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Computed Tomography,
Magnetic Resonance Imaging and
Pathological Correlations in a Case of
Binswanger’s Disease

M. Mascalchi, D. Inzitari, G. Dal Pozzo, N. Taverni and A.L. Abbamondi

ABSTRACT: The results of 3 computed tomography (CT) examinations carried out over a 7 year period and of a
post-mortem magnetic resonance (MR) study showed aspects of a white matter disease in a hypertensive patient suffer-
ing from vascular dementia. Histopathology revealed the primary cause of dementia to be a white matter degeneration
sparing the U fibers. Rarefaction of both the myelin sheaths and the axons was present together with severe thickening
of the medullary arteries. These findings support the existence of Binswanger’s disease (BD) as a distinct variety of
arteriosclerotic dementia. CT and MR imaging are valuable aids for diagnosis. However, since there are many other
causes of CT and MR demonstrated diffuse white matter degeneration in the elderly, a conclusive diagnosis of BD
requires pathological confirmation.

RESUME: Tomodensitométrie, imagerie par résonance magnétique nucléaire et corrélations anatomo-
pathologiques dans un cas de maladie de Binswanger Trois tomodensitométries faites sur une période de sept ans et
un examen par résonance magnétique nucléaire effectué en post-mortem ont mis en évidence des modifications com-
patibles avec une leuco-encéphalopathie chez un patient hypertendu atteint d’une démence vasculaire. L’histopatholo-
gie a montré que la cause primaire de la démence était une dégénérescence de la substance blanche épargnant les fibres
en U. Il existait une raréfaction des gaines de myéline et des axones ainsi qu’un épaississement important des artéres
médullaires. Ces observations supportent la notion que la maladie de Binswanger (MB) est une variété distincte de
démence artérioscléreuse. La tomodensitométrie et I’imagerie par résonance magnétique nucléaire sont des aides pré-
cieuses pour le diagnostic. Cependant, comme il existe plusieurs autres causes de dégénérescence de la substance
blanche chez les sujets 4gés, qui sont évidentes a la tomodensitométrie et a I’imagerie par résonance magnétique
nucléaire, une confirmation anatomopathologique du diagnostique de MB est essentielle.
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The existence of Binswanger’s disease (BD), or subcortical
arteriosclerotic encephalopathy as a distinct form of vascular
dementia has been controversial for some time. Based on an
extensive review of the subject and on personal observation of 2
cases, Olszewski concluded that BD represents “a peculiar vari-
ant of cerebral arteriosclerosis in which small arteries and arte-
rioles of the white matter and the basal ganglia are affected pre-
dominantly. Such localization of vascular changes may lead to
the development of multiple areas of infarction which interrupt
long subcortical fiber bundles and produce diffuse areas of
demyelination with preservation of the U fibers, loss of bulk of
the white matter, and enlargement of the ventricles”.!

However as early as 1942 Rothschild stated that even if
“...traces of BD are frequently observed in the brain of patients
with arteriosclerotic psychoses...the pathologic picture scarcely
merits consideration as a separate form of the disorder”.2

Furthermore, cases of white matter damage considered as BD
without arteriosclerotic changes in the penetrating vessels have
been reported,3-5 as well as cases without dementia.5-7 It has
recently been stated that the multiple infarcts or lacunes may be
the only tissue alterations caused by the arteriosclerosis of the
cerebral vessels.5

A pre-mortem diagnosis of BD is difficult since many of the
same clinical features are observed in other forms of cerebral
arteriosclerosis.8 Valuable information has come from computed
tomography (CT) and magnetic resonance imaging (MRI)
which show wide areas of degeneration of the cerebral white
matter in pathologically proven cases of BD.%-12

A patient with a clinical picture of vascular dementia and CT
evidence of diffuse white matter disease recently came to autop-
sy in our department. A post-mortem MR study was carried out
before the histopathological examination. The latter revealed a
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white matter and vascular disorder consistent with BD, as the
primary cause of dementia.

