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Accuracy of the clinical diagnosis of vascular
dementia: a prospective clinical and post-mortem
neuropathological study
T ERKINJUNTTI, M HALTIA, J PALO, R SULKAVA, A PAETAU

From the Departments ofNeurology and Pathology, University ofHelsinki, Helsinki, Finland

SUMMARY Brains from a prospective study of demented patients were investigated post mortem. Of
the 27 patients with clinical diagnosis of vascular dementia, 23 showed multiple cerebral infarcts but
senile plaques and neurofibrillary tangles were absent or in insignificant numbers. This gives an
accuracy of 85%, a figure higher than previously documented.

The two most common causes of dementia are
Alzheimer's disease and widespread ischaemic lesions
of the brain, commonly referred to as multi-infarct
dementia (MID).1 2 Dementia may also be due to a
combination of these two conditions,34 and to a
number of other disorders.5
Few studies have been published on the accuracy of

the clinical diagnosis of these diseases as verified post
mortem.6-12 For Alzheimer's disease the accuracy
has varied from 52 to 85%6- 12 and for multi-infarct
dementia from 21 to 82%.6-8 10 11 The low accuracy
of the clinical diagnosis of multi-infarct dementia has
led researchers to question the reliability of its ante-
mortem diagnosis.'3 14
We carried out a post mortem neuropathological

investigation of demented patients admitted to
departments of internal medicine and neurology. The
patients had all been subjected to extensive clinical
investigations, including psychometric analysis and
computed tomography of the head (CT). The value of
CT scans and ischaemic scores4 15 in the differential
diagnosis between Alzheimer's disease and multi-
infarct dementia was also investigated.

Patients and methods

Clinical evaluation
This prospective study is a follow-up of 233 consecutively
admitted patients recruited from a study on the frequency of
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dementia among medical inpatients,'6 and from a series of
patients referred to our neurological outpatient department
because of suspected dementia."'
The diagnosis of dementia was based in all cases on the

results of neurological and neuropsychological exam-
inations.18 The criteria for dementia used were as follows: 9
(1) a cognitive decline sufficient to interfere with social and
occupational functioning, and to cause inability to care for
oneself; (2) evidence of global cognitive impairment,
impairment of memory, and abstract thinking: and (3)
absence ofdelirium or other conditions, such as intoxication,
that may disturb alertness or cloud consciousness. The
dementia was rated as mild, moderate or severe according to
the social competence of the patient.'6 Patients with mild
dementia were unable to carry out more complex intellectual
tasks but able to live at home with regular, not continuous,
aid in daily activities. Patients with moderate dementia were
unable to perform most tasks requiring memory and abstract
thinking and were able to live at home only with continuous
supervision and aid. Patients with severe dementia had
difficulties even in simple intellectual tasks, needed con-
tinuous aid, and in most cases needed institutionalisation.

Clinical evaluation included a neurological examination,
an interview with a close informant, a detailed history com-
piled from all available records, and extensive laboratory
investigations, including cerebrospinal fluid, chest radio-
graph, electrocardiogram, electroencephalogram, and non-
contrast CT of the brain as described in detail earlier.' 7 20 21
The clinical criteria for the different types of dementia are

listed in table 1. The criteria for Alzheimer's disease were
those outlined by McKhann et al,22 and the criteria for
vascular dementia (including combined vascular and degen-
erative dementia) were those of DSM-III.'9 Patients
fulfilling the criteria for vascular dementia were further
divided into groups with multi-infarct dementia, vascular
dementia of haemodynamic type, and probable vascular
dementia based on clinical evaluation, including CT.'8 20
Patients with dementia due to other specific causes had clin-
ical evidence of a specific condition (other than vascular)
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Table I Clinical criteria for different types of dementia

Alzheimer ts dlisease9 22
Dementia with insidious onset and progressive deteriorating course

without any history, signs or symptoms of focal brain damage and
without a history of laboratory findings referable to any other
aetiology.

Vascular tlementia (including combined degenerative and vascular
dementia)' 9
Dementia with a history of focal or acute signs or symptoms referable
to disturbed cerebral circulation.

