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Vascular Burden of the White Matter

ARNE BRUN

ABSTRACT. In cerebrovascular disease of all kinds, the white matter bears a heavy burden—
particularly in the early and late periods of life. The infarcts are of the complete and incom-
plete type, the latter accompanying and extending the white-matter damage of the former.
Complete infarcts are mainly caused by vascular occlusions. Incomplete infarcts are mainly
due to hypoperfusion, wherein pathogenic factors are, above all, different types of angio-
pathies leading to an inadequate autoregulatory response in the event of an episodic or
more longstanding hypotension, acting as an etiological factor through hypoperfusion.
There is growing consensus that white-matter lesions affect brain function. Correlation with
symptoms and understanding of mechanisms behind the lesions would gain from more pre-
cise diagnostics as to tracts involved.

KEYWORDS: Brain; white matter; cerebrovascular disease; incomplete infarcts;

hypotension; hypoperfusion

Since the seventies, when our neuro-
pathological search for white-matter
lesions and their cause began, the liter-
ature in the field has exploded, mainly
based on new imaging methods but
with few studies correlating the under-
lying pathology. MRI has thus come to
set the standard, resulting in a nomen-
clature that may seem confusing: the
intermediate white matter is called “the
deep,” and the deepest portions are
called periventricular. The subject is
further clarified by Englund, together
with a survey of the white matter
pathology (Englund, 2000). Makris and
colleagues (1999) show more precisely

From the Department of Pathology, Lund Univer-
sity Hospital, Lund, Sweden (A. Brun, MD, PhD).

the anatomy of different white matter
tracts with an MRI-based topographic
parcellation method.

The first level, the u-fibers or subcor-
tical fibers, have received scant atten-
tion but are less prone to damage,
probably due to their better and more
direct and short vessel supply. The
intermediate and deep strata are sus-
ceptible to flow disturbances, since
they are supplied by long arteriolar
penetrants, with blood pressure falling
along the long supply line, and since
they lack shunts and are scarce com-
pared to the cortical supply. There may
also be a difference in vascular density

Offprints. Requests for offprints should be direct-
ed to Arne Brun, MD, PhD, Department of Pathol-
ogy, Lund University Hospital, SE-22185 Lund,
Sweden. email: arne.brun@telia.com

53



54

between strata “border zones.” Better
known radial borderzones exist
between the main cerebral arteries—
not only in the cortex but also along
their deep course towards the ventricu-
lar system. De Reuk (2000) points out
that the relatively low flow and the high
oxygen extraction in the white matter
speaks for high oxygen dependency and
sensitivity to ischemia.

RESULTS AND DISCUSSION

Forty years of neuropathological experi-
ence, including a large prospective
dementia study (Brun et al., 1993), have
shown that vascular dementia accounts
for 25% of the cases, to which can be
added a considerable number of cases
with incomplete white-matter infarc-
tions, particularly in Alzheimer’s dis-
ease (AD) (Brun et al., 1986). The study
was made on whole brain coronal semi-
serial sections, allowing a mapping of
topography, extent, and regional severi-
ty of the lesions, and their clinical rele-
vance could be evaluated through
correlation with the symptomatology.

Against this background, the impres-
sion was gained that vascular lesions are
rarely limited to the cortical grey matter
but sometimes are limited to the central
grey nuclear structures. The addition of
selective white-matter lesions under-
scores the vascular burden of the white
matter. Changes here are by Hachinski
named leukoaraiosis, an unspecified clin-
ical-radiological brain-imaging term that
includes white-matter lesions (WML)
and WMHI. They are most likely domi-
nated by ischemic complete and incom-
plete infarcts as defined structurally but
include also areas of edema not repre-
senting true lesions and are here simply
called WML.

