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SUMMARY One hundred and seventy five multi-infarct dementia (MID) patients were evaluated for
risk factors for stroke as well as for the types of cerebrovascular lesions that were present. The
incidence of associated risk factors for stroke were as follows: hypertension (66%), heart disease
(47%), cigarette smoking (37%), diabetes mellitus (20%), moderate alcohol consumption (19%)
and hyperlipidaemia (21%). The most frequently occurring type of lesions were multiple lacunar
infarctions of the brain (43%). These were combined with other types of stroke in an additional
21%. Atherosclerotic occlusive disease of the carotid and vertebrobasilar arteries occurred alone in
18% and was associated with other types of stroke in another 25%. Embolic cerebral infarctions
were present alone in 8% and were combined with other types of stroke in 15%. MID was more
frequent in men (62%) than women (p < 0-002). Mean bihemispheric gray matter cerebral blood
flow (CBF) values showed a fluctuating course and when results were pooled and compared between
different types of MID, extracranial occlusive disease and/or multiple lacunar infarctions resulted in
lowest CBF values. The location of cerebral infarctions was more importantly related to cognitive
impairments than was the total volume of infarcted brain. Mortality rates among 125 MID patients
followed for 31 months has been 5%. Correct clinical classification of the types of cerebrovascular
lesions was confirmed in three necropsied cases.

Clinicopathological studies have shown that approxi-
mately 50%-65% of cases of dementia in the elderly
are due to Alzheimer's disease (SDAT), 12%-20% are
due to multi-infarct or vascular dementia (MID) and
another 15%-20% exhibit neuropathological features
of both SDAT and MID.12 Until 15 years ago,
elderly dements with focal neurological signs were
grouped together under the vague term "arterio-
sclerotic dementia".3-4 At that time, Hachinski and
colleagues,5 basing their clinical investigations on
earlier neuropathological studies,2 4 suggested the
term "multi-infarct dementia" for patients with cog-
nitive impairments resulting from multiple bilateral
ischaemic strokes. They standardised a scale
(Hachinski Index) for identifying patients with MID,
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based on the presence of hypertension, sudden onset
of dementia, a fluctuating course and other character-
istic features such as focal neurological symptoms and
signs.

This Ischaemic Index has proven useful in
differentiating MID from degenerative dementia of
the Alzheimer type (DAT).56 Necropsy studies
confirmed that, used alone, the Ischaemic Index is
reliable for predicting the diagnosis of both MID and
SDAT.78 It has a predictive accuracy of 71% for
MID and 89% for SDAT. If the Ischaemic Index is
combined with detailed medical, neurological and
neuropsychological examinations, laboratory testing
for risk factors for stroke, exclusion of other causes of
dementia, and computed tomographic (CT) and/or
magnetic resonance imaging (MRI) of the brain, clin-
ical diagnostic accuracy is increased to 90%.3 9 -13

In the study to be reported here, patients with MID
were categorised into the different types of cerebral
ischaemia and infarction which have been reported in
the literature to give rise to MID, and into combina-
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tions of them if more than one type of stroke was
present. Different types of stroke that may give rise to
MID include multiple lacunar infarctions.4 .4. The
incidence of lacunar infarcts increases with age and is
associated with risk factors for stroke, particularly
hypertension.49 131 Characteristic clinical features
include abrupt onsets of cumulative neurological
deficits, as described by Fisher,4 such as pure motor
weakness, bradykinesis and rigidity, decreased spon-
taneous activity, dysarthria, small-stepped gait and
later dementia. On CT and/or MRI imaging of
patients with lacunes later confirmed at necropsy,
small lesions have been present in the basal ganglia,
thalamus, upper brain stem and white matter. Lacu-
nar infarcts appear as small (0 5-1 5 cm) low density
lesions by CT and as high density "bright objects" by
T2 weighted MRI. They have a predominantly sub-
cortical distribution consonant with neuro-
pathological descriptions.35914
Another type of MID results from the cumulative

