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Normative ethyl cysteinate dimer (ECD) SPECT data must be
available to successfully apply ECD SPECT to clinical studies.
The purpose of this study was to determine ECD SPECT scan
pattems of healthy adults. Methods: Forty-eight healthy volun-
teers (22 men, 26 women; age range, 22-95 y; mean age, 47.6 =
19.2 y) underwent high-resolution ECD SPECT. For visual
analysis of regional brain ECD uptake, we used a scale of +3 to
-3, in which +3 and -3 indicated highest ECD uptake and
deficit, respectively. For quantitative analysis, we measured the
region-to-cerebellum ratio (R/CE) and the region-to-cerebral
cortex ratio (R/CO) for 17 regions (13 cortical, 3 subcortical, and
1 cerebellar). Results: On visual analysis, no subject had a score
of —3. All subjects had a score of —2 for the hippocampus and a
score of +3 for the medial occipital cortex, except for 2 subjects
who had a score of +3 for the striatum and thalamus. A frontal
eye field and posterior parieto-occipital junction were identified in
60% of subjects with a score of +1 and 79% of subjects with a
score of +2. On quantitative analysis, a significant regional
variation (ANOVA, P < 0.0001) was seen in R/CE, ranging from
0.709 (hippocampus) to 1.26 (medial occipital cortex). However,
regional right-to-left differences and intersubject variability of
R/CE were small (asymmetry index, 3.6% * 0.8%; coefficient
variation, 6.6% *+ 0.7%). R/CE declined significantly with age in 6
regions, including the anterior and posterior cingulate cortex,
superior prefrontal and parietal cortex, striatum, and hippocam-
pus (1.0%—-2.0% per decade, P < 0.05), whereas R/CO in the
cerebellum increased significantly with age (1.0% per decade,
P < 0.05). Conclusion: Although regional ECD brain perfusion
pattemns vary significantly, including variability caused by the
age-related effect, intersubject variability is small. Recognition of
these normal pattemns is important for clinical interpretation of
ECD SPECT studies.
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As a clinical tool for evaluating regional cerebral blood
flow (rCBF), ®™Tc-ethyl cysteinate dimer (ECD) SPECT is
widely used. It has several favorable characteristics (/-6),
such as in vitro chemical stability lasting several hours after
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reconstitution, fast blood clearance, and high signal-to-noise
ratio. ECD SPECT studies show that this technique is useful
for elucidating brain function impairment noninvasively and
cost-effectively for various neurologic disorders, such as
cerebrovascular disease (7-10), traumatic brain injury, epi-
lepsy (11-12), Alzheimer’s disease (/3-15), and Parkinson’s
disease (16).

One factor critical to the successful application of ECD
SPECT to clinical studies is the availability of ECD SPECT
data for healthy individuals. Several lines of evidence
suggest considerable normal variation in rCBF. First, rCBF
variation may occur both within and between subjects (/7).
Loessner et al. (/8) reported normal variations in regional
metabolic activity using FDG PET. Specifically, they ob-
served a frontal pole defect in 84%, a frontal eye field in
84%, and a posterior parieto-occipital junction in 58% of
120 healthy volunteers. These specific metabolic variations
are expected to be detectable using rCBF SPECT because
rCBF and regional glucose metabolism are usually coupled
(19). Second, age affects cerebral circulation. PET studies
have shown an age-related decline in gray matter rCBF to be
regionally dependent (20-22). Third, some limitations of
ECD as an rCBF imaging tracer have been reported. In
particular, ECD SPECT underestimates rCBF in the high
flow range (23), shows decreased ECD uptake in areas with
luxury perfusion (7,24), and exhibits a regional clearance
that varies from that in normal brain (25). Finally, compara-
tive studies between ECD and other flow tracers, such as
99mTc-p,L-hexamethyl propyleneamine oxime, have found
some other characteristic ECD perfusion patterns in the
brain. These studies have reported relatively low ECD
uptake in the medial temporal region (26-28) and high ECD
uptake in the medial occipital region (28,29) even if subjects
were resting with their eyes closed at the time of ECD
injection. These characteristic ECD perfusion patterns re-
flect the retention mechanism, which may be related to in
vivo metabolism of ECD in the brain (/-2). However, the
exact mechanism underlying these patterns remains un-
known.

