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Subcortical arteriosclerotic encephalopathy:
a clinical and radiological investigation
L A LOIZOU*, B E KENDALL, AND J MARSHALL

From the Department of Neurology, Queen Elizabeth Hospital, Birmingham, and
the Lysholm Department of Neuroradiology and Institute of Neurology, the National Hospital, London

S U M M4 A R Y Subcortical arteriosclerotic encephalopathy (Binswanger's type) was diagnosed in a

group of patients with hypertension or arteriosclerosis, who showed acute and subacute neuro-

logical deficits, dementia, reduced cerebral blood flow, and white matter low attenuation with
mild atrophy and infarcts as the predominant CT scan features. This set of clinical and radio-
logical criteria could be used to make the diagnosis in life, as confirmed neuropathologically in
one patient.

In a comprehensive review article, Olszewskil de-
fined the pathological features of subcortical
arteriosclerotic encephalopathy, which he con-
sidered to be a special form of cerebral arterio-
sclerosis. In this condition, arteriosclerotic changes
affect predominantly the perforating vessels to
the subcortical grey substance and white matter,
leading to multiple small areas of infarction with
diffuse areas of demyelination in the latter; there
is relative sparing of the subcortical arcuate fibres
and cortex, and in some cases other arteriosclerotic
lesions, such as basal ganglia infarcts may be
found. Olszewski based this definition on the ob-
servations he made on two cases, and after careful
consideration of the available literature. The
clinical features of patients shown to have had
these neuropathological changes included a slowly
developing dementia in the 50-60 year old age
group, associated with focal neurological deficits,
.and psychiatric disturbances in some. Binswanger2
was in fact the first to describe a group of eight
patients with such a clinical picture under the
term "Encephalitis subcorticalis chronica pro-
gressiva." He attributed the cause of subcortical
white matter degeneration to deficient blood supply
resulting from atherosclerosis, but he failed to
support his views with histological examination of
the brains; he merely described the macroscopic
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features of the brain of one patient who also had
syphilis.

Until recently the diagnosis of this disorder has
been based on neuropathological data, the clinical
features being common to other disorders, such as
multi-infarct dementia; or even Alzheimer's
dementia. Biemond4 was the first to propose a
scheme, on which the diagnosis could be made in
life. A comprehensive account of the clinical
features was subsequently given by Caplan and
Schoene,5 based on their observations of neuro-
pathologically proven cases and clinical assessment
of a further six cases. Their patients' clinical
features included hypertension, acute strokes with
or without some recovery, subacute deficits, long
plateau periods, lengthy course, dementia, promi-
nent motor signs and pseudobulbar palsy and
hydrocephalus. This was a significant contributioni
to the understanding of subcortical arteriosclerotic
encephalopathy, as previous reports in the English
literature had referred to a small number of cases
only. 1 4 [;11
A further contribution to the premorbid diag-

nosis of this condition has been provided by the
use of computerised tomography (CT). Rosenberg,
Kornfeld, Stovring and Bicknell12 described the
clinical, CT and neuropathological features of a
patient with subcortical arteriosclerotic encephalo-
pathy. Zeumer, Schonsky and Sturm"t described
briefly a similar case and a further five patients
in whom white matter low attenuation was the
main CT scan correlate of a clinical picture of
dementia, focal neurological deficits and hyper-
tension. Loizou and Smith (in preparation) have
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studied a 49-year-old normotensive man, with
clinical and neuropathological features of sub-
cortical arteriosclerotic encephalopathy, in whom
the CT scan showed a combination of subcortical
white matter low attenuation, cortical and sub-
cortical infarcts, and no cortical atrophy.

