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At least two quantitative rCBF measurements are needed to
evaluate rCBF changes with pharmacological intervention. We
have developed the split dose 'ZI-IMP SPECT method, which
enables measurement of rCBF to be repeated in a short time.
Methods: Thirty-one cerebrovascular disease patients were in-
vestigated to assess reproducibility and vasoreactivity to ac-
etazolamide. During 44-min dynamic SPECT imaging, '23I-IMP
injection and respective arterial sampling were performed twice
at an interval of about 25 min. The rCBF values were calculated
using a microsphere model in which the washout of '2I-IMP
from the brain can be negligible in the first several minutes after
injection. For the second rCBF measurement, the remaining
activity due to the first '>I-IMP injection was estimated and
subtracted from the total brain activity. Results: In ten patients,
two consecutive resting mean rCBF values in the MCA termitory
(CBF1 and CBF2) had good correlation (CBF1 = 47.4 + 4.0
(ml/min/100 ml: mean + s.d.), CBF2 = 45.2 + 8.2, CBF2 =
0.900+CBF1 + 2.9, r = 0.915). In 11 patients with occlusive
lesions in the unilateral ICA system, mean rCBF in the MCA
territory was increased by only 27.7% + 14.0% in the affected
side by a 1-g intravenous acetazolamide injection, while 44.5%
+ 12.3% increase was found in the nonaffected side. In 10
patients without a major arterial lesion, a 49.7% *+ 17.0% in-
crease of rCBF was demonstrated. Conclusions: This split
dose method '22I-IMP SPECT can be useful to estimate vascu-
lar reserve.
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Regional cerebral blood flow (rCBF) supply is regu-
lated by delicate mechanisms to match the regional meta-
bolic demand in normal brain tissues (). In patients with
cerebrovascular disease (CVD), however, this coupling is
disrupted by drastic changes in rCBF, regional cerebral
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blood volume and damage to the blood-brain barrier (2,3),
and the regulating mechanism of rCBF cannot be main-
tained in these conditions. In order to understand the
pathophysiology, including the function of the regulating
mechanisms, it is very useful to assess perfusion reserve
(3-11). The response of the cerebral circulation to pharma-
cological interventions, such as carbon dioxide inhalation
or acetazolamide injection has been investigated to assess
perfusion reserve. To evaluate these effects on rCBF, re-
peated quantitative rCBF measurements, with and without
drugs, are necessary. N-isopropyl-[I-123]p-iodoamphet-
amine ('ZI-IMP) SPECT with arterial sampling (12) is su-
perior in reproducibility and has become a standard
method for quantitative rCBF measurement (/3-15). How-
ever, the two 'ZI-IMP SPECT studies should be performed
at an interval of at least several days, and double invasive
arterial catheterization is required. In this study, we devel-
oped a split dose 'ZI-IMP SPECT method that enables
quantitative measurement of rCBF under two different
conditions in a short time with a single arterial catheteriza-
tion. A portion of the present investigation has been re-
ported in abstract form (16).

MATERIALS AND METHODS
Theory

Todine-123-IMP behaves like a microsphere early after intrave-
nous injection because most of the tracer is extracted by brain
tissue in the first cerebral circulation and the washout from brain
tissue is negligible (12). We can thus estimate the absolute rCBF
using a reference sample method in the first several minutes.
However, the lung retains approximately 90% of the injected dose
initially and therefore the actual initial brain uptake is markedly
below the expected 20% of the injected amount if lung uptake is
not present. The brain uptake increases gradually by washin from
the lung. After this period, the increase of cerebral activity of
1231 IMP becomes diminished, and about 20 min after injection the
brain activity becomes almost stable while the washout from the
brain becomes equivalent to the washin from the lung (17-19).
During this period, estimation of the cerebral accumulation in the
next several minutes can be easily performed using linear regres-
sion, as the time-activity curve is almost linear. Therefore, using
the split dose method, the second measurement of rCBF can be
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TABLE 1

Summary of Subjects
Sex

Groups n (MF) (mean + s.d.) Angiographic findings
Preliminary study to determine parameters of regression line

