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The steady-state method using *50 gas inhalation and positron
emission tomography (PET) is a simple and practical way of
imaging cerebral blood flow (CBF) and oxygen metabolism. Sev-
eral disadvantages do exist, however, including prolonged ex-
amination time, requirement of steady-state and a large tissue
heterogeneity effect. To avoid the drawbacks of the steady-state
method but to preserve its simplicity, we applied the PET/auto-
radiographic method to the build-up phase during the continuous
inhalation of 150-gas with intermittent arterial sampling. A simu-
lation study was performed to determine the optimal scanning
period, evaluate the delay and dispersion effect of the input
function and estimate the tissue heterogeneity effect. To assess
the clinical feasibility of the proposed technique for the study of
oxygen metabolism, sequential measurements with this method
and the conventional steady-state method were performed in
eight patients. The simulation study showed that a 5-min scan
started 3 min after the commencement of '®O-gas inhalation
was optimal. With this method, the delay and dispersion effect on
CBF was the same as that of the conventional steady-state
method, but the tissue heterogeneity effect was reduced. In eight
patients, CBF values calculated by this method showed time
dependency and were slightly higher than those obtained by the
steady-state method. The oxygen extraction fraction showed no
significant time dependency and was well correlated with that
obtained by the steady-state method. We conclude that the
proposed method is a simple and acceptable altemnative to the
conventional steady-state method.
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Txe continuous inhalation of 0-labeled CO, and O,
(steady-state method) is widely used as a simple and prac-
tical method to measure regional cerebral blood flow
(CBF), oxygen extraction fraction (OEF) and cerebral met-
abolic rate of oxygen consumption (CMRO,) by positron
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emission tomography (PET) (). The method, however,
has several disadvantages (2-5). The relatively long inha-
lation period required to achieve steady state (approxi-
mately 8-10 min) exposes subjects to a high level of radi-
ation and it is difficult to determine the exact time when the
tracer concentration has reached the steady-state. Fluctu-
ation of the arterial activity may lead to substantial error in
the calculated values, which cannot be completely cor-
rected by averaging techniques (2). Finally, the steady-
state method is subject to the effect of tissue heterogeneity
6-7).

The examination time was shortened by the introduction
of an autoradiographic method directly based on Kety’s
one-compartment model (8) without assuming steady-state
(6,9,10). Recently, a combination of dynamic and autora-
diographic methods was also applied in C°0, inhalation
studies (11-13). These methods are less affected by tissue
heterogeneity, but are more affected by delay and disper-
sion problems (11,12,14). Rapid separation of plasma is
also required for calculation of the OEF (10).

Senda et al. (2) applied the autoradiographic method to
correct the variation in arterial radioactivity concentration
in the near steady-state. Compared with the conventional
steady-state method, this method can provide more robust
parameters despite fluctuation of the arterial input func-
tion. However, it has the same disadvantages as the con-
ventional method, that is, prolonged examination time and
tissue heterogeneity effect. Because the algorithm of their
method was similar to that used in the bolus injection of
H,'0, it is applicable to the earlier phases in the gas
inhalation method, resulting in faster examination and ef-
ficient use of the administered radiation dose. Considering
the longer build-up phase during continuous inhalation of
gas than during bolus administration, a reasonable compro-
mise between accuracy of the parameters and simplicity of
the procedure would seem to be possible.

The purpose of this study was to apply the autoradio-
graphic method to the build-up phase while preserving the
simplicity of the steady-state method.
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MATERIALS AND METHODS

Formulas for Calculation
Formulas of the new method and the steady-state method are
described in the Appendix.

CBF Measurement with C'°0, inhalation
The regional change in cerebral radiotracer concentration dur-
ing C°0, inhalation is described as:

dCx(t) FCr(t) F
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where C(t) is the tissue concentration of H,0, C,(t) is the
arterial concentration of H,'°0, F is the regional blood flow, p is
the partition coefficient of water between brain and blood (as-
sumed as unity in this study), and A is the physical decay constant
of 0.
In steady-state, where dC{t)/dt = 0,
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assuming C(t) = 0.
This equation can be used to generate a lookup table, F = G(T),
that relates T to F, from which CBF is estimated.

