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Patient-Specific Dosimetry Using Quantitative
SPECT Imaging and Three-Dimensional Discrete
Fourier Transform Convolution

Gamal Akabani, William G. Hawkins, Miriam B. Eckblade and Peter K. Leichner
Department of Radiation Oncology, University of Nebraska Medical Center, Omaha, Nebraska

The objective of this study was to develop a three-dimensional
discrete Fourier transform (3D-DFT) convolution method to perform
the dosimetry for '3'I-labeled antibodies in soft tissues. Methods:
Mathematical and physical phantoms were used to compare 3D-
DFT with Monte Carlo transport (MCT) calculations based on the
EGS4 code. The mathematical and physical phantoms consisted of
a sphere and a cylinder, respectively, containing uniform and non-
uniform activity distributions. Quantitative SPECT reconstruction
was carried out using the circular harmonic transform (CHT) algo-
rithm. Results: The radial dose profile obtained from MCT calcula-
tions and the 3D-DFT convolution method for the mathematical
phantom were in close agreement. The root mean square error
(RMSE) for the two methods was <0.1%, with a maximum differ-
ence <21%. Results obtained for the physical phantom gave a
RMSE <0.1% and a maximum difference of <13%; isodose con-
tours were in good agreement. SPECT data for two patients who
had undergone '3l radioimmunotherapy (RIT) were used to com-
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pare absorbed-dose rates and isodose rate contours with the two
methods of calculation. This yielded a RMSE <0.02% and a
maximum difference of <13%. Conclusion: Our results showed
that the 3D-DFT convolution method compared well with MCT
calculations. The 3D-DFT approach is computationally much more
efficient and, hence, the method of choice. This method is patient-
specific and applicable to the dosimetry of soft-tissue tumors and
normal organs. It can be implemented on personal computers.
Key Words: Monte Carlo calculations; SPECT; dosimetry; fast
Fourier transform

J Nucl Med 1997; 38:308-314

F.Ele development of patient-specific dosimetry for adminis-
tered radionuclides and radiolabeled compounds is essential for
a better understanding of tumor response and normal-tissue
toxicity. This is particularly relevant in clinical trials in cancer
therapy with large administered activities and potentially high
radiation-absorbed doses in tumors and normal tissues. As
discussed previously, in clinical trials, the absorbed dose is
usually calculated rather than measured, and calculations are
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usually based on imaging procedures (/). Therefore, a neces-
sary first step in nuclear medicine dosimetry was the develop-
ment of algorithms and computer software for activity quanti-
tation in tumors and normal tissues as a function of time.

After the spatial and temporal distribution of radioactivity has
been determined for a patient, patient-specific radiation-ab-
sorbed dose calculations can be determined. In principle, Monte
Carlo calculations of the transport of radiation could be used for
patient-specific dosimetry. In practice, such calculations are
computationally very intensive and time-consuming (2,3). An
alternative method is to use point-dose kernels which permit
assessment of absorbed dose rate and dose in a more efficient
manner (4-7). However, point kernels only apply to homoge-
neous tissues.

In this report, we generalize previous work on a unified
approach to photon and beta-particle dosimetry (6) and intro-
duce a point-source kernel for '3'I which includes not only
photons and beta particles but also monoenergetic electrons. We
show that a three-dimensional convolution method using a
discrete Fourier transform (3D-DFT) permits efficient compu-
tations of absorbed-dose rates for '3'I. We chose this radionu-
clide for the present study because it is widely used in
diagnostic and therapeutic nuclear medicine and because its
spectrum is sufficiently complex to test this approach to
dosimetry. We demonstrate explicitly in mathematical and
physical phantom studies and in two patient studies that the
3D-DFT method is as accurate as Monte Carlo transport (MCT)
calculations. This means that in conjunction with quantitative
SPECT, based on the circular harmonic transform (CHT)
algorithm (8-11), we have developed and clinically imple-
mented a system for patient-specific soft-tissue dosimetry.