Multi-infairct lemential (MID) 18 Dementia evolving in connection
with acute neurological symptoms and signs and/or findings on

computed tomography indicating multiple cortical and/or deep
vascular lesions of the brain.

Vascular (demientia of /haemotldnamic itype8 Dementia evolving in
temporal connection with cardiac arrhythmias and systemic hypo-
tension recorded at hospital.

Probable v-ascular lementia (P VD) 8 Dementia clinically judged to
be related to disturbances of the cerebral circulation without any

clear temporal connection with the evolution of dementia or evi-
dence of multiple vascular lesions on the computed tomography
scan. This group includes patients with combined degenerative and
vascular dementia.

Dementia (lue to other specific causes of dlementia
Dementia evolving in temporal connection to some other specific
disorder known to cause dementia.

judged to be causally or temporally connected with the evo-

lution of dementia.
The clinical diagnoses were made by one of us (TE) before

the neuropathological assessment. Hachinski's ischaemic
score1 s and that of Rosen et at' were also calculated for each
patient, but were not used in the diagnostic classification.
The CT scans were evaluated without knowledge of the

clinical diagnosis by two neuroradiologists.20 21 Hypodense
areas compatible with cerebral infarcts were recorded. White
matter low attenuation (WMLA), defined as patchy or

diffuse areas of decreased attenuation involving only the
white matter areas, around frontal or occipital horns, or

along the bodies of lateral ventricles were also recorded. The
lesion was rated to be mild if there was any sign of WMLA
extending less than one fourth of the total white matter area.

Changes were moderate if WMLA was up to half of the
white matter area, and severe if the WMLA extended over

one half of the total white matter area. Cortical and central
atrophy was estimated by visual inspection and rated as

none, mild, moderate or severe.

By 31 December 1985, 71 (31%) of the 233 patients had
died. They included 12 of the 68 patients with Alzheimer's
disease, 51 of the 133 patients with vascular dementia, and
eight of the 32 patients with dementia due to other causes.

Neuropathological evaluation
Brains for systematic neuropathological assessment were

available from five (42%) patients with Alzheimer's disease,
from 27 patients (53%) with vascular dementia, and from
five patients with dementia due to other causes.
The brains were fixed by immersion in 4% phosphate

buffered formaldehyde for not less than 6 weeks. The brain
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was fixed except for three patients with Alzheimer's disease
(cases 28, 29, 30), in whom the right cerebral hemisphere was
separated and frozen and the left hemisphere fixed. The
brains were weighed after fixation. After external inspection
a cut was made through the mamillary bodies at right angles
to the fronto-occipital axis of the brain and further slices
were then cut in the coronal plane at 1Omm intervals.

Macroscopic infarcts were defined as cavitations or soft-
enings. Their number and position were recorded, and their
volume was calculated from serial photographs of the poste-
rior surface of the coronal slices, using computer aided plani-
metry. In five cases (2, 6, 14, 16, 18) the volume was calcu-
lated from direct measurement of the macroscopic infarcts in
the brain sections. The degree of macroscopic status crib-
riformis in the white matter and the severity of athero-
sclerosis in the circle of Willis were visually rated as absent,
mild, moderate or severe.

Large specimens for microscopy were taken from both
temporal lobes, including the hippocampi, as well as from
the left frontal, parietal and occipital lobes, including the
area striata. Specimens were also taken from the mamillary
bodies, hypothalamus, thalamus, internal capsule, globus
pallidus, putamen, caudate nucleus, substantia innominata,
external capsule, mesencephalon (including the substantia
nigra and nucleus ruber), pons (including the locus
coeruleus), medulla oblongata and left cerebellar hemi-
sphere. Paraffin sections lOpm thick were stained with
haematoxylin-eosin. Luxol fast blue/cresyl violet and
Holmes' silver stain.
The frequencies of senile plaques (SP) and neurofibrillary