effects of multiple cerebral emboli. Embolic infarcts
are usually larger than lacunes and usually have bilat-
eral cerebral hemispheric distribution. Cerebral
embolisation may also be confirmed during life by CT
and/or MRI. Apart from their larger size, embolic
lesions usually involve the cerebral cortex as well as
subcortical white matter and are situated in the distri-
butions of major cerebral arteries. Emboli causing
MID may originate from a diseased heart, particu-
larly if cardiac dysrhythmia is present, or from athero-
sclerotic plaques of the major aortocranial vessels,
such as the internal carotid arteries and the vertebral
arteries.3 9 13 Neurological deficits resulting from
cerebral embolism are usually more pronounced than
those arising from lacunar infarcts, and it is possible
to predict which cerebral vessels have been occluded
by the characteristic neurological features. The source
of embolisation may be confirmed by aortocranial
arteriography and/or ultrasonography if they arise
from an atherosclerotic plaque of the major cerebral
arteries and by echocardiography if they arise from a
diseased heart.
Another type of MID results from the cumulative

effects of multiple watershed or border zone
infarctions, secondary to critical reductions of cere-
bral perfusion.'6 -18 This has been termed "misery
perfusion syndrome" by Samson, et al.'8 based on
positron emission tomographic (PET) measurements
of severely reduced cerebral blood flow (CBF) with
relatively well preserved cerebral metabolism in a
series of 12 patients with severe occlusive disease of
the carotid arteries who showed improvement of both
blood flow and metabolism 3 weeks to 3 months after
extra-intracranial arterial bypass procedures. Such
patients with advanced bilateral atherosclerotic
occlusive disease of the carotid and/or vertebral arte-
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ries may develop MID as a result of the reduced cere-
bral perfusion, a condition that may be confirmed
during life by arteriography and/or Doppler ultra-
sonography. The characteristic distribution of the
watershed infarcts of the brain can be identified by CT
and/or MRI and the reduced cerebral perfusion may
be measured by more readily available methods such
as '33Xe inhalation, as well as by PET scanning.6 13 18

Rarer causes ofMID include: inflammatory vascu-
litis associated with collagen vascular disease,
progressive arteriosclerotic subcortical leuco-
encephalopathy, also termed Binswanger's dis-
ease,3 13 19 ischaemia of the brain due to shunting of
blood or "steal" into cerebral arteriovenous mal-
formations, and vasospasm secondary to sub-
arachnoid haemorrhage following rupture of an
intracranial arterial aneurysm.3 Binswanger's disease
is a chronic vascular dementia characterised neuro-
pathologically by severe mural thickening of the small
cerebral arterioles resulting in diffuse ischaemic gliosis
of white matter and enlargement of the lateral ventri-
cles, a condition almost invariably associated with
hypertension. Clinically, Binswanger's disease is man-
ifested by strokes, subacute accumulation of focal
neurological symptoms and signs, plateau intervals
followed by pseudobulbar palsy, dementia and
prolonged motor deficits.19 CT of the brain shows
hydrocephalus ex vacuo with marked and diffuse
attenuation of white matter. Binswanger's disease is
identifiably different in aetiology from normal pres-
sure hydrocephalus.20

There are several established risk factors that may
enhance cerebral atherosclerosis, predispose to
stroke, and/or reduce cerebral blood flow
(CBF). 21 -29 These include hypertension, diabetes
mellitus, heart disease, hyperlipidaemia, cigarette
smoking and alcohol consumption.

Hypertension has been identified as the single most
important risk factor for both cardiovascular and
different types of occlusive cerebrovascular disease,
including MID30 31 transient ischaemic attacks
(TIAs)32, atheromatous occlusion or stenosis of the
internal carotid and other major aortocranial
arteries33 and cardiogenic and arterio-arterial cere-
bral emboli.34 In the present protocol, subjects were
considered to have a positive history for hypertension
if its presence had been established in the past and
antihypertensive medications had been prescribed or
if there were repeated recordings of blood pressure in
excess of 160/90 mmHg on more than two consecutive
occasions after adequate rest intervals.35
Cardiovascular disease more than doubles the risk

of stroke in otherwise normal individuals, while
among those that survive a stroke, it is the leading
cause of death.36 In the present study, based on clin-
ical and electrocardiographic evidence, patients with a
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Risk Factors and MID

diagnosis of arteriosclerotic heart. disease with and
without cardiac dysrhythmias and those with and
without degenerative valvular disease, were included;
however, patients with rheumatic heart disease were
excluded.