OEF Measurement With '°0, inhalation

The regional change in cerebral parenchymal radiotracer con-
centration during '°0, inhalation is:

dCyt)

F
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where E is the oxygen extraction fraction (OEF), Cy(t) is the
arterial concentration of 0,, and Cy((t) is the arterial concentra-
tion of H,'50. In steady-state,
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where V,, is the regional blood volume. In the new method,

E=Cr-(c1+03)
G-¢

where C;. is PET value from t, to t,,
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Tomograph Characteristics

The PCT-3600W system (Hitachi Medical Co., Tokyo, Japan)
was employed for PET scanning (15,16). This system simulta-
neously acquires 15 slices with a center-to-center distance of 7
mm. All scans were performed at a resolution of 9 mm full width
at half maximum (FWHM) in the transaxial direction and 6.5 mm
in the axial direction. Field of view and pixel size of the recon-
structed images were 256 mm and 2 mm, respectively. A trans-
mission scan was obtained before all emission measurements.

Subjects

We studied eight patients (age: 45-70 yr) who had cerebral
infarction (six patients), Alzheimer type dementia (two patients),
Binswanger’s disease (one patient) and epilepsy (one patient).
Informed consent was obtained from each subject using forms and
procedures approved by the Ethical Committee of the Kyoto
University Faculty of Medicine. The subject’s head was immobi-
lized with head holders. A small catheter was placed in the bra-
chial artery for blood sampling. The subject wore a light, dispos-
able, plastic mask and a nasal cannula through which he breathed
C*0, C*50, and *0, produced by a small cyclotron (CYPRIS
model 325; Sumitomo Heavy Industries, Tokyo, Japan).

Tracer Techniques

CBV Study. To obtain the fractional regional cerebral blood
volume (CBV), bolus inhalation of C'*0 with 3-min scanning was
performed. Arterial samples were obtained manually twice during
the scanning for calculation of CBV using the following formula:

C3=

CBV PET

RDC,

where PET is the PET value, C, is the mean of the decay-
corrected radiotracer concentration in arterial blood, R is the
mean ratio of the small-vessel-to-large-vessel hematocrit, equal to
0.85 and D is the density of brain tissue, equal to 1.05 g/ml (10).

CBF and OEF Study. The subjects inhaled a steady supply of
tracer amounts of 0, for 18 min (Fig. 1). Scanning was started
simultaneously with the commencement of 150, inhalation. Dy-
namic scans of 18 consecutive frames (1 frame/min) were ob-
tained. After a 15-min intermission, C'0, was inhaled for 18 min
for more dynamic scans with the same protocol.

Arterial blood was sampled manually from the brachial artery at
20 sec, 40 sec, 60 sec, 2 min, 4 min, 6 min, 8 min, 10 min, 12 min,
14 min, 16 min and 18 min after the commencement of inhalation.
Each sample was collected for 10-20 sec to average the fluctua-
tions due to the respiratory cycle (2,17), and activity of radio-
tracer concentrations in whole blood and plasma was measured
with a well counter. Arterial hematocrit, PaO,, PaCO,, and arte-
rial hemoglobin were also measured.

Data Processing

The arterial activity curves were determined with interpolation
between the measured points. The reconstructed dynamic images
of frames 5-8 and 9-13 were added to make the late build-up
phase images and near steady-state images, respectively. For the
conventional steady-state method, near steady-state images and

x 100,
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FIGURE 1. Scan and reconstruction protocol for build-up
method.

averaged arterial activities were used. For the new method, both
late build-up and near steady-state phase images were used to
evaluate the time dependency of the calculated parameters.

Data Analysis

Profiles of Input Functions. To assess the profile of the input
functions C(t), Co(t) and Cy(t) from the eight patients, each
arterial input function was normalized with the mean arterial
concentration of the presumed steady-state phase (10-18 min).
The mean and standard deviation of eight curves were plotted at
each measurement point (Fig. 2).