tangles (NFT)3 23 were assessed in the neocortex (left frontal,
temporal, parietal and occipital) and in the hippocampus in
sections stained with Holmes' silver stain. This was done in
two ways: by rating the impression gained (0 = absent or
only occasional, 1 = mild, 2 = moderate, 3 = severe) on
scanning the whole cortical area available, and by calculating
the absolute numbers in five fields ( x 200, diameter 1 3 mm,
area 1 13 mm2) examined at random in the sections in ques-
tion. Mild corresponded, on average, to 19 SPs and 1-2
NFTs, moderate to 9-3 SPs and 8-1 NFTs, and severe to
16-0 SPs and 17 4 NFTs per field.
Microscopic infarcts were defined as focal necrotic or

postnecrotic lesions, including focal cell loss with reactive
macrophages and/or astrogliosis. They were systematically
screened in all the slices available. Records were also made
of the extent of cell loss and the presence of Lewy bodies in
the substantia nigra on both sides.
The neuropathological diagnoses were made by a neuro-

pathologist (MH) without knowledge of the clinical data or
diagnosis. The neuropathological criteria for Alzheimer's
disease were the presence in moderate to severe degree of
both SPs and NFTs in at least some areas of the neocortex
and hippocampus, without significant ischaemic or other
specific lesions.3 49 The corresponding criteria for multi-
infarct dementia were the presence of multiple ischaemic
lesions in cortical or subcortical areas (or both), without the
Alzheimer's disease-type changes defined above.34 Patients
showing features of both Alzheimer's disease and multi-
infarct dementia were diagnosed as having combined degen-
erative and vascular dementia (MIX).
The two-tailed t test and the chi-squared test with Yates'

correction were used in statistical comparisons.
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Accuracy of the clinical diagnosis of vascular dementia 1039

Table 2 Age, sex, brain weight, frequencies of senile plaques (SPs) and neurofibrillary tangles (NFTs), infarcts, degree
of status cribriformis, degree of atherosclerosis of the circle of Willis, and neuropathological diagnoses in patients with the
clinical diagnosis of multi-infarct dementia (MID), vascular dementia ofhaemodynamic type (HAEMO), and probable
vascular dementia (PVD)

Infarcts Athero-+
SPs* NFTs* sclerosis

Sex Brain Number Statust of the
Case Age Clinical weight Neo- Hippo- Neo- Hippo- All! Volume cribri- circle of Neuropathological
no (yr) diagnosis (g) cortex campus cortex campus macrosc (ml) formis Willis diagnosis

I F, 75 MID 1002
2 M, 85 MID 1100
3 F, 85 MID 930
4 F, 74 MID 1076
5 F, 84 MID 1150
6 F, 76 MID 1009
7 M, 79 MID 1237
8 M, 81 MID 1222
9 F, 84 MID 1035
10 F, 92 MID 881
11 F, 64 MID 1018
12 F, 75 MID 1100
13 F, 88 MID 961
14 M, 77 MID 1230
15 F, 71 MID 958
16 F, 82 MID 1195
17 M, 61 MID 1427
18 F, 92 MID 1050
19 F, 81 MID 1142
20 M, 79 HAEMO 1066
21 F, 88 HAEMO 1162
22 M, 77 HAEMO 1080
23 F, 87 PVD 884
24 M, 78 PVD 1199
25 M, 79 PVD 1221
26 M, 86 PVD 1049
27 F, 80 PVD 1050

0

1 8
0

0

4-2
0

02
0

03
07
0

0

0

0*5
0

04
0

1.0
09
0

0

0

10*5
5.5
0

0

0

0

0

0

0

0

2
0

0

0

8
9
0

0

0

I v

I 0

0

0

0

.8 0

I 0

0

I 0

.2 0

I 0

I 0

I 0

-6 0

*-8 2-5

I 0

I 0

0

0 6/5 20
0 3/3 23
0 3/3 9
0 5/5 12
0 5/4 24
0 8/7 20
0 8/7 20
0 7/4 6
06 9/6 24
0 2/2 229
0 9/7 13
0 5/4 124
0 8/5 56
0 4/1 32
0 2/2 127
0 8/7 6
0 4/0 1
0-2 2/2 1
7.4 3/3 18
0 8/7 84
0 3/2 38
0 6/6 2
128 2/0 <1
148 1/0 <1

