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Alzheimer's disease produces regional abnormalities in brain
blood flow and metabolism that may result in recognizable
scintigraphic pattems. We determined the predictive value of
#nTc-HMPAO SPECT for the presence of Alzheimer's dis-
ease based on a prospective study of 132 consecutive pa-
tients coming to our nuclear medicine clinical unit for evalua-
tion of their memory loss or cognitive abnormalities. During
clinical follow-up averaging 10.1 mo, a final diagnosis was
established in 113 patients, 52 of which had Alzheimer's
disease. The probability of Alzheimer’'s disease was deter-
mined for seven scintigraphic patterns. The probability was
19% that patients with memory loss and normal perfusion
had Alzheimer's disease. For abnormal perfusion patterns,
the probability of Alzheimer’s disease was 82% with bilateral
temporoparietal defects, 77% with bilateral temporoparietal
defects with additional defects, 57% with unilateral temporo-
parietal defects, 43% with frontal defects only, 18% with
other large defects and 0% with multiple small cortical defects.
We conclude that for ®"Tc-HMPAO SPECT the predictive
value of bilateral temporoparietal defects for Alzheimer’s dis-
ease is high, while the perfusion pattems of unilateral tem-
poroparietal perfusion defects and frontal defects only, which
occur in 20% of patients with Alzheimer's disease, are not
predictive of that disease.
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Regional alterations in cortical blood flow and metab-
olism have been observed in patients with Alzheimer’s
disease using a variety of techniques including the inert
gas washout method (/-4), PET (5-9), and perfusion
SPECT (10-16). The predominant finding of bilateral
temporoparietal abnormalities in these patients suggests a
possible diagnostic role for functional imaging in the eval-
uation of memory and cognitive abnormalities. Clinical

Received Jul. 3, 1991; revision accepted Sept. 9, 1991.
For reprints contact: B. Leonard Hoiman, MD, Chairman, Department of
Radiology, Brigham and Women's Hospital, 75 Francis St., Boston, MA 02115.

Scintigraphic Appearance of Alzheimer's Disease * Hoiman et al

studies comparing patients with Alzheimer’s disease and
normal control subjects (4,16-19) or patients with multi-
infarct dementia (12,13,20,21) suggest a high diagnostic
accuracy for SPECT. Sporadic reports, however, warn that
the perfusion defects associated with Alzheimer’s disease
may be nonspecific and may be seen in other conditions
as well (22-24). We have determined the predictive value
of a variety of scintigraphic patterns including bilateral
temporoparietal defects for the presence of Alzheimer’s
disease when ™ Tc-HMPAO SPECT is performed in pa-
tients with memory loss or cognitive abnormalities.

METHODS

All 132 patients referred to the nuclear medicine clinic for
9#mTc-HMPAO SPECT between May 1989 and October 1990
with the principal complaint of memory or cognitive impairment
were initially entered into this study. Final diagnosis was deter-
mined during clinical follow-up averaging 10.1 mo (range: 4 to
21 mo) by neurologists experienced in the diagnosis of dementia.
Diagnosis of probable Alzheimer’s disease was based on National
Institute of Neurological Disease and Stroke/Alzheimer’s Disease
and Related Disorders Association criteria (NINDS/ADRDA)
(25); diagnosis of other central nervous system diseases was based
on standard criteria (26). Other imaging techniques including CT
and/or MR were obtained in all cases and the results were
incorporated into the final diagnosis. Nineteen of the 132 patients
were dropped from the study; five of them because they were lost
to follow-up and 14 of them because they continued to be
diagnostic dilemmas.

