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Factors contributing to the quantification of the striatal dopamine
D2 receptor binding potential in vivo using '2|-iodobenzamide
(*#1-1IBZM) and SPECT were analyzed in phantom studies,
healthy volunteers and in patients with the parkinsonian syn-
drome. A cylindrical brain phantom based on a stereotactic brain
atlas was constructed with independently fillable compartments
representing two striata (ST), cerebellum (CB) and background.
Clinical '23|-IBZM SPECT studies were performed on 15 healthy
volunteers and on 28 patients with parkinsonian syndrome. In-
terobserver variability of region of interest (ROI) selection and
count ratios were estimated by two independent observers. ROls
for the striatum were either fixed, based on a stereotactic brain
atlas, or drawn manually, based on 70% isocontour lines. Ref-
erence regions were either the cerebellum (isocontour ROIs) or
the occipital cortex (occiptal cortex; fixed ROIs). The brain phan-
tom measurements showed linearity with respect to radioactivity
concentration, good reproducibility and good contrast recovery.
The interobserver study-showed that the striatum-to-occiptal cor-
tex ratio with fixed ROIs for the striatum, as an estimate for
striatal D2 receptor binding potential, resulted in a means of
separating patients with normal receptor activity from those with
decreased striatal dopamine D2 receptor activity.
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Iodine-123~labeled (S)-2-hydroxy-6-methoxy-N-((1-ethyl-2-
pyrrolidinyl)methyl) benzamide (**I-IBZM) is a recently
developed, highly specific dopamine D2 receptor ligand
suitable for measuring striatal receptor activity by SPECT.
This agent demonstrates specific binding to dopamine D2
receptors in vitro and in vivo (1-5).

Differential diagnosis of parkinsonian symptoms is im-
portant in view of differences in prognosis and therapy
between idiopathic Parkinson’s disease (IPD) and diseases
such as multiple system atrophy (MSA) and progressive
supranuclear palsy (PSP) (6). The study of postsynaptic
dopamine D2 receptors in vivo appears to be helpful in this
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respect. The dopamine D2 receptor binding potential in the
striatum is presumed to be normal or slightly elevated in
IPD and to be decreased in both MSA and PSP (6-9).
Therefore, SPECT with 'ZI-IBZM may be a useful alter-
native to PET for discrimination of diseased versus healthy
individuals (10).

Interobserver reliability studies of the measurement of
the striatal dopamine D2 receptor binding potential with
SPECT have not been reported. Count ratios based on
different reference regions within brain SPECT images
have been used to estimate dopamine D2 receptor binding
potential in the striatum. Both the cerebellum (2, 7) and the
frontal cortex (1,4,8) have been used in the denominator as
estimates of the free plus nonspecifically bound ligand con-
centration. However, in patients with PSP, frontal perfu-
sion has been reported to be significantly reduced (11),
which might affect '2I-IBZM uptake. Furthermore, de-
pressed patients with IPD appear to have greater frontal
lobe dysfunction (12). In our study, we therefore used both
the cerebellum and the occipital cortex as an area of ref-
erence because of the low dopamine D2 receptor density in
these areas (13,14).

The purpose of our study was to determine the variabil-
ity of quantitative results of 131.1BZM SPECT. First, stud-
ies using a brain phantom were performed in order to
estimate count linearity in reconstructed transaxial SPECT
images with respect to different 1231 concentrations, scan-
ning reproducibility and a wide range of radioactivity con-
trasts. Second, 'ZI-IBZM SPECT studies were performed
in healthy controls and in patients with parkinsonian syn-
drome and analyzed by two observers in order to estimate
interobserver variability and to choose the optimal param-
eter for estimating dopamine D2 receptor binding potential
in the striatum.

