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Comparisons of the time-activity curves of the cardiac blood pool
and liver uptake by 99mTc-GSA dynamic SPECT
and measured 99mTc-GSA blood concentrations
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Objectives: The aim of this study was to determine the time-activity curve in the cardiac and hepatic
region by 99mTc-GSA dynamic SPECT which is clinically used in liver scintigraphy and evaluate
the temporal changes in the consistency and errors at the absolute scale using the regression equation
of changes in the blood concentration of 99mTc-GSA. Methods: In 11 patients who underwent
99mTc-GSA dynamic SPECT over the 30 min period after IV injection, the percentages of activity
in the collected blood and in the blood pool estimated by dynamic SPECT were determined as the
plasma clearance by blood collection and as the blood clearance by cardiac pooling. Extrahepatic
uptake, expressesd as 100 − (% uptake in the liver by dynamic SPECT (%)) was calculated as the
blood clearance by the liver. The regression equation (Y = Y0 + Ae−α t) was determined from the
changes in the counts, expressed as a percent. Percent errors and the differences in the Y-intercept
(Y0), coefficient (A) and slope (α) on the regression curve were compared. Results: Blood pool
clearance gradually exceeded the measured plasma clearance. The clearance by the liver started
from a very low initial value and gradually became equal to that of plasma clearance over the first
15 minutes and exceeded it over the second 15 minutes. The Y-intercept was significantly higher
in the blood pool clearance than that in the measured plasma clearance (p < 0.001), and the
coefficient was significantly lower in the former than the latter (p < 0.001). The coefficient and slope
were significantly lower in the hepatic clearance than the plasma clearance (p < 0.001, p < 0.005).
Conclusion: The time-activity curve of the blood pool showed a tendency towards overestimation
in the second half of the examination, probably due to scatter effect from the liver. The time-activity
curve of liver uptake showed a tendency towards overestimation in the first half of the examination,
probably due to the high concentration in the hepatic blood pool, and underestimation in the second
half.
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INTRODUCTION
99mTc-DTPA-galactosyl

human serum albumin (99mTcGSA) is a radiopharmaceutical that binds specifically to
asialo-glyco-protein receptors on the liver cell membrane.1–3 Since receptor numbers are decreased in hepatopathy, accumulation of 99mTc-GSA in the liver measured by scintigraphy correlates well with liver function
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tests.4–7 Liver scintigraphy using 99mTc-GSA is widely
used for evaluation of hepatic function and functional
reserve, and various methods for the quantitative analysis
of time-activity curves have been reported.8–12 However,
there are differences between the time-activity curves for
the blood pool and liver and actual measured concentrations of 99mTc-GSA in blood and hepatic parenchyma.
There have been no studies examining their consistency,
or the changes in errors with time at the absolute scale. The
reliability of the time-activity curve used to determine
blood pool concentration remains unclear. We determined the time-activity curves in the blood pool and hepatic regions by continuous dynamic 99mTc-GSA SPECT
over the 30 minutes following injection, and evaluated the
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temporal changes in the consistency and errors using the
absolute regression equation for changes in the blood concentration of 99mTc-GSA and its measurements obtained
by simultaneous collection of serial blood samples.
SUBJECTS
The subjects consisted of 11 patients (5 males, 6 females,
mean age 62 years, range 36–90 years) who underwent
99mTc-GSA dynamic SPECT. Four had chronic hepatitis,
5 had cirrhosis, and 2 had hepatic tumor. Written informed
consent was obtained from all patients.
METHODS
1. Dynamic SPECT protocol
The dose of 99mTc-GSA was 185 MBq (Nihon MediPhysics, Nishinomiya, Japan). We used a three-headed
gamma camera (MULTISPECT 3, Siemens Medical Systems, Erlangen, Germany) with the following parameters:
imaging for 2 min (120 degrees/head for 24 views) was
performed 5 times between 2 and 12.5 minutes after
injection, followed by imaging for 2.5 minutes (120
degrees/head for 24 views) back and forth (5 minutes)
performed 4 times between 12.5 and 33.5 minutes after
injection. The total imaging time was 30 min (9 segments), consisting of 2-min imaging × 5 and 5-min
imaging × 4 segments. Dynamic SPECT of the syringe
before injection was performed for 12 seconds (120
degrees/head, 24 views) to measure the total injected
dose. All imaging was done with a 64 × 64 matrix.
2. Time-activity curves
Images were reconstructed by the filter convolution
method, and the attenuation was corrected by Chang’s
method. Data were not corrected for scatter. The cut-off at
the periphery was 0% for the syringe and 34% for the liver.
The latter value for functional liver volume was experimentally chosen to agree with the liver volume measured
by CT in our hospital. SPECT images of the blood pool
were calculated by raw projection data, and 10–15 images
of the heart and large blood vessels distant from the liver
were chosen. The ROI including the heart and descending
aorta was defined, and a time-activity curve generated
(Fig. 1). The ROI for the liver was similarly defined on
SPECT images.
3. Measurement of the blood concentration of 99mTc-GSA
The radioactivity value of 99mTc-GSA dosage (the syringe
before injection) was measured by the dilution method
using a well scintillation counter before imaging. After IV
administration of the 99mTc-GSA into an antecubital vein,
blood samples were collected from the contralateral vein.
Blood was collected 7 times, at 3, 5, 7, 10, 15, 20, and 30
minutes after injection, and the concentration of 99mTcGSA measured with a scintillation counter.

