening of the arterial walls probably begins after 
the second decade in human life and may eventually result in devastating 
diseases. This process is called arteriosclerosis, and occurs in all parts of 
the arterial system, from the large muscular arteries to the small arterioles 
and capillaries. Two main forms can be distinguished. Atherosclerosis is 
a disease of the intima, in which lipid-filled smooth muscle cells and 
macrophages (foam cells), and fibrous tissue accumulate.1 This disease 
usually affects the abdominal aorta, the large renal and leg arteries, the 
coronary arteries and the large cerebral arteries and is therefore called 
large-vessel disease. The different clinical manifestat ions develop 
depending on the localization of the disease. Intermittent claudication 
results from large-vessel disease in the arteries of the legs, myocardial 
infarction from disease of the coronary arteries, and large territorial 
cerebral infarcts from atherosclerosis in the large cerebral arteries. 

The second form of ar ter iosclerosis is charac ter ized by hyaline 
depositions and degenerative changes in the intima and media of the small 
arteries of mainly the spleen, pancreas, adrenal glands, kidney and brain. 
This disease is also called arteriolosclerosis. In the brain affection of the 
small a r ter ies may cause specific clinical symptoms: the lacunar 
syndromes. Why some patients develop large-vessel disease and others 
small-vessel disease, is unknown. Different vascular risk factors, like 
smoking, hypercholesterolemia and hypertension, may be associated with 
either small- or large-vessel disease.2 Hypertension is assumed to be 
specifically associated with small-vessel disease. Hyalinization of the walls 
of the small arteries may be a more benign consequence of hypertension, 
and fibrous and elastic hyperplasia with necrosis of the media and intima 
a more malignant result. Other factors, like infections or genetic poly
morphism may also play a role in the development of either small- or 
large-vessel disease.3,4 

Since decades small-vessel disease in the brain has been the subject of 
extensive study. Three clinical manifestations are considered specific 
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results of small-vessel disease: lacunar infarcts, white matter disease (also 
called Binswangers disease) and intracerebral hemorrhages. With CT-
scans and MRI, these lesions can be studied in living individuals. In a 
prospective cohort of 229 patients with different manifestations of both 
small- and large-vessel arterial disease, we studied the clinical aspects 
and risk factors of cerebral small-vessel disease, as shown by MRI, in 
comparison to large-vessel disease. In addition, in a second prospective 
cohort of patients presenting with an ischemic stroke, we studied the 
differences in the early clinical course of infarcts due to small- and large-
vessel disease. 

This thesis will try to address the following questions: 
1. Is it possible to detect genetic factors and vascular risk factors that are 

specifically associated with the development of small- or large-vessel 
disease ? 

2. Are the different clinical and MRI manifestations, that are attributed 
to small-vessel disease, like lacunar infarcts, white matter lesions and 
in t race rebra l hemor rhages , mutual ly re la ted ? Do the various 
consequnces of small-vessel disease occur in one patient ? Are there 
clinical and MRI manifestations of small-vessel disease that have been 
unnoticed until now ? 

3. What differences exist in the evolution of early clinical signs and 
symptoms between cerebral infarcts caused by small- or large-vessel 
disease ? 

Outline of the thesis 

Chapter 1 gives a review of the history of the cerebral small-vessel 
disease and the controversies associated with the subject. In chapter 2 
we investigate differences in vascular and genetic risk factors between 
patients with small-vessel disease and patients with large-vessel disease. 
In chapter 3 we study the risk factors of pontine hyperintense MRI-lesions. 
These lesions are considered to be a specific form of small-vessel disease 
in a hitherto hardly studied localization. In chapter 4 we examine the 
clinical significance of these pontine hyperintense lesions. In chapter 5 
we describe the small, usually asymptomatic, intracerebral hemorrhages 
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that we observed on MRI of patients with atherosclerosis in our cohort. 
In chapter 6 we examine the differences in early symptom progression in 
patients with small-vessel (lacunar) cerebral infarcts and those with large 
territorial infarcts. 
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In chapters 3,4, and 5 of this thesis the term "atherosclerosis" is used to denounce 
the whole spectrum of arterial ischemic disease, including small-vessel disease. 
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Brief historical review 

Cerebral small-vessel disease 

Hypothesis and controversies 

Cerebral small-vessel disease is a term used to denounce specific 
pathologic alterations of the small perforating arteries in the brain with a 
diameter of 40-800 lim.1 These arteries are usually divided in three groups: 
the anterior perforating arteries, the posterior perforating arteries and 
the perforating branches of the basilar artery to the brainstem.2 These 
vascular changes are thought to cause lacunar infarcts (with specific 
clinical lacunar syndromes), white matter abnormalities and intracerebral 
hemorrhages.4 The pathologic changes are variously called hyalinosis, 
lipohyalinosis, fibrinoid necrosis and angionecrosis.5 7 Some authors 
stressed the existence of two forms of vessel wall changes: the fibrinoid form 
of hyalin (fibrinoid necrosis, lipohyalinosis, or segmental disorganization), 
associated with hypertension and symptomatic disease of the brain, and the 
collagenous form of hyalin (hyalinosis), a common change in the elderly and 
usually asymptomatic.8,9 In addition, small-vessel disease probably causes 
the formation of microaneurysms, called Charcot-Bouchard aneurysms, 
that are associated with intracerebral hemorrhage.1011 Many aspects of 
the concept of cerebral small-vessel disease are still contro-versial. The 
idea that small-vessel disease causes lacunar infarcts with specific lacunar 
syndromes (the "lacunar hypothesis", see below) has been subject of vivid 
discussions.312 The Charcot-Bouchard aneurysms have been regarded, at 
least partially, as artifacts of the pathological specimens.13 

Terminology and confusion 

Confusion concerning the terminology starts as soon as pathologists, 
clinicians and radiologists discuss cerebral small-vessel disease. The 
pathologist means a structural alteration of the small penetrating arteries 
and arterioles of the brain in which smooth muscle tissue in the tunica 
media becomes hypertrophic and is subsequently replaced by extracellular 
matrix and plasma proteins.4,1417'24 It is a normal phenomenon in the elderly, 
but is believed to be promoted by hypertension and diabetes mellitus.4 

The initial process that eventually causes the structural changes, may be 
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enhanced small-vessel wall permeability, that can be detected as mural 
deposition of serum proteins in the areas of blood-brain barrier break-
down.16-18"21 

The clinician uses the term "cerebral small-vessel disease" mainly as a 
synonym for lacunar syndromes and cerebral white matter abnormalities 
(like Binswangers disease). Clinicians assume, that lacunar syndromes 
are mostly caused by lacunar infarcts due to microatheroma at the orifice 
of a single perforating artery. Another premise is that white matter lesions 
are caused by relative ischemia due to elongation of the small penetrating 
arteries and thickening of their walls in the white matter with subsequent 
loss of myelin.4 

The radiologist concludes to the presence of small-vessel disease as an 
explanation of small subcortical lesions of less than 2 cm on CT-scan or 
MRI (lacunes) and of hemispheric white matter hypodense lesions (on CT-
scan) or hyperintense lesions (on T2 weighted-MRI). Whether these 
specialists all have the same disease concept in mind, is to be questioned. 
In this introduction I will review in a historical perspective the most important 
aspects of the concept of cerebral small-vessel disease and the controversies 
associated with it. 
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Lacunar infarcts 

The lacunar hypothesis consists of two parts. The first part is that distinct 
clinical syndromes are associated with small deep cerebral infarcts 
(lacunes). The second part is that these small infarcts are the result of an 
occlusion of a single perforating artery by characteristic vascular lesions. 
Initially it was believed to be a hypertensive disease.2324 

History 

The first descriptions of lacunes are attributed to French pathologists 
in the 19th century. Dechambre first coined the term "lacune" in 1838 to 
define small cavities caused by the resorption of small deep cerebral 
softenings.25,26 Several years earlier, however, Cruveilhier described small 
brain softenings that he called "petit foyers pisiformes" (small pea-like foci), 
that can be regarded as lacunes, although he did not use that term.2627 

Durand-Fardel was the first who realized that there were several types of 
lacunes. In his treatise on brain softenings in 1843 he distinguished brain 
softenings (infarcts) and perivascular dilatation around blood vessels, 
which he called "l'état criblé".26'28 Proust, in his thesis of 1866, further divided 
the causes of lacunes as infarcts, hemorrhages , or sometimes just 
"disorganisation".23'29 Subsequently, other authors recognized lacunes as a 
result of a type of softening "e causa ignota", a hemorrhagic lacunar scar, or 
edema from uremia.23 

Pierre Marie described the lacunes more precisely in a monumental 
work and regarded them as the result of small infarcts, hemorrhages or a 
destruction of the tissue around a vessel.30 In his opinion lacunes were 
caused by thrombosis or decrease of blood flow due to arteriosclerosis. 
His influence on the (mostly French) researchers was considerable. Many 
authors, who studied lacunes in the next years, followed his ideas.2631 The 
second part of the lacunar hypothesis was born. 

The first part of the lacunar hypothesis, that is the association of lacunes 
with distinct clinical syndromes, was formulated later. This association 
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was based upon clinico-pathologic correlations. Bourneville reported a 
patient with hemianesthesia, who had a lacune in the corona radiata.23 

Comte observed that lacunar infarcts often corresponded to a mild 
hemiplegia.23 Marie and Ferrand, however, were the first to describe the 
exact anatomical locations of the lesions and the corresponding clinical 
syndromes.23 Foix and Hillemand described specific syndromes due to 
small pontine infarctions.23 Although Durand-Fardel initially linked his 
"état criblé" to dementia, there is still no definite proof of the association of 
enlarged perivascular spaces with any clinical syndrome.2428 The "état 
lacunaire" of Marie has been associated with slowly progressive neuro-logical 
deterioration consisting of dementia, pseudobulbar palsy, in-continence 
and a gait disorder, like the "marche à petit pas".24,30,32,33 

In the 1960s a new landmark article appeared. Fisher carefully described 
lacunes in 114 of 1042 brain autopsies.23 Of his lacunar cases 111 were 
hypertensive. Later, he carefully analysed brain autopsies of 4, and sub
sequently of 10 hypertensive patients by examining 1000-4000 sections 
from each brain. He found three distinct vascular lesions, which he 
considered specific for hypertension: micro-atheroma, lipohyalinosis, and 
micro-aneurysms.5,6 Afterwards, in many case reports and series Fisher 
studied the cerebral small deep infarcts systematically and correlated them 
with specific lacunar syndromes, which later added up to more than 20.34 

Controversies and confusion 

Since the first descriptions of lacunes a number of controversies 
emerged, partially because the knowledge of lacunes stems from relatively 
few autopsied cases. Postmortem examination is rare because of the low 
case-fatality of these lacunar strokes. Three central issues emerge from 
the vast literature about lacunes: 

I. Are lacunar syndromes always caused by lacunar infarcts ? 

Fisher reported more than 20 lacunar syndromes, but most of them 
are uncommon.34 The four most prevalent syndromes are: pure motor 
stroke, pure sensory stroke, ataxic hemiparesis (including dysarthria-
clumsy hand syndrome and homolateral ataxia with crural paresis) and 
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pure sensorimotor stroke. Not all pat ients present ing with these 
syndromes had a lacunar infarct. Cases have been reported with cortical 
infarcts, small hemorrhages, subdural hemorrhages, or even tumors.3540 

However, it may be assumed, that most lacunar syndromes, if assessed 
early, are caused by lacunar infarcts.41'42 

Are there ischemic, hemorrhagic or other causes of lacunes ? 

Confusion arose about the cause of these small cerebral cavities.7,24 An 
occlusion of a small cerebral artery, remnants of a minor intracerebral 
hemorrhage, and perivascular dilatation (not associated with infarct), 
all may result in small subcortical cavities.23,3043 Poirier et al. proposed 
a classification for the lacunes: type I for areas of cerebral infarcts, 
type II for cystic scars that are the residuals of small hemorrhages, and 
type III for areas of per ivascular dilatation not associated with 
infarction.3144 Although this classification seems plausible and sensible, 
it has not gained wide acceptance in the pathological literature. What 
Durand-Fardel described as "état criblé" could be called multiple type 
III lacunes in the classification of Poirier.24,28 Many authors postulated 
a mechanical cause for this finding.43,45 In contrast, "l'état lacunaire," as 
described by Marie, can be regarded as multiple type I lacunes.24,30 

The advent of CT-scan and later of MRI techniques enabled more 
detailed studies of brain tissue in living individuals, but did not decrease 
the confusion of what to call lacunar infarcts, old small intracerebral 
hemorrhages, or widened perivascular spaces. Although the issue can 
not be resolved definitely without postmortem investigation, new MRI 
techniques may distinguish hemosiderin deposits or perivascular spaces 
from infarcts.46 49 

What is the contribution of vascular risk factors, especially hypertension, to the lacunar 
lesions and to microangiopathy ? 

The small infarcts (type I lacunes) may be caused by three conditions, 
that perhaps are associated with different profiles of risk factors. First, 
an occlusion near or at the origin of a small cerebral arteriole due to a 
small (micro)atheroma has been shown to cause a lacunar infarct.6 Such 
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microatheroma consists of lipid containing foam cells, resembling the 
atherosclerotic plaques in large arteries.6 Fisher found them in arteries 
with a diameter of about 400 |im. An occlusion was mostly symptomatic. 
These microatheromas were usually located at a point of a sharp change 
in direction of the artery or at the origin of a branch, which suggests an 
influence of mechanical forces on the deposition of atheroma, as has 
been observed in large arteries.6 Risk factors for these microatheromas 
are probably similar to those of large-vessel atheroma.5051 Second, 
Fisher described a focal (up to about 2 mm in length) disorganization 
of the vessel walls of small arteries (60-200 Jim) with widening of the 
external diameter up to 2 or 3 times the normal values, but with 
narrowing or occlusion of the lumen, resulting in lacunar infarcts.5 

Several names are used for this phenomenon: fibrinoid necrosis, 
hyalinosis, and angionecrosis.8 Fisher later called it "lipohyalinosis", 
but others preferred the term "fibrinoid necrosis".6,8'9 Lipohyalinosis 
occurs mostly in vessels with a diameter of about 200 |im. An occlusion 
of the artery is usually asymptomatic. The occlusion in the narrowed 
vessels is caused by fibrous connective tissue or fibrinoid. The nature 
of this fibrinoid was not clear. A role for platelets was not found, although 
Fisher occasionally described "pale pink granular material resembling 
a mass of platelets".5 These lesions were thought to be specifically 
related to hypertension.6-50'51 Fisher initially stressed the importance of 
hypertension, since 111 of his 114 initial patients with lacunes had 
hypertension.5-6'23 However, later studies showed that a substantial part 
of patients with lacunar infarcts do not have hypertension.312-52'54 Boiten 
et al. proposed, that patients with only one or few lacunes may have 
microatheroma and patients with multiple lacunes may have lipo
hyalinosis.50124 Risk profiles may be different between the two groups, 
in the sense that patients with single or few lacunes have the usual risk 
factors for atherosclerosis (smoking, hypercholesterolemia, and 
hypertension), while patients with multiple lacunes more frequently 
have only hypertension.50-51 

Third, because some of the arteries were normal, Fisher also suggested 
embolism as a cause of lacunar infarct, but probably an uncommon 
one.5-6 Others corroborated these findings.54 In a recent autopsy study, 
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increased vascular permeability was suggested as a cause of part of 
the lacunes.17 The authors found lacunes in patients with normal 
bloodpressure, who all had an extracerebral disease that is associated 
with increased vessel wall permeability, like liver and kidney diseases. 
Further studies are needed to confirm these findings. 
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White matter lesions 

History 
Binswanger was the first in 1894 to describe a clinico-pathologic relation 

between dementia and macroscopical cerebral white matter atrophy.55'56 

This "subcortical arteriosclerotic encephalopathy" was a slowly progressive 
dementia, usually with intercurrent strokes, beginning in hypertensive 
patients of about 50 to 70 years. Binswanger did not study the brain 
microscopically. In 1902 Alzheimer published a microscopic case study of 
severe demyelination of the cerebral hemispheres in association with 
lacunar infarcts and arteriolosclerosis.57-60,61 Later, Nissl corroborated these 
findings.58 Olszewsky reviewed these cases and added new ones.59 With 
his work, the outline of the pathological and clinical entity of Binswangers 
disease began to take shape. Caplan and Schoene gave in 1978 the definite 
characteristics of the clinical and pathological features of the disease.60 

The role of arteriolosclerosis due to hypertension was considered most 
important. The incidence was thought to be low, but this may be caused 
by the scarcity of pathologic examinations. Until 1987 only about 50 cases 
were described pathologically.61 

After the advent of the CT-scan, lesions of the cerebral white matter 
were seen more frequently and interest grew again. In his paper of 1978 
Caplan described 3 cases (he later mentioned only 2) of whom a CT-scan 
was made.6062 However, he did not describe white matter hypodensities, 
but only hydrocephalus. Rosenberg reported a correlation between the 
pathologic and the radiologic findings.63 Goto reported larger series.64 

Hachinski et al. coined the term "leukoaraiosis" to indicate diffuse 
periventricular hypodense lesions on CT-scan of undetermined origin (the 
Greek "leuko" means white and "araiosis" rarefaction).6566 

The next important advance was the introduction of the MRI, which 
shows white mat te r lesions even more frequently.67 69 Diffuse peri
ventricular rims, caps around the horns of the lateral ventricles, focal 
regular or irregular periventricular lesions extending into the white matter, 
and focal lesions in the corona radiata, centrum semiovale and subcortical 
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white matter apart from the periventricular lesions, were described.62 It 
was clear that many lesions were not associated with symptoms. 
Periventricular hyperintensities on T2-weighted MRI limited to small caps 
and pencil-thin linings were found to be asymptomatic.70,71 Periventricular 
lesions extending to the adjacent white matter and focal white matter 
lesions were considered signs of Binswanger's disease.62 These lesions 
are thought to be associated with cognitive decline and disequilibrium.72 

74 However, many other conditions may have a similar appearance on MRI, 
i.e. white matter edema, multiple sclerosis, gliomatosis cerebri, progressive 
multifocal leukoencephalopathy, subcortical infarcts, radiation-related 
white matter damage, various toxic and metabolic disorders, and leuko
dystrophies.62 In recent years other vascular disorders associated with 
small-artery lesions were identified as causes of white matter lesions. 
Cerebral amyloid angiopathy leads to intracerebral hemorrhages, small 
cortical infarcts and white matter lesions.7576 The cerebral small arteries 
are widespread infiltrated with amyloid, usually limited to the cortex, pia, 
and subcortical areas adjacent to the cortex.62,75 "Cerebral Autosomal 
Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalo
pathy" (CADASIL) is an autosomal dominant disorder with a defective 
Notch3 gene located at chromosome 19, characterized by extensive white 
mat te r disease, subcort ical infarcts, migraine-l ike headaches and 
dementia.7780 Pathologically, small arteries in the brain, skin and peripheral 
nerves show granular eosinophilic deposits in the media with narrowing 
of the lumen.81 Less common diseases are also reported to cause white 
matter changes, like pseudoxanthoma elasticum,82 the antiphospholipid 
antibody syndrome,62 and Fabry's disease.8385 

Controversies and confusion 

Postmortem examination is also rare in patients with white matter lesions, 
because of the low case-fatality. As mentioned above these lesions are 
frequently found on CT-scans and MRI. Most authors use the term 
"leukoaraiosis" for periventricular abnormalities on both CT and MRI 
techniques, but some prefer to reserve leukoaraiosis only for CT scans 
findings.86 In this thesis we use the more descriptive term "white matter 
lesions" (WML) for white matter abnormalities seen on both CT-scan andMRI. 
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1. Does Binswangers disease exist ? 
Binswanger himself unintendedly caused the controversy that would 
surround his name during decades. His report was extensive, but 
imprecise. In addition, despite of his promise to do so, he never 
reported on the microscopical findings in his patients.55,62,86 Much 
debate arose whether this disorder is appropriately attributed to and 
named after Binswanger. Nevertheless, he was the first to separate 
the arteriosclerotic vascular dementias from the infectious dementias 
caused by syphilis.62 Nowadays, some experts do not consider 
Binswangers disease as a specific disease entity.62,86,87 The condition 
described by Binswanger was probably a chronic ischemic disorder 
which can have many causes. Instead of this eponym more descriptive 
terms would be preferable. Unfortunately, the alternative terms that 
have been proposed (leukoaraiosis, subcort ical /periventr icular 
leukoencephalopathy, white matter lesions/changes/disease), have in 
turn led to new confusion of tongues.62,66,86 

2, Are WML due to ischemia ? 

