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Magnetic resonance imaging in dementia of
Parkinson's disease
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SUMMARY The possibility that dementia in Parkinson's disease is associated with specific cerebral
abnormalities identifiable by magnetic resonance imaging (MRI) was examined. Sixty eight patients
with Parkinson's disease and 28 age and education matched normal controls were evaluated using
neuropsychological procedures that included assessment of language, memory, cognition, visuo-
spatial skills and mood. Twenty three patients (34%) were found to have developed significant
impairment in at least three of the five areas, thus meeting criteria for a dementia syndrome. Eleven
patients (16%) had no intellectual impairment and thirty four patients (50%) had a mild to moderate
intellectual disturbance. Patients with (n = 10) and without dementia (n = 20), matched for severity
of Parkinson's disease, and normal controls (n = 10) matched for age with the two patients groups,
were evaluated by MRI. MRI scans were analysed for evidence of generalised cerebral atrophy,
ventricular enlargement, visualisation of the substantia nigra and severity of focal brain lesions.
Results indicated that the presence of dementia in patients with Parkinson's disease was not
associated with any specific pattern of MRI abnormalities.

Dementia in Parkinson's disease is probably the most
controversial of the common dementia syndromes. It
has been estimated that from 20% to 90% of patients
with Parkinson's disease develop dementia.'" At least
some of this variability among reports may be
attributed to the lack of standardised criteria to define
dementia and to differences in methodology for such
assessment. Anatomic correlates of dementia in
Parkinson's disease are also not well understood.
Cortical atrophy and ventricular enlargement have
been identified using computed tomography (CT) in
some patients with Parkinson's disease,9" but
the relationship between such radiological findings
and the presence of dementia in Parkinson's disease
are inconsistent.9 12-16
We examined possible anatomic correlates of

dementia in Parkinson's disease using magnetic reson-
ance imaging (MRI). MRI is superior to CT for
visualisation of many cerebral abnormalities,7 18 par-
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ticularly in the search for periventricular white matter
abnormalities which may be related to dementia."9t
We defined the dementia syndrome according to
criteria of Cummings and Benson,2' using objective
neuropsychological procedures and statistical com-
parison with appropriate normal controls.

Methods

Subjects
Sixty-eight patients with idiopathic Parkinson's disease and
28 normal controls (spouses ofthe patients) participated. The
patients had a mean age of66 2 years (range 43 to 82) and an
average of 14-4 years of formal education (range 9 to 22).
Normal controls had a mean age of 67-2 years (range 52 to
79) and 13 6 years of formal education (range 9 to 18).
Patients with Parkinson's disease were stabilised on anti-
Parkinsonian medication at the time of study, and neuro-
psychological testing was conducted when medication was at
peak efficacy. Patients taking anticholinergics (such as
trihexyphenidyl) were excluded because of possible impair-
ment of mentation.123 None of the patients had a prior
history of stroke or thalamotomy. All subjects and/or family
members gave informed consent after the procedures were
explained.

Neuropsychological Evaluation
1. Mini-Mental State Examination (MMSE). This is a brief
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evaluation ofmental functioning,24 which correlates well with
more extensive assessments of intellectual performance such
as the Wechsler Adult Intelligence Scale.25 Subtests include
orientation, registration, calculation, memory, and language.
This measure has a maximum score of 30.
2. Visuospatial Skills. In the Raven's Progressive Matrices
task,26 subjects were presented with a systematic visual array
with a blank area and with six alternatives, ofwhich only one
completes the pattern. Impairment on this task indicates
disturbance of reasoning utilising visuospatial data. Visuo-
spatial skills were also assessed by a block design task from
the Wechsler Adult Intelligence Scale.2" This procedure
evaluates visuospatial constructional abilities.
3. Mood. Severity of depressive symptoms was quantified
using the Beck Depression scale.28 This is a self-rating scale
which evaluates 21 symptoms related to depression on a scale
of 0 to 3.
4. Memory. Auditory verbal immediate memory was assessed
by the digits-forward procedure.27 Auditory verbal acquisi-
tion memory was assessed using the paired-associates tech-
nique.29 The distractor procedure30 was also used as a
measure of acquisition memory. In this procedure, three
consonants are presented, followed immediately by a distrac-
tor task of counting backwards from 100 by 3s. The
distractor task lasts 10 seconds and is intended to prevent
rehearsal of the to-be-remembered items prior to recall.
Remote memory, defined as retrieval of information
acquired prior to onset of disease, was evaluated by the
standardised procedure developed by Albert and associates.3'
5. Cognition. Assessment of cognition included the calcula-
tion subtest of the MMSE24 and judgment of the similarities
and differences listed in Cummings and Benson (ref 21, p.30)
and Strub and Black (ref 32, p. 1 12).
6. Language. Verbal fluency33 was tested by asking subjects to
generate as many words as possible that begin with the letters
S and P in 60 seconds. Significant impairment on this task
may indicate impaired or slowed phonemic retrieval from
long-term memory.' Auditory verbal comprehension was
assessed by the comprehension and commands subtests ofthe
Western Aphasia Battery.33 Vocabulary was assessed by
asking subjects to identify one of four outline drawings of
objects named by the experimenter. Ten sets were used. In the
naming task, subjects were asked to identify outline drawings
of common objects. Twenty drawings were used. Significant
impairment on the latter test suggests the presence ofanomia,
possibly visual agnosia, or both.
7. Apraxia. Subjects were asked to perform five common
motor sequences (for example threading a needle).36 Inability
to perform these actions on command was considered
indicative of ideomotor apraxia. Because of the possible
influence of akinesia, interpretation of these data is not
straightforward and this was not included in the diagnosis of
dementia.

In order to meet the Cummings and Benson2' criteria for
dementia, there must be an acquired and persistent impair-
ment of intellect as judged by family members. The impair-
ment of intellect must be reasonably generalised, defined by
significant impairment in at least three of the following five
areas: memory, visuospatial skills, cognition, mood, or
language. Impairment in each of the five areas for the
individual patient was determined by comparison with
normal control performance. Significant impairment was
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defined as any score on a neuropsychological measure that
was at least two standard deviations below mean control
performance. Patients with significant impairment in three or
more areas met criteria for dementia, those with one or two
areas ofimpairment were classed as having mild to moderate
intellectual disturbance, and those with no intellectual
impairment were classed as normal.

MRI Evaluation
Patients were imaged on General Electric 1.5 Tesla Signa
System using routine spin echo pulse sequences. Sagittal and
coronal images were obtained with TR of 600-800 and TE of
20 ms. Axial images were obtained with a spin echo technique
of TR 3000, and echo delays 30 and 80 ms using flow
compensation gradients. All slices were 5 mm thick with a 1
mm inter slice gap and a field of view of 20 cm. Axial images
were obtained with a 256 x 256 matrix while the other scans
were obtained with a 256 x 128 matrix technique. A single
excitation was used for all the studies.

Morphological measurements of cisternal and ventricular
spaces were made using computer generated visual image
analysing system. The cm scale which is recorded on each
image was entered into the computer for proper scale
conversion. Ventricular measurements were obtained from
the short TR TE spin echo coronal image centred at the level
of the foramen of Monro. Measurements included the
distance between the most lateral portions of the frontal
horns, the distance between the medial surfaces of the
caudate nuclei, the distance from the midline of the third
ventricle to the surface ofthe insula and the width of the third
ventricle (fig 1). Total surface area of the brain at this level

.....

Fig I Thefour measurements ofcisternal and ventricular
spaces as shown on a normal coronal MRI. Distance between
lateral margins ofthefrontal horns (open arrows),
ventricular size at the level of the caudate nuclei (small closed
arrows), distancefrom the midline to surface ofthe insula
(large arrows), and the width ofthe third ventricle (arrow
heads).
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Fig 2 (A) Spin echo axial MRI (TR 3000 TE 80 ms) of the pars compacta portion of the substantia nigra. The structures
labelled include the cerebral peduncle (CP), substantia nigra (SN), and red nucleus (RN). (B) A histoscan of the pixel
intensities across the cerebral peduncle, substantia nigra and red nucleus. The signalpeakfor the substantia nigra (open
arrows), low signal regions at the extreme of the peak (closed arrows) and the width at halfmaximum (curved arrows), are
shown.

was also calculated by subtracting the area of the ventricles
from the total surface area. This was used as a gross measure
of brain atrophy.

Both the number and total surface area of high signal
lesions on the spin echo TR 3000 TE 80 images were
evaluated. Measurements of lesions from the supratentorial
and infratentorial compartments were recorded separately.
Again the cm scale from each scan was used as a scaling
factor.
The TR 3000 TE 30 and 80 images at the level of the

substantia nigra were reviewed directly on the computer
image console (fig 2A). A computer generated histographic
plot of the absolute signal pixel intensities ofa strip of tissue 5
pixels thick extending perpendicularly across the right sub-
stantia nigra was generated (fig 2B). The strip extended from
the cerebral peduncle, through the substantia nigra, and
ended in the red nucleus. The lowest signal value in pixels
from the red nucleus and the cerebral peduncle were averaged
to generate a background measurement. This background
signal intensity value was divided into the signal intensity
value for the highest pixel value of the pars compacta. The
ratio is proportional to the degree to which the absolute pixel
number of the pars compacta was brighter than the adjacent
tissues. If the signals of the pars compacta was identical to the
surrounding tissues, the ratio would be 1 00, and as the pars
compacta became more intense than the surrounding tissues
the ratio would increase. The width of the signal from the
pars compacta was also measured in pixels at half maximum
height ofthe signal (fig 2B). Each pixel is 0 39mm for a 512 x
512 extrapolated matrix image.

Results

Neuropsychological evaluation
Performances of all patients with Parkinson's disease
and of normal controls on each of the neuropsy-
chological procedures were analysed using Student's t
test to detect specific group differences. These data are
presented in table 1. The patient and control groups
were not significantly different in terms of either age,
t(94) = 0-6, or years of education, t(94) = 1 1. There
was a significant impairment of overall mental perfor-
mance as measured by the MMSE in the patients with
Parkinson's disease, t(91) = 5 23, p < 0 0001.
As a framework to describe specific cognitive

impairments that may contribute to the overall
intellectual disturbance present in patients with Park-
inson's disease, each of the five areas of neuropsy-
chological function defined in the criteria for dementia
by Cummings and Benson2' will be described
separately.
There was not a significant difference between

patients and controls for immediate memory (digit -
span) performance, t(94) = 1 1. Patients with Parkin-
son's disease had significant impairment ofacquisition
memory as measured by paired - associates (total)
t(94) = 4 50, p < 0 0001, and both the easy items,
t(79) = 3-5, p < 0-0007, and the hard items, t(94) =
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Table 1 Mean (SEM) for patients with Parkinson's disease and normal controls on neuropsychological procedures

Measure Controls (n = 28) Parkinson's disease (n = 68) t-ratio

Age 67-2(1.2) 66-2(10) 059, n.s.
Education 13-6(0 4) 14-4(0 4) -1-10, n.s.
Mini-mental State 28-0 (0 3) 25 4 (0 4) 5-23, p < 0-0001

Orientation 9-9 (0-1) 9-5 (0.2) 2-86, p < 0-005
Registration 30 (0 0) 30 (0.0) NA*
Calculation 4-4 (0.2) 3-2 (0.2) 4-29, p < 0 0001
Recall 17 (0.2) 09 (01) 345, p < 0001
Language 9 0 (0 0) 8-9 (0 1) NA*

Fluency 13.4 (0-8) 11-5 (0-7) 1 81, n.s.
Naming 19-3 (02) 18-4(0-3) 250, p < 0-01
Vocabulary 10.0 (0-0) 9-6 (0-7) NA*
Comprehension 5 0 (0 0) 4 9 (0-3) NA*
Commands 5 0 (0 0) 4.9 (0 7) NA*
Matrices 10-6 (0-2) 8 9 (0 3) 4 59, p < 0-0001
Blocks 5 9 (0-3) 4-8 (0 2) 5-14, p < 0-0001
Similarities 6 5 (0 3) 4-2 (0-3) 5 17, p < 0 0001
Digits-Forward 6 5 (0-2) 6-8 (0-1) -1 1, n.s.
Paired Associates 14-3 (0-7) 10-4 (0-5) 4 45, p < 0-0001

Easy 83(02) 74(02) 3-51,p < 00007
Hard 60(0.6) 3-0 (0.3) 465, p < 0-0001

Distractor 19.5 (1-2) 10-7 (1-1) 548, p < 0-0001
Remote 27-2 (1-6) 20-0(1-4) 3-02, p < 0-003
Depression 4-1 (0-6) 10-3(0-8) 6-38,p < 0-0001
Apraxia 5 0 (0-0) 4-9 (0-3) NA*

*NA signifies not analysed.

4.7, p < 0 0001. Impairment of acquisition memory
was also found on the Peterson and Peterson distrac-
tor procedure, t(74) = 5.5, p < 0-0001. There was also
impairment of remote memory for the patients, t(94)
= 3-02, p < 0 003. Impairment of visuospatial skills
was seen in patients with Parkinson's disease as
measured by both Raven's matrices, t(94) = 4 6, p <
0 001, and the block design subtest of the WAIS, t(70)
= 5 1, p < 0 0001. There was impairment ofcognition
as measured by both the attention and calculation
subtests of the MMSE, t(81) = 4-3, p < 0 0001, and
performance on the similarities and differences tasks,
t(94) = 5-2, p < 0-0001. Patients with Parkinson's
disease were impaired on the object naming task, t(90)
= 2-5, p < 001, which suggests the presence ofword-
finding difficulty. No other measures of language,
including verbal fluency, t(74) = 1 8, auditory verbal
comprehension, t(86) = 0 35, commands, t(60) =
0 30, and vocabulary, t(86) = 1[54, were impaired in
patients with Parkinson's disease. Finally, depression
scores were significantly higher in patients with
Parkinson's disease, t(63) = 5 55, p < 0 0001.
There was wide variation in mental status among

the patients. Twenty-three patients (34%) met
Cummings and Benson21 criteria for the presence of a
dementia syndrome. Of the remaining patients, 34
(50%) had either one or two significant impairments
(mild to moderate intellectual disturbance), and the
remaining 11 patients (16%) had no evidence of
intellectual impairment.
There were specific clinical differences between

Parkinson's disease patients with and without

dementia. In terms of disease severity as measured by
Hoehn and Yahr stage," the mean rating for patients
with dementia (3 0) was significantly greater compared
with those without dementia (2 4), z = 2 4, p < 0 02.
Patients with dementia also had a significantly longer
mean (SEM) duration (years) of disease 9 5 (1-3) vs.
6-9 (0-7), t(66) = 3-6, p< 0 0006, and had a somewhat,
although not a significant, later age of disease onset
612 (1.9) vs. 57-1 (1[2), t(66)= [9, p<006.

Analysis ofMRI and dementia
This analysis involved a comparison of three groups
including 10 patients with Parkinson's disease and
dementia, 20 patients with Parkinson's disease who
were not demented and 10 normal controls. Normal
controls were evaluated so that both the sensitivity and
specificity of cerebral abnormalities could be
examined. Ten patients who met criteria for dementia
volunteered to have MRI, and we sought to obtain a
roughly proportional number of volunteers from the
other two groups. Severity of disease was not sig-
nificantly different between the two patient groups as
estimated by the Wilcoxon rank-sum procedure for
independent samples. The three groups were not
significantly different with respect to age, F(2,
37) =08.
The MRI findings are presented in table 2. Each of

the MRI measures for the three groups was evaluated
by analysis of variance and post-hoc comparisons
(Newman-Keuls) where appropriate. Surface area of
the brain at the level ofthe foramen ofMonro was not
significantly different among the three groups, F(2,
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Table 2 MRIfindings ofpatients with Parkinson's disease (PD) and normal controls. Data are presented as mean (SEM)

PD PD
Control Nondemented Demented

Measure (n= 10) (n= 20) (n= 10) F-value

Total surface area (cm2) 83-5 (3 6) 84-4 (3-0) 801 (4-4) 0-4, n.s.
Frontal Horns (cm) 3-6 (0-3) 3-9 (0.2) 4-1 (0-2) 14, n.s.
Inter Caudate Nuclei (cm) 2-5 (0-2) 2-6 (0-1) 2-9 (0-2) 16, n.s.
Midline to Insula (cm) 4-6 (0-2) 4-7 (0-1) 4-6 (0-1) 0-05, n.s.
Width of Third (cm) 0-7 (1.1) 0 7 (0 5) 0 9 (0 9) 1-9, n.s.
Supratentorial Lesions
Number 19-0 (9-2) 24-1 (7-4) 12-1 (4-2) 0-6, n.s.
Total Surface Area (cm2) 11-7 (6-9) 11 0 (5 5) 10 1 (7-1) 0-01, n.s.

Infratentorial Lesions
Number 1 4(0 6) 1-6 (07) 14 (0-9) 003, n.s.
Total Surface Area (cm2) 1-5 (1-3) 0-2 (0.08) 0-8 (0-7) 1 0, n.s.

Substantia Nigra
Brightness on 1st echo 12 (002) 1 1 (0-01) 1-1 (002) 19, n.s.
Brightness on 2nd echo 1-3 (0 05) 1-3 (0-03) 1-2 (0-06) 1-4, n.s.
Width on 1st echo (pixels) 9-8 (1 3) 7.9 (0 5) 8-4 (0-5) 1-6, n.s.
Width on 2nd echo (pixels) 6-2 (0 8) 6-4 (0 6) 4-6 (1-5) 0-9, n.s.

37) = 004. Ventricular measurements that included
the distance between the frontal horns, F(2, 37) = 1-4,
the distance between the caudate nuclei, F(2, 37) = 1-6,
the distance from the midline to the insula, F(2,
37) = 0-1, and the width of the third ventricle, F(2,
37) = 19, were also not significantly different among
the three groups. The number ofinfratentorial lesions,
F(2, 37) = 003, and the total surface area of these
lesions, F(2, 37) = -0, were not significantly different
among the three groups. No group differences were
seen with respect to either the number of supra-
tentorial lesions, F(2, 37) = 06, or their total surface
area, F(2, 37)=0 01. The relative brightness of the
signal in the area of the substantia nigra on the first
spin echo, F(2, 34) =1-2, and the second spin echo,
F(2, 34) = 1-4, were not significantly different among
the three groups. No group differences were observed
in the width of the substantia nigra on either the first
spin echo, F(2, 34) = 1 6, or the second spin echo, F(2,
34) = 1-0. Three patients were excluded from the
substantia nigra analysis due to loss of data as a result
of technical difficulties.

Discussion

We examined the possibility that Parkinson's disease
patients with and without dementia could be dist-
inguished by a specific pattern of cerebral abnor-
malities using MRI. Diagnosis of dementia was made
according to the criteria defined by Cummings and
Benson.2' This was accomplished by use of objective
neuropsychological testing and statistical comparison
with age and education matched controls. The
primary finding was that the presence of dementia in
Parkinson's disease was not associated with any
cerebral abnormalities that could be identified by
MRI.

Previous research on this topic has almost

exclusively examined the hypothesis that generalised
cerebral atrophy is more severe in patients with
Parkinson's disease and dementia compared with
those without dementia. The findings have been incon-
clusive9 12-16 and the reasons for this variability are not
entirely clear. One possibility is that degree ofcerebral
atrophy is a difficult assessment in the elderly since
there is a normal loss of brain tissue with age making
the range of normal rather broad. Additionally,
cerebral atrophy is very nonspecific and can occur as a
result of general medical problems encountered in the
elderly, such as renal failure, steroid therapy, or
malnutrition.

It is also probable that differences in methodology
used to categorise patients as demented or non-
demented have added to the variability in reports of
atrophy in dementia associated with Parkinson's
disease. Unless standardised criteria for dementia and
methods for such assessment are adopted, confusion
will persist in research related to anatomic and other
correlates of dementia in Parkinson's disease.
Two sets of criteria to define dementia are most

popular. One is defined in the third edition of the
Diagnostic and Statistical Manual (DSM-III) of
Mental Disorders.38 These criteria may not be the most
suitable for diagnosis of dementia in Parkinson's
disease. Judgment regarding significant loss of social
or occupational function, a mandatory finding in
DSM-III criteria, can be made solely with reference to
intellectual function in patients with dementia of the
Alzheimer type, but can be caused by intellectual
dysfunction, the movement disorder, or both in
patients with Parkinson's disease.39"

In the Cummings and Benson criteria,2' dementia is
defined by the acquired and persistent impairment of
at least three of five categories of neuropsychological
disturbances including memory, language, visuo-
spatial skills, cognition, and emotional or personality
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change, in an alert patient. These criteria can be
implemented by use of objective neuropsychological
procedures related to each of the five areas, and
statistical comparison with normal controls. For
research purposes, these objectively defined criteria
would certainly facilitate communication among
researchers interested in the concept of dementia in
Parkinson's disease.

Using objective test performance based on these
criteria, we found, as have others,84' wide variation of
intellectual status among patients with Parkinson's
disease, ranging from no impairment, through mild
and isolated intellectual impairment, to severe and
generalised dysfunction compatible with the diagnosis
of a dementia syndrome. Twenty three of our patients
(34%) met criteria for dementia, an estimate in
keeping with the majority of reports based largely on
clinical impression.42 We also found that our demented
patients were older, had had Parkinson's disease for a
longer time and generally had a more severe disease.
These findings are also consistent with previous
reports.243 We found no clear evidence of language
abnormalities or apraxia which is in keeping with
clinical features ofa subcortical dementia syndrome in
Parkinson's disease.44 4

Some MRI findings deserve further comment.
There was a high incidence of white matter lesions in
the elderly normal controls. These findings probably
reflect common if not normal age-related processes.
Histological correlates have included enlarged
perivascular spaces, myelin pallor and loosening ofthe
cell packing, which have been reported in demented'920
as well as normal elderly individuals.4748 The MRI
parameters of the substantia nigra were not sensitive
even to the presence of Parkinson's disease. While this
was not a part of the experimental design ofthe study,
such a finding is ofcurrent interest. A recent report by
Duguid et al49 found that a small sample of patients
with Parkinson's disease could be distinguished from
controls on MRI evaluation of the substantia nigra.
Our data suggest that analysis of the substantia nigra
by MRI did not provide data that were specific to
patients with Parkinson's disease.
Our results suggest wide variation in mental status

of patients with Parkinson's disease, ranging from
normal function to severe and generalised impairment
compatible with the diagnosis of a dementia syn-
drome, but that cerebral abnormalities detected by
MRI are not sensitive to the presence of dementia in
Parkinson's disease.

This project was supported in part by a grant from the
United Parkinson Foundation.
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