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To estimate regional cerebral blood flow (rCBF) and brain-
blood partition coefficient (A) using a dynamic measurement,
a new graphic plot analysis is proposed. By assuming a
two-compartment model for tracer kinetics, we derived the
linear relationship as Y(t) = K, — k, X(t), where Y(t) is the
ratio of brain tissue activity-to-time-integrated arterial blood
activity and X(t) is the ratio of time-integrated brain tissue
activity-to-time-integrated arterial blood activity. A plot of Y(t)
against X(t) yields a straight line and the y- and x-intercept of
the regression line represent rCBF (K,) and A, respectively.
The slope is a washout constant (—k,). This method was
applied to 14 subjects with N-isopropyl-p-iodine-123 iodoam-
phetamine (['21]IMP). The mean values of K, and A for
normal subjects were 41.3 + 6.7 mi/100 g/min and 29.6 *
6.5 ml/g, respectively, in the gray matter. A comparative
study with positron emission tomography (PET) using an
H,'0 autoradiographic method revealed good correlation
between IMP K, and PET rCBF [r = 0.822; K, = 0.842 rCBF
+ 0.030 (mi/g/min)]. The values of K, using the graphical
method were in excellent agreement with those using a non-
linear least-squares fitting technique (r = 0.992 for K;; r =
0.941 for A). The estimated K, values in the graphical method
were not changed when scanning times were varied. We
conclude that a two-compartment model is acceptable for
IMP kinetics within a scan time of 60 min. The graphical
method gives a reliable and rapid estimation of rCBF when
applied to dynamic data.
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N -isopropyl-p-iodine-123-iodoamphetamine (['ZI]JIMP)
(1) can be used to quantify rCBF using single-photon emis-
sion computed tomography (SPECT) (2-5). Kuhl et al. (2)
estimated rCBF with a microsphere model neglecting the
washout from the brain. However, the microsphere model
underestimated rCBF with increasing scan duration be-
cause of the influence of washout (6). Greenberg et al. (5)
showed that ['ZIJIMP was a rCBF indicator from compar-
ative studies using PET and H,"°0. They used a two-com-
partment model for ['2I]IMP with a nonlinear least-squares
fitting technique.

We developed a new graphic plot method based on a
two-compartment model for rapid, simultaneous estima-
tion of rCBF and partition coefficients. The purpose of
this study is to validate the graphical method. This
method was applied to dynamic data from human studies
with ['ZI]IMP. A comparative study with PET and H,'0
was performed to validate the new graphical method. The
accuracy of the present method was compared with the
conventional nonlinear least-squares fitting technique.

THEORY

Iodine-123-IMP was assumed to be freely diffusible
from blood pool to brain tissue, and thus it was possible
to be described by a two-compartment model. This can
be written by a first-order differential equation (7):

d
L0 K, Ci(t) = kGo(t),

dt Eq. 1

where C,(t) and Cy(t) are the decay-corrected radioactiv-
ity concentration in arterial blood (4Ci/ml) and brain tis-
sue (uCi/g), respectively. K is the rCBF (ml/g/min) and
k, is the washout constant (min~') from the brain. Brain
tissue-blood partition coefficient is defined as A = K,/k,

(ml/g).
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FIGURE 1. Anillustration of the present graphic method. The

y- and x-intercept of the regression line represent K, (ml/g/min)
and A (ml/g), respectively. The slope of the line represents the
-k, (min~7).

The integration of Equation 1 gives the following equa-
tion:

GCo(t) = K J t Cy(s)ds — k, I l Cy(s)ds. Eq.2

0 0

The terms of [} C,(s)ds and [ Cy(s)ds are integral data
from O until a certain time t. By dividing both sides of
Equation 2 by [j C,(s)ds, the following linear relationship
is derived:

Y(t) = K, — kpX(1) Eq. 3
where
t
Cy(s)ds
X() == ,and Y(t) = tc"(t)
C.(s)ds C,(s)ds
0 0

The plot of Y(t) against X(t) yields a straight line with a
slope of —k, (min~!) and a y-intercept equal to K, (ml/g/
min). Therefore, the x-intercept of the line represents the
partition coefficient A (ml/g). Figure 1 illustrates the basic
idea of the graphical method. This method enables rapid
estimation of both K, and A using standard linear regres-
sion analysis.

