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Fig. 3 Z score map of changes in inferior, superior and, left- and
right-med sagittal images in PD in protocols A and B. Pixel values are
normalized to global brain, and images show decreases in Z scores.
Z score images confirm hypoperfused regions. The Z score in each
Z score map image is scaled from 0.0 to 7.0. Protocol A: No
hypoperfusion [PD (High)-NDB (High)] (a); PD (High)-NDB (High)

to 0.08, 0.09, and 0.10 in response to decreases in the
injected dose and acquisition time.

3.3 Z scores and detection error

Figure 3 shows Z score maps of hypoperfusion regions on
images generated from protocols A and B. The Z scores
tended to decrease when conditions (injected dose and
acquisition time) were decreased in protocols A and B. A
decreased injection dose and acquisition time in protocol A
resulted in a gradual reduction in Z scores. The average
Z scores of PD (Low)-NDB (Low) vs. PD (High)-NDB
(High) (p = 0.015), PD (20 m)-NDB (20 m) vs. PD
(30 m)-NDB (30 m) (p = 0.021) and PD (15 m)-NDB
(15 m) vs. PD (30 m)-NDB (30 m) (p = 0.009) were de-
creased significantly in protocol A. The average Z scores
did not differ significantly between PD (Medium)-NDB
(Medium) vs. PD (High)-NDB (High) and PD (Medium)—
NDB (Medium) vs. PD (Low)-NDB (Low) in Fig. 4a. The
average Z scores of PD (Medium)-NDB (High) vs. PD
(High)-NDB  (High) did mnot differ significantly
(p = 0.061), but those of PD (Low)-NDB (High) vs. PD
(High)-NDB (High), PD (Medium)-NDB (High) vs. PD
(Low)-NDB (High), PD (15 m)-NDB (30 m) vs. PD
(30 m)-NDB (30 m), PD (20 m)-NDB (30 m) vs. PD
(30 m)-NDB (30 m), and PD (15 m)-NDB (30 m) vs. PD
(20 m)-NDB (30 m) (p = 0.001, p = 0.008, p = 0.005,
p = 0.041, and p = 0.038, respectively) decreased sig-
nificantly in protocol B (Fig. 4b).

Table 2 shows changes in error between measured and
selected hypoperfused areas in response to different con-
ditions in protocols A and B. The detection error resulted in
underestimations under all conditions except for PD
(High)-NDB (High) [PD (30 m)-NDB (30 m)]. The

Protocol B

[PD (30 m)-NBD (30 m)] (b); PD (Medium)-NDB (Medium) (c);
PD (Low)-NDB (Low) (d); PD (20 m)-NDB (20 m) (e); PD (15 m)-
NDB (15 m) (f). Protocol B, No hypoperfusion (PD (High)-NDB
(High)) (a); PD (High)-NDB (High) [PD (30 m)-NBD (30 m)] (b);
PD (Medium)-NDB (High) (¢); PD (Low)-NDB (High) (d); PD
(20 m)-NBD (30 m) (e); PD (15 m)-NBD (30 m) (f)

detection error was larger in protocol B than in protocol A
and increased from 6.65 % [PD (Medium)-NDB (Medi-
um)] in protocol A to 32.05 % (PD (15 m)-NDB (30 m))
in protocol B. When the injected doses and acquisition
times were the same as those of the NDB, the maximal
detection error was 17 %. However, this increased to 32 %
when the conditions differed from those of the NDB. These
findings confirmed that the detection error was reduced
when the injected dose (acquisition time) and the NDB
were the same.

4 Discussion

Radiopharmaceutical doses are uniform in Japan because
of health insurance coverage. However, injected doses vary
among institutions, and metropolitan as well as regional
insurance might not cover increases or decreases in in-
jected doses. We simulated different injected doses from
continuous SPECT datasets and evaluated the impact of
these doses and various acquisition times using Z scores
and detection errors.

The linearity between the dose and the SPECT count
(Fig. 1b) was excellent. This finding justified the determi-
nation of variations among injected doses and acquisition
times from projection datasets in each simulated SPECT
image and NDB.