296

4. Standardization of the time-activity curve and the
regression equation
Percentages of the activity in the collected blood and in
the blood pool estimated by dynamic SPECT against the
dose were determined as the plasma clearance calculated
from blood samples and as the estimated clearance by the
blood pool. Similarly, the percentage of the activity in the
liver by dynamic SPECT was determined, and the nonuptake in the liver (100 − uptake in the liver (%)) was
calculated as the blood clearance by the liver for easier
comparisons.
The regression equation, which was expressed as an Yintercept + a monoexponential function (Y = Y0 + Ae−α t),
was determined from the changes in the count level (%) in
each patient using the nonlinear least squares method.13
Instead of general standard blood method, the regression
equation was normalized with Y, namely, the dose of GSA
at t = 0 as 100. Figure 2 shows the evaluation using the
regression equation. In the early stage after administration
(0–30 min), the Y-intercept (Y0) shows the amount of
99mTc-GSA remaining in the blood, the coefficient (A)
shows the amount of 99mTc-GSA taken up by the liver
(binding to receptors), and the slope (α) shows the rate of
accumulation of 99mTc-GSA in the liver and its clearance
from the blood.13
5. Evaluation of the time-activity curve
Percentage errors of the clearance calculated with dynamic SPECT against the clearance derived from blood
sample measurements and the hepatic clearance against
the measured plasma clearance were determined from the
regression curve 3, 5, 7, 10, 15, 20, 25, and 30 min after
administration.
Differences in the Y-intercept (Y0), coefficient (A), and
slope (α) on the regression curve were examined between
the plasma and blood pool values and between the plasma
clearance and hepatic clearance.
RESULTS
Figure 3 shows the temporal changes in the percent error
of the blood pool clearance compared with the plasma
clearance. In the early phase, both levels were highly
consistent; however, the clearance rate calculated by
SPECT exceeded the measured clearance progressively
with time, indicating a tendency to overestimation.
Figure 4 shows the temporal changes in the percent
error of the hepatic clearance against the plasma clearance. Immediately after administration, the rate of hepatic
clearance was very low, representing underestimation,
and gradually increased until it was equal to the plasma
clearance at about 10 min after administration and greater
than plasma clearance after that, showing a tendency to
overestimation.
Figure 5 shows a comparison between the regression
equations for the plasma clearance and the blood pool
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Fig. 1 Generation of the time-activity curve of the blood pool. A: SPECT images of the cardiac region
were calculated by raw projection of data, and 10–15 images of the heart and large blood vessels distant
from the liver were chosen (red frames). B: A ROI including the heart and the descending aorta was
drawn (red line), and a time-activity curve generated.

