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This study reports on a spectral monitoring method in which (1) a small source fixed to the
camera is used, (2) a narrow, offset window is set on the side of the photopeak, and (3) variations
in count rate are measured to assess energy shifts in the vicinity of the source. For one camera
model, the count rate drops from 100% to 76% over a rotation of 180°, implying a local energy
shift of 1.4 keV. Also looked for are local count-rate variations with rotation for (1) wide-
symmetric, (2) 20%-symmetric, and (3) 10%-asymmetric windows. The last is in limited use to
partially compensate for Compton scattering. The effects of background and time stability are

assessed. »

I. INTRODUCTION

The scintillation camera can be used to measure absolute
activity for gamma-emitting radiopharmaceuticals in order
to calculate radiation-absorbed dose delivered to tumors
after administration of therapeutic amounts of radioiso-
tope.'® This calculation requires accurate quantification of
tumor uptake, but such accuracy suffers from scattering of
gamma radiation in human tissue before reaching the scintil-
lation detector. Applying the dual-energy-window correc-
tion to quantification in single-photon emission-computed
tomography (SPECT) studies has been discussed.®’ Older,
more complex correction techniques have also been re-
viewed.® Errors from changes in the amplitude of the camera
energy signals with camera rotation may cancel out in some
of these corrections. This cancellation seems quite unlikely
in several newer methods, however. Among these are a spec-
tral fitting method® where the Compton-scattered compo-
nent is to be separated from the unscattered component at
each spatial location (i.e., locally) over the camera face. A
second is an energy-weighted acquisition method'® wherein
events of all energies contribute to image formation through
processing each energy with its own short-range spatial fil-
ter.

In this study, we report on a spectral monitoring method
in which we (1) use a small source fixed to the camera, (2)
set a narrow, offset window on the side of the photopeak, and
(3) measure variations in count rate to assess energy shifts in
the vicinity of the source. We also look for local count-rate
variations with rotation for (1) wide-symmetric, (2) 20%-
symmetric, and (3) 10%-asymmetric windows. The last is
in limited use to partially compensate for Compton scatter-
ing.>'"!'? The effects of background and time stability are
assessed.

. EXPERIMENTAL METHODS

Measurements were undertaken on a GE 400 AC and AT
rotating Anger camera. Each was equipped with a low-ener-
gy general-purpose collimator. The AC camera was inter-
faced to a Siemens Microdelta computer and the AT toa GE
STAR. Measurements were performed with the following
windows for the AC camera. (Values are thumbwheel set-
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tings, that is, they are in nominal keV. See results to convert
to true keV.):

(1) narrow window on the high-energy side of the photo-
peak (149-153 keV);

(2) narrow window on the low-energy side of the photo-
peak (135-139 keV);

(3) wide window (122-176 keV) chosen to end on flat
portions of the energy spectrum;

(4) 20% symmetric window (130-158 keV) visually cen-
tered about peak;

(5) 10% asymmetric window (143-158 keV).

The camera was rotated over 360 deg from stop O to 128 in
eight intervals. Counts per 40 s at each stop were recorded
directly from the counter of the camera electronics. The
source was 19.3 MBq of Tc-99m solution in a syringe. All
data were corrected for radioactive decay.

Forthe AC camera, theslopedN /dE for the linear depen-
dence of the nominal energy N on the true gamma-ray ener-
gy E was determined. The two peak channels for '''In (172
keV and 247 keV) were measured along with that from
%mT¢ (140 keV). Then, to estimate the actual energy shifts
from the changes in count rate, we also kept the camera fixed
at stop 64, varied the nominal energy window settings + 1
keV, and observed the fractional change in count rate. The
rate of change of fractional count rate with nominal energy
change dC /dN, was calculated. Then the rate of change of
count rate with energy is

dc _dc dn

dE  dN dE’
Finally, one estimates the energy shift AE caused by rotation
measured from the fractional count change AC by

(D

AE=AC(£)_1. (2)
dE
lll. RESULTS

Room background measurements for the AC camera with
window 1 indicate a very stable background count rate
which is, on average, only 0.01% of the source rate and so
was neglected. The average count for 20 successive measure-
ments at stop 80 using window 4 has a relative standard
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Fi1G. 1. Plot of counts normalized to 100% versus rotation. Stop 64 is a 180-
deg rotation from stop 0. A large sinusoidal variation is present for the
narrow asymmetric window located on the side of the photopeak. The 20%
symmetric window is relatively stable. The curve for the 10% asymmetric
window is about midway between the other two.

deviation of 0.13% and with window 1 0.85%. It is conclud-
ed that changes in count rate greater than 1% are not from
short-term time drift.