Recognition of rCBF patterns unique to ECD, as well as
ECD perfusion patterns that reflect normal variation in
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rCBEF, is imperative for the accurate interpretation of clinical
ECD SPECT studies. To evaluate normal patterns in ECD
SPECT scans, we studied 48 healthy adults with a wide age
range (22-95 y) and evaluated normal variations in ECD
perfusion patterns including those specific variations re-
ported for FDG PET and those caused by age effects.

MATERIALS AND METHODS

Subjects

Forty-eight healthy volunteers (22 men, 26 women; age range,
22-95 y; mean age, 47.6 * 19.2 y) were studied. On the basis of a
screening interview, none had a current or previous medical history
that would influence the ECD study. None were taking medication.
Eighteen were older than 50 y. All had normal Mini-Mental State
Examination scores and normal MRI or CT findings. The study was
approved by the institutional human subjects review committees.
All subjects gave written informed consent.
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The manufacturer’s instructions were followed for preparation
and quality control of the ECD. The subjects received injections of
740 MBq (20 mCi) ECD in a quiet room with their eyes open and
their ears unplugged. SPECT was performed using a triple-head
system (Prism 3000; Picker International, Inc., Cleveland, OH)
equipped with ultra-high-resolution fanbeam collimators and inter-
faced to a dedicated computer. Image acquisition started 23—62 min
after tracer injection. Data were collected for 40 views per camera
head in a 128 X 128 matrix. The radius of rotation was fixed at 13.5
cm. Acquired data were reconstructed using a 3-dimensional
Butterworth filter (order, 6.0; cutoff frequency, 0.3 cycle per pixel)
after applying a ramp backprojection filter.

Image Data Analysis

We used our previously reported fully automated stereotactic
image orientation program (30) to obtain 3 sets of gridded and
nongridded tomographic images (transaxial, sagittal, and coronal
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Region-of-interest templates placed on selected axial, hippocampal, and sagittal images. Slice numbers and letters

correspond to those of Talairach et al. (37). Hippocampal image was manually reformatted along long axis of temporal lobe. AC (AC1,
AC2) = anterior cingulate cortex; AT = anterior temporal cortex; BC (BC1, BC2) = Broca's area; BS = brain stem; CE = cerebellum;
HP = medial temporal region including hippocampus; IPF (IPF1, IPF2) = inferior prefrontal cortex; LT = lateral temporal cortex; OC
(OC1, OC2) = medial occipital cortex; OF (OF1, OF2, OF3) = orbitofrontal cortex; PA (PA1, PA2) = parietal cortex; PC (PC1, PC2) =
posterior cingulate cortex; PT (PT1, PT2) = posterior temporal cortex; SM (SM1, SM2) = sensorimotor cortex; SPF (SPF1, SPF2) =

superior prefrontal cortex; ST = striatum; TH = thalamus.
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TABLE 1

Visual Assessment of ECD Perfusion Patterns

sections) corresponding to the slices in the system of Talairach et
al. (37). The images were displayed on a computer monitor using a
cool color scale (window, 100; base, 0).

) No. of Both visual and quantitative image analyses were performed.

ECO uptake Score Region subjects For visual analysis.g nuclear medicigne phyZicians witt?ixtensive

Highest uptakeof ~ +3  Medial occipital 44 (91.7%) brain SPECT experience interpreted the SPECT images and

ECD cortex reached a consensus. No training for visual interpretation took

Medial occipital 1(2.1%) place. We used a 7-grade rating scale that ranged from —3to +3, in

z::: and frontal which —3 was a deficit; —2 and —1 were moderately and mildly

Medial occipital 2 (4.2%) low ECD uptake, respectively; 0 was baseline; +1 and +2 were

cortex and mildly and moderately high ECD uptake, respectively; and +3 was

thalamus the highest ECD uptake. A deficit was defined as a clear disconnec-

Striatum 1(2.1%) tion in brain ECD uptake in more than 3 continuous slices. For the