METHODS

Subjects

IMP-SPECT studies were performed on 14 subjects: five nor-
mal subjects and nine patients with cerebrovascular disease
(CVD). Five of these underwent PET measurements with H,'*0
on the same day except for one patient, where there was a 5-day
interval.
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SPECT Measurements and Data Analysis

A dose of 6 mCi ['®IJIMP (Nihon Medi+Physics, Takara-
zuka, Japan) (*ZI produced by the [p, 5n] reaction, '?*I free) was
administered into a cubital vein over 1 min. Dynamic scans were
performed (9 scans of 2 min, 9 scans of 4 min and 1 scan of 3
min; total 57 min) after the intravenous injection and then a
delayed scan was collected at 210 min. Images were acquired
using the HEADTOME-II (8, 9) (Shimadzu Corporation, Kyoto,
Japan) with three simultaneous slices at 35-mm intervals. Im-
ages were reconstructed on a 64 x 64 matrix using filtered
backprojection with a Butterworth filter. An effective spatial
resolution at the center of field of view was 12 mm FWHM, and
the slice thickness was 17 mm. Attenuation correction was made
numerically by assuming an elliptical brain outline. The head of
the patient was parallel to the orbitomeatal line (OM line), and
the lower slice of SPECT scanner was adjusted to 7 mm above
the OM line. A headholder was used to minimize subject move-
ments.

Arterial blood was sampled from the radial artery with the
following protocol: every 15 sec for the first 90 sec, every 30 sec
for the next 6 min, and then gradually increasing the sampling
interval for a total of 25 samples. Arterial blood activity was
measured with a well-counter calibrated to the SPECT scanner.
To obtain a cross-calibration factor, a cylindrical phantom (16
cm diameter and 15 cm length) filled with '2[ solution (1 mCi)
was scanned for 10 min and then a known volume of activity
from the phantom was measured using the well-counter. This
provided the cross-calibration factor between cps/pixel from the
tomographic images and cps/ml obtained from the well-counter.
The concentration of unmetabolized IMP was determined using
an octanol extraction.

Brain tissue activity curves (counts/pixel) were obtained from
regions of interest (ROIs) on dynamic images. Actual brain
tissue concentrations were not measured as instantaneous val-
ues Cy(t), but as integrals over the duration of a single scan. To
obtain the Cy(t) (cps/pixel), the measured integral data were
normalized for the scan duration (sec). We used the normalized
C,(t) as instantaneous values at midtime t. These values were
converted to an equivalent well-counter (cps/ml) using the cal-
ibration factor. The arterial blood data C,(t) and brain tissue
data C,(t) were corrected for the physical decay of '»I (13 hr)
and were then integrated to calculate the [ C,(s)ds and [§
C,(s)ds. The integral blood data were interpolated at the respec-
tive midtime of each serial scan. The values of K, and A were
calculated according to Equation 3 using linear regression anal-
ysis. To avoid the influence of cerebral blood volume, we did
not use the first data in the linear fitting. The analysis was
accomplished on a Macintosh® SE/30 (Apple Computer, Inc.,
Cupertino, CA) using Excel® software (Microsoft Corp.).

To evaluate the accuracy of the graphical method, the values
of K, and A were compared to those by a nonlinear least-squares
fitting technique with a simple algorithm. We also estimated K,
using the microsphere model based on the operational equation:

Co(T)

K1 microsphere = P a—
I Cy(t)dt
0

where T is the scan time. The estimated K ;crosphere i identical
to Y(T) in the graphical method (Equation 3).

Eq. 4
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PET Measurements and Data Analysis

Measurements of CBF using PET and H,'°O were performed
before the SPECT studies. After the transmission scan was
carried out for 6 min to correct tissue attenuation, an intrave-
nous bolus injection of H,'*0 (0.6 mCi/body weight in kg) was
given and a 90-sec scan was obtained. Images were acquired
using the HEADTOME-IV (10, 11) (Shimadzu Corporation, Ky-
oto, Japan) with 14 tomographic images at intervals of 6.5 mm
from the continuous axial motion (Z-motion) of the gantry.
Image reconstruction was performed on a 128 x 128 matrix
using the filtered backprojection technique with a ramp function
and Butterworth filter. An effective spatial resolution was 9.0
mm FWHM, and the slice thickness was 10 mm FWHM. Total
counts in the image were 600-800 x 10° per slice. The deadtime
and radioactivity decay were corrected on-line (12,13). The pa-
tient’s head was parallel to the OM line, and the lower slice of
PET scanner was adjusted to 7 mm above the OM line.