In the three-dimensional absorbed-dose calculations de-
scribed in this report, every voxel in a SPECT matrix represents
both a source and a target volume. Calculations therefore yield
distributions of absorbed-dose rates and dose-rate gradients that
are characterized by isodose rate contours and dose-rate volume
histograms. An important feature of the output of absorbed-dose
calculations in our approach to patient-specific dosimetry is the
superposition of isodose rate contours on SPECT images.
Additionally, minimum, maximum and mean values of ab-
sorbed-dose rates are computed for each volume of interest
(VOI). VOIs are user-defined manually or by using an activity
threshold level. These features provide a complete description
of absorbed-dose rates at each time point. The absorbed dose is
obtained by integrating over several time points, which include
at least two SPECT studies and several whole-body images
acquired over a period of days.

The results of this work differ from previous investigations
(2,5,7) in several aspects. The 3D-DFT absorbed-dose calcula-
tions are shown to yield the same results as Monte Carlo
calculations. The 3D-DFT method is computationally more
efficient. This means that three-dimensional absorbed-dose
calculations can be carried out on computers in nuclear medi-
cine departments and on currently available personal comput-
ers. Furthermore, all calculations are based on three-dimen-
sional SPECT matrices and do not require additional input from
other imaging modalities, although these may be helpful in
identifying VOIs. Finally, a more complete description of
absorbed-dose rates and dose is provided than was done
previously.

MATERIALS AND METHODS

Monte Carlo transport calculations were determined using the
EGS4 code (12,13). Electron and photon transport calculations
were determined with a cut-off energy of 10 keV. Patient SPECT

TABLE 1
Discrete Absorbed Dose Kemel Representation in Water for
lodine-131 in an Infinite Lattice Based on Voxe! Index

and Radial Distance
Index Radial distance No. of Absorbed dose
P+FP+1D (cm) voxels (Gy/Bq s)
0 0.00000 1 2.733 x 107 1°
1 0.46693 6 6.329 X 10712
2 0.66033 12 5911 x 10~
3 0.80874 8 2.706 X 10713
4 0.93385 6 1.940 x 10713
5 1.04410 24 1.524 x 103
6 1.14370 24 1.260 x 10~
8 1.32070 12 9.765 x 1074

data were acquired with a dual-headed gamma camera system.
Tomographic reconstruction was carried out using the circular
harmonic transform (CHT) algorithm (8) and transverse SPECT
slices were reconstructed in 128 X 128 matrices. The basic element
of the SPECT matrix was a cubic voxel with a side dimension of
0.467 cm. Calculations were determined for '*'I, a widely used
radionuclide in diagnostic and therapeutic nuclear medicine.

Radionuclide Kernel

A single kernel containing all types of emitted radiations was
generated for use in the 3D-DFT convolution method. The basic
convolution kernel was calculated by MCT. Photon and electron
transport were performed in a lattice where the source region was
located at the voxel of origin (with coordinate indexes i = 0, j =
0, k = 0) containing a uniform activity distribution. The decay
scheme and beta spectrum for '*'I were obtained from the National
Nuclear Data Center (NNDC, Brookhaven Natl. Lab., Upton, NY)
and by using the Program RADLST (/4). MCT calculations were
then performed and energy deposition was computed for every
voxel of the lattice. The number of histories transported was 10
million, requiring an elapsed running time of approximately 10 hr
on a personal computer. The cubic voxel dimensions were the same
as in the SPECT matrix. This kernel representation was not
continuous but rather discrete, based on the absorbed dose to every
individual voxel of the lattice. Table 1 presents the initial elements
of the discrete kernel for '*'I based on the voxel index, defined as
m? = i + j2 + K%, and radial distance. Figure 1 illustrates the
absorbed dose kernel as a function of radial distance. Statistical
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FIGURE 1. Dose kemnel for '3l based on a cubic voxel of 0.467 cm side. This
kemel contains both electron and photon components and was calculated
using the EGS4 MCT code. The material used was water with a density of
1.00 g/cm?®.