Fig. 2 Evaluation by regression equation. We hypothesized that
the blood kinetics of GSA could be described by a one-compartment model expressed as a monoexponential function with a Yintercept (Y = Y0 + Ae−α t). The Y-intercept (Y0) shows the amount
of 99mTc-GSA remaining in the blood, the coefficient (A) shows
the amount of 99mTc-GSA taken up in the liver (binding to
receptors), and the slope (α) shows the rates of accumulation of
99mTc-GSA in the liver and its clearance from blood.
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Fig. 3 Changes in the % error of the clearance by blood pool
against the measured plasma clearance. In the early phase both
clearance rates were highly consistent. The blood pool clearance
then gradually exceeded the plasma clearance.

Fig. 4 Changes in the % error of the hepatic clearance against
the plasma clearance. Immediately after administration, the rate
of hepatic clearance was very low and gradually increased,
becoming similar to the rate of plasma clearance at about 10 min
and then progressively exceeding the plasma clearance.

Fig. 5 Comparison of the regression equations of plasma clearance and blood pool clearance. The Yintercept was significantly higher for the blood pool clearance than for the measured plasma clearance
(p < 0.001), and the coefficient was significantly lower in the former than the latter (p < 0.001).

clearance. The Y-intercept was significantly higher in the
blood pool clearance than in the plasma clearance (p <
0.001), and the coefficient was significantly lower in the
former than the latter (p < 0.001). No significant difference in the slopes was observed.
Figure 6 shows a comparison of the regression equations for the plasma clearance and the hepatic clearance.
No significant difference was observed in the Y-intercepts
of the two clearances. The coefficient and slope were
significantly lower for the hepatic clearance as compared
with the plasma clearance (p < 0.001, p < 0.005, respectively).
Figure 7 shows the regression curves of the plasma
clearance and the blood pool clearance (7A) and the
plasma clearance and hepatic clearance (7B) in a 58-year-
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old male patient with chronic hepatitis. The blood pool
and plasma clearance rates started out equal, but the blood
pool values gradually exceeded those of the plasma. The
hepatic clearance started out lower than, and then gradually exceeded, the plasma clearance.
DISCUSSION
There are various methods for the quantitative analysis of
time-radioactivity curves by 99mTc-GSA liver scintigraphy, ranging from simple methods such as the accumulation rate in the liver and the clearance rate from the
blood8,9 to compartment model analysis.4,5,10–12 These
methods are based on the hypotheses that all 99mTc-GSA
in the blood is taken up by the liver alone and that the small
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Fig. 6 Comparison in the regression equations between the plasma clearance and the hepatic clearance.
The coefficient and slope were significantly lower in the hepatic clearance than in the measured plasma
clearance (p < 0.001, p < 0.005, respectively).

