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Measurements of regional cerebral blood flow and
cognitive performance in Alzheimer's disease

D Montaldi, D N Brooks, J H McColl, D Wyper, J Patterson, E Barron, J McCulloch

Abstract
Single photon emission computed
tomography (SPECT) with 99mTc-
HMPAO was used to image 26 patients
with dementia of the Alzheimer type
(DAT) and 10 healthy controls. Regional
cerebral blood flow (rCBF) data indi-
cated a relative sparing of the occipital
regions in DAT. Normalisation to occi-
pital flow illustrated highly significant
CBF deficits in a number of cortical
regions, particularly in the left and right
posterior-temporal cortex in DAT com-
pared to controls. The cognitive perfor-
mance of DAT patients was measured
using a clinical cognitive assessment
procedure (CAMCOG) and numerous

correlations between these scores and
rCBF were obtained. The implications
and value of this investigative technique
are discussed.
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Alzheimer's disease is the most prominent
form of dementia today affecting 5%,0 of those
over the age of 65 and 2500 of those over 80
years old.' The cognitive deficits resulting
from this disease can range from more focal
deficits to an overall intellectual decline.23 The
pathophysiological changes accompanying
Alzheimer's disease involve both reductions in
neurotransmitters and cell loss particularly in
the medial temporal and frontal regions.4 In
vivo imaging studies of the disease using
positron emission tomography (PET) and
single photon emission computed tomography
(SPECT) techniques have analysed patterns of
cerebral metabolism and regional cerebral
blood flow (rCBF) respectively. The results of
such studies reveal reductions in metabolism
and flow in many cortical regions,57 however,
parietal reductions are those most frequently
reported.9
The aims of this study were three-fold.

Firstly to attempt to replicate some previous
findings using a dedicated tomographic brain
scanner and radiopharmaceutical and a novel
quantitation technique. Secondly, to identify
those cerebral regions where bloodflow is par-
ticularly reduced in our Alzheimer population.
Finally to relate these blood flow data to
cognitive performance.
Table I Patient and control details

Methods and procedure
All patients and controls form part of a longi-
tudinal investigation into Alzheimer's disease
involving six-monthly assessments on a series
of cognitive tests and measurements of rCBF
using SPECT.

Patient population. Twenty six patients (17
females) diagnosed as having dementia of the
Alzheimer type (DAT) were studied (table 1).
The mean age of the group was 76 years (54-
90). Diagnosis ofAlzheimer's disease remains a
serious problem; one which was tackled by
applying a very strict classification system
using the Cambridge Diagnostic Examination
for the Elderly (CAMDEX) developed by Roth
et al (1986).'o Briefly, the CAMDEX criteria
include a gradual intellectual deterioration for
at least six months with the exclusion of
reversible dementias, other psychiatric dis-
orders (for example alcohol abuse, major
depression), other neurological diseases (for
example, multi-infarct dementia, communi-
cating hydrocephalus), diabetes and malig-
nancy and cases of severely impaired hearing or
sight. Apart from standard laboratory tests, all
patients also received ECG, EEG, and CT
scans. Patients were selected for the DAT
group only when no other possible cause of
dementia could be considered. Although the
patients varied in both severity and age at
onset, they were grouped together for the
purpose of this study.

Control population. Ten normal elderly
controls (eight females) who were recruited
from a local social centre were screened
medically before entry into this group. The
mean age of the group was 71 years (50-80).
Informed consent was obtained for all patients
and controls.
Neuroimaging technique. The radio-

pharmaceutical (Technetium-99m labelled
HMPAO) was prepared by adding 1200 MBq
of 99m-Tc pertechnetate in 5 ml saline to the
freeze-dried mixture of the ligand (Ceretec,
Amersham International). The patient dose of
500 MBq was injected intravenously while the
patient was sitting in a quiet room with eyes
closed and ears unplugged.
HMPAO is readily removed from the blood

during its first pass through the brain."
Thereafter, a fast decomposition of the
molecule takes place causing entrapment in the