309

PATIENT-SPECIFIC DOSIMETRY * Akabani et al.



errors were calculated based on energy deposition for voxels
having the same index, m?. Therefore, these statistical errors were
proportional to the radial distance from the center of the lattice and
inversely proportional to the number of voxels with the same index.
The maximum standard deviation calculated was 450% for the
voxel with index m* = 16293 at a distance of 59.6 cm. This kernel
representation takes advantage of the symmetry of a cubic lattice,
thus reducing the amount of computer memory used to store the
kemel. A 128 X 128 X 128 matrix required 8.4 MB of memory;
but when symmetry was applied and the kernel was transformed
into an ASCII format, the file size was reduced to approximately
300 kB. This ASCII file was later used to generate the 128 X
128 X 128 matrix containing the three-dimensional dose kernel
required during the 3D-DFT convolution process. This process was
performed by calculating the index value m” of a given voxel and,
thus, the corresponding kernel value for every voxel of the matrix.
The origin of the indices (i, j, k) was located at the center of the
matrix. This kernel representation depends on the matrix voxel
size; but it is irrespective of the radiations being emitted and could
be applied to any other radionuclide decay scheme.

Monte Carlo Source Sampling

To implement MCT calculations, it was necessary to perform
source sampling based on the activity distribution in SPECT
images. A triple-rejection technique based on conditional activity
distributions was used to sample the indices i, j, k over the
three-dimensional matrix. This was done by collapsing the activity
distribution over the z-axis and carrying out an initial rejection
technique. After k was evaluated, a second pass through the
rejection technique was used to assess j by collapsing the corre-
sponding z plane over the y-axis, and finally, i was evaluated based
on the evaluated k and j indices. These probability distributions
were expressed as

h(k) = X X AG, j, k), Eq. 1
i
WG k) = X AG, j; k), Eq.2
and
b*Gi; j, k) = AG; j, k), Eq.3

where h*(k) was the probability distribution on the z-axis; h*(j; k)
was the conditional probability distribution on the y-axis given k,
and h*(i; j, k) was the conditional probability distribution on the
x-axis given j and k. Consider a matrix of size M X M X N, where
M is the slice matrix dimension and N the number of reconstructed
SPECT slices. There will be one single probability function for the
z-axis and the corresponding hZ,,, N conditional probability
distributions for the y-axis and their corresponding h . (k), and
M X N conditional probability distributions for the x-axis and their
corresponding h},.(j, k). Once the voxel indices (i, j, k) were
calculated, the coordinates (x, y, z) were sampled based on a
uniform activity distribution in a given voxel. This was expressed
as follows:

X =iA + (ran — 0.5)A
y =jA + (ran — 0.5)A
z=kA + (ran — 0.5)A,

Eq. 4

where A was the cubic voxel side dimension and ran is a random
number. This method was extremely efficient in comparison to a
simple rejection technique that samples simultaneously the x-, y-
and z-axis; however, it required twice the computer memory for
source sampling. Photon and electron MCT calculations were
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determined to assess the energy deposition patterns and absorbed
dose rates based on a given activity distribution. To obtain reliable
results from MCT calculations, a minimum of 4 million histories
was required to carry out a comparative study.

CHT

The CHT SPECT algorithm consists of two main elements: (a)
an attenuation correction based on uniform attenuation within a
convex body and (b) a two-dimensional Wiener prefilter based on
measurements of the point spread function of the SPECT imaging
system. The attenuation correction consists of a fast contouring
algorithm that generates a convex body contour directly from the
projection data, and a correction for uniform attenuation based on
two-dimensional Fourier inversion (8,15). This method has signif-
icantly higher signal-to-noise ratios than exponential backprojec-
tion and has been shown to be a member of a class of algorithms
for the inversion of the exponential radon transform (/6) that are
characterized by a single parameter with physical significance.
This parameter represents the proportion of “near field” and “far
field” signals, which are stochastically nonredundant but correlated
and are utilized in the reconstruction. The two-dimensional Wiener
prefilter of the planar projection data is a stationary filter, and is the
sum of a gaussian function representing collimator resolution and
a function representing scatter. The characterization of collimator
FWHM and scatter fraction is determined by a series of point
source measurements in air and in Plexiglass as the scattering
medium. The variance of the two-dimensional Fourier transform,
which is used as an estimate of the noise power spectrum in the
Wiener filter, is modified by the premultiply step in the attenuation
correction (/7). This protocol has been evaluated in human and
animal studies (10,11).