International Psychogeriatrics, 15(Suppl. 1), 2003

A. Brun

Based on these experiences, we ini-
tially classified vascular dementia on
neuropathological grounds in 1988; this
was later revised in 2000 (Brun, 2000). In
large vessel dementia, both cortex and
subjacent white matter are regularly
involved in the infarction, which central-
ly is complete but is surrounded by a
large area of incomplete infarction in the
white matter, undermining undamaged
adjacent cortex. Strategic infarcts may
be limited to gray matter, particularly in
the central gray structures. In small-ves-
sel disease with dementia, brain stem
and central grey structures are involved
but also and often to a greater extent the
white matter especially frontally, show-
ing lacunar complete infarcts surround-
ed by wide areas of incomplete infarcts
(Brun et al., 1992). This is the case in
Binswanger’s disease, one of the largest
forms of small vessel dementia in our
material. CADASIL is a rare example of
widespread white-matter infarction of a
similar type. Lastly, in hypoperfusive
dementia, the white matter selectively
suffers widespread incomplete infarcts,
varying in severity from mild to severe
short of complete infarction.

The white matter would be expected
to suffer with the same frequency in
nondemented vascular cases. Here, the
more or less normally aged is a special
large group in which white matter
lesions are very common. An MRI popu-
lation-based study showed a frequency
that increased with age, at 80-90 years
of age, leaving only a few percent entire-
ly free of WML (del.eeuw, 2001). Nonde-
mented individuals with WML perform
worse on cognitive tests than do those
without (Breteler, 2000). When pro-
nounced, WML cause or assist in pre-
cipitating dementia. Also, others are of
the opinion that WML are likely to
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impair cognition, in particular as to
speed, and then more due to periven-
tricular than to deep lesions (e.g., Cees
de Groot et al., 2000).

The frequency of WML in pathologi-
cal studies is most certainly severely
underrated. The complete infarcts are
readily detected, but the incomplete
ones, though large, may often go unde-
tected on gross inspection and may be
missed on small-sample microscopy.
Whole brain routine sections then often
reveal a surprising amount and frequen-
cy of incomplete infarcts if staining for
myelin and axons is used. A parallel is
drawn by Evangelo (2000) for normal
appearing areas of white matter in MS,
wherein special methods reveal a signif-
icant loss of axons, something attrib-
uted to lesions elsewhere. This goes
also for milder hard-to-detect grades of
incomplete infarction, which are cor-
roborated by axonal counts (Englund et
al., 1990). More advanced damage is
diagnosed already on the combination
of some degree of demyelination and a
vital tissue reaction with partial loss of
oligodendroglial cells, mild astrocytic
gliosis, and sparse macrophages.

What, then, are the causes of WML?
The complete infarcts are mainly caused
by intracranial vascular occlusions due
to hypertensive angiopathy. Extracra-
nial stenoses or occlusions such as in
the carotid artery may also lie behind
such damage but also cause incomplete
infarction. Thus, carotid stenosis, com-
bined with hypotensive episodes, lead
to border-zone infarcts, which may be
incomplete and may even selectively
involve the white matter in the deep-
border zones. DelL.eeuw and colleagues
(2000) found a correlation between
carotid sclerosis and periventricular
WML on MR, but not that clearly to deep
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WML. Tanoi and associates (2000) state
that in Binswanger’s disease, the essen-
tial mechanism behind diffuse myelin
loss of the white matter is the dysfunc-
tion of the blood-flow regulation due to
increased arterial stiffness caused by
hypertensive vascular changes.

These and other situations with WML
but without vascular occlusions indicate
the importance of hypoperfusion as one
cause of WML. Hypertension is a patho-
genic mechanism that leads to occlusions
and complete infarcts but also causes
narrowing or wall stiffening, impairing the
autoregulation and leading to hypoperfu-
sion and incomplete infarcts. In 1986,
Brun and colleagues proposed that
episodic hypotension of various origin
combined with fibrohyaline arteriosclero-
sis may be another, etiologic mechanism
for incomplete infarcts. Particularly if
succeeding hypertension, a hypotension
that develops during the course of the
dementia or in the senile period with its
arteriolosclerosis of the aged might cause
lesions through temporarily critically low
flow levels, a principle since elaborated
on by several authors.