Simulation Study. A simulation study was performed with typ-
ical arterial input functions approximated by the exponential
equations:

C,(t) = 1067(1 — exp [ — t/110]),
Colt) = 1251 — exp [ — /50,

Cylt) = 400(1 — exp [ — t/200]).

The weight contribution of the early build-up phase on the
calculated parameters was assessed. In the C'*0, inhalation
study, if u < t, the weight contribution of C,(u) fromu =0tot, on
PET value T is a function of t,:

r’ I “ Cy(u)e ™K gy at
y, JO

t

ht) = ——— .
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If h(t,) is sufficiently small, the influence of C,(t) (t = 0 tot,) on the
PET value can be ignored. The weight contribution of C(t) on C,
and Cy(t) on C, was also evaluated.

The effect of the delay and dispersion of the input function was
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evaluated. The measured arterial radioactivity is delayed and dis-
persed with respect to the cerebral arterial activity (11,14). The
effect on the calculated CBF was estimated using the following
equation. The measured input function C(t) is expressed with the
true input function CY(t) as:

- ;+/\ T
Cut + d)e = () » (4)

1 -t
where the dispersion function is assumed as — exp L— (11,14),
T T

and d is delay of the measured arterial curve. True tissue activity
C{(t) and PET value T are expressed as:

Cr(t) = FC,(t + d) exp [Ad}r + FCy(t + d)
- exp [AdX1 — 7F/p) * exp [~(Fip + A)]

1
-t

T=

I “ Cxt) dt.
4

When d and 7 are known, the unique flow F can be calculated by
the lookup table method:

F= Gd.‘r(T),

where G, (T) is a lookup table with the correction for delay and
dispersion. As our method assumes both d and  as null, percent
error of calculated flow due to delay and dispersion is estimated
as:

Goo(Gg,, (F) - F 5

100.
F

% error in flow =

The same evaluation was performed on the conventional
steady-state method. In the case of the constant input function,

G =G, =G,
A =M1+ A7)C,.
Measured CBF F, and true CBF F are:
A

Fd =

’

C,

—-1
Cr
A
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% error in flow =

x 100.

The effect of tissue heterogeneity on CBF measurement was
assessed with the late build-up phase and the steady-state phases.
Error in measured flow was calculated for a region of interest
(ROI) containing varying proportions of two tissues with equal
partition coefficients of 1 ml/g, but with different flows, assuming
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FIGURE 2. Mean arterial input functions of eight patients in CBF study using 024
(A) C'®0, inhalation for C,() and (B) 50, inhalation for Co(t) and (C) Cy().
Each arterial input function was normalized with the mean value of steady state, 00 . . . . .
that is, from 10 to 18 min. Mean + s.d. was plotted at each time point of ° 200 400 600 800 1000 1200
mew.;rement. time (sec)
20 ml/min/100 g for white matter and 80 ml/min/100 g for gray of
m(;:crcent underestimation was calculated with the following ACBF 3T AT
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B ga +w(l —a) X

100,

where G is a lookup table from tissue activity to flow, g is the CBF
value of gray matter, w is the CBF value of white matter and a is
the proportion of gray matter in a ROIL.

The statistical noise of CBF images obtained with the new
method was compared between the build-up phase and the near
steady-state phase. In the latter phase, there was a tradeoff be-
tween better count statistics and more noise propagation due to a
larger nonlinearity in the count-flow relationship. The statistical
error in CBF(ACBF/CBF) was estimated as:
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of offaT .
where 7T is the slope of the lookup table (18). The term T is

an error propagation factor from tissue count rate to flow, indi-
cating nonlinearity in the count-flow relationship. The statistical
noise of the integration (AT) was estimated using the statistical
relationship AT « VT (18).