3D-DFT Convolution
The absorbed dose rate to a point in space from a given activity
distribution can be expressed in terms of the convolution integral

D(ro) = j k(r — rp)A(r)de, Eq. 5
Vol

or
D(ro) = k(ro)*A(ro), Eq. 6

where D(r,) gives the dose rate at point r,, A(r) is the spatial
activity distribution, and k(r) is the radiation dose kernel for all
radiative components of a radionuclide. The Fourier transform (FT)
of the convolution in Equation 6 is:

FT{D(r)} = FT{k(D)}FT{A(r)}. Eq.7

In other words, the convolution of two functions in the spatial
domain corresponds to the product of the Fourier transform of the
two signals in the frequency domain. However, the SPECT data
were represented in a discrete three-dimensional matrix rather than
a continuous function. Thus, a discrete Fourier transform (DFT)
was used as a fundamental operation to assess absorbed dose and
dose-rate distributions in discrete space (/8). In discrete space, the
convolution of two discrete functions, k(n) and A(n) is defined by:

m=%
D(n)= Y, k(n — m)A(n) Eq. 8
m=-—o
and this can be denoted again as
D(n) = k(n)*A(n). Eq.9
When applying the DFT, this becomes:
DFT{D(n)} = DFT{k(n)}DFT{A(n)}. Eq. 10
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The DFT converts the convolution into multiplication. This prop-
erty was used to reduce the computations needed for convolution
by using the following equation:

D(n) = IDFT{DFT{k(n)}DFT{A(n)}},

where IDFT represents the inverse discrete Fourier transform.

Eq. 11

RESULTS

Comparison of MCT and 3D-DFT Convolution for
Mathematical Phantoms

To assess the accuracy of the 3D-DFT convolution method,
three tests were performed for a sphere containing different
activity distributions where the radial dose profile was calcu-
lated from the center of the sphere. The sphere was set up at the
center of a 128 X 128 X 128 matrix containing different
activity distributions of '*'I. The regions inside and outside the
sphere were assumed to be made up of water with a density of
1.00 g/cm®. Monte Carlo sampling was based on the triple
conditional rejection technique described above. The sphere
setup was based on the indices i, j, k where

(i—64)% + (j — 64)* + (k — 64)*> < 16%.

The root mean square error (RMSE) of each dataset was
calculated to assess the overall difference in the results obtained
between the 3D-DFT convolution method and MCT. The root
mean square error was calculated as expressed by:

> (aijx — Bijn)?

ijk

2 Bijx ’

ik

Eq. 12

RMSE = Eq. 13

where a;;, and B; ; , are the results obtained from MCT and the
3D-DFT convolution method, respectively. Moreover, the max-
imum difference was calculated as expressed by:

5= max(lai,j.k - Bi,j,kl).
Bijx

The first test consisted of a uniform distribution of '*'I in a
sphere. CT was performed for 4 million histories and results
were normalized to absorbed dose per unit transformation
(Gy/Bq s). Figure 2A shows the comparison of the results as
calculated from MCT and the 3D-DFT where the absorbed dose
profile is expressed as a function of radial distance (cm) from
the center of the sphere. The agreement between MCT and the
3D-DFT convolution reflects the precision of the 3D-DFT
convolution for regions inside and outside the sphere. The

Eq. 14

TABLE 2
Measured and Calculated Activity Concentrations

in a Nonuniform Phantom
Measured activity ~ Calculated activity  Difference
Region (uCV/mi) (»CVmi) (%)
Cold 0.00 0.15 -
Background 1.28 1.27 -0.78
Hot 3.55 3.14 -11.55

Calculated activities were based on reconstructions using the CHT
algorithm.

differences between the methods are due to the stochastic nature
of MCT and computational approximations associated with the
3D-DFT convolution method. The MCT standard deviation for
every voxel in the matrix was calculated. For regions with high
activity content the standard deviation was between 10% to
150%; however, for regions with no activity content the
standard deviation varied from 150% to 520%. The computer
time required to run MCT was approximately 18 hr. The RMSE
for the whole dataset was 0.04%, and the maximum difference,
9, was 21%.

