
Modulation transfer functions, line spread
functions,and energyspectrawereobtainedfor
an Anger scintillation camera using three dif
ferent collimatorsand commerciallyproduced
â€˜Â°1Tl.Images of a thyroid phantom were ob
tamed using these collimators. For each of the

three collimators, line spread functions and
modulation transfer functions were obtained for
both the 75-keV x-ray and 167-keY gamma
photon of â€˜Â°â€˜Tl.Although the intrinsic resolu
tion of the scintillation camera is superior when
imaging with the 167-keV gamma photon, sys
tem performance was superior when the 75-keV
x-ray was imaged. Contamination from 202Tl,
which emits abundant 439-keV gamma pho
tons, degraded images taken at 167 keV because
of septum penetration. At 75 and 167 keV the
converging collimator yielded the best system
performance. Imaging time was significantly
shorter using the 75-keV x-rays.

The introduction of thallium as a radiodiagnostic
agent by Kawana et al in I970 ( 1) and the recent
work of Lebowitz et al (2) with 201T1has excited
enthusiasm for myocardial perfusion studies using
the scintillation camera. Typically, myocardial per
fusion studies have been performed using 43K and
other high-energy potassium analogs. Because of this,
imaging has required the use of scanners or scintilla
tion cameras with specially shielded high-energy col
limators (3,4) . These techniques are cumbersome.
Furthermore, when the scintillation camera is used
for infarct imaging, as with technetium-tagged diag

nostic agents (5) , it would be advantageous to per
form the perfusion studies on that same patient with
a camera. The utility of such a combined study for
enhanced cardiac diagnosis has been discussed by
Lebowitz (2).

Thallium-201 is a low-energy gamma emitter, with
principal photopeaks at I 35 keV and 167 keV and
x-rays from the mercury daughter at 69â€”83 keV (6);

it is therefore a suitable emitter for imaging with
standard low-energy collimators. Furthermore, its
biologic properties have been investigated in several
laboratories (2,5) with indications that the thallous
ion (Tl@) is also a good biologic analog of potas
sium. Its half-life of 73 hr is convenient and it deliv
ers a smaller whole-body dose to the patient per milli
curie than 43K (2).

To date, however, there has been a lack of quan
titative information regarding the imaging abilities
of this nuclide with an Anger scintillation camera,
and a study of its imaging properties was therefore
conducted. Significant conclusions were reached re
garding the performance of 201T1and the effects of
a 202T1contaminant.

MATERIALS AND METHODS

For this study 20T1, prepared by the reaction
2Â°3Tl(p,3n)2O'Pb@@+E.-@2Â°'Tl,was obtained from New
England Nuclear Corp. The radiometric purity of
the sample was specified as better than 99 % and
data were recorded within 3â€”4hr of the calibration
time.

Data were taken with a Searle Radiographics Pho/
Gamma HP camera using a Picker thyroid phantom
filled with approximately Â½mCi of 2o1'fl and a line
source consisting of a glass capillary tube, 30 cm
long with a 1 mm inside diameter, filled with Â½mCi
of 20Tl. Energy spectra and line spread functions
(1SF) were obtained with the aid of a multichannel
analyzer, and modulation transfer functions (MTF)
were calculated from the LSFs by a minicom
puter. Data were taken on the following Searle
Radiographics collimators : (A) high resolution
(part # 82 174 1 ) ; (B) 4,000-hole collimator (part

#820719); and (C) a specially designed converging

collimator (7).
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TABLE1. GAMMAPHOTONTRANSITIONS
FROMTHALLIUMISOTOPESAND

THEIRINTENSITIES

Principle Gamma
gamma photon photon

Isotope Half-life energy (keY) intensities'

2'Tl (6,2) 73 hr 69â€”83(Hg x-ray) 98%
135 2%
167 8%

â€˜@Tl(6) l2days 439 95%

S Number of transitions per 100 decays of the isotope.
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The data for the LSF and energy spectra were
taken using the line source at a distance of 12 cm
from the collimator face. Images of the thyroid phan

torn were also taken at this distance. For both the
LSF and phantom images, 4 cm of Lucite scatteringSmaterialwasplacedbetweenthesourceandcolli

. mator, whereas for the energy spectra no scattering

material was used. Line spread functions and phan
torn images for each collimator were obtained at
both 75 keV and 167 keV using a 25 % analyzer
window. Intrinsic resolution of the scintillation cam
era was determined by placing a lead sheet containing
nine 1-mm-wide slits spaced 3 cm apart directly
over the scintillation crystal. A source of 1 mCi of
201Tl was then placed approximately 75 cm from the
camera and the average full width at half maximum
(FWHM) of the resultant slit pattern was computed.