Arterial blood radioactivity was monitored from a radial ar-
tery using a B* detector with a plastic scintillator (14). Arterial
blood was withdrawn at a rate of 5 ml/min and was sampled at
1-sec intervals. The internal dispersion of the measured arterial
blood data was corrected within 3 sec (15). The cross-calibration
between the B* detector and the PET scanner was carried out
using a well-counter after each study. Details of the blood sam-
pling system have been previously described (15, 16). The rCBF
images were calculated using the operational equation of the
table lookup method (17-19) with a A of 0.90 ml/g for water.

Definition of ROIs

ROI analyses were done by an experienced radiologist on a
graphic workstation (TITAN-750, Stardent Computer Inc., MA)
using the software package DR. VIEW (Asahi Chemical Inc.,
Tokyo, Japan). The pixel size of SPECT images (3.28 x 3.28
mm/pixel in 64 X 64 matrix) was adjusted to that of PET-rCBF
images (2.0 x 2.0 mm/pixel in 128 x 128 matrix), and then the
PET-rCBF images were manually moved to adjust the position
of SPECT images. Elliptical ROIs (16 mm in short-axis, 32-64
mm in longaxis) were defined on the PET-rCBF images as a
reference in the cerebellum, temporal cortex, frontal cortex and
parietal cortex in each of the two hemispheres. Selected slices
were OM +7.0 mm (cerebellum), +42.0 mm (temporal and
frontal cortex) and +77.0 mm (parietal cortex) in SPECT. Cor-
responding slices were OM +7.0, +39.5 and +78.5 mm in PET.
Time-activity curves of IMP-SPECT data were generated from
the ROIs and were transferred to the Macintosh to estimate the
values of K, and A using the graphical method.

Computer Simulations

We evaluated the effect of tissue heterogeneity (20) caused by
limited spatial resolution using a computer simulation. Hetero-
geneous tissue curves were generated as a mixture of the two
components for gray matter (K, = 80 ml/100 g/min, A = 30 ml/g)
and white matter (K; = 20 ml/100 g/min, A = 30 ml/g). The
simulation was performed for two cases: where the fraction of
gray matter was varied from 0 to 100% with the scan duration of
60 min and where the scan duration was varied from 0 to 210 min
with the 50% gray matter fraction.

In the simulations, the arterial input curve used was derived
from typical data acquired from a human study and the brain
tissue curves were generated by the numerical solution of the
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FIGURE 2. Corresponding IMP-SPECT and PET images in a
patient with CVD (P7 in Table 1). The dynamic IMP images were
measured from 10-12 min, 22-26 min and 46-50 min after
intravenous injection of IMP. The PET-rCBF images were cal-
culated using an H,'SO autoradiographic method. Selected
slices were OM+7.0, +42.0, and +77.0 mm in SPECT, and
OM+7.0, +39.5 and +78.5 mm in PET.

differential equation using a fourth-order Runge-Kutta proce-
dure with a time step of 15 sec.

RESULTS

Graphic Plot Analyses

Figure 2 shows the corresponding IMP-SPECT and
H,'5O-PET images in a patient with CVD. Figure 3 shows
the time course of the measured arterial blood and brain
tissue activity in the same subject. Figure 4 illustrates the
scatter plots of Y(t) against X(t) according to Equation 3.
The y- and x-intercept of the regression line provide the
rCBF K, (ml/g/min) and A (ml/g), respectively, and the
slope represents the —k, (min~"'). The delayed scan data
were slightly larger than the predicted values from the
regression line.

Table 1 shows the values of K, in normal subjects
(N1-N5) and patients (P1-P9) using IMP-SPECT. The
mean values of K; were 41.3 + 6.7 and 32.4 = 9.7 ml/100
g/min in the normal subjects (n = 5) and patients (n = 9),
respectively. As for A, the mean values were 29.6 * 6.5
and 30.5 = 10.5 ml/g and the values for the correlation
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FIGURE 3. Time course of activity in whole arterial blood (O)
and metabolite-corrected blood (A) following an intravenous in-
jection of ['231]IMP in the same subject in Figure 2. Brain tissue
activity curve on the right temporal cortex (@) is also shown. All
measurements were corrected for physical decay of '3,

coefficient between X(t) and Y(t) were —0.924 + 0.062
and —0.882 = 0.108 in the normal subjects and patients,
respectively. The estimated rCBF values by H,'°O auto-
radiographic method are also shown in Table 1 (NS, P6-
P9).