Hyperlipidaemia has become widely accepted as a
risk factor for atherosclerotic heart disease and has
recently been implicated as a risk factor for cerebral
atherothrombotic stroke and for cerebral athero-
genesis, particularly of the larger cerebral vessels.37 In
the present study, cholesterol and triglyceride levels
were considered to be elevated when they exceeded
normative values developed and published by the
Methodist Hospital Lipid Clinic, Houston, Texas,38
where upper limits of normal for fasting values are 265
mg/dl for cholesterol and 190 mg/dl for triglyceride
levels.

Diabetes mellitus is well accepted as a risk factor for
the development and progression of atherosclerosis of
large and small cerebral vessels,39 and has been impli-
cated as a substantial risk factor for atherothrombotic
brain infarction, particularly among men.40 Diag-
nostic criteria used in the present protocol for diabetes
mellitus were medical history of treatment for this
condition plus documentation of hyperglycaemia and
a satisfactory response to treatment by diet, oral
hypoglycaemic agents or insulin.37
Rogers et a14' 42 have reported that alcohol con-

sumption and habitual cigarette smoking both
increase the risk for stroke, and that these increases in
risk are directly related to the amount of each sub-
stance abused. For the purposes of the present study,
patients were categorised according to the amount of
alcohol consumed as follows: none = never drinks
alcohol; mild = less than 1-2 drinks per week; mod-
erate = approximately 1-3 drinks per day; and those
who quit at least 3 months prior to admission into the
study. Heavy drinkers were excluded. Patients were
also classified according to the amount of cigarettes
they smoked: none = never smoked; moderate = less
than one pack per day; heavy = more than one pack
per day or smokes cigars or a pipe six or more times
per day; and those who quit at least 3 months prior to
admission into the study.

Prospective clinical trials, in which CBF mea-
surements have been repeated at intervals among neu-
rologically normal volunteers with risk factors for
stroke before and after the development of strokes
and MID, indicate that CBF is reduced for as long as
2 years prior to their onset.24 2S Longitudinal clinical
trials among patients with MID indicate that control
of risk factors including control of hypertension,'3 22
cessation from cigarette smoking'3 28 29 and
ventriculoperitoneal shunting procedures in some
patients with associated normal pressure hydro-
cephalus,20 result in measurable improvements in
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CBF and cognition.
The present clinical investigation was designed to

explore the demography and frequency of distribution
of the different types of MID and associated risk fac-
tors for stroke. The diagnoses ofMID were confirmed
in each patient by the clinical investigations reviewed
above among 175 MID patients, 125 of whom agreed
to be followed longitudinally. Age, sex, aetiological
classifications and associated risk factors were deter-
mined and all of these variables were correlated with
serial measurements of CBF values.

Methods

One hundred and seventy five consecutive patients with MID
were admitted to the study. All were referred for diagnosis
and treatment and were examined and evaluated according
to a standard protocol. Patients referred included both vet-
erans (40%) and non-veterans (60%). They were almost all
referred as out-patients by neurologists, neurosurgeons, car-
diovascular surgeons, and physicians from the Southwestern
United States. They are considered to be a representative
sample of patients with MID from this area. They were all
asked to participate in longitudinal studies carried out on an
out-patient basis and 125 of them agreed to do so.
To provide a comparative descriptive profile with the MID

subjects, 125 neurologically normal, age-matched volunteers
were recruited. These subjects are part of an on-going longi-
tudinal investigation into the natural history of aging and
cerebrovascular disease.
At the time of admission to the study, each patient under-

went evaluation including (1) medical and neurological
examinations, (2) Cognitive Capacity Screening Exam-
inations (CCSE),13 (3) modified Hachinski Ischaemic
Index,'3 (4) regional cerebral blood flow (CBF) mea-
surements using the '33Xe inhalation method,43 (5) blood
chemistries, (6) electroencephalogram, and (7) computed
tomography (CT) and/or magnetic resonance imaging
(MRI) of the brain. A questionnaire was completed by the
patients, assisted by their family if necessary, concerning
demographic information, medications, and medical history.
Diagnosis of MID was based on an Ischaemic Index of 5 or
more,3 7-9 13 a CCSE score of 25 or less,13 history of sudden
onset of stepwise and progressive mental deterioration, focal
neurological symptoms and signs, abnormal brain imaging
compatible with ischaemic lesions and patchy bilateral and
asymmetric reductions of gray matter regional CBF.