In the present study we attempted to identify
clinically patients with dementia of vascular aeti-
ology, in whom other features suggested subcorti-
cal arteriosclerotic encephalopathy; we supported
the clinical diagnosis by finding the characteristic
CT appearances of white matter low attenuation;
we obtained further information by psychometry
and cerebral blood flow studies, to supplement the
clinical and radiological features, in the anticipa-
tion that a precise definition of the syndrome could
then be made. Neuropathological confirmation of
the diagnosis has not been obtained except in the
one patient to be described fully elsewhere (Loizou
and Smith, in preparation). In addition to the
above group of patients, we identified a second
group who showed white matter low attenuation
on CT associated with vascular disease, but not the
full syndrome of subcortical arteriosclerotic
encephalopathy.

Patients and methods

All but one patient were in-patients at the National
Hospital for Nervous Diseases, London. Fifteen
patients were thought to have subcortical arterio-
sclerotic encephalopathy and all of them had been
referred for evaluation of dementia and neurological
deficits. Six further patients showed either clinical or
CT features compatible with subcortical arteriosclerotic
encephalopathy, and so were grouped separately for
comparative purposes. Routine general and neuro-
logical clinical evaluation was supplemented by
specific investigations including blood glucose, B12
and folate estimation, thyroid function tests, serologi-
cal tests for syphilis, chest and skull radiographs, ECG,
CT scan and EEG; CSF examination, psychometry
and cerebral blood flow studies were carried out in
the majority of patients. Cerebral blood flow was
studied using the intravenous Xenon (133Xe) tech-
nique.14 CT scans were taken on an EMI 1010 head
unit or in the 5005 body scanner using a 160X 160
matrix. Follow-up was possible in 10 patients.

Results

GROUP A: PATIENTS WITH SUBCORTICAL
ARTERIOSCLEROTIC ENCEPHALOPATHY
I Clinical features
The clinical features of the 15 patients are sum-
marised in table 1. There were nine males and six
females. The age at onset of symptoms ranged

from 26 to 72 years in males (in seven the range
was 52 to 64 years), and 55 to 75 years in females.
The duration of illness ranged between 1 to 23
years in males (I to 12 years in eight of them) and
1 to 4 years in females. Hypertension requiring
treatment was present in 12 patients; marginal
hypertension was present in patient No 7 and two
patients (Nos 1 and 13, table 1) were normotensive,
with blood pressure up to 150/95 mmHg. The
mode of presentation in six patients was with
acute or resolving strokes, occurring on a back-
ground of, or associated with the development of
dementia. In two patients presentation was with
subacute neurological deficits (gait ataxia or
apraxia) occurring on a background of dementia.
In seven patients dementia was the presenting
feature; in four of them it was associated with
subacute progression of neurological deficits and
in three it was associated with acute strokes.
The clinical recognition of these 15 patients

was based on the presence of a number of the
following features: (1) age at onset between 50
to 70 years, though at times earlier or later on in
life, with a relatively lengthy course, (2) estab-
lished hypertension or atheromatous vascular
disease, (3) focal neurological deficits occurring
acutely, with improvement, or developing sub-
acutely. The latter were manifested mainly as
disturbances of gait (pyramidal, extrapyramidal
motor deficit, ataxia or apraxia), dysarthria and
clumsiness of the arms. Unilateral or more com-
monly bilateral motor and occasionally sensory
signs, extensor plantar responses and spastic dys-
arthria would be present; at times the motor
deficit would amount to the full picture of pseudo-
bulbar palsy, (4) dementia presenting with insidi-
ous memory loss and progressing to a global
intellectual impairment, often less incapacitating
than the motor deficit, up to the time of obser-
vation, (5) psychological disturbances ranging from
loss of interest, lack of drive, mild depression to
intolerable alteration in mood and personal habits,
(6) stepwise deterioration in motor performance
and mental functions.

2 Laboratory investigations
All patients had normal haematological and bio-
chemical findings and negative tests for syphilis
(except one patient with inactive, old infection).
Chest radiographs showed cardiomegaly or un-
folding of the aorta in five patients. Electrocardi-
ography showed ischaemic changes, left ventri-
cular hypertrophy or minor arrhythmias in eight
patients. Cerebrospinal fluid examination was nor-
mal in eight patients, showed elevated protein
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(073 to 111 g/l) in three patients and was not
examined in four patients. The EEG showed
moderate or marked slow wave activity bilaterally
in 12 patients; it showed focal abnormalities in
left or right hemisphere in two patients and was
not carried out in one patient.