In general, SPECT images become degraded by a de-
crease in the signal to noise ratio to increase the high-
frequency component caused by a low injected dose and
short acquisition time. The injected dose and acquisition
time significantly affected the SD of the NDB. When the
injected dose and acquisition time were decreased, the
images used for the NDB probably included high-
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Fig. 4 Differences in Z scores of hypoperfused areas among protocols A, B, and PD (High)-NDB (High). Data are shown as mean & SD
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Table 2 Detection errors compared with true values in hypoperfused area

Protocol A

PD (High)-NDB PD (Medium)-NDB PD (Low)-NDB

PD (30 m)-NDB PD (20 m)-NDB PD (15 m)-NDB

(High) (Medium) (Low) (30 m) (20 m) (15 m)
0.00 —6.65 —-13.57 0.00 —7.36 —16.45
Protocol B

PD (High)-NDB
(High)
0.00

PD (Medium)-NDB
(High)
-8.61

PD (Low)-NDB
(High)
-32.05

PD (30 m)-NDB
(30 m)

0.00

PD (20 m)-NDB
(30 m)

-8.37

PD (15 m)-NDB
(30 m)

—-24.31

Units are % error of measurement compared with true region size

frequency components that caused the mode of the SD
distribution of the NDB to shift to higher values. The SD
distribution was naturally Gaussian. However, the shape of
the SD distribution was spread asymmetrically in this
study. We considered that the dispersion of data was re-
duced so that patient’s data were acquired at each of the
participating institutions, as reported by Onishi et al. [9].
The Z scores of statistical cerebral function analysis de-
pended on the SD distribution that was maintained by the
NDB in our study groups {10, 12].

The average Z scores decreased slightly when the con-
ditions matched those of the PD and NDB (protocol A).
The average Z score was lower for PD (Medium) than for
PD (High) in protocol A, but the difference did not reach
significance. However, the calculated Z scores were af-
fected by matching the injected dose and acquisition time
between the PD and the NDB. The average Z score became
considerably decreased when the PD and NDB were mis-
matched in protocol B. When the injected dose was the
same as that in the NDB, the smaller average Z score was
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probably generated because the SD was higher for a lower
(short acquisition time) than for a larger (long acquisition
time) injected dose. Because Z scores and detection errors
determined during the assembly of PD (Medium)-NDB
(Medium) and PD (Medium)-NDB (High) were >10 %,
we considered that the performance was equal to that of the
PD (High)-NDB (High).

These results suggest that Z scores and detection errors
are affected when the injected dose (acquisition time) is
the same as that of the NDB. The acquisition time has to
effect on Z score and detectability than the injected dose
without NDB (15 m) as shown in Fig. 4 and Table 2. If
we assumed that injected dose was equal to an input
signal, we considered that detectability was approximately
proportional to intensity of input signal. The distribution
of 1-123-IMP in brain tissue reflects regional cerebral
blood flow very well, and its distributional pattern chan-
ges as time goes on. This factor should be considered in
the assessment of I-123-IMP distribution. The first six
rotations were set as early phase and the last six rotations
were set as later phase. Even though SPECT data acqui-
sition started 15 min after and continued for about
30 min, the difference in counts between the early and
later phases of dynamic SPECT data sets was significant
in this simulation study. We suggested that the acquisition
time has more effect on the Z score than the injected
dose, in particular for NDB (15 m). However, when
health insurance has limited the injected dose, accurate
Z scores can be achieved by use of a combination of NDB
(High) and an injected dose of 167, 222 MBq in clinical
studies.

Notwithstanding the findings of the study, certain
limitations need to be acknowledged. SPECT datasets
for various injected doses and acquisition times were
simulated and might differ from those in actual clinical
studies. In this study, projection data sets were merged at
each rotation data set for the simulated injected dose and
acquisition time. We did not consider on the scatter at
the early and late phases. Scatter content was different at
the projection data sets of the rotation in the I-123-IMP
clinical SPECT study. Scatter was overestimated in
simulated projection data sets from patients injected with
doses other than 222 MBq. We performed a strict scatter
correction at each rotation in the dynamic SPECT. In
simulated acquisition time at NDB, this result was dif-
ferent with merged at any rotations for NDB data sets,
too. Another limitation is that we did not apply with CT-
based attenuation correction (CTAC). Ishii et al. [14]
and Shimosegawa et al. [15] reported that a CTAC is
needed for accurate brain perfusion images. However,
we believe that the present findings are similar to those
of Ishii et al.

5 Conclusions

Z scores were specific for the injected dose and acquisition
time in a 3D-SSP study, and the calculated Z scores were
affected by matching the injected dose and acquisition time
between the PD and the NDB. However, we suggest that
accurate Z scores can be obtained in clinical studies by use
of the NDB (High) with an injected dose of 167 MBq.
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