The special anatomy of the blood supply of the cerebral white matter 
is assumed to be the reason for specific vulnerability of these areas to 
(chronic) ischemia. From the brain surface, long penetrating arteries 
originating from the pial network run perpendicularly to the cortex 
down along the course of the myelinated fibers.87,88 They are usually 
20-50 mm long and have a diameter of 100-200 (J,m. These arteries do 
not arborate, but give off short perpendicular branches, that each 
provide a small cylindrically shaped brain area of blood.89 From the 
walls of the lateral ventricles, ventriculofugal vessels arise from the 
chorioideal arteries or the rami striati. They are 15 mm long and run 
upwards to the penetrating arteries.89 No (or only very few) anastomoses 
are made with the pial system.89 This pattern gives rise to an arterial 
borderzone, that is susceptible to decreases in cerebral blood flow from 
many causes.87 Small artery changes due to hypertension (hyalinosis) 
or other causes of small artery disease lead to thickening of the walls, 
elongation and tortuosity of the penetrat ing vessels, resulting in 
hypoperfusion and ischemic rarefaction of the white matter.4,87 The U-
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fibres are spared, which can be explained by the abovementioned 
anatomy.87 Hypoperfusion in these areas is confirmed in blood flow 
studies in hypertensive patients using SPECT and PET techniques.9094 

Experimental work in animals also supports this hypothesis.95 

Is hypertension the main cause of WML ? 

In the first descriptions of WML almost all patients had hypertension, 
which suggests a causal relationship.61 Later epidemiological studies 
found that age is the most important risk factor,73'96101 but hypertension 
is still the most frequently reported treatable risk factor.72-73'96101'102 

Diabetes mellitus and cardiac disease have been reported as additional 
risk factors.62-73101 However, some pa t ien ts have WML without 
hypertension and many elderly patients do not have WML, so there 
must be other factors that predispose to these lesions.103105 Several 
authors reported fluctuations in diurnal blood pressure to be responsible 
for WML.106107 Others found genetic factors as apolipoprotein E 
polymorphism in association with WML.108 Nevertheless, hypertension 
sofar remains the main risk factor that is treatable. 
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Intracerebral hemorrhage 

History 
Hippocrates (460 - 370 BC) was probably the first who described a patient 

with an intracerebral hemorrhage, when he narrated of a woman in the 
third month of pregnancy, who developed headache, right arm weakness 
and an inability to articulate.109 Other writers after him put their interest 
in the prognosis of the disease, and not in its cause, since it was in those 
days the mark of a wise physician to be able to give an accurate prediction 
of the patients fate. Much later in 1658 Wepfer recognized the possible 
role of "hardening of the pulse" with which he meant hypertension, well 
before blood pressure could be measured for the first time by the method 
of Riva-Rocci in 1896.110111 Charcot and his protege Bouchard were the 
first in 1868 to link intracerebral hemorrhage (ICH) with a disease of the 
small vessels. They described small saccular or fusiform dilatations of 
arteries with a diameter of 250-400 |im everywhere in the brain in 3 of 48 
patients who died of a stroke.10 These lesions were later called the "Charcot-
Bouchard aneurysms" or miliary aneurysms. They observed degenerative 
changes in the adventitia and believed that the aneurysms were caused 
by periarteritis and were not related to atheroma. Later, other authors 
confirmed their findings, but some doubted the existence of the miliary 
aneurysms.110-112 Among the believers discussion arose about the etiology: 
medial degeneration, arteritis or atheroma were all invoked as possible 
causes of the aneurysms.111 Duret studied the distribution of ICHs and 
recognized the frequent localization in the area of the deep branches of the 
cerebral arteries in the basal ganglia, thalamus and brainstem. He called 
the lenticulostriate arteries "the arteries of the cerebral hemorrhage".109 

Ross Rüssel rediscovered the miliary aneurysms in 1963, when he 
demonstrated many saccular dilatations of the small intracerebral arteries 
in 54 post-mortal brains with X-ray micro-angiography, after injection of 
barium sulphate into the cerebral arteries. He was the first who also found 
them in elderly, normotensive patients.111 Cole and Yates corroborated 
these findings and confirmed that hypertension was an important risk 
factor for the development of miliary aneurysms.113 Fisher found in a 
painstaking study that miliary aneurysms were associated with severe 
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lipohyalinosis.11-22 In the periphery of a hematoma he also noted small 
globoid caps ("fibrin globes"), that in his opinion were small bleeding 
capillaries due to pressure of the expanding hematoma. He stressed that 
in patients with fresh or old ICH, small hemorrhages of less than 0.5 cm 
could be found and that ICHs were not always lethal, in contrast to the 
ideas of poor prognosis of ICH that dominated at that time.22 Rosenblum 
also found an association between lipohyalinosis (or, as he called it, 
fibrinoid necrosis) and miliary aneurysms.114 Wakai et al. corroborated 
these findings in surgical specimens of patients with ICH.115 None of the 
aforementioned authors found direct evidence that ICH arose from a 
miliary aneurysm. In an electron microscopic study Takebayashi studied 
the parent arteries from which an ICH emerged and found differences in 
wall changes between these arteries and arteries that were connected to 
miliary aneurysms (see below).116-117 He and his group thought that miliary 
aneurysms were remnants of a small hemorrhage after a minor rupture 
of a small artery. 

The advent of the CT-scan marked a new era for the diagnosis of 
hematomas and permitted confirmation of ICH during life. One could 
speak of BCT (before CT) and ACT (after CT) eras. It soon became clear 
that many patients survived small and moderate sized hematomas, and 
that earlier clinico-pathological series were biased towards larger ICH 
that were fatal.109 Recently, MRI allowed detection of old hemorrhages in 
the form of hemosiderin containing lesions in the brain.46-48118 Offenbacher 
confirmed the pathologic findings of Fisher by showing remnants of small 
old hemorrhages in patients presenting with ICH on MRI.47 

Controversies and confusion 

Three questions about ICH had kept the minds of researchers busy 

during the decades. 

I. Is hypertension the main risk factor for ICH ? 

As a reflex clinicians and laymen associate the word "brain hemorrhage" 
with hypertension. Indeed the first authors describing ICH already 
recognised the relation with hypertension.109 But later hospital-based 
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epidemiological studies found patients with ICH who never had 
hypertension. In the Harvard Stroke Registry 41% of patients with 
ICH had no history of hypertension.52 Brott et al. found that among 
patients with spontaneous ICH, only 45% had hypertension.119 Foulkes 
et al. noted that no more than 65% of patients with ICH had hyper
tension.120 Caplan proposed the hypothesis that in some cases acute 
elevations of blood pressure or blood flow may lead to rupture of 
arterioles and capillaries of persons without hypertension.110121 He 
considered arterial walls of normotensive patients more vulnerable 
to acute elevations of blood pressure than arterial walls of hypertensive 
patients, since the latter are thickened and relatively protected against 
high pressures. 

Other factors like bleeding disorders, anticoagulant therapy and drug 
abuse, or congenital anomalies like vascular malformations are 
associated with ICH.122 Specific diseases like amyloid angiopathy, and 
perhaps CADASIL, are also associated with ICH.75123 Hemorrhage into 
intracranial tumors are less common causes of ICH.122 

2. Are miliary aneurysms the source of ICH ? 

Charcot and Bouchard's hypothesis that the miliary aneurysms are the 
cause of ICH was attractive and gained widely acceptance for a while. 
But some authors doubted the existence of the aneurysms.110112 Challa 
et al. stained the alkaline phosphatase in the endothelial cells with a 
special technique and found a much lower frequency of these lesions.13 

They pleaded that part of the miliary aneurysms that were studied 
with intra-arterial injections (like in the work of Ross Rüssel) were 
artifacts due to the pressure exerted by intra-arterial injections of 
contrast medium. Nobody ever found direct evidence that a miliary 
aneurysm was the source of an ICH. Ross Russell had the strongest, 
but still indirect, evidence by showing a rupture of one of the miliary 
aneurysms at its thinnest site in the wall, due to the injection of the 
contrast medium.111 

In an electron microscopic study Takebayashi et al. found differences 
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in changes in the walls of ruptured arteries at the bleeding site and 
those of the parent arteries of miliary aneurysms.116117 The ruptured 
ar te r ies showed dis rupt ion of the lamina elastica and medial 
degeneration with atrophy and segmentation of medial smooth muscle 
cells, and cell debris. The walls of the arteries connected to miliary 
aneurysms showed severe degeneration of smooth muscle cells and 
subendothelial deposition of fibrin and plasma materials. The walls 
of the aneurysm itself contained no vascular elements, except for 
endothelial cells, that have the property to regenerate easily. In 
addition, they found that ruptured arteries usually have a diameter of 
200-700 |im, while arteries with miliary aneurysms have a diameter of 
less than 200 |im. These findings suggest that miliary aneurysms are 
merely reabsorbed old microhemorrhages and that they probably do 
not enlarge to cause symptoms. In contrast, ICH is in their view the 
result of complete rupture of somewhat larger arteries.116117 

3. What are the causes of miliary aneurysms ? 

Charcot and Bouchard thought that miliary aneurysms were the result 
of periarteritis and that they were not related to atheroma. Their work 
soon gave rise to discussions whether medial degeneration, arteritis, 
dissection, or atheroma leads to these lesions.111122 The common co
existence with lipohyalinosis and the similar preference for the small 
penetrating arteries were suggestive of a causative relation. 
Takebayashi et al. showed that the walls of the aneurysms did not 
contain vascular elements. They proposed that they are remnants of 
small hemorrhages, due to minor rupture of very small arteries.116117 

Lipohyalinosis may have caused these small ruptures. 
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Chapter 2 

Abstract 

Background and purpose 

The association between hypertension and cerebral small-vessel disease 
(SVD) has been controversial, partly because patients with cerebral SVD 
often have concomitant large-vessel disease (LVD). Specific risk factors for 
SVD have not been studied in patients with cerebral SVD only, i.e. without 
signs or symptoms of LVD. 

Methods 

We identified signs of cerebral SVD on MRI in a cohort of patients with 
symptomatic atherosclerotic disease. We compared vascular risk factors and 
apolipoprotein E (apoE) polymorphism between patients with and without 
these MRI lesions, and between patients with "pure" cerebral SVD (without 
signs or symptoms of LVD) and patients with combined SVD and LVD. 

Results 

Hundred-thirty-two patients fulfilled our MRI-criteria of cerebral SVD. In a 
multivariate analysis, age (OR 1.1, 95%CI 1.1-1.1), the absence of apoEe2 (OR 
5.4, 95%CI 2.0-14.5) or e4 alleles (OR 2.1, 95%CI 1.0-4.2) were associated with 
cerebral SVD. Twenty-seven patients had "pure" cerebral SVD. Hypertension 
was independently associated with "pure" SVD (OR 2.6, 95%CI 1.1-6.2). 

Conclusions 

Our findings suggest an interaction between age, apoE polymorphism and 
hypertension for the development of either cerebral SVD or LVD. Certain 
patients may develop large-vessel atherosclerosis at a relatively early age, 
promoted by hypertension and genetic factors. Others may be relatively 
protected against environmental factors, but develop cerebral small-vessel 
arteriopathy at a more advanced age, mainly as a consequence of hypertension. 
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Small-vessel versus large-vessel disease 

Clinically and pathologically, two main types of ischemic arterial disease 
in the brain can be distinguished: small-vessel disease (SVD) and large-
vessel disease (LVD). SVD is a structural alteration of cerebral arterioles 
with initial hypertrophy of medial smooth muscle, which is subsequently 
replaced by extracellular matrix and plasma proteins.14 SVD is associated 
with small subcortical infarcts (lacunar infarcts), white matter lesions and 
intracerebral hemorrhages. 5 9 Large-vessel atherosclerotic disease is 
characterized by damage to the intima of the large muscular arteries, which 
results in the development of atheromas, that may eventually cause stenosis 
and thrombo-embolic complications.10 Thrombo-embolic occlusion in the 
brain typically causes large cerebral infarcts involving the cortex and the 
adjacent subcortical areas. The major extracerebral manifestations of large-
vessel a therosclerosis are myocardial infarction and in te rmi t ten t 
claudication. 

Why some patients develop SVD and others LVD is not fully understood. 
Hypertension has been specifically associated with different manifestations 
of SVD, such as lacunar infarcts,51115 cerebral white matter lesions,16 20 

and intracerebral hemorrhages.2123 However, hypertension is also a major 
risk factor for large-vessel atherosclerosis.24 28 

One reason why it has been difficult to separate risk factors for SVD and 
LVD is that both types of arterial disease often occur simultaneously.2932 

Genetic factors, such as apolipoprotein E (apoE) polymorphism, may 
contribute to the development of one type of arterial disease. ApoE e4 is 
associated with myocardial infarction and large cortico-subcortical cerebral 
infarcts, both manifestations of LVD.33 35 On the other hand, Schmidt et al. 
found an association between the apolipoprotein £2/e3 genotype and cerebral 
SVD.36 

In this study we identified patients with signs of cerebral SVD on MRI 
in a cohort of patients with symptomatic arterial disease. We studied 
vascular risk factors and apolipoprotein E polymorphism in these patients 
and in controls without these MRI lesions. Subsequently, we divided the 
patients with MRI-signs of cerebral SVD in a group with concomitant 
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extracerebral large-vessel disease and a group without signs of large-vessel 
disease and compared the vascular risk factors in these two subgroups. 

Material and Methods 

Patients 

Patients with a recent ischemic stroke, myocardial infarction or peripheral 
arterial disease were examined prospectively from January 1992 to February 
1996. The study was approved by the medical ethics committee. All patients 
gave informed consent to participate. Ischemic stroke was defined as an 
acute focal neurologic deficit persisting at least one week. Intracerebral 
hemorrhage was excluded by an early CT-scan. Myocardial infarction was 
defined as angina pectoris for more than 20 minutes and with laboratory- or 
ECG-findings consistent with myocardial infarction. Peripheral arterial 
disease was defined as intermittent claudication with characteristic leg pain 
or a history of surgery for intermittent claudication. Patients with dementia 
were excluded. We recorded smoking status, medical history and hyper
tension, defined as a diastolic blood pressure of > 95 mmHg on repeated 
prior measurements or a current treatment for hypertension. Plasma levels 
of total cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides were 
assessed. Hypercholesterolemia was defined as a total plasma cholesterol 
level of > 7 mmol/1 or a current treatment for hypercholesterolemia. 

Magnetic resonance imaging 

MRI was performed with a 1.5 Tesla Siemens Magnetom 63 SP/4000 
(Siemens AG, Erlangen, Germany). Five millimeter transversal images 
were obtained with a Tl-weighted (T1W-SE), a combined proton density-
weighted (PDW-SE) and a T2-weighted (T2W-SE) spin echo sequence. At 
the same levels transversal images were made with a T2W-gradient echo 
FLASH 2D sequence. Two investigators (VIHK,BV) independent ly 
assessed the MRI scans without knowledge of clinical or laboratory data. 
Lacunes were defined as well-demarcated hyperintense areas on T2W-
SE images of less than 20 mm with corresponding hypointense lesions on 
T1W-SE images. Cerebral hemispheric white matter lesions were assessed 
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on the T2W-SE and PDW-SE images. Hyperintensities limited to small 
caps and thin linings along the ventricles were considered normal. All 
other hyperintense lesions in the hemispheric white matter were considered 
abnormal. Large (non-lacunar) infarcts were defined as cortical and 
subcortical hyperintense lesions on T2W-SE images and corresponding 
hypointense areas on T1W-SE. Small old cerebral hemorrhages were 
defined as local hypointense signal on a T2W-SE image, more pronounced 
on the T2W-gradient echo images, with corresponding normal or slightly 
hypointense signals on the T1W-SE image. Flow-void artifacts and 
symmetrical signal loss in the basal ganglia were ruled out, to avoid inclusion 
of blood vessels or ferric iron deposits in the basal ganglia. We checked the 
corresponding areas on the CT-scans and ruled out cerebral calcifications.9 

B-mode ultrasound examination of common carotid and femoral arteries 

An ATL Ultramark IV (Advanced Technology Laboratories, Bothell, 
Washington) equipped with an HRLA 7.5 MHz linear array transducer 
was used. The sonographer was blinded to the clinical status of the 
subjects. The right and left common carotid arterial wall segments were 
imaged from a lateral transducer angle. Carotid segments were defined 
by the carotid dilation and carotid flow divider as depicted in the B-mode 
image of the individual. The right and the left common femoral arterial 
wall segments were imaged from an anterior transducer angle. Femoral 
segments were defined by the femoral dilatation and the femoral flow 
divider. Images of each arterial wall segment were stored on tape. Intima-
media thickness (IMT) of the posterior wall segments was measured off
line. The image analysis procedure is described elsewhere.37 

Apolipoprotein genotyping 

Genomic DNA was extracted from peripheral leukocytes in citrated 
blood using a QIAamp blood kit (QIAGEN, Germany). Apolipoproteine2/ 
e3/e4 genotyping was performed essentially as described before with minor 
modifications.38 In short, the relevant 244 basepairs ApoE gene fragment 
was amplified with the primers 5'-AGAATTCGCCCCGGCCTGGTACAC-
3' and 5'-TAAGCTTGGCACGGCTGTCCAAGGA-3'. The reaction mixture 
was heated for 5' at 95°C and subjected to 30 cycles of 1' 95°C, 1' 60°C and 
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3' 70°C. Thereafter the mixture was kept at 70°C for 3'. Subsequently 10 JLLI 

of the reaction mixture was cut with 5 units Cfo I at 37°C during a three 
hours incubation. The resulting DNA fragments were visualized on a 4% 
agarose gel. The e2 allele results in fragments of 91, 83, 38 and 19 basepairs, 
the E3 allele in fragments of 91, 48, 38,35 and 19 basepairs, and the e4 
allele in fragments of 72, 48, 38, 35, and 19 basepairs. In order to avoid 
misdiagnosis, each set of reactions included 6 previously typed specimens 
containing all of the possible genotypes. 

Definitions of small-vessel disease and large-vessel disease 

Lacunes, white matter lesions and signs of small old intracerebral 
hemorrhages on MRI were considered to be manifestations of cerebral 
SVD. Patients with large cortico-subcortical infarcts, myocardial infarction 
or peripheral arterial disease or a history of one of these diseases, were 
considered to have LVD. 

Statistical analysis 

The means of continuous variables were compared with the Student ' s 
t-test. Frequency differences were analyzed with the Chi-square test. A p-
value of <0.05 was considered significant. The independent association 
between cerebral small-vessel disease and possibly related factors was 
additionally examined with multivariate logistic regression analysis (with 
a stepwise forward selection strategy). All univariately identified significant 
factors (at a level of p <0.20) were entered into the model. Effect sizes 
were expressed as odds ratios (OR), calculated as the antilogarithm of the 
regress ion coefficients of the logistic regression model, with 95% 
confidence intervals (95%CI). Calibration of the model was assessed with 
Hosmer-Lemeshow goodness-of-fit test. This test compares observed and 
expected frequencies of the outcome in groups based on the value of the 
estimated probabilities, using the logistic model. 
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Results 

The cohort consisted of 216 patients with recent ischemic stroke (30%), 
myocardial infarction (31%) or peripheral arterial disease (39%). Mean 
age was 62.2 years. Two-thirds of the patients were male and 86% smoked. 
Forty-two percent had hypertension, about half hypercholesterolemia and 
10% diabetes. Forty percent showed white matter lesions and 46% lacunar 
infarcts on the MRI. Apolipoprotein E allele frequencies were 6.9% fore2, 
76.4% for e3 and 16.7% for £4. This distribution is similar to previous 
findings in comparable populations.33 The mean common carotid wall 
thickness was 0.78 (sd 0.20) mm and the mean common femoral wall 
thickness was 1.40 (sd 0.65) mm. These values are comparable with findings 
in other studies of atherosclerotic patients.3739 

Hundred-thirty-two (61%) patients fulfilled our MRI-criteria of cerebral 
SVD. These patients were significantly older than patients without cerebral 
SVD (mean 66.6 years versus 55.4 years, p < 0.001, table 1). They more 
often had hypertension (48% versus 32%, p = 0.02). Diabetes was twice as 
frequent in patients with SVD (14% versus 7%, p = 0.14). There were less 
smokers among patients with cerebral SVD (83% versus 92%, p = 0.06). 