MATERIALS AND METHODS

Instrumentation

SPECT imaging was performed with a high-sensitivity, high-
resolution multidetector neuroSPECT system, the SME 810, fit-
ted with 12 high-resolution, 800-hole collimators (Strichman Med-
ical Equipment Inc., Medfield, MA). This system has an in-slice
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FIGURE 1. The
perspex brain phan-
tom designed with
the aid of a ster-

spatial resolution of 6 mm (FWHM of a line source in air), a slice
thickness of 1.2 cm and a sensitivity for *™Tc of 315-520 kcts/
sec/MBq/ml/slice (15,16). Data acquisition occurred on a 128 x
128 matrix. Images were reconstructed in the highest resolution
mode with one iteration using dedicated software (Strichman
Medical Equipment Inc., version 2.65, 1990). Linear attenuation
correction, based on an absorption length of 95 mm, was applied.
In the phantom study, the attenuation contour corresponded to
the phantom diameter of 14 cm (i.e., using a circle with a diameter
of 85-90 pixels; pixel size was determined to be 0.164 mm). In the
human studies, the attenuation contour corresponded to the di-
ameter of the skull, as automatically estimated by the software.

Phantom Studies

A cylindrical brain phantom was designed to contain various
compartments that could be filled separately: two striatum, one
cerebellum and the background (background), which consisted of
the remaining part of the phantom (Fig. 1). The dimensions of the
striatum and cerebellum were derived from a stereotaxic brain
atlas (17).

The phantom was 20 cm long and had an inner diameter of 14
cm. The cerebellum was a half-cylinder, with an inner diameter of
10 cm and a height of 3 cm. The two striatum were 4-cm long
cylinders with an inner diameter of 2 cm. The compartmental
volumes were 3079 ml for the whole phantom, 118 ml for the
cerebellum and 13 ml each for the striatum. The longitudinal
distance between the centers of the two striatum and the cerebel-
lum was 6 cm.

Normally, about 3.5% of the injected activity of 185 MBq
13L.IBZM is taken up by the brain (2 18). Assuming a mean brain
volume of 1450 ml, the concentration of I should then be 4.5
MBg/liter. The expected striatum-to-cerebellum ratio in clinical
studies is about 2 (1,4).

Three experiments were performed. In Experiment 1, the stri-
atum and cerebellum chambers were filled with a solution con-
taining '] in a concentration of 44.6 MBg/liter and sequential
SPECT scans were obtained until the radioactivity had decayed to
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0.8 MBg/liter. Background activity was chosen to be half of this
concentration. The sequential scans were performed to measure
linearity of the measured radioactivity concentration versus the
real (or true) radioactivity concentration in a range of about 0.1-5
times the total radioactive counts expected clinically in the brain.
The measured concentration was expressed in Strichman medical
units (SMUs): 1 SMU = 100 Bg/ml, as specified by Strichman
Medical Equipment Inc.

In the second experiment, the variability of the values for
measured radioactivity concentration was determined from 20
repeated scans obtained with total raw counts/slice varying be-
tween about 40,000 to 1,800,000, which covers 0.1-2.25 times the
clinically expected values (400,000-800,000 total raw counts/
slice).

The third experiment was performed with striatum-to-back-
ground and cerebellum-to-background '?I concentration ratios
varying from 1.2-10.8. The purpose was to determine the dispar-
ity between the real and measured contrast ratios striatum-to-
background and cerebellum-to-background over a range from
about 0.5 to 5 times those expected clinically. By comparing the
measured striatum-to-background and cerebellum-to-background
ratios, the effect of the size of the structure of interest on mea-
sured radioactivity concentration, i.e., a partial volume effect,
could be estimated.

Regions of interest (ROIs) were drawn over the striatum and
the cerebellum to correspond with the physical size and shape of
the phantom structures. For the background, the ROI for the
cerebellum was placed over the posterior area in the slice that
contained the maximum striatum counts (Fig. 2a). Thus, the lo-
cation of the ROI for the background was comparable to that of
the occiptal cortex in the human brain. The real and the calculated
ratios were compared by computing recovery coefficients (RCs)
(29,20):

RC measured ratio 100%
real ratio X 0.
Human Studies

Fifteen '#I-IBZM SPECT studies were performed on 15
healthy volunteers (9 male, 6 female; age 17-64 yr) and 36 ZI-
IBZM SPECT studies were performed in 28 patients with parkin-
sonian symptoms (19 male, 9 female; age 34-78 yr). Informed
consent was obtained from volunteers and patients. The study
was approved by the Medical Ethics Committee of the Academic
Medical Centre.