Opinions on the importance of hyper-
vs. hypotension are thus divided. Ver-
meulen and colleagues (2000) point out
that several control studies were unable
to confirm a correlation of hypertension
to WML and found an association with
hypotension. Pantoni and colleagues
(1997) concluded that some types of
leukoaraiosis were caused by ischemic
injury due to altered autoregulation from
arteriolar changes combined with repeat-
ed flow drops, resulting in incomplete
infarcts. Sawada and colleagues (2000)
found no correlation between WML and
apoe 4, nor with CAA, and concluded that
orthostatic hypotension may produce
repetitive ischemia in the white matter,
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especially in the elderly. Breteler (2000)
expresses a similar opinion. According to
DeCarli and associates (1999), “Altered
auto regulation may explain how WML
can occur in aging and in the presence of
nonocclusive CVA as in amyloid angiopa-
thy,” and loss of autoregulation in ortho-
statism was a significant predictor of the
extent of the WML. Hypotension is also a
sequel of treatment for hypertension or
with other drugs influencing the BP,
which is why it is important to balance
BP management, since acute BP reduc-
tions can become devastating.

A link between AD and cerebrovascu-
lar disease, especially of the white mat-
ter, may be capillary degeneration in AD,
leading to metabolic derangement
(Farkas et al., 2000; de la Torre, 2000).
Aging and AD also show fibrohyaline
arteriolosclerosis that may lead to an
impaired autoregulation; and amyloid
angiopathy of the penetrator shaft may
be another cause of vessel dysregulation.
In these situations, hypotension—espe-
cially with orthostatic episodes—may
act as an etiologic factor leading to
hypoperfusion and WML!

The importance of hypotension for
white-matter lesions associated with
dementia has recently received strong
support from a study by Zuccala and
colleagues (2001) on 13,635 aged peo-
ple. Twenty-five percent of those with
heart failure and systolic hypotension
showed cognitive impairment, the sys-
tolic hypotension being selectively
associated with cognitive impairment.

FUTURE DIAGNOSTICS

Much obviously remains to be learned
about the etiology and clinical expres-
sions of WML. Future studies should
include correlated extended neuropatho-
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logical and refined brain imaging analy-
ses. The MRI method described by
Makris (1999) may prove a valuable
method for topographic diagnostics of
WML and for a correlation with sympto-
matology. The latter task appears to be
particularly difficult in view of the fact
that a lesion may affect several tracts
and thus, secondarily, widely different
cortical areas, with complex functional
consequences.

Previous white-matter flow studies
have usually produced only relative val-
ues or absolute values with limited reso-
lution. Tsourio and colleagues (2001)
measured white-matter flow velocity by
transcranial Doppler and found WML to
be associated with low-flow velocity,
which was a stronger risk factor for WML
than was high blood pressure. Perfusion
MRI may become another alternative. A
new modification of the Xenon-Spect
method (Risberg, 2001) shows promising
results with absolute values at high reso-
lution and will significantly improve our
knowledge on white-matter flow distur-
bances and mechanisms behind white-
matter lesions.

REFERENCES

Breteler, M. M. B. (2000). Vascular involve-
ment in cognitive decline and demen-
tia: Epidemiologic evidence from the
Rotterdam Study and the Rotterdam
Scan Study. Annals of the New York
Academy of Sciences, 903, 457-465.

Brun, A. (2000). Vascular dementia: Patho-
logical findings. In J. O’Brien, D. Ames,
& A. Burns (Eds.), Dementia (2nd ed.,
pp. 655-665). London: Edward Arnold
Publications.

Brun, A., & Englund, E. (1986). A white matter
disorder in dementia of the Alzheimer
type: A pathoanatomical study. Annals of
Neurology, 19, 253-262.



Vascular Burden of the White Matter

Brun, A., & Gustafson, L. (1993). The Lund lon-
gitudinal dementia study: A 25-year per-
spective on neuropathology, differential
diagnosis and treatment. In B. Corain et
al. (Eds.), Alzheimer's disease: Advances
in clinical and basic research (pp. 3-18).
New York: John Wiley and Sons.

DeCarli, C., Miller, B. L., Swan, G. E., Reed, T.,
et al. (1999). Predictors of brain mor-
phology for the men of the NHLBI twin
study. Stroke, 30, 529-536.

De Groot, C., de Leeuw, F-E., Oudkerk, M.,
van Gijn, J., et al. (2000). Cerebral white
matter lesions and cognitive function:
The Rotterdam Scan Study. Annals of
Neurology, 47, 145-151.

De la Torre, J. C. (2000). Cerebral hypoper-
fusion, capillary degeneration and
development of Alzheimer’s disease.
Alzheimer Disease and Associated Disor-
ders, 14(Suppl. 1), 572-581.