P-Group 1 7/4) 61.5 =127 No stenotic lesions
Reproducibility

R-Group 10 (8/2) 642 +6.0 No stenotic lesions
Diamox® stress test

C-Group 10 9N1) 649 + 7.1 No stenotic lesions

S-Group 1 (10/1) 524 + 10.6* Unilateral stenotic lesion

*Significantly lower versus P-Group, R-Group and C-Group (p < 0.01, Scheffé's muitiple comparison after ANOVA).
Stenotic lesions were defined as greater than 90% stenosis in the CCA, ICA, MCA or their major branches.

performed with subtraction of the remaining activity due to the
first '2I-IMP injection.

In this study, two sets of tracer injections and respective arte-
rial sampling were performed at an interval of about 25 min. The
SPECT data between about 2 min 30 sec to 8 min after the first and
second injections were used as rCBF values, respectively. The
regression line was determined from the time-activity curve dur-
ing the 14-min period just before the second injection.

Patients

A total of 42 patients with ischemic CVD disease were inves-
tigated (Table 1). In a preliminary study to determine the param-
eters of the regression line, 11 patients with mild CVD disease
were studied. These patients suffered from nonfocal neurological
symptoms of dizziness or headache and were shown to have no
more than a 1-cm lesion by CT or MRI (P-Group). The remaining
31 patients were entered into the split dose '2I-IMP IMP SPECT
study. To estimate reproducibility, 10 patients without major ce-
rebral arterial lesions were selected (R-Group), and 21 patients
were evaluated to determine its usefulness for measurement of
vasoreactivity, using acetazolamide (Diamox, Lederle, Ltd.,
Tokyo, Japan). The latter patients were divided into two groups
by angiographic findings: patients with a severe stenotic lesion
in the unilateral intracarotid artery (ICA), middle cerebral artery
(MCA), or common carotid artery (CCA) (S-Group: n = 11); and
patients without stenotic lesions in these arteries (C-Group:
n = 10). Stenotic lesions were defined as >90% stenosis on con-
ventional angiography or digital subtraction angiography.

Preliminary Study to Determine the Parameters of Regression
Line. Twelve-frame dynamic SPECT images were collected im-
mediately after intravenous injection of 'ZI-IMP (222 MBq) using
a four-head SPECT system (20). During dynamic SPECT acqui-
sition, the detectors were rotated continuously in reciprocal di-
rections at 20 sec/revolution. Data acquisition was performed
from 64 directions in a 64 X 64 matrix (1 pixel = 4 mm X 4 mm).
One frame time was about 166 sec, which consisted of eight
revolutions and the dead time for turning direction. The spatial
resolution of this system using a low-energy, high-sensitivity col-
limator (LEHS) was 21.3 mm FWHM. The 8-mm slice transaxial
images were reconstructed using a Butterworth filter for pre-filter
and a Ramachandran filter for reconstruction filter. The region of
interest (ROI) was drawn as the 50% iso-accumulation line of the
maximum value in the thalamo-basal transaxial slice. Then the
time-activity curve in this ROI of 12 frames was calculated. The
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linear regression line (C = k1+F + k2, where k1 and k2 are
constants, C is the total counts of the ROI, and F is frame number)
was obtained from the fifth to ninth frame of each curve. Two
values, F11 and F12, were calculated in each subject by putting
the observed C values of the eleventh and twelfth frame, Cl10bs
and Cl2obs, into the following equations (Fig. 1).

Cllobs = k1 = F11 + k2,
C120bs = k1 * F12 + k2.