Iodine-123-IBZM was synthesized as described previously
(21). The specific activity was 222 GBg/umole. A total activity of
185 MBq, containing about 0.8 ug of IBZM, was administered
intravenously. A multislice SPECT study was carried out at 120-
180 min postinjection by acquiring 5-min slices between the can-
tomeatal line and the vertex at 10-mm spacing. At this time after
injection, the ratio of specific binding versus nonspecific binding
to the dopamine D2 receptors in the basal ganglia is at a maximum
).

After reconstruction of the transverse slices, the two slices
showing the highest striatal radioactivity were selected. ROIs
were drawn around the striatum either: (1) manually using a 70%
isocontour line of the SPECT signal (Fig. 2b) (1,4) or (2) by fitting
predefined fixed regions, derived from a stereotactic brain atlas,
and taking the outer contour of the striatum in the intercommis-
sural plane (H + 0) and in a plane 7 mm above and parallel to the
intercommissural plane (H + 7) (17) (Fig. 2c). With the manual
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FIGURE 2. (a) SPECT image of the cylindrical brain phantom filled with '| shows the fixed ROIs for the striatum (or basal ganglia and
BGR) and background (extent of ROI based on the cerebellum). (b) Slice at 4 cm above and parallel to the cantomeatal line in a 62-yr-old
female healthy volunteer at 150 min after injection of 185 MBq 2I-IBZM. The isocontour ROls for the striatum and the fixed ROIs for the
occiptal cortex are shown. (c) The same slice in (b) shows the fixed ROIs for both the striatum and occiptal cortex. (d) Slice at 4 cm above
and parallel to the cantomeatal line in a 53-yr-old female patient with multiple system atrophy at 150 min after injection of 185 MBq '2|-IBZM.
The fixed ROIs for the striatum and for the occiptal cortex are shown. This image demonstrates the difficulty of selecting ROIs of the striatum

based on isocontour lines.

method, the average area of the ROIs was 404 mm? (s.d. 46 mm?;
n = 15) for the left striatum (striatum, ) and 406 mm? (s.d. 51 mm?;
n = 15) for the right striatum (striatumg). For the fixed ROIs at
levels H = 0 and H + 7, the areas were 665 and 721 mm? for
striatum;_and 678 and 709 mm? for striatumg, respectively. The
cerebellum was used as a control region and was defined by a 50%
isocontour line. The average area of this ROI was 2630 mm? (s.d.
436 mm?; n = 15). Another control region, derived from a neuro-
anatomical atlas (22), was placed on the occiptal cortex in the
slices at the level of the striatum. The area of this ROI was 751
mm? for the left occiptal cortex and 841 mm? for the right occiptal
cortex. The SMU values for the occiptal cortex were taken as the
mean of the values obtained in the left and right occiptal cortex.

In some of the 28 patients with parkinsonian symptoms, the
contrast between the striatum and the background was so low that
isocontour ROISs could not be drawn reliably (see Fig. 2d). There-
fore, only fixed ROIs were used in the patients’ studies.

Ratios of the striatal SMUs to cerebellar SMUs and occipital
SMUss, respectively, striatum-to-cerebellum and striatum-to-oc-
ciptal cortex, were calculated. Also, left-to-right (L-to-R) SMU
ratios were calculated from the striatum and the occiptal cortex
ROIs.

Statistical Analysis

SMU variability measured in the repeated scans obtained in the
second experiment of the phantom study and corrected for radio-
active decay was expressed as the percent coefficient of variation
(CV) (23).

The striatum and cerebellum SMUSs, and striatum-to-cerebel-
lum, striatum-to-occiptal cortex and L-to-R ratios determined by
two independent observers of the healthy volunteer studies and
the patient studies were compared using Wilcoxon’s signed rank
sum test and Pearson’s product-moment correlation coefficient. In
this way, the statistical significance of the differences with respect
to bias and level of association were assessed (23).

An estimate of the variability of the results of the two observers
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was obtained from the percentage absolute difference divided by
the mean measure of the observers:

2% [X5 - Xg

Relative %Difference = X, + X5

X 100%,

in which X, and Xj are the values obtained by observers A and
B. This estimates the mean as well as the maximum possible
relative difference (either in a positive or in a negative direction)
as a percentage of the value obtained by one observer.

In addition, the signed relative percentage of difference was cal-
culated. This is the nonabsolute value of the parameter mentioned
above. This was carried out for ratios that were optimal for quanti-
fication of dopamine D2 receptor binding potential and in which no
bias was present according to Wilcoxon’s signed rank test. In order
to confirm that no bias was present, the 95% confidence interval of
the mean signed relative difference was determined based on Stu-
dent’s distribution. The result should enclose the zero value (24).