The patients were studied using an annular single crystal brain
camera (ASPECT), a digital SPECT system with a single-crystal
sodium iodide ring detector and three collimators designed to
view the patients’ head from three angles simultaneously (27).
The ring is rotated concentrically to the detector for three-
dimensional reconstruction over a 21.4 cm (diameter) by 10.7
cm (length) field of view. Each of the collimator sections has
hexagonal hole openings of 1 mm, a length of 2.4 cm and a septal
thickness of 0.18 mm. The measured system resolution in air
using capillary line sources is 8.2 mm at the center and 7.3 mm
at 9 cm from the center for *™Tc. The sensitivity in air is 7.5
cps/uCi for a point source at the center.
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All patients were injected with 20 mCi of ™ Tc-HMPAO while
supine in a dimly lit room with background computer fans serving
as white noise. Imaging began 10 min after injection with an
acquisition time of 30 min (15 sec per projection) in 120 projec-
tions with a 360-degree rotation of the collimators. Two pulse-
height analyzer windows were employed, one set at 140 + 14 keV
and one set to acquire scatter information from 112 to 126 keV.
The combined set of projections were then corrected by subtract-
ing 90% of the scatter projections and filtered to remove the
forward scatter component from the photopeak projections. The
projections were smoothed using a Butterworth filter (cutoff =
1.05 cycles per cm; power factor = 10), and then backprojected
using a ramp filter. The reconstructed slices were corrected for
attenuation using an attenuation factor of 0.15 cpm and displayed
on a 128 x 128 matrix (1.67 X 1.67 mm) as a set of 64 slices
(1.67 mm slice thickness). Coronal and sagittal displays were also
calculated from the data set.

A method for image interpretation using a quantitative color
scale was adapted from our previous experience using '?*I-isopro-
pyl iodoamphetamine and a single-head rotating gamma camera
(17). Each data set was reconstructed and displayed on a color
monitor in axial, coronal and sagittal planes. Five 1.67-mm slices
were summed to provide approximately 14 images, each with a
slice thickness approximately equivalent to the spatial resolution
of the instrument (8.3 mm). The monitor display format had a
16 component color scale with white representing the maximum
of reconstructed activity. The color display level was individually
adjusted for each patient so that the central area of the cerebellum
was white (greater than 90% of the maximum activity of the
slice), thus normalizing the entire data set to the ™ Tc-HMPAO
activity in the cerebellum. Data sets were classified as abnormal
based on the appearance of reconstructed cortical activity that
was less than 60% of the maximum activity (absence of white,
yellow or red in an area of cortex on two or more slices).

Images were interpreted immediately after each study by one
reader (BLH) who used the color display described above and
who was knowledgeable of the criteria for abnormality but who
was without knowledge of the clinical or laboratory data. Images
were interpreted by noting the location, extent and severity of
the perfusion defects. For ease of data analysis and interpretation,
the SPECT studies were subsequently classified into the following
perfusion patterns shown in Figure 1:

A:Normal.

B: Bilateral posterior temporal and/or parietal cortex defects.

C:Bilateral posterior temporal and/or parietal cortex defects
with additional defects.

D:Unilateral posterior temporal and/or parietal cortex defects
with or without additional defects.

F: Frontal cortex defects only.

F: Other large (>7 cm) defects.

F: Multiple small (<7 cm) cortical defects.

Because the analysis routine was derived from ['**IJIMP rotat-
ing gamma camera SPECT data, the method was pretested on 15
control subjects (mean age: 68 + 8.7 (s.d.) yr) without history of
cerebrovascular or neurological disease by history, physical ex-
amination, and psychometric testing. Technetium-99m-HMPAO
SPECT images were normal without cortical defects in all 15
subjects.

Patients were categorized according to presence (AD+) or
absence (AD—) of Alzheimer’s disease. The probability of Alz-
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(A) Normal.
(B) Bilateral posterior temporal and/or parietal cortex
defects

(C) Bilateral posterior temporal and/or parietal cortex
defects with additional defects.

(D) Unilateral posterior temporal and/or parietal.
cortex defects with or without additional defects.

(F) Frontal cortex defects only.

(F) Other large (>one cm) defects.

(F) Muttipie small (<one cm) cortical defects.

FIGURE 1. Exampies of ®"Tc-HMPAO SPECT perfusion pat-
tems. Pattern A: Normal perfusion. Pattern B: Bilateral posterior
temporal and parietal defects. Pattern C: Bilateral posterior tem-
poral and parietal defects with additional frontal defects. Pattern
D: Left temporal, parietal and frontal cortex defects. Pattem E:
Extensive bilateral frontal defects. Pattern F: Large defect involv-
ing the right lateral frontal and anterior temporal lobes. Pattemn
G: Multiple small cortical defects.

absence (AD-) of Alzheimer’s disease. The probability of Alz-
heimer’s disease based on the scintigraphic perfusion pattern was
determined with Bayes’ theorem as described by McNeil (28)
where P(Qi/AD+) is the probability of perfusion pattern Q; in
the presence of Alzheimer’s disease and P(Q;,/AD-) is the prob-
ability of perfusion pattern Q; in patients without Alzheimer’s
disease.