Age MMSE CAMCOG

Total Praxis Mem Lang
N Mean Range Mean (SD) Mean (SD) Mean Mean Mean

DAT 26 76 54-90 9-6 (5-5) 35 0 (19-7) 5-1 5 0 15-3
Controls 10 71 50-80 28-0 (1-8) 94-8 (6 6) 11-0 23-8 27-7
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brain and producing a distribution which
reflects rCBF.'2
Imaging was carried out five minutes to one

hour after injection and was performed on a
Novo 810 dedicated neuro SPECT imager.
The patient lay unrestrained on the imager
couch during the scanning session which lasted
on average 20 to 25 minutes. During this time
five slices, 12 mm thick, were obtained in a
plane parallel to the orbital-meatal line and at
positions 30, 40, 50, 60 and 70 mm superior to
this line. Acquisition time for each slice was
three minutes.
The Novo 810 imager uses the Harvard

multi-detector scanning design utilising 12 sets
of scintillation detectors with focussing
collimators, arranged at 300 intervals around
the field of view. Each detector scans both
tangentially and radially to the field of view
resulting in relatively uniform spatial resolu-
tion, sensitivity and slice thickness throughout.
the slice. The image quality of the brain
tomographs produced are comparable with
those produced by most PET scanners curren-
tly in use.
The five acquired images were compared

with the anatomical patterns presented in a
typical brain atlas for the purpose of defining
two particular anatomical levels and for the
identification of different brain regions. The
lower of the two slices (the Standard slice),
most usually at OM + 40, was defined by the
presence of the putamen, thalamus and
occipital cortex and by the absence of
cerebellum. The high slice (usually OM + 70)
lay immediately superior to the corpus
callosum, and typically appeared as an elliptical
ring ofhigh activity in the cortex with a further
line of high activity running continuously
anterior to posterior representing cortex on
each side of the inter-hemispheric fissure.

Regions of interest. Using the scanner's
computer system, 14 regions of interest (ROI)
outlining different brain regions were then
drawn on each of these slices. (figs 1 and 2) Ten
regions of interest (five on each side) were
drawn on the standard slice and four on the
high slice, with a separate outline encompass-
ing the whole cerebral activity in both cases.

Corresponding right and left regions were
symmetrically identical. The ROI boundaries
were drawn along the outside surfaces of the
brain and internally followed the division be-
tween the "grey" and "white" matter. On the
standard slice the five regions were described as
frontal, temporal, posterior temporal, occipital
(fig 1), and basal ganglia; with high frontal and
parietal on the high slice (fig 2). For each region
the area and mean number of counts per pixel
were measured and expressed as a proportion
of the activity in the slice as a whole (Nmean).
To normalise these data further we divided the
Nmean for each ROI by the average Nmean of
the occipital regions therefore producing an
ROI/occipital activity ratio (Nmean po). The
cerebrum/cerebellum ratio used in other
studies'4 was not used here for two reasons.
Firstly, using a dedicated neuro section scan-
ner, a single image can be obtained within three
minutes. This facility for rapid data collection

Figure I SPET image of Standard slice, illustrating
regions of interest.

provides a distinct advantage over the gamma
camera in studies of dementia since refusal
rates can be high with this patient population.
The images used to extract cortical data cannot
include the cerebellum and therefore additional
slice images would be required thus significan-
tly increasing the imaging time and thereby
prejudicing our very low refusal rate of 2%.
The second reason for not adopting the
cerebellum for normalisation is that cerebellar
blood flow may be affected by crossed
cerebellar diaschisis resulting from damage to
the cortico-ponto-cerebellar system.'5 Selec-
tion of occipital flow as the best indicator of
unimpaired flow was based on reports of a
relative sparing ofthe occipital lobes in DAT8 a
finding strongly supported by some prelimin-
ary results of our own.