Validation Study. With the data obtained from the eight pa-
tients, CBF and OEF images were calculated with the conven-
tional steady-state method and the new method. The new method
was applied to both the late build-up phase and the near-steady-
state phase. The conventional steady-state method was applied to
the near steady-state phase. Whole brain ROIs were taken in the
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TABLE 1
Percent Weight Contribution of Early Build-up Phase (t = 0 to
t,) of C,(), Co(t) and C,,(t) on the Calculated Parameters T,
C,, and C; Obtained from the Late Build-up Phase

(3-8 min)*
Phase (t=0tot,)
0-60 sec 0-120 sec 0-180 sec
CuhonT 0.8 49 16.6
Coft) on C2 1.2 6.4 19.8
Cu(honC3 06 3.7 142

*F = 50 mimin/100 g.

slices 84 mm above the orbitomeatal line, including the centrum
semiovale, to analyze systematic differences in the calculations.
ROIs were defined in C'30, tissue activity images of the near
steady-state and projected on the parametric images. When the
slices showed infarction, slices from the normal hemisphere were
used.

RESULTS

Profiles of iInput Function

During C°0, inhalation, arterial radiotracer activity
rose steeply during the first minute, gradually increased
from 1 to 8 min, and reached steady-state at approximately
8 min. During 0, inhalation, the arterial concentration of
150, rose rapidly during the first 2 min and reached steady-
state at approximately 4 min, although fluctuation of +10%
was observed during the later phase. The concentration of
H,'%0 gradually increased during the first 10 min and
reached steady-state later (Fig. 2).

Simulation Study of Parameter Calculation

Weight Contribution of Early Build-up Phase. Table 1
shows the weight contribution of the early build-up phase
on the input functions on T, C, and C; when the scans were
performed at the late build-up phase. The weight contribu-
tion of the first minute was as small as 1%.

Error propagstion factor

T
100 150
CBF(mi/min/100gr)

FIGURE 3. Ermor propagation factors from measured tissue ac-
tivity to rCBF by the autoradiographic method with earty build-up
phase (closed circles) and with near steady-state phase (open cir-
cles) and by the conventional steady-state method (open triangles).
Emor propagation factor is systematically smaller in the autoradio-
graphic method with early build-up phase (3-8 min) than in the
conventional steady-state method. In the steady-state phase (8-13
min), both methods show almost equivalent error propagation in the
range of 20 to 100 mi/min/100 g.

T
0 50

Delay and Dispersion Effect. Delay and dispersion ef-
fects on CBF were equivalent between the methods (Table
2). When the delay was § sec, overestimation of the calcu-
lated CBF at 50 ml/min/100 g was approximately 7%. A
S-sec delay was equivalent to a 2.5-sec delay plus a 2.5-sec
dispersion (Table 2).

Tissue Heterogeneity Effect. Figure 3 shows error prop-
agation factors plotted against CBF. Nonlinearity between
flow and tissue activity is most prominent in the conven-
tional steady-state method, less prominent in the autora-
diographic method at near steady-state and least prominent
in the autoradiographic method at the late build-up phase.

Figure 4 shows the tissue heterogeneity effect on CBF
by the autoradiographic method with different scanning
periods. Underestimation of CBF was less prominent with

TABLE 2
Percent Overestimation of CBF Due to Delay and Dispersion of Ca(t)
Autoradiograph method Conventional
CBF o buld-p steady-state
(mimin/100 g) 3-8 min 8-13 min 13-18 min method
Delay (3 sec) 30 45 3.9 42 33
50 3.7 3.9 41 43
80 59 54 5.1 6.0
Delay (5 sec) 30 6.8 6.8 6.0 55
50 6.9 71 71 74
80 10.2 9.7 9.6 103
Delay (2.5 sec 30 6.8 6.0 6.3 5.5
and dispersion
2.5 sec)
50 6.8 71 73 74
80 10.1 9.6 9.3 103
Dispersion (5 sec) 30 6.8 6.0 6.2 55
50 6.8 7.0 7.2 73
80 10.1 9.4 9.2 10.2
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FIGURE 4. Effect of flow heterogeneity on CBF measurement by
the autoradiographic method with early build-up phase (closed cir-
cles) and with near steady-state phase (open circles) and by the
conventional steady-state method (open triangles). Error in mea-
sured flow was calculated for a ROI containing varying proportions of
two tissues with different flows, that is, 80 mimin/100 g for gray
matter and 20 mmin/100 g for white matter. The partition coefficient
was fixed to unity. Note that systematic underestimation of CBF is
smaller in the late build-up phase than in the steady-state phase.