Based on the 95% confidence intervals of the ratios of the
SPECT data obtained in the healthy volunteers, limits were set in
order to divide the patients into two groups: patients with reduced
D2 receptor binding potential in the striatum and patients with
normal D2 receptor binding potential. The two groups were cat-
egorized by attributing the values 1 and 2 to each group respec-
tively, and the total squared observed difference d(u) and total
squared chance difference c(u) were obtained. Then, upsilon (u),
the proportional reduction in squared difference compared to the
chance squared difference, was calculated as:

c(u) — d(u)
ou)

When there are only two categories, as in our case, upsilon equals
kappa (25). The kappa values of the ratios were compared to
obtain the optimum ratio for comparison of patients and controls
with respect to interobserver variability.

Upsilon=u =
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FIGURE 3. The linear relationship observed between the real
radioactivity (in MBg/liter) in the brain phantom on the x-axis and the
measured radioactivity (in SMUs) by the SME 810 for the whole slice
(A) and for the striatum and background (B) on the y-axis.

RESULTS
Phantom Study

Experiment 1. A linear relationship between the real
radioactivity and the measured radioactivity was obtained
for the activity in the whole slice as well as that in the ROIs

TABLE 2
RCs of Striatum-to-Background and Cerebellum-to-
Background Ratios of '2°| Concentrations in the Cylindrical
Brain Phantom Imaged with the SME810 SPECT Camera

Real Cerebellum-to-
ratio RC (%) background RC (%)
1.2 88 86
13 83 85
15 81 81
16 85 81
18 82 81
20 81 78
38 76 79
54 76 73
10.8 105 95

for striatum, cerebellum and background (Fig. 3). The
slopes of the linear fits for the ROIs were close to the
expected value of 10 based on the SMUs specified by
Strichman Medical Equipment Inc.

Experiment 2. Table 1 shows the CVs of the measured
radioactivity concentration (in SMUs) in each ROI and the
CVs of the ratios obtained from these values based on the
20 repeated measurements. An increase in CV with a de-
crease in total number of raw counts/slice can be observed
for both ROIs and ratios. The second column represents
the clinically relevant total number of raw counts for 'ZI-
IBZM SPECT (800,000 raw counts). For this count level,
CVs obtained were 2.3% for the striatum, 1.9% for back-
ground, 1.5% for the striatum-to-background ratio and
2.7% for the striatum L-to-R ratio.

Experiment 3. The RCs for a range of real ratios of
1.2-5.4 between striatum or cerebellum and background
were 75%-88% for the striatum-to-background ratios and
73%-86% for the cerebellum-to-background ratios (Table 2).
Thus, in the clinically relevant part of the real ratios, the
RCs were around 80%. For higher real ratios, the RCs
showed a trend of decreasing. The RCs of about 100% for
the real ratio of 10.8 were not in agreement with this trend.

TABLE 1
CVs from Different ROIs and Ratios Derived from Those ROIs, Obtained from SPECT Imaging of the Cylindrical Brain Phantom

Total raw counts per slice (1,000)

ROl or ratio 1,853 833 218 137 123 43
Striatum, 14 27 30 30 47 84
Striatumg 1.6 26 3.0 29 39 9.0
Striatum 1.2 23 1.7 24 32 5.1
Background 0.8 1.9 1.4 1.6 24 34
Striatum, -to-background 13 22 35 28 54 9.3
Striatumg-to- 1.7 18 33 33 4.1 9.1

background
Striatum-to-background 1.2 15 24 24 38 6.4
Striatum L-to-R 20 27 49 37 57 128

Each CV is based on SMUs obtained in 20 repeat scans using the SME810 SPECT system with a striatum or cerebelium-to-background ratio of

123 concentration of 2.05.
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TABLE 3
Interobserver Comparison of Isocontour ROlIs for the Striatum and Cerebellum and Fixed ROls for the Occiptal Cortex Derived
from 15 '23|-|IBZM SPECT Studies in 15 Healthy Volunteers

Observer 1 Observer 2 %Relative
values values difference Wilcoxon Pearson
ROI Mean s.d. Mean s.d. Mean sd p r p