A

B
Fig. 7 Representative regression curves of the clearance (58-yold male with chronic hepatitis). A: Blood pool clearance vs.
measured plasma clearance. The rate of blood pool clearance
was gradually overestimated. B: Hepatic clearance vs. measured
plasma clearance. The rate of hepatic clearance was underestimated immediately after administration.
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amount of 99mTc-GSA shifted to the interstitial fluid and
excreted by the kidney is not yet clarified and is negligible.12,14 Basically, the time-activity curve obtained by using ROIs in the liver and heart (blood pool) on planar or
SPECT images is used as the parameter of accumulation
in the liver and clearance from the blood. However,
differences would exist between the time-radioactivity
curve and the actual uptake in the liver or the blood
concentration due to intrahepatic blood pooling, interoperator variation, scatter, and statistical changes, etc.
Only a few studies have shown that the time-activity curve
correlates to some extent with the measured blood concentration from serial samples.12,15 Except for only one
report about validation of curve-fitting method with bloodsampling method,16 no studies have examined the consistency of 99mTc-GSA uptake or the changes in errors with
time at the absolute scale. The reliability of the timeactivity curve as an estimate of the blood concentration of
99mTc-GSA remains unclear. This reliability has only
been evaluated with a small number of blood collection
points for comparison and with counts that are difficult to
normalize. We have developed new software that enables
us to generate time-activity curves in the liver and blood
pool with continuous dynamic SPECT up to 30 minutes
after administration. We performed absolute comparisons of time-activity curves rather than relative comparisons of measurement points under the same conditions by
measuring the total dose and expressing it as a percentage,
together with simultaneous blood sampling. The regression curve is based on our hypothesis. This hypothesis, of
a non-linear, one-compartment model with an Y-intercept
in the early phase after injection is supported by the blood
levels of 99mTc-GSA described in our previous report,
where we demonstrated the consistency and usefulness of
analysis in the early stage after injection (30 minutes).13
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The clearance from the blood pool estimated by SPECT
exceeded that from blood sample measurements in the
second half of the examination. This was probably due to
the strong effects of scattered ray on the cardiac region,
where the 99mTc-GSA concentration decreased as it was
avidly taken up by the liver in the second half of the
examination. This would have made the concentration of
99mTc-GSA in the blood pool appear higher. However,
the blood pool clearance agreed relatively well with the
plasma clearance immediately after administration. Since
changes in the count level in the blood are particularly
large soon after administration and also large within one
phase of the dynamic study, the concern arose that these
large changes would result in inconsistencies. Taking this
into consideration, the time for one phase of the dynamic
SPECT program in our hospital was shortened in the first
half of the 30-minute examination. The results obtained
in the present study were considered to be better effected
by averaging the radioactivity level due to the use of 3
detectors than by the shortened time of one phase. To use
a simple method of producing the clearance curve by
cardiac pooling obtained by dynamic SPECT as a substitution for the highly invasive and complicated plasma
clearance, the differences in the late stage after administration must be solved. To eliminate the scattered ray from
the liver, we have developed new software based on the
dual energy window subtraction (DEWS) method proposed by Jaszczak et al.,17 and are using it for scatter
correction. Recently, SPECT equipment with included
scatter correction software has been marketed, and is used
in some facilities.18
The underestimation of the clearance of activity by
liver in the first half of the examination was large, indicating that liver uptake was overestimated. Probably because
of the very high blood concentration of 99mTc-GSA and
the low level of uptake in the liver in the first half of the
examination, the contribution of counts from the hepatic
blood pool and portal blood flow would have falsely
elevated the estimation of hepatocellular uptake. Underestimation due to a cut-off level of 34% for imaging of
the periphery, one of our concerns, was observed in the
second half of the examination at the reduced blood
concentration of 99mTc-GSA due to decreased counts in
the hepatic blood pool. But, underestimation in the second
half cannot be explained only by these factors. Though
attenuation correction and ROI selection may also influence these values, they remain an estimate. A large
difference was observed in the clearance between hepatic
uptake and plasma levels. Elimination of the error due to
hepatic blood pool is difficult. However, since both clearance levels were relatively similar during the middle
period of 10–15 min after administration, this period can
be used to evaluate the liver uptake ratio and the blood
clearance rate rather than the entire clearance curve of the
liver. Before the introduction of dynamic SPECT into our
hospital, we determined the liver uptake ratio 15 min after

300

the administration of 99mTc-GSA with SPECT (LUR15),19
and are currently using the liver uptake ratio obtained by
dynamic SPECT. The advantages of this method are that
it involves few manual tasks such as ROI generation
because it is mainly automated and has good reproducibility. SPECT effectively evaluates the volume and density
of the liver. Additionally, using dynamic SPECT, delineation of change on standing and examination of the accumulation rate, gradient, etc., becomes possible.
CONCLUSION
The blood pool time-activity curve using 99mTc-GSA
dynamic SPECT agreed well with the blood concentration measurements from samples drawn in the first half of
the examination. However, in the second half, a tendency
to overestimation was noted, probably due to the effects
of scatter from the liver. The time-activity curve of liver
uptake on dynamic SPECT showed a tendency to overestimation in the first half of the examination, probably due
to the high concentration in the hepatic blood pool. In the
second half, a tendency to underestimation was observed.
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