3 Psychometry
Psychometric testing was carried out in all these
patients. All showed a verbal and performance IQ
well below the expected age specific range and
premorbid level (Weschler Adult Intelligence
Scale). No specific features could be ascertained,
the dementia being global and affecting verbal,
visual and cognitive functions. There was, how-
ever, fairly good correlation between verbal or
performance defects and distribution of lesions in
the white matter, or infarcts as revealed by CT
scan (table 2).

4 Cerebral blood flow
Cerebral blood flow studies were carried out in 11
out of 15 patients. All but one showed reduction
in the mean cerebral fast flow (indicating flow
through grey matter) and there was also distortion
of the regional flow patterns (table 2). Such
regional reductions could be correlated with areas
of cerebral infarction as shown on CT scan. White
matter flows were also reduced in all these patients,
but the technique used does not allow for accurate
separate assessment of this subcortical flow. In
three patients the cerebral blood flow study was
repeated after a period of 6 to 10 months when
there had been slight but definite deterioration in
the dementia and motor deficits. In two patients
there was no change in cerebral blood flow while
in one there was further reduction in the mean
and regional flows.

S CT scan findings
Characteristic features seen on the CT scans of
patients with subcortical arteriosclerotic encephalo-
pathy consisted of the following (table 2, and fig 1).

a b c

Fig 1 Diagrammatic axial CT scan sections.
Cross-hatched areas indicate white matter low
attenuation. In fig la there is a left putaminal infarct.
IC=Internal Capsule, LV=Lateral Ventricle.

(1) White matter low attenuation was present
bilaterally and symmetrically in all patients. The
areas affected were the frontal and parietal regions
in 10 patients; frontal areas only in two patients;
frontal parietal and occipital in one patient;
frontal, parietal and temporal in two paticnts.
Thus the brunt of the disease seems to fall on the
white matter of the frontal and parietal lobes in
these patients (figs 2-6).

Fig 2 Unenhanced scan of patient 9 showing white
matter low attenuation in the frontal regions and
linear capsular infarcts.

Fig 3a-d Patient 3. Unenhanced scans showing white
matter low attenuation in frontal and parietal regions,
lacunes in the internal capsules and moderate
ventricular dilatation.

-do
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Fig 4a-d Unenhanced scans of patient 15. White
matter low attenuation in the frontal parietal and
centrum semiovale regions is shown. There is mild
cortical atrophy and moderate ventricular dilatation.

Fig 5a-b CT scans of patient 2. There is white
matter low attenuation in the frontal and parietal
regions, a right capsular infarct and minimal
ventricular dilatation.

(2) Cortical infarcts were seen in three patients
corresponding to episodes of stroke-like deficits.

(3) Subcortical lacunar infarcts were seen in
nine patients, unilateral in four and bilateral in
five patients, involving the internal capsules and
adjacent basal ganglia.

Fig 6a-c Patient 11. CT scans show white matter low
attenuation in frontal, parietal and centrum
semiovale regions, a right temporal lobe infarct and
moderate ventricular dilatation.

(4) Dilatation of the 3rd and lateral ventricles
as assessed by visual inspection was seen in 12
patients and was marginal in two patients. The
Evan's ratio ranged from 0-27 to 0 4 with a mean
of 0-32. On the whole ventricular dilatation was
mild to moderate.

(5) Cortical sulci were normal in six patients
(considering the age) and mildly to moderately
dilated in nine patients.

(6) Brain swelling was not present in any case
and intravenous contrast material (sodium iothala-
mate) did not enhance any lesions. Repeat CT
scans were available in five patients. In one patient
the second CT scan taken 3 years and 10 months
after the first, showed the development of white
matter low attenuation coinciding with deterior-
ation in his intellect and gait ataxia. Slight to
moderate progression of the white matter low
attenuation was seen in three patients over a
period of 6 to 18 months coincident with mental
and motor deterioration, despite hypotensive
medication.