Lowestuptakeof =~ —2  Medial temporal 48 (100%) quantitative analysis, 3 transverse images were manually selected

ECD region including (the best-visualized slices for basal ganglia, thalamus, and cerebel-
hippocampus

lum), and an additional 10 images were automatically selected
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FIGURE 2. Selected transaxial ECD
SPECT images of 3 healthy volunteers:
25-y-old man (A), 49-y-old woman (B), and
82-y-old woman (C). Highest ECD uptake,
+3, was observed in medial occipital (m-
OL) and frontal (FL) cortex in (A), m-OL in
(B), and m-OL and thalamus (TH) in (C).
Least ECD uptake, —2, was seen in medial
temporal cortex (m-TL) in all subjects. Cer- - ¥ od
ebellar (CE) ECD uptake increased with b J - R i ‘e %,
increasing age. Frontal eye field (FEF) and PosH A e
posterior parieto-occipital junction (POJ) i TH(+3) . IwOU+3)
were identified as focally increased ECD
uptake in posterior frontal region and junc-
tion of parietal and occipital lobes, respec-
tively. Numbers in parentheses are ECD
uptake scores.

(C) 82 year-old woman
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using a macroprogram. The transverse set included slices 4-5, 5-6,
7-8, 8,9-10, and 11 and the sagittal set included slices a-a, bilateral
a, a-b, and b, with slice numbers and letters corresponding to those
in the system of Talairach et al. (37). Additionally, we manually
resliced reconstructed images parallel to the long axis of the
temporal lobe (hippocampal plane image) and selected the slice
that best showed the hippocampus (Fig. 1). We measured ECD
uptake in a total of 25 paired regions of interest (ROI) in both the
left and the right hemispheres and 3 unpaired ROI templates on a
midsagittal image (a-a) (Fig. 1). These ROIs ranged in volume
from 2.0 cm? (brain stem) to 12.5 cm? (cerebellum) and were fixed
in size across studies. ROI placement depended on visual identifica-
tion of anatomic regions by stereotactic grid guidance. All ROIs
were placed by the same operator to eliminate interoperator
variability. The average coefficient of intraoperator variation in the
quantitative measurements was 0.81% * 0.56% (n = 10 times). To
quantify regional ECD uptake, the mean counts in each selected
region were normalized with respect to the mean counts in the
cerebellum (region-to-cerebellum ratio [R/CE]) and in the cerebral
cortex (region-to-cerebral cortex ratio [R/CO]). The mean counts in
the cerebral cortex were obtained by averaging the counts in all
ROIs in the cerebral cortex, excluding the anterior and posterior
cingulate cortex, and in the hippocampus. The following 17 regions
were defined individually or in combination, with slice numbers
and letters corresponding to those in the system of Talairach et al.
(31) (Fig. 1): superior prefrontal cortex (SPF1, SPF2); inferior
prefrontal cortex (IPF1, IPF2); sensorimotor cortex (SM1, SM2);
Broca’s area (BC1, BC2); orbitofrontal cortex (OF1, OF2, OF3);
parietal cortex (PA1, PA2); anterior temporal cortex; posterior
temporal cortex (PT1, PT2); lateral temporal cortex; medial
temporal region, including the hippocampus; medial occipital
cortex (OC1, OC2); anterior cingulate cortex (AC1, AC2); poste-
rior cingulate cortex (PC1, PC2); striatum; thalamus; brain stem;
and cerebellum. AC1, PC1, and the brain stem were localized on
the midsagittal plane (a-a).
Statistical Analysis

An asymmetry index was calculated for all regions except the
anterior cingulate cortex, posterior cingulate cortex, and brain stem
using the following equation: asymmetry index = 2 X (R — L)/
(R + L), where R is right and L is left. An unpaired ¢ test was used

(A) 67 year-old woman

to evaluate the sex differences in regional ECD uptake. ANOVA
was used to evaluate the differences in ECD uptake ratio (R/CE and
R/CO) between hemispheres and regions. A posthoc Scheffé test
was used to correct for multiple comparisons. The relationships
between ECD uptake ratios and age were established using linear
regression analysis. Statistical analyses were performed with
STATISTICA (StatSoft, Inc., Tulsa, OK) software. Statistical
significance was defined as P < 0.05.

