
1-123 produced by the â€˜24Te(p,2n)'231reaction is less expen
sive and requires a less energetic proton beam than 1-123 produced
by the p,5n reaction. An undesired by-product of the p,2n reaction
is the presence of small amounts of 1-124 (T,,2 4.2 days) whose
decay produces enough high-energy photons to compromise seri
ously image quality due to scattered photons and to septal pene
tration in the collimator (1â€”3).

In orderto assessthe implicationsofusingsuchcontaminated
1-123, we have evaluated the performance of a low-energygen
eral-purpose and of a medium-energy collimator mounted on a
rotating gamma camera (3/8-inch crystal) equipped to perform
tomography. Both collimators were manufactured by casting and
were4lmm thick.

MATERIALS AND METHODS

Radionuclides. All 1-123 imaging experiments were performed
with less than 5% 1-124 contamination. Estimates of the 1-124
contribution to the original images were derived from measure
ments performed on Day 7, a time when the 1-123 had decayed to
insignificant levels.

Equipment and phantoms. A rotating gamma camera interfaced
to a minicomputer was used to acquire and analyze the data.
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(I) Planar images. Digitized images of polyethylene (1 mm
i.d.) line sources filled with a 1-123/1-124 mixture were acquired
in a 128-by 128-matrix format with a sampling interval of 0.24
cm/pixel.

(2) Tomographic imaging. The images were acquired with the
frame digitization set to the 64-by 64-matrix format, with 64
regularly spaced angular increments. Acquisition times were set
at 30 sec per angular projection.

The two collimators studied were: (a) a medium-energy colli
mator with 6000 hexagonal hoics, 3.4 mm wide and 41.5 mm long,
with septa I .4 mm thick; and (b) a low-energy, general-purpose
collimator with I8,000 hexagonal holes measuring 2.5 mm wide
and 41 mm long, with 0.3-mm septa.

Line sources made of polyethylene with an internal diameter
of I mm were imaged in air or at the center ofa cylindrical phan
tom (20 cm diam) filled with water. Source distances were mea
sured between the collimator face and the line source.

A cylindrical phantom 20 cm in diameter wasalso loaded with
background activity of 0.3 sCi/ml and with cylindrical higher
activity targets 2.4 cm in diameter. The highest target-to-back
ground ratio was set at 30:1, and others, in decreasing order, I5:1,
6:1,and3:1.

Line spread functions. For both collimators, the line spread
functions were measured at distances of I , 5, 11, I6, 21, 3 1, and
36 cm from the collimator in air, and I 1, 16, 21, 31, 36 cm from
the center ofthe water-filled phantom. The FWHM was calculated
after fitting a second-order polynomial to the three largest counts
in a profile through the line source in order to find the maximum
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lodine-123preparedfromthe 124Te(p,2n)1231reactioniscontaminatedwfthbe
tween 3% to 5% 1-124when imagingis performed.The effectsof sucha mixture
were evaluated for medium-energyand low energy general-purposecollimators
on a commerciallyavailablerotatinggammacamera equippedto performtomog
raphy.The planarsensitivityfor 1-123was lessfor the general-purposecollimator,
varyingbetween0.84 and 0.85 in water relativeto that measuredfor the medium
energy-collimator.Countsdueto scatteringor septalpenetrationof 1-124photons
were greaterfor the general-purposecollimator(36% ) thanfor the medium-ener
gy collimator(15 %). Evaluationof the higher-frequencycomponentsof the modu
lationtransferfunctionsconfirmedthat the low-energygeneral-purposecollimator
is expectedto offer significantlymore contrastInformationat frequenciesabove
0.21 cycles/cm. This is expected to contribute to image quality when studies are
performed with collimators of similar design.
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TABLE2. % CONTRIBUTIONOF 1-124TO
THE TOTALCOUNTS(4.1% OF TOTAL

MIXTURE)

Air Air Water Water
11cm 21cm 11cm 21cm

Low-energy collimator 26. 1% 17.5 % 36. 1% 28.0%

medium-energy 11.2% 7.1% 14.6% 12.0%
collimator
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and then interpolating between the points nearest half this value
on each side ofthe curve. In each case, measurements were taken
from ten different profiles through the line sources and then av
eraged.

