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Dominantly inherited Alzheimer's disease: cerebral
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SUMMARY Cerebral glucose metabolic rate (CMRGlu), measured by positron emission tomog-
raphy, was bilaterally and symmetrically reduced in two patients with autosomal dominant
Alzheimer's disease. Supramarginal gyri and temporal lobes were most severely affected. An iso-
lated reduction of CMRGlu in the left supramarginal gyrus was observed in one asymptomatic
at-risk subject.

Diagnostic accuracy is a major limitation to clinical
research in Alzheimer's disease. As many as 50% of
clinically diagnosed Alzheimer's disease cases have a
different aetiology for dementia found at post-
mortem examination.1 We have previously reported
two extensive pedigrees with autosomal dominant
inheritance of Alzheimer's disease which has been
verified by multiple histopathological exam-
inations.24 Early age of onset and uniform disease
expression within these families facilitate diagnosis.
Diagnostic accuracy can be inferred within these pedi-
grees through post-mortem examination of other
closely related, affected family members. First-degree
relatives of affected members in these families consti-
tute the highest risk group for longitudinal
investigation of Alzheimer's disease. There do not
appear to be any significant clinical or neuro-
pathological differences between sporadic and
familial Alzheimer's disease.

Positron emission tomography (PET) coupled with
administration of '8F-2-deoxyglucose (FDG) allows
assessment of brain metabolic activity.5 6 Both
global7-12 and regional'3 -9 reductions as well as
lateral asymmetries20 21 in the glucose metabolic rate
of patients with presumed Alzheimer's disease have
been reported; these changes correlate with cognitive
deficits'5 22-24 and dementia severity.'8 25 In order
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to surmount some of the diagnostic and technical lim-
itations of investigating brain glucose metabolism in
Alzheimer's disease, we have employed a high resolu-
tion scanner using FDG as a tracer to study two
affected members and two of their asymptomatic at-
risk family members, all ofwhom are first-degree rela-
tives of cases of Alzheimer's disease proven at
necropsy.

Methods

Subjects The Alzheimer's disease cases and their at-risk
relatives were admitted to the Clinical Center, National
Institutes of Health. Four normal individuals (three men,
one woman) ranging in age from 41 to 50 were selected for
the control group. The mean (± SEM) age of the controls
was 44 (± 2) years, a value midway between the average age
of 48 for the patients and that of 40 for the at-risk subjects.
All subjects gave informed consent in accordance with NIH
guidelines. Patients and at-risk subjects underwent a detailed
medical and neurological examination. Routine blood tests,
thyroid function tests, serum vitamin B12 and folate levels,
urinalysis, EKG, and CSF examination were normal. CT
and MRI scan of the head, EEG, and neuropsychological
evaluation were performed including a Blessed Dementia
Scale rating.26 None of the subjects were taking medication
prior to this admission. The at-risk subjects had normal neu-
rological examinations. A section of the main pedigree for
each family illustrates the relationship of the subjects to
other affected and at-risk members (fig 1). Neuro-
pathological findings in affected family members have been
previously published.2 3 27 28 Histological verification of
diagnosis has been obtained in seven affected members of
Family I and six patients in Family 2.
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Fig 1 Small segments of the complete pedigrees illustrating the pattern ofAlzheimer's disease transmission in Families 1
and 2. The index cases studied by PET are indicated. The at-risk subjects studied (not marked) are direct descendants of
affectedfamily members. Complete pedigrees have been previously published as indicated in the text.

Case I (Family 1, Pedigree No VII-14) This 55 year old
right-handed, married Caucasian female, manifested grad-
ual decline in concentration and memory approximately
three years before admission. The insidious progression of
intellectual impairment made it increasingly difficult to con-

tinue work as a nurses' aide. Her family indicated that the
symptoms had progressed and she became unable to manage
money and complete household chores. Neurological exam-

ination confirmed a striking impairment of recent memory
with preservation of remote memory. She also exhibited
speech perseveration, dyscalculia, difficulty with problem
solving, and reduced digit span. Her insight was poor.
Motor apraxia, hyperactive deep tendon reflexes and a snout
reflex were present. A mild to moderate degree of dementia
was indicated by a Blessed Dementia scale rating of 8 (max-
imum score = 28). EEG showed diffuse slowing with low
voltage background activity. CT and MRI scans of the head
were considered normal.