Striatum, 78 20 78 21 2 2 0.57 0.99 <0.01
Striatumg 78 20 77 20 3 2 0.21 0.99 <0.01
Cerebellum 40 10 38 10 6 4 <0.01 0.99 <0.01
Occiptal cortex 35 10 35 10 2 3 0.11 0.99 <0.01
Striatum, -to-cerebelium 1.94 0.16 2.07 0.17 7 4 <0.01 0.88 <0.01
Striatumg-to-cerebelium 1.94 0.18 2,05 0.19 6 4 <0.01 0.89 <0.01
Striatum-to-cerebelium 1.94 0.16 2.06 0.17 6 4 <0.01 0.88 <0.01
Striatum, -to-occiptal cortex 225 0.12 222 0.14 2 2 0.06 0.91 <0.01
Striatumg-to-occiptal cortex 226 0.20 220 0.21 3 3 <0.01 0.94 <0.01

cortex 2.26 0.15 221 0.17 2 2 <0.01 0.93 <0.01
Striatum L-to-R 1.00 0.06 1.01 0.07 2 1 0.17 0.93 <0.01

Values for radioactivity concentration in the ROls are expressed in SMUs.

Healthy Volunteers

SMU variability values obtained with fixed and isocon-
tour ROIs in the 15 volunteers were similar (Tables 3 and
4). In the 15 volunteers, the mean relative difference was
6% for the cerebellum, but only 2% for the occiptal cortex.
Furthermore, the mean relative difference for the striatum
decreased from 2%-3% to 1% when fixed ROIs were used
instead of isocontour ROIs. Due to the larger variability in
the cerebellum, the variability in the striatum-to-cerebel-
lum ratios was larger (mean relative difference 6%-7%)
than the variability of the striatum-to-occiptal cortex ratios
(mean relative difference only 2-3%).

The difference between the two observers was statisti-
cally significant for the cerebellum and, consequently, for
the ratios with the cerebellum in the denominator. Also,
the striatumg-to-occiptal cortex and striatum-to-occiptal
cortex ratios were significantly different when isocontour
lines were used for the striatum, but not when fixed ROIs

were used. A linear association between the data of both
observers was present in all cases (r = 0.85-1.00; p < 0.01).

For the striatum-to-occiptal cortex ratios with fixed
ROIs for the striatum, this study showed a low variability,
no significant difference between observers and a highly
significant correlation. The lack of interobserver bias using
Wilcoxon’s signed rank sum test was confirmed from the
95% confidence interval of the mean percentage signed
relative difference enclosing zero (Table 5). Most interob-
server variability occurred within 9% in either the positive
or the negative direction.

Patients with Parkinsonian Syndrome

In the 28 patients with parkinsonian symptoms, only the
fixed ROISs for the striatum were used because isocontour
lines could not be obtained reliably in those patients with a
low uptake in the striatum (Fig. 2d). Table 6 shows the

TABLE 4
Interobserver Comparison of Fixed ROls for the Striatum and Occiptal Cortex and Isocontour ROIs for the Cerebellum Derived
from 15 '2}-IBZM SPECT Studies in 15 Healthy Volunteers

Observer 1 Observer 2 %Relative
values values difference Wilcoxon Pearson
ROI Mean s.d. Mean sd. Mean sd p r P
Striatum, 66 17 67 17 1 1 0.10 1.00 <0.01
Striatumg 67 17 67 17 1 1 0.25 1.00 <0.01
Striatum, -to-cerebelium 1.65 0.13 1.77 0.15 7 4 <0.01 0.87 <0.01
Striatumg-to-cerebelium 1.66 0.13 1.77 0.16 7 4 <0.01 0.88 <0.01
Striatum-to-cerebellum 1.65 0.12 1.77 0.15 7 4 <0.01 0.87 <0.01
Striatum, -to-occiptal cortex 1.92 0.10 1.90 0.12 2 3 0.35 0.85 <0.01
Striatumg-to-occiptal cortex 1.93 0.15 1.91 0.17 3 3 0.27 0.92 <0.01
Striatum-to-occiptal cortex 1.93 0.12 1.91 0.14 2 3 025 0.89 <0.01
Striatum L-to-R 1.00 0.05 1.00 0.05 1 1 048 0.97 <0.01