Figure 2 SPET image of High slice, illustrating regions
of interest.
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Figure 3 SPET scan illustrating bloodflow in
Standard slice ofDA T (bottom) and control (top).

Examples of images. The images shown in
figs 3 and 4 are SPECT scans of a patient with
DAT, whose diagnosis was confirmed at
necropsy, (bottom) and a normal control (top).
Figure 3 illustrates blood flow in the Standard
slice indicating reductions in frontal, temporal
and posterior temporal flow together with a
relative occipital sparing in patients with DAT.
Figure 4 illustrates blood flow in a High slice
which apart from showing a deficit in higher
frontal flow, indicates a clear reduction in
parietal blood flow in the DAT patient.

Cognitive assessment. Before carrying out a
full neuropsychological battery, cognitive
status was measured using the CAMCOG; a
component of the CAMDEX. The CAMCOG
is a short mental status examination similar to
the Mini-Mental State Examination
(MMSE)" which is included in its design. It is,
however, more extensive than the MMSE in
the areas of cognition that it covers. It com-
prises the following eight subcomponents:
1 Orientation 5 Memory
2 Language 6 Calculation
3 Attention 7 Abstract thinking
4 Praxis 8 Perception
The CAMCOG can either provide a single
total score of overall cognitive performance, or

Figure 4 SPET scan illustrating bloodflow in High
slice ofDA T (bottom) and control (top).

it can be broken down into subscores. For the
purpose of this study we considered the total
score and three subscores; Language, Memory
and Praxis. We chose these subcomponents for
two reasons: firstly, they are three cognitive
functions known to be affected by DAT; and
secondly, they are the three largest subcom-
ponents of the CAMCOG. Administration of
the CAMCOG -takes approximately half an
hour and was carried out within two weeks of
scanning.

Results
Patterns of rCBF
Before starting the formal analysis we com-
pared rCBF in DAT and controls with flow
normalised to the slice alone. This showed a
highly significant sparing of the occipital
regions in DAT, lending support to our
decision to study flow normalised to the
occipital cortex.
The first part of our data analysis was

designed to compare rCBF in the DAT group
to that of controls. To do this we used two
sample t-tests to compare the ROI/occipital
ratios for each ROI across the two groups, and
the results are described in table 2. As the p-
values clearly show there is strong evidence of
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Table 2 Regional cerebral bloodflow levels in patients
with DAT and normal controls

Nmean po

ROI DA T NC p-value

L posterior-temporal 0 9 1 07 <0 0001*
R posterior-temporal 0 89 1 01 0.0006*
L temporal 0 84 0 98 0.0007*
Lparietal 0 93 1 04 0.0012*
R frontal 0 83 0-96 0.0016*
Lfrontal 0-82 0 94 0.0023*
Rparietal 0 92 1 00 0 0055
R temporal 0 87 0-98 0 0090
R high frontal 0 84 0 96 0 0090
L high frontal 0-85 0 96 0 0115
L basal ganglia 1 02 1 12 0 060 (NS)
R basal ganglia 1-02 1 08 0 125 (NS)

*Significance obtained at an overall 5% level when using a
Bonferroni correction.

reduced blood flow in all cortical regions of
interest, but not the basal ganglia. The top 6 p-
values, however, produced particularly strong
evidence since significance was still obtained at
an overall 5% level when applying a Bonferroni
correction (a very conservative statistic greatly
reducing chance significance).

rCBF and cognitive performance. The final
stage of our analysis investigated the associa-
tion between rCBF data and cognitive per-
formance in the DAT group. We measured the
strength ofthese associations using Spearman's
rank correlation coefficient. Numerous
associations were found between rCBF and
cognitive performance, and table 3 includes not
only those correlations where significance was
still obtained at an overall 5% level when
applying a Bonferroni correction but also the
numerous less significant associations. Despite
the large number of strongly significant
correlations, there were, surprisingly, no such
correlations between rCBF and memory per-
formance. This lack of strong correlations with
memory was investigated further by analysing
CAMCOG total, and subscore distributions.
As fig 5, 6 and 7 illustrate, the total score, and
language and praxis scores all show a broad
distribution. The memory scores, however,
show no such distribution, having a marked
floor-effect (fig 8). Since correlational analysis
requires a reasonable distribution of scores to
produce meaningful results, the absence of
correlations with memory reflects this floor-
effect.