Case 2 (Family 2, Pedigree No V-2084) Two years ago this
40 year old right handed, single Caucasian female developed
gradual loss of short term memory, word finding difficulty,
and receptive aphasia. She recognised her symptoms as early
signs of Alzheimer's disease and discontinued work as an
emergency room nurse. Activities of daily living are pres-
ently performed without difficulty. Neurological exam-

ination was remarkable for profound loss of short term
memory, disorientation to place, mild fluent dysphasia, dys-
calculia, poor problem solving ability, and reduced digit
span. The Blessed Dementia Scale rating was 10, confirming
a moderate dementia. EEG revealed low voltage irregular
disorganised background with some diffuse paroxysmal
activity. CT scan of the head showed minimal prominence of
sulci with normal ventricles.

PET Scanning
All subjects were kept fasting for 5 hours prior to PET scan-
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ning. An indwelling needle was inserted into a vein in an
upper extremity for withdrawing blood samples. "Arte-
rialisation" of the venous blood was accomplished by heat-
ing the hand to 44°C with a heating pad. Prior to and during
the initial 30 minutes following the rapid injection of 5 milli-
curies of FDG, patients were kept lying still in a quiet, iso-
lated room while wearing eye patches and ear plugs. Follow-
ing intravenous isotope administration, samples for
measurement of FDG and glucose concentrations were
taken from the opposite arm every 30 seconds for the first 5
minutes, with the frequency decreasing to 15 minutes per
sample toward the end of the scanning period. Three 10
minute scans were performed, each yielding seven slices, giv-
ing a total of 21 image planes, parallel to the canthomeatal
(CM) plane, at 4mm increments, ranging from CM +
20mm to the vertex. Cross-sectional images were recon-
structed and evaluated using the Neuro-PET computer. The
scanner has a spatial resolution of 6-7mm full width at half
maximum (FWHM) and a sensitivity of 70,000 c/s (juCi/ml)
for a true slice with medium energy threshold (375 keV).29 A
calculated attenuation correction is incorporated in the
image reconstruction programme, based on the actual edge
of the scalp which is visible on the images, and including an
estimated 5mm thick underlying skull.

Data Analysis
The cerebral cortex and basal ganglia for all subjects were
mapped by the same examiner using a "region of interest"
(ROI) programme. At specified heights above the CM plane,
contiguous, non-overlapping ROIs were positioned within a
given PET slice to locate peak metabolic rates. For the cere-
bral cortex, a 10mm x 10mm elliptical ROI was used; a
7mm x 7mm ellipse was used for the basal ganglia. Peak
and mean cerebral metabolic rates were calculated with rate
constants determined for normal subjects using a modified
version of the Sokoloff operations equation.30 The lumped
constant was taken as 0-420 and the four transfer constants
for grey matter as: K* = 0 102 min'-l, K2* = 0 130 min1,
K3* = 0-062 min-', K4* = 00068 min-'; and those for
white matter as: K,* = 0-054 min-1, K2* = 0-109 min-1,
K3* = 0045 min-', K4* = 0 0058 min- 1.' While a recent
study,31 and our own independent measurements, have indi-
cated that the true lumped constant is about 0 53, we used
the lower value for better comparison with the existing lite-
rature on Alzheimer's disease subjects, which is almost
invariably based on the original value reported by Phelps et
al.5 A brain atlas was used for identifying specific anat-
omical regions.32
A mean metabolic rate for each region was calculated if

two or more ROIs were located within a specific anatomical
region. This average was used as the metabolic rate for each
identified area in each subject. The following areas were
identified in each hemisphere for every subject: frontal lobe,
pre-central gyrus, post-central gyrus, supramarginal gyrus,
temporal lobe, parietal lobe, occipital lobe, amygdala, cau-
date, putamen, hippocampus, and parahippocampal gyrus.
Data for the two affected subjects were grouped and com-

pared with the four control subjects by analysis of variance
with appropriate follow-up tests. In order to determine
which regional differences were reduced out of proportion to
any generalised decrease in cerebral glucose metabolic rate
(CMRGlu), all values were normalised to the respective
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average CMRGlu for each hemisphere. These normalised
values were compared among the groups by analysis of vari-
ance. The at-risk subjects were compared individually with
the control group.

Results

Visual analysis of the scans obtained in the
Alzheimer's disease patients revealed a substantial
reduction of glucose metabolism in the parietal and
temporal lobes. This wedge-shaped decrease in
metabolism appears to be bilaterally symmetrical
(fig 2). The global pattern of glucose metabolism
appeared normal in the two at-risk family members.