Radioactivity concentration values are expressed in SMUs.
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TABLE 5
Level of Agreement of Striatum-to-Occiptal Cortex Ratios
Based on Fixed ROIs Derived from 15 '2%|-IBZM SPECT
Studies in 15 Healthy Volunteers

TABLE 7
Level of Agreement of Striatum-to-Occiptal Cortex Ratios
Based on Fixed ROIs Derived from 36 '23|-IBZM SPECT
Studies in 28 Patients with Parkinsonism

%Signed relative  %Mean signed relative

difference 95% difference 95%
confidence confidence
ROI interval interval
Striatum, -to-occiptal -6.1-8.1 -08-28
cortex
Striatumg-to-occiptal -6.2-88 -0.7-3.2
cortex
Striatum-to-occiptal -6.3-8.7 -0.8-3.2
cortex

The 95% confidence intervals were based on Student’s distribution
with t,, = 2.145 (23).

results from the 36 SPECT studies performed in these
patients.

The variability in all ROIs was greater in the patients
than in the volunteers (mean relative differences: 9% ver-
sus 6% for the cerebellum, 2%-4% versus 1% for the
striatum and 4%-5% versus 2%-3% for the occiptal cortex,
respectively). Consequently, the variability in the ratios
was larger (9% versus 7% for the striatum-to-cerebellum
ratios and 4%-5% versus 2%-3% for the striatum-to-oc-
ciptal cortex ratios).

A linear association between the data of both observers
was present in all cases (r = 0.49-1.00; p < 0.01). The
correlation of the striatum-to-occiptal cortex ratios (r =
0.92-0.96) was better than that of the striatum-to-cerebel-
lum ratios (r = 0.74-0.76).

Interobserver bias was present for the striatum-to-oc-
ciptal cortex ratios according to Wilcoxon’s signed rank
sum test (Table 6). The bias could not be confirmed from
the 95% confidence interval of the mean signed relative

%Relative difference  %Mean signed relative

95% confidence difference 95%
ROI interval confidence interval

Striatum, -to-occiptal -55-15.8 -04-43
cortex

Striatumg-to- -47-134 -0.7-34
occiptal cortex

Striatum-to-occiptal -43-13.0 -0.1-3.7
cortex

differences, but the lower border of the confidence interval
was very close to zero (Table 7). Using a conservative
approach, the percentage relative differences were taken as
a worst case in which all differences were in the same
direction. Most of the interobserver variability occurred
within 16%.

Reliability of Classification of Patients with
Parkinsonian Syndrome

Table 8 shows the ranges and confidence intervals for
the ratios obtained from the volunteers by the two observ-
ers. Based on the lower limits, the patients were divided
into two groups: decreased D2 receptor binding potential
(striatum-to-cerebellum ratios < 1.5 or striatum-to-occiptal
cortex ratios < 1.8) or normal or increased D2 receptor
binding potential (striatum-to-cerebellum ratios > 1.5 or
striatum-to-occiptal cortex ratios > 1.8). Group 1 was
given the value 1 and Group 2 was given the value 2. The
resulting upsilon values, equal to kappa for these two cat-
egories, are given in Table 9. With upsilon as a measure of
agreement, interobserver agreement for the striatum-to-
cerebellum ratios was only moderate, whereas the agree-

TABLE 6
Interobserver Comparison of Fixed ROIs for the Striatum and Occiptal Cortex and Isocontour ROls for the Cerebellum Derived
from 36 '2I-IBZM SPECT Studies in 28 Patients with Parkinsonism

Observer 1 Observer 2 %Relative
values values difference Wilcoxon Pearson
ROI Mean s.d. Mean sd. Mean s.d. p r p
Striatum,_ 57 22 56 21 4 4 <0.01 0.99 <0.01
Striatumg 57 20 56 20 2 3 <0.01 1.00 <0.01
Cerebelium 36 13 34 12 9 1 <0.01 0.95 <0.01
Occiptal cortex 33 12 34 12 4 4 0.62 0.99 <0.01
Striatum, -to-cerebellum 1.62 0.28 1.65 0.34 9 10 0.48 0.76 <0.01
Striatumg-to-cerebelium 1.61 0.29 1.66 0.36 9 12 <0.01 0.74 <0.01
Striatum-to-cerebelium 1.62 0.28 1.66 0.35 9 1 0.22 0.76 <0.01
Striatum, -to-occiptal cortex 1.7 0.29 1.68 0.28 5 5 <0.01 0.92 <0.01
Striatumg-to-occiptal cortex 1.7 0.33 1.68 0.31 4 4 0.04 0.96 <0.01
Striatum-to-occiptal cortex 1.7 0.30 1.68 0.29 4 4 0.03 0.96 <0.01
Striatum L-to-R 1.01 0.07 1.00 0.06 4 5 0.24 0.49 <0.01
Radioactivity concentration values are expressed in SMUs.
Quantification with '23|-IBZM SPECT e Verhoeff et al. 2081