Table I. Characteristics of atherosclerotic patients with and without MRI signs of cerebral small-vessel disease 
(SVD). 

All patients With cerebral SVD Without cerebral SVD P 
(n = 2l6) (n=l 32) (n = 84) 

mean(SD) age, yr 62.2(1 1.7) 66.6 (10.0) 55.4 ( I I .0) < 0.0017 

male,% 67 67 65 0.77' 
hypertension,% 42 48 32 0.02 
smoking,% 86 83 92 0.06' 
hypercholesterolemia^ 47 48 47 0.92 
diabetes mellitus,% 1 14 7 0.14' 
allele frequency%: 

e2 6.9 4.5 10.7 
£3 76.4 80.3 70.2 0.02 
£4 16.7 5.2 19.0 

1MT* common carotid art. 0.78(0.20) 0.82 (0.20) 0.73 (0. 19) < 0.01+ 
IMT* common femoral art. 1.40(0.65) 1.43 (0.62) 1.37 (0.70) 0.60+ 

chi-square test "Student's t-test *IMT = intima media thickness of the posterior wall in millimeters 
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The sex ratio and the frequency of hypercholesterolemia did not differ 
between the two groups. The allele frequency of e3 was higher in patients 
with cerebral SVD (80.3% versus 70.2%) and correspondingly the 
frequencies of e2 (4.5% versus 10.7%) and e4 (15.2% versus 19.0%) were 
higher in patients without cerebral SVD (p = 0.02). The intima-media 
thickness (IMT) of the common carotid artery (mean 0.82 versus 0.73 mm, 
p<0.01) was larger in patients with cerebral SVD. There was no significant 
difference in the IMT of the common femoral artery (mean 1.43 versus 
1.37 mm, p = 0.60). In a multivariate analysis we used the presence of 
cerebral SVD as a dependent variable and age, sex, hypertension, smoking 
status, diabetes mellitus and the three apoE alleles as independent 
variables. Age (OR 1.1, 95%CI 1.1-1.1) was independently associated with 
the presence of cerebral SVD. The absence of thee2 allele (OR 5.4, 95%CI 
2.0-14.5) or the e4 allele (OR 2.1, 95% CI 1.0-4.2) was independently 
associated with cerebral SVD. The Hosmer-Lemeshow statistic was not 
significant (p = 0.63), indicating a well calibrated model. 

The distribution of MRI signs of cerebral SVD among the patients with 
different clinical manifestations of arterial ischemic disease is given in 
table 2. Cerebral SVD was observed in 81% of the patients with stroke, 
43% of patients with myocardial infarction and 61% of the patients with 
peripheral arterial disease. 

Table 2. Frequencies of the different manifestations of symptomatic arterial ischemic disease among patients 
with and without MRI signs of cerebral small vessel disease (SVD). 

With cerebral SVD Without cerebral SVD Total 
(n= 132) (n = 84) 

Cerebral infarct 52(81%) 12(19%) 64 
Myocardial infarction 29(43%) 39(57%) 68 
Peripheral arterial disease 51(61%) 33(39%) 84 

Of the 132 patients with cerebral SVD, 27 patients had no signs or a 
history of myocardial infarction, peripheral arterial disease or large 
territorial cerebral infarct ("pure" cerebral SVD). We compared these 
patients with "pure" cerebral SVD with the 105 other patients, who had 
both SVD and LVD ("combined" SVD and LVD) (table 3). Age, hyper-
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cholesterolemia, diabetes mellitus and the frequencies of the apoE alleles 
did not differ be tween these two groups . Only hyper tens ion was 
significantly more frequent in patients with "pure" cerebral SVD (67% 
versus 44%, p = 0.03). There were less males (59% versus 69%, p = 0.31) 
and smokers (74% versus 85%, p=0.19) in the group of "pure" SVD (not 
statistically significant). The intima-media thickness of the common carotid 
(mean 0.77 versus 0.83, p=0.21) and common femoral artery (mean 1.37 
versus 1.44, p = 0.71) was smaller in pat ients with "pure" SVD (not 
significant). In a multivariate analysis we used age, sex, hypertension, 
smoking status and the three apoE alleles as independent variables. Only 
hypertension (odds ratio 2.6, 95% CI 1.1-6.2) was independently associated 
with "pure" SVD. 

Table 3. Characteristics of patients with MRI signs of cerebral small-vessel disease (SVD) without signs of large-
vessel disease (LVD) ("pure" cerebral SVD), compared with those with signs of both SVD and LVD 
("combined" SVD and LVD), 

"Pure" cerebral SVD "Combined" SVD and LVD P 
(n = 27) (n=l 05) 

mean(SD) age, yr 64,9(10.1) 67.0 (10.0) 0.32+ 

male,% 59 69 0.31' 
hypertension,% 67 44 0.03' 
smoking,% 74 85 0.19* 
hypercholesterolemia^ 48 48 0.95 
diabetes mellitus,% 15 13 0.84 
allele frequency,%: 

e2 1.9 5.2 
£3 83,3 79.5 0.56' 
£4 14,8 5.2 

MT* common carotid art. 0.77(0.14) 0.83 (0.22) 0.21+ 
IMT* common femoral art. .37(0.30) 1.44 (0.68) 0.71+ 

chi-square test 'Student's t-test *IMT =intima media thickness of the posterior wall in millimeters 

Discussion 

In a cohort of patients with symptomatic arterial ischemic disease we 
found that age, hypertension and the absence of apoE e2 or e4 alleles were 
associated with signs of cerebral SVD on MRI. Hypertension was the only 
independently associated risk factor with "pure" SVD. 
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From our data hypertension emerges as the most important risk factor 
for cerebral SVD. Controversies in previous studies about risk factors for 
SVD and LVD can be partially explained by the frequent co-existence of 
both types of arteriopathy. Patients with ischemic stroke often have a 
combination of SVD and LVD.29,30 In about 30% of the patients with 
myocardial infarction asymptomatic cerebral lacunar infarcts have been 
found.31,40 Diabetes mellitus often leads to both small-vessel and large-
vessel disease.32 Likewise, in our study many patients had concomitant 
SVD and LVD (table 2). Contrary to previous studies we separated patients 
with cerebral SVD, who did not have symptoms or a history of LVD ("pure" 
cerebral SVD) from patients with cerebral SVD who also have concomitant 
LVD ("combined" SVD and LVD). Hypertension was significantly more 
common in patients with "pure" cerebral SVD than in patients with 
combined SVD and LVD. After multiple regression analysis hypertension 
was the only factor independently associated with "pure" cerebral SVD. 
Also, patients with "pure" cerebral SVD have thinner arterial walls than 
patients with combined SVD and LVD (table 3), supporting the idea that 
in the first group hypertension may predominantly have caused changes 
in the small arteries instead of large artery disease. 

We also found, that apoE polymorphism is associated with either cerebral 
SVD or LVD. Patients with cerebral SVD more frequently carry the allele 
83, and consequently patients without signs of cerebral SVD, who in fact 
only had manifestations of LVD, more frequently carry alleles e2 and e4. 
Since this is a cross-sectional study, one has to consider a possible selection 
bias. For example, there may be a selective mortality of patients carrying 
82 or 84, who had cerebral SVD, leading to an underrepresentation of 
these patients in our study. However, our results are consistent with 
previous studies. Alleles 82 and e4 have been shown to be associated with 
LVD,33 35 and the apoE e2/e3 phenotype was found to be associated with 
cerebral SVD.36 In addition, the differences in frequencies of hypertension 
and apoE alleles are consistent in both comparisons of patients with 
cerebral SVD to patients without SVD and of patients with "pure" SVD to 
patients with "combined" SVD and LVD. These findings suggest that 
ageing, hypertension and genetic risk factors may interact to cause 
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different types of arterial alterations. One hypothesis is that certain patients 
with vascular risk factors, such as smoking and hypercholesterolemia, 
develop large-vessel atherosclerosis at a relatively early age, promoted 
by hypertension and possibly the presence of the apoE e2 and e4 alleles. 
Others may be relatively protected against environmental factors, but 
develop cerebral small-vessel arteriopathy at a more advanced age, mainly 
as a consequence of hypertension. 

In conclusion, in patients with symptomatic arterial ischemic disease 
we have shown that apoE alleles e2 and e4 are associated with LVD without 
cerebral SVD. Hypertension was significantly more common in patients 
with "pure" SVD (i.e. without symptoms of LVD) than in patients with 
combined SVD and LVD. Our findings suggest an interaction between 
age, apoE genotypes and hypertension for the development of either 
cerebral SVD or LVD. Future prospective and genetic studies are needed 
to clarify the exact influences of risk factors to arterial pathology. 
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Abstract 

Background and purpose 

Pontine hyperintense lesions (PHL) on T2-weighted MRI have been recognized 
recently. Histopathological findings resemble periventricular white matter 
lesions, and a vascular etiology has been suggested. We studied the frequency 
and the associated factors of PHL in patients with symptomatic atherosclerosis. 

Methods 

Two independent observers assessed brain MRI's in a prospective cohort of 
patients with symptomatic atherosclerosis. Only patients in whom both 
observers scored PHL on T2- and proton density-weighted spin-echo images, 
but not on Tl-weighted spin-echo images, were considered to have the lesion. 

Results 

We studied 229 patients: 31% presenting with ischemic stroke, 31% with 
myocardial infarction and 38% with peripheral arterial disease. Both observers 
scored PHL in 23% of all patients. Patients with PHL are significantly older 
and have more lacunar infarcts and periventricular white matter lesions, 
compared with patients without PHL. There are more women, more hyper-
cholesterolemic and diabetic patients and on MRI more cortical infarcts (not 
statistically significant). After logistic regression the presence of white matter 
lesions (odds ratio (OR) 2.7, 95% confidence interval (CI) 1.4-5.3) and lacunar 
infarcts (OR 2.0, 95%CI 1.01-4.0) remain independently associated with PHL. 
PHL is more common in patients with ischemic strokes (39%) than in patients 
with myocardial infarctions (11%) or peripheral arterial disease (19%) (p < 
0.004). 

Conclusions 

We found that PHL on T2- and proton density-weighted images of MRI are 
often found in patients with symptomatic atherosclerosis. The association 
with periventricular white matter lesions and lacunar infarcts suggests that 
PHL is a form of small-vessel disease, with possibly the same pathophysiology. 
The clinical symptoms and consequences of PHL are however not yet clear. 
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In 1995 Pullicino et al. reported 16 cases with "ischemic rarefaction" of 
the pons in a series of 85 patients examined with an MRI.1 They studied 
two cases histopathologically. The pontine areas that were hyperintense 
on T2-weighted (T2W) MRI showed white matter pallor with reactive 
astrocytosis, mostly in the central parts of the pons, with arteriosclerotic 
changes in the small arteries. The authors also saw lacunar infarcts in 
and around these areas. The histopathological findings are similar to those 
found in periventricular leukoaraiosis (LA) as seen on CT-scans or white 
matter lesions (WML) as seen on MRI.23 Patients with pontine rarefaction 
more often suffered from hypertension and diabetes mellitus, as compared 
with patients without these lesions, but differences were not statistically 
significant. The clinical relevance of these pontine rarefaction is not clear. 

The findings in the two cases of Pullicino et al. suggest a vascular 
etiology1 We therefore expected to find pontine hyperintense lesions (PHL) 
on T2W MRI more frequently in a population of atherosclerotic patients. 
We examined the frequency of PHL in a cohort of atherosclerotic patients 
and studied its association with vascular risk factors and other manifestations 
of vascular brain disease. 

Patients and Methods 

Patients with symptoms of atherosclerosis were recruited prospectively 
from January 1992 to february 1996 in two teaching hospitals with both 
regional and secondary referral function. We collected patients with recent 
ischemic stroke, myocardial infarction or peripheral arterial disease, since 
these diseases are the most important clinical manifestations of athero
sclerosis. Recent ischemic stroke was defined as an acute focal neurological 
deficit persisting at least one week. Hemorrhage was ruled out by a CT-
scan. The type of stroke was determined according to the criteria of Bamford 
et al.4 Severity was graded on a clinical scale: mild stroke: symptoms or 
signs that did not cause impairment in activities of daily living (ADL); 
moderately severe stroke: paresis of arm or leg that caused moderate 
impairment in ADL, or dysphasia with residual verbal communication; 
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severe stroke: paresis of arm or leg or both, that caused severe impairment 
of ADL, or a severe communication disorder. Myocardial infarction was 
defined as characteristic angina pectoris for more than 20 minutes and 
laboratory- or ECG-findings characteristic for myocardial infarction. 
Peripheral arterial disease was defined as intermittent claudication with 
characteristic leg pain on walking that disappeared in rest or a history of 
intermittent claudication treated with vascular surgery. Patients with 
dementia were excluded. The study was approved by the medical ethics 
committees in both hospitals. All patients gave their informed consent. 
We recorded smoking status and medical history. Hypertension was defined 
as a diastolic blood pressure of > 95 mmHg on repeated prior measurements 
or a current treatment for hypertension. Hypercholesterolaemia was defined 
as a total plasma cholesterol level of > 7 mmol/1 or a current treatment for 
hypercholesterolaemia. 

MRI was performed with a Siemens Magnetom 63 SP/4000 (1.5 Tesla). 
Transversal Tl-weighted (T1W), T2W and proton density-weighted (PDW) 
spin echo images were made. Two investigators (VIHK,BV) independently 
assessed the MRI scans without knowledge of clinical or laboratory data. 

We defined PHL as confluent hyperintense areas on T2W, PDW, or both 
images, without distinct borders, but with normal or slightly hypointense 
corresponding signals on T1W images. Lacunar infarcts were defined as 
well-demarcated hyperintense lesions on T2W images with corresponding 
demarcated hypointense lesions of less than 2 cm diameter on T1W images. 
With these definitions the agreement for the presence or absence of PHL 
between the two observers was good (kappa = 0.63). We considered patients 
to have PHL only if both observers agreed on its presence. In all other 
cases PHL was judged absent. 

We assessed hemispheric white matter lesions (WML) on the T2W and 
PDW images. WML was graded according to an adapted version of the 
scoring-system of Fazekas et al.5 Periventricular hyperintensities limited 
to small caps and pencil-thin linings were considered normal. 
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Statistical analysis 

The presence or absence of PHL was related to other clinical and MRI 
characteristics. Frequency differences were analyzed with the Chi-squared 
test with the Yates' correction for small sample sizes. Continuous data 
were analyzed with the Student's t-test or the Mann-Whitney U-test, when 
appropriate. Since we made multiple comparisons, a p-value of < 0.005 
(0.05/10) was considered significant. This analysis was also done in the 
different vascular subgroups. Lastly, we compared patients with PHL only 
to patients with neither WML nor PHL. 

We examined the association between PHL and a number of variables 
with multivariate analysis using a logistic regression model. The presence or 
absence of PHL was assigned as dependent variable and the other data of 
interest as independent variables using a stepwise forward selection strategy. 
For this analysis age was dichotomised according to the median (65 year). 
Patients with missing values were excluded from the analysis. A second logistic 
regression analysis was done in patients without supratentorial WML to 
compare patients with PHL only to patients with neither WML nor PHL. 

Results 

We analyzed 229 patients in this study (table 1). Thirty-one percent had 
an ischemic stroke, 31% a myocardial infarction and 38% peripheral 
arterial disease. The mean age was 61.8 (sd 11.7). Most patients were male 
(68%). Forty-one percent had hypertension and a majority were smokers 
(86%). Approximately half have hypercholesterolaemia and 12% was 
diabetic. On the MRI many patients showed WML (39%) and lacunar 
infarcts (46%), while only a minority had cortical infarcts (12%). 

Of the patients with ischemic stroke, 60% had symptoms of a ( sub 
cortical infarct and 40% of a lacunar infarct. Most of them (76%) had a 
moderately severe stroke and a minority a mild (17%) or a severe (7%) 
stroke. All stroke patients had hemispheric infarcts, except for three with 
brainstem signs. Among the stroke patients 15% had a history of TIA or 
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Table 1. Characteristics of 229 patiei its with and without pontir ie T2W-hypei 'intense lesions. 

All Pontine T2W-•hype rintense lesions 
patients + - P' 

N 229 52 177 
age, yr7 61,8(1 1 .7) 66,8(9, 1) 60.3(1 2.0) < 0.001 
male,% 67,7 57,7 70.6 ns 
hypertension,% 40.6 42.3 40.1 ns 
cardiac disease,% 31.0 30.8 31.1 ns 
smoking,% 85.6 76.9 88,1 ns 
hypercholesterolaemia,% 48,2 52.9 46.8 ns 
diabetes mellitus,% 1 1.8 13.5 1.3 ns 

WML%* 39.3 61.5 32.8 <0.00 
lacunar infarcts,% 45.9 65.4 40.1 < 0.005 
cortical infarcts,% 1 1.8 19.2 9.6 ns 

Chi-square test, except for age: Student's t-test +mean (sd) +(supratentorial) white matter lesions 

Fig. I. MRI scan shows pontine hyperintense lesions (PHL) on T 2 W images (right) without marked hypointense 
corresponding signals on T I W images (left). 

minor stroke, while among the myocardial infarction and peripheral 
arterial patients 6% and 5% had such a history, respectively. Conversely, 
9% and 11% of the stroke patients had a history of myocardial infarction 
or a peripheral arterial disease, respectively. 

In 52 cases (23%) both observers independently agreed on the presence 
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Fig. 2. MR.I scan shows pontine hyperintense lesions (PHL) on T 2 W images (right) without corresponding 
hypointense signals on T I W images (left). 

of PHL (figures 1 and 2). In 16 patients there was disagreement. These 
pat ients were added to the control group. The three pat ients with 
brainstem signs all had PHL and also a lacunar infarct in a different 
location: two about 10 mm caudally and one only unilaterally, while the 
PHL was seen bilaterally. Thirty-two (14%) patients had both PHL and 
supratentorial WML. Thus, 20 patients (9%) had PHL without evidence 
of WML. Hundred-nineteen (52%) patients had neither WML nor PHL. 
Fifty-eight (25%) patients had WML only. 

Patients with PHL were significantly older and more often had lacunar 
infarcts and WML than patients without PHL (table 1). There were more 
women, more hypercholesterolaemic and diabetic patients, but less 
smokers (not statistically significant). The frequencies of hypertension and 
cardiac disease were similar in patients with and without PHL. Cortical 
infarcts were seen more frequently in patients with PHL, but this was not 
statistically significant. The presence of PHL was significantly correlated 
with the severity of WML (p < 0.001, Mann-Whitney U-test). 

After logistic regression only the presence of WML (odds ratio (OR) 2.7, 
95% confidence interval (CI) 1.4-5.3) and lacunar infarcts (OR 2.0, 95%CI 
1.01-4.0) remained independently associated with PHL. 
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Table 2. Frequencies of risk factors and MRJ-findings in patients with and without pontine T2W-hyperintense 
lesions divided in different symptomatic groups. 

Ischemic stroke Myocardial inf. Peripheral art. disease 

Pontine T2W lesions + - + - + -

N 27 43 8 63 17 71 
age. yr' 65.9 60.8 60.1 58.1 71.3 61.9' 

(10.4) (12.3) (6.8) (12.9) (5.0) (10.8) 

male,% 48 51 100 83 53 72 
hypertension,% 59 58 13 43 42 27 
smoking,% 67 81 88 84 88 96 
hypercholesterolaemia,% 41 38 50 41 75 57 
diabetes mellitus,% 15 14 0 1 1 18 10 

WML,%S 85 44+ 13 24 47 34 
lacunar infarcts,% 81 60 63 25 41 41 
cortical infarcts,% 33 23 0 0 6 10 

"mean (sd) fp < 0.001 (Student's t-test) *p < 0.001 (Chi-square test) s(supratentorial) white matter lesions 

To clarify the differences between the symptomatic groups we analyzed 
the frequencies of the vascular risk factors and the MRI-findings within 
the subgroups (table 2). PHL was more frequent in patients with ischemic 
strokes (39%) than in patients with myocardial infarctions (11%) or 
peripheral arterial disease (19%) (p < 0.004, Chi-square test). In all 
subgroups pat ients with PHL were older, but this was statistically 
significant only in those with peripheral arterial disease. The only other 
factor significantly associated with PHL was the presence of WML in 
patients with ischemic stroke. The other factors did not differ significantly 
within the subgroups, but there were more lacunar infarcts in patients 
with PHL within the stroke and myocardial infarction groups. 