1 8 6/2 1
0 5/2 6
0 7/4 24

2

0

1
2
0

2
1
2
2
0

2
2
3
0

1
1
2
1
3
0

3
2
2
2
2
2

3 MID
2 MID
3 MID
2 MID
3 MID
3 MID
3 MID
2 MID
2 MID
2 MID
3 MID
2 MID
3 MID
2 MID
1 MID
3 MID
3 MID
2 UNDEFINED
I MIX§
3 MID
I MID
2 MID
2 MIX

3 MIX

3 MID
3 MID
2 MID

*Mean number per microscope field x 200, diameter 1-3 mm, Holmes' silver stain.
tO = none, I = mild, 2 = moderate, 3 = severe.
+ 1 = mild, 2 = moderate, 3 = severe.
§MIX = mixed type (combined vascular and degenerative).

Table 3 Age, sex, brain weight, frequencies of senile plaques (SPs) and neurofibrillary tangles (NFTs), infarcts, degree of status
cribriformis, degree of atherosclerosis of the circle of Willis, presence of Lewy bodies in the substantia nigra, and neuropathological
diagnoses in patients with the clinical diagnosis of Alzheimer's disease (AD) and specific cause of dementia (SPEC). (See comments and
details in text)

Infarcts Athero-$
SPs* NFTs* sclerosis

Sex Brain Number Statust of the S. nigra
Case Age Clinical weight Neo- Hippo- Neo- Hippo- Atti Volume cribri- circle of Lewy Neuropathological
no (yr) diagnosis (g) cortex campus cortex campus macrosc (ml) formis Willis bodies diagnosis

28 M, 70 AD 103011 17 3 11.6 99 22 8 0/0 0 1 - AD
29 F, 77 AD 125511 4 4 9-4 1-6 33 0 0/0 - 0 1 - AD
30 M, 57 AD 123011 94 10-2 11.8 94 0/0 - I I - AD
31 M, 83 AD 1370 67 82 21 88 0/0 - 0 1 - AD
32 F, 82 AD 1150 5-5 1-6 1-8 1-8 1/0 <1 0 1 - AD
33 M, 75 SPEC 1400 0 0 0 0 0/0 - 0 1 + PD§
34 F, 80 SPEC 1075 0 0 0 14 7/4 42 1 2 - MID
35 M, 81 SPEC 1380 3 5 2-2 2-9 1 8 0/0 - 0 1 + PD + AD
36 F, 83 SPEC 1040 0 0 0 0 2/0 < I I I - UNDEFINED
37 F, 74 SPEC 1065 0 14 0 0 7/6 14 2 3 - MID

*Mean number per microscope field x 200, diameter 1-3 mm, Holmes' silver stain.
tO = none, I = mild, 2 = moderate, 3 = severe.
t1 = mild, 2 = moderate, 3 = severe.
§PD = Parkinson's disease.
IlCalculated assuming that the right and left cerebral hemisphere were equal in weight.
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Table 4 Rating and counts/field of senile plaques (SPs) and neurofibrillary tangles (NFTs) (mean + sem) per
microscope field ( x 200, diameter 1 3 mm, Holmes' silver stain), number of infarcts and mean brain weight in patients with
the neuropathological diagnosis of multi-infarct dementia (MID), combined degenerative and vascular dementia (MIX),
and Alzheimer'.s disease (AD)

MID (N = 23) MIX (N = 3) AD (N = 5)

SPs Rating 01 + 01 13 + 04 20 ± 03
neocortex

Number 0-3 _ 0-2 5-6 + 2-8 8.7 + 2-3
SPs Rating 0.1 _ 0 1 1 7 + 0-3 2.0 + 0 3
hippocampus

Number 0-2 + 0-1 6-8 + 24 8-2 + 1 7
NFTs Rating 0-0 0-5 + 0-3 14 + 0-4
neocortex

Number 0-0 1-5 + 2-3 5-2 + 2 3
NFTs Rating 0-1 + 0 1 2-0 + 00 2-2 + 04
hippocampus