RESULTS

Visual Analysis

The technical quality of the ECD SPECT images was
excellent for 22 subjects (45.8%), good for 20 subjects
(41.7%), and fair for 6 subjects (12.5%). In the visual
scoring of ECD uptake, at least 1 rater disagreed about 4
patients (8.3%) for the cingulate cortex, 3 patients (6.3%) for
the frontal eye field, and 3 patients (6.3%) for the parieto-
occipital junction. Otherwise, the 3 raters agreed. No focal
deficits with a score of —3 were reported for any subject.
Thus, no frontal pole defect was identified. The highest ECD
uptake, a score of +3, was reported for the medial occipital
cortex of all subjects except 1, whose images were scored
+3 for the striatum and +2 for the medial occipital cortex.
The frontal cortex of 1 subject and the thalamus of 2 subjects
were scored as +3, as was the medial occipital cortex (Table
1). The least ECD uptake, a score of —2, was recorded for
the medial temporal region of all subjects (Fig. 2). The
cingulate cortex received scores ranging from —1 to +1
(Fig. 3): a score of —1 for 13 subjects (27.1%), O for 27
subjects (56.3%), and +1 for 8 subjects (16.7%). The
cerebellum showed a tendency toward increased ECD
uptake relative to the cortex with increasing age (Fig. 2).
Table 2 summarizes visual assessment of frontal eye fields
and parieto-occipital junctions. These regions had scores of
+1 or +2. A frontal eye field was seen in 29 subjects
(60.4%), unilaterally in 15 (on the right in 9 [18.8%] and on
the left in 6 [12.5%]) and bilaterally in 14 (29.2%). Bilateral
frontal eye fields were symmetric in 10 subjects (20.8%),

* the cingulate cortex, score (-1)

(B) 82 year-old man
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* the cingulate cortex, score (+1)

NORMAL PATTERNS ON ECD BRAIN SPECT ¢ Tanaka et al.

FIGURE 3. Sagittal images (slices a-a
and a bilaterally, using the system of Talair-
ach et al. (37)) of 2 healthy volunteers:
67-y-old woman (A) and 82-y-old man (B).
Cingulate cortex showed variable ECD up-
take ranging from —1 in (A) to +1in (B).
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TABLE 2
Visual Assessment of FEF and POJ

Variation ECD uptake Bilaterality Unilaterality
type Score Right Left Present With equal intensity Right Left
FEF +1or+2 23 (47.9%) 20 (41.7%) 14 (29.2%) 10 (20.8%) 9 (18.8%) 6 (12.5%)
POJ +1o0r +2 20 (62.5%) 28 (60.4%) 20 (41.7%) 14 (29.2%) 10 (20.8%) 8 (16.7%)

FEF = frontal eye field; POJ = posterior parieto-occipital junction.

with a score of +1 in 8 (16.7%) and a score of +2 in 2
(4.2%). A parieto-occipital junction was seen in 38 subjects
(79.2%), unilaterally in 18 (on the right in 10 [20.8%] and on
the left in 8 [16.7%]) and bilaterally in 20 (41.7%). Bilateral
parieto-occipital junctions were symmetric in 14 subjects
(29.2%), with a score of +1 in 12 (25.0%) and a score of +2
in 2 (4.2%). When the frontal eye field and parieto-occipital
junction were unilateral, they were more often noted on the
right than on the left.