Reproducibility

Figure 2 shows the procedure of the 'ZI-IMP split dose
method. Twelve-frame dynamic SPECT was performed immedi-
ately after the first '2’I-IMP intravenous injection (55.5 MBq). The
parameters of dynamic SPECT were the same as those for the
preliminary study described above. Continuous blood sampling
was performed with a withdrawal pump (model 98032H, Harvard
Apparatus, South Natick, MA) from a 22-gauge teflon catheter
placed in the radial artery through an extension tube. The total
dead space for sampling was about 0.5 ml. Continuous blood
sampling at a constant speed of 1 ml/min was started 30 sec before
the corresponding '>I-IMP injection and stopped 30 sec after the
second frame. Therefore, the blood sample obtained was an inte-
gral of the radial arterial blood during the first and second frames
after the first injection. Just before the tenth frame, arterial sam-
pling of one point was performed to measure the remaining blood
activity of the first injection. At the start of the tenth frame, about
25 min after the first '2I-IMP injection, the second dose of 166.5
MBq of 'ZI-IMP was injected. The second continuous arterial
sampling was performed from 30 sec before the tenth frame to 30
sec after the end of the eleventh frame.

After the dynamic SPECT acquisition, static SPECT with a
low-energy, general-purpose collimator (LEGP: spatial resolution
= 13.0 mm FWHM) was performed. The acquisition time of this
static SPECT was 12-15 sec/step, the acquisition step was 64, and
the acquisition matrix was 64 x 64 (1 pixel = 4 mm X 4 mm). Total
radioactivity of the blood sample (C-total) was measured by a
scintillation well counter within 10 min after each sampling. The
mixture of 0.5 ml of blood and 2 ml of octanol was shaken by a
vortex and centrifuged at 3000 RPM for 20 min. The radioactivity
of 1.0 ml of the octanol fraction was measured by a scintillation
well-counter. The true input of '*I-IMP was obtained by the
following equation:
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FIGURE 1. Scheme to determine the parameters of the regres-
sion line. The linear regression line was calculated from the fifth to
ninth frames of each curve of P-group. Then, F11 and F12 were
obtained for comparison with observed counts of the eleventh and
twelfth frame.

C = 4 » (C-octanol/C-whole) * C-total,

where C is true input of '2I-IMP; C-octanol is radioactivity of 1.0
ml of octanol fraction; C-whole is radioactivity of 1.0 ml of whole
blood; and C-total is total radioactivity of the whole blood sam-
pling.

Acetazolamide Stress Test

Data acquisition was almost the same as the study for repro-
ducibility except for acetazolamide injection. One gram of
acetazolamide was injected at the end of the third frame of the first
injection.

1-123 I1WP 55.5 MBq 1-123 IMP 166.5 MBq IV collimator change

1 12 frame dynamic SPECT l | (LEHS—LEGP)

12 static SPECT
"..I‘Izlal‘lslsl7lslgl‘ol"l | |
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18t arterial sampling 2nd arterial sampling

FIGURE 2. Protocol of '2I-IMP split dose SPECT method. Dur-
ing 12-frame dynamic SPECT with low-energy, high-sensitivity col-
limator (LEHS: spatial resolution = 21.3 mm in FWHM), two sets of
1231.IMP injection and corresponding arterial sampling were per-
formed. The mean rCBF values were calculated from the summation
of the second and third frames from the injection and the octanol
fraction of each corresponding arterial blood sample. In calculation
of the second mean rCBF value and the distribution of the second
rCBF image, the remaining activities in the brain and arterial biood
due to the first injection were subtracted. After the dynamic SPECT,
the static SPECT was acquired with relatively high-resolution, low-
energy, general-purpose collimator (LEGP: spatial resolution = 13.0
mm in FWHM).
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Data Analysis

Four sets of transaxial images (I1, 12, I3 and 14) were recon-
structed using a Ramachandran filter after pre-filtering with a
Butterworth filter. The attenuation correction was made by the
postcorrection method while the coefficient was set at 0.08 (1/cm).
I1, 12 and I3 consisted of 8-mm thick transaxial images of the
whole brain. I1 was reconstructed from the summation of the
original eight frames, from the second to ninth frames; 12 was
from the eleventh and twelfth frames; and I3 was from the acqui-
sition data using the LEGP collimator.

To analyze the time-activity curve of the brain, one standard
slice, including the thalamo-basal ganglia, was selected and a ROI
was made as the inner part of the 50% iso-accumulation line of the
maximum value of the whole slice. The obtained ROI (standard
ROI) included almost the whole brain in the standard slice and
consisted of 948-1199 pixels (1 pixel = 4 mm X 4 mm). 14 was
8-mm thick 12-frame dynamic transaxial images of the selected
standard slice. The total counts in the standard ROI were calcu-
lated for I1, I2, I3 and I4. Quantitative rCBF images were ob-
tained by the following equations in three steps.