RESULTS

We present our results as the frequency of disease oc-
currence for each of the scintigraphic patterns. When
frequencies are categorized by final diagnosis, they repre-
sent the probability of disease for that scintigraphy pattern.
Thus, P(Qs/AD+) is the probability that patients with
bilateral posterior temporal and/or parietal perfusion de-
fects (pattern B) have Alzheimer’s disease and it is reported
as a percentage of all patients with that perfusion pattern.

Patient Population

Fifty-two patients in this study had Alzheimer’s disease.
The final diagnosis in the other 61 patients was as follows:
vascular dementia (11 patients), Parkinson’s disease with
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dementia (11 patients), HIV dementia (14 patients), Pick’s
disease (2 patients), epilepsy (3 patients), progressive su-
pranuclear palsy (4 patients), depression (3 patients), head
trauma (2 patients), systemic lupus erythematosus (2 pa-
tients), transient global amnesia (5 patients), primary pro-
gressive aphasia (1 patient) and no central nervous system
disease (3 patients).

Frequency of Perfusion Patterns

Of the 113 patients in this study, 21 (18.6%) had normal
and 92 (81.4%) had abnormal *™Tc-HMPAO SPECT
studies. Pattern B (bilateral temporoparietal defects) was
seen in 17 patients (15.0%), pattern C (bilateral temporo-
parietal defects and other defects) in 26 patients (23.0%),
pattern D (unilateral temporoparietal defects with or with-
out other defects) in 14 patients (12.4%), pattern E (frontal
defects only) in 7 patients (6.2%), pattern F (other large
defects) in 17 patients (15.0%), and pattern G (small
cortical defects) in 11 patients (9.7%). Patterns B and C
were asymmetrical in 38/43 (88.3%) patients with the left
side worse than the right in 29 patients (67.4%).

Among the Alzheimer’s disease patients, perfusion was
normal in four patients (7.7%). Other patterns in the
Alzheimer’s disease patients were observed with the follow-
ing frequency: pattern B in 14 patients (26.9%), pattern C
in 20 patients (38.5%), pattern D in 8 patients (15.4%),
pattern E in 3 patients (5.8%), and pattern F in 3 patients
(5.8%) with Alzheimer’s disease. Pattern F was not found
in any patient with Alzheimer’s disease.

Probability of Disease Based on the Perfusion Pattemn

The probability of Alzheimer’s disease (P(Q.,/AD+)) was
19% for normal perfusion, 82% for pattern B (bilateral
temporoparietal defects), 77% for pattern C (bilateral tem-
poroparietal and other defects), 57% for pattern D (unilat-
eral temporoparietal defects), 42% for pattern E (frontal
defects only), 18% for pattern F (other large defects) and

TABLE 1
Probability of Disease by Scintigraphic Pattern

Probability Probability
Perfusion of Alzheimer’s of other
pattem disease diseases
A (normal) 19% 81% (including NL)
B (bilateral T/P) 82% 18% (18% PDD)
C (bilateral T/P + other) 77% 23% (12% PDD)
(12% VD)
D (unilateral T/P) 57% 43% (22% VD)
(14% PDD)
(7% PPA)
E (frontal) 42% 58% (43% PSP)
(15% HIV)
F (other) 18% 82% (many diseases)
G (multiple small) 0 100% (HIV)

NL = normal; PDD = Parkinson’s disease with dementia; VD =
vascular dementia; PPA = primary progressive aphasia; HIV = HIV
dementia; and PSP = progressive supranuciear palsy.