Number 01 + 01 117 + 2-2 152 + 5-6
Infarcts Mumber 5 7 + 0 5 2-0 + 0-6 0-2 + 0.2
Brain weight (g) 1093-9 + 25-9 1075-0 ± 96-9 1207-0 + 56.6

Results

Neuropathological diagnosis
Of the 27 patients with a clinical diagnosis of vascular
dementia, 23 fulfilled the neuropathological criteria
for multi-infarct dementia (table 2). They all showed
multiple ischaemic lesions and few if any SPs and
NFTs. Three cases showed features of both multi-
infarct dementia and Alzheimer's disease, and they
were diagnosed as MIX. The remaining case (18) had
bilateral lacunar infarcts in the putamen extending to
the substantia innominata, severe atrophy of the right

hippocampus, and a few SPs and NFTs. The neuro-
pathological diagnosis remained undefined.

All five patients with a clinical diagnosis of
Alzheimer's disease had SPs and NFTs of moderate to
severe degree in at least some areas of the neocortex
and hippocampus (table 3). One patient (case 32) had
one microscopic infarct in the left temporal white
matter but no other signs of ischaemia. All these
patients were diagnosed neuropathologically as
having Alzheimer's disease.
Of the five patients presenting with other causes of

dementia two (33 and 35) were diagnosed clinically as

Table 5 The most important clinical characteristics of patients with the neuropathological diagnosis ol mnulti-infirct
dementia (MID), combined degenerative and vascular dementia (MIX), and Alzheimer'.s disease (AD)

Characteristic MID (N = 23) MIX (N = 3) AD (N =

Age yr (mean + SEM, 79.3 + 1.5 82 0 + 2 6 73.8 + 48
range) 61-92 78-87 57-83

Duration of dementia yr 2-1 + 0 3 2 7 + 0 3 3 2 + 1-5
0-5 2-3 1-9

Sex, female 14 ( 60 9) 2 ( 66-7) 2 ( 40-0)
Abrupt onset 22 ( 95-7)xxx 2 ( 66 7) 0 ( 00)
Stepwise deterioration 23 (l000)xxx I ( 33-3) 0 ( 00)
Fluctuating course 21 ( 91 3)xx 3 (1000) 1 ( 200)
Nocturnal confusion 10 ( 43 5) 0 ( 00) 2 ( 400)
Relative preservation of personality 17 ( 739) 3 (1000) 1 ( 200)
Depression 4 ( 17-4) 1 ( 33 3) 0 ( 00)
Somatic complaints 14 ( 60 9)x 2 ( 66 7) 0 ( 00)
Emotional incontinence 11 ( 47 8) 1 ( 33 3) 1 ( 200)
History of hypertension 13 ( 56 5) 2 ( 66 7) 0 ( 00)
History of strokes 21 ( 91 3)xxx 2 ( 66-7) 0 ( 00)
Evidence of associated atherosclerosis 7 ( 304) 2 ( 66-7) _ 0 ( 00)
Focal neurological symptoms 17 ( 73 9)xx ( 33 3) 0 ( 00)
Focal neurological signs 20 ( 87 0)xxx 2 ( 66 7) 0 ( 00)
Coronary heart disease 16 ( 69-6) 2 ( 66 7) 1 ( 200)
Cardiac failure 19 ( 82 6)x 2 ( 66 7) 1 ( 200)
Atrial fibrillation 13 ( 56 5) 1 ( 33-3) 0 ( 00)
Impaired glucose tolerance 5 ( 21 7) 0 ( 00) 0 ( 00)
Epilepsy 2 ( 8 7) 0 ( 00) 0 ( 00)
Hachinski's Ischaemic 13-1 + 0 6xxx 10-7 + 2 Oyyy 1 0 + 0 6
Score 5-17 7-14 0-3
Rosen's Ischaemic 9 6 + 0S5xxx 6 7 + 1l8yy 0 2 + 0 2
Score 3-12 4-10 0-1

MID vs Al5: xxx = p < 0 001, xx = p < 0-01, x = p< 0 05.
MIX vs: yyy = p < 0 001. yy = p < 0 01.

Erki,qjuntti, Haltia, Palo, Sulkava, Paetau1040
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AccuracY of the clinical diagnosis of vascular dementia

Table 6 Presence of infarcts, white matter low attenuation (WMLA), cortical atrophy and central atrophy seen on CT
scans in patients with the neuropathological diagnosis of multi-infarct dementia (MID), combined degenerative and vascular
dementia (MIX), and Alzheimer's disease (AD) (percentage in parenthesis)

MID (N = 23) MIX (N= 3) AD (N = S)

Cortical infarct 17 (73-9) xx 2 ( 667) 0 ( 0-0)
Deep infarct 3 (13-0) 0 ( 0 0) 0 ( 0 0)
Any WMLA 19 (826) x,z 0 ( 00) 1 ( 200)

WMLA frontal
no 4 (174) xx.z 3 (100-0) 5 (100-0)
mild 11 (478) 0( 00) 0( 00)
moderate 7 (304) 0 ( 00) 0 ( 00)
severe I ( 4-3) 0 ( 00) 0 ( 00)

WMLA paraventricular
no 10 (43-5) 3 (100 0) 5 (100-0)
mild 8 (34-8) 0 ( 00) 0 ( 00)
moderate 4 (17 4) 0 ( 00) 0 ( 00)
severc I ( 4 3) 0 ( 00) 0 ( 00)

WMLA occipital
no 4 (174) x z 3 (1000) 4( 800)
mild 12(522) 0( 00) 1 ( 200)
moderate 6 (26 1) 0 ( 00) 0 ( 00)
severe I ( 4 3) 0 ( 00) 0 ( 00)

Cortical atrophy
no 0( 00) 0( 00) 0( 00)
mild 6(261) 1 ( 333) 1 ( 200)
moderate 9 (39-1) 2 ( 66 7) 2 ( 400)
severe 8 (34-8) 0 ( 0 0) 2 ( 40-0)

Central atrophy
no 0( 00)z I ( 333) 0( 00)
mild 11 (47-8) 0 ( 00) 2 ( 400)
moderate 8 (34-8) 2 ( 66 7) 3 ( 600)
severe 4 (17-4) 0 ( 00) 0 ( 00)

*Along the bodies of lateral ventricles
MID vs AD: xx = p < 0-01. x = p < 0-05. MID vs MIX: z = p < 0°05.

Parkinson's disease (table 3). In both brains moderate
cell loss was found and Lewy bodies were present in
the substantia nigra. Case 35 had additional
Alzheimer's disease changes and the diagnosis was
changed to combined Parkinson's disease and
Alzheimer's disease. In case 34 dementia developed in
temporal connection with severe hyperthyroidism,
although the patient also had clinical signs of a stroke.
The neuropathological findings were compatible with
multi-infarct dementia. Case 37 had vitamin B12
deficiency and stroke, with multi-infarct dementia
changes at necropsy. These two patients were
excluded from the multi-infarct dementia group in
further analyses. Case 36 had a small frontal menin-
gioma besides microscopic cortical infarcts found
postmortem. The diagnosis remained undefined.

Frequency of SPs, NFTs and infarcts in patients
with neuropathological diagnosis of multi-infarct
dementia, MIX and Alzheimer's disease are given in
table 4. The mean volume of macroscopically defined
infarcts was 39 ml (range 1 to 229 ml) in multi-infarct
dementia and 6ml (< I to 18 ml) in MIX. The only
infarct found in Alzheimer's disease had a volume of
less than I ml. The degree of macroscopic status

cribritormis (p < 0-05) and atherosclerosis in the
circle of Willis (p < 0-001) also differentiated multi-
infarct dementia from Alzheimer's disease (tables 2
and 3). Brain weights did not differ significantly
between the patients with multi-infarct dementia,
Alzheimer's disease and MIX (table 4).

Accuracy of clinical diagnosis
The accuracy of the clinical diagnosis of vascular
dementia, as confirmed post mortem, was 85% (23 of
27). For patients diagnosed as having multi-infarct
dementia it was 89% (17 of 19). All the patients with
vascular dementia of haemodynamic type showed the
neuropathological changes characteristic of
multi-infarct dementia, while two of the five patients
with probable vascular dementia had additional
Alzheimer's disease changes. All the patients with
Alzheimer's disease were correctly diagnosed during
life.

Characteristics of infarcts in multi-infarct dementia
Of the 23 patients with a neuropathological diagnosis
of multi-infarct dementia, 22 (96%) had bilateral
infarcts. In case 10, with lesions in the right hemi-
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sphere only, the infarcts were extensive (total volume
229 ml). Frontal infarcts were seen in 13 patients
(56%), temporal in 21 (91%), parietal in 15 (65%),
occipital in 14 (61%), and hippocampal in 11 (48%).
Half the infarcts (52%) were found in the left hemi-
sphere. In 19 (83%) patients infarcts were found in the
basal ganglia (in the putamen in 19, in the globus
pallidus in seven and in the caudate nucleus in three).
The dementia was mild in four, moderate in nine

and severe in 10 of the patients with multi-infarct
dementia. The mean interval between clinical evalu-
tion and necropsy was comparable in the three
groups, 330, 354 and 213 days, respectively. The mean
numbers of infarcts were also similar: mild 6 (4 to 8),
moderate 7 (5 to 9) and severe 5 (2 to 8). The mean

total volume of infarcted tissue tended to increase
with increasing severity of the dementia: mild 3 ml
(range 1 to 6), moderate 29 ml (6 to 124) and severe

63 ml (6 to 229). The degree of macroscopic status
cribriformis was not related to the degree ofdementia.

The most important clinicalfeatures in the
neuropathologically confirmed cases

Neither mean age nor duration of dementia nor sex

differentiated the patients with multi-infarct
dementia, MIX and Alzheimer's disease (table 5).
Hachinski's ischaemic score and that of Rosen et al
differentiated multi-infarct dementia and MIX from
Alzheimer's disease, but not multi-infarct dementia
from MIX. Six ischaemic score items (abrupt onset,
stepwise deterioration, fluctuating course, somatic
complaints, a history of strokes, and focal neuro-

logical symptoms and signs) differentiated multi-
infarct dementia from Alzheimer's disease, but not
MIX from Alzheimer's disease or multi-infarct
dementia. Furthermore, a history of hypertension,
coronary heart disease, cardiac failure and atrial
fibrillation tended to be more frequent in multi-infarct
dementia than in Alzheimer's disease. Presence of
infarcts and white matter low attenuation seen on CT
also differentiated multi-infarct dementia from
Alzheimer's disease, but not degree of cortical or

central atrophy (table 6).

Discussion

The patients included in the present prospective study
were recruited from the departments of internal med-
icine and neurology. The series was therefore not ran-

domly selected, and consequently no epidemiological
conclusion can be drawn. The same is true of many
other necropsy reports on dementia.346'-2 24-26
The origin of the series explains why cases of vascular
dementia outnumbered those of Alzheimer's disease,
despite the higher prevalence ofAlzheimer's disease in

Erkinjuntti, Haltia, Palo, Sulkava, Paetau

epidemiological surveys.' 27 The reason is that acute
cardio- and cerebrovascular episodes bring these
patients more often to a hospital with an emergency
service.16 17

Selection of the neuropathological diagnosis was
based on the dominant pathological process, as in the
study of Tomlinson et al.3 The neuropathological
criteria for Alzheimer's disease3 49 and multi-infarct
dementia34 are those commonly used. The neuro-
pathological diagnosis of Alzheimer's disease accords
with the criteria of Khachaturian et al.28 The num-
bers of SPs and NFTs seen in some of the patients
with multi-infarct dementia may also be found in
normal aging.29