Quantitative Analysis

The mean total brain ECD count 30 min after ECD
injection was 7.95 * 2.21 million counts (range, 4.63-14.70
million counts). Regional ECD uptake ratios are summa-
rized in Table 3 and shown in Figure 4. Using R/CE and
R/CO, a significant regional difference (P < 0.0001) was
observed. The mean values of right and left R/CEs ranged
from 0.709 (hippocampus) to 1.26 (medial occipital cortex).
The ratio of the medial occipital cortex to the cerebellum

was significantly higher, and the ratio of the hippocampus to
the cerebellum was significantly lower, than the ratios for the
other regions (P < 0.05). No region showed hemispheric
differences in ECD uptake ratios (P < 0.05). The mean
asymmetry index was small at 3.6% * 0.8% (range, from
2.2% in the cerebellum to 4.8% in Broca’s area). Intersubject
variation in regional ECD uptake ratios was also small at
6.6% * 0.7% for R/CE (range, from 5.4% in the posterior
temporal cortex to 7.8% in the anterior cingulate cortex). No
sex difference in regional ECD uptake ratios was found.
The relationships between the ECD uptake ratios and age
are summarized in Table 4 and shown in Figure 5. R/CE
declined significantly with age in the anterior cingulate
cortex (2.0% per decade, P < 0.0001), striatum (1.6% per
decade, P = 0.001), hippocampus (1.5% per decade, P =
0.0002), superior prefrontal cortex (1.4% per decade, P =
0.012), parietal cortex (1.3% per decade, P = 0.003), and
posterior cingulate cortex (1.0% per decade, P = 0.024).

TABLE 3
Quantitative Assessment of ECD Perfusion Patterns: Right-to-Left and Regional Differences
R/CE R/CO
Asymmetry Coefficient Coefficient
Region index Mean SD variation Mean SD variation

SPF 0.026 1.039 0.072 6.976 1.043 0.043 4.122
IPF 0.031 1.059 0.077 7.239 1.063 0.042 3.991
SM 0.033 0.962 0.059 6.090 0.966 0.026 2.741
BC 0.048 1.002 0.063 6.331 1.007 0.038 3.806
OF 0.023 0.865 0.054 6.263 0.869 0.037 4.295
PA 0.031 0.992 0.059 5.977 0.997 0.029 2.868
AT 0.040 0.966 0.059 6.124 0.971 0.044 4.556
PT 0.039 1.067 0.058 5.436 1.072 0.032 3.006
oC 0.040 1.257 0.083 6.565 1.263 0.053 4.188
ST 0.037 1.070 0.068 6.347 1.075 0.055 5.075
TH 0.040 1.117 0.073 6.518 1.123 0.063 5.624
AC 0.791 0.062 7.824 0.795 0.045 5.652
PC 0.864 0.056 6.440 0.869 0.033 3.842
BS 0.880 0.066 7.459 0.884 0.059 6.620
CE 0.022 1.007 0.055 5.468
LT 0.047 0.899 0.058 6.407 N N N

HP 0.042 0.709 0.055 7.765 N N N

SPF = superior prefrontal cortex; IPF = inferior prefrontal cortex; SM = sensorimotor cortex; BC = Broca's area; OF = orbitofrontal cortex;
PA = parietal cortex; AT = anterior temporal cortex; PT = posterior temporal cortex; OC = medial occipital cortex; ST = striatum; TH =
thalamus; AC = anterior cingulate cortex; PC = posterior cingulate cortex; BS = brain stem; CE = cerebellum; LT = lateral temporal cortex;
N = not determined; HP = medial temporal region including hippocampus.
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FIGURE 4. Significant regional differences were seen in R/CE,
ranging from 0.709% in hippocampus (HP) to 1.257% in occipital
cortex (OC). Intersubject variability in R/CE in each region was
relatively small (mean coefficient variation = 6.6% * 0.7%). No
right-to-left R/CE differences were seen. AT = anterior temporal
cortex; BC = Broca’s area; HP = medial temporal region
including hippocampus; IPF = inferior prefrontal cortex; LT =
lateral temporal cortex; OF = orbitofrontal cortex; PA = parietal
cortex; PT = posterior temporal cortex; SM = sensorimotor
cortex; SPF = superior prefrontal cortex; ST = striatum.