0% for pattern G (multiple small defects) (Table 1). All
three patients with pattern B and without Alzheimer’s
disease had Parkinson’s disease with dementia (P(Qs/
PDD+) = 18%) (Table 2). The six patients with pattern C
and without Alzheimer’s disease had Parkinson’s disease
with dementia (3 patients) (P(Qc/PDD+) = 12%) and
vascular dementia (3 patients) (P(Qc/VD+) = 12%). The
six patients with pattern D and without Alzheimer’s dis-
ease had Parkinson’s disease with dementia (2 patients)
(P(Qp/PDD+) = 14%), vascular dementia (3 patients)
(P(Qp/VD+) = 21%), and primary progressive aphasia (1
patient) (P(Qp/PPA+) = 7%). The four patients with
pattern E and without Alzheimer’s disease had progressive
supranuclear palsy (3 patients) (P(Qg/PSP+) = 43%) and
SLE (1 patient) (P(Qe/SLE+) = 6%). All patients with
pattern G (small cortical defects) had HIV dementia.

TABLE 2
Distribution of Disease by Scintigraphic Pattern
Total Final diagnosis
patients

SPECT per

pattern patten AD PDD VD PSP PD HIV TGA Trauma SLE PPA EP DP NL
A 21 4 2 3 0 0 2 1 0 1 0 2 3 3
B 17 14 3 0 0 0 0 0 0 0 0 0 0 0
C 26 20 3 3 0 0 0 0 0 0 0 0 0 0
D 14 8 2 3 0 0 0 0 0 0 1 0 0 0
E 7 3 0 0 3 0 0 0 0 1 0 0 0 0
F 17 3 1 2 1 2 1 4 2 0 0 1 0 0
G 1 0 0 0 0 0 1 0 0 0 0 0 0 0
Total patients per 113 52 1 1 4 2 14 5 2 2 1 3 3 3

diagnosis

AD = Alzheimer's disease; PDD = Parkinson’s disease dementia; VD = vascular dementia; PSP = progressive supranuciear palsy; PD =
Pick’s disease; HIV = HIV dementia; TGA = transient global amnesia; SLE = systemic lupus erthematosus; PPA = primary progressive

aphasia; DP = depression; and NL = no CNS disease.
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The three patients with pattern F (other defects) and
Alzheimer’s disease had perfusion defects involving the
anterior temporal cortex (2 patients) and the anterior
temporal and frontal cortex (1 patient). These defects were
indistinguishable from the other 14 patients with this
pattern except that the four patients with transient global
amnesia all had unilateral medial temporal cortex perfu-
sion defects. The remaining 10 patients with pattern F had
Parkinson’s disease with dementia (1 patient), Pick’s dis-
ease (2 patients), HIV dementia (1 patient), progressive
supranuclear palsy (1 patient), epilepsy (1 patient), trauma
(2 patients), and vascular dementia (2 patients). Asym-
metry was not helpful diagnostically in patients with pat-
terns B and C since 22/34 (64.7%) of patients with Alz-
heimer’s disease, 5/6 (83.3%) of patients with Parkinson’s
disease dementia, and 2/3 (66.7%) of patients with vas-
cular dementia had more severe defects on the left.

DISCUSSION

While most studies have reported a high diagnostic
accuracy for brain perfusion SPECT in Alzheimer’s disease
(12-14,17,18,20,21), its usefulness has been questioned
because bilateral temporoparietal abnormalities are nei-
ther invariable (/4,29) nor pathognomonic of the disease
(22-24,30). Bilateral posterior defects have been described
in patients with vascular dementia (20), Parkinson’s dis-
ease (22), mitochondria encephalomyopathy (23), hypo-
glycemia (24) and carbon monoxide intoxication (24).

Most studies assessing the accuracy of SPECT in Alz-
heimer’s disease have been retrospective with patient se-
lection based on the diagnosis established at the time of
the scintigraphic evaluation. Prospective, consecutive stud-
ies, while particularly difficult to perform because of the
long follow-up necessary for accurate diagnosis, are more
accurate guides to clinical practice (27). When a patient
can be classified as probable Alzheimer’s based on the
National Institute of Neurologic Diseases and Stroke/
Alzheimer’s Disease and Related Disorders Association
Criteria, the certainty of disease is over 90% in our expe-
rience. We therefore coupled our image analysis of consec-
utive cases with a clinical follow-up of sufficient duration
to reduce the diagnostic uncertainty. As a result, the num-
ber of patients that could not be definitely classified was
only ten percent of the total patient population. It is
possible that Alzheimer’s disease could have coexisted with
other diseases in our study. However, confirmation of
superimposed Alzheimer’s disease would have required
histopathologic evaluation.