We analyzed the patients with PHL only (without supratentorial WML) 
and contrasted them to patients with neither WML nor PHL. In a univariate 
analysis only age was significantly correlated with PHL (p < 0.001, Student's 
t-test). The presence of lacunar infarcts was weakly correlated with PHL (p 
= 0.02, Chi-square test). In a logistic regression analysis age is the only 
factor independently associated with isolated PHL (OR 3.4, 95%CI 1.3-9.1). 
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Discussion 

In a population of patients with different manifestations of atherosclerosis 
we found a substantial proportion of patients with PHL (23%). We used a 
strict definition of PHL to be as specific as possible. With our definition of 
PHL a good interobserver agreement was achieved. The observed 
proportion of PHL is comparable with an earlier study.1 To our knowledge 
the first report on hyperintense MRI-lesions of the pons was published in 
1993 by Watanabe et al. (in Japanese).6 

Hyperintense pontine lesions on T2W MRI may be caused by multiple 
sclerosis, neoplasms, central pontine myelinolysis, infarcts and Wallerian 
degeneration. It is highly unlikely, that one of these conditions caused 
PHL in our patients. They neither had a history of multiple sclerosis, nor 
cancer, nor severe alcoholism, nor electrolyte disturbances. Pontine 
infarcts would leave corresponding sharply demarcated, hypointense 
signals on the T1W images. This was only seen (in a different location 
than the PHL) in three patients with clinical signs of brainstem infarct. 
We found no evidence for Wallerian degeneration, such as lesions that are 
more rostrally located in the pyramidal tract or other long tracts. 

Pullicino et al. suggested that PHL is a variant of WML.1 In two of their 
patients the histopathological features of PHL resembled those of WML. 
They suggest that PHL is caused by hypoperfusion. The central part of 
the pons may be particularly vulnerable for effects of hypoperfusion. As 
shown in a recent study, this area corresponds with a vascular border 
zone, supplied by the anteromedial, the lateral and the posterior groups 
of small penetra t ing arteries arising from the basilar and superior 
cerebellar arteries.7 A similar borderzone exists in the periventricular areas 
between the vascular territories of the long penetrating pial arteries and 
the lenticulostriate arteries.8 WML is probably caused by arteriolosclerosis 
of small arteries and arterioles of the brain.913 Hyaline deposits and intimai 
atheroma formation may narrow the orifices of the penetrating arteries 
and the lumen of small arteries. This so-called small-vessel disease is likely 
to impair the microcirculation. When a substantial part of the small arteries 
becomes affected, the tissue in the borderzones of these arteries may 
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become compromised, leading to demyelination.8 Arteriolosclerosis, 
expressed by increased wall thickness of the arterioles, is strongly 
associated with WML.3 Occlusion of a single small artery results in a 
lacunar infarct.8 This type of infarct occurs frequently in patients with 
WML.14 

We postulate that arteriolosclerosis in the small arterioles of the pons 
leads to PHL in the central pontine areas by the same mechanism as in 
WML. Two findings support this hypothesis. Firstly, in our patients WML 
is associated with PHL and the severity of WML correlates with the 
presence of PHL. This may point to a common pathophysiological 
mechanism, namely small-vessel disease. Secondly, lacunar infarcts are 
also associated with PHL. As mentioned above, this type of infarct is 
probably also caused by a small-vessel disease. In addition Pullicino et al. 
provided pathological evidence for this hypothesis, when they mentioned 
"typical" arteriosclerotic hypertensive changes of the small arteries in the 
pons, although they did not describe these changes in detail.1 

Several case-control studies show that the strongest risk factor for WML 
is age.15 In our patients with PHL (without supratentorial WML) age is 
the only factor independently associated with PHL. Hypertension is also 
associated with WML and is likely to be important in its pathogenesis.1517 

A prior history of stroke, myocardial infarction and diabetes mellitus has 
variably been reported in patients with WML.1516'18 21 We found more 
hypercholesterolaemia and diabetes mellitus in patients with PHL, but this 
was not statistically significant. Pullicino et al. found higher frequencies of 
hypertension and diabetes mellitus in patients with PHL, but this was also 
not statistically significant.1 

Within the symptomatic subgroups the only factors associated with PHL 
were age (in patients with peripheral arterial disease) and WML (in 
patients with stroke) (table 2). The higher frequencies of WML and lacunar 
infarcts (although the latter is not statistically significant) within the stroke 
group could explain the higher prevalence of PHL in our stroke patients. 
For that matter we found a larger proportion of patients with lacunar 
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infarcts than in other series of stroke patients,4 probably due to the fact 
that a number of patients with large infarcts could not give consent, were 
not able to undergo an MRI or died before MRI could be performed. 

To summarize, we found that patients with different clinical manifestations 
of atherosclerosis often have pontine hyperintense lesions on MRI T2W- and 
PDW-images. The association with periventricular white matter lesions and 
lacunar infarcts suggests that pontine hyperintense lesions are a form of 
small-vessel disease with possibly the same pathophysiology. This is 
supported by histopathological findings in a previous study on this subject.1 

The clinical significance of PHL, if any, is not clear. Some authors speculate 
that these patients may have neurological symptoms,1'6 but this remains to 
be demonstrated in clinical studies. 
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Chapter 4 

Abstract 

Background and purpose 

To examine clinical relevance of isolated pontine hyperintense lesion (PHL) 
on MRI in patients with atherosclerosis. 

Methods 

Seventeen atherosclerotic patients with isolated PHL on MRI were compared 
with 17 patients without PHL, matched for age, sex and initial manifestation 
of atherosclerosis. Subjects and observer were blinded to the MRI findings. 
We assessed symptoms, impairment and disability with a protocolized 
interview and neurological examination, and disability scales. 

Results 

On all items patients with PHL scored worse than their controls. We found the 
largest differences in frequencies of symptoms of disequilibrium, difficulties 
with speech or swallowing, the Timed Walking Test and the body care and 
movement subscale of the Sickness Impact Profile. Except for disequilibrium 
(p = 0.04), these differences did not reach statistical significance. Abnormal 
tandem-walking tests were more frequent in patients than in controls. 
Pyramidal signs were equally distributed. 

Conclusions 

We propose PHL as a cause of symptoms of disequilibrium in patients with 
atherosclerosis. Symptoms are probably elicited by dysfunction of the 
corticopontine fibers, the pontocerebellar fibers or the pontine nuclei. 
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Disequilibrium is a common symptom of the elderly with a prevalence 
of up to 30% in community-based studies.1,2 It is defined as a sensation of 
dizziness or unsteadiness when standing or walking, but not while sitting 
or lying down.3 Disequilibrium is a diagnostic challenge. There are many 
potential causes, but even after careful history and examination the cause 
often remains unclear in individual patients.34 

Leukoaraiosis (on CT-scan) or white matter lesions (on MRI) of the 
cerebral hemispheres is a cerebrovascular disorder that may cause 
disequilibrium.5,6 In 1995 Pullicino et al. reported 16 cases with "ischemic 
rarefaction" of the pons, that appears as a hyperintense area on T2-weighted 
magnetic resonance imaging (MRI). These lesions resemble supratentorial 
leukoaraiosis, as was histopathologically confirmed in two cases.7 Recently, 
we described characteristics of patients with similar pontine hyperintense 
lesions on T2-weighted MRI (PHL) and suggested that PHL is a 
manifestation of cerebral small vessel disease.8 The clinical relevance of 
PHL has so far only been examined in a Japanese study in a group of 
patients who also had supratentorial white matter lesions and pontine 
infarcts.9 Subjective complaints as vertigo and dizziness were found more 
frequently in patients with PHL.9 However, clinical studies about isolated 
PHL have to our knowledge not been done so far. We hypothesized that 
PHL may cause dysfunction of the pyramidal and cerebellar tracts and 
therefore cause gait or equilibrium disorders. We examined the symptoms 
and signs of patients with isolated PHL (without supratentorial white 
matter lesions) and compared them with those without PHL in a cohort of 
atherosclerotic patients. 

Patients and Methods 

For this study we examined patients with PHL, who had no supratentorial 
white mat ter lesions. These pat ients were identified in an ongoing 
prospective cohort study of 229 atherosclerotic patients, who had presented 
initially with either non-disabling ischemic stroke, myocardial infarction 
or peripheral arterial disease.10 Controls were patients from the same cohort 
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with neither PHL nor supratentorial white matter lesions. 
We matched the controls for age, sex and the initial manifestation of 

atherosclerosis.11 For each patient with PHL a control was drawn and first 
matched for the initial atherosclerotic disease. Age was then individually 
matched as close as possible within the range of 10 years. Sex was matched 
as far as possible, but if this was not feasible, it was assigned a lower priority 
than the two other variables. The study was approved by the medical ethics 
committees in the participating hospitals. All patients and controls gave 
their informed consent. 

Transversal Tl-weighted spin-echo, proton density- and T2-weighted 
spin-echo images were made with a Siemens Magnetom 63 SP/4000 (1.5 
Tesla).10 Two investigators (VIHK,BV) independently assessed the MRI 
scans without knowledge of clinical or laboratory data. We defined PHL 
as confluent hyperintense areas on T2-weighted or proton density-
weighted images, without distinct borders. To avoid including pontine 
infarcts, cases with well-demarcated frank hypointense corresponding 
lesions on Tl-weighted images were excluded.10 With these definitions 
the agreement for the presence or absence of PHL between the two 
observers was good (kappa = 0.63). We diagnosed PHL only if both 
observers independently agreed on its presence. In all other cases PHL 
was judged absent. Supratentorial white matter lesions were assessed on 
the T2-weighted and proton density-weighted images. Periventricular 
hyperintensi t ies limited to small caps and pencil-thin linings were 
considered normal. Patients with more extended white matter lesions 
were excluded. 

Neither the clinical investigator (LHZ) nor the patients were informed 
about the MRI-findings. All subjects were interviewed about problems 
with walking and equilibrium. We assessed symptoms and signs with a 
structured interview and physical examination. The question concerning 
disequilibrium was: "Did you suffer from dizziness or unsteadiness (on 
walking or standing) during the past year?" (see Appendix A). We paid 
special attention to gait, tandem-walking in a straight line, the Romberg 
test and pyramidal signs. Broad-based gait, variable stride-length or 
circumduction were considered abnormal. Tandem-walking was considered 
abnormal, if, after practicing once, the patient made more than two deviations 
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from a 5 meters straight line. If the patient stepped aside during the Romberg 
test, it was considered abnormal.12 Speed of walking was measured with the 
Timed Walking Test.13 Disability was assessed with the following scales: 
Rivermead Mobility Index,14 Häuser Ambulation Index,15 and "body care and 
movement"- and "ambulation"-subscales of the Sickness Impact Profile.16 

These scales are given in appendix A. 

Statistical analysis 

We analyzed the variables in the two groups univariately with the 
Wilcoxon matched pair signed rank sum test to compare medians, the 
sign test for ordinal data, and the McNemar's test for frequency data.11 A 
p-value of < 0.05 was considered significant. Since this is an explorative 
study we were also interested in trends. Therefore we did not correct for 
multiple comparisons. We considered multivariate analysis inappropriate 
because of the small number of patients. 

Results 

In the cohort of 229 patients with symptomatic atherosclerosis we 
identified 20 patients with isolated PHL and described their characteristics 
in a previous study.10 In summary, there were strong associations with 
higher age, supratentorial white matter lesions and lacunar infarcts but 
not with hypertension, cardiac disease, smoking, hypercholesterolemia 
and diabetes mellitus.10 We compared the patients with isolated PHL with 
twenty controls from the same cohort. Two patients refused and one patient 
had bilateral amputated legs due to peripheral arterial disease. These 
three patients and their controls were excluded. Matching was successful 
concerning initial atherosclerotic disease (non-disabling ischemic stroke, 
myocardial infarction or peripheral arterial disease) and age. A full 
pairwise match for sex was not possible, but both groups were balanced 
for this variable. 

To examine the exact location of PHL, patients MRI's were drawn on 
sheets and superimposed on each other. PHL was most frequently located 
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Figure I. Hyperintense lesions on a T2-weighted MRI 
of the pons. 

in the central regions of the ventral part of the pons with relative sparing of 
the midline (figures 1 and 2). The mesencephalon and the medulla oblongata 
had a normal appearance. 

Clinical data and results are given in the table. Three patients and 
controls had had a minor ischemic stroke, 7 pairs myocardial infarction 
and 7 pairs had peripheral arterial disease. These conditions had been 
diagnosed on average 3.6 years before the present study. There were no 

Table. Characteristics of 34 patients with and without pontine hyperintense lesions on T2-weighted MRI (PHL). 

Patients Patients 
with PHL without PHL P 
(n= 17) (n = 17) 

age, yr: 66 (47-80) 65 (47-77) 
disequilibrium 12 (7 I %) 5 (29%) 0.04 
difficulties with speech or swallowing 8 (47%) 2 (I 2%) 0.07+ 
abnormal tandem-walking I0 (59%) 6 (35%) 0.291" 
Babinski's sign 5 (29%) 4 (24%) ,00f 

Timed Walking Test, sec.' 9.6 (6.1-32.2) 8,7 (6.0-1 2.7) 0.07+ 
Rivermead Mobility Index'1 I4 (4-I5) I5 (I2-I5) 0.34s 

Häuser Ambulation Index'1 
(0- 5) I (0-2) 0.34* 

Sickness Impact Profile* 
body care & movement, % 4.3 (0.0-40.1) 0,0 (0.0-9.6) 0.05+ 
ambulation,% 10.6 (0.0-49,6) 4.2 (0.0-44.4) 0.1 1 + 

median (range), +McNemar's test, +Wilcoxon matched pairs signed rank sum test, *sign test 
Rivermead Mobility Index: I 5 = no restriction »>-> 0 = maximal restriction 
'Häuser Ambulation Index: 0 = asymptomatic * • 9 = restricted to wheelchair, unable to transfer 
"Sickness Impact Profile : 0% = no dysfunction »»-• 100% = maximal dysfunction 
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Figure 2. Schematic diagram of the superimposed locations of pontine hyperintense lesions in 17 patients 
(* = 4th ventricle). 

other vascular events afterwards. One patient with myocardial infarction 
had a previous medical history of TIA, and 2 patients with stroke and one 
control with peripheral arterial disease had a previous history of myocardial 
infarction. Twelve of the 17 patients (71%) with PHL complained about 
disequilibrium versus 5 of the 17 controls (29%). Eight patients (.47%) had 
difficulties with speech or swallowing versus 2 controls (12%). Five patients 
complained of clumsiness in arm or leg against 4 controls. All patients 
had normal eye movements. Babinski's signs were equally distributed: 5 
patients and 4 controls. Only one patient (with PHL) had an abnormal 
Romberg test. Abnormal tandem-walking was more frequent in patients 
(10) than in controls (6). On all scales the patients with PHL scored worse 
than their controls: longer median Timed Walking Test, lower scores in 
the Rivermead Mobility Index, more restrictions on the Häuser Ambulation 
Index and more dysfunction on the SIP scales. However, except for 
disequilibrium (p=0.04), these differences did not reach statistical significance. 

To check the symptoms of disequilibrium, we examined the individual 
items of the Rivermead Mobility Index and the Sickness Impact Profile. 
The most common symptom scored on the Rivermead Mobility Index was 
that patients could not run or walk fast (item 15: "Are you able to run (or 
walk fast) 10 meters in 4 seconds without limping ?"). The most frequently 
reported problems on the Sickness Impact Profile concerned balance and 
walking uphill or stairs (item 2 "I do not walk up and down hills", item 4 "I 
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do not maintain balance", item 7 "I walk by myself but with some difficulty, 
for example limp, wobble, stumble, have stiff leg", item 9 "I go up and down 
stairs more slowly, for example, one step at a time, stop often"). 

Discussion 

We found that patients with PHL significantly more often report 
disequi l ibr ium than do controls. On all physical examinat ion and 
clinimetric items patients scored worse than did controls. Statistical 
significance on most individual scales was not reached, probably because 
of the small sample size. It should be noticed, that we did not correct for 
multiple comparisons (a total of 10), since we were interested in trends in 
this explorative study. The fact that symptoms, signs and disability scales 
all point to the same direction, strongly indicates that our findings are 
valid. Bias was prevented by blinding patients and observer to the MRI 
findings. Our results are in accordance with a previous Japanese study, of 
which only an English abstract is available.9 In this study, patients with 
PHL more frequently complained of "vertigo-dizziness" than controls and 
than patients with pontine infarcts. However, patients with supratentorial 
white matter lesions were included. It is known, that such lesions are also 
associated with disequilibrium.5 In our study we examined patients with 
isolated PHL. 

PHL is mainly located in the central area of the ventral part of the pons 
(figure 2), where the corticospinal tracts cross the pontocerebellar fibers 
and the pont ine nuclei.17 The pontine nuclei receive corticopontine 
projections from the ipsilateral frontal and parietal lobes. From these nuclei 
efferent pontocerebellar fibers pass through the middle cerebellar peduncle 
to the cerebellum, where they relay on the globose and emboliform nuclei 
and project to the cerebellar hemispheres.1718 Theoretically, PHL might 
affect the function of the corticospinal, corticopontine or pontocerebellar 
fibers. The more dorsally located medial lemniscus, reticular nuclei, medial 
longitudinal fasciculus and reticulospinal and tectospinal tracts and the 
more caudally located vestibular nuclei are spared. We found no differences 
in the frequency of pyramidal signs between patients and controls, but more 
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patients had abnormal tandem-walking compared with controls. These 
findings and the location of PHL suggest that disequilibrium in these patients 
is caused by dysfunction of the corticopontine fibers, the pontocerebellar 
fibers or their connections in the pontine nuclei. 

Isolated lesions of pontine nuclei or of the tracts that traverse through 
the middle cerebral peduncle have neither been described in man, nor 
have been studied in animal models.18 Ventral pontine lacunar infarcts, 
especially the anterolateral infarcts, may cause the syndrome of ataxic 
hemiparesis, or bilateral leg ataxia with only slight or absent paresis.19 22 

In these lesions the corticopontine or pontocerebellar fibers are mainly 
destroyed.19,23 In our patients symptoms of disequilibrium and abnormal 
tandem-walking might be the only manifestation of impaired function of 
the same structures. Although subtle, this may lead to increased disability, 
as suggested by the worse scores on the disability scales. More specifically, 
the most common complaint was that they could not run fast, walk fast, or 
walk uphill or stairs. Patients also more frequently reported difficulties 
with speech or swallowing. There were no other lesions on MRI in the 
brainstem than PHL, that could explain these symptoms, and we postulate 
that these symptoms may also be attributable to PHL. 

The regions in the ventral pons, where PHL is predominantly present 
(figure 2), are situated in a borderzone area of the penetrating pontine 
arterioles.2425 Pathologic changes of these arterioles, such as lipohyalinosis, 
may cause ischemia with subsequent loss of myelin and Oligodendroglia 
cells.7 Other observations also suggest a link between disequilibrium and 
cerebrovascular disease. Dizzy patients more often take aspirin, and more 
frequently have a history of cardiovascular disease and signs of vascular 
lesions on MRI of the brain.1,58 In our previous study we found a strong 
association with supratentorial white matter lesions and lacunar infarcts.10 

These findings suggest a common pathophysiology, namely small-vessel 
disease. In the histopathologic studies of Pullicino et al. the same 
microscopical changes were seen both in PHL and supratentorial white 
matter lesions.7 

Our current findings suggest that PHL, induced by micro-angiopathic 
changes leading to ischemia in the perfusional borderzones in the central 
pons, may be a cause of disequilibrium in patients with atherosclerosis. 
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Abstract 

We compared the frequencies of signs of old intracerebral hemorrhages on 
brain MRI's in 66 patients with ischemic stroke, 69 with myocardial infarction 
and 86 with peripheral arterial disease (total 221 patients). MRI's were 
independently assessed by two investigators without knowledge of clinical 
or laboratory data. In 31 patients (14%) we found local cerebral hemosiderin 
deposits. In 24 patients they were clinically silent. Hemosiderin deposits were 
significantly more frequent in patients with ischemic stroke (26%) than in 
patients with myocardial infarction (4%) or peripheral arterial disease (13%) 
(p = 0.002). Hemosiderin deposits were associated with cerebral white matter 
lesions (odds ratio 5.3, 95%CI 2.5-12.4). The odds ratio's were higher in 
patients with severe cerebral white matter lesions. Our findings support the 
hypothesis that cerebral vessels of patients with ischemic stroke are more prone 
to rupture than those of patients with other manifestations of atherosclerotic 
disease, which may explain the higher incidence of intracerebral hemorrhages 
when these patients are treated with oral anticoagulants. The microhemorrhages 
were associated with cerebral white matter lesions, which suggests that they 
are another manifestation of cerebral small-vessel disease. 
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Introduction 

The risk of intracerebral hemorrhage after secondary prophylactic 
treatment with oral anticoagulants seems larger in patients anti-coagulated 
after a non-disabling ischemic stroke than after a myocardial infarction.15 

In one recent study of anticoagulants after ischemic stroke the incidence of 
intracerebral hemorrhage was 36 per 1000 patient-years,1 against 1 to 10 
per 1000 patient-years in patients anticoagulated after myocardial infarcts.2-

5 In patients with peripheral arterial disease the incidence of intracerebral 
hemorrhage was smaller too (4 per 1000 patient-years), as reported in a 
study of secondary prophylaxis with oral anticoagulants.6 These observations 
suggest that the cerebral vessels of patients with ischemic stroke are more 
prone to rupture than those of patients with myocardial infarction or 
peripheral arterial disease. 