Discussion
Regional cerebral bloodflow measurement

Table 3 Positive associations between cognitive
performance and rCBF

ROI CAMCOG Memory Language Praxis

Rf * * *
Lf * * *
Rt * * *
Lt ** ** *
Rpt ** * ** **
Lpt * **
Rhf *
Lhf *
Rp ** * * **
Lp ** * ** **

*Correlations significant at an individual 50o level.
**Correlations significant at an overall 50°h level when
applying a Bonferroni correction.

c8-
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Figure 5 CAMCOG: Total scores.

using the NOVO 810 tomograph and 99-m Tc
HMPAO produces significantly different
results in patients with Alzheimer's disease
when compared to elderly controls. Using a
normalised mean value of bloodflow we
replicated the finding of a relative sparing of
the occipital lobes8 and proceeded to use this to
further normalise our data. Using this tech-
nique we have provided strong evidence of the
involvement of the posterior temporal regions
in Alzheimer's disease. While there appear to
be no specific reports of CBF deficits in this
region, these results provide extremely strong
evidence that it is clearly implicated in the
disease process. The well documented reduc-
tion in parietal blood flow in Alzheimer's
disease has received further support from this
study. The parietal regions are so frequently
reported as implicated in the disease that
Holman proposed that their damage has
become the hallmark of Alzheimer's disease.'6
However, while parietal bloodflow is sig-
nificantly reduced in our patient population,
(especially in the left hemisphere), the results
of this study suggest that there is an even
greater involvement of both the left and right
posterior temporal regions in this disease.
The involvement of the frontal lobes in

Alzheimer's disease provokes considerable
debate. There is no doubt that in many cases of
DAT, a degree of frontal pathology exists.7 1718
However, many researchers like to separate
patients with frontal damage and label them as
"frontal dementias" or possible Pick's dis-
ease.'9 Our results identify a frontal component
in DAT since the rCBF deficits were highly
significant in both the left and right frontal
regions of a population showing no dispropor-
tionate frontal signs clinically. Foster, Chase
and Mansi'8 suggest that anterior changes

16

12

4

0-
0-5 6-10 11-15 16-20 >20

Score distribution

Figure 6 CAMCOG: Language scores.
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occur late on in the disease process, and this
suggestion is supported by our findings, since
the majority of our patients are moderately to
severely demented, (See MMSE scores table
1). This does not, of course, exclude the
possibility that minimal/mild cases of DAT
could show some frontal rCBF deficits. We
would therefore suggest that the developing
trend towards using SPECT evidence ofexten-
sive frontal pathology as an exclusion criterion
for Alzheimer's disease,20 is unwise and may
mask interesting features of this disease. There
may exist for example, a "frontal" subgroup in
the same way as Martin et al identified a
"parietal" and a "temporal" subgroup on the
basis of both cognitive and metabolic profiles.
Turning now to discuss the relationship

between SPECT data and cognitive perform-
ance in DAT. While the highly significant
correlations (ranging from 0:57 to 074), be-
tween rCBF and cognitive performance as
measured by the CAMCOG, support current
theories of cortical organisation and cognitive
function, there are two problems which make
interpretation of the results particularly dif-
ficult. The first problem is that of multiple
correlations. Apart from the thirteen very
highly significant correlations, numerous less
significant associations were also found. This
multiplicity of correlations prevents the draw-
ing of firm conclusions about the specific
relationship between rCBF deficits and cogni-
tion in this population. The second problem is
that in spite of the strength of some of the
correlations and the extensively reported
memory deficit accompanying DAT, we
obtained no such correlations between rCBF
and memory performance on the CAMCOG.
To avoid such confounding results in future

research we offer two alternative explanations
for these problems. The first of these is that the
CAMCOG and other cognitive screening tests
are inappropriate tools for this form of inves-
tigation. Due to the requirements of "brief'