Patients and their families who agreed to participate in the
longitudinal study of multi-infarct dementia returned to the
laboratory at intervals of 3-6 months. To date, 125 patients
have agreed to participate and have been followed for an
average of 31-3, SD 26-8 months. The reason for the large
standard deviation is that some patients have recently joined
the study while others have been followed for as long as 9
years, so that the follow-up has varied between 3-116
months. At each visit, medical and neurological exam-
inations, CBF measurements and CCSE testing were
repeated.
The presence alone or in combination of the following

aetiological causes for MID were identified for each patient:
(1) Embolic infarctions were considered to be present among
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patients who had clinical and CT and/or MRI confirmation
of non-haemorrhagic lesions within the distribution of the
major cerebral arteries and/or evidence of extensive cortical
infarction; (2) Lacunar infarctions were considered to be
present among patients with a history and neurological signs
and symptoms compatible with subcortical lacunar
strokes4 14 and/or identification of subcortical infarctions by
CT and/or MRI. Circumscribed subcortical gray matter
lesions and focal asymmetrical periventricular white matter
lesions measuring 0-5-1-5 cm in greatest diameter were con-
sidered evidence of lacunar infarctions;'0 -14 (3) Misery per-
fusion with infarction was considered to be present in MID
patients with angiographic evidence of severe stenosis or
occlusion of the internal carotid arteries and/or the vertebral
and basilar arteries, plus clinical, CT or MRI evidence of
cortical and/or white matter lesions in the distribution of the
watershed areas between the major cerebral arteries.I6-18
The diagnosis of MID due to Binswanger's disease or vascu-
litis was based on standard clinical, CT and MRI findings,
plus the usual laboratory diagnostic criteria that have been
described for these disorders.3919 Patients considered to
have cardiogenic embolic strokes underwent echo-
cardiography as well as electrocardiography in order to eval-
uate heart disease as their cause.

Procedures for measuring CBF were carried out according
to methods described by Obrist et al.,43 and modified for
clinical use by Meyer et al.4 Briefly, five to eight millicuries
of 133Xe gas were mixed with room air and inhaled for one
minute. Isotopic clearance throughout the ensuing 10
minutes was monitored by means of 16 collimated sodium
iodide crystal detectors distributed symmetrically over each
hemisphere. After correction for arterial recirculation, the
fast component of clearance was used to estimate gray
matter flow.'3 Pulse rate, end-tidal PCO2, respiratory rate,
and EEG were monitored throughout.

Protocols for these studies have been approved by the
Institutional Review Boards of VA Medical Center,
Houston and Baylor College of Medicine and are reap-
proved annually by the VA Medical Center.

Statistical analyses
The Chi-square statistic was used to determine frequency
distributions for age, gender, risk factors and for different
aetiological factors considered responsible for cerebral
ischaemia or stroke among the entire case series. Sets of
one-way analysis of variance (ANOVA) were employed to
ascertain any relationships between group comparisons of
initial, mean, lowest and highest CBF values, and to deter-
mine any age differences between different diagnostic groups.
Significant results were followed by pairwise contrasts to
compare CBF values among different groups. In addition,
analysis of covariance was used to determine if any
significant age differences existed between diagnostic groups
and to determine if age, which is a risk factor for stroke itself,
influenced results.

Results

As shown in table 1, the MID group as a whole had
an average age of 67-1, SD 10-2 years and 62% were
male. Table 1 summarises results of analyses for all
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Table 1 Patients with MID

TOTAL NUMBER 175
Mean Age 67-1, SD 10 2
Mean Ischaemic Index 81, SD 1-8
Males/Females 61 7%/38-3%
Associated SDAT (MIX) 6-5%
Mean Initial Visit CBF* 60 6t, SD 10-1
Age Matched Mean Normative CBF 68-4, SD 9-1

TOTAL NUMBER RETURNING FOR
SERIAL VISITS 125

Mean Follow-up Interval 31 3, SD 26-8
Mean CBF* Over-all Visits 61-0, SD 8-1
Lowest CBF* at Any Visit 55-5, SD 9-0
Highest CBF* at Any Visit 66-5, SD 10-8

*Mean bihemispheric gray matter blood flow in mls/I00 gm
brain/minute
tSignificantly reduced compared with age matched normals
(p < 0-0005).

subjects according to mean age, gender, ischaemic
indices, mean interval of follow-up and initial CBF
values. As shown in table 1, of the total of 175 MID
cases, 6-5% were considered to show, in addition to
MID, some clinical symptoms and/or neuroimaging
features characteristic of associated SDAT and were
classified as having a mixture of both MID and SDAT
(MIX).

