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One-Day Protocol for Cerebral Perfusion Reserve
with Acetazolamide
Naoya Hattori, Yoshiharu Yonekura, Fumiko Tanaka, Torii Fujita, Jinyi Wang, Koichi Ishizu, Hidehiko Okazawa,
Nagara Tamaki and Junji Konishi
Department of Nuclear Medicine, Kyoto University, Faculty of Medicine, Kyoto; and Biomedicai Imaging Research Center,
Fukui Medical School, Fukui, Japan

A one-day protocol with a double injection of 99mTc-ECD was

introduced for the assessment of cerebral perfusion reserve with
acetazolamide (ACZ). The purpose of this study was to investigate
the feasibility and effectiveness of this protocol. Methods: Thirty
subjects were given double injections of ""Tc-ECD (first dose 370

MBq; second dose 740 MBq) for consecutive brain perfusion
studies. Serial dynamic SPECT scans (1 min x 50 frames) were
performed with the first set of SPECT data obtained by totaling the
data for the frames taken between 5 and 20 min, and the second by
subtracting the decay and dose-corrected initial SPECT data from
the sum of the data obtained between 35 and 50 min. To evaluate
the feasibility and effectiveness of the procedure, 23 of the 30
subjects were injected with ACZ 14 min after the first dose. To
evaluate the reproducibility, seven subjects were not given the ACZ.
The washout rate (WR) was calculated for three stages (WR1 = from
6 to 14 min, WR2 = from 20 to 28 min, and WR3 = from 36 to 44
min). Regional count increase (percent increase) and the percent
count difference between normal and affected side (percent differ
ence) were also calculated. Results: Values for WR1, WR2 and WR3
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did not show significant differences among the stages (WR1 =
-1.43% Â±6.09%, WR2 = -0.65% Â±6.57%, and WR3 = -1.60%
Â±4.28%; F-value = 0.33, p-value = 0.72). Reproducibility was
excellent (second SPECT = 0.964 x first SPECT; r = 0.997). Mean
count increase after ACZ was 21.7%. In patients with unilateral
cerebrovascular disease, the percent increase after ACZ loading
was significantly greater on the normal side (26.6% Â±13.0%) than
on the affected side (19.3% Â±13.2%) (p < 0.01), resulting in a
significant increase in percent difference (control: 14.3% Â±10.7%,
ACZ: 19.2% Â±11.5%; p < 0.01). Conclusion: ECD washout was
minimal during the first 50 min after injection and was not affected
by ACZ, which supports the feasibility of this protocol. The simple
procedure and short acquisition time of this method renders it
clinically useful for measuring cerebral perfusion reserve.
Key Words: acetazolamide; technetium-99m-ECD; double-injec
tion protocol; cerebral perfusion reserve

J NucÃMed 1996; 37:2057-2061

Assessment of cerebral perfusion reserve in patients with an
occlusive disease of the major cerebral arteries is important for
the evaluation of hemodynamic compromise and candidate
selection for revascularization surgery (1-6). Carbon dioxide or
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WR3 = washout rate of 36-44 min.

acetazolamide (ACZ) used for testing cerebral vasodilatation
capacity can also demonstrate cerebral perfusion reserve in
forms of an increase in regional cerebral blood flow (rCBF)
(7,8). For this reason, various cerebral perfusion agents have
been utilized in combination with ACZ. Xenon-133 and
[I23I]IMP were found to exert superior linearity on rCBF, and

found to be sensitive enough to show a 30%-70% increase of
rCBF in combination with 1000 mg of ACZ in normal subjects
and in the unaffected hemisphere of unilateral occlusive disease
(9,10), however, limited availability of [I23I] IMP and poor
spatial resolution of mXe restrict their clinical use. Although
99mTc-hexamethylpropyleneamine (99mTc-HMPAO) has been

widely used in clinical practice, ACZ loading has not been
successful because of the nonlinear relationship between rCBF
and regional tracer uptake, as well as poor image quality due to
relatively high soft-tissue activities (2,11).

Technetium-99m-ethyl cysteinate dimer (ECD) provides ex
cellent brain perfusion images with reduced soft tissue accu
mulation ( 12,13). The uptake of Tc-ECD shows significant
correlation with regional cerebral blood flow (14) and the
lesion-to-nonaffected-cortices ratio is better than for HMPAO.
Moreover, the superior image quality makes it easy to interpret
(12). This perfusion agent is also quite stable; in fact, the
distribution of "'"Tc-ECD did not change during a 16-hr period

after injection in animals (75-77). It is also reported to be stable
in human brain for the variety of rCBFs (72). If this character
istic can be maintained for 50 min and the washout rate is the
same for control and under ACZ activation, consecutive brain
perfusion studies performed before and after ACZ administra
tion may accurately indicate the rCBF under both conditions by
calculating the values for the ACZ loaded image. This calcula
tion is done by simply subtracting the decay corrected control
data from the data obtained after ACZ injection. The purpose of
this study was to assess the feasibility of this method by
measuring the washout rate and to evaluate its effectiveness for
assessing cerebral perfusion reserve.