6 Neuropathological features
Two patients died in the course of this study but
only one of them had post mortem examination,

c
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and the findings will be described separately
(Loizou and Smith, in preparation).

GROUP B: PATIENTS WITH CT AND CLINICAL

FEATURES RESEMBLING SUBCORTICAL

ARTERIOSCLEROTIC ENCEPHALOPATHY

Table 3 summarises the features of this group of
six patients. Patients 1 and 2 had hypertension,
dementia and neurological deficits with white
matter low attenuation on CT scan, compatible
with subcortical arteriosclerotic encephalopathy,
but are not included in the main group because
of lack of full laboratory studies. Patient 3 may
exemplify the early stages of subcortical arterio-
sclerotic encephalopathy. He presented with two
episodes of dizziness, unsteadiness and shuffling
gait lasting 1-2 weeks, in 2 years; he was mildly
hypertensive on no treatment, and although not
demented, psychometry showed significant dis-
crepancy between verbal and visuo-spatial execu-
tive skills. Cerebral blood flow studies showed re-
duced mean and regional flows (especially affecting
the right temporoparietal regions) and CT showed
white matter low attenuation in frontal and
posterior parietal regions. Patient four presented
with hypertension and a cerebellar haematoma;
the CT scan showed white matter low attenuation
which only partially resolved after evacuation of
the haematoma. Cerebral blood flow was normal.
There were no clinical features to suggest sub-
cortical arteriosclerotic encephalopathy and up to
18 months later her only deficit was residual cere-
bellar ataxia; repeat CT scan at this stage was

not available, the patient having moved to an-

other area. It is possible that the white matter low
attenuation in this patient was due to oedema and
hypertension, rather than to white matter demy-
elination or gliosis. Further support for this view
is provided by patient 5, who presented with an
acute stroke (dysphasia) and hypertension; the
CT scan showed a left temporal infarct and white
matter low attenuation in the frontal and parietal
regions, the latter resolving considerably, after
treatment with hypotensive medication for 2
weeks.

Patient six presented with giant cell arteritis
for which she was treated with oral prednisolone.
Over a period of 3 years she developed unsteadi-
ness of gait with incoordination of the lower limbs
and the CT scan showed white matter low attenu-
ation in frontal, parietal and occipital regions,
with no change over a 2 year period. Follow-up
will show whether she will develop any other
neurological features compatible with subcortical
arteriosclerotic encephalopathy.

L A Loizou, B E Kendall, and J Marshall

Discussion

In this study we attempted to identify during life
a group of patients, who were likely to have the
neuropathological process of subcortical arterio-
sclerotic encephalopathy. The diagnostic process
was based on a set of clinical and CT scan criteria.
which derived from the descriptions in the liter-
ature5 12 13 and from a case studied clinically,
radiologically and pathologically by one of us
(Loizou and Smith, in preparation). The main
clinical features were of a slowly evolving de-
mentia, in the 50-70 year old age group, often
associated with changes in affect, focal or bilateral
neurological deficits of acute or subacute nature
and cerebrovascular aetiology, hypertensive in
most patients or simply arteriosclerotic in some.
The correlated CT scan features were those of
generally symmetrical white matter low attenu-
ation in frontal and parietal regions, sometimes in-
cluding the external capsule region, and less often
in temporal and occipital regions, with subcortical
lacunes or cortical infarcts and mild to moderate
cerebral atrophy. A predominantly extrapyramidal
presentation'5 was not encountered in our study
but seizures were seen in two of our patients.2 5 12 13