CASE REPORT

The patient was first admitted to our department at age 53 following
an acute onset of a confusional state and unsteadiness of gait. He was a
heavy smoker and had had uncontrolled hypertension for about 15
years. He had also suffered from a myocardial infarction at age 43. Two
years later the patient began to complain of fatigue, depression, memo-
ry loss and difficulty in concentration. His first CT scan, done at age
51, revealed diffuse hypodense areas in the periventricular white matter
and centrum semiovale of both hemispheres. At age 52 he developed
acutely a left hemiparesis and dysarthria from which he recovered
incompletely within a few days. In the same year he presented with
epileptic seizures; during the following hospitalization laboratory signs
of diabetes and dyslipidemia were ascertained. The next year he had a
series of synocopal episodes which were attributed to orthostatic
hypotension.

On admission the neurological examination revealed gait ataxia, a
left sided motor incoordination, a mild left hemiparesis with a Babinski
sign and dysarthric speech. The patient was discharged with a diagnosis
of probable infarct of the cerebellar hemisphere.

At age 54 the patient was readmitted for impairment of gait and of
his mental faculties which developed progressively over about 3 weeks.
The patient exhibited a small steppage wide based gait, diffuse motor
slowness and limb rigidity, and was disoriented in space and time. A
standardized neuropsychological battery!3 revealed a predominant
deficit of both short and long term memory, slight visuo-constructional
apraxia and reduction in verbal comprehension. A second CT scan con-
firmed the extensive hypodensity of the cerebral white matter.

The patient spent the next 3 years in a nursing home. His mental
and motor dysfunction worsened progressively although there were
some plateau phases. A second myocardial infarction occurred at age
57. He was then admitted to our department for a third time. He was in
poor general condition, completely bed-ridden and incontinent. He was
nearly mute and was not able to perform simple tasks. Flexion hyperto-
nia of all four limbs, a generalized increase in tendon reflexes and bilat-
eral Babinski signs were present, as well as continuous orolingual dysk-
inesia. A CT scan revealed a mild enlargement of the lateral ventricles
and an extensive left occipital area of reduced attenuation consistent
with an old cerebral infarction in addition to the cerebral white matter
abnormalities noted previously (Figure 1). Three days after admission
the patient had a right adversive seizure which lasted 30 minutes with-
out generalization. Four days later he died from bronchopneumonia.
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Autopsy Findings

Autopsy disclosed 2 myocardial infarctions and generalized
atherosclerosis. A sclero-calcific thrombus occluded the upper
part of the left vertebral artery. On gross external brain exami-
nation 2 post-infarction cysts were noted, one on the medial sur-
face of the left occipital lobe and the other on the inferior sur-
face of the left cerebellar hemisphere in a paramedian site.

MR Examination

Twenty-four hours after death, the entire fresh brain was
removed at autopsy, placed in a plastic container and examined
using a superconducting MR imager operating at 0.5 T (Philips
Gyroscan). A spin echo (SE) multi-slice pulse sequence was
used. The slice thickness was 10 mm; the matrix 256 x 256 pix-
els. Both Tl-weighted (TR 350 msec; TE 30 msec) and T2-
weighted (TR 1650 msec; TE 100 and 200 msec) images on the
axial and sagittal planes were obtained.

MR examination revealed diffuse signal hypointensity of the
periventricular white matter on T1-weighted images. In the left
occipital lobe the hypointense white matter merged with a wide
zone of cortical and subcortical tissue loss (Figure 2). A circum-
scribed area of tissue loss was also evident in the left cerebellar
hemisphere. More striking were the white matter changes on
T2-weighted images. A signal hyperintensity of almost the
entire cerebral white matter was observed (Figure 3).

Pathologic Study

In section the cerebral white matter appeared soft and had a
porous appearance. Three small (0.2-0.3 cm in diameter) cavi-
ties were found, one close to the wall of the right lateral ventri-
cle, another in the left centrum semiovale, the last deep in the
pons.

The histological examination revealed a diffuse discoloration
of most of the cerebral white matter (Figure 4). The U fibers
and the genu of the corpus callosum were spared. A substantial
correlation with the areas of CT hypodensity and modified MR
signal intensity was observed. On microscopic examination the

Figure | — CT scan of the patient obtained
5 days before death at the age of 57
years. Low X-ray attenuation of the
periventricular white matter and centrum
semiovale of both hemispheres, enlarge-
ment of the lateral ventricles and wide
area of decreased density in the left
occipital lobe (arrowhead).

215


https://doi.org/10.1017/S031716710002895X

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

white matter alteration appeared to be due to both demyelina-
tion and axonal loss, with a moderate astroglial reaction, oligo-
dendroglial swelling, a few macrophages and slight edema.
Within the affected white matter the intensity of the process was
variable with evidence of poorly defined smaller areas of more
severe rarefaction which were inconstantly situated in a perivas-
cular location. Diffuse and severe thickening of the cortical and
medullary arteries with reduction of their lumen was observed.
In some arteries striking hyperplasia of the intima was noted
(Figure 5); in others hyalinosis was prominent. Arterioles
showed similar alterations. Scarce apple birefringence Congo-
red positive deposits were found in the wall of the meningeal
cortical and medullary arteries.

The cerebral cortex showed discrete neuronal loss but only a
few neurofibrillary tangles and no senile plaques. The same pic-
ture was observed symmetrically in the basal ganglia and the
thalamus.

DiscussION

Binswanger’s description of the disease which bears his
name was limited to a summary of the clinical and gross patho-
logical findings in the cases he observed.!4 The clinical picture
was that of a progressive mental deterioration associated with
apopleptiform attacks and epileptic seizures, leading to a decer-
brate state. Pathologically the condition was characterized by
cerebral white matter atrophy involving predominantly the pos-
terior regions, hydrocephalus and severe atherosclerosis. The
cerebral cortex was essentially spared.

The histopathological features of BD were outlined in subse-
quent cases. Alzheimer reported that: “...One can demonstrate
in the white matter the presence of numerous foci producing
wide areas of a secondary degeneration. In the original foci the
glia is much increased and gitter cells are very numerous.
However the proliferation of the supporting tissue is present in
the whole of the deep white matter, with gitter cells scattered
throughout...”.15 Nissl confirmed the white matter histopatho-
logical picture and emphasized thickening of the vascular walls
in both the normal and affected white matter caused by concen-
tric lamellae arranged in onion skin pattern.!6
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The histopathological findings in our case were similar to the
ones described above. It seems unlikely in this case that the
dementia was due the lacunes or the occipital infarct, which did
not appear on CT until after substantial mental deterioration had
already occurred. Nor were there any gray matter alterations
typical of Alzheimer’s disease in this case. It seems therefore
reasonable to propose the diffuse white matter damage as the
main cause of the dementia. The present case may thus be
regarded as an example of “arteriosclerotic” dementia not sus-
tained by lacunar or cortical infarcts but by diffuse damage of
the subcortical white matter.

Figure 2 — Post-mortem T1 weighted MR image (TR 350 msec, TE 30
msec) on the axial plane. Signal hypointensity of the periventricular
white matter and wide zone of cortical and subcortical tissue loss in
the left occipital lobe.

Figure 3 — Post-mortem T2 weighted MR
images (TR 1650 msec, TE 100 msec) on
the axial plane. Signal hyperintensity of
almost the entire cerebral white matter,
more evident around the area of tissue
loss on the medial surface of the left
occipital lobe (B).
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Figure 4 — Woelke stain for myelin. Transverse section of the left cere-
bral hemisphere, just above the occipital infarction. Diffuse discol-
oration of the white matter sparing the U fibers and the genu of the
corpus callosum.