With window 1 and the source at the center of the AC
camera face, the variation of count rate with angle is given in
Fig. 1. Three rotations produced essentially the same results.
The minimum at stop 32 (90 deg) has only 75.8% the count
rate of stop 96 (270 deg). A comparison of the results with
the narrow window on either side of the photopeak is given
in Table I. The results are consistent with the hypothesis that
the energy window is fixed but the energy signals shift in
amplitude, being largest at 270 deg and smallest at 90 deg.
That is, at 270, with the energy signals presumably being
larger than their mean value, the high-side window is nearer
the peak and has a higher counting rate while the low-side
window is farther from the peak and has a lower counting
rate. At 90, with the energy signals now being smaller than
their mean value, the reverse is true.

The effect of camera rotation with the 20% symmetric
window usually used for clinical imaging is shown in Fig. 1.
The normalized count rate varies only from 100% to
99.30%. With window 3, the count rate is again stable with a
minimum of 99.37% (not shown). The stability of these
windows is presumable due to compensating count-rate gain
and loss on the two sides of the peak. Last, with window 5,

TABLE 1. Vanation of count rate (normalized to its maximum) with cam-
era rotation for narrow asymmetric windows. GE 400 AC camera.

Rotation Normalized count rate
angle Narrow window at Narrow window at
(deg) high-energy side low-energy side
0 86.60 + 0.66% 89.40 + 0.68%
45 80.44 + 0.62 95.48 + 0.70
90 75.85 + 0.57 100.00 4- 0.76
135 78.32 + 0.58 98.86 + 0.76
180 89.07 + 0.67 87.07 +0.67
225 " 94.95 +0.69 83.60 + 0.65
270 100.00 + 0.71 78.50 + 0.63
31s 95.59 + 0.69 82.35 + 0.65
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the count rate follows a variation that is similar to that of
window 1 but smaller in magnitude (see Fig. 1).

With the source at the center and window 1, the results for
the AT camera are similar to those for the AC except that the
magnitude of the variation is smaller. The minimum at 135
degis 91.2%. Also, the AC has no observed dependence of
energy shift on source position while the AT shows a vari-
ation and, with the source at the edge, has a minimum of
85.0%.

For the AC camera, linear least-squares fitting gives the
equation for nominal energy as a function of true energy as
N = (6.39 nominal keV) + (0.97 nominal keV/keV)*E.
The intentional shifts of the high, narrow window at stop 64
produce a value for dC /dN of 19.54% /nominal keV. From
Eq. (1) we then evaluate dC /dE as 18.95%/keV. Using (1)
this value, (2) the AC values relative to stop 64, and (3) Eq.
(2), we calculate the energy shift from stop 32 to 96 as 1.4
keV.

IV. DISCUSSION

We conclude, without direct pulse-height-analyzer mea-
surements, that the local energy shift at the center of a GE
400 AC Anger camera is 1.4 keV over a 180-deg rotation.
Our clearly sinusoidal variation of count rate with angle for a
narrow window on the side of the photopeak matches the
shape of a finely steped, independent measurement with a
20% window (Ref. 13, see Fig. 4). That author used 60 stops
and determined the global (for the entire camera face)
count-rate variation of a Siemens Orbiter with a flood source
fixed to its face. The small magnitude of our local variation
with a 209% window is also similar to their magnitude
(99.3% vs 99.7%). The differences we measured for two
camera models can be ascribed to either (1) model, (2) dif-
ferent site locations (separate buildings), (3) different ori-
entation of the axis of rotation relative to North {about a 90
deg change), or (4) proximity to magnets (the AT near an
MRI unit'* but with magnetic fields within specs, the AC
not).