Modulationtransferfunctions(MTFs).Thelinespreadfunctions
obtained on Day I and Day 7 (both sets made with a 159 keV
window) were also used to calculate modulation transfer functions.
The images taken on Day 7 resulted mostly from a broad 200 keV
backscatter peak.

The calculation was performed on the line spread data L(i)
according to the following formula (5):

MTF(r) =
+a 2 +a 2 1/2F@a[L(i. cos(2ir. r. i)]+i@a[L(i. sin(2@r. r. i)])

+a@:L(i)
i=â€”a

where r = frequency in cycle/pixel and i pixel number centered
on the maximum of the line spread function.

Sensitivityandcontributiondueto 1-124.Estimatesof thecounts
contributed by 1-124 were derived from the measured sensitivity
on Day 7, when virtually no I-I 23 was detected, and then back
corrected for 1-124 decay to the imaging times on Day I . This
contribution could then be subtracted from the total measured
sensitivity, thus yielding the relative sensitivity to 1-123 for both
collimators. Contributions of scatter and septal penetration due
to some of the higher-energy photons of 1-123are neglected so that
the scatter fraction can be estimated to be due solely to 1-124.

RESULTS

Full-width half-maximum (FWHM) determinations. The
FWH M values are consistently less for the low-energy general
purpose collimator than for the medium-energy collimator (Fig.
1). At I 1cm, the FWHM values of the general-purpose collimator
are I .1 Â±0.03 and I .2 Â±0.1 cm in air and water, respectively,
compared with medium-energy values of I .35 Â±0.03 and I .45 Â±
0.1 cm. At 21 cm the differences become more substantial, the
values being I .7 Â±0.09 and I.88 Â±0. 16 cm for the general-purpose
collimator, against 2.08 Â±0.15 and 2.29 Â±0.21 cm for the me
dium-energy collimator.

Determinationsof modulationtransfer function(MTF). Figure
2 shows the MTFs for both collimators. These curves confirm the
expected increase in image degradation that occurs when the
distance between object and collimator increases and when the
object is imaged inside a scattering medium. These results, in es
sence, support the findings shown in Fig. I.

At the lower spatial frequencies, the larger number of scattered
photons causes a sharp peak in the MTF curves. This effect is more
pronounced for the low-energy collimator, especially when imaging
is done with scattering medium present.

For the higher spatial frequencies, there is a sharper decline in
the MTF values for the medium-energy collimator. This effect
persists when the two collimators are compared for similar imaging
geometries (distance, presence or absence of scattering medium).
The point at which the low-energy collimator retains a greater
content of the higher spatial frequencies is shown in Table I.

Using the line source images obtained on Day 7, the MTFs as
cribable to 1-124 show a large component at only the lowest spatial
frequencies (Fig. 3). Compared with the previous curves, the
small-amplitude, high-frequency components of the MTFs are
partly explained by a higher content of random noise.

Relativesensitivity.Table 2 showsthe total proportion of mea
sured counts due to the 1-124 contaminant (4.1%). As expected,
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FIG.1. Two-dImensionalFWHMvaluesplottedagainstdistance
from collimator face. Evenwhen imaging line sources centered in
water-filled cylinder, 20 cm in diam, general-purpose collimator
consistently out-performs medium-energycollimator.

under similar geometries the number of detected events due to
1-124 is greater for the low-energy collimator. Similarly, the
number of counts accepted is greater when more scattered photons
are produced, due either to the medium surrounding the line source
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TABLE1. LIMITSOF SPATIALFREQUENCY
FOR INCREASEDINFORMATIONCONTENT

USINGLOW-ENERGYCOLLIMATOR

Frequency Frequency
(cycle/pixel) (cycle/cm) Amplitudet

Air, 11 cm 0.09 0.38 0.34
Air, 21 cm 0.04 0.19 0.54
Water, 11 cm 0.09 0.37 0.20
Water, 21 cm 0.05 0.21 0.28

* Frequency at which MTF value of low-energy collimator

becomes larger than that of the medium-energy.

t Amplitude of the MTF at that frequency.
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FIