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SPECT findings in Parkinson's disease
associated with dementia
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Abstract
Dementia in Parkinson's disease is
thought to be attributable not only to
subcortical lesions but also to cortical
alterations, especially frontal lobe dys-
function. To evaluate cortical function, the
regional cerebral blood flow (rCBF) was
estimated of 13 demented and 13 non-
demented age matched patients with
Parkinson's disease compared with that of
10 age matched controls using I-123
iodoamphetamine single photon emission
tomography (IMP-SPECT). The rCBF of
the nondemented Parkinson's patients
showed no significant differences from
that of the control subjects. In the
demented patients, the bilateral frontal
and parietal and left temporal regional
blood flow was significantly less than in
the controls. Four demented patients
showed isolated frontal hypoperfusion, 8
showed fronto-parietal hypoperfusion,
and 1 showed isolated parietal hypoperfu-
sion. Frontal hypoperfusion was therefore
present in 12 of the 13 demented patients,
and this finding agrees with the frontal
lobe dysfunction hypothesis. Parietal
rCBF had a significant positive
correlation with cortical functions such
as calculation and language ability in the
MMSE scores. The parietal and temporal
reduction in rCBF probably reflects the
presence ofAlzheimer pathology, cortical
Lewy body disease, or both.
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The prevalence of dementia in Parkinson's
disease ranges from 14%-40% in reported
series.' This wide variation is related to differ-
ences in the diagnostic criteria used or the
methods adopted by various investigators.
Follow up studies using DSM-III-R diagnostic
criteria for dementia have shown a prevalence
of 10-9-23-6% in Parkinson's disease
patients.2 3The intellectual dysfunction is gen-
erally of the subcortical type, with the slowing
of mental processing and the development of
forgetfulness, depression and apathy. Patho-
logical studies have shown that the subcortical
nuclei, such as the substantia nigra and locus
coeruleus, are affected in Parkinson's disease
patients with dementia.4 As in other types of
subcortical dementia, such as progressive
supranuclear palsy, the frontal lobes are also
thought to be affected in patients with demen-
tia due to Parkinson's disease. Secondary

frontal lobe changes may occur because of the
connections between this lobe and the various
subcortical nuclei (frontal lobe dysfunction
hypothesis).'

In addition, 17% of Parkinson's disease
patients show Alzheimer changes, similar to
the prevalence of dementia in Parkinson's
disease. All Parkinson's disease patients have a
few cortical Lewy bodies at necropsy, but only
a count above 5 per high powered field
is consistently associated with dementia.
Both coincidental Alzheimer pathology and
cortical Lewy bodies have been shown to
be associated with dementia in Parkinson's
disease.

It therefore remains uncertain whether
dementia in Parkinson's disease can be attrib-
uted to subcortico-frontal lobe dysfunction
alone, or whether it also involves widespread
cortical dysfunction.

I-123 iodoamphetamine single photon emis-
sion tomography (IMP-SPECT) is a practical
modality for the study of changes in rCBF
which reflect cortical function. To discover
cortical function in dementia of Parkinson's
disease, we studied the clinical features of 26
Parkinson's disease patients and correlated
them with the regional cerebral blood flow as
determined by IMP-SPECT.

Subjects and methods
The subjects included 13 demented and 13
nondemented age matched patients with
Parkinson's disease who were randomly selec-
ted from those admitted to Sumitomo Hospital
from 1989-91.
The DSM-III-R diagnostic criteria for

dementia were used to assess the subjects.
Evidence ofmemory impairment plus aphasia,
impaired judgment, impaired visuospatial
skills, or inability to perform complex ideatio-
nal tasks was necessary to meet the criteria for
dementia. We excluded patients with active
delirium or confusion. The diagnosis of
Parkinson's disease was basea upon the follow-
ing clinical features, cogwheel-type muscular
rigidity, tremor, bradykinesia, an initial
response to levodopa, and a chronic progres-
sive course over longer than one year. Patients
who had been administered neuroeptics were
excluded. We also excluded patients given
more than 4 mg of trihexyphenidyl from the
demented group. We used MRI to rule out
vascular dementia and vascular Parkinsonism.
We also excluded patients with a poor drug
response or putaminal atrophy on MRI,
because of a possible diagnosis of striato-nigral
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degeneration. Furthermore, patients suspected
of having progressive supranuclear palsy, who
showed a poor response to drug therapy and
had severe disturbances of postural reflex or

supranuclear ophthalmoplegia, were also
excluded. Motor disability (including rigidity,
tremor, and bradykinesia) was evaluated as

absent (0), mild (1), moderate (2), or severe
(3) by neurological examination. Overall disa-
bility was assessed according to the scale of
Hoehn and Yahr.

In the demented patients, we investigated
orientation, registration, calculation, recall,
language ability, and praxis using the Mini-
Mental State Examination (MMSE).6 Behav-
ioural disturbances, such as impulsive
behaviour, mental irritability, and a history of
delirium resistant to medical treatment, were

assessed by interview and by review of the
medical records.
The rCBF was measured by IMP-SPECT

using images with a resolution of 15 mm. The
tracer was injected as a 5-mCi intravenous
bolus; scanning began 20 minutes after injec-
tion and continued for 60 minutes. Patients
kept their eyes closed during scanning and
rested in a quiet room. Transaxial SPECT
images were taken parallel to the orbitomeatal
line at the following levels; upper ventricular,
midventricular, midtemporal, and midcere-
bellar hemispheric. The region of interest
(ROI) used was a 21 mm x 21 mm square.We
established ROIs in the bilateral frontal, parie-
tal (upper ventricular level), occipital (mid-
ventricular level), and temporal (midtemporal
level) lobes, and in the cerebellar hemispheres
(midcerebellar level) (fig 1). The relative rCBF
of each ROI was determined by comparison
with the mean cerebellar rCBF as follows:

Figure 1 Horizontal sections ofIMP-SPECT images at the upper ventricular,
midventricular, midtemporal, and midcerebellar levels. Regions of interest were set in the
frontal (F), parietal (P), temporal (T), and occipital (0) lobes, and in the cerebeUlar
hemispheres (C).

Relative rCBF = 2 x (rCBF)ROI/
((rCBF)rc + (rCBF)lc)

(rc, lc: right and left cerebellar hemi-
spheres)

Patients were only enrolled after informed
consent was obtained and after a detailed
description of the risks and benefits of the
study was provided.
We compared mean duration of disease and

the severity of muscular rigidity, tremor, and
bradykinesia between the demented and non-
demented patients. Mean duration of disease
was compared using the normal Student's t
test, while the severity of muscular rigidity,
tremor, and bradykinesia were compared using
one-way ANOVA.
The rCBF of the demented and non-

demented patients was compared with that of
healthy controls. These control subjects were
10 age matched normal volunteers. Mean
values were analysed using the normal
Student's t test when there was no significant
difference in the variances, or using Welch's t
test when there was a significant difference in
variance. In the demented patients, we ana-

lysed the correlation between rCBF and the
MMSE score using Spearman's rank correla-
tion coefficients.

Results
Comparison of the duration of disease, and the
severity of muscular rigidity, tremor, and
bradykinesia showed no significant differences
between the demented and nondemented
groups (table 1). The MMSE scores for the
demented patients ranged from 2 to 25 (mean
= 17-4, standard deviation = 6 80). In the
patients with better preserved MMSE scores,
severe behavioural disturbances such as mental
irritability or abnormal impulsive behaviour
affected their daily lives.
The rCBF distribution of the Parkinson's

patients without dementia showed no sig-
nificant difference from that of the controls. In
the demented patients, the rCBF of the
bilateral frontal, parietal, and left temporal
lobes was significantly reduced compared with
the controls. However, the rCBF in the other
ROIs did not show any significant differences
(table 2).
With a 2SD criterion, 7 out of the 13

demented patients had significantly reduced

Table 1 A comparison of clinicalfeatures between
demented and nondemented patients with Parkinson's
disease

Demented Nondemented Controls
(n = 13) (n = 13) (n =10)
Mean (SD) Mean (SD) Mean (SD)

Age (y) 72-0 (9 2) 68-6 (6-4) 71-4 (7-5)
Sex (M/F) 8/5 6/7 5/5
Duration (y) 6-1 (4 4) 7-6 (4 8) NS a
Yahr (1-5) 3-2 (0 8) 3-2 (0-7) NS b
Rigidity (0-3) 1-4 (1-0) 1-5 (0 5) NS c
Bradykinesia (0-3) 1-7 (0-9) 1-6 (0-9) NS d
Tremor (0-3) 0-9 (1-0) 1-0 (0 8) NS e

NS; not significant
a: Student's t test (df = 24), to = 0-85
b-e: ANOVA (dfl = 1, df2 = 24),
Fo (b) = 0-07, Fo (c) = 0-26, Fo (d) = 0-05, Fo (e) = 0 04
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Figure 2 Scattergram of mean frontal and parietal rCBF Asterisks indicate normal
controls. Closed triangles indicate the 13 demented patients. Open triangles indicate the
13 nondemented patients. Almost all nondemented patients had a distribution similar to
that of the controls. All demented patients (except one) had a frontal blood flow of less
than 0-8. The mean parietal blood flow was more than 0 81 (2SD below the normal
mean parietal rCBF) in 4 patients (frontal hypoperfusion in fig 3), and less than 0 81 in
8 patients (fronto-parietal hypoperfusion pattern in fig 3).

Figure 3 IMP-SPECT patterns in 1 nondemented (left) and 2 demented (centre and
right) patients with Parkinsons's disease. The upper image is a transaxial view at the
upper ventricular level and the lower image is a parasagittal view. The nondemented
patient showed only slight frontal hypoperfusion (left), while the demented patients showed
marked hypoperfiusion of the frontal lobes (centre), or of both the frontal and parietal
lobes (right). Four of the 13 demented patients studied had the IMP-SPECT pattern
shown in the centre of the figure, and 8 had the pattern shown on the right.

frontal rCBF, 9 had reduced parietal rCBF,
and 12 had one or both (fig 2). The cerebral
blood flow distribution showed at least 2
patterns, an isolated reduction in frontal flow
(4 patients) and a reduction in both frontal and
parietal flow (8 patients). Reduction of blood
flow in the frontal lobes was predominantly
seen in the association area rather than in the
motor and pre-motor areas (fig 3).

Analysis of the relationship between rCBF
and the MMSE score showed that the left
parietal rCBF had a significant positive corre-
lation with the scores for registration (rs =
0-57, p < 0 01 (df = 24, to = 3 44)),
calculation (rs = 0-41, p < 0-05 (to = 218)),
and language (rs = 0-60, p < 0.01 (to =
3 66)).
The patients with isolated frontal hypoperfu-

sion did not develop delirium. In contrast, 4 of
the 9 patients with fronto-parietal hypoperfu-
sion had a history of severe delirium, and these
4 patients showed more severe cortical intellec-
tual deterioration (mean MMSE score: 11,
range: 2-16).

Discussion
Previous reports on cerebral blood flow in
Parkinson's disease7'0 showed no abnormal-
ities or only slight hypometabolism in the
frontal area in patients without dementia, and
we found a similar pattern in our nondemented
patients. In contrast, the frontal hypoperfusion
seen in the demented group suggested that
alterations had occurred in the cortex or in the
subcortical nuclei projecting to the frontal
lobes.

In Parkinson's disease, subcortical degener-
ation leading to dementia involves not only the
dopaminergic system arising from the sub-
stantia nigra but also the basal cholinergic
system arising from the nucleus basalis of
Meynert and the diagonal band of Broca."
Damage to these subcortical nuclei projecting
to the frontal cortex could lead to the frontal
hypoperfusion seen in our demented patients.
The subcortico-frontal projections may

include two different nigro-striato-cortical
loops, a "motor loop" and a "complex loop".
Neurons in the rostromedial compacta of the
substantia nigra project to the caudate, which
connects to the frontal association area (the
"complex loop"), while neurons in the caudo-
lateral compacta project to the putamen and

Table 2 A comparison of rCBF between demented and nondemented patients

Demented (n = 13) Nondemented (n = 13) Controls (n = 10)
Mean (SD) Mean (SD) Mean (SD)

Rt Frontal 0-78 (0-06) a 0-86 (0 05) 0 90 (0 06)
Lt Frontal 0-76 (0-06) b 0-85 (0 06) 0-88 (0 06)
Rt Parietal 0-78 (0-12) c 0-89 (0 09) 0 90 (0 05)
Lt Parietal 0-77 (0-10) d 0-89 (0 08) 0 90 (0 04)
RtTemporal 0-87 (0 07) 0-89 (0-10) 0-89 (0 05)
Lt Temporal 0-83 (0-05) 0-86 (0 07) 0-88 (0 05)
Rt Occipital 1-02 (0-10) 1-05 (0 05) 1-07 (0 05)
Lt Occipital 1-06 (0-10) 1-08 (0 07) 1-07 (0 04)

a-d; Significantly reduced compared with controls (un-paired, two-tailed t-test)
a (df = 21, to = 4 67) p < 0-001 (normal t-test)
b (df = 21, to = 4 63) p < 0-001 (normal t-test)
c (df = 17, to = 3-25) p < 0-01 (Welch method t-test)
d (df = 17, to = 4 05) p < 0-001 (Welch method t-test).

1.1

1-0

*

U-
i.

c' 0.9

0

co

0~
C .

0-7 _

0-6

962
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.55.10.960 on 1 O
ctober 1992. D

ow
nloaded from

 

http://jnnp.bmj.com/


SPECTfindings in Parkinsons's disease associated with dementia

then connect to the pre-motor and motor areas
(the "motor loop"). The "complex loop" is
related to psychomotor function and motiva-
tion, while the "motor loop" is related to
motor function.12 The predominance of blood
flow changes in the frontal association cortex
may thus reflect alterations in the "complex
loop" due to neuronal loss in the medial
substantia nigra. 3

In addition to the nigro-striato-cortical
loops, dopaminergic cells in the ventral teg-
mental area of the midbrain project to the
frontal lobe,'4 and destruction of this area
causes behavioural disturbance.15 In Parkin-
son's disease, these cells are also involved.'6
Thus the frontal hypoperfusion, that we found
in 12 out of 13 demented patients could reflect
disturbances of various subcortical nuclei pro-
jecting to the frontal cortex (the frontal lobe
dysfunction hypothesis).

In addition to frontal hypoperfusion, parietal
and left temporal rCBF showed significant
reductions compared with the controls. The
rCBF in these regions had a significant positive
correlation with cortical function such as
language and calculating ability. The cortical
alterations associated with dementia in Parkin-
son's disease include certain pathological find-
ings also seen in Alzheimer's disease. A
combination of the patholonical changes seen
in both Parkinson's disease and Alzheimer's
disease occurs in 1 6-9% of such patients'7 and
the topographical distribution of Alzheimer's
pathology in Parkinson's disease patients is
similar to that in pure Alzheimer's disease. In
Alzheimer's disease, rCBF studies with
SPECT have revealed hypoperfusion in the
parietal lobes.'8
Another cortical change associated with

dementia in Parkinson's disease is the occur-
rence of Lewy bodies. The combination of
Lewy bodies and senile plaque in the cortex is
seen in diffuse Lewy body disease, which is
frequently accompanied by acute delirium or
agitation and cortical type dementia."9-2" In
this study, 4 patients with parietal hypo-
perfusion also showed nocturnal delirium and
cortical dementia, and these clinical features
coincided with those of diffuse Lewy body
disease. Cortical Lewy bodies are generally
numerous in the frontal, temporal, and parietal
lobes,22 and the SPECT patterns of these
patients could reflect the distribution of Lewy
bodies. It still remains to be determined
whether the cortical lesions of such patients
with parietal hypoperfusion are due to Alz-
heimer's pathology or Lewy bodies.
We conclude that SPECT images of

demented Parkinson's disease patients show at
least 2 patterns-isolated frontal lobe hypo-

perfusion or hypoperfusion in both the frontal
and parietal areas. In our series, frontal lobe
hypoperfusion was the common finding in
demented Parkinson's disease, data which is
coincident with the frontal lobe dysfunction
hypothesis. In the patients with fronto-parietal
hypoperfusion, not only frontal lobe deficits
but also more widespread cortical dysfunction
may contribute to their dementia.
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