Deleeuw, F-E., de Groot, J. C., Achten, E.,
Oudkerk, M., et al. (2001). Prevalence of
white matter lesions in elderly people: A
population based magnetic resonance
imaging study: The Rotterdam scan
study. Journal of Neurology, Neuro-
surgery, and Psychiatry, 70, 9-14.

De Leeuw, F-E., de Groot, J. C., Bots, M. L,
Witteman, J. C. M,, et al. (2000). Carotid
atherosclerosis and cerebral white mat-
ter lesions in a population based mag-
netic resonance imaging study. Journal of
Neurology, 247, 291-296.

DeReuk, J. (2000). White matter disease:
Anatomical and physiological features
in relation to modern cerebral blood
flow techniques, Part II. In L. Pantoni,
D. Inzitari, & A. Wallin (Eds.), The mat-
ter of the white matter (pp. 211-222).
Utrecht: Academic Pharmaceutical
Productions.

Englund, E. (2000). Neuropathology of white
matter disease: Parenchymal changes,
Part II. In L. Pantoni, D. Inzitari, & A.
Wallin (Eds.), The matter of the white
matter (pp. 223-246). Utrecht: Academic
Pharmaceutical Productions.

Englund, E., & Brun, A. (1990). White matter

57

changes in dementia of Alzheimer type:
The difference in vulnerability between
cell compartments. Hisfopathology, 16,
433-439.

Evangelou, N., Konz, D., Esiri, M. M., Smith,
S., et al. (2000). Regional axonal loss in
the corpus callosum correlates with
cerebral white matter lesion volume
and distribution in multiple sclerosis.
Brain, 123, 1845-1849.

Farkas, E., Delong, G. 1., de Vos, R. A. L,
Jansen Steur, E. N. H., et al. (2000). Patho-
logical features of cerebral cortical capil-
laries are doubled in Alzheimer’s disease
and Parkinsons disease. Acta Neu-
ropathology, 100, 395-402.

Fredrikson, K., Brun, A., & Gustafson, L.
(1992). Pure subcortical arteriosclerot-
ic encephalopathy (Binswanger’s dis-
ease): A clinico-pathologic study, Part 1.
Clinical features. Cerebrovascular Dis-
ease, 2, 82-86.

Makris, N., Meyer, J. W., Bates, J. F., Yeterian,
E. H.,, et al. (1999). MRI-based topo-
graphic parcellation of human cerebral
white matter and nuclei. II: Rationale
and applications with systematics of
cerebral connectivity. Neuroimage, 9,
18-45.

Pantoni, L., & Garcia, J. H. (1997). Pathogen-
esis of leukoaraiosis: A review. Stroke,
28, 652-659.

Risberg, J. (2001). Measurement of regional
cerebral blood flow using 133 XE. Bul-
letin of the Norwegian Neuropsychologi-
cal Association, 4(Suppl. 1), 33.

Sawada, H., Udaka, F., lzumi, Y., Nishinaka,
K., et al. (2000). Cerebral white matter
lesions are not associated with ApoE
genotype but with age and female mat-
ter sex in Alzheimer’s disease. Journal
of Neurology, Neurosurgery, and Psychia-
try, 68, 653-656.

Tanoi, Y., Okeda, R., & Budka, H. (2000). Bin-
swanger’s encephalopathy: Serial sec-
tions and morphometry of the cerebral
arteries. Acta Neuropathologica, 100,
347-355.

Tsourio, C., Levy, C., Dufouil, C., Touboul, P-J.,



58 A. Brun

et al. (2001). Low cerebral blood flow Wallin (Eds.), The matter of the white
velocity and risk of white matter hyperin- matter (pp. 109-122). Utrecht: Academic
tensities. Annals of Neurology, 49, 411414. Pharmaceutical Productions.

Vermeulen, R. J., & Scheltens, P. (2000). Het- Zuccala, G., Onder, G., Pendone, C., Carosel-
erogeneity in Alzheimer’s disease: The la, L., Pahor, M,, et al. (2001). Hypoten-
role of white matter changes. Part I: Epi- sion and cognitive impairment: Selective
demiological, clinical and radiological association in patients with heart fail-
aspects. In L. Pantoni, D. Inzitari, & A. ure. Neurology, 57, 1986-1992.

International Psychogeriatrics, 15(Suppl. 1), 2003