1. Calculation of the mean rCBF values in the standard ROI:
the first mean rCBF (CBF1) = CCF*{R[I4(2)] + R[I4(3)]}/C1,
the second mean rCBF (CBF2) = CCF+({R[I4(11)] + R[14(12)]}

—[(k1+mF11 + k2) + (k1*mF12 + k2)])/(C2 — B).

2. Calculation of relative rCBF images:

the first relative rCBF images (rCBFI1) = I1,
the second relative rCBF images (rCBFI2)
=12 - ([((k1*mF11 + k2) + (k1*mF12 + k2))/
{R[I4(2) + = + R[I4(9)]})*11,
the second relative rCBF images with LEGP (rCBFIGP)
= I3 — (K+[(k1*mF11 + k2) + (kl1*mF12 + k2))
{R[I4(2) + = + R[I4(9)]}) *11.
3. Calculation of quantitative rCBF images:
the first quantitative rCBF images (rCBF1)
= {CBF1/R[rCBFI1}}+rCBFI1,
the second quantitative rCBF images (rCBF2)
= {CBF2/R[rCBFI2]}*rCBFI2,
the second quantitative rCBF images with LEGP (rCBFGP)
= {CBF2/R[rCBFIGP]} * rCBFIGP,

where CCF is a constant which calibrates the sensitivities of
SPECT and a scintillation well-counter; R[li(n)] is total counts in
the standard ROI of n frame of 14 (n = 1-12); R[rCBFIj] is total
counts in the standard ROI of rCBFIj (j = 1, 2 or GP); C1 and C2
are counts measured by a scintillation well-counter of the octanol
fraction of the first and second arterial blood samples; and B is
counts of the octanol fraction of background sampling. These
values are corrected by the time decay of the radioisotope and
each sampling volume. K is the constant to correct the sensitivi-
ties of the two collimators, LEHS and LEGP. The two values, k1
and k2, are constants of the linear regression equation obtained
from I1(5)-11(9) for each subject. mF11 and mF12 are constants to
estimate the background determined in the preliminary study.
CCF was measured using a 20-cm cylinder phantom filled with
131 IMP solution every 2 mo and the nearest value for each study
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FIGURE 3. The time-activity curves of
the MCA teritory. The values were normal-
ized by the average accumulation of the
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second and third frames, from which the first
mean CBF was calculated. In the ninth
frame, the period just before the second in-
[ jection, the relative counts of the brain in the
studies with acetazolamide injection;
C-Group (172.7 + 14.4) and S-Group (af-
fected side: 173.1 + 16.6, nonaffected side:
176.8 + 17.9), were significantly higher than
those without acetazolamide injection;
R-group (150.6 + 12.3) and P-group (144.7
+ 11.0). However, there was no difference
/ between affected and nonaffected sides of

brain accumulation after about 10 min, but
the relative distribution of '2|-IMP was kept
constant in some degrees. The slopes of the
brain activity curve between the eighth and
ninth frames were 1.052 + 0.026, 1.042 +
0.033, 1.046 + 0.033, 1.037 + 0.026 and

* : Cvs. P (p<0.01)

(Sheffe's multiple comparision after ANOVA )

frame (= 166 sec )

+ :Avs. P (p<0.01), C and NA vs. P and R (p<0.01)
4 :A.NAandCvs.PandR (p<0.01) § :A,NAandC vs. P and R(p<0.01), P vs. R (p<0.01)

0 1 12 1.025 + 0.009 in C-Grroup, affected side of

S-Group, nonaffected side of S-Group,

C-Group, P: P-Group, A: affected slde of
S-Group, NA: nonaffected side of S-Group,
and R: R-Group.

was applied for rCBF calculation. In a further investigation, quan-
titative analysis was made using rCBF1 and rCBF2. Because the
spatial resolution of rCBFGP was different from those of other
images, quantitative comparison would be difficult.