The second test consisted of two concentric spheres contain-
ing a uniform distribution of '*'I. The concentration ratio
between the inner and outer spheres was 10:1. MCT calcula-
tions were performed for 4 million histories. Figure 2B illus-
trates the dose profile for this geometrical arrangement. The
radial dose profile for both MCT and 3D-DFT convolution
method were in very close agreement. The RMSE for the whole
dataset was 0.04%, and the maximum difference, 9, was 10%.

The third test consisted of a sphere containing an activity
distribution inversely proportional to the radius of the sphere. In
this case, MCT was determined for 40 million histories, and
Figure 2C illustrates the dose profile for both MCT and
3D-DFT. Again, the differences between MCT and 3D-DFT
were due to the stochastic behavior of MCT. The RMSE for the
whole dataset was 0.02%, and the maximum difference, 9, was
1.5%.

Comparison of MCT and 3D-DFT Convolution for Physical
Phantom Studies

Phantom studies were performed to assess the applicability of
the 3D-DFT convolution method with our current methods for
quantitative SPECT imaging. A cylindrical phantom with an
inside diameter of 21.5 cm and an inside height of 18.5 cm was
filled with water. A nonuniform phantom study was performed
to assess the applicability of the 3D-DFT convolution method

3.0 v T 1.2 2.5
-—Monte Carlo Transport ~—Monte Carlo Transport -—-Moate Carlo Transport

2.5 —3D-DFT Convolution 1.0 ——3D-DFT Convolution ~——3D-DFT Convolution
= = 9 = 20
g 20} € osl g
‘5- 5‘ > 1.5 |
TSt 3 06| =°
= Z B 2
g 10 g 04| S 1ot ¢

05| 021l g 0.5

0.0 0.0 " 0.0 "

2 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 I8
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FIGURE 2. Radial dose profiles as calculated with MCT and the 3D-DFT convolution method for different activity distributions of 'l in a sphere of 7.47 cm.
(A) Uniform activl;lgydistﬁbution. (B) Two concentric regions with an activity concentration of 1:1. (C) Activity concentration proportional to (m? + 1)~ "2, where
+

me =P+ P+ I
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FIGURE 3. Comparison of MCT and 3D-DFT convolution isodose-rate (cGy/hr) contours of a SPECT cylindrical phantom for '3'| containing a cold

background and hot region.

for nonuniform regions. The phantom consisted of hot, cold and
background activity regions. Two inner cylinders were used to
represent the hot and cold regions. One inner cylinder was filled
with plain water simulating a cold region. The inner cylinders
each had a volume of 570 ml and an inside diameter of 7.26 cm.
SPECT reconstruction was performed using the CHT algo-
rithm. Table 2 shows a comparison between the measured and
calculated activity concentrations in the cold, background and
hot regions. Monte Carlo transport calculations were deter-
mined for 40 million histories using the activity concentrations
calculated by the CHT algorithm. Voxels outside the phantom
contour with nonzero activity levels were discarded. Figure 3
illustrates a comparison of isodose rate contours results ob-
tained using MCT and the 3D-DFT convolution method. The
RMSE for the whole dataset was 0.01%, and the maximum
difference, 9, was 12.4%.

