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Validity of clinical diagnosis in dementia: a
prospective clinicopathological study
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SUMMARY With neuropathological diagnosis as the point of reference, the accuracy of clinical
diagnosis was studied in a series of 58 demented patients. Alzheimer's disease and multi-infarct
dementia were recognised with sensitivities and specificities exceeding 70%, whereas combined
dementia as a separate group was relatively unreliably diagnosed. The value of Hachinski's
Ischaemic Score in differentiating between Alzheimer's disease and vascular dementias was
demonstrated. Its performance was to some extent improved by assigning new weights to the
items. In a logistic regression model, fluctuating course, nocturnal confusion, and focal neurologi-
cal symptoms emerged as features with the best discriminating value, and helped to diagnose
correctly 89% of the Alzheimer and 71% of the vascular dementia patients.

The major form of dementia in old age is senile de-
mentia of Alzheimer type (SDAT), the most common
type of Alzheimer's disease (AD). The neuropatho-
logical picture is characterised by three microscopical
changes: neurofibrillary tangles and neuritic plaques
in the neo- and paleocortex, together with
granulovacuolar degeneration in the hippocampus.'
Multi-infarct dementia, the second most common
cause of dementia, is due to multiple gross or micro-
scopic infarcts, often widely spread throughout the
brain tissue.2 In addition, many demented old peo-
ple show a combination of changes, all of which may
contribute to the dementing process. The most
important combination is that of AD and ischaemic
infarcts, or combined dementia.' A solid diagnostic
differentiation of these conditions can only be made
by a postmortem neuropathological examination.
Brain biopsy can be used to identify the Alzheimer
process during life, but this invasive procedure is not
acceptable as a routine diagnostic method in sen-
escence. Thus, the clinical identification of the major
forms of senile dementia must be largely based on a
careful analysis of clinical data.3

It is therefore of interest to investigate the accu-
racy of clinical diagnosis using neuropathological
diagnosis as the point of reference.4 6 An extensive
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retrospective study by Todorov et al4 comprised 776
patients studied during a period of ten years. In that
study, the sensitivity of the clinical diagnosis was
28% for SDAT, 57% for multi-infarct dementia,
and 30% for combined cases; the corresponding
specificities were 43%, 39%, and 48%. Thus, the
accuracy of clinical diagnosis proved poor. It would
seem likely that better accuracy might be reached in
a prospective study with uniform diagnostic criteria
throughout the study period. We now report results
of a prospective analysis of 58 demented patients.
The systematic approach devised by Hachinski et-
al.' was evaluated as a method to differentiate be-
tween AD and vascular dementia.

Patients and methods

PATIENTS
The 58 subjects in the present study came from the mater-
ial of 421 patients identified in our community survey of
dementia.89 The diagnostic clinical information was col-
lected in 1976-81, and the patients included in the present
study constitute a consecutive series dying in the Turku
City Hospital and coming to necropsy in 1979-82. There
were 15 men and 43 women. Their ages at death varied
from 59 to 95 years. Only three were under 65; the mean
age was 79-2 years and SD 6*7 years.
Clinical diagnosis. Dementia was diagnosed, if there was a
primarily occurring progressive deterioration of memory
and other cognitive functions. The initial clinical evalua-
tion included a thorough clinical examination sup-
plemented with a short neuropsychological test battery
including the tests of Isaacs and Walkey'0-'2 (question-
naire, paired-association test, building block test) as well as
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the cube test and number series of WAIS, and the test of
comprehension by Luria'3 (further details are given else-
where8 9). At the time, CT scan was not available for these
patients.

If there was no evidence of a metabolic, toxic, traumatic,
vascular or other symptomatic cause for dementia, a diag-
nosis of degenerative dementia, or AD, was made. The
diagnosis of vascular dementia was based on the evaluation
of items constituting Hachinski's Ischaemic Score (table 3).
Hachinski et a7 found that patients with degenerative
dementia had scores ranging from 0 to 4, whereas multi-
infarct dementia patients scored 7 or higher. Using another
vascular scale, Portera-Sanchez et al'4 suggested that com-
bined cases (having AD and vascular lesions simultane-
ously) could be recognised on the basis of having inter-
mediate vascular scores. We applied this principle on the
Hachinski Score as follows: a score of 0-4 is consistent
with the diagnosis of AD, while scores 5 and 6 suggest
combined dementia and scores of 7 or more suggest multi-
infarct dementia.

Neuropathological methods
Details of the neuropathological examination will be given
in a separate communication (Palj-arvi et al, in prepara-
tion). At necropsy, the right half of the brain was fixed for
several weeks in 10% buffered formalin and was then sub-
jected to a neuropathological examination. From the left
half, samples were taken for biochemical analyses, and the
remains were examined for gross pathology. No attempt
was made to quantify the volume of ischaemic lesions
either in this or the other hemisphere. Samples for paraffin
embedding were taken from fifteen standard brain areas.
The 8 ,um sections were stained with haematoxylin-eosin,
Bielschowsky's silver method, and Congo red.
The silver stained sections were used to detect neuritic

plaques, Alzheimer's neurofibrillary tangles, and neurons
with granulovacuolar degeneration. A quantitative method
was used to score the amount of plaques and tangles from 0
(none) to 10 (more than 40 structures per field of 1-17
mm2). The summary scores calculated included the
Neocortical Tangle Score, obtained by summing up the
scores of the medial frontal, angular, and medial temporal
gyri. The gross and microscopic examinations were per-
formed without knowledge of the clinical diagnosis.

Criteria for the neuropathological classification ofdementia
The case was considered as AD, if there were senile pla-
ques and neurofibrillary tangles in the neocortex.' A
Neocortical Tangle Score of 32 was required: this corres-
ponds to at least three tangles in any neocortical field or
solitary tangles in more than one sample. Numerical plaque
density was not used as a separate criterion; moderate or
high numbers of plaques, however, invariably accom-

panied tangles in the cortex. A diagnosis of multi-infarct
dementia was made if there were any ischaemic lesions
either macroscopically or microscopically and no neocorti-
cal tangles (score <2) were found. A diagnosis of com-
bined dementia was made, if the criterion of AD was
fulfilled and there were ischaemic lesions in addition.

STATISTICAL METHODS
The Ischaemic Score distributions in the diagnostic groups
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were compared with the nonparametric Kolmogorov-
Smirnov test.'s The XI-test was used to identify items of the
Score with a significantly different occurrence in the
patient groups. The Score items were also subjected to
discriminant function analyses using multiple linear and
logistic models. The P7M (stepwise discriminant analysis)
and PLR (stepwise logistic regression) programs of the
BMDP software package were used.'6 When regression
functions are used to classify cases in the material which
itself was used to derive the constants and coefficients, the
rate of correct classification tends to be overestimated.
Since no new independent validation material was avail-
able, the jackknife and cross validation procedures were
used to get more realistic estimates. The jackknife method
is a feature of the P7M program: each case is classified by
regression functions computed from all the data except the
case being classified. In the case of logistic regression, the
material was randomly split half, and the functions
obtained in one half were used to classify cases of the
other.

Results

According to the neuropathological examination, AD,
multi-infarct dementia and combined dementia
accounted for 78% of the material (table 1). Two
cases showed histological features of Parkinson's
disease, and one case was thought to be due to nor-
mal pressure hydrocephalus. The neuropathological
picture was considered nondiagnostic in 10 cases
(18*2%). Two of these showed hippocampal
sclerosis as the sole abnormality. Three had a history
of schizophrenia and one of alcoholism. One further
case displayed a rather high density of senile plaques
in the neocortex (up to 15-20 per field), but no
neocortical tangles were seen. In this case, there-
fore, the Alzheimer process may have been con-
tributing to dementia but the picture was not diag-
nostic. Three cases (5%) remained which had
neither morphological abnormalities nor clinical
clues for the cause of their dementia.
The correlations of clinical and neuropathological

diagnosis are shown in table 2. Sensitivity (true posi-
tive rate) in the case of AD, for example, denotes
the number of patients having both clinical and
Table 1 Neuropathological classification of58 cases of
dementia

Diagnostic category Number of Percentage
patients of total

Alzheimer's disease 28 48-3
Dementia with vascular pathology 17 29-3

Multi-infarct dementia 11 19-0
Combined dementia 6 10-3

Other causes 13 22-4
Parkinson's disease 2 3-4
Normal pressure hydrocephalus 1 1-7
No diagnostic pathology 10* 18-2

Total 58 100-0

*Hippocampal sclerosis only, 2; history of psychosis, 3; history of
alcoholism, 1
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neuropathological diagnosis of AD divided by the
total number of neuropathologically diagnosed AD
cases. Specificity (true negative rate) for the clinical
diagnosis of AD denotes the number of patients
whose clinical and neuropathological diagnosis is
other than AD divided by the total number of cases
with a neuropathological diagnosis other than AD.
AD and multi-infarct dementia were moderately

well diagnosed by the clinician (sensitivities and
specificities over 70%), whereas only one out of six
combined cases was correctly identified. The group
" other" as diagnosed by the clinician showed
neither AD nor vascular type of pathology, and in
this sense the specificity of this clinical diagnosis was
100%. Altogether 35/58 patients (60.3%) were cor-
rectly placed into the four diagnostic categories. The
most notable trend is perhaps the overdiagnosis of
multi-infarct dementia: only in eight out of 19
patients was this clinical diagnosis confirmed,
although two further patients turned out to suffer
from a combination of pathologies including
ischaemic softenings.
The occurrence of features of Hachinski' s

Ischaemic Score in the AD and multi-infarct demen-
tia groups is shown in table 3. The items suggesting
vascular dementia were consistently more often
found in the multi-infarct dementia group than in
the AD group, but only six items were significantly
more common in the former: stepwise deterioration,
fluctuating course, relative preservation of personal-
ity, emotional incontinence, history of strokes, and
focal neurological symptoms.
The mean Ischaemic Score was 2-9 in the AD

group and 8-2 in the multi-infarct dementia group,
while an intermediate figure of 4-5 was found in the
combined group (fig). The AD and multi-infarct
dementia groups differed significantly from each
other (p < 0-001), whereas the small combined
group differed significantly from neither.

Hachinski's Score was 64-4% successful (29/45)
in classifying patients into three groups (AD, multi-
infarct dementia, combined). Discriminant analysis
using a linear model was only marginally better, pre-

dicting one more case correctly. The same result was
obtained with the "jackknife" classification (see the
Methods section). Only two items of the Score were
included in the discriminant functions: fluctuating
course and focal neurological symptoms (table 4).
The multi-infarct dementia and combined groups

were not properly distinguishable from each other
on the basis of the Ischaemic Score. A more satisfac-
tory result was obtained when the multi-infarct
dementia and combined cases were lumped
together: Hachinski's Score was then 73-3% suc-
cessful (33/45) in making the discrimination bet-
ween AD and vascular dementias. If, instead of the
original 4, the score of 3 was used as the highest
acceptable for AD, 35/45 (77.8%) were correctly
classified (fig). A still better result was obtained with
a logistic regression function, which identified cor-
rectly 37/45 cases, or 82-2% (table 5). The model
included fluctuating course, nocturnal confusion and
focal neurological symptoms as the best discriminat-
ing Score variables. When the patients were ran-
domly assigned into two groups and classified by the
regression functions obtained from one half only,
classification rate remained at 82-83% in the train-
ing sets and 78-82% in the validation sets (that is at
most one additional case was misclassified).

Discussion

It is generally accepted that AD is the most common
cause of dementia in old age, accounting for about
half of the cases. The next most common individual
condition is multi-infarct dementia (12-20%), while
the combination of these processes is found in a
further 16-20%. Some 10-20% remain for other
known or unknown causes.' 17 Roughly similar
proportions were found in the present study.
We have demonstrated that AD and vascular

dementias can be recognised clinically with moder-
ate accuracy. Our results are more encouraging than
those of Todorov et al.4 (see the introduction), a fact
apparently attributable to the prospective design of
our study. In the study by Muller and Schwartz,5 37

Table 2 Correlation ofclinical and neuropathological diagnQses ofdementia in 58 patients. 29/45 (64.4%) ofcases with
AD, multi-infarct dementia or combined pathology are correctly classified by the original Hachinski's Ischaemic score7
(see the Methods for criteria). AD, Alzheimer's disease; MID, mula-infarct dementia

Cianical Neuropathological diagnosis Sensitivity Specificitydiagnosis (of clinical diagnosis, %o)
AD MID Combined Other Total

AD 20 1 3 4 28 71.4 73-3
MID 6 8 2 3 19 72-7 76-6
Combined 2 2 1 0 5 16-7 92-3
Other 0 0 0 6 6 46-2 100-0
Total 28 11 6 13 58
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Table 3 Presence offeatures ofthe Ischaemic Score' in Alzheimer's disease (AD; n = 28) and multi-infarct dementia
(MID; n = 11)

Feature Weight Patients with feature% Significance

AD MID (X_-test)
Abrupt onset 2 21-4 45-5 NS
Stepwise deterioration 1 10-7 54 5 p < 0-01
Fluctuating course 2 17-9 63-6 p < 0-01
Nocturnal confusion 1 17-9 36-4 NS
Relative preservation of personality 1 0-0 27-3 p < 0-01
Depression 1 7-1 27-3 NS
Somatic complaints 1 21-4 27-3 NS
Emotional incontinence 1 3-6 27-3 p < 005
History of hypertension 1 14-3 27-3 NS
History of strokes 2 14-3 54-5 p < 0-01
Evidence of associated atherosclerosis 1 39-3 63-6 NS
Focal neurological symptoms 2 7-1 54 5 p < 0-001
Focal neurological signs 2 28-6 45-5 NS

NS = not significant.

Table 4 Classification ofAD, MID and combined dementia cases by linear discriminant functions
(F = aO + a,x, + a2X2 + - . . + a,,x,) based on two clinical features. A case is classified into the group whose equation yields
the highest function value

Diagnostic Constant Variablekx = Variable x2 = Focal Correctly
group n ao Fluctuating course Neurological symptoms predicted

Coefficient a, Coefficient a2 n %

AD 28 -1-259 1-315 1-203 21 75-0
MID 11 -4-773 5-568 6-978 6 54-5
Combined 6 -2-249 3-580 3-060 3 50.0
Total 45 30 66-7

of their 100 psychogeriatric patients had a
psychiatric diagnosis of senile dementia (corres-
ponding to SDAT), and in 32 cases (86%) the final
clinical-pathological diagnosis was the same. Of 24
patients with a clinical diagnosis of "psychosis
associated with cerebral arteriosclerosis", only 12
(50%) had this diagnosis confirmed at necropsy. As

Table 5 Classification of28 AD cases and 17 vascular
dementia cases (1I MID cases + 6 combined dementia
cases) into two diagnostic categories by a logistic regression
function (F, below) based on three clinical features: x, =
*fluctuating course, x2 = nocturnal confusion, x3 = focal
neurological symptoms. The function yields the probability
ofAD when absent features are coded as -I and features
present as +1. A cutpoint between 0292 and 0542 gives
the results shown

Diagnostic Predicted as Total Percent correct
category

SDAT Vascular

AD 25 3 28 89-3
Vascular 5 12 17 706
Total 30 15 45 82-2

exp (-1-217 - 1 382x, - 0-857x2 - 1 958x3)
F=

1 + exp (-1-217 - 1 382x, - 0-857x2 - 1-958x3)

the exact diagnostic criteria are not given in the
report, comparison to the present results is difficult.
The prospective study by Sulkava et a16 was confined
to cases with a clinical diagnosis of primary
degenerative dementia. At necropsy, 22/27 patients
(81%) turned out to suffer from AD. None of the
remaining patients were reported as showing
ischaemic lesions. The authors did not use
Hachinski's Score in their clinical classification: their
study shows that a high accuracy for the diagnosis of
AD may be reached by basing the diagnosis on posi-
tive criteria for primary degenerative dementia.

In the present study, the neuropathological diag-
nosis was used as the point of reference in evaluating
the success of the clinical diagnosis. This should not
be taken to mean that the neuropathological diag-
nosis was always the correct one, since sources of
error and inconsistency did exist in our study design.
Many of these have to do with the role of ischaemia
as an aetiological factor. First, some patients may
have undergone a stroke after the initial thorough
clinical evaluation suggesting AD. Second, some of
the small cerebral softenings may have been over-
looked in the postmortem examination, particularly
those in the left hemisphere not available for the
pathologist. Third, presence of even the smallest
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Fig Percentage distributions ofIshaemic Scores in three
neuropathologically diagnosed groups ofdementia. The
broken lines show the original cutpoints (AD 0-4,
multi-infarct dementia >7). The percentages (and open
bars) denote patients classified correctly using an alternative
cutpoint and a dichotomous classification: AD 0-3,
vascular dementia (multi-infarct dementia or combined)
>4. Hatched bars show incorrectly diagnosed patients.
n = number ofpatients.

ischaemic softenings led to the diagnosis of multi-
infarct dementia or combined dementia even though
their significance for the mental deterioration may
have been negligible. Quantitation of the ischaemic
lesions (for example such as that used by Tomlinson
et al.') might be helpful in this respect. It is difficult
to say what is the net effect of these error sources in
the present study.
The present results attest the usefulness of

Hachinski's Ischaemic Score7 in differentating be-
tween the major forms of senile dementia. This
score is based on the diagnostic criteria of multi-
infarct dementia as presented in a textbook of
psychiatry.'8 The score includes thirteen items, five
of which are given a point value of 2, as they are
considered more important than the others. The
weights are not based on formal statistical grounds.
In the original material7 the scores made it possible
to classify the patients into two groups without any

overlap. The group of fourteen patients with prim-
ary degenerative dementia scored 4 or below,
whereas the ten patients with multi-infarct dementia
scored 7 or higher. The problem with that study is
that the aetiological diagnosis of dementia was made
on clinical grounds, that is without neuropathologi-
cal confirmation. The same criticism holds to some
extent for the study by Loeb and Gandolfo,'9 who
assessed the validity of the Ischaemic Score on the
basis of CT scan. Only 69% of the patients with
SDAT scored 4 or lower, while 95% of the multi-
infarct dementia cases had scores equal or higher
than 7; some overlap, therefore, was found in this
material.
To our knowledge, so far the only attempt to vali-

date neuropathologically the Ischaemic Score is the
retrospective investigation by Rosen etal.20 All of
their five SDAT patients had Ischaemic Scores of 5
or less, whereas the scores of the four multi-infarct
dementia and five mixed (combined) cases ranged
from 7 to 14. Thus, no overlap between SDAT and
vascular cases was found. This particular result did
not stand the test of our own prospective study.
Rosen and coworkers found (as did we) that the
Ischaemic Score cannot properly separate the com-
bined cases from the multi-infarct dementia group.
It must be admitted that our combined group of six
patients is too small to justify strong conclusions. On
the other hand, we feel that it is impossible even in
principle to completely separate these groups by
means of vascular symptomatology alone, because
there is no reason why some of the combined cases
could not have as many vascular signs and symptoms
as any multi-infarct dementia case. To make a more
successful distinction, one clearly also needs positive
indicators for the Alzheimer process in the com-
bined patients.
We explored the possibilities of improving the

performance of the Ischaemic Score by assigning
new weights for the score items. The items that in
the present study had significantly different distribu-
tions in the AD and multi-infarct dementia groups
are not identical to those given the higher point
value of 2 in the original Score (table 3). The logistic
regression function used to discriminate between
AD and vascular dementias stressed the diagnostic
importance of fluctuating course, nocturnal
confusion, and focal neurological symptoms. The
earlier validation studies'9 20 stress some other items,
and indeed one does not expect far-reaching unity in
this respect, since item identification must vary from
one diagnostician to another. However, all of these
studies (including our own) agree that neither
depression nor evidence of associated athero-
sclerosis are particularly helpful in diagnosis.
Although the ultimate diagnosis of AD, multi-
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infarct dementia and combined dementia is a
neuropathological one, we conclude that a careful
analysis of history, symptoms, and signs may result
in a serviceable clinical diagnosis at the bedside.
This diagnosis, particularly if supported by
neurophysiological and CT findings, should be
reasonably useful in studies on epidemiology, gene-
tics, and therapy of dementia.

Financial support was obtained from the Sigrid
Jusdlius Foundation.
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