More decreases in the left hemisphere were seen for 10
cerebral cortical regions. In contrast, a significant increase in
R/CO with age was observed in the cerebellum (1.0% per
decade, P = 0.013) and thalamus (1.0% per decade, P =
0.028).

DISCUSSION

Normal ECD Perfusion Pattern

This study shows that in healthy adults, ECD perfusion
patterns vary significantly between regions. The regions of
lowest and highest ECD uptake were the medial temporal
cortex and the medial occipital cortex, respectively. How-
ever, ECD uptake was symmetric between the hemispheres.
The intersubject variability of ECD perfusion patterns was
relatively small in our quantitative analysis. Visual analysis
revealed considerable intersubject variability for the cingu-
late cortex, with scores ranging from —1 to +1 for all age
ranges (Fig. 3). On the other hand, quantitative analysis
found relatively little intersubject variability in this region,
compared with other regions (R/CE coefficient variation of
7.8% for the anterior cingulate cortex and 6.4% for the
posterior cingulate cortex). This discrepancy between the
visual and the quantitative findings can be explained by our
method of displaying the selected sagittal images of the
cingulate cortex for visual analysis. These images were
normalized to the pixel containing the highest counts within
each image, and this pixel was usually in the occipital
cortex. Therefore, visualization of cingulate ECD uptake
depended on maximal pixel counts, which varied consider-
ably among subjects.

Loessner et al. (18) reported significant variations in
regional cerebral glucose metabolism in their FDG PET
study of 120 healthy volunteers. They reported that a frontal
eye field was seen on the right in 84.2% of subjects and on

TABLE 4
Relationship Between ECD Uptake Ratios and Age
R/CE R/CO
Slope Correlation Slope Correlation
Region n coefficient (R) (r) coefficient (R) P
SPF -0.0014 —-0.359 0.012 —-0.0003 —-0.145 NS
IPF —-0.0008 —-0.208 NS 0.0002 0.096 NS
SM —0.0006 —0.200 NS 0.0003 0.227 NS
BC -0.0003 —-0.094 NS 0.0007 0.338 0.019
OF ~-0.0002 -0.074 NS 0.0006 0.321 0.026
PA —-0.0013 -0.423 0.003 —0.0004 —-0.256 NS
AT —0.0003 -0.101 NS 0.0006 0.278 NS
PT —-0.0004 -0.138 NS 0.0006 0.366 0.011
oC —-0.0012 -0.272 NS 1077 0.000 NS
ST -0.0016 —-0.450 0.001 —0.0006 —0.206 NS
TH 1075 —-0.003 NS 0.0010 0.318 0.028
AC —0.0020 -0.611 <0.0001 —-0.0012 -0.514 0.0002
PC —0.0010 -0.325 0.024 —0.0001 —0.078 NS
BS —-0.0005 0.152 NS 0.0003 0.091 NS
CE 0.0010 0.357 0.013
LT —0.0005 -0.171 NS N N N
HP -0.0015 -0.507 0.0002 N N N

SPF = superior prefrontal cortex; NS = no statistically significant change; IPF = inferior prefrontal cortex; SM = sensorimotor cortex; BC =
Broca’s area; OF = orbitofrontal cortex; PA = parietal cortex; AT = anterior temporal cortex; PT = posterior temporal cortex; OC = medial
occipital cortex; ST = striatum; TH = thalamus; AC = anterior cingulate cortex; PC = posterior cingulate cortex; BS = brain stem; CE =
cerebellum; LT = lateral temporal cortex; N = not determined; HP = medial temporal region including hippocampus.
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the left in 76.7% of subjects and that a parieto-occipital
junction was seen on the right in 58.3% of subjects and on
the left in 46.0% of subjects. Also seen was significant
asymmetry of either the temporal or the visual cortex, with
ipsilateral decreases in metabolic activity. In our study, a
frontal eye field was seen on the right in 47.9% of subjects
and on the left in 41.7% of subjects. We saw a parieto-
occipital junction on the right in 62.5% of subjects and on
the left in 60.4% of subjects. Loessner et al. additionally
observed a frontal pole defect on the right in 84.2% of
subjects and on the left in 61.7% of subjects, whereas we
saw no frontal pole defect. These discrepancies between
their findings and ours may be related to major methodo-
logic (PET versus SPECT) and tracer (glucose metabolism
versus rCBF) differences. For example, Ishii et al. (32)
reported some differences between rCBF and cerebral