ROIs were drawn on thalamo-basal transaxial images from
obtained quantitative images including almost the whole MCA
territories, and mean counts of these ROIs were determined. ROI
size was varied from 237 to 300 pixels. To evaluate regional
reproducibility, the mean CBF in a 96 square ROI (12 mm x 12
mm), which covered almost the whole brain, as calculated in one
patient in the R-Group. Student’s paired t-test was employed to
compare the repeated measured data. Nonparametric compari-
sons of measured data of more than three groups were made by
Friedman’s analysis of variance (ANOVA). Then Scheffé’s mul-
tiple comparison test was applied to examine the relation between
variables. Values are expressed as mean * s.d.

RESULTS

Preliminary Study to Determine Parameters of
Regression Line

The mean calculated values of F11 and F12 were 9.992 +
0.309 and 10.393 * 0.455, respectively, thus mF11 and
mF12 were determined as 9.992 and 10.393. Compared
with observed values, the error of the summation of I11
and I12 estimated by the regression equation was —2.16 ~
1.66% (0.16 + 0.18%).

Effect of Acetazolamide on Time-Activity Curve of the
Brain

Figure 3 shows the time course of the brain activity of all
groups. The injection of acetazolamide caused a significant
elevation of the latter portion of the brain activity. How-
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ever, there were no significant differences among the
slopes just before the second '2I-IMP injection of five
groups, P-Group, R-Group, C-Group, affected side (A-
side) of S-group and nonaffected side (NA-side) of
S-Group. These results suggest that the effect of
acetazolamide injection on the distribution of '2I-IMP is
negligible and the regression line obtained from the study
without acetazolamide injection can be applied in the study
with acetazolamide injection.

Reproducibility

The mean first and second rCBF values in the MCA
territory, (CBF1 and CBF2) were 32.5 ~ 65.0 (ml/100 ml/
min) (47.0 + 8.4) and 33.3 ~ 60.4 (45.2 + 8.2), respectively.
The ratio of mean rCBF (second-to-first) was 0.867 ~ 1.136
(0.964 + 0.068), and a good correlation was found between
CBF1 and CBF2, CBF2 = 0.900+CBF1 + 2.9 (R = 0.915)
(Fig. 4). Furthermore, a good reproducibility of rCBF was
found (Figs. 5 and 6). These results indicate excellent re-
producibility of this method.

Acetazolamide Stress Test

There were no significant differences among the resting
mean rCBF in the MCA territories of the affected side
(A-side) of the S-Group, the nonaffected side (NA-side) of
the S-Group and the C-Group. The increase of mean rCBF
by acetazolamide was lower in the A-side of the S-Group
than those in the NA-side of the S-Group or C-Group, with
significant differences (Fig. 7, Table 2). The partial pres-
sure of carbon dioxide (PaCO,) was increased significantly
in the second study. This difference in PaCO, might influ-
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FIGURE 4. Reproducibility of *CBF measured by split dose '23I-
IMP SPECT. The values of mean rCBF (CBF1 and CBF2) were
calculated in 8-mm thick slice including the thalami-basal ganglia.

ence CBF values, however, we did not apply correction
factors because patients with CVD might have reduced
vasoreactivity to PaCO, in varying degrees and the effect
of PaCO, changes on rCBF in the vasodilated state by
acetazolamide could not be assessed. Figure 8, shows rep-
resentative SPECT images from the S-Group.

DISCUSSION

Sequential quantitative measurement of rCBF is useful
for investigation of the pathophysiology of CVD. This
method requires '*O-water injection for PET (1,21), **Xe
inhalation for SPECT (4, 5,22), or cold xenon CT (23-24).
However, PET involves much cost and manpower and

ZHD SPECT

» SPECT BY LEGP

FIGURE 5. The representative SPECT images of R-group are
shown of a 56-yr-old male suffering from an embolic infarction in the
left parietal lesion. The two perfusion images under resting state
showed good reproducibility of this method. LEGP = low-energy,
general-purpose collimator (spatial resolution = 13.0 mm FWHM).
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FIGURE 6. The regional CBF values of the same patients in
Figure 5. The average CBF values in 96 square ROIs (12 mm x 12
mm) were calculated.