Subcortical arteriosclerotic encephalopathy
should be differentiated both clinically and
radiologically from similar conditions. There is
a great similarity between subcortical arterio-
sclerotic encephalopathy and the clinical
syndrome of vascular pseudobulbar palsy, the
pathology of which is the lacunar state (etat
lacunaire).16120 Differentiating features may be the
subacute accumulation of deficits in subcortical
arteriosclerotic encephalopathy associated with
white matter low attenuation on CT. Cases 4 and
9 (table 1) exemplify this point. It may well be
that the two conditions represent different stages
in the natural history of subcortical arteriosclero-
sis. Multi-infarct dementia, due to accumulation
of cerebral infarcts from extracranial thrombo-
embolic disease or intracranial small vessel
disease3 21 22 may present in an identical way. Five
of our patients were initially assessed on this work-
ing diagnosis; subcortical arteriosclerotic en-
cephalopathy was diagnosed on the basis of
subacute deficits and the presence of white matter
low attenuation on CT, which has not been noted
in multi-infarct dementia.2' 24 The correlation
between accumulation of subacute deficits and
dementia with white matter low attenuation was
seen in almost all patients; in patient one (table 1)
dysarthria and ataxic paraparesis developed slowly
over 4 years and coincided with the appearance
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of white matter low attenuation in the frontal
lobes. Other vascular conditions that may present
in a similar way are watershed infarction and
Moya Moya disease, but both these have charac-
teristic clinical and radiological features.
The CT scan appearances of subcortical arterio-

sclerotic encephalopathy are characteristic but
not absolutely diagnostic. Differentiation must be
made from somewhat similar bilateral white
matter low attenuation, which may be seen rarely
in this age group, in association with conditions
not primarily of vascular origin.25 These include
advanced multiple sclerosis in which the plaques
are generally asymmetrical; posttraumatic micro-
cystic change and demyelination which is gen-
erally most pronounced in the inferior frontal
regions; cerebral oedema in which the low density
is ill defined and accompained by brain swelling,
and rare toxic metabolic disorders, such as amyloid
disease, and acute disseminated encephalomyelo-
pathy. Such conditions may have special features
of their own apart from white matter low attenu-
ation, which will aid further differentiation. White
matter low attenuation may be seen infrequently
in the CT of apparently normal elderly people,
though not as extensive and symmetrical as in
patients with subcortical arteriosclerotic en-

cephalopathy.13 Reduced attenuation adjacent to
the frontal horns and occasionally the temporal
and occipital horns is also well known in obstruc-
tive and communicating hydrocephalus, due to
transependymal fluid leakage. 2a Subcortical
arteriosclerotic encephalopathy can be differenti-
ated from communicating "normal pressure hydro-
cephalus" with which it shares the features of
ventricular dilatation and mild cortical atrophy
by the invariable presence of more laterally ex-
tending white matter low attenuation in frontal
and parietal lobes, and the frequent occurrence of
infarcts. Without CT studies the two conditions
may be difficult to differentiate and lead to in-
effective shunting procedures.10 27

Other vascular conditions may give rise to diag-
nostic difficulties on CT scan. Watershed infarc-
tion due to bilateral internal or common carotid
occlusion or stenosis may predominantly affect the
frontal and parietal white matter at the junction
of the anterior and middle cerebral supplies and
extend to the periventricular regions. 28 Angi-
ography may be necessary to elucidate the diag-
nosis. In hypertensive encephalopathy, low density
may occur in both grey and white matter on the
basis of microinfarcts and petechial haemorrhages
associated with cerebral oedema29; the reversible
nature of this white matter low attenuation and

L A Loizou, B E Kendall, and J Marshall

the absence of cortical atrophy and infarcts of a
size visible on CT will differentiate it from cases
of subcortical arteriosclerotic encephalopathy. The
CT scan appearances of etat lacunaire have not
been correlated in a large series with neuro-
pathology. It may be anticipated that they would
consist of mild cerebral atrophy in combination
with subcortical infarcts, similar to, but more
severe than in the lacunar syndrome30 31; white
matter low attenuation would differentiate in
favour of subcortical arteriosclerotic encephalo-
pathy. The pathological condition of etat crible,
refers to multiple small cavities in the white
matter32 33 but it has no known clinical correlate,
except when it occurs with etat lacunaire in pseudo-
bulbar palsy. Valentine, Kendall and Mosely25
related the CT changes of white matter low attenu-
ation in a group of patients with hypertension and
dementia to the presumed pathological state of
etat crible, without histological support. It is poss-
ible that some of their patients were examples of
subcortical arteriosclerotic encephalopathy, though
none of them had infarcts, in addition to the
other features of white matter low attenuation,
dilated ventricles and mild cortical atrophy. It is
evident that further neuropathological correlation
in their patients and in the present series is necess-
ary for final diagnosis. Extensive white matter low
attenuation may occasionally accompany con-
fusion or dementia in polycythaemia.29
The CT scan appearances of subcortical arterio-