We found a number of scintigraphic patterns in the
patients coming to our nuclear medicine clinical unit for
evaluation of memory and cognitive disorders. Those pat-
terns with a high predictive value for Alzheimer’s disease
were bilateral temporoparietal defects with or without
other defects (patterns B and C). The patterns of unilateral
temporoparietal defects (pattern D) and frontal defects
only (pattern E) were not predictive since they occurred in
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patients with Alzheimer’s disease with similar frequencies
as the disease occurred in the entire study population. The
probability of Alzheimer’s disease with normal perfusion
(pattern A) or with perfusion defects outside of the tem-
poroparietal cortex (pattern F) was low (19% and 18%,
respectively) and follow-up perfusion SPECT will be nec-
essary in these patients if their memory and cognitive skills
continue to deteriorate.

Our results reflect the patient population of a tertiary
care hospital with careful screening before referral to us.
Consequently, almost half of the patients had Alzheimer’s
disease and only three were normal. We would expect
somewhat different results in a community hospital setting
with a higher number of normal subjects in the study
population. The predictive value of a normal perfusion
would be higher and the predictive patterns B and C might
be somewhat lower.

We conclude that the scintigraphic pattern of Parkin-
son’s disease with dementia cannot be distinguished from
that of Alzheimer’s disease by visual assessment alone. All
of non-Alzheimer’s patients with pattern B and half with
pattern C had Parkinson’s disease with dementia. While
the Parkinson’s disease patients had a variety of scinti-
graphic patterns, the most common involved the tempo-
roparietal cortex. Our findings are consistent with other
reports which describe decreased parietal cortex perfusion
in Parkinson’s disease patients (24,30-32). It is possible
that some of these patients might have had Alzheimer’s
disease superimposed on their Parkinson’s disease since
these two common diseases may coexist.

Vascular dementia is due to a number of distinct un-
derlying diseases (33). Binswanger’s disease or subcortical
atherosclerotic encephalopathy involves the microcircula-
tion, is primarily a white matter disease, and is attributed
to atherosclerosis of penetrating cerebral arteries. Multi-
infarct dementia involves the large vessels and results from
large cerebral infarcts. A third disease, a form of multi-
infarct dementia but not usually involving large vessel
occlusion, results from multiple small, deep, subcortical
lacunar and pericapsular infarctions. Mixed forms of these
three vascular diseases also occur. We lumped all patients
with vascular dementia into one category because the
various types cannot be accurately distinguished without
histologic examination. Only 27% of patients classified as
vascular dementia had bilateral involvement of the tem-
poroparietal cortex. Consequently *Tc-HMPAO SPECT
appears reasonably accurate for distinguishing vascular
dementia from Alzheimer’s disease when patterns B and
C are present.

In earlier studies using '*’I-isopropyl iodoamphetamine
and single-head rotating gamma camera SPECT, we found
unilateral posterior cortical defects in only 2% of our
patients with Alzheimer’s disease (I7). Using *™Tc-
HMPAO, we and others (/4) have found unilateral pos-
terior defects in 15%-20% of patients with Alzheimer’s
disease. Gemmell et al. have observed substantially more
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perfusion defects with ['I]IMP than with *™Tc-HMPAO
SPECT (34), most likely due to the slower blood clearance
of the latter agent. With higher resolution imaging systems,
9mTc-labeled ligands are preferred for studying cerebral
perfusion because of the higher photon flux and, therefore,
higher spatial resolution than with '**I-labeled compounds.
Other *™Tc agents, with more rapid blood clearance, such
as ®™Tc-ECD (35), may result in improved sensitivity for
the detection of Alzheimer’s disease and may lead to
further refinement in the technique.

We conclude that ™ Tc-HMPAO SPECT is usefil in
the diagnostic evaluation of patients with memory and
cognitive abnormalities. The presence of bilateral posterior
cortical defects indicate a high probability of Alzheimer’s
disease among patients referred for evaluation of dementia.
Unilateral posterior defects and frontal defects are not
predictive of Alzheimer’s disease and these patients require
further study. Patients with normal perfusion or with
defects outside the posterior cortex have a lower probabil-
ity of Alzheimer’s disease, but, if the clinical suspicion is
high or if memory and cognition is deteriorating, these
patients should be restudied at a later date.
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