In many instances, the SPECT data do not contain all
possible activity distributions over the body; thus, absorbed
dose rates to regions that are close to the initial and last SPECT
slice may be underestimated because activity regions that are
located above the first and below the last reconstructed SPECT
slices are not taken into account. To quantitatively assess this
possible underestimation, a cylindrical phantom containing a
uniform activity distribution of ''I was used. Twenty-five
slices were reconstructed and absorbed dose rates were calcu-
lated using the 3D-DFT convolution method. The percentage
differences in absorbed dose rates were calculated based on one,
two, four and eight missing slices, where these slices have the
same activity concentration and were located prior to slice 1.
Figure 4 illustrates the profile of the difference of the mean
absorbed dose rate as a function of the slice number based on
the number of missing slices. This difference is proportional to
the number of missing slices. As expected, however, this
difference becomes smaller for those regions that are farther
away from the boundary. This dose rate underestimation needs
to be avoided if precise absorbed dose rate estimates are to be
obtained. Thus, when performing SPECT reconstruction, re-
gions of high activity content need to be fully reconstructed and
contain all VOISs.

Patient-Specific Dosimetry Using Quantitative
SPECT Imaging

To study the feasibility of using the 3D-DFT convolution
method in clinical trials, SPECT data from two patient who had
undergone ''I RIT were used. Patient-specific dosimetry was
determined using a SPECT reconstruction matrix of 128 X 128
by N slices. Because no image registration was used to delimit
the boundaries of different organs and regions of the body, all

312

regions were assumed to be made of a single tissue equivalent
material with density of 1.04 g/cm3(/9,20). A convolution
kernel for '*'I was then calculated for this material type and
density. Absorbed dose rates based on the 3D-DFT convolution
method were calculated using calculated using Equation 11.
Similarly, MCT calculations were determined for 40 million
histories to assess the dose rate profile. A comparison of the
results obtained with MCT calculations and the 3D-DFT con-
volution method for both SPECT datasets delivered an overall
RMSE of less than 0.02%, and a maximum difference, 9, of less
than 13%. Figure S shows the isodose contours obtained using
both methods for a transverse slice from each SPECT dataset.
With this method, it was possible to assess dose-rate gradients
for regions and organs of the body and, furthermore, given a
VOI, it was possible to assess a dose-rate volume histogram.
For example, the liver was selected as a VOI in which all
regions were determined in all reconstructed slices. Conse-
quently, it was possible to perform an analysis of the VOI based
on dose-rate volume histograms and calculate the maximum,
minimum, and mean dose rates and their corresponding stan-
dard deviation (Fig. 6).

DISCUSSION

The comparison of results of MCT calculations and 3D-DFT
convolution for both mathematical and physical phantoms
shows that the latter method is a precise tool to determine

14
Slice thickness: 0.467 cm
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FIGURE 4. Percentage difference of absorbed dose rate as a function of slice
number based on the number of missing slices for a cylindrical phantom with
a uniform distribution of 1311,
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FIGURE 5. Comparison of MCT and 3D-
DFT convolution isodose-rate contours

SPECT image Monte Carlo Transport

absorbed dose and dose rate profiles. Therefore, the 3D-DFT
convolution method can be used on a patient-specific basis to
determine radiation dosimetry of tumors, organs and user-
defined VOIs. In contrast to the current MIRD methodology
(21), this method allows us to generate isodose rate contours,
dose-rate gradients, dose-rate volume histograms (both differ-
ential and cumulative) and perform statistical analysis, rather
than simply assess average absorbed doses or dose rates based
on assumed uniform activity distributions over predefined
organs and regions. Consequently, this dosimetric method may
help assess the effectiveness of a specific radionuclide therapy
on a patient-specific basis, rather than simply assess average
absorbed doses to gross anatomical regions.

However, it is important to address the limitation of this
convolution method. First, the 3D-DFT convolution method is
only valid for those regions of the body with a uniform density.
Therefore, the results will underestimate or overestimate ab-
sorbed doses to the lungs, bone and interface regions. However,
a study by Sauer (22) indicates that it is possible to implement
a convolution and superposition method to assess absorbed dose
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FIGURE 6. Examples of differential and cumulative dose-rate volume histograms for the liver based on quantitative

(cGy/hr). SPECT slices of the liver and
spleen of two patients who had under-

3D-DFT Convolution
gone 3| RIT.

rates for nonuniform regions and interfaces, as is the case for
bone and lung soft tissues. Furthermore, to outline regions and
organs of different material type and density, it will be
important to use CT-SPECT or MRI-SPECT image registration
techniques.