133X e inhalation requires special equipment. Therefore, we
developed the split dose 'ZI-IMP method which enables
repeated quantitative measurements of rCBF using SPECT
with a well-delivered tracer.

For the subtraction of the first remaining activity, the
estimation of the brain activity of 'ZI-IMP was indispens-
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FIGURE 7. The mean rCBF of the MCA territories of C-Group
and S-Group patients. There was no significant difference among
resting mean rCBF values of affected side (A-side) and nonaffected
side (NA-side) of the S-Group and C-Group (Scheffe’s multiple com-
parison after ANOVA).* Significantly higher than mean rCBF in rest-
ing state (p < 0.01, paired t-test). TSignificantly lower than mean
rCBF of C-Group in acetazolamide (Diamox stressed state (p <
0.01, Scheffe’s multiple comparison after ANOVA).
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TABLE 2
Regional Cerebral Blood Flow Responses of MCA Territories to a 1-g Acetazolamide (Diamox®) Injection

C-Group S-Group
(n=10) (n=11)
PaCO, (mmHg) Resting 394+18 370+22
Diamox 419 +26* 37.7+16
Sides of MCA territory
Bilateral NA-side A-side
(n = 20) n=11) n=11)
Mean rCBF (ml/min/100ml) Resting 419+66 41048 368 +44
Diamox 625 + 10.5* 589 + 4.9* 47.2 + 8.4*
% increase of mean rCBF (%) 49.7 = 170 445 + 123 27.7 = 140"

*Significantly higher versus resting (p < 0.01, paired t-test).

1Significantly lower versus C-group and NA-side (p < 0.01, Scheffé’'s multiple comparison after ANOVA). Values are expressed as mean + s.d.
A-side = affected side of S-Group; NA-side = nonaffected side of S-Group.

able. The second injection was performed 24 min 54 sec
after the first injection. At this time, the time-activity
curves of the brain and artery had become relatively stable,
and estimation of the latter portion of the curve was easy to
perform. The preliminary study of time curves of brain
activity in mild CVD cases suggested that the maximum
error of the estimation was <3%. Considering about a
twofold higher accumulation due to the second 'ZI-IMP
injection compared with remaining activity of the first in-
jection, the error of the estimation of the second CBF
calculation caused by this regression line would be negli-
gible. The total errors of estimation became almost equal
between the first and second CBF measurements (6). In
two consecutive resting measurements, the variation of
mean rCBF was about 6%, which was almost equivalent to
the values with *Xe SPECT study (4,25) or PET study
(26). The second mean rCBF was decreased slightly com-
pared with the first mean rCBF, which might be caused by
habituation of the patients (27). The good reproducibility of
our method was due to the timing and the dose ratio of the
two tracer injections.

To measure the cerebral activity curve, a relatively
lower resolution collimator must be used. As a result, the
spatial resolution of the first rCBF images was relatively
poor, being almost equal to that of '**Xe inhalation
SPECT, but high-resolution rCBF images were obtained in
the second study. Thus, more information could be ob-
tained compared with the '**Xe method, especially about
the deep structures in the brain, which are difficult to
evaluate using low-energy radioisotopes such as '**Xe.