sclerotic encephalopathy would be expected to
occur uncommonly. In a recent study,13 six cases
were found in 3500 CT examinations; we en-
countered six cases in 1979 and eight in 1980, out
of a total of 4930 and 4560 scans (up to the
time of completion of the study), respectively.
Our attempt to define characteristic psycho-

metric features of patients with subcortical arterio-
sclerotic encephalopathy did not yield any specific
information. There was good correlation between
psychometric deficits and presence of white matter
low attenuation or infarcts in specific areas as seen
on CT scans. Where it was possible to repeat the
psychometric tests after an interval, psychometric
deterioration was shown to parallel the clinical
deterioration and the progression of white matter
low attenuation (patients 1, 3, 6, 11, table 1).

Cerebral blood flow studies showed abnormal
low flows in all but one patient. The technique
used does not allow accurate measurement of
white matter flow, which would have been the
major area of interest. The fact, however, that in
most patients fast flow measurements, which indi-
cate flow through the cortical grey matter, were
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reduced is a significant indication that athero-
sclerotic disease involves the cortical pial vessels
to an extent that may impair flow in their water-
shed area with the white matter perforating
vessels. It should be noted that these CBF findings
are very similar to those seen in patients with
multi-infarct dementia.34 3a,
The EEG changes seen in our patients con-

sisted of generalised or in some cases focal slow
wave abnormalities. Periodic complexes such as
reported in single case reports'01' have not been
encountered.
The aetiology of subcortical arteriosclerotic

encephalopathy is atherosclerosis with superadded
hypertensive changes affecting the intracranial
cerebral arteries; medial hypertrophy and lipo-
hyalinosis affect predominantly the perforating
vessels to the white matter. These changes lead to
narrowing and occlusion of the lumina especially
at the sites of origin of capillaries.1 5 6 8 12 13 36-38
The resulting microscopic features are those of
microinfarction and demyelination, focal or dif-
fuse, affecting the frontal, parietal, temporal or

occipital white matter, with associated gliosis. The
periventricular regions tend to be affected most
and the subcortical U fibres tend to be spared, as
is the cortex. The ventricles show compensatory
dilatation.
The pathogenesis of white matter degeneration

has been related to two basic changes. The first is
the change in the wall of the perforating vessels39;

the second is either chronic hypoperfusion and
ischaemia37 or focal cerebral oedema with hy-
poxia.40 41 Our blood flow studies indicate involve-
ment of the cortical vessels in the arteriosclerotic
process and indeed a number of authors have
reported this neuropathologically.42 We suggest,
therefore, that the white matter changes are due
to chronic ischaemia in the watershed area be-
tween the cortical medullary arteries and the long
perforating arteries to the white matter. Wodarz28
has suggested such a mechanism in watershed in-
farction. Hypertension probably accentuates the
basic arteriosclerotic process. It is of interest
that in a recent review of 20 patients with mal-
ignant hypertension and 50 on chronic dialysis
programmes, none was encountered who showed
white matter low attenuation on CT scan13; this
implies that hypertension may not be the only
factor in the pathogenesis of white matter low
attenuation, which is the CT correlate of white
matter degeneration.

In conclusion we have defined the clinical
features and CT appearances of patients with the
diagnosis of subcortical arteriosclerotic encephalo-

pathy. Both the clinical and CT features must be
differentiated from similar conditions, but when
taken together they are virtually diagnostic of sub-
cortical arteriosclerotic encephalopathy.
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