TABLE 8
Range and Confidence Intervals of Striatum-to-Cerebellum
and Striatum-to-Occiptal Cortex Ratios with the Striatum and
Occiptal Cortex Based on Fixed ROls and the Cerebellum on
Isocontour ROIs Derived from 15 '2|-IBZM SPECT Studies in

15 Healthy Volunteers
95%
confidence
Ratio Range interval

Striatum -to-cerebellum Obs. 1 1.39-1.85 1.58-1.72

Obs. 2 1.56-2.02 1.69-1.86

Striatumg-to-cerebellum  Obs. 1 1.37-1.83 1.59-1.73

Obs. 2 1.52-2.10 1.68-1.86

Striatum-to-cerebelium Obs. 1 1.42-1.81 1.59-1.72

Obs. 2 1.58-2.06 1.69-1.86

Striatum, -to-occiptal Obs. 1 1.78-2.11 1.87-1.97
cortex

Obs. 2 1.67-2.11 1.84-1.97

Striatumg-to-occiptal Obs. 1 1.74-2.38 1.85-2.01
cortex

Obs. 2 1.69-2.38 1.81-2.00

Striatum-to-occiptal Obs. 1 1.76-2.25 1.86-1.99
cortex

Obs. 2 1.68-225 1.83-1.98

ment for the striatum-to-occiptal cortex ratios was very
good.

DISCUSSION

Phantoms, such as the one we used in this study, have
been developed by others for similar purposes (19,26,27).
The linearity between the real radioactivity concentration
in the brain phantom and the radioactivity concentration
(in SMUs) measured with the SME 810 confirmed previous
findings using the same SPECT system and software (28).
The CVs for the values obtained for the different ROIs and
ratios for repeated scanning of the phantom at the level of
the striatum were in the range of 0.8%-12.8%. This is very
similar to the 10% variation due to technical factors re-
ported for a PET system with the same resolution as the

TABLE 9
Upsilon, the Proportional Reduction in Squared Difference
Between the Two Observers, Compared to the Chance
Squared Difference for Two Patient Categories with Values 1
(Striatum-to-Cerebellum Ratios < 1.5 or Striatum-to-Occiptal
Cortex Ratios < 1.8) and 2 (Striatum-to-Cerebellum Ratios
> 1.5 or Striatum-to-Occiptal Cortex Ratios > 1.8)

Interpretation of

Ratio Upsilon (kappa)  agreement (24)
Striatum, -to-cerebelium 0.56 Moderate
Striatumg-to-cerebelium 0.57 Moderate
Striatum-to-cerebellum 0.68 Good
Striatum, -to-occiptal cortex 0.82 Very good
Striatumg-to-occiptal cortex 0.81 Very good
Striatum-to-occiptal cortex 0.88 Very good

Upsilon values may be used as kappa (25).

2082

SME 810 (6 mm FWHM using a line source) (19), as well
as for PET in general (29).

The 80% RCs from our study agree well with the 75%
RC reported by Bendriem et al. (19) for zero background
concentration. For realistic striatum-to-background ratios,
Bendriem et al. (19) reported RCs of 72% for a large ROI
of >75 pixels and 80% for a small ROI of only five pixels.
Our RC values of 76% and 79% for the striatum-to-back-
ground and cerebellum-to-background ratios, respectively,
for a real ratio of 3.8 (Table 2) are comparable to their
findings. Scatter correction increased the RC values by 9%
in the study of Bendriem et al. (19). No extra scatter
correction was performed in our study. The results, how-
ever, show that comparable results can be obtained for
high sensitivity PET and SPECT systems with similar spa-
tial resolution.