MATERIALS AND METHODS

Subjects
The study population consisted of 30 clinically symptomatic

patients with suspected cerebrovascular disease. Further study
revealed cerebrovascular disease in 19 patients, including unilateral

and bilateral stenotic disorder in major cerebral arteries (CVD),
arteriovenous fistula and cerebral aneurysm, which were all con
firmed by angiography. Noninvasive studies such as SPECT, CT
and MRI showed no abnormalities for the remaining 11 patients.
To evaluate the feasibility and the effectiveness of the one-day
WmTc-ECD protocol, 23 patients (13 men and 10 women, age

47.0 Â± 17.3 yr) underwent this protocol combined with ACZ
administration at 14 min after injection (protocol A). This popula
tion included 12 patients (eight men, four women) with unilateral
CVD (age 42.6 Â±19.6). To evaluate the reproducibility of the
regional counts without ACZ, seven patients consisting of two men
and five women (Group B: age 51.0 Â± 19.8) underwent the
one-day protocol without ACZ (protocol B).

SPECT Acquisition and Data Reconstruction
Serial dynamic SPECT scans ( I min X 50 frames) were obtained

with a triple-head gamma camera system equipped with low-
energy, high-resolution, fan-beam collimators. Two doses of
99mTc-ECD (first: approx. 370 MBq, second: approx. 740 MBq)

were administered at the onset and at 30 min. In protocol A, ACZ
(1000 mg) was given intravenously at 14 min (Fig. 1). Control
SPECT data were obtained by totalling the data for the frames
between 5 min and 20 min (first data) while the second set of
SPECT data was calculated by subtraction of the first SPECT data,
after decay and dose correction from the sum of the data obtained
between 35 and 50 min. All data were prefiltered with a Butter-
worth filter (cutoff frequency of 0.4 cycle/pixel, power factor 4.0)
followed by reconstruction using a filtered backprojection algo
rithm with a ramp filter, and display on a 64 X 64 matrix. The pixel
size was 3.4 X 3.4 mm, and the slice thickness was 7.1 mm.
Attenuation correction with Chang's method was performed for

each slice with a uniform attenuation coefficient of 0.09/cm, which
was determined by the uniform cylindrical phantom in 16 cm
diameter in order to obtain the uniform activity.

Data Analysis
To locate regions of interest (ROIs), a standard slice at the lateral

ventricular level was selected from the transverse image set. A pair
of ROIs were then manually located on the slice to include both
right and left cerebral cortices for every patient. In protocol A, 12
ROIs were placed over the affected cortices. To calculate the
washout rate, the regional counts of every frame was decay
corrected. The washout rate (WR) was calculated for three stages
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FIGURE 2. Changes of washout rate before (WR1) and after ACZ loading
(WR2, WR3). There were no significant changes among three stages. WR1 =
washout rate of 6-14 min, WR2 = washout rate of 20-28 min, WR3 =
washout rate of 36-44 min.

(WR1 = from 6 to 14 min, WR2 = from 20 to 28 min, and WR3 =
from 36 to 44 min) (Fig. 1) to analyze the WR under control
conditions, under ACZ activation, and under activation after the
second injection. Thus, the following formulas were used:

WR1 =
(counts at 6 min â€”counts at 14 min)

counts at 6 min
X 100(%);

Eq. 18

(counts at 20 min â€”counts at 28 min)
WR2 = - -â€”â€” - X

counts at 20 mm
Eq. 19

WR3 =
(counts at 36 min â€”counts at 44 min)

counts at 36 min
X 100(%).

Eq. 20

To compare the differences in regional count increases, under ACZ
activation on the normal and affected side of unilateral CVD in
protocol A, and to calculate the reproducibility of the regional
counts without ACZ in protocol B, dose corrected regional counts
for the first set of data (Ct 1 = first counts/first dose) and the second
set (Ct2 = second counts/second dose) were compared.