RESULTS AND DISCUSSION

The energy spectra obtained on the Anger cam
era through the various collimators are shown in
Fig. 1. The x-rays of energy 69â€”83keV are most
abundant and appear as a single peak centered at
75 keV, while a double peak is present from the
167-keV and 135-keV emissions of 201Tl.A signifi
cant 439-keV peak, due to 202T1contamination, is
observed in the spectrum through the high-resolution
collimator and to a lesser extent through the con
verging collimator. The principal radiations from
201Tl and 202Tl and their abundances are given in
Table 1.

Although the quantity of 202Tlis minimal ( < 1%),
its 439-keV gamma photon is not attenuated sig
nificantly by the collimators, while the lower-energy
radiations from @Â°â€˜T1are attenuated by a factor of
approximately l0@.The number of 439-keV gamma
photons within a spectrum taken on the scintillation
camera with no collimator is insignificant compared

to the number of I67-keV gamma photons. How
ever, the spectrum taken through the high-resolution
collimator contains twice as many 439-keV as 167-
keV gamma photons. The effect of septum penetra
tion is minimized in the 4,000-hole collimator, which
has septa three times as thick as those of the high
resolution collimator. The spectrum through the
4,000-hole collimator contains only one-tenth as
many 439-keV as 167-keV gamma photons.

The penetration of large numbers of high-energy
gamma photons has a degrading effect on image
quality by virtue of Compton scatter within the Na!
crystal which deposits events in the window set for
lower-energy gamma photons. The data in Fig. I
indicate that the Compton background for the high
resolution collimator is twice that of the converging
collimator, whereas the Compton background with
the 4,000-hole collimator is insignificant.

The intrinsic spatial resolution of an Anger scm
tillation camera at I 67 keV is superior to that at
75 keV. Measured values for 201Tl were 7.6 mm for
167-keV gamma photons and 10.6 mm for 75-keV
x-rays. The line spread functions for the three colli
mators imaged at 75 keV and at 167 keV are shown
in Figs. 2 and 3, respectively. The LSFs obtained at
167 keV show a high background for the high
resolution and converging collimators. The counts
in the wings of the LSF start at I 8% of the peak
counts for the high-resolution collimator and at

13 % for the converging collimator. The background
is attributed to the Compton scatter that falls into
the 25% window set at 167 keV from the 439-keV
gamma photons that penetrated the collimator. In
contrast, when the same number of peak counts were
obtained using the 75-keV x-ray with the high
resolution collimator, imaging took only one-seventh
the time and resulted in less than 1% background.
When LSFs were taken on the high-resolution colli
mator using the 75-keV and 167-keV windows for
the same length of time, the backgrounds were nearly
equal. A constant background from the Compton

scatter of the 439-keV gamma photon is therefore
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FIG. 1. Energyspectraof 20111onAngerscintillationcamera
through three different collimators in air. Source-to-collimator dis
tance was 12 cm.
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TABLE2. RESOLUTIONAND IMAGINGTIMES
FOR THE THREE COLLIMATORS STUDIED

Highresolution
Converging
4,000Hole

11.25 11.96 5.85 13.5
9.26 9.79 4.42 17.1

12.19 11.80 3.47 21.25

MILLINETERS

FIG.2. LinespreadfunctionsofzlTllinesourceimagedwith
a 25% window centered around 75 keV, with various collimators.
Line source was 12 cm from collimator with 4 cm of Lucite inter
posed betweensourceand collimator.Continuousline, 4,000-hole
collimator; dashed line, high-resolution collimator; dotâ€”dashline,
converging collimator.

frequencies. The MTF for the 4,000-hole collimator
is superior at low frequencies for 75-keV imaging
and better at frequencies over 0.5 cycle/cm for I 67-
keV imaging. The significance of the sharp drop-off
of the MTFs at low frequencies for 167-keV imaging
is reduced when photographs are made on Polaroid
film because the film's threshold reduces the observ
able background.

The images of the Picker thyroid phantom oh
tamed with the three different collimators at 75 and
167 keV are shown in Fig. 6. Imaging times to ob
tam soo,ooo total counts are listed in Table 2. The
converging collimator's images are superior to those
of the high-resolution and 4,000-hole collimators.
The superior intrinsic resolution of the scintillation
camera at 167 keV is negated by the Compton scat
ter within the crystal because of the penetration of
439-keV photons from 2Â°2Tl.Compton scatter, fall
ing into the window centered at 167 keV, is further
illustrated in the imaging times (Table 2). The high

@rj.25 .50 .75 1.0 1.251.50
Fr.qusncy (C,cI.s/C.n.)