Correlation Between SPECT and PET

Figure S shows a comparison of the values of K, using
IMP-SPECT with the graphical method and the values of
rCBF by H,'°O autoradiographic method. The correla-
tion between K, and rCBF was K, = 0.842 rCBF - 0.030
(ml/g/min), (r = 0.822). A significant correlation was ob-
served, but the mean K, was slightly lower than the mean
rCBF.

Comparison Estimates Using the Graphical Method
and Nonlinear Fitting Technique

Figure 6 shows that the values of K; and A obtained
using the graphical method were in excellent agreement
with those using nonlinear least-squares fitting technique.
The correlation in K, and A between the two methods in
overall regions (112 ROIs) were K g aphical methoa = 0-996
K| fiuing = 0.0003 (ml/g/min), (r = 0.992); Agrapnical method =
0.978 Agiying — 0.103 (ml/g), (r = 0.941). The graphical
method was computationally faster than the nonlinear
least-squares fitting technique. The graphical method re-
quired only a few seconds for application of time-activity
data on the Macintosh using Excel, whereas the fitting
technique required 20-30 sec on the Macintosh using the
C language program.

Time Dependency of K, with the Graphical Method
and the Microsphere Method

Figure 7 shows the time dependency of K, with IMP-
SPECT using the graphical method and microsphere
method in all subjects. The estimated values of K, using
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FIGURE 4. Typical plots using graphic analysis in (A) the right
temporal cortex and (B) the cerebellum from the same subject in
Figure 2. The y- and x-intercept of the regression line represent
cerebral blood flow K, and partition coefficient A (= K,/k,), re-
spectively. The slope of the line represents —k,. The linear
regression analyses were performed using dynamic data ob-
tained from 2 to 57 min (®). The delayed scan data measured at
210 min (O) were also plotted.

the graphical method were almost constant in all ROlISs,
whereas those using the microsphere model were de-
creased with an increase in scanning time. The estimated
values of K, using the microsphere model were about
13% lower than those using the graphical method at a
scan time of 10 min.

Computer Simulation Results

Figure 8 shows the errors in K, k, and A due to tissue
heterogeneity with a varying gray matter fraction at 60
min. Tissue heterogeneity did not affect the K,, whereas
a large underestimation in A was observed. The maximum
error in A was —27.6% at a 20% gray matter fraction.
Figure 9 shows the influence of tissue heterogeneity in
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TABLE 1
Regional Cerebral Blood Flow Using the Graphical Method
with IMP-SPECT and the H,'*0 Autoradiographic Method

IMP K, H,'0 rCBF
Patient no. (mI/100 g/min) (mli/100 g/min)
N1* 39.1 —
N2 344 —
N3 46.4 —
N4 433 —
N5 43.4 49.1
mean * s.d. 413
(+6.7)
P1t 31.2 —
P2 38.7 —
P3 345 —
P4 33.2 —
PS5 376 —
P6 38.3 38.5
P7 28.7 36.4
P8 25.3 32.7
P9 24.0 19.5
mean =+ s.d. 324
(£9.7)

*N1-5: normal subjects.

TP1-9: patients with cerebrovascular disease. ROIs were defined
on the cerebellum, temporal, frontal and parietal cortex in each of the
two hemispheres.

scan times ranging from 0 to 210 min with a 50% gray
matter fraction. The regression line was calculated using
the data obtained from 0 to 60 min. Linearity between
X(t) and Y(t) was maintained up to 60-70 min; however,
it became worse with increasing scan time.