the late build-up phase (3-8-min scan) than with the
steady-state phase (8—13-min scan and 13-18-min scan).
The tissue heterogeneity effect was equivalent with the
conventional steady-state method and the autoradio-
graphic method when the same scanning period (8—13 min)
was used.

Statistical Errors of CBF. Statistical errors of CBF,
ACBF/CBF calculated with the build-up method using the
late build-up phase and the near steady-state phase were
equivalent (Table 3).

Validation Study

Table 4 shows the comparison between the new method
and the conventional steady-state method in eight patients.
Because the whole brain contains a mixture of gray matter,
white matter, cerebrospinal fluid and possibly lesions, the
differences in the parameter estimates between the two
methods indicate the overall effect by the autoradiographic
method (2). Time dependency of CBF values was ob-

TABLE 3
Statistical Noise of CBF Images
ACBF/CBF
CBF Late build-up Near
(mVmin/100 g) (3-8 min) (8-13 min)
20 0.00054 0.00048
50 0.00089 0.00101
80 0.00106 0.00114

ACBF/CBF was calculated with the relationship: AT = kVT

AF EP(F)
= k‘/G__l(_F),whemFlsCBF,EP(F)ismeenorpmpagaﬂon

factor at F, and G is lookup table from tissue activity to flow. Constant k
was omitted in the table.

PET/Autoradiographic Method With '°0 Gas * Sadato et al.

TABLE 4
In Vivo Comparison of the Calculated Parameters for the New
Method with Late Build-up Phase (3-8 min) and Near
Steady-State Phase (8-13 min) and the Conventional

Steady-State Method
Autoradiographic
method
Steady-state
method (3-8 min) (8-13 min)
CBF (mVmin/100g) 337+123 366+ 11.1* 338+ 115
OEF 0.455 + 0.102 0.445 + 0.077 0.440 + 0.082
CMRO, 268 +097 292+080 269+0.86
(my100 mY100 g)

Values are mean = s.d. (n = 8).
*p < 0.01 (ANOVA) for comparison with conventional steady-state
method and near steady state phase of new method.

served (p < 0.01, ANOVA). CBF values calculated with
the late build-up phase were 11% higher than those with the
near steady-state phase (8-13 min). CBF values calculated
with the near steady-state phase in the build-up method
were 2% higher than those with the conventional steady-
state method, but the difference was not significant. No
time dependency of OEF values was observed (p > 0.8,
ANOVA). OEF values calculated with the build-up
method and the conventional steady-state method were
equivalent.

DISCUSSION

Our method is categorized as an autoradiographic
method with ramped input function. lida et al. (18) per-
formed a systematic study of the shape of the input func-
tion and the duration of the scan in the autoradiographic
method for CBF measurement. The bolus method, with
sharp peaks and short scanning duration, is sensitive to
delay and dispersion, but provides a linear count-flow re-
lationship with less tissue heterogeneity effect. Dead-time
error and accidental coincidence could be a problem. Be-
cause of the short scanning period, the calculated CBF is
likely to fluctuate. In contrast, the ramped input function
allows a longer scan duration, resulting in less sensitivity to
delay and dispersion, and a larger nonlinearity which
causes more effect of tissue heterogeneity. There is no
dead-time problem. By administering sufficient amounts of
H,'%0 and scanning for a long period, the statistical error in
CBF may be negligible. The contribution weights cover the
whole scan period, providing more stable CBF values (18).