The high RC reported by Bendriem et al. (19) using a
smaller ROI over the center of the structure of interest was
also observed by Hatazawa et al. (27), who used a PET
scanner with a spatial resolution of 7 mm (FWHM) and a
7-mm diameter circular ROI placed over the center of a
30-mm diameter hot phantom. They observed that when a
30-mm ROI was used instead of a 7-mm ROI, the RC was
only about 50%. However, in our study with ROIs the
same physical size as the striatum (20 X 40 mm), the RCs
were considerably higher.

High RCs were obtained in our study for a real striatum
or cerebellum over a background ratio of 10.8. These high
RCs do not fit the trend of decreasing RCs with increasing
real ratios in our study, the reported decrease in RC with
increasing contrast (I9) or a strong partial volume effect
(27). They might be due to contrast enhancement of the
filters used in the SME version 2.65 software.

Ideally, anatomical (CT, MRI) and functional (PET,
SPECT) images should be available for direct comparison
(30). Several methods have been developed to match ana-
tomical and functional image data of the brain (31-33).
Some of these have already been implemented for SPECT
(34) and PET studies (35). Such comparisons may provide
the opportunity to make better corrections for partial vol-
ume effects, especially with respect to atrophy.

Without this possibility, we used fixed ROIs based on a
stereotactic atlas superimposed on and adjusted to the
SPECT images. Based on these ROlISs, ratios of total bind-
ing to nonspecific binding were calculated in order to esti-
mate the dopamine D2 receptor binding potential in the
striatum. We did not attempt to obtain K, and B, values
because complicated protocols, including arterial sampling
and scanning with different specific activities of the radio-
ligand, are necessary. Assessment of group discrimination
and disease progression does not necessarily benefit from
the optimization methods of parameters traditionally used
in absolute quantification with PET (36).

We found that fixed ROIs are preferable to isocontour
ROIs for the comparison of healthy volunteers and patients
with parkinsonian syndrome using '2I-IBZM SPECT. In
our opinion, fixed ROIs are absolutely necessary in those
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patients who display a decreased uptake of 'ZI-IBZM in
the striatum because isocontour ROIs cannot be drawn
reliably. Furthermore, in the volunteer studies, the use of
fixed ROIs resulted in fewer differences between the two
observers. Several other groups have already implemented
fixed ROIs derived from stereotactic brain atlases for anal-
ysis of SPECT (15) and PET studies (20). The use of a
reference atlas has been highly recommended by Rapoport
(29) for PET. The areas of our isocontour and fixed ROIs
for the striatum were similar to those of the ROIs selected
by Tedroff et al. (37). Although we drew a large ROI for the
cerebellum, it proved to be less reliable compared to the
occiptal cortex based on the larger interobserver variabil-
ity. This could be improved by also selecting a fixed ROI
for the cerebellum.

In the group of patients with parkinsonian symptoms,
both the cerebellum and the striatum values were signifi-
cantly different between observers. This may reflect the
difficulty in defining the exact location and extent of the
striatum. Nevertheless, the striatum-to-cerebellum ratios
were not significantly different between the two observers.
This was probably due to the large variability of these
ratios. In the occiptal cortex, no significant differences
were obtained, as in the volunteers. However, even though
the variability of the striatum-to-occiptal cortex ratios was
smaller, significant differences were observed due to dif-
ferent values for the striatum.

In conclusion, striatum-to-occiptal cortex ratios based
on fixed ROIs provided the best quantitative estimation for
the dopamine D2 receptor binding potential of the striatum
because they showed the smallest interobserver variabil-
ity. Indeed, the upsilon values indicated that the agreement
between the observers was very good. Comparative stud-
ies of healthy volunteers and patients may well be superior
when performed by a single observer rather than by several
observers. In case different observers contribute to a
study, wider variability margins have to be considered for
values obtained both in volunteers and in patients. From
our study, use of striatum-to-occiptal cortex ratios based
on fixed ROIs to estimate D2 receptor binding potential in
the striatum as measured with '2I-IBZM SPECT resulted
in margins of 9% for volunteers and 16% for patients.
Margins derived from interobserver variability studies will
become increasingly important if SPECT results are di-
rectly applied to clinical outcome and patient management.
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