In patients with unilateral CVD, the regional count increase after
normalization of the injected dose (% increase. Fig. 1), and the
percent count difference between normal and affected sides (%
difference) were also calculated as follows:

TABLE 1
Washout Rate Summary

Patients with unilateral CVD
_ Significance of
Normal side Affected side difference All subjects

Stages (12 ROIs) (12ROIs) (t-value/p-value) Overall (46 ROIs)

WR1WR2WR3-3.77-0.43-1.05Â±4.74Â±5.22Â±2.310.14-2.38-1.76Â±5.24Â±7.53Â±5.40n.s.(-1.88/0.09)n.s.(0.69/0.50)n.s.(0.38/0.71)-1.43-0.65-1.60Â±6.09Â±6.57Â±4.28

Data are expressed as mean Â±s.d. (%/hr). n.s. = not significant.

Difference between normal side and affected side were analyzed using
paired t-test.
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FIGURE 3. Dose-corrected regional counts of first data (Ct1 = first counts/
first dose) and second data (Ct2 - second counts/second dose) were
compared. Without ACZ, the reproducibility was excellent (Ct2 = 0.964 x
Ct1, r = 0.997). Dotted line: line of identity.

%increase =
(Ct2 - Ctl)

Ctl
X I()<)(%); Eq. 21

%difference

(counts on the normal side â€”counts on the affected side)

counts on the normal side

X 100(%). Eq. 22

Statistical Analysis
Data were expressed as mean Â±s.d. Changes in the WR for the

three stages were analyzed by ANOVA with repeated measure
ments. Regression analysis was performed to compare the regional
counts of the first and the second set of data. Differences in the WR
and percent increase between the normal and affected side, and
changes in the percent difference after ACZ loading were analyzed

FIGURE 4. Top: Images from a subject in protocol B to demonstrate the
reproducibility. Representative slices of the first (left) and second (right)
SPECT images showed almost identical cerebral perfusion images. Bottom:
Images from a subject in protocol A to demonstrate the difference of percent
increase between the normal and affected sides. ACZ activation SPECT
(right) showed reduced cerebral perfusion reserve in the right side (percent
increase: 15.1% in the right, 22.9% in the left) compared with a SPECT
image of control condition (left).
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FIGURE 5. Left: Difference of percent
increase after ACZ loading. Percent in
crease of the normal sides was signifi
cantly larger than that of the affected
sides (p < 0.01). Right: %difference be
tween the normal and the affected sides
before and after ACZ loading. The %dif-

ference significantly increased after ACZ
loading (p < 0.01).

with the paired t-test. The difference was considered to be
significant if the p value was less than 5% (p < 0.05).

RESULTS

Washout Rate
In protocol A, a total of 46 ROIs were analyzed. The washout

rate of 99mTc- ECD from 6 to 14 min (WR1) was -1.43 Â±
6.09%, from 20 to 28 min (WR2) was -0.65 Â±6.57%, and
from 36 to 44 min (WR3) was -1.60 Â±4.28%. Although WR1

and WR3 were lower than WR2 (Fig. 2), the difference was not
significant (F-value = 0.33, p-value = 0.72) (Table 1). For 12
patients with unilateral CVD, a comparison of the difference in
washout rate between normal and affected side showed no
significant difference between the two sides for any stage
(t-value/p-value were -1.88/0.09 in WR1, 0.69/0.50 in WR2

and 0.38/0.71 in WR3) (Table 1).

Reproducibility
In protocol B, a total of 14 ROIs were studied. The repro-

ducibility of the dose corrected first regional counts (Ctl) and
the second regional counts (Ct2) was excellent (Ct2 = 0.964 X
Ctl, r = 0.997). Only 3.6% of the regional counts was
underestimated for the second set of data (Figs. 3, 4).

Effect of ACZ
The mean regional count increase after ACZ administration

in patients with unilateral CVD (24 ROIs) showed a 21.7% of
count increase after ACZ administration (Ct2 = 1.217 X Ctl).

To evaluate the effectiveness of this protocol, the percent
increase between the normal and affected side and the percent
difference before and after ACZ injection were calculated for
this group (12 ROIs on the normal side versus 12 ROIs on the
affected side). The percent increase after ACZ loading was
significantly greater on the normal side (26.6% Â±13.0%) than
on the affected side (19.3% Â± 13.2%) (t-value = 3.71/
p-value < 0.01), resulting in a significant increase in percent
difference between the normal and the affected side (control:
14.3 Â± 10.7%, loading: 19.2 Â± 11.5%; t-value = -3.69/
p-value < 0.01) (Figs. 4, 5).

DISCUSSION
In present study, the WR of 99mTc-ECD was minimal during

the initial 50-min period and was not affected by ACZ, while
reproducibility of the first and second sets of data was excellent
for this one-day protocol, thus, demonstrating the feasibility of
this method. It also verifies the validity of quantitative assess
ment of perfusion reserve with this protocol, by showing a
significant difference in count increase after ACZ loading

between the normal and affected side. The data also serve to
validate visual assessment of reduced perfusion reserve by this
method because the percent difference increased after ACZ
loading.