The mean rCBF values increased 49.7% in the MCA
territory without stenotic lesions by 1 g of acetazolamide
injection, and only 27.7% in that with severe stenotic le-
sions in the ICA system, which agrees with most previous
reports (4,9,14,21). There was no significant difference be-
tween the increase of mean rCBF in the nonaffected side of
S-Group and those of normal controls. However, some
authors reported reduced vasoreactivity in the contralat-
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eral of the affected side (4,6). In our study, the patients in
the S-Group were younger than the controls. If younger
controls were employed by our study, an increased ration
by acetazolamide would become greater than that in the
present study. The increase in accumulation of *™Tc-hex-
amethylpropyleneamine oxime (HMPAO) by 1 g of ac-
etazolamide is reported to be less than expected. In our
previous study (6), only about a 10% increase of
#mTc-HMPAO accumulation was observed by 5% carbon
dioxide gas inhalation, which was expected to induce al-
most the same increase in CBF as 1.0 g of acetazolamide.
This was considered due to the fact that the *™Tc-HM-
PAO retention did not increase linearly with perfusion,
especially at high flow rates (6,28-30). The greater in-
crease in our study (49.7%) demonstrated a good linearity
with 'PL-IMP as the CBF tracer. To obtain sufficient
counts for the first rCBF images, integral images of the
second to ninth frame data were used. Considering the
latent time for the appearance of the effects, acetazolamide
must be injected in this period. Thus the distribution of the
first images was influenced by acetazolamide injection to
some degree. Since there were no significant differences
between the time-activity curves of the affected side and
nonaffected side of the S-Group, in which mean rCBF
values differed from each other significantly, the effect of
acetazolamide on 'I-IMP distribution can be assumed to
be insignificant. To fully validate this method, the brain-
activity curve of a single injection of '*I-IMP with acetazo-
lamide must be done. However, as there was no difference
between the slopes of time-activity curves with and with-
out acetazolamide in the period just before the second
injection, the influence of acetazolamide was thought to be
small to negligible in the CVD patients. In addition, the
results of the acetazolamide stress test in patients with an
occlusive lesion in the unilateral ICA system showed good
agreement with those from other modalities. Therefore, we
believe that the effects of acetazolamide can be ignored in
clinical use. Moreover, our method is applicable to other
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FIGURE 8. Representative patient from the S-group, a 58-yr-old
male with common carotid artery (CCA) occlusion. He had suffered
from transient ischemic attacks with right hemiparalysis. Angiogra-
phy revealed left CCA occlusion and there was no low-density area
in CT images. The preoperative SPECT images (A) demonstrated
low perfusion and decreased vasoresponse to acetazolamide
(Diamox in the affected left middlie cerebral artery area. On the basis
of these results, his clinical symptoms were thought to be caused by
hemodynamic events induced by left CCA occlusion and revascu-
larization, left subclavian-CCA anastomosis was performed. After
bypass surgery, improved perfusion reserve could be seen on rCBF
images (B) and his clinical symptom had disappeared. LEGP =

low-energy, general-purpose collimator (spatial resolution = 13.0
mm in FWHM).

activation studies which had no more effect on '*I-IMP
kinetics than the acetazolamide injection.

In acute CVD patients with drastic perfusion changes,
especially those involving reperfusion by thrombolysis,
1Z1.IMP kinetics will be changed extensively, and perfu-
sion estimation will become impossible. When these ab-
normal states are involved, the methodological limitation
of measuring rCBF must be considered in almost all meth-
ods. This is also a drawback to the split dose method. If the
clinician suspects such an abnormal condition in the lesion,
the time-activity curve of the region will be helpful in
analyzing the pathophysiology.

We can also use the split dose 'ZI-IMP method without
arterial sampling. Although it was impossible to get abso-
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lute CBF values, two perfusion images under different
conditions, resting and vasodilated, can be obtained in a
short time. Devous et al. (31) recently reported on
dual-tracer method to assess vasoreactivity to acetazo-
lamide using *™Tc-HMPAO and 'ZI-IMP or '®I-N,N,N'-
trimethyl- N'- [2-hydroxyl-3-methyl-5-iodobenzyl]-1,3-pro-
panediamine. The spatial resolution of the two images
obtained by their method is superior to that of images
obtained by our method. However, in semiquantitative
analysis (e.g., using right-to-left ratio), the different linear-
ity of two tracers is somewhat of a drawback. Our sequen-
tial r*CBF method was more useful in such cases even
without arterial sampling.

CONCLUSION

In this study, we evaluated the reproducibility and the
usefulness of the split dose 'ZI-IMP SPECT method to
assess vascular reserve using acetazolamide. The results
demonstrated good reproducibility and agreed with previ-
ous reports on CVD patients. Our method will be very
useful in the investigation of the hemodynamics of CVD
patients and will be applicable to other pharmacological
interventions affecting cerebral circulation.
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