To apply the autoradiographic method to the build-up
phase, preserving the simplicity of the conventional
steady-state method, we first analyzed the profiles of input
function to determine the optimal scan period. C,(t) and
Co(t) showed a rapid rise in the first 2 min, later forming a
gradual build-up phase. Cy(t) showed a gradual increase in
the first 10 min, while the absolute value was relatively
small. Rapid change of or low radiotracer concentration in
whole blood or plasma during the earlier build-up phase
could cause measurement error. Additionally, in the gas
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inhalation study, the respiratory cycle may cause variation
in the tissue as well as arterial activity, particularly in
elderly and diseased populations (2). These factors are
accentuated with intermittent arterial sampling because of
the limited sampling interval. For these reasons, the early
build-up phase is not suitable for the scanning period.

The tissue radiotracer concentration is determined not
only by the current arterial concentration but also by its
weighted integral (convolution) during the preceding sev-
eral minutes, unless steady state is achieved and main-
tained (2). When the late build-up phase (3-8 min) is
adopted for the scanning period, calculated parameters of
T, C, and C, are minimally affected by the input functions
of the first 1-2 min. Intermittent blood sampling at intervals
of 1-2 min would be sufficient because C,(t) and Cg(t) rise
steeply in the first 1-2 min, but decrease later (Fig. 2).
Input functions would then be interpolated, assuming tis-
sue radiotracer concentration at t = 0 is 0.

Correction of delay and dispersion of arterial input func-
tion is essential for accurate estimation of CBF (11,14, 18).
In this study, however, the correction was not performed
for the following reasons. First, we adopted manual arterial
sampling, in which external delay and dispersion were
negligible. Second, it is impossible to measure the internal
delay time and dispersion constant with the single-frame
autoradiographic method. With the dynamic method, mean
internal dispersion time is estimated at 5 sec if blood is
sampled at the radial artery (14), and differences of arrival
time (‘“head-to-hand’’ time lag) are 3 sec (19). However,
the correction is not practical, as internal delay and disper-
sion depend on the site of arterial sampling (radial artery
versus brachial artery) and on the location of the brain
region (20). Third, the steady-state method is also subject
to a delay and dispersion effect because of the short half-
life of O (T, = 123 sec). A 5-sec delay of arterial input
function causes approximately a 3% decrease of the ra-
diotracer activity, resulting in 7.4% overestimation of CBF
at 50 ml/min/100 g. This overestimation has not usually
been corrected (). Lastly, as shown in Table 2, the delay
and dispersion effect in the late build-up phase was as small
as that in the near steady-state phase (8~13 min) and in the
later steady-state phase (13-18 min) with the same scan
duration.

The limited resolution of the PET scanner and the non-
linear count-flow relationship (Fig. 3) cause systematic un-
derestimation of CBF (21). With the build-up method, the
underestimation of CBF because of flow heterogeneity was
larger in the near steady-state phase than in the late
build-up phase (Fig. 4). In this study, the heterogeneity of
the partition coefficient was not considered, because the
autoradiographic method was designed to improve the con-
ventional steady-state method which usually uses the fixed
value of partition coefficient of water (1,2).

As shown in Table 4, CBF values calculated with the
build-up method using the late build-up phase were higher
than those using the near steady-state phase. This time
dependency of CBF is caused by delay and dispersion of
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the input function, as well as by the tissue heterogeneity
effect (12,14). As the former factor has the same effect in
both the late build-up phase and the steady-state phase
(Table 2), the tissue heterogeneity effect would be the main
cause. Considering the diseases and older ages of our sub-
jects, the effect of nonperfusable space might be large. In
contrast, our method provided OEF values equivalent to
those with the conventional steady-state method without
time dependency. As expected from Equation 15 in the
Appendix, OEF is mainly determined as the ratio of €, and
C,, where time dependency might be canceled out.

In conclusion, our method is a simple and practical al-
ternative to the conventional steady-state method for ob-
taining images of oxygen metabolism.