FIG.4. Modulationtransferfunctionsfor â€˜1T1linesourceim
aged at 75 keV with various collimators.
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FIG.3. Linespreadfunctionsof â€œTIlinesourceimageswitha
25% window centeredaround 167 keV, with various collimators.
Line source was 12 cm from collimator with 4 cm of Lucite inter
posed between source and collimator. Continuous line, 4,000-hole
collimator; dashed line, high-resolution collimator; dotâ€”dashline,
converging collimator.

present, but its magnitude is less significant than that
of the very abundant Hg x-rays. The converging colli
mator has the best LSF at 75 keV, whereas the
4,000-hole collimator gives the best overall LSF at
167 keV.

The FWHM resolutions for the various collima
tors are given in Table 2. The converging collimator
has the best FWHM for both the 75-keV and 167-
keV windows, but its LSF at 167 keV is superim
posed upon a significant background. Modulation
transfer functions for the three collimators at the
75-keV and 167-keV photopeaks are shown in Figs.
4 and 5. Because of the high background level pres
ent for imaging at 167 keV, the MTFs are seriously

degraded at low frequencies. The MTFs for the high
resolution and converging collimators are better at
75 keV than at 167 keV, particularly for the low
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resolution collimator has lower sensitivity than the
4,000-hole collimator, yet the time needed to obtain
the same total number of counts using a window
centered at 167 keV was less for the high-resolution
collimator. With a 75-keV window the imaging times
agree with the relative sensitivities of the three colli
mators. In all three the imaging times were signifi
cantly shorter with the window centered at 75 keV.

In conclusion, penetration of 439-keV photons
from 202'fl through the thin septa of the high-resolu
tion and converging collimators produces Compton
scatter within the Na! crystal, which degrades im
ages obtained at the 167-keV photopeak of 201Tl.
Empirical determination noted that one-half of the
events within a window centered around 167 keV
were not from the 167-keV transition of 201Tl for
the high-resolution collimator. Compton scatter is
less significant when imaging with the abundant Hg
x-rays where empirical measurements for the high
resolution collimator found that only 1/@ of the
events in a 75-keV window resulted from 439-keV
Compton scatter. Images of a thyroid phantom did
not differ greatly in quality between 75 and 167 keV
for the same collimator. However, the imaging time
was significantly shorter for the Hg x-rays.

Of the three collimators, imaging with the con
verging collimator at 75 keV yielded the best LSF
and MTF. Septal penetration is least significant for
167-keY imaging with the 4,000-hole collimator.
The high-resolution collimator may not produce ac
ceptable images unless the 202Tl contaminant within
the source is reduced.

ACKNOWLEDGMENT

The authors wish to acknowledge G. Muehllehner for pro
viding the converging collimator and for his valuable dis
cussions. The authors would also like to thank D. Huard,
A. M. Smudde, L. L. Walker, and F. R. Whitehead for
their aid in the preparation of this manuscript.

REFERENCES

1. KAWANAM, KRIZEK H, PORTERJ, et al: Use of â€œTi
aspotassiumanaloginscanning.I Nucl Med II:333,1970

2. LEBOWITZ E, GREENE MW, FAIRCHILDR, et al: ThaI
lium-201 for medical use. I Nuci Med 16: 151â€”155,1975

3. MARTIN ND, ZARETBL, STRAUSSWH, Ct al : Myocar
dial imaging using i:q@and the gamma camera. Radiology
112: 446â€”448,1974

4. LAMB J, BAKERG, KHENTIGANA, et al: Rubidium-81
for myocardial imaging. In Proceedings of the First World
Congress of Nuclear Medicine, Tokyo, World Federation of
Nuclear Medicine and Biology, 1974, pp 1051â€”1053

5. BONTEFJ, PARKEYRW, GRAHAMKD, et ai: Distribu
tion of several agents useful in imaging myocardial infarcts.
I Nuci Med 16: 132â€”135,1975

6. Table of Isotopes, Lederer C, Hollander J, Penman I,
eds, New York, Wiley, 1968, p 123

7. MOYER RA : A low-energy multihole converging colli
mator compared with a pinhole collimator. I Nucl Med 15:
59â€”64,1974

167 isV

4000 HOLECOIL.

- â€” -CONVERGING COIL.

HIGH RESOLUTIONCOIL.

Frsqusncy ( Cycles/Cm.)

I

- FIG. 5. Modulation transfer functions for â€œâ€œTIline source im
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FIG.6. Imagesof a Pickerthyroidphantomobtainedwith
three different collimators at 12 cm using 75-keV and 167-keV
windows. Each image contains 500,000 counts. Left: 75-keV images;
right: 167-keV images.
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