The pathogenesis of BD is not yet defined. According to sev-
eral authors the white matter alterations in BD are incomplete
infarcts due to ischemia resulting from the combination of a
localization of the hypertensive vascular changes in the long
penetrating arteries and the scarce anastomoses connecting
these vessels.1.14-16 Furthermore the characteristics of the arteri-
al border zone of the deep cerebral white matter have been out-
lined.!7 These, together with eventual hypotensive crises may
lead to border-zone infarcts in the deep cerebral white matter,6
and actually the association of these two factors is considered
one of the mechanisms responsible for the so called hypoxic-
ischemic leukoencephalopathy, a condition implying tissue
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Figure 5 — Hematoxylin and eosin stain (x 400). Marked hyperplasia
of the intima of a medullary artery with severe reduction of its
lumen.

changes similar to those of BD in absence of significant alter-
ations in small arteries.!8

Other authors have sustained that the white matter changes
in BD might represent the late effect of chronic vasogenic
edema secondary to hypertensive encephalopathy.i9

In our case the pathological study revealed severe hyperten-
sive changes in the long penetrating arteries. Although no clear
episodes of hypertensive encephalopathy occurred, the case his-
tory revealed poorly controlled long standing arterial hyperten-
sion as well as repeated episodes of hypotension. These findings
lead us to suggest that a combination of all the above mecha-
nisms, contributes to the pathogenesis of BD.

Several criteria may help diagnose BD during life. A pre-
sumed diagnosis was reached in this case on the basis of clinical
and CT findings. Caplan and Schoene0 outlined the following
clinical picture in pathologically proven cases of BD: age of
onset between 50 and 60, persistent arterial hypertension, acute
strokes, subacute neurologic deficits; lengthy clinical coursc
with periods of plateau; progressive dementia; prominent motor
signs and pseudobulbar palsy; epileptic seizures. However none
of the above can be considered specific for BD.8 Valuable aid to
the diagnosis of BD has come from CT and MR which show
wide areas of modification of the cerebral white matter in
pathologically proved cases of BD.%12 In our case, 3 CT scans
revealed features consistent with a white matter discase. The
evolution of the CT picture over a 7 year interval included the
occurrence of a cortical infarct and mild dilatation of the lateral
ventricles. The latter is recognized as part of the general evolu-
tion of the white matter disease.2!

Post-mortem MR examination has recently been established
as an appropriate tool for the investigation of MR-pathological
correlations.!2.22-24 The results in our case showing wide areas
of prolonged T1 and T2 relaxation times in the white matter
confirm previous MR-pathological correlations in patients with
BD submitted to MR ante-mortem.!1.12 It should be emphasized
that the extension of the MR abnormalities observed by us is
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indeed uncommon when compared to the MR picture of white
matter damage often encountered in hypertensive elderly sub-
jects suffering from cerebrovascular symptoms but without a
clinical picture of vascular dementia.25 The latter is character-
ized by patchy or punctate areas of altered MR signal which
correspond to pathological changes of arteriosclerosis, dilated
perivascular spaces and vascular ectasia, referred to as etat
criblé,23.26 a picture quite dissimilar to that observed in our
case, or to small cystic or non-cystic infarcts,24

CT and MR are capable of demonstrating in vivo the diffuse
white matter damage of BD and should now probably be con-
sidered mandatory for differentiation of BD from other vascular
dementias. However pathological pictures of diffuse white mat-
ter damage apparently similar to those of BD but with different
vascular abnormalities have recently been described in dement-
ed patients with cerebral amyloid angiopathy showing CT
aspects of leukoencephalopathy?7 and in demented patients with
otherwise typical Alzheimer’s disease.28 In addition, similar
findings on CT or MR examination may be produced by other
white matter disorders such as multiple sclerosis, leukodystro-
phy, normal pressure hydrocephalus, radiation leukoen-
cephalopathy, and hypoxic ischemic leukoencephalopathy.?9
However, in most cases the clinical and pathological features
are quite distinct from BD.

At the present time the diagnosis of BD may be suggested by
the clinical features but needs to be corroborated by neuro-
imaging techniques, and confirmed by neuropathological exam-
ination.
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