Feasibility of One-Day Protocol
The basic purpose of the one-day protocol is to perform

consecutive brain perfusion studies before and after ACZ
administration, and achieved by calculating the ACZ loading
image through simply subtracting the decay-corrected control
data from the data obtained after ACZ injection, and by
assuming that there is no washout of the radiotracer from the
brain. Therefore, validation of this method requires the follow
ing conditions: (a) WR of 99mTc-ECD should be neglectable,

even after the increase in the cerebral blood flow due to ACZ
administration (WR2 = 0); and (b) washout of control data and
second data should be almost equal (WR1 = WR3).

WR1 (6-14 min) represents the washout rate for rCBF under

control conditions, because ACZ was injected at 14 min. WR2
is considered to represent the WR of the first dose during the
activation, because CBF increases approximately 5 min after
ACZ injection, and the effect lasts more than 40 min (9,18).
Finally, WR3 represents the total washout of the first and
second tissue counts.

Our results showed no significant differences among
WR1,WR2 and WR3. WR2 was negligible (-0.65%), and
smaller than that reported in several previous studies (72-
15,19). There is, however, agreement in that there was almost
no washout of 99mTc-ECD from the brain. The excellent

reproducibility of the regional counts without ACZ administra
tion also supports the feasibility of this method. The second
regional counts was underestimated by only 3.6%, which is
almost same as the value reported for HMPAO (20).

Advantages and Disadvantages of Technetium-99m-ECD
One-Day Protocol

Use of protocol with 99mTc-ECD resulted in a percentage

increase after ACZ administration of 26.6% Â± 13.0% on the
normal and 19.3% Â±13.2% on the affected sides. The contrast
between the two sides (percent difference) increased from
14.3% Â±10.7% to 19.2% Â±11.5%. This percent increase was
smaller than the values reported for 133Xe(9) or [123I]IMP (70),

but larger than that for HMPAO (20).
The major disadvantage of using 99mTc-ECD is that it leads

to underestimation of the increase in rCBF. As we proved in this
study, 99mTc-ECD washout from the brain was minimal; there

fore, the underestimation is probably caused by the nonlinear
relationship between 99mTc-ECD uptake and regional CBF due
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to the limited extraction of 99mTc-ECD (below 70%) (27,22).

Some sort of correction may thus be required to obtain the true
increase in regional CBF. Iodine-123-IMP, however, is incon
venient for routine studies because of its limited commercial
supply. Moreover, this tracer redistributes over time in conju
gation with the flow dependent washout from the brain, which
is not ideal for an ACZ loading study (23,24). Xenon-133
requires special equipment for SPECT measurement, and its
poor spatial resolution restricts the detailed assessment of
regional CBF changes. Compared with HMPAO, ECD showed
a greater percent increase suggesting less underestimation of
rCBF. HMPAO yields greater extraction than 99mTc-ECD, but

initial backdiffusion is prominent, resulting in a smaller percent
increase in the tissue counts (25).

As we and other authors have reported, 99mTc-ECD distribu

tion is stable over time, and its washout is independent from
rCBF (12,15,17). This is an important characteristic for assess
ing rCBF changes before and after ACZ administration. It
should also be noted that the image quality of 99mTc-ECD is

excellent, because of less background accumulation, thus mak
ing the image easier to interpret (12,13,15).

Future Implications
The ultimate goal of this study is to establish the ultra-short

one-day protocol. For this purpose it is possible to omit the
WR1 phase from our study design. By taking the first (control)
and second (control + loading) scans at intervals of 15 min and
injecting ACZ at 5 min, the control and loading images could be
obtained in only 35 min. The scanning time may also be
shortened, depending on the facilities, so that it may be possible
to complete the one-day protocol within 35 min.

This method is also applicable to activation studies other than
for ACZ loading. One major advantage of the one-day protocol
is the ease of patient positioning, because the short scanning
time makes it easier for the patients to stay in bed without
moving during the study. The activated area is visualized by
simply subtracting data for the first scan from those for the
second scan after dose and decay correction.

CONCLUSION
Double injection of 99mTc-ECD and the subtraction method

was validated by examining the washout rate during a 50-min
period. The WR of 99mTc-ECD was minimal during this period

and CBF did not increase as a result of ACZ administration.
With its superior image quality and ease of imaging protocol,
this method should be clinically useful for various activation
studies using SPECT.
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