The second limitation is based on the number of recon-
structed SPECT slices that describe the spatial activity distri-
bution over the body. As shown in this study, an underestima-
tion of the absorbed dose rate to regions and organs of the body
may occur if activity regions that are beyond the first and last
reconstructed slice are ignored. For '*'I, this dose rate under-
estimation can be up to 20% for regions close to the boundaries
of reconstruction. However, this limitation can be avoided as
long as the VOIs are located well within the first and last
SPECT-reconstructed slices.

CONCLUSION

The 3D-DFT convolution method presented here was used to
calculate absorbed doses and dose rates for a given activity
distribution in a computationally efficient manner. The com-
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respectively.
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parison of results of MCT calculations and 3D-DFT convolu-
tion shows that the latter method is a precise tool for determin-
ing absorbed dose and dose-rate profiles for any given spatial
activity distribution. Thus, the 3D-DFT convolution method can
be used on a patient-specific basis to determine the dosimetry of
tumors, organs and user-defined VOlIs.
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Quantitative Blood Flow Measurement of Skeletal
Muscle Using Oxygen-15-Water and PET

Ulla Ruotsalainen, Maria Raitakari, Pirjo Nuutila, Vesa Oikonen, Hannu Sipild, Mika Terds, M. Juhani Knuuti,

Peter M. Bloomfield and Hidehiro Iida

Turku PET Center and Department of Medicine and Nuclear Medicine, University of Turku, Turku, Finland; MRC, Cyclotron
Unit, London, United Kingdom; and Department of Radiology and Nuclear Medicine, Research Institute for Brain and Blood

Vessels, Akita, Japan

The aim of the study was to evaluate quantitation of muscle
blood flow using ['*OJH,O and PET. Methods: The autoradio-
graphic (ARG) and the steady-state methods using PET were used
to measure femoral muscle blood flow. A simulation study was
performed to examine the errors due to contamination of radioac-
tivity in the blood content in muscle tissue, statistical noise and delay
and the dispersion of the input curve in the ARG method. Five
separate paired muscle blood flow examinations were carried out
for comparison of the ARG and the steady-state techniques, includ-
ing measurement of muscle blood volume in each subject. To obtain
the normal range for resting muscle blood flow, additional measure-
ments with the ARG method were performed in 16 normal subjects.
Results: When the integration time in ARG was increased to
200-300 sec, the errors due to arterial blood volume, statistical
noise, delay and dispersion of the input curve were significantly
reduced. Muscle blood flow values in the ARG (200 sec) and the
steady-state studies were in good agreement, and each provided an
estimated accuracy of 5%. Resting muscle blood flow averaged
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3.12 * 1.55 mV/min - 100 g muscle (range 1.43-6.72 mi/min - 100 g
muscle, n = 18). Conclusion: The ARG and the steady-state
methods provided consistent blood flow values for skeletal muscle
when a long tissue integration time (=200 sec) was applied in the
ARG study. Based on the lower effective radiation dose and the
shorter total scan duration, the ARG method is favored over the
steady-state method in the measurement of muscle blood flow.

Key Words: PET; muscle blood flow; low flow
J Nucl Med 1997; 38:314-319

Measurement of metabolite exchange across skeletal muscle
requires quantitation of blood flow through the muscle bed (/).
Reduced blood flow has been suggested to be one of the
mechanisms leading to insulin resistance in skeletal muscle (2).
Peripheral flow studies have previously been performed with
plethysmography (3) or dilution techniques (2,4), which give a
measure of whole limb blood flow, including blood flow to
skin, adipose tissue and bone in addition to muscle flow.
Direct quantitation of muscle blood flow has been performed
using the '3*Xe clearance technique (5,6), which has techni-
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