In pathological studies signs of small old intracerebral hemorrhages have 
been found in patients with hypertension as collections of hemosiderin 
adjacent to arterioles and to the micro-aneurysmata of Charcot-Bouchard.7" 
10 These deposits are associated with small-vessel disease of the brain.11 

Cerebral small-vessel disease is a distinct cerebrovascular disorder with 
lipohyalinosis of the small arterioles associated with small deep (lacunar) 
infarcts and cerebral white matter lesions.1213 

Hemosiderin can easily be detected in the brain by magnetic resonance 
imaging (MRI). It remains detectable for years after a hemorrhage as a 
local signal loss on T2-weighted spin-echo images and, more pronounced, 
on T2-weighted gradient echo images, especially with high field magnets 
(1.5 Tesla).1416 

We compared the frequency of small old intracerebral hemorrhages on 
MRI in patients with ischemic stroke, myocardial infarction, or peripheral 
arterial disease, and examined the association with vascular risk factors, 
lacunar infarcts and cerebral white matter lesions. 
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Patients and Methods 

Patients with a recent ischemic stroke, myocardial infarction or 
peripheral arterial disease were examined prospectively from January 
1992 to February 1996 in two teaching hospitals. Ischemic stroke was 
defined as an acute focal neurologic deficit persisting at least one week. A 
symptomatic intracerebral hemorrhage or hemorrhagic infarct was ruled 
out by a CT-scan. The type of stroke was assessed according to the criteria 
of Bamford et al.17 Myocardial infarction was defined as angina pectoris 
for more than 20 minutes and with laboratory- or ECG-findings consistent 
with myocardial infarction. Peripheral arterial disease was defined as 
intermittent claudication with characteristic leg pain or a history of 
intermittent claudication treated with vascular surgery. Patients with 
dementia, patients with anemia and patients using oral anticoagulants 
were excluded. We recorded smoking s ta tus and medical history. 
Hypertension was defined as a diastolic blood pressure of 95 mmHg or 
higher on repeated prior measurements or a current t rea tment for 
hypertension. Hypercholesterolemia was defined as a total plasma 
cholesterol level of 7 mmol/1 or higher or a current treatment for hyper
choles te ro lemia . The s tudy was approved by the medical e thics 
committees. All patients gave informed consent to participate. 

MRI was performed with a 1.5 Tesla Siemens Magnetom 63 SP/4000 
(Siemens AG, Erlangen, Germany). Five millimeter transversal images 
were obtained with a Tl-weighted (T1W-SE), a combined proton density-
weighted (PDW-SE) and a T2-weighted (T2W-SE) spin echo sequence. 
The same series of images were made with a T2W-gradient echo FLASH 
2D sequence. Two investigators (VIHK,BV) independently assessed the 
MRI scans without knowledge of clinical or laboratory data. Patients with 
a cerebral vascular malformation were excluded. 

Hemosiderin deposit was defined as a local hypointense signal on a 
T2W-SE image, more pronounced on the T2W-gradient echo images, with 
corresponding normal or slightly hypointense signals on the T1W-SE 
image. Flow-void artifacts and symmetrical signal loss in the basal ganglia 
were ruled out, to avoid inclusion of blood vessels or basal ganglia ferric 
iron deposits.1819 The agreement between the investigators was good 
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(agreement 87%, kappa = 0.6). In a second session we discussed the doubtful 
cases. Only cases in which consensus was reached, were considered to have 
local hemosiderin deposits. We checked the corresponding areas on the CT-
scans and ruled out cerebral calcifications. 

The MRI-lesions were categorized as follows: hemorrhagic lacunes were 
defined as lacunar lesions smaller than 2 cm with central or peripheral 
hemosiderin deposits (figure l),19-21 lobar hemorrhages as the presence of 
hemosiderin deposits in the cortical areas combined with local atrophy, 
and microbleeds as point lesions with hemosiderin deposits (figure 2).22 

Lacunar infarcts were defined as well-demarcated areas of both hyper-
intense lesions on T2W-SE images and corresponding hypointense lesions 
on T1W-SE images without signs of hemosiderin deposits. We assessed 
cerebral hemispheric white matter lesions on the T2W-SE and PDW-SE 
images, using an adapted version of the scoring-system of Fazekas et al.23 

Hyperintensities limited to small caps and thin linings along the ventricles 
were considered normal. 

Figure I. Hemorrhagic lacune in the brain: 
hemosiderin deposit is visible on a T2W-gradient 
echo MRJ-scan as a black ring around a cyst-like 
lesion in the left putamen. 

Figure 2. Microbleeds in the brain: multiple small 
hemosiderin deposits are visible on a T2W-gradient 
echo MRJ-scan as black dots in the thalamus on 
both sides, 
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Statistical analysis 

The presence of local hemosiderin deposits was related to patient 
characteristics. Frequency differences were analyzed with the Chi-square 
test with the Yates' correction for small sample sizes. We also performed a 
multivariate analysis of the association between hemosiderin deposits and 
possibly related factors using a logistic regression analysis with a stepwise 
forward selection strategy. All factors with a p < 0.20 in the univariate 
analysis were entered in the model. The associations were expressed as 
odds ratios (calculated as the anti-logarithm of the regression coefficients 
of the logistic regression model) with 95% confidence intervals. Patients 
with missing values were excluded. 

Results 

We studied 66 patients with an ischemic stroke, 69 with a myocardial 
infarction and 86 with peripheral arterial disease, a total 221 patients 
(table 1). The mean age was 62.0 years. Most patients were male (69%) 
and smokers (86%). A substantial part had hypertension (41%), half had 
hypercholesterolemia (49%) and 12% had diabetes. On MRI many patients 
showed white matter lesions (41%) and lacunar infarcts (47%). Four percent 
of the patients with ischemic stroke and 7% of the other patients had a 
history of a prior transient neurological deficit, assumed to be a transient 
ischemic attack (TIA) or minor stroke. Mean interval between index stroke 
and MRI was 6.0 months (sd 3.2). No new symptomatic strokes occurred 
between the index stroke and the time of the MRI. 

Local hemosiderin deposits were found in 31 of the 221 patients (14%). 
Among stroke patients 17 of 66 (26%) had hemosiderin deposits, against 3 
of 69 (4%) patients with myocardial infarction and 11 of 86 (13%) patients 
with p e r i p h e r a l a r te r ia l d isease (Chi -square test , p = 0.002). The 
hemosiderin deposits consisted of 18 hemorrhagic lacunes, 4 small lobar 
hemorrhages and 9 microbleeds. The hemorrhagic lacunes and micro-
bleeds (total 27) were located in the basal ganglia in 16 patients, in the 
subcortical white matter in 7 patients, in the pons in 2 patients and in the 
cerebellar hemispheres in 2 patients. There were no differences in location 
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Table I. Characteristics of the patients according to the principal vascular disease. 

All 
patients 
(n=22l) 

Ischemic 
stroke 
(n=66) 

Myocardial 
infarction 
(n = 69) 

Peripheral arterial 
disease 
(n = 86) 

mean (SD) age, yr 62,0(1 1.7) 63.0(1 1.8) 58.6(12.3) 63.7(10.7) 
male,% 69 53 84 69 
hypertension,% 41 58 41 28 
smoking,% 86 77 84 94 
hypercholesterolemia,% 49 42 42 60 
diabetes mellitus,% 12 15 10 10 

cerebral WML',% 41 62 23 38 
lacunar infarcts,% 47 71 29 42 
cortical infarcts,% 12 24 0 1 1 
cerebral atrophy,% 8 1 i 7 6 

* white matter lesions 

of the hemosiderin deposits (basal ganglia versus subcortical white matter) 
be tween younger and older pat ients (Chi-square test, p = 0.6) and 
hypertensive or non-hypertensive subjects (Chi-square test, p=0.8). 

All 17 pat ients with an ischemic stroke, who turned out to have 
hemosiderin deposits, had a CT-scan. Fourteen patients were scanned within 
14 days and 3 patients on day 19,20 and 27. No hemorrhages or calcifications 
were seen. In all patients with a prior neurological deficit a CT-scan was 
made at that time. These scans did not show any hemorrhages. The 
hemosiderin deposits in 12 of the 17 stroke patients were located in the 
clinically unaffected hemisphere. From the 14 other patients with hemosiderin 
deposits, 12 never had a TIA or stroke. This implies that in 24 patients (77%) 
the hemosiderin deposits could not be attributed to any clinical event. 

In the univariate analysis age and the presence of cerebral white matter 
lesions and lacunar infarcts were significantly associated with hemosiderin 
deposits (p=0.004, < 0.0001 and 0.003 respectively, table 2). Patients with 
hemosiderin deposits were more often female, hypertensive, and non-
smokers (p = 0.07, 0.03 and 0.009 respectively, table 2). After multivariate 
logistic regression analysis cerebral white matter lesions remained the 
only factor independently associated with the presence of hemosiderin 
deposits (odds ratio (OR) 5.3, 95% confidence interval (95%CI) 2.5 - 12.4). 

We also examined the relation between the severity of the cerebral white 
matter lesions and the frequency of the hemosiderin deposits. Compared 
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Table 2. Characteristics of patients with and without local he ;mosiderin deposits. 

Hemosiderin No hemosiderin P 
deposits deposits 
(n = 3l) (n= 190) 

mean(SD) age, yr 67,1 (10.0) 61.0(1 1.7) 0.004+ 
male>% 55 71 0.07 
hypertension,% 58 38 0.03 
smoking,% 71 88 0.009 
hypercholesterolemia ,% 57 47 0.3 
diabetes mellitus,% 16 II 0.6 

cerebral WML*,% 74 35 <0.000l 
lacunar infarcts,% 71 43 0.003 
cortical infarcts,% 6 1 0.4 
cerebral atrophy,% 16 6 0.12 

Chi-square test + Students t-test * white matter lesions 

to patients with normal white matter, patients with mild cerebral white 
matter lesions (less than half of the white matter involved) had an odds 
ratio for having hemosiderin deposits of 5.0 (95%CI 1.7-14.9), patients with 
moderate cerebral white matter lesions (about half of the white matter 
involved) 6.2 (95%CI 1.8-21.4), and patients with severe cerebral white matter 
lesions (more than half of the white matter involved) 9.4 (95%CI 1.9-40.4). 

Discussion 

In this study we found intracerebral local hemosiderin deposits on MRI 
in 14% of patients with different atherosclerotic diseases. Most lesions were 
clinically silent. Patients with ischemic strokes significantly more often had 
cerebral hemosiderin deposits than patients with myocardial infarction or 
peripheral arterial disease. The most important factor associated with 
hemosiderin deposits was cerebral white matter lesions. 

Although we do not have pathologic confirmation, there is ample 
evidence in the literature that the lesions we described on the T2W-
gradient echo and T2W-SE MRI are indeed deposits of hemosiderin.152024 

The degradation products of blood (like hemosiderin) remain visible on 
MRI after many years.14-15'20-21'25 Old silent punctate microbleeds and 
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hemorrhagic lacunes on MRI have been reported in patients presenting 
with an acute intracerebral hemorrhage.19'21,22 In postmortem studies, 
deposits of hemosiderin were described in patients with small-vessel 
disease due to hypertension and in patients who died from an intracerebral 
hemorrhage.7,8 

Most of the hemosiderin deposits could not be attributed to a past or 
recent clinical event. Only a minority of the lesions were compatible with 
the symptoms in the stroke patients. However, CT-scans of these patients 
did not show cerebral hemorrhage in the acute phase. There are several 
possible explanations. First, the infarcts could have become hemorrhagic 
later and were not seen on an early CT-scan. However, in 12 patients there 
was no history of TIA or stroke at all. Second, small in t racerebral 
hemorrhages can be missed on CT, since they resolve rapidly and become 
isodense within three weeks.26 In our stroke patients most CT-scans were 
made within two weeks. It is unlikely that an intracerebral hemorrhage 
would have been missed within this period. Third, in patients with severe 
anemia intracerebral hemorrhage can be isodense on CT in the acute 
phase, because the density is related to the hemoglobin level.20,27,28 However, 
patients with anemia were excluded from our study. 

The cerebral hemosiderin deposits were associated with higher age and 
the presence of white matter lesions and lacunar infarcts. The severity of 
the white mat ter lesions was correlated with the frequency of the 
hemosiderin deposits. These findings suggest a link to a disease of the small 
cerebral arterioles. An association between intracerebral hemorrhage and 
small-vessel disease has been found in pathological studies. The simultaneous 
occurrence of ischemic lacunar infarcts and intracerebral hemorrhage has 
been described in postmortem studies of patients with small-vessel disease 
due to hypertension.7 Hypertension leads to lipo-hyalinosis of the small 
arterioles, but also to micro-aneurysmata (of Charcot-Bouchard) or medial 
degeneration of the vessel wall,10,30 which may tear and cause small localized 
bleeding or a symptomatic intracerebral hemorrhage.31 Several authors 
have described hemorrhagic lacunes,19,20 that may result from such tears, 
or from secondary hemorrhage after an ischemic lacunar infarct, or even 
from bleeding into a lacune. In this study we can not determine which 
mechan i sm is responsib le for the hemos ider in deposi ts . Another 
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explanation for our findings may be amyloid angiopathy, a small vessel 
disease presenting with lobar hemorrhages with the co-existence of small 
infarcts and white matter lesions, often in elderly, non-hypertensive 
patients.3233 One of our patients was 73 years and normotensive, and had 
hemosiderin deposits in the peripheral subcortical white matter. In the 
entire group however, we could not demonstrate that peripheral location 
of the hemosiderin deposits was more frequent in elderly patients without 
hypertension. Therefore, although amyloid angiopathy may be the cause 
of the micro-hemorraghes in some of our pat ients , we believe that 
hypertensive small-vessel disease is the underlying pathology in most 
cases. 

Pos tmor tem studies in hyper tensive pat ients showed that small 
spontaneous hemorrhages are often self limiting.7-31 Hemostatic mechanisms 
are apparently sufficient to stop such bleeds, probably because they occur 
in low-pressure vessels.11 When these patients are given anticoagulants, 
these small bleedings may enlarge to symptomatic or even lethal intra
cerebral hemorrhages.11 Our findings offer a potential explanation for the 
higher incidence of intracerebral hemorrhages after anticoagulant treatment 
in stroke patients as compared with patients with myocardial infarction or 
peripheral arterial disease. 

In conclusion, in patients with different manifestations of atherosclerosis 
we found MRI-evidence of old small intracerebral hemorrhages, that were 
clinically silent. In patients with an ischemic stroke they are significantly 
more frequent than in patients presenting with a myocardial infarction or 
peripheral arterial disease. The lesions are associated with cerebral white 
mat te r lesions, which suppor ts the idea that they may be another 
manifestation of cerebral small-vessel disease. Silent microhemorrhages 
may be a risk factor for developing symptomatic intracerebral hemorrhage 
in patients receiving oral anticoagulation. 

(for other examples of MRI's: see Appendix B) 

90 



Microhemorrhages in ischemic stroke 

Acknowledgements 

The Amsterdam Vascular Medicine Group: 

Academic Medical Center: 
H.R. Büller, MD, PhD, Centerfor Hemostasis, Thrombosis, Atherosclerosis and Inflammation 
Research, 
VI,H. Kwa, MD, Department of Neurology, 
R.J.G. Peters, MD, PhD, Department of Cardiology, 
J, Stam, MD, PhD, Department of Neurology. 

Slotervaart Hospital: 
R.H. Bakker, MD, Department of Cardiology, 
D.RM. Brandjes, MD, PhD, Department of Internal Medicine, 
J.J. van der Sande, MD, PhD, Department of Neurology. 

Amstelveen Hospital: 
J.A. Lawson, MD, PhD, Department of Surgery. 

Apeldoorn Center Hospital: 
J.G. Kromhout, MD, PhD, Department of Surgery. 

We thank Prof. M.Vermeulen, MD, PhD, and W.A. van Gool, MD, PhD, neurologists, Department 
of Neurology, Academic Medical Center, Amsterdam, fortheir critical comments on the manuscript. 

References 

1. The Stroke Prevention In Reversible Ischemia Trial (SPIRIT) Study Group. A randomized 
trial of anticoagulants versus aspirin after cerebral ischemia of presumed arterial origin. 
Ann Neurol 1997;42:857-865. 

2. Azar AJ, Koudstaal PJ, Wintzen AR, van Bergen PF, Jonker JJ, Deckers JW. Risk of stroke 
during long-term anticoagulant therapy in patients after myocardial infarction. Ann Neurol 
1996;39:301-307. 

3. The Sixty Plus Reinfarction Study Research Group. A double-blind trial to assess long-
term oral anticoagulant therapy in elderly patients after myocardial infarction. Lancet 
1980;0:989-993. 

4. The EPSIM Research Group. A controlled comparison of aspirin and oral anticoagulants 
in prevention of death after myocardial infarction. N Engl J Med 1982;307:701-708. 

91 



Chapter 5 

5. Smith I? Arnesen H, Holme I. The effect of warfarin on mortality and reinfarction after 
myocardial infarction. N Engl J Med 1990;323:147-152. 

6. de Smit R Oral anticoagulants and peripheral vascular disease. Thesis, Erasmus University, 
Rotterdam, The Netherlands: 1994. 

7. Cole FM, Yates PO. The occurence and significance of intracerebral micro-aneurysms. J 
Pathol Bacteriol 1967;93:393-411. 

8. Rosenblum WI. Miliary aneurysms and "fibrinoid" degeneration of cerebral blood vessels. 
Human Pathology 1977;8:133-139. 

9. Weiler RO. Spontaneous intracranial haemorrhage. In: Adams JH, Duchen LW, eds. 
Greenfield's Neuropathology. 5th ed. London: Edward Arnold, 1992:269-301. 

10. Charcot JM, Bouchard C. Nouvelle recherches sur la pathogènie de l'hemorrhagie 
cérébrale. Arch Physiol Normale Pathol 1868;1:643-665. 

11. Hart RG, Boop BS, Anderson DC. Oral anticoagulants and intracranial hemorrhage. Facts 
and hypotheses. Stroke 1995;26:1471-1477. 

12. Fisher CM. Lacunes: small, deep cerebral infarcts. Neurology 1965;15:774-784. 

13. van Swieten JC, van den Hout JH, van Ketel BA, Hijdra A, Wokke JH. Periventricular 
lesions in the white matter on magnetic resonance imaging in the elderly. A morphometric 
correlation with arteriolosclerosis and dilated perivascular spaces. Brain 1991;114:761-774. 

14. Bradley WG, Jr. Hemorrhage and hemorrhagic infections in the brain. Neuroimaging Clinics 
of North America 1994;4:707-732. 

15. Gomori JM, Grossman RI, Goldberg HI, Zimmerman RA, Bilaniuk LT. Intracranial 
hematomas: imaging by high-field MR. Radiology 1985;157:87-93. 

16. Kertesz A, Black SE, Nicholson L, Carr T The sensitivity and specificity of MRI in stroke. 
Neurology 1987;37:1580-1585. 

17. Bamford J, Sandercock P Dennis M, Burn J, Warlow C. Classification and natural history 
of clinically identifiable subtypes of cerebral infarction. Lancet 1991;337:1521-1526. 

18. Drayer B, Burger P, Darwin R, Riederer S, Herfkens R, Johnson GA. Magnetic resonance 
imaging of brain iron. AJNR 1986;7:373-380. 

19. Scharf J, Bräuherr E, Forsting M, Sartor K. Significance of haemorrhagic lacunes on MRI 
in patients with hypertensive cerebrovascular disease and intracerebral haemorrhage. 
Neuroradiology 1994;36:504-508. 