Table 2 shows the frequencies of occurrence for
associated risk factors for stroke among all the MID
and neurologically normal cases. The case series of
MID patients included 162 caucasians, nine blacks,
two hispanics, and two Asian-Americans. Chi-square
analysis was used to test for significance of gender
distribution. Men accounted for 62% of MID cases
which was significantly greater than representation
for women (p < 0-002). As seen in table 2, Chi-square
analysis of frequency distributions showed significant
differences between the MID group and the neuro-
logically normal volunteers in the occurrence of
hypertension (p < 0-0002), heart disease (p < 0-0026),
diabetes mellitus (p < 0-0027), cigarette smoking
(p < 0-0001), and carotid bruits (p < 0-007).

Table 3 summarises the frequency of occurrence of
different causes of stroke and cerebral ischaemia
among the MID patients. In the present series of
patients, subcortical lacunar infarctions were the most
frequently occurring cause of MID. These were
present alone in 43% of the MID patients and were
associated with misery perfusion in 13% and with
major embolic strokes in 4-0% of the series. Clinical
evidence of subcortical lacunar infarctions, associated
with focal gray and white matter lesions of 0-5-1-5 cm
in diameter demonstrated by CT and MRI imaging,
was present in a total of 65% of the present series of
MID patients.
The second most frequent aetiology of MID was

misery perfusion due to severe extracranial athero-
sclerosis with occlusion or stenosis of the carotid
and/or the vertebral arteries. This was the sole cause
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Table 2 Associated risk factors

Mid subjects Normal controls

Case Percentage Case Percentage Level oJp
Risk Factors: Numbers Frequency Numbers Frequency Significance
Hypertension 116 66-3% 55 44 0% p < 0-0002
Heart Disease 83 47-4% 36 28-8% p < 0-0026
Diabetes mellitus 35 20-0% 9 7-2% p < 00027
Hyperlipidaemia 36 20-6% 25 20-3% NS
Cigarette Smoking p < 0-0001
None 59 33-7% 72 58-5%
Moderate 21 12-0% 7 5-7%
Heavy 36 20 6% 10 811%
Former Smokers Who Quit 58 33 1% 34 27-6%

Alcohol Consumption NS
None 64 36-6% 32 28-6%
Mild 65 37-1% 50 44-6%
Moderate 33 18-9% 24 21-9%
Former Drinkers Who Quit 13 7-4% 6 5 4%

Carotid Bruits 20 11-4% 3 2-4% p < 00070
*Chi-square analysis of frequency distributions

of MID in 18% and was associated with other causes
of stroke in 25%.
The third most frequent cause was multiple major

embolic strokes (8 0%). Embolic strokes were com-
bined with other types of stroke in an additional 15%.
Mixtures of two or more different types of stroke were
combined among 29% of MID patients. Of all the
MID patients suffering from multiple embolic strokes,
24% had an identifiable cardiogenic source for
emboli.
As shown in table 1, mean values for bihemispheric

gray matter CBF at the initial visit among the MID
patients were significantly reduced compared with
age-matched normal values (p < 0 0005). Mean CBF
values were compared between the three MID groups
categorised as due to misery perfusion syndrome,
multiple embolic strokes, and multiple lacunar
infarctions. For these analyses, patients with com-
bined causes and those with rare aetiologies of MID
such as Binswanger's disease and vasculitis, were
excluded. Three measures of CBF collected from the
patients who agreed to longitudinal CBF mea-
surements were subjected to analysis of variance
(ANOVA). These included mean CBF values calcu-
lated from all visits, and the lowest and highest CBF

Table 3 Aetiological classification

Etiology Number Frequency (%)

Lacunar infarcts 76 43-4
Misery perfusion (M.P.) 32 18 3
M.P. + lacunar infarcts 23 13-1
Major embolic strokes + M.P. 13 7-4
Major embolic strokes 14 80
Strokes + lacunar infarcts 7 40
M.P. + strokes + lacunar infarcts 7 40
Vasculitis 2 1-1
Binswanger's disease 1 0-6