DISCUSSION

We have proposed a new strategy based on graphic
plot analysis to estimate K, and A simultaneously. The
graphical method was widely used to estimate cerebral
metabolic rate of glucose (CMRglu) using dynamic PET

0.6

y = 0.842x - 0.030
(r=0822)

K, using IMP-SPECT
(ml/g/min)

(n=40)

0.0 ” .
0.0 0.2 0.4 0.6
rCBF using O-15 water PET
(ml/g/min)

FIGURE 5. Correlation of the K, using IMP and the graphical
method with rCBF using H,'%0 autoradiographic method in five
subjects (N5 and P6-P9 in Table 1).

and ['®F]fluorodeoxyglucose (FDG), the Gjedde-Patlak
plot (21,22). In the Gjedde-Patlak plot method, the slope
of the plotted line is proportional to the CMRglu applied
to the three-compartment model (K,-k;). Logan et al. (23)
estimated the binding potential of the drug with [''C]co-
caine and an alternative graphical approach. In our
method, the y- and x-intercept of the plotted line provide
the K, and A, respectively, and the slope is the —k,
applied to the two-compartment model.

Validity of Two-Compartment Model

The scatter plot using Equation 3 should yield a
straight line when the tracer kinetics are described by the
two-compartment model. We observed a straight line in
the human studies (Fig. 3), and a significant negative
correlation between X(t) and Y(t) was obtained as r =
—0.924 + 0.062 and —0.882 + 0.108 for normal subjects
and patients, respectively. However, the delayed scan

B
A 0.6 60
Kl A .
o y =0.996x - 0.0003 > y=0.9780x9;10.103
E204] (r=0.992) | £ 4l (r=0841)
e bl .20,
5E &S S
g2 gt :
£E02| € 20|
o o
2 2
(n=112) (n=112)
0.0 " . 0 A . FIGURE 6. Comparison of K,
0.0 0.2 0.4 0.6 0 20 40 60 | and A obtained with the graphi-
Graphical method Graphical method cal method and the conven-
(mlV/g/min) (mlg) tional nonlinear least-squares
fitting technique in all subjects.
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Microsphere model
FIGURE 7. Time depen-
dency of K, with IMP using the
graphical method (A) and mi-
crosphere model (B) as means
of all subjects (n = 14). ROIs
were defined in the cerebellum
(@), temporal cortex (O), pari-
etal cortex () and frontal cor-
tex (A) in each of the two hemi-
spheres. The estimated K,
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using the microsphere model
was about 13% lower than that
using the graphical method at
10 min.

data acquired at 210 min were slightly larger compared
with the regression line from the data up to 57 min (Fig. 3).
One possible explanation for the discrepancy is the non-
linearity caused by tissue heterogeneity (Fig. 9). We ob-
served nonlinearity between X(t) and Y(t) using a com-
puter simulation after a scan duration of 60-70 min. The
discrepancy may also be due to the fact that the kinetics
of IMP are described by the three-compartment model.
Itoh et al. (24) estimated the value of k; to be 0.0057 +
0.0131 min~! from the data up to 90 min. Nevertheless,
they reported that the estimated K, by the three-compart-
ment model was consistent with that by the two-compart-
ment model: it makes little difference on K, within 60 min
whether k, exists or not.

Percentage error

-40 A A . s
00 02 04 06 08 1.0
%Gray matter fraction

FIGURE 8. Percentage errors in estimated K,, k, and A due
to tissue heterogeneity in the graphical method as a function of
the gray matter fraction. The values of K, were assumed to be 80
ml and 20 mi/100 g/min in gray and white matter, respectively.
The value for A was 30 ml/g in both gray and white matter with a
scan time of 60 min.
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The values of K, using the graphical method should be
independent of scan duration, assuming the two-compart-
ment model is valid. The graphical method provided a
constant K, (Fig. 7A), while the estimated K, using the
microsphere model decreased as a function of scan dura-
tion (Fig. 7B). This is in agreement with results from a
study by Murase et al. (6). Thus, the influence of washout
from the brain was corrected using the graphical method.
The relationship between the graphical method based on
the two-compartment model (Eq. 3) and microsphere
model (Eq. 4) was:

K, graphical method = K, microsphere + ko X(t)

= K microsphere + Correction factor for the washout.

€ 05 —_—
E
o
€ 04¢ Scan duration i
~ 57 min
S o3| o
% Scan duration
~U 0.2l 210 min |
=
Rt R\
S 0.1} y=0496-00211x
I .
S ool—. . N
> 0O 5 10 15 20 25 30
t t
X@® =Io Cp(s)ds /IO Ca(s)ds (muig)

FIGURE 9. Effect of tissue heterogeneity on the graphical
method with ranging scan times. The values of K, were assumed
to be 80 ml and 20 mi/100 g/min in gray and white matter,
respectively, and A was 30 ml/g. The mixture of 50% gray and
50% white matter was assumed. The regression line (dotted line)
was calculated using data from 0 to 60 min.
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The KI graphical method is identical to the Kl microsphere only
if k, is assumed to be zero. In other words, if the micro-
sphere model is valid, the regression line would be hori-
zontal. Thus, the graphical method makes clear whether
k, as well as k; exists and not only quantitates the value
of K, but also evaluates the models validity.