1462 THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 41

metabolic rate for oxygen in healthy volunteers. In addition,
all our ECD images were technically adequate, whereas in
their FDG PET study 16% of images were rated as
technically poor. Further comparisons of metabolism and
CBF images in the same subject may be needed to evaluate
the functional significance of these variations.

Age Effect

Age-related decreases in ECD perfusion pattern were
clearly seen in 6 regions, including the anterior and posterior
cingulate cortex, striatum, medial temporal region, superior
prefrontal cortex, and parietal cortex. These areas were
reported to be highly affected by aging in other rCBF studies
using PET (22) or ®"Tc-p,L-hexamethyl propyleneamine
oxime SPECT (/3,33). To obtain adequate counts in the
cingulate ROIs, we added 3 continuous slices, including the
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midsagittal slice. This step may have caused an overestima-
tion of age-related decreases in ECD uptake in the cingulate
cortex because of the partial-volume effect from underlying
age-related cortical atrophy. However, the decline of ECD
uptake ratios was smaller in the posterior cingulate cortex
than in the anterior cingulate cortex. Minoshima et al. (34)
suggested that the posterior cingulate cortex is functionally
important in learning and memory, and those regions are
affected very early in Alzheimer’s disease as shown by FDG
PET. Our quantitative ECD technique may be helpful for
detecting findings similar to those of Minoshima et al. in the
posterior cingulate cortex.

Although visual assessment of the medial temporal region
is difficult because of its inherently low ECD uptake, we
were able to show a significant age-related decrease in ECD
uptake in this region by quantitative analysis. Other investi-
gators also found low ECD uptake on visual analysis of the
medial temporal cortex (26-28). They suggested that low
ECD uptake in the hippocampus may result in a false-
negative visual interpretation of hippocampal abnormalities
in patients with dementia or epilepsy. Therefore, quantitative
analysis would be better suited for evaluating hippocampal
abnormalities on ECD images.

A previously reported ECD perfusion pattern in children
differs from our results for adults. Schiepers et al. (35)
reported that the highest ECD uptake was seen in the
striatum of children aged 1.3-2.3 y, although the medial
occipital cortex became the highest after the age of 4.8 y. On
the other hand, Barthel et al. (36) reported that the medial
occipital cortex had the same ECD uptake as the striatum in
children aged 4-15 y. Using '33Xe or '%I-iodoamphetamine,
rCBF SPECT studies revealed that the rCBF distribution
pattern changes during brain maturation in children (37-38)
and that rCBF increases with age faster in the striatum than
in other cerebral regions. In addition to such developmental
changes in rCBF distribution, developmental changes in the
retention mechanism of ECD may exist, possibly explaining
the dramatic differences in ECD perfusion patterns between
children and adults.

A significant increase in ECD uptake in the cerebellum
relative to the cerebral cortex was noted for R/CO data,
although this finding was not shown either in quantitative
rCBF studies using PET (2/) or in studies using SPECT
(33). Our finding of an increased cerebellum-to-cerebral
cortex ECD uptake ratio with age is consistent with the
findings of an FDG PET study by Loessner et al. (/8) in
which relative cerebellar metabolic activity increased with
age because of a greater decline in cerebral metabolic
activity compared with cerebellar metabolic activity.

CONCLUSION

ECD brain SPECT images in adults show a significant
regional variation in ECD uptake. A frontal eye field and
parieto-occipital junction are seen as a high incidence of
focally increased ECD uptake. A small but significant
age-related change is seen in some regions. However,
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hemispheric asymmetry and intersubject variability of ECD
perfusion pattern are relatively small in adults. Recognition
of these normal perfusion patterns is important in interpret-
ing clinical ECD SPECT studies.
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