Figure 8 CAMCOG:
Memory scores.
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cognitive screening tests, such procedures are,
by nature non-specific and the subtests may
frequently overlap in the cognitive domains
they are assessing. Therefore, while this type of
assessment tool is ideal for providing a general
cognitive picture, much greater task specificity
is required if meaningful correlations are to be
sought. The inappropriate use of the CAM-
COG could therefore be responsible for the
excessive number of correlations found in this
and other studies.'42' Interestingly, this lack of
task specificity may also account for the failure
to find correlations between rCBF and
memory. The non-specific nature of screening
tests greatly reduces their sensitivity and
capacity to identify subtle differences in cog-
nitive performance between patients. This
situation is clearly illustrated here by the floor-
effect we found with the memory component of
the CAMCOG (fig 8). Despite evidence for
differential memory deficits in dementia (for
example, visual/verbal, implicit/explicit);
memory on this test can only be expressed as
one single score since subcomponent scores
would be too small. Again, while these subcom-
ponents adequately assess memory for screen-
ing procedures they are far too generalised (for
example, they measure almost exclusively ver-
bal memory), for use in correlational studies of
this form. Without the use of specific tasks,
floor-effects or similar confounding features
will prevent both an accurate analysis and a
useful interpretation of results. Thus, use of
this type of tool to provide evidence of sub-
groups,'4 particularly for studies of the
heterogeneity of Alzheimer's disease, is very
questionable and highly inadvisable.
The second explanation for our results could

be the nature of our patients who are typically
in the later stages of the disease. As with the
reductions in blood flow, the cognitive impair-
ments resulting from the later stages of the
disease are diffuse and appear to affect nearly
every cognitive domain and numerous sig-
nificant correlations may therefore be expec-
ted. Unfortunately reports of similar studies
also producing multiple correlations'4 21 do not
describe the severity of the population under
investigation. So far as the floor effect on
memory is concerned, it could be argued that
this may have resulted solely from the severe
nature of our patient population. However,
some preliminary results from our neuropsy-
chological battery suggest that the lack of task
specificity provides a much more plausible
explanation. Although the memory component
of the CAMCOG produced a floor-effect, the
same moderate to severe patient population
reported here produced a substantial distribu-
tion of scores on more specific tasks such as
visual memory span22 and paired associate
learning.23 This enables us to investigate more
specific relationships between rCBF and
memory, while avoiding the problem of mul-
tiple correlations which swamp any specific
effects.
We have illustrated rCBF deficits in a

moderate to severely demented population suf-
fering from DAT, using HMPAO and
SPECT. In particular, we have identified the

Figure 7 CAMCOG:
Praxis scores.
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posterior temporal regions as those showing the
largest blood flow deficits, while a relative
sparing is indicated in the occipital regions.
Certainly the clinical and cognitive severity of
the patient population must always be con-
sidered when designing a study, and sub-
sequently reported in publications. Most
importantly, however, non-specific tools such
as the CAMCOG can produce results which
are difficult to interpret and which may lead the
unwary to oversimplistic and inaccurate con-
clusions. In the case of this study and others
like it4 21 we have used very sophisticated
means ofmeasuring rCBF, yet extremely crude
means of measuring cognitive performance. In
future this type of research should adopt cog-
nitive assessment tools compatible in sophis-
tication to that of the neuroimaging technique.
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We thank Mary-Teresa Hansen and Shona
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