APPENDIX

The algorithm of the new method was presented by Senda et al.
@)-

CBF Measurement with C'°0, inhalation

CBF measurement was performed with an adaptation of Kety’s
diffusible autoradiographic method (8). The regional change in
cerebral radiotracer concentration during C'*0, inhalation is de-
scribed as:

dCy(t t F
—(Z—rt(—) =FG@H - _FC;& = AGq(t) = FG,(t) - (; + )«)Gﬂt),

Eq.1

where C(t) is the tissue concentration of H,*0, C,(t) is the
arterial concentration of H,'*0 measured by blood sampling, F is
the regional blood flow, p is the partition coefficient of water
between brain and blood and A is the physical decay constant of
!SO.

In steady-state, where dC{t)/dt = 0,

A
F= 5 . 1 Eq.2
Crp
In this method, C{t) and C,(t) need not be constant:
Cr{t) = k;Cy(t)re ~ & Eq. 3
where * indicates convolution,
k;=F,
k= +A,
P
assuming C{t) = 0.
PET value T obtained from the scan from t, to t, is,
T= ® Cxt) dt. Eq. 4

tL-t N

The arterial activity curve C,(t) is determined by multiple blood
sampling starting from the commencement of inhalation with in-
terpolation between measured points to create a smooth curve. A
lookup table, F = G(T), is then generated to relate T to F, from
which CBF is estimated.
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OEF Measurement with '°0, Inhalation
Tissue radiotracer concentration C{t) is the sum of tissue
activity in proper C,(t) and blood-pool activity Cy(t):

Cr(t) = G(t) + G(t) Eq.5

The regional change in cerebral parenchymal radiotracer concen-
tration during 'O, inhalation is:

%:t FECq(t) + FC(t) -?- AC(Y)

= FECq(t) + FCy(t) — (g + A)Q(t), Eq. 6

where E is OEF, Cy(t) is the arterial concentration of 0, and
Cy(t) is the arterial concentration of H,'*0 calculated from the
activity of whole blood and plasma with C'*0, and **0, inhala-
tion, assuming that all the activity in the plasma comes from
H,“0 (2).

Cu(t) = ACHt), Eq.7

where A = (water content of whole blood)/(water content of
plasma) and Cg(t) is H,'°O activity in plasma.

Constant A can be derived if the packed cell volume (PCV) of
the arterial blood is measured and the ratio of water between red
cells and plasma is assumed constant (7).

A=1-0.245PCV

Coft) = Ca(t) — Ci(t), Eq. 8
where C,(t) is **0 activity in whole blood.
C(t) = (FECo(t) + FCy(t)) » e ¥, Eq.9

F
where k, = — + A.

The regional radiotracer concentration in the vascular compo-
nent C(t) is:

Go(t) = V(1 = E)Co(t),

where V, is the fractional blood volume.
In the steady state, all variables are time-independent:

Eq. 10

Cr=G+6G
FECo + FC
=—F;—H+Vb(l—E)Co Eq. 11
—+A
P
or
F F
Cr(—+/\)—FCH—VbC0(—+)L)
E=—F" = P Eq. 12
PCo—VbCo(;*‘A)
In the new method,

Cr{t) = G(t) + Gy(t)
= (FECq(t) + FCy(1)) * € ~ &' + V(1 — E)Co(t)

PET/Autoradiographic Method With '*0 Gas ¢ Sadato et al.

= E(FCo(t) * e ™ ~ V,Co(t))

+ FCy(t) * e ~ X + VyCo(t). Eq. 13
PET value obtained from t, to t, is:
a 1 t
Cr= I Cr(t) dt
-t t
l 151
= I {EFCo(t) - ViCol(t)
-t )
+ FCy(t)) * e ~ X + V,Co(t)} dt
- I * IFC(D) * €~ + VyCo(t)} dt + (& — t)Cr
E=— . Eq. 14
t
J FFCo) €5 - V,Colt)} dt
t
Or,
Cr-(C+G)
E=——— .15
-G £
where
1 12
C=—o J VpColt) dt Eq. 16
-t J,
1 )73
=—— | FCo(t)se at Eq. 17
t2 - tl t
t
G = I FCy(t) » e~ % dt. Eq. 18
-t Y

The arterial blood is sampled several times during the study start-
ing from t = 0 to obtain the C(t) and Cy(t).
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