TOTAL 175 100 0

values measured at any visit. The figure illustrates
between group comparisons of CBF values for MID
patients in the three groups with misery perfusion, or
embolic or lacunar strokes. All groups showed
marked fluctuations of CBF values at return visits,
which exceed those seen in Alzheimer's disease.45-48
As shown in the fig, mean CBF values for the group
with embolic strokes was significantly higher than for
the group with misery perfusion (p < 0.02), or the
group with multiple lacunar infarctions (p < 0-01).
No significant differences were apparent when mean
CBF values were compared between the group of
patients with misery perfusion and the slightly older
group suffering from multiple lacunar infarctions.
Significant effects (p < 004) were also observed
between the three principle causes of MID when
lowest CBF values were compared (p < 0-04). There
were significantly higher CBF values among the group
with multiple embolic strokes compared with the
group with multiple lacunar infarctions (p < 0 02).
Between group analyses for the highest CBF levels
followed similar patterns as those found for mean and
for lowest CBF values. There were significantly lower
CBF values among the group with misery perfusion
compared to the group with embolic stroke
(p < 0-02).
Analysis of variance did not indicate significant

differences for mean age between the three MID
groups. However, the mean age for the group with
multiple lacunar infarctions (70 3, SD 9.9) was slightly
older than the groups with embolic strokes (66-0, SD
13-2) or with misery perfusion (65 9, SD 8-7). Since
decreases of CBF are associated with aging,2" it was
considered possible that even these slight differences
in age might contribute to some of the group
differences for CBF. Therefore, analyses were
repeated using a covariance model to correct for age-
dependent relationships. After making this correction

Risk Factors and MID 1493
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Fig I Mean bihemispheric gray matter CBF values
among the three major clinical categories of MID
(subcortical lacunar infarcts, misery perfusion, and major
embolic strokes) comparing mean, highest and lowest CBF
values for all serial CBF measurements recorded during the
prospective trial. As judged by all three CBF measures,

MID patients with major embolic strokes had significantly
higher CBF values than MID patients with misery perfusion
or subcortical lacunar infarcts.

for differences in ages between groups, results were

similar to those already described without correcting
for age differences.
Among the 125 MID patients followed for 31

months the mortality rate has been 5 1%. Necropsy
confirmation of the diagnosis of MID has been
obtained in three patients and correct classification of
the type of cerebral ischaemia and absence of micro-
scopic features of SDAT was confirmed in all three.
Results of the three necropsy examinations will be
reviewed briefly. The first patient was a 45 year old
male with insulin-dependent diabetes and hyper-
tension. Clinically, he was classified as MID due to
multiple lacunar infarctions. He died of acute pontine
haemorrhage. At necropsy, there was advanced ath-
erosclerosis of the cerebral vessels with marked
stenosis of the basilar artery and multiple lacunar
infarcts of the brain measuring 0-5-1-2cm in
diameter. These were located in the thalamus bilater-
ally, the left globus pallidus, the right putamen and
the right dentate nucleus. The second patient was a
74 year old male with atherosclerotic heart disease
and myocardial infarction complicated by cardiac
arrhythmia. He was classified as MID due to multiple
cardiogenic emboli. He died of heart failure. At nec-

ropsy there were multiple embolic infarcts of the brain
secondary to coronary artery atherosclerosis as well as

myocardial infarction which was considered to be the
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cause of the longstanding cardiac dysrhythmia during
life. The embolic infarcts involved the entire right
caudate nucleus and surrounding white matter of the
frontal lobe, the left occipitotemporal cortex in the
distribution of the posterior cerebral artery and the
left parietal cortex in the distribution of the middle
cerebral artery. The third patient had longstanding
hypertension and was classified as MID due to misery
perfusion. He died of arteriosclerotic heart disease
with heart failure and complications following aorto-
femoral reconstructive surgery. At necropsy, there
was complete, organised, thrombolic occlusion of the
left internal carotid artery as well as severe athero-
sclerotic stenosis of the right intracranial internal car-
otid artery confirming the diagnosis made by cerebral
arteriography during life. Several years earlier, he had
undergone surgical by-pass of the left superficial tem-
poral artery to the middle cerebral artery. The by-pass
was patent but there were multiple recent and remote
infarcts in the watershed territories between both
middle cerebral arteries and the anterior and posterior
cerebral arteries, most evident in the left central hemi-
sphere. There were also lacunar infarctions present in
the right cerebellum.

Discussion

Experience from this study suggests that MID is most
commonly encountered after 60 years of age and
affects predominantly males. MID is almost invari-
ably associated with remediable risk factors for stroke
and occurs in blacks, whites, Asian and Hispanic
Americans. As judged by the present series, the most
frequent cause of cerebral ischaemia and infarctions
associated with MID are multiple lacunar infarcts.
The second most common cause is severe extracranial
occlusive disease of the carotid, vertebral and basilar
arteries and the third most common cause is multiple
cerebral emboli arising from the internal carotid
arteries or from the heart. Many patients with MID
are referred to this laboratory for evaluation of
cerebral perfusion prior to consideration of surgical
revascularisation procedures such as carotid
endarterectomy and superficial temporal to middle
cerebral artery by-pass. It is possible that more cases
of extracranial occlusive disease were admitted to this
study than would be encountered by other referral
centres. Likewise, the majority of referrals to this lab-
oratory are out-patients so that it is possible that the
occurrence of MID due to multiple major cerebral
arterial embolic occlusions may have been under-
estimated because severely ill patients hospitalised
with stroke are often discharged to convalescent
homes without completing the detailed investigations
required by the research protocols of this laboratory.
Tomlinson et al.2 suggested that small lacunar
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Risk Factors and MID
infarcts are not as damaging to cognitive performance
as multiple major strokes based on the observation
that lacunar infarcts are frequently encountered at
necropsy in the brains of the nondemented elderly.
Present results are in agreement with those of Fisher4
who reported that multiple small lacunar infarcts may
eventually become associated with mental deterio-
ration. It is apparent, however, that lacunar strokes
are frequently encountered on examining CT and
MRI scans among elderly subjects both with and
without dementia, and many of these strokes appear
to have been clinically silent.10 -12 144
Among MID patients, those with multiple embolic

strokes showed higher CBF values compared to those
with extracranial occlusive disease or those with mul-
tiple lacunar infarcts. This is of interest since patients
with major embolic strokes have larger volumes of
infarcted brain tissue measured at necropsy or by CT
or MRI during life, compared with those with lacunar
infarcts or those with extracranial occlusive disease
and watershed infarcts. This suggests that the severely
reduced cerebral perfusion associated with extra-
cranial occlusive disease or associated with multiple
lacunar infarcts is not solely due to the brain
infarctions but also reflects diffuse cerebral ischaemia
secondary to occlusive disease of the large and small
cerebral arteries. Among patients with unilateral car-
otid occlusion demonstrated by angiography, there
are not only marked reductions in regional CBF of the
ipsilateral hemisphere, but also of the contralateral
hemisphere, due to interhemispheric steal.13 18 Like-
wise, neuropathological studies of patients dying with
multiple lacunar infarctions show widespread lipho-
hyalinosis, mural thickening and stenosis of the cere-
bral arterioles including penetrating end-arteries
supplying the subcortical white matter.' 19

It has been postulated from CBF measurements
that otherwise healthy gray and white matter in
patients with MID may become reversibly impaired
by severely diminished blood supply and that this
reversible ischaemia contributes to the cognitive
impairments.184647 The fluctuating course, which is
so characteristic of patients with MID, is best expla-
ined by intermittent ischaemia of gray and white
matter without infarction.'8 If cognitive declines
among MID patients were solely due to the volume of
infarcted brain tissue, fluctuations in the clinical
course with subsequent improvements in CBF and
cognition would be difficult to explain. This haemo-
dynamic concept is supported by investigations
showing that CBF and cognition fluctuate together in
patients with MID.1348 If this haemodynamic con-
cept proves to be correct, it may have important impli-
cations concerning prevention and treatment of MID.
The second most frequently occurring cause of