Using Monte Carlo simulations of energy spectra, we can
estimate the effect of the 1.4-keV shift on Compton-scatter
correction by spectral fitting. With a sixth-order polynomial
for the scatter, and choosing the direction of shift that maxi-
mizes the error, there is a loss of 249 of the calculated uns-
cattered counts. We consider a loss of this magnitude quite
significant.

ACKNOWLEDGMENTS

This work was supported by PHS Grant Nos. CA38790
and 5 T32 CA09015 awarded by the National Cancer Insti-
tute, DHHS. The authors thank Patricia Haines for secretar-
ial assistance in preparation of the manuscript.

) Current address: V. A. Medical Center, Nuclear Medicine, Tucson, AZ
85723.

'H. R. Maxon, S. R. Thomas, V. S. Hertzberg, J. G. Kereiakes, I. Chen, M.
1. Sperling, and E. L. Saenger, *‘Relation between effective radiation dose
and outcome of radioiodine therapy for thyroid cancer,” N. Engl. J. Med.
309, 937-941 (1983).



567 Swailem, Koral, and Rogers: Technical Note: Count-based monitoring of Anger-camera spectra 567

2p. K. Leichner, J. L. Klein, S. S. Siegelman, D. S. Ettinger, and S. E.
Order, “Dosimetry of *'I-labeled antiferritin in hepatoma: Specific activi-
ties in the tumor and liver,” Cancer Treat. Rep. 67, 647-658 (1983).

K. F. Koral, X. Wang, M. C. Sisson, J. Botti, L. Meyer, S. Mallette, G. M.
Glazer, and R. S. Adler, “Calculating radiation absorbed dose for pheoch-
romocytoma tumors in 131-I-MIBG therapy,” Int. J. Radiat. Oncol. Biol.
Phys. 17, 211-218 (1989).

4S. E. Hammond, P. J. Moldofsky, M. R. Beardsley, and C. B. Hulhern,
“External imaging techniques for quantitation of distribution of I-131 F
(abi , fragments of monoclonal antibody in humans,” Med. Phys. 11, 778-
783 (1984).

°J. F. Eary, F. L. Applebaum, L. Durak, and P. Brown, “Preliminary
validation of the opposing view method for quantitative gamma camera
imaging,” Med. Phys. 16(3), 382-387 (1989).

¢K. F. Koral, F. M. Swailem, S. Buchbinder, N. H. Clinthorne, W. L.
Rogers, and B. M. W. Tsui, “SPECT dual-energy-window Compton cor-
rection: Scatter multiplier required for quantification,” J. Nucl. Med. 31,
90-98 (1990).

Medical Physics, Vol. 18, No. 3, May/Jun 1991

K. F. Koral, F. M. Swailem, N. H. Clinthorne, W. L. Rogers, and B. M.
W. Tsui, “Dual-window Compton-scatter correction in phantoms: errors
and multiplier dependence on energy,* J. Nucl. Med. 31, 798-799 (1990).

8R. J. Jaszczak, C. E. Floyd, and R. E. Coleman, “Scatter compensation
techniques for SPECT, ” IEEE Trans. Nucl. Sci. NS-32, 786-793 (1985).

°K. F. Koral, X. Wang, W. L. Rogers, N. H. Clinthorne, and X. Wang,
“SPECT Compton-scattering correction by analysis of energy spectra,” J.
Nucl. Med. 29, 195-202 (1988).

193, J. Hamill and R. P. Devito, “Scatter reduction with energy-weighted
acquisition,” IEEE Trans. Nucl. Sci. NS-36(2), 1334-1339 (1989).

Y'R. LaFontane, M. A. Stein, L. S. Graham, and J. Winter, “Cold lesions:
Enhanced contrast using asymmetric photopeak windows,” Radiology
160, 255-260 (1986).

"?K. F. Koral, N. H. Clinthorne, and L. Rogers, “Improving emission-
computed-tomography quantification of Compton-scatter rejection
through offset windows,” Nucl. Instrum. Meth. A 242, 610-614 (1986).

'3J. A. Bieszk, ““Performance changes of an Anger camera in magnetic fields
up to 10 G,” J. Nucl. Med. 27, 1902-1907 (1986).