Calculation of the regional CMRGlu in the
Alzheimer's disease patients revealed that all areas
except the caudate showed a significant bilateral
reduction compared to the controls. This is reflected
in the average for both left and right hemispheres
which are respectively reduced by 36-8% and 34-2%
(fig 3). The normalised values for CMRGlu in the
supramarginal gyrus and temporal lobe were bilater-
ally decreased in the Alzheimer's disease patients (fig
4). Neither hemisphere was predominantly affected in
the Alzheimer's disease patients.
Although the regional values for CMRGlu were

generally lower than normal in one at-risk subject, the
differences were not statistically significant. However,
the normalised CMRGlu for the left supramarginal
gyrus in this same subject is significantly less than the
control group (fig 4).

Discussion
The results of this study demonstrate a bilateral
generalised reduction in the rate of cerebral glucose
metabolism which is most severe in the supramarginal
gyri and temporal lobes in patients with dominantly
inherited Alzheimer's disease. Although the values in
the Alzheimer's disease patients were lower in the left
hemisphere, the asymmetry was not significant. It
is premature to draw conclusions from the one
significant reduction in the normalised CMRGlu in
the left supramarginal gyrus of the second at-risk
patient. PET has been used to measure local cerebral
blood flow, oxygen consumption, and glucose meta-
bolic rate in patients with dementia including
Alzheimer's disease (for review, see Refs 33, 34).
Using a steady-state 150 technique coupled with PET
scanning, Frackowiak et al first demonstrated a
temporo-parietal decline in metabolism in milder
patients with degenerative dementia.35 A reduction in
the frontal regions occurred later in the course of the
disease. They also correlated the changes in metabo-
lism with severity of dementia. Two of their patients
had histological evidence of degenerative dementia.
There is only one other necropsy proven Alzheimer's
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Fig 2 PETscan images on one Alzheimer's disease patient (left) and an at-risk subject (right). The temporo-parietal
reduction in CMRGlu is evident in the Alzheimer's disease patient compared to the normal scan of the at-risk subject.

disease case studied by PET but this patient was the
most severely demented patient in that study and had
a global decrease in metabolism.'9 There is generally
agreement among previous studies that CMRGlu in
temporo-parietal brain regions is reduced out of
proportion to other areas. This pattern of hypo-
metabolism parallels the magnitude and anatomical
distribution of neuropathological alterations found in
detailed, regional examinations of Alzheimer's dis-
ease brains.36 Our findings confirm and provide addi-
tional validation of results obtained by other
investigators in early presumed Alzheimer's disease
cases. The overall reductions of 36-8% and 34-2% in
CMRGlu are consistent with the decreases of
10-49% observed by others.' 11 14 19

Familial Alzheimer's disease cases in general do not

provide a homogeneous population with improved
diagnostic accuracy. There is only one previous
report of the PET findings in a patient with familial
Alzheimer's disease. 17 The most important
differences between the case reported by Cutler et al
and those of the present series are variable clinical
expression of Alzheimer's disease within that family
and more importantly, lack of a well-defined inheri-
tance pattern in the Cutler et al case. In the present
study the pedigrees are sufficiently large to allow
identification of autosomal dominant transmission.
The frequent occurrence of Alzheimer's disease in the
general population substantially reduces the value of
studying small familial clusters with heterogeneous
clinical expression.

In addition to the problem of diagnostic accuracy
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in Alzheimer's disease, there are technical limitations
in analysing PET scans. We have used small regions
of interest to minimise partial volume effects. Our
patients did not have significant atrophy which would
hamper comparison with the control group. We
adjusted the region of interest placement within each
structure to provide the maximum value, assuming
that this position gives the smallest partial volume
effect with a high resolution scanner. Although the
net result of this method is an increase in the absolute
CMRGlu values, the same approach has been applied
to both controls and patients enabling a standardised
statistical comparison. Our control values are similar,
however, to published data obtained using the Neuro-
PET.37
The importance of our findings lies in the improved

diagnostic accuracy inferred from a dominant mode
of inheritance and multiple histological confirmations
within a single pedigree. In the absence of a specific
Alzheimer's disease genetic marker or brain biopsy,
there are no other means by which a diagnosis can be
more clearly established in the living patient, particu-
larly in the early stages. The demonstration of similar

PET findings in dominantly inherited and sporadic
Alzheimer's disease cases forms the basis for a longi-
tudinal investigation of the at-risk members of these
families. These families are an invaluable resource
that permits application of a valid strategy for study-
ing an illness with otherwise uncertain ante-mortem
diagnosis and for which no adequate animal model
exists.

We are grateful to Ms Justine R Ballard who assisted
in the preparation of this manuscript and the nurses
of Ward 5 East, NIH Clinical Center, who cared for
the patients during this study. We appreciate the com-
ments and suggestions of Dr Rodney Brooks who
reviewed this manuscript.
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