We conclude that a two-compartment model was ac-
ceptable for IMP kinetics within a scan duration of
60 min.

Validation of Estimated Flow Value

The values of K, using the graphical method should be
compared with those using an independent method such
as PET. In our comparative studies of IMP-SPECT and
PET, the correlation between the K, with IMP and rCBF
with H,'°0 was good (r = 0.822) (Fig. 5). However, the
K, with IMP was slightly lower compared to the rCBF
with H,'0. Greenberg et al. (5) performed a comparison
of IMP-SPECT with the H,'°O continuous infusion tech-
nique in seven normal subjects and showed that the rCBF
obtained with IMP (47.3 ml/100 g/min) was slightly lower
than that with H,'°O (57.6 ml/100 g/min). We previously
obtained a rCBF of 48.4 + 5.1 using dynamic PET and the
H,'%0 bolus infusion technique in the gray matter for four
normal subjects (25). While performing the present IMP-
SPECT studies with five normal subjects, we measured
the average value of K, to be 41.3 + 6.7 ml/100 g/min in
the gray matter (Table 1). A reasonable explanation for
underestimation with IMP is due to its limited extraction
(5)- The permeability surface area (PS) product of IMP
was reported as 93.4 ml/100 g/min (26). Hence, the Ren-
kin-Crone equation (E = 1 — exp (—PS/rCBF)) (27,28)
provided the extraction fraction E to be 0.85 at rCBF =
50 ml/100 g/min. Kuhl et al. (2) also reported that an
increase in rCBF from 33 to 66 ml/100 g/min decreased
the extraction fraction from 0.92 to 0.74.

We observed variations in A from the different brain
regions (Fig. 6B). Kuhl et al. (2) suggested that the value
of A varied with pH levels in the brain. Nishizawa et al.
(29) demonstrated regional differences of uptake and re-
tention of IMP, especially the slow increase and long
retention of IMP observed in the basal ganglia. They
suggested that regional characteristics were related to
specific amine binding sites. Itoh et al. (24) observed a
changed A in infarcted patients and suggested that the
IMP binding mechanism may be related to tissue viabil-
ity. However, the exact interpretation of A of IMP is not
yet established.

Accuracy of the Graphical Method

The values of K, and A estimated using the graphical
method were in excellent agreement with those using the
nonlinear least-squares fitting technique (r = 0.992 for
K,, r = 0.941 for A; Fig. 6). The computer simulations
showed the error on K, due to tissue heterogeneity to be
negligible within 60 min (Fig. 9). The error in K, was less
sensitive than that of A and k, (Fig. 8), and the same
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tendency was observed in our previous dynamic studies
(25,30). Our results showed that the graphical method
provided an accurate estimation of rCBF comparable to
the conventional nonlinear least-squares fitting technique.

Practical Advantage

The practical advantage of the graphical method is its
rapid and simple computation compared to the conven-
tional nonlinear least-squares fitting technique. The
graphical method was about 20 times faster than the fit-
ting technique for estimating K, and A because the itera-
tion process is not included in this method. The graphical
method is based on linear regression analysis and uses
commercial spreadsheet software. Both K, and A can be
calculated without knowledge of the nonlinear least-
squares fitting technique. Thus, the graphical method is a
simple way to solve nonlinearity problems in the two-
compartment model. In this study, a relatively long scan
time (57 min) was employed, but a scan time of 15-20 min
was enough to estimate K, (Fig. 7A). Finally, the graph-
ical method can be applied to another tracer described by
the two-compartment (single tissue compartment) model.

CONCLUSION

We have developed a graphical method to estimate
rCBF and brain-blood partition coefficients based on a
two-compartment model. This method was then applied
to IMP-SPECT studies. We conclude that ['ZI]JIMP ki-
netics can be described by the two-compartment model
within a scan time of 60 min and that the graphical
method is a reliable strategy for estimating rCBF with
['Z1]IMP and dynamic SPECT in clinical use.
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