20. Challa VR, Moody DM. The value of magnetic resonance imaging in the detection of type 
II hemorrhagic lacunes. Stroke 1989;20:822-825. 

21. Greenberg SM, Finklestein SP Schaefer PW. Petechial hemorrhages accompanying lobar 
hemorrhage: detection by gradient-echo MRI. Neurology 1996;46:1751-1754. 

92 



Microhemorrhages in ischemic stroke 

22. Offenbacher H, Fazekas F, Schmidt R, Koch M, Fazekas G, Kapeller P MR of cerebral 
abnormali t ies concomitant with pr imary int racerebral hematomas . AJNR 1996;17:573-578. 

23. Fazekas F, Chawluk J B , Alavi A, Hurt ig HI, Z i m m e r m a n RA. MR Signal abnormali t ies at 
1.5 T in Alzheimer 's dement ia and normal aging. ANJR 1987;8:421-426. 

24. Roob G, Fazekas F, K le ine r t R, Kape l le r R Kle iner t G, Offenbacher H, S c h m i d t R. 
Histopathologic findings associated with MRI detectable old microbleeds accompanying 
in t racerebra l hemor rhage [Abstract]. Neurology 1997;48:A203. 

25. Thulborn KR, Atlas SW. Int racrania l hemor rhage . In: Atlas SW, ed. Magnetic r esonance 
imaging of the bra in and spine. New York: Raven Press , 1991:175-222. 

26. Dennis MS, Bamford JM, Molyneux AJ, Warlow CP Rapid resolution of signs of p r imary 
in t racerebra l h a e m o r r h a g e in computed tomograms of the bra in . B M J 1987;295:379-381. 

27. Kasdon DL, Scott RM, Adelman LS, Wolpert SM. Cerebellar h e m o r r h a g e with decreased 
absorpt ion values on computed tomography: a case report . Neuroradiology 1977; 13:265-
266 

28. Smith Jr. WP Batni tzky S, Rengachary SS . Acute isodens subdura l hema tomas : a p rob lem 
in anemic pat ients . AJR 1981;136:543-546. 

29. von K u m m e r R, Bozzao L, Manelfe C. Early CT diagnosis of hemispher ic b ra in infarction. 
Berlin: Springer, 1995. 

30. T a k e b a y a s h i S. U l t r a s t r u c t u r a l m o r p h o m e t r y of h y p e r t e n s i v e m e d i a l d a m a g e in 
lenticulostriate and other ar ter ies . St roke 1985;16:449-453. 

31. Fisher CM. Cerebral miliary aneurysms in hyper tension. Am J Pathol 1971;66:313-330. 

32. Käse CS . Cereb ra l amyloid angiopathy. In: Käse CS, Cap lan LR, eds . I n t r a c e r e b r a l 
hemor rhage . Boston: Bu t t e rwor th -He inemann , 1994:179-200. 

33. Ferreiro JA, Ansbacher LE, Vinters HV. St roke related to cerebral amyloid angiopathy: 
the significance of systemic vascular disease. J Neurol 1989;236:267-272. 

93 





c h a p t e r 6 

Early progression of symptoms in small-
vessel and large-vessel ischemic stroke 

Vincent LH. Kwa, MD,1 Jan Stam, MD, PhD,1 Martien Limburg, MD, PhD,2 

on behalf of the FISS-bis Investigators Group 

Departments of Neurology and 2Clinical Informaties, Academie 
Medical Center, University of Amsterdam, Amsterdam, 

The Netherlands 



Chapter 6 

Abstract 

Background and purpose 
Accurate data on stroke progression in different stroke types may shed light 
on the mechanisms involved and may guide therapeutic interventions. We 
studied the frequency, the associated risk factors and the pat tern of 
progression of symptoms in a prospective study of patients with large-artery 
atherosclerotic strokes or small-vessel occlusive strokes presented within 
24 hours. 

Methods 
We used data collected during the FISS-bis trial. Of the 767 patients 225 (29%) 
had a large-artery atherosclerotic stroke and 205 (27%) a small-vessel occlusive 
stroke. We excluded 5 patients from whom the Unified Neurological Stroke 
Scale (UNSS) scores on the 10th day were missing. Progression of symptoms 
was defined as a decrease in the UNSS score of 1 or more points on the 10th 
day as compared to the first day, or death within 10 days. In addition, the 
physicians noted a daily impression of the clinical status in terms of 
improvement, no change or deterioration compared to the previous day. 

Results 
After 10 days 78 (18%) patients had deteriorated and 14 (3%) died, making a 
total of 92 (22%) patients. These patients were significantly older, more often 
had large-artery stroke, extra-cerebral complications and mass effects on 
CT-scans of both day 1 and day 10, and had worse initial UNSS scores than 
patients without progression. In the multivariate analysis large-artery disease 
(odds ratio (OR) 3.7, 95% confidence interval (CI) 2.1 - 6.5), the occurrence of 
an extra-cerebral complication (OR 2.2, 95%CI 1.2 - 4.0), diabetes mellitus 
(OR 1.9, 95%CI 1.1 - 3.2), and female sex (OR 1.7, 95%CI 1.0 - 2.8) were 
independently associated with progression of symptoms. In 365 patients, of 
whom a CT-scan of day 10 was present, mass effect on day 10 (OR 6.3, 95%CI 
3.1 - 12.8) was also associated with progression of symptoms. 

Conclusions 
Our findings suggest that neuroprotective treatment may be more valuable 
in large-artery strokes and provide indirect evidence that early treatment of 
extra-cerebral complications may prevent symptom progression. 
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About 25-40% of pa t i en t s with an ischemic s t roke de te r io ra t e 
significantly during the days following the onset of their symptoms.19 This 
phenomenon may be caused by progress ing of the thrombosis or 
enlargement of the ischemic penumbra.110 The likelihood to deteriorate 
is thought to differ between patients with strokes caused by large-artery 
atherosclerotic disease and strokes caused by small artery occlusive 
disease, but data are contradictory. Some studies suggest that lacunar 
strokes progress more frequently than large-artery territorial strokes.91112 

Others found that patients with a large territorial stroke have a similar or 
larger chance to deteriorate.7-813 

Accurate data on stroke progression in different stroke types may shed 
light on the mechanisms involved and may guide therapeutic interventions. 
Therapy is more urgent in patients with progression of symptoms, because 
they have a worse prognosis than patients with a stable course.8,9 We studied 
the frequency, the associated risk factors and the pattern of progression of 
symptoms in a prospective study of patients with large-artery atherosclerotic 
strokes or small-vessel occlusive strokes presented within 24 hours. 

Methods 

We used data collected during the FISS-bis trial.14 In this study the 
efficacy of nadroparine (a low-molecular-weight heparin) was tested 
against placebo.14 Patients with acute ischemic stroke who presented 
within 24 hours after their initial symptoms were included. Ischemic stroke 
was defined as focal neurological impairment of sudden onset, consistent 
with involvement of a defined arterial territory. A CT-scan was made before 
entry into the trial to exclude an intracranial hemorrhage and other 
cerebral pathology. The neurological condition was assessed before 
inclusion with the Unified Neurological Stroke Scale (UNSS, 33 = best 
score, 0 = worst score).15 Exclusion criteria were: age over 90 years, prestroke 
dependency in daily life (Rankin score of > 3), minimal neurological 
impairment (UNSS > 25/33) or very severe neurological impairment (UNSS 
< 3/33). The following risk factors were recorded: preceding TIAs or minor 
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strokes, a history of cardiologie diseases, hypertension (systolic blood 
pressure more than 160 mmHg or diastolic more than 90 mmHg or any 
t reatment for hypertension), diabetes mellitus, smoking status, and 
hypercholesterolemia. A follow-up CT-scan and UNSS were performed 
in the surviving patients after 10 days, and additional CT-scans were made 
within 10 days if indicated. The presence of mass effects was assessed on 
the ten th day CT scan. St rokes were categorized as: large-ar tery 
atherosclerotic stroke, cardioembolic stroke, small-artery occlusion (lacunar 
stroke), stroke of other determined etiology, or stroke of undetermined 
etiology, according to the classification of Adams et al.16 

Progression of symptoms was defined as a clinical deterioration, 
expressed as a decrease in the Unified Neurological Stroke Scale of 1 or 
more points on the 10th day as compared to the first day or death within 
10 days. In addition, the physicians noted a daily impression of the clinical 
status in terms of improvement, no change, or deterioration compared to 
the previous day. To rule out extra-cerebral causes of deterioration, all 
clinical events in the first ten days were noted, such as metabolic 
disturbances (hypoxia, electrolyte imbalance) and infections (pneumonia, 
urinary tract infection). Two investigators (JS and ML), blinded for the 
patients ' data, judged whether a clinical event was to be considered 
relevant for symptom progression or not. 

From the patients included in the FISS-bis trial we studied all patients 
with large-artery atherosclerosis and small-artery occlusive disease. 

Statistical analysis 

For comparison of normally distributed data we used the Student's t-
test, otherwise we used the Mann-Whitney U test. Frequency differences 
were analyzed with the Chi-square test. Since this is an explorative study, 
we did not correct for multiple comparisons and considered p < 0.05 as 
significant.17 The effects of possibly related risk factors on stroke symptom 
progression were additionally analyzed with multivariate logistic regression 
(using a forward selection procedure). All univariately identified significant 
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factors (at a level of p < 0.20) were entered into the model. Effect sizes were 
expressed as odds ratios (OR), calculated as the antilogarithm of the regression 
coefficients of the logistic regression model, with 95% confidence intervals 

(95%CI). 

Results 

The FISS-bis trial included 767 patients. Patient characteristics are 
described elsewhere.14 There was no difference in outcome between 
treatment and placebo groups.14 A post-hoc analysis neither showed effects 
within the different stroke types. Therefore, we did not include the assigned 
treatment in the present analysis. Of all patients 225 (29%) had a large-
artery atherosclerotic stroke and 205 (27%) a small-vessel occlusive stroke. 
We excluded 5 patients of whom the UNSS scores on the 10th day were 
missing. Clinical characteristics of the 425 remaining patients are given in 
the table. The risk factor profile is comparable to that in other stroke 
studies.1318 Mean time between onset of symptoms and first clinical 
assessment was 9.4 hours (sd 5.9). After 10 days 78 (18%) patients had 
deteriorated and 14 (3%) died, making a total of 92 (22%) patients. Median 
decrease in UNSS (which implies deterioration) in these patients was 4.0 
points (range 1-18). Thirty-two percent of patients with large-artery disease 

Table. Characteristics of patients with or without progression of symptoms in the first 10 days. 

Total Progression No progression P 
(n = 425) (n = 92) (n = 333) 

age, yr 69.8 (10.7) 72.3 (9.2) 69. 1(11.0) 0.01' 
male,% 59 51 61 0.10+ 
hypertension.% 56 62 54 0.19' 
cardiac disease,% 27 28 26 0.73+ 
smoking,% 26 26 26 0.95+ 
hypercholesterolemia^ 22 27 20 0.17+ 
diabetes mellitus,% 23 29 21 0.09T 

TIA or minor stroke,% 17 15 18 0.531 

large-artery disease*,% 53 77 46 < 0.00 M 
extra-cerebral compile,% 42 61 37 < 0.001' 
initial UNSS, median (range) 17 (2 1-31) I5( 4-27) I8( 3-25) < 0.0015 

' Student's t-test ' Chi-square test + versus small-artery occlusive disease § Mann-Whitney U test 
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and 10% of patients with small-artery disease deteriorated (p< 0.001). In 60 
(14%) patients the CT-scans of day 10 could not be assessed, because they 
could not be retrieved for centralized reading or because the patients had 
died. Patients with progression of symptoms were significantly older than 
patients without progression (mean 72.3 versus 69.1 year, p= 0.01) (table 1). 
They more often had large-artery stroke (77% versus 46%, p< 0.001), extra
cerebral complications (61% versus 37%, p< 0.001) and mass effects on 
CT-scans on day 1 (19% versus 11%, p< 0.05) and day 10 (50% versus 18%, 
p< 0.001). Their initial UNSS scores were worse (median 15 versus 18, p< 
0.001). Patients with progression were also more frequently female, and 
more often had hypertension and hypercholesterolemia (not statistically 
significant). 

In the multivariate analysis we used stroke progression as dependent 
factor and age, sex, history of hypertension, hypercholesterolemia, diabetes 
mellitus, presence of large-artery disease, occurrence of an extra-cerebral 
complication, initial UNSS, and presence of mass effects on the CT-scan of 
day 1, as independent factors. The interaction between large-artery disease 
and the occurrence of an extra-cerebral complication was also entered in 
the model. Large-artery disease (odds ratio (OR) 3.7,95% confidence interval 
(CI) 2.1 - 6.5), the occurrence of an extra-cerebral complication (OR 2.2, 
95%CI 1.2 - 4.0), diabetes mellitus (OR 1.9, 95%CI 1.1 - 3.2), and female sex 
(OR 1.7, 95%CI 1.0 - 2.8) were independently associated with progression of 
symptoms within the first ten days. There was no interaction between large-
artery disease and the occurrence of an extra-cerebral complication. 

We also studied separately the group of 365 patients in whom a CT-scan 
of day 10 was present with logistic regression analysis using the same 
dependent and independent factors. Large-artery disease (OR 2.1, 95% 
CI 1.1 - 4.1), the occurrence of an extra-cerebral complication (OR 2.0, 
95%CI 1.1 - 3.6), diabetes mellitus (OR 2.2, 95%CI 1.2 - 4.0), a worse initial 
UNSS (OR 1.1, 95%CI 1.0 - 1.1), and female sex (OR 2.2, 95%CI 1.3 - 3.9) 
were independently associated with progression of symptoms and in 
addition a mass effect on day 10 was strongly related to progression (OR 
6.3, 95%CI 3.1 -12.8). Again, there was no interaction between large-artery 
disease and the occurrence of an extra-cerebral complication, or between 
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large-artery disease and mass effect on the CT scan of day 10, or between 
an extra-cerebral complication and mass effect on the CT scan of day 10. 

Of all patients who had progression of symptoms, the duration of 
deterioration was mostly one day (in 73 (79%) patients). In 14 (15%) patients 
the deterioration lasted two days, in 3 (3%) patients 3 days, in 1 (1%) in 4 
days and in 1 (1%) in 5 days (figs. 1 and 2). Patients who deteriorated 
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during one day or during more days did not differ in type of artery disease 
(p= 0.68). There were 51 (55%) patients who deteriorated seriously (UNSS 
decrease of more than 4 points). Again no differences were seen in the 
type of artery disease (p= 0,19). 

Discussion 

In this study we investigated the early clinical course of patients with 
large- and small-artery ischemic strokes during the first 10 days in a large 
prospective study. Twenty-two percent of the patients had progression of 
symptoms. Significantly more patients with large-artery atherosclerotic 
strokes deter iorated when compared to pat ients with small-artery 
occlusive disease. Large-artery disease, the occurrence of an extra-cerebral 
complication, a history of diabetes mellitus and female sex were associated 
with progression of symptoms. 

To our knowledge this is one of the largest prospective studies of 
secondary deterioration in ischemic stroke patients. J0rgensen et al. found 
in a prospective series of 868 stroke patients admitted within 12 hours a 
progression of symptoms in 32%.6 Lower blood pressure and the presence 
of diabetes mellitus were associated with early (<36 hours) deterioration. 
The authors did not separate the types of stroke. Castillo et al. described 
a prospective series of 128 patients admitted within 24 hours. Deterioration 
occurred in 34% within 48 hours.8 They found a correlation between 
concentrations of glutamate and glycine in plasma and cerebrospinal fluid, 
but not with stroke type. In another study they prospectively followed 98 
patients admitted within 8 hours, of whom 41% deteriorated.4 High blood 
pressure, elevated blood sugar concentrations and carotid artery territory 
involvement were associated with progression. Stroke type was not 
studied. Toni et al. found in a retrospective study of 152 patients 26% 
deterioration within 4 days.7 They measured the size of lesions on CT-
scans and found an association between larger infarcts and deterioration. 
After logistic regression only elevated glucose levels and early focal 
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hypodensities on the first scan correlated with progression of symptoms. 
In another analysis they examined patients who improved early (22% of all 
patients).19 They were younger, had less deficits and no early focal hypo-
densities on the first CT-scan. Britton and Rödén found 43% deterioration 
in a series of 402 consecutive patients. They did not observe any differences 
in vascular risk factors or stroke type between the groups with a progressive 
or stable clinical course.3 Yamamoto et al. found in a retrospective study 
that 29% of 3038 consecutive stroke patients deteriorated after or just before 
admission.9 They were the only authors who described that patients with 
small-artery strokes were more likely to deteriorate. 

An important feature of our study is that we paid special attention to 
extra-cerebral complications. We found an independent association 
between the presence of such complications and symptom progression. 
Extra-cerebral complications may cause neurologic deterioration by 
impair ing the serum electrolyte balance or by decreas ing oxygen 
saturation, leading to enlargement of the ischemic penumbra. In addition, 
infectious complications cause an increased body temperature. A rise of 
1° Celsius in the acute phase of stroke has been associated with a doubled 
chance on poor outcome.20 Early and effective treatment of these complication 
may prevent symptom progression and may be one of the reasons why stroke 
units save lives and prevent morbidity.21 History of diabetes mellitus was 
independent ly associated with symptom progression in our study, 
confirming results of several others.4-6'7 This is in agreement with the 
finding that a high blood glucose level at admission is associated with 
poor outcome.22 Controlling blood glucose in the acute phase may be an 
effective treatment that is presently being examined.23 

Although patients with large-artery atherosclerotic strokes more 
frequently had extra-cerebral complications, multivariate analysis showed 
no interaction between large-artery stroke type and the occurrence of an 
extra-cerebral complication. Large infarcts are associated with a variable 
degree of brain edema.2426 Whether brain edema is merely a marker of 
the severity of the infarct, or in itself may cause clinical deterioration 
because of increased intracranial pressure or herniation, is a matter of 
debate.26 28 In our present analysis mass effect on day 10 (CT-scan) was an 
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important additional factor associated with symptom progression, although 
a substantial number of scans of day 10 were missing. Nevertheless, the 
aforementioned other factors remained associated with stroke progression. 
Factors that are specific for large-artery strokes, like accumulation of 
excitatory amino acids, are probably involved.8 Our results suggest that 
neuroprotec t ive t r ea tment could be most effective in large-ar tery 
atherosclerotic strokes and less so in small-artery disease. Unfortunately, 
such treatments have so far not shown any clinical efficacy.29-30 

The duration or extent of deterioration did not differ between the types 
of artery disease. Surprisingly, even after six days some patients still 
progress in symptoms. This is well after the period of brain edema. This 
finding suggest that there may still be enlargement of the stroke and 
ischemic penumbra in a later stage of stroke. Animal PET studies have 
demonstrated increasing volumes of areas of hypometabolism even after 
an average of 17 days.31 In humans a similar pa t tern has also been 
observed,32 indicating that some patients may need neuroprotective 
treatment for a longer time. 

We found that large-artery atherosclerotic stroke, the occurrence of 
extra-cerebral complications, a history of diabetes mellitus and female 
sex are associated with stroke progression. Our findings suggest that 
neuroprotective treatment may be more valuable in large-artery strokes 
and provide indirect evidence that early and rigorous treatment of extra
cerebral complications may prevent symptom progression. 
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The study reported in this thesis tried to address the following questions: 
1. Is it possible to detect genetic factors and vascular risk factors that are 

specifically associated with the development of small- or large-vessel 
disease ? 

2. Are the different clinical and MRI manifestations, that are attributed 
to small-vessel disease, like lacunar infarcts, white matter lesions and 
intracerebral hemorrhages, mutually related ? Do the various results 
of small-vessel disease occur in one patient ? Are there clinical and 
MRI manifestations of small-vessel disease that have been unnoticed 
until now ? 

3. What differences exist in the evolution of early clinical signs and 
symptoms between cerebral infarcts caused by small- or large-vessel 
disease ? 

Chapter 1 gave a brief overview of cerebral small-vessel disease and its 
manifestations. In a historical perspective the controversies around the 
concept of small-vessel disease are reviewed. 

In chapter 2 we studied the differences in genetic and vascular risk 
factors between patients with cerebral small-vessel disease and patients 
with large-artery atherosclerosis. Hypertension and the apolipoprotein E 
(apoE) e2/e3 genotype have been associated with cerebral small-vessel 
disease (SVD). However, the re la t ion with hyper tens ion remains 
controversial. Patients with cerebral SVD often have concomitant large-
vessel disease (LVD), which may obscure possible differences in etiology 
and risk factors between SVD and LVD. Specific risk factors for SVD have 
not yet been studied in patients with cerebral SVD only, i.e. without signs 
or symptoms of LVD. We identified signs of cerebral SVD on MRI in a 
cohort of patients with symptomatic atherosclerotic disease. We compared 
vascular risk factors and apolipoprotein E polymorphism in patients with 
and without these MRI lesions. In addition, we compared patients with 
signs of cerebral SVD only (without any signs or symptoms of LVD) to 
patients with combined SVD and LVD. Hundred-thirty-two patients 
fulfilled our MRI-criteria of cerebral SVD. In a multivariate analysis, age 
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(OR 1.1, 95%CI 1.1-1.1), the absence of apoEe2 (OR 5.4, 95%CI 2.0-14.5) or 
e4 alleles (OR 2.1, 95%CI 1.0-4.2) were associated with cerebral SVD. 
Among the 132 patients with cerebral SVD, 27 patients had "pure" SVD 
(without manifestations of LVD). Hypertension (OR 2.6, 95% CI 1.1-6.2) 
was independently associated with patients with "pure" SVD. Our findings 
suggest an interaction between age, apoE genotypes and hypertension 
for the development of either cerebral SVD or LVD. One hypothesis is 
that certain patients with vascular risk factors, such as smoking, may 
develop large-vessel atherosclerosis at a relatively early age, promoted 
by hypertension and genetic factors. Others may be relatively protected 
against env i ronmenta l factors, bu t develop cerebra l small-vessel 
ar ter iopathy at a more advanced age, mainly as a consequence of 
hypertension. 

In chapter 3 we examined the frequency of pontine hyperintense lesions 
(PHL) on T2- and proton density-weighted images of MRI in patients with 
symptomatic atherosclerosis and the factors, that are associated with these 
lesions. Histopathological findings in 2 patients have been reported 
previously by others. PHL resemble periventricular white matter lesions 
(WML), and a vascular etiology has been suggested. We studied 229 
patients: 31% presented with ischemic stroke, 31% with myocardial 
infarction and 38% with peripheral arterial disease. PHL were found in 
23% of these patients. Patients with PHL are significantly older and more 
often have lacunar infarcts and periventricular WML, compared with 
patients without PHL. In a logistic regression model the presence of WML 
(odds ratio (OR) 2.7, 95% confidence interval (CI) 1.4-5.3) and lacunar 
infarcts (OR 2.0, 95%CI 1.01-4.0) were independently associated with PHL. 
PHL were more common in patients with ischemic stroke (39%) than in 
patients with myocardial infarction (11%) or peripheral arterial disease 
(19%) (p < 0.004). We conclude, that PHL occur often in patients with 
symptomatic atherosclerosis. The association with periventricular WML 
and lacunar infarcts suggests that PHL is a form of small-vessel disease, 
with possibly the same pathogenesis. 

In chapter 4 we examined the clinical relevance of isolated pontine 
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hyperintense lesion on MM in patients with atherosclerosis. Seventeen 
atherosclerotic patients with isolated PHL on MRI (without other white 
matter lesions) were compared with 17 patients without PHL (or other 
WML), matched for age, sex and initial manifestation of atherosclerosis. 
Subjects and observer were blinded to the MRI findings. We assessed 
symptoms, impairment and disability with a protocolized interview and 
neurological examination, and disability scales. On all items patients with 
PHL scored worse than their controls. We found the largest differences in 
the frequencies of disequilibrium, difficulties with speech or swallowing, 
the Timed Walking Test and the body care and movement subscale of the 
Sickness Impact Profile. Except for disequil ibrium (p = 0.04), these 
differences did not reach statistical significance. Abnormal tandem-
walking tests were more frequent in patients than in controls. Pyramidal 
signs were equally distributed. We propose PHL as a cause of symptoms 
of disequilibrium in patients with atherosclerosis. Symptoms are probably 
elicited by dysfunction of the corticopontine fibers, the pontocerebellar 
fibers or the pontine nuclei. 

In chapter 5 we compared the frequencies of signs of old intracerebral 
hemorrhages (hemosiderin deposits) on brain MRI's in 66 patients with 
ischemic stroke, 69 with myocardial infarction and 86 with peripheral 
arterial disease (total 221 patients). MRI's were independently assessed 
by two investigators without knowledge of clinical or laboratory data. In 
31 pat ients (14%) we found signals consistent with local cerebra l 
hemosiderin deposits on gradient echo MRI. In 24 patients they were 
clinically silent. Hemosiderin deposits were significantly more frequent 
in patients with ischemic stroke (26%) than in patients with myocardial 
infarction (4%) or peripheral arterial disease (13%) (p = 0.002). Hemosiderin 
deposits were associated with the presence of cerebral white matter lesions 
(odds ratio 5.3,95% CI 2.5-12.4) and the association was stronger in patients 
with severe cerebral white matter lesions. Our findings support the 
hypothesis that cerebral vessels of patients with ischemic stroke are more 
prone to rupture than those of patients with other manifestations of 
atherosclerotic disease, which may explain the higher incidence of 
intracerebral hemorrhages when these patients are treated with oral 
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anticoagulants. The association of microhemorrhages with cerebral white 
matter lesions suggests, that they are another manifestation of cerebral 
small-vessel disease. 

In chapter 6 we studied the frequency and the pattern of progression 
of symptoms in a prospect ive s tudy of pa t ien ts with la rge-ar te ry 
atherosclerotic strokes or small-vessel occlusive strokes presented within 
24 hours. Accurate data on stroke progression in different stroke types 
may shed light on the mechanisms involved and may guide therapeutic 
interventions. We used data collected during the FISS-bis trial. Of the 767 
patients 225 (29%) had a large-artery atherosclerotic stroke and 205 (27%) 
a small-vessel occlusive stroke. We excluded 5 patients from whom the 
Unified Neurological Stroke Scale (UNSS) scores on the 10th day were 
missing. Progression of symptoms was defined as a decrease in the UNSS 
score of 1 or more points on the 10th day as compared to the first day, or 
death within 10 days. In addition, the physicians noted a daily impression 
of the clinical status in terms of improvement, no change or deterioration 
compared to the previous day. After 10 days 78 (18%) pat ients had 
deteriorated and 14 (3%) died, making a total of 92 (22%) patients. These 
patients were significantly older, more often had large-artery stroke, extra
cerebral complications and mass effects on CT-scans of both day 1 and 
day 10, and worse initial UNSS scores than patients without progression. 
In a multivariate model, large-artery disease (odds ratio (OR) 3.7, 95% 
confidence interval (CI) 2.1 - 6.5), the occurrence of an extra-cerebral 
complication (OR 2.2, 95%CI 1.2 - 4.0), diabetes mellitus (OR 1.9, 95%CI 
1.1 - 3.2), and female sex (OR 1.7, 95%CI 1.0 - 2.8) were independently 
associated with progression of symptoms. In 365 patients, of whom a CT-
scan of day 10 was present, mass effect on day 10 (OR 6.3, 95%CI 3.1 -12.8) 
was also associated with progression of symptoms. Our findings suggest 
that neuroprotective treatment may be more valuable in large-artery 
strokes and provide indirect evidence that early treatment of extra-cerebral 
complications may prevent symptom progression. Maximum effort should 
be devoted to stabilize the general condition of patients by early and 
rigorous treatment of extra-cerebral complications. 
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In het onderzoek dat in dit proefschrift beschreven staat, werd getracht 
antwoord te geven op de volgende vragen: 
1. Is het mogelijk genetische en vasculaire risicofactoren te detecteren, 

die specifiek gecorreleerd zijn met de aanwezigheid van hetzij micro
angiopathic, hetzij macroangiopathie ? 

2. Zijn de verschillende klinische en MRI uitingen van microangio-
pathie, zoals lacunaire infarcten, witte stof afwijkingen en intracerebrale 
bloedingen, aan elkaar gerelateerd ? Komen alle uitingen in één 
individuele patiënt voor ? Zijn er andere gevolgen van microangio-
pathie, die tot nu toe niet opgemerkt zijn ? 

3. Welke verschillen bestaan er in het beloop van de vroege symptomen 
van herseninfarcten die veroorzaakt zijn door microangiopathie 
(lacunaire infarcten), en van herseninfarcten die het gevolg zijn van 
macroangiopathie ? 

In hoofdstuk 1 werd een kort overzicht gegeven van de verschillende 
manifestaties van cerebrale microangiopathie. De controversen rond het 
concept van de microangiopathie werden in een historisch perspectief 
belicht. 

In hoofdstuk 2 werden de resultaten beschreven van een onderzoek 
naar verschillen in genetische factoren en vasculaire risicofactoren van 
enerzijds patiënten met een cerebrale microangiopathie en anderzijds 
patiënten met macroangiopathie. Hypertensie en het apolipoproteïne E 
(apoE) e2/e3 lijken in eerdere onderzoeken geassocieerd te zijn met 
cerebrale microangiopathie. De associatie staat echter ter discussie. 
Patiënten met cerebrale microangiopathie hebben namelijk vaak ook 
macroangiopathie, waardoor verschillen in specifieke risicofactoren tussen 
beide vasculaire aandoeningen gemaskeerd zouden kunnen worden. 
Onderzoek naar specifieke risicofactoren voor cerebrale microangiopathie 
is tot op heden niet verricht bij patiënten met "zuivere" cerebrale micro
angiopathie, d.w.z. patiënten met microangiopathie zonder tekenen van 
macroangiopathie. In een cohort van patiënten met symptomatische 
arteriële aandoeningen (herseninfarct, hartinfarct of perifeer arterieel 
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vaatlijden) identificeerden wij patiënten met kenmerken van cerebrale 
microangiopathie op de MRI. Wij vergeleken vasculaire risicofactoren en 
het apoE polymorfisme tussen pa t iën ten mét en zonder cerebrale 
microangiopathie. Bovendien vergeleken wij patiënten, die uitsluitend 
k e n m e r k e n van ce rebra le microangiopa th ie h e b b e n (zonder een 
voorgeschiedenis of symptomen van macroangiopathie) met patiënten, 
die een combinatie hebben van macroangiopathie en cerebrale micro
angiopathie. 

Honderd-tweeëndertig patiënten beantwoordden aan onze MRI-criteria 
van cerebrale microangiopathie. In een multivariaat logistisch model 
waren leeftijd (odds ratio (OR) 1.1, 95% betrouwbaarheidsinterval (95%BI) 
1.1-1.1), en de afwezigheid van de apoE e2 (OR 5.4, 95%BI 2.0-14.5) en e4 
allelen (OR 2.1,95%BI 1.0-4.2) geassocieerd met cerebrale microangiopathie. 
Van deze 132 patiënten hadden 27 "zuivere" cerebrale microangiopathie 
(d.w.z. zonder manifestaties van macroangiopathie). Hypertensie (OR 2.6, 
95%BI 1.1-6.2) was onafhankelijk geassocieerd met de aanwezigheid van 
geïsoleerde cerebrale microangiopathie. Onze bevindingen suggereren, dat 
er een complexe interactie bestaat tussen leeftijd, apoE genotypen en 
hypertensie bij het ontstaan van cerebrale microangiopathie enerzijds of 
macroangiopathie anderzijds. Een hypothese is, dat patiënten met een 
bepaalde genetische aanleg op relatief jonge leeftijd athérosclérose in hun 
grote arteriën ontwikkelen, bevorderd door vasculaire risicofactoren, zoals 
roken en hypertensie. Patiënten met een andere genetische aanleg zijn 
mogelijk relatief beschermd tegen het ontstaan van athérosclérose in de 
grote arteriën, maar ontwikkelen cerebrale microangiopathie op latere 
leeftijd, hoofdzakelijk als gevolg van hypertensie. 

In hoofdstuk 3 beschreven wij het vóórkomen van hyperintense lesies in 
de pons op T2- en proton density-gewogen MRI sequenties bij hetzelfde cohort 
van patiënten met symptomen van arteriële ischémie. Wij analyseerden de 
factoren, die met deze pontiene hyperintense lesies geassocieerd zijn. Pullicino 
et al. (Ann Neurol 1995;37:460-466) hebben gerapporteerd dat pontiene 
hyperintense lesies bij twee postmortaal onderzochte patiënten dezelfde 
histopathologische kenmerken hebben als periventriculaire witte stof 
afwijkingen, wat kan wijzen op een vasculaire etiologie. Wij bestudeerden 
229 patiënten: 31% met herseninfarcten, 31% met hartinfarcten en 38% met 



claudicatio intermittens. In 23% van deze patiënten vonden wij pontiene 
hyperintense lesies. Patiënten met pontiene hyperintense lesies waren ouder 
en hadden vaker lacunaire infarcten en periventriculaire witte stof afwijkingen 
in vergelijking met patiënten zonder pontiene hyperintense lesies. In een 
multivariaat logistisch model waren periventriculaire witte stof afwijkingen 
(OR 2.7, 95%BI 1.4-5.3) en lacunaire infarcten (OR 2.0, 95%BI 1.0-4.0) 
onafhankelijk geassocieerd met de aanwezigheid van pontiene hyperintense 
lesies. Deze lesies kwam vaker voor bij patiënten met herseninfarcten (39%), 
dan bij patiënten met hartinfarcten (11%) of claudicatio intermittens (19%) 
(p<0.004). Wij concludeerden, dat pontiene hyperintense lesies vaak 
voorkomen bij patiënten met klinisch manifeste arteriole aandoeningen. De 
associatie met periventriculaire witte stof afwijkingen en lacunaire infarcten 
maken het aannemelijk, dat hyperintense lesies in de pons een vorm van 
microangiopathie is met mogelijk dezelfde Pathogenese. 

In hoofdstuk 4 werd een onderzoek beschreven naar de klinische 
betekenis van geïsoleerde pontiene hyperintense lesies op MRI 's van 
patiënten met arteriole aandoeningen. Zeventien patiënten met geïsoleerde 
pontiene hyperintense lesies (PHL) op de MRI (d.w.z. zonder ander witte 
stof afwijkingen) werden vergeleken met 17 pat iënten zonder deze 
afwijkingen en zonder andere witte stof afwijkingen. Patiënten met en 
zonder PHL werden gematcht voor leeftijd, geslacht en de eers te 
manifestatie van de arteriële aandoening. Patiënten en één van de onder
zoekers waren niet op de hoogte van de bevindingen van het MRI-
onderzoek. De "geblindeerde" onderzoekster scoorde klachten, symptomen 
en beperkingen in de dagelijkse activiteiten (ADL) met een geprotocolleerd 
interview, en d.m.v. neurologisch onderzoek en clinimetrische schalen die 
beperkingen in de motoriek meten. Op alle items scoorden patiënten met 
pontiene hyperintense lesies slechter dan de controle-patiënten. Wij 
vonden de grootste verschillen in het vóórkomen van evenwichtsstoornis-
sen, moeilijkheden met spreken en slikken, de "Timed Walking Test" en 
de subschaal "Lichaamsverzorging en beweging" van de Sickness Impact 
Profile. Behalve voor de klachten van evenwichtsstoornissen (p=0.04), 
zijn de verschillen niet statistisch significant. Een gestoorde koord
dansersgang werd vaker gezien bij patiënten met pontiene hyperintense 
lesies dan bij de controle-patiënten. Tekenen van piramidebaan stoornissen 



Samenvatting 

waren gelijk verdeeld. Wij stellen derhalve voor, dat pontiene hyperintense 
lesies een oorzaak kunnen zijn van klachten van evenwichtsstoornissen bij 
pa t iën ten met a thérosclérose. De klachten en symptomen zouden 
veroorzaakt kunnen worden door een dysfunctie van de corticopontiene 
of de pontocerebellaire banen, of door een lesie van de pontiene nuclei, 
waar deze banen een verbinding met elkaar maken. 

In hoofdstuk 5 werd een onderzoek beschreven naar tekenen van oude 
intracerebrale bloedingen, in de vorm van hemosiderine deposities op 
MRI 's van de hersenen van 66 patiënten met een herseninfarct, 69 met 
een hartinfarct en 86 met perifeer arterieel vaatlijden (totaal 221 patiënten). 
De MRI 's werden onafhankelijk door twee onderzoekers beoordeeld, die 
niet beschikten over de klinische en de laboratorium gegevens van de 
patiënten. Bij 31 (14%) patiënten vonden wij signalen op de gradiënt echo 
MRI, die wijzen op locale cerebrale hemosiderine afzettingen. Bij 24 
patiënten waren deze deposities asymptomatisch. Hemosiderine afzettingen 
kwamen significant vaker voor bij patiënten met herseninfarcten (26%) dan 
bij patiënten met hartinfarcten (4%) of perifeer arterieel vaatlijden (13%) 
(p=0.002). De hemosiderine deposities zijn geassocieerd met de aanwezig
heid van periventriculaire witte stof afwijkingen (OR 5.3, 95%BI 2.5-12.4) 
en deze associatie is sterker naarmate de witte stof afwijkingen ernstiger 
zijn. Onze bevindingen steunen de hypothese, dat de kleine cerebrale vaten 
van patiënten met herseninfarcten een grotere neiging hebben om te lekken 
of te breken dan die van patiënten met extracerebrale manifestaties van 
arteriole aandoeningen. Dit zou kunnen verklaren waarom er een hogere 
incidentie bestaat van intracerebrale bloedingen wanneer deze patiënten 
met orale anticoagulantia behandeld worden, vergeleken met patiënten met 
hartinfarcten en perifeer arterieel vaatlijden. Op grond van de associatie 
tussen de hemosiderine afzettingen en witte stof afwijkingen stellen wij 
voor, dat deze afwijkingen beschouwd moeten worden als een manifestatie 
van cerebrale microangiopathie. 

In hoofdstuk 6 beschreven wij een prospectief onderzoek naar de 
progressie van symptomen van herseninfarcten, in een groep patiënten 
met hetzij macroangiopathie of microangiopathie. Nauwkeurige gegevens 
over progressie van symptomen bij patiënten met verschillende typen 
herseninfarcten zouden inzicht kunnen geven in de mechanismen van 
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progressie en zouden richting kunnen geven aan de ontwikkeling van 
neuroprotectieve therapieën. Wij analyseerden de data van de "Fraxiparin 
in Stroke Study - II" (FISS-bis). In dit onderzoek werd op een dubbelblinde 
gerandomiseerde wijze de effectiviteit van toediening van fraxiparine (een 
heparine-soort met een laag moleculair gewicht) b innen 24 uur bij 
pat iënten met een herseninfarct getest. Van de 767 pat iënten in dit 
onderzoek hadden er 225 (29%) een herseninfarct door macroangiopathie 
en 205 (27%) een herseninfarct door microangiopathie (lacunair infarct). 
Wij excludeerden 5 patiënten, van wie de Unified Neurological Stroke 
Scale (UNSS) scores op dag 10 ontbraken. Progressie van symptomen 
werd gedefinieerd als een achteruitgang in de UNSS van 1 of meer punten 
op dag 10 (ten opzichte van dag 1) of dood binnen 10 dagen. Daarnaast 
noteerden de behandelende artsen dagelijks hun klinische indruk over 
de toestand van de patiënten in vergelijking met de dag ervoor, in termen 
van verbetering, gelijk blijven of achteruitgang. 

Na 10 dagen waren 78 (18%) van de patiënten achteruitgegaan en 14 
(3%) overleden. Vergeleken met patiënten die stabiel bleven of verbeterden, 
waren deze patiënten significant ouder, en hadden ze vaker een macro
angiopathie, een extracerebrale complicatie (bv. pneumonie), hersen-
oedeem op de CT-scans op dag 1 en dag 10, en slechtere UNSS scores op 
dag 1. In een multivariaat logistisch model waren macroangiopathie (OR 
3.7, 95%BI 2.1-6.5), het optreden van een extracerebrale complicatie (OR 
2.2, 95%BI 1.2-4.0), diabetes mellitus (OR 1.9, 95%BI 1.1-2.8), en het 
vrouwelijk geslacht (OR 1.7, 95%BI 1.0-2.8) onafhankelijk geassocieerd 
met progressie van symptomen. Bij 365 patiënten, van wie een CT-scan 
op dag 10 gemaakt kon worden, was hersenoedeem op dag 10 (OR 6.3,95%BI 
3.1-12.8), naast bovengenoemde factoren, ook onafhankelijk geassocieerd 
met progressie van symptomen. Onze bevindingen suggereren dat neuro
protectieve behandeling mogelijk meer waarde heeft bij patiënten met 
macroangiopathie en dat vroege behandeling van extracerebrale complicaties 
progressie van symptomen kan voorkomen. 