MID, in the present series of MID patients, was
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misery perfusion due to severe atherosclerotic extra-
cranial occlusion. This occurred alone in 18% but a
comparable number had misery perfusion plus associ-
ated lacunar infarcts or associated embolic strokes or
both (table 3). This should be borne in mind if surgical
revascularisation procedures18 are considered in MID
patients with severe extracranial occlusive disease,
since surgical treatment is not likely to improve cog-
nitive impairments due to embolic or lacunar infarcts,
whereas medical treatment is more likely to do so. 13
The present study confirms the higher frequency of

occurrence ofMID among males (62%) than females.
This preponderance of MID is considered to be valid,
since non-veterans of either sex, as well as male and
female veterans, are referred to this laboratory. A
series of 28 patients with senile dementia of the
Alzheimer's type referred to this laboratory show a
female to male preponderance of 4: 3, similar to ratios
reported by other centres of large series of patients
with SDAT.49 5o In general, male to female ratios of
between 1-5-2-1 have been reported among cohorts
with either stroke or MID.'9 50 The higher incidence
of risk factors for stroke that occurs among men,
particularly hypertension and heart disease, most
likely explains the preponderance of male patients
with stroke and MID.5' 52 Conversely, risk factors for
stroke are infrequent among patients with pure
Alzheimer's disease. Women survive longer than men
and are more likely to suffer from Alzheimer's disease,
since SDAT is also age-related.'9

Hypertension is the most frequent vascular risk
factor among patients with MID and occurred in 66%
of the present series. This is to be expected since
hypertension is the most potent risk factor for stroke.
Epidemiological studies have shown that hyper-
tension is associated with six times the risk for stroke
compared with that among age-matched normo-
tensive subjects.52 Heart disease is also a potent risk
factor for MID and was present in 47% of the present
series. Heart disease carries an increased risk for
stroke 2 to 5 times that among age-matched subjects
without heart disease. This increased risk for stroke
associated with heart disease is not reduced by control
of associated hypertension.52 A history of cigarette
smoking was present in 33% of the present series of
patients with MID, while 19% were considered to be
moderate drinkers and each of 20% had associated
diabetes mellitus or Type IV hyperlipidaemia. Mul-
tiple risk factors were encountered frequently and
these individuals were considered to be at high risk for
progressive dementia.

Until recently, relationships between cognition and
CBF were difficult to elucidate because of the widely
fluctuating course which is so characteristic of MID
patients. Longitudinal studies, however, have shown
that coupling does exist between the wide fluctuations
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of both CBF and cognition.48 Since diffuse cerebral
ischaemia in risk factored subjects precedes the onset
of strokes and MID,25 control of risk factors and
prevention of transient ischaemic attacks may prevent
or improve the cognitive deficits in this form of
dementia among the elderly.

This work was supported by the Veterans Adminis-
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Moritz Heinnch Romberg and Ekbom's syndrome

As a result of four papers,'2 the well known syndrome of restless legs is justly credited to KA Ekbom Sr. His seminal paper'
referred to "asthenia crurum paraesthetica (Irritable Legs)". His second distinguished two forms: (1) "asthenia crurum
paraesthetica" and (2) "asthenia crurum dolorosa"; he later2 settled for plain "restless legs syndrome". Others have referred to
fidgety feet, and dyslysis. Spillane and colleagues described a similar condition of "painful legs and moving toes" relieved by
sympathetic block with local anaesthetic.
Of historical interest is a passage in the English translation of the 2nd edition of Romberg's celebrated A Manual of the

Nervous Diseases ofMan (1853).3 Romberg was a great nosologist, a devotee and translator of the works of Sir Charles Bell
and Marshall Hall. He provided good descriptions of, inter alia: progressive muscular atrophy, carpal tunnel syndrome,
neuralgic amyotrophy and in 1846 the Parry-Romberg syndrome of progressive hemifacial atrophy. Chapter 9 includes:
"Anxietas tibiarum", a sense of painful restlessness in the lower extremities, especially in the legs and feet. The patient "did not
know what to do with them. . though there was relief by change of position".
Though modern, symptomatic, empirical treatment is valuable, the aetiology remains an enigma.

References

I Ekbom KA. Asthenia crurum paraesthetica ("Irritable Legs"). A new syndrome consisting of weakness, sensation of cold and nocturnal
paraesthesia in the legs, responding to a certain extent to treatment in general. Acta Med Scand 1944;1 18:197-209.

2 Ekbom KA. Restless legs syndrome. Neurology 1960;10:868-73.
3 Romberg MH. A Manual ofthe Nervous Diseases ofMan. 2 vols. Chapter 9: Hyperaesthesia of the Nerves of Muscular Sense. (Trans and ed

Sieveking EH, London, The New Sydenham society, 1853.
JMS PEARCE

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.51.12.1489 on 1 D
ecem

ber 1988. D
ow

nloaded from
 

http://jnnp.bmj.com/