This is the first large-scale prospective study on the
accuracy of the clinical diagnosis of vascular dementia
since the advent of CT. The accuracy of the clinical
diagnosis for the whole group of vascular dementia
was 85%. For multi-infarct dementia it was 89%, for
vascular dementia of haemodynamic type 100%, and
for probable vascular dementia 60% in regard to
multi-infarct dementia. In the small series of
Alzheimer's disease it was also 100%. Ischaemic brain
lesions were the most probable cause of dementia in
the patients with multi-infarct dementia because other
causes were excluded, and neurofibrillary tangles and
senile plaques, if present, were insignificant in
number. Every patient had two or more distinct
infarcts, the mean number being six. Loss of brain
volume due to infarcts has been regarded as the dom-
inant mechanism leading to multi-infarct dementia.3
In the present series the mean loss due to macro-
scopically defined infarcts was 39ml, but it ranged
from I to 229 ml. The mean total volume of the
infarcts, measured in actual size, was smaller than in
the only other comparable study, in which it was
186ml.3 This may be due to differences in meth-
odology, but other factors may also be involved.
The mean volume of infarcts increased with the

severity of the dementia, a finding that is in agreement
with the results of Tomlinson et al,3 but different
from those of Rothschild.30 Small infarcts are a fre-
quent finding in non-demented old people,29 indi-
cating that their topography may be important. Of the
patients with multi-infarct dementia, 96% showed
bilateral infarcts, 91% temporal infarcts, and 83%
infarcts in the basal ganglia.
White matter changes may be a contributing factor

in the evolution of multi-infarct dementia.3' Macro-
scopic status cribriformis was seen in 78% of the
patients with multi-infarct dementia. None of the
cases presented a pure neuropathological picture of
the lacunar state or Binswanger's disease.3234 How-
ever, in two patients (19 and 22) the ischaemic lesions
were more accentuated in the white matter and basal
ganglia. These cases represented 9% of the multi-
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Accuracy of the clinical diagnosis of vascular dementia
infarct dementia patients; the corresponding figure
reported by Rothschild was 11%.30

All patients with vascular dementia of haemo-
dynamic type fulfilled the neuropathological criteria
for multi-infarct dementia. The role of cardiac
arrhythmia and hypotension in the evolution of
dementia has been questioned by some35 and sup-
ported by others.36-39 Haemodynamic mechanisms
may also play a role in other types of vascular
dementia, so that treating the haemodynamic type as
separate clinical entity is questionable.
Three patients showed neuropathological features

of both Alzheimer's disease and multi-infarct
dementia. In Alzheimer's disease vascular lesions of
limited extent may express themselves as abrupt onset,
fluctuating course or focal neurological symptoms
and signs, because the brain's reserve capacity is
already limited by the degenerative changes.40 These
cases are probably usually diagnosed as MIX or
multi-infarct dementia, and the clinical diagnoses are
likely to over-emphasise the role of cerebral
infarcts.31440 Thus, the clinical differentiation of
MIX from multi-infarct dementia and also from
Alzheimer's disease presents even today some
difficulties.
Abrupt onset, stepwise deterioration of cognitive

function, a history of strokes, and the presence of
focal neurological symptoms and signs differentiated
between patients with multi-infarct dementia and
Alzheimer's disease. These items were also of primary
importance in the series of Rosen et al.4 In contrast to
our findings, Molsa et al'0 reported no differences in
abrupt onset and focal neurological signs, and
Alafuzoff 1 found no differences in focal neurological
symptoms and signs between Alzheimer's disease and
multi-infarct dementia. As reported earlier, a
fluctuating course.'0 relative preservation of person-
ality,6 10 somatic complaints,30 and emotional
incontinence461030 seemed to be more common in
neuropathological confirmed multi-infarct dementia
than in Alzheimer's disease, but this was not true of
nocturnal confusion and depression. A history of
hypertension, cardiac failure, and ischaemic heart dis-
ease tended to be more common in multi-infarct
dementia than in Alzheimer's disease, findings also
reported previously.4' 42

Infarcts and white matter low attenuation, but not
degree of cortical or central atrophy, seen on the CT
scan differentiated multi-infarct dementia from
Alzheimer's disease, a finding not previously docu-
mented in a neuropathologically verified series.
Addition of CT data to the ischaemic scores would
therefore seem justified.43 In general, our results
confirm the usefulness of ischaemic scores4 15 as aids
in the differential diagnosis between multi-infarct
dementia and Alzheimer's disease. However, as

1043
reported previously, the MIX cases are not reliably
differentiated from these two conditions.4 10This sup-
ports the idea of using clinical scores44 or other future
methods for Alzheimer's disease once they become
available.
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