Publications 

Witting W, Kwa IH, Eikelenboom I? Mirmiran M, Swaab DE Alterations in 
the Circadian Rest-Activity Rhythm in Aging and Alzheimer's Disease. 
Biol Psychiatry 1990;27:563-572. 

Hijdra A, Derix MMA, Teunisse S, van Gool WA, Kwa IH. Dementia after 
stroke (letter). Stroke 1991;22:416. 

Kwa IH, Weinstein HC, Posthumus Meyjes EF, van Royen EA, Bour LJ, 
Verhoeff PNLG, Ongerboer de Visser, BW. Spectral analysis of the EEG 
and 99m-Tc-HMPAO SPECT-scan in Alzheimer's disease. Biol Psychiatry 
1993;33:100-107. 

Kwa IH, Hijdra A, van Gooi WA. Nieuwe diagnostische criteria voor 
vasculaire dementie: mijlpaal of stuikelblok ? Ned Tijdschr Geneeskd 
1993;137:2412-2414. 

Kwa IH, Sillevis Smitt JH, Verbeeten B, Barth PG. Epidermal nevus 
syndrome with isolated enlargement of one temporal lobe: a case report. 
Brain and Development 1995;17:122-125. 

Kwa VIH, Limburg M, Voogel AJ, Teunisse S, Derix MMA, Hijdra A. 
Feasibility of cognitive screening of patients with ischemic stroke using 
the CAMCOG. A hospital-based study. J Neurol 1996;243:405-409. 

Kwa VIH, Limburg M, De Haan RJ. The role of cognitive impairment in 
the quality of life after ischaemic stroke. J Neurol 1996;243:599-604. 

Kwa VIH, Stam J, Blok LM, Verbeeten B Jr, for the Amsterdam Vascular 
Medicine Group. T2-weighted hyperintense MRI lesions in the pons in 
patients with atherosclerosis. Stroke 1997;28:1357-1360. 

Aramideh M, Kwa IH, Brans JWM, Speelman JD, Ongerboer de Visser 
BW, Verbeeten B Jr. Apraxia of eyelid closure accompanied by denial of 
eye opening. Movement Disorders 1997;12:1105-1108. 

123 



Publications 

Meilof JF, Kwa VIH, Tiessens G, Vermeulen M. Isolated ataxia and 
autonomie dysfunction: a new variant of the Guillain-Barré syndrome ? J 
Neurol Neurosurg Psychiatry 1998;64:689. 

Claus JJ, van Gool WA, Teunisse S, Walstra GJM, Kwa VIH, Hijdra A, 
Verbeeten B Jr, Koelman JHTM, Bour LJ, Ongerboer de Visser BW. 
Predicting survival in patients with early Alzheimer's disease. Dement 
Geriatr Cogn Disord 1998;9:284-293. 

Kwa VIH, Zaal LH, Verbeeten B Jr, Stam J, for the Amsterdam Vascular 
Medicine Group. Disequilibrium in patients with atherosclerosis: relevance 
of pontine ischemic rarefaction. Neurology 1998;51:570-573. 

Kwa VIH, Franke CL, Verbeeten B Jr, Stam J, for the Amsterdam Vascular 
Medicine Group. Silent intracerebral microhemorrhages in patients with 
ischemic stroke. Ann Neurol 1998;44:372-377. 

Claus JJ, Kwa VIH, Teunisse S, Walstra GJM, van Gooi WA, Koelman, 
JHTM, Bour L J, Ongerboer de Visser BW. Slowing on quantitative spectral 
EEG is a marker for rate of subsequent cognitive and functional decline 
in early Alzheimer's disease. Alzheimer Dis Assoc Disord 1998;12:167-174. 

H e n n e k a m RCM, Kwa VIH, van Amerongen A. Arter iovenous and 
lymphatic malformations, linear verrucous epidermal nevus and mild 
overgrowth: another hamartoneoplastic syndrome ? Clin Dysmorphol 
1999;8:1-5. 

Submitted 

Kwa VIH, Stam J, Verbeeten J r B, de Groot E, Reitsma PH, for the 
Amsterdam Vascular Medicine Group. Cerebral small vessel disease 
compared with large vessel atherosclerosis: genetic and vascular risk factors. 

124 



Dankwoord 



Dankwoord 



Dankwoord 
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Prof. Dr. J. Stam: de prille plannen voor dit proefschrift zijn op een 
warme zomeravond op een terras bij een goed glas wijn tijdens een congres 
in Bordeaux ontstaan. Beste Jan, dit begin zette meteen de toon waarop 
jij mij in dit onderzoek begeleidde: ontspannen, met veel humor en aan
stekelijk enthousiasme, maar op een hoog niveau (je deed geen concessies). 
Je snelle reactie op de manuscripten (ondanks colleges en stapels na te 
kijken examens) is van een niet te onderschatten waarde. Dank datje me 
de mogelijkheid hebt gegeven onderzoek te doen. 

Dr. M. Limburg: dankzij jouw destijds overvloedige "geldstromen" kon 
ik over onderzoek gaan denken. Zonder dat was dit allemaal niet geweest. 
Bovendien voerde jij mij in de neurovasculaire wereld in. Beste Martien, 
dank voor je altijd aanwezige vertrouwen. 

Prof. Dr. M. Vermeulen: als hoofd van de afdeling en lid van de "vaatclub" 
(zie verder) was jij zeer inspirerend. Beste Rien, dank voor het vertrouwen 
dat prille, en mogelijk wilde, ideeën toch wel iets leuks kunnen opleveren. 
Dank ook voor de bereidwilligheid om manuscripten van commentaar te 
voorzien op momenten dat ik vast zit. 

Drs. B. Verbeeten Jr: als radioloog moet het voor je een flinke opgave 
zijn geweest om mij de beginselen van MRI uit te leggen. Beste Ben, dank 
voor je geduld en voor de prachtige plaatjes die je voor dit proefschrift 
verzorgd hebt. 

Prof. Dr. R.J. de Haan: Beste Rob, soms zul je wel de haren ten berge 
gerezen zijn, over wat ik nou weer met de statistiek uitvoer. Dank voor je 
geduld en dat je toch tussendoor altijd tijd voor me hebt. 

Drs. L.M. Blok: Beste Laura, dank voor het verzamelen van de data en 
de uitleg wat al die getallen betekenden. Veel succes met je loopbaan. 
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Chris Bor: Beste Chris, dank voor je geduld bij een twijfelaar zoals ik en 
voor het deskundig advies wat betreft de lay-out. 

Oud mede-assistenten neurologie AMC: om organisatorische redenen 
was ik een aantal jaren de jongste assistent in opleiding. Jullie waren als 
een soort oudere broers en zusters mijn voorbeeld. 

Assistenten neurologie AMC: door de kritische vragen bij de supervisie, 
heb ik veel geleerd van jullie. Daarnaast was het ook altijd gezellig. Ik kan 
mij niet voorstellen, dat er alleen maar positieve verhalen over mij te horen 
waren. Dank voor jullie vertrouwen. 

Afdeling Neurologie AMC en de Stroke Service Amsterdam: het was 
voor mij een openbaring hoe inspirerend het was om met jullie de zorg 
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Medewerksters Trialbureau Neurologie: zonder morren hebben jullie 
bergen werk verzet. Dank voor alle steun en gezelligheid. 

Dr. WA. van Gooi: Beste Pim, dank datje het altijd leuk vond om mijn 
manuscripten te lezen en ze ook nog van kostbaar commentaar te voorzien. 
Je kende bijna mijn hele proefschrift al vóór het uitkomen ervan. 

Dr. A. Hijdra: Beste Albert, voor mij ben je de beste clinicus. Dank voor 
watje mij in de neurologie hebt geleerd en ook dat jij mij hebt ingevoerd 
in de vasculaire wereld. 

De "vaatclub" (met name Yvo Roos, Janneke Horn, Bas de Bruijn): dank 
voor een stukje vastigheid en de wildste plannen. 

De secretaresses van de afdeling neurologie: dank voor het verzorgen 
van de post en het lenen van de kopieerpas, als ik die weer eens ergens 
had laten liggen. 
Lies Nieweg: dank voor het snel heen en weer sturen van de manuscripten. 
Rolinka van den Bosch: dank voor het opzoeken van al die statussen. 
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Mijn "nieuwe" collegae neurologen: Dr. W. Boogerd, Dr. H.L. Hamburger, 
CL. Kraaijeveld en Dr. J.J. van der Sande, dank voor de mogelijkheid, die 
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die jullie toonden. Zonder dat, was het pas ver na het millennium gelukt. 
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had ik wellicht het millennium niet gehaald. 
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bij de diverse hoofdstukken, maar met name Dr. H.R. Büller, Dr. R.J.G. 
Peters, Dr. D.EM. Brandjes, Dr. J.A. Lawson, Drs. VE.A. Gerdes, Drs. E. 
de Groot en natuurlijk Els Tijman): dank voor het materiaal, de belang
stelling, de ideeën, het commentaar, de broodjes en de jaarlijkse champagne. 

Tenslotte Jacqueline: er is zoveel te zeggen. Dank voor je warme be
langstelling voor het werk in dit boekje, maar vooral voor de rest wat niet 
met dit boekje te maken heeft. Bernadette en Chantal: de dametjes in 
huis, die nauwelijks weten wat ik allemaal aan het uitvoeren ben. Ik ben 
zo gelukkig dat jullie er zijn. 
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Lijst van neurologische anamnese en clinimetrische schalen, die in Hoofdstuk 4 

zijn gebruikt: 

Neurologische vragenlijst : 

Patientennummer 
Naam patiënt 
Leeftijd patiënt 
Datum interview 
Datum MRI 

Heeft u last, of in het laatste jaar ooit last gehad van : 0= nee, 1= zelden, 
2— soms, 3= meestal, 4= altijd. Specificeer in aanvallen (A) of continu (C). 

1. duizeligheid 
2. misselijkheid 
3. braken 

4. evenwichtsstoornis 
5. spraakstoornis 
6. loopstoornis 
7. valneigingen 
8. onhandigheid met 1 ledemaat 
9. dubbelzijdige zwakte ledematen 

10. dubbelzijdige tintelingen, doof gevoel 
11. dubbelzien 
13. slikstoornis 
14. visusstoornissen (draagt u een bril of lenzen ?) 
15. gehoorstoornissen (draagt u een gehoorapparaat ?) 
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Appendix A 

Hauser Ambulation Index 

0 Asymptomatic; fully active 

1 Walks normally, but reports fatigue that interferes with athletic or 
other demanding activities 

2 Abnormal gait or episodic imbalance; gait disorder is noticed by family 
and friends; able to walk 8 m. in 10 sec. or less 

3 Walks independently; able to walk 8 m. in 20 sec. or less 
4 Requires unilateral support (cane or single crutch) to walk; walks 8 

m. in 20 sec. or less 
5 Requires bilateral support (canes,crutches or walker) and walks 8 m. 

in 20 sec. or less; OR requires unilateral support but needs more than 
20 sec. to walk 8 m. 

6 Requires bilateral support and needs more than 20 sec. to walk 8 m.; 
may use wheelchair on occasion 

7 Walking limited to several steps with bilateral support; unable to walk 
8 m.; may use wheelchair for most activities 

8 Restricted to wheelchair; able to transfer self independently 
9 Restricted to wheelchair; unable to transfer self independently 

Timed walking test 

Snelheid op de korte afstand: 
tijd meten en snelheid berekenen bij 10 meter lopen 

korte afstand 10 meter 

tijd (s) 

snelheid (m/s) 

gebruik van hulpmiddel; zo ja, welk: ja / nee 
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Rivermead Mobility Index 

De volgende vragen worden gesteld aan de patiënt, en opdrachten worden 
geobserveerd. Ja=l ; Nee= 0 

1 Omdraaien in bed: Kunt u zonder hulp van uw rug op uw zij 
draaien? 

2 Van liggen naar zitten: Kunt u liggend in bed overeind komen en 
op de rand van uw bed zitten zonder u vast te hoeven houden? 

3 Balans bij het zitten: Kunt u gedurende 10 seconden op de rand 
van uw bed blijven zitten zonder u vast te hoeven houden? 

4 Van zitten naar staan: Kunt u opstaan vanuit een stoel in minder 
dan 15 seconden en 15 seconden blijven staan (zonodig steunen 
met de handen of met een hulpmiddel)? 

5 Zelfstandig staan (opdracht): Gedurende 10 seconden blijven 
zonder enig hulpmiddel. 

6 Verplaatsen: Kunt u zich zonder hulp van iemand anders van uw 
bed naar een stoel verplaatsen en terug? 

7 Binnenshuis lopen, eventueel met hulpmiddel: Kunt u 10 meter 
lopen, eventueel met een hulpmiddel, maar zonder hulp van 
iemand anders in de buurt? 

8 Trappen: Kunt u zonder hulp een trap oplopen? 
9 Buitenshuis lopen (vlakke ondergrond): Kunt u buiten lopen, op 

het trottoir, zonder hulp van iemand anders? 
10 Binnenshuis lopen zonder hulpmiddel: Kunt u 10 meter binnens

huis lopen zonder hulpmiddel en zonder hulp van iemand anders? 
11 Iets oprapen van de vloer: Als u iets op de vloer laat vallen, kunt 

u dan 5 meter lopen, het voorwerp oprapen en dan terug lopen? 

12 Buitenshuis lopen (oneffen ondergrond): Kunt u buiten, (over gras, 
grind, onverharde weg, ijs, sneeuw) lopen zonder hulp van iemand 
anders? 

13 Baden: Kunt u zonder toezicht in en uit het bad komen, of onder 
de douche gaan en uzelf wassen? 
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14 Vier (stoep)treden op en afgaan: Kunt u een stoep met vier treden 
op en af gaan zonder de leuning te gebruiken, maar zonodig met 
een hulpmiddel? 

15 Hardlopen: Kunt u 10 meter hardlopen zonder binnen 4 seconden 
mank te lopen? (zonodig snelwandelen). 

Totaal: " 
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SIP-IADL Lichaamsverzorging en beweging 

j a 

a 
a 

j a 

ja 

nee 

Beantwoord de volgende vragen door "ja (dat klopt)" of "nee (dat klopt 
niet)" door te strepen achter elke vraag. Beantwoord alleen die uitspraken 
met "JA" waarvan u zeker weet dat zij op uw huidige situatie van toepassing 
zijn en tevens samenhangen met uw gezondheidstoestand. 

1. Moeilij ke bewegingen voer ik alleen maar uit als iemand 
mij helpt. Bijv: bij in en uitstappen van auto's, bad. 

2. Ik kom niet zelf in of uit bed of stoel, maar word door 
iemand geholpen of door één of ander mechanisch 
hulpmiddel. 

3. Ik sta maar korte tijd achtereen. 
4. Ik kan mijn evenwicht niet bewaren. 
5. Ik kan mijn handen of vingers beperkt of moeilijk 

bewegen. 
6. Ik kom alleen maar overeind als iemand mij helpt. 
7. Ik kan alleen knielen, hurken of bukken als ik mij aan 

iets vasthoud. 
8. Ik verander nauwelijks van lichaamshouding. 
9. Ik ben onbeholpen in mijn bewegingen. 

10. Ik kom in en uit bed of stoel door een steun vast te 
pakken of door gebruik van een stok, driepoot (rekje) 

11. Ik blijf het grootste deel van de dag liggen. 
12. Ik verander vaak van houding. 

13. Ik houd mij aan iets vast als ik me in bed wil verplaatsen. 
14. Ik was mijzelf helemaal niet, dat doet iemand anders. 
15. Ik was mezelf niet helemaal. Bijv.: ik heb hulp nodig 

bij het in bad gaan. 
16. Ik maak gebruik van een beddepan/ondersteek met 

hulp. 
17. Ik heb geen controle over mijn blaas 
18. Ik kan mijn ontlasting niet ophouden. 
19. Ik heb moeite met het aant rekken van schoenen, 

sokken of kousen. 

ja nee 
ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ja nee 

ia nee 

nee 

nee 
nee 
nee 

nee 
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20. Ik maak mijn kleren niet vast, ik heb iemands hulp 
nodig. Bijv. met knopen, rits en schoenveter. ja nee 

21. Ik krijg mijn kleren alleen maar aan als iemand mij 
helpt. ja nee 

22. Ik kleed mezelf wel aan, maar het gaat erg langzaam. ja nee 
23. Het grootste deel van de tijd ben ik gedeeltelijk aan

gekleed of in pyjama, ja nee 
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SIP-IADL Lopen 

ja nee 
ja nee 

ja nee 

ja nee 

1. Ik verplaats me met behulp van een rolstoel. 
2. Ik loop helemaal niet. 
3. Ik loop geen heuvels op en af. 
4. Ik loop alleen maar als iemand me erbij helpt. 
5. Ik verplaats me alleen maar m.b.v. een driepoot, vierpoot 

krukken, stok, de wanden of door me aan meubels vast 
te houden. ja nee 

6. Ik loop kleinere afstanden of ik sta vaak stil om te rusten. 
7. Ik loop helemaal geen trappen. ja nee 
8. De trap oplopen doe ik alleen nog maar met hulpmid

delen. Bijvoorbeeld: leuning stok of krukken, ja nee 
9. Traplopen doe ik alleen met behulp van iemand anders. ja nee 

10. Ik loop weliswaar zonder hulp maar wel met enige moeite. 
Bijvoorbeeld: ik loop kreupel, ik waggel, ik strompel, ik 
heb een stijf been. ja nee 

11. Ik loop de trap langzamer op en af. Bijv.: één trede tegelijk, 
ik sta vaak stil. ja nee 

12. Ik loop langzamer. ja nee 
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Appendix B 

Figure I. The complete series of MR images of figure I in chapter 5 is given: la: TI-weighted spin echo image, 
b: T2-weighted spin echo image, and I c: T2-weighted gradient echo image. A dark rim around a 

cyst-like lesion in the left putamen is seen, more pronounced on the T2-weighted gradient echo 
image than on the T2-weighted spin echo image. 
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Figure 2. The complete series of MR images of figure 2 in chapter 5 is also given: la: TI-weighted spin echo 
image, I b: T2-weighted spin echo image, and I c: T2-weighted gradient echo image. Multiple small 
hypointense lesions are seen in the thalamus of both sides on the T2-weighted gradient echo image. 
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Figure 3. Another example of cerebral hemispheric hemosiderin deposits, that can be seen in the head of the 
right nucleus caudatus, more pronounced on the T2-weighted gradient echo image than on the T2-
weighted spin echo image, la: TI-weighted spin echo image, lb: T2-weighted spin echo image, 
and I c: T2-weighted gradient echo image. 
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Figure 4. An example of cerebral hemispheric hemosiderin deposits: multiple hypointense lesions are seen in 
the basal ganglia of both sides on the T2-weighted gradient echo image, la: TI-weighted spin echo 
image, I b: T2-weighted spin echo image, and I c: T2-weighted gradient echo image. 
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Figure 5. An example of hemosiderin deposit in the pons: a hypomtense lesion in the centre of the pons is 
seen on the T2-weighted gradient echo image, with a corresponding lesion on the T l - and T2-
weighted spin echo images, la: Tl -weighted spin echo image, I b: T2-weighted spin echo image, 
and I c: T2-weighted gradient echo image. 
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Figure 6. An example of a small old hemorrhage in the cerebral hemisphere: hypointense lesions in the right 
occipital and left frontal lobes are seen on the T2-weighted gradient echo image with corresponding 
lesions on the T l - and T2-weighted spin echo images. There are also other small hypointense 
lesions in both occipital lobes. This patient may have amyloid angiopathy. I a: TI -weighted spin echo 
image, I b: T2-weighted spin echo image, and I c: T2-weighted gradient echo image. 
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Selected abbreviations 

Selected abbreviations 

ADL = activities of daily living 
CI = confidence interval 
ICH = intracerebral hemorrhage 
LA = leukoaraiosis 
LVD = large-vessel disease 
OR = odds ratio 

PDW = proton density-weighted (MRI) 
PHL = pontine hyperintense lesions 

(on T2- and proton density-weighted spin echo MR images) 
SE = spin echo (MRI) 
SVD = small-vessel disease 
T1W = Tl-weighted (MRI) 
T2W = T2-weighted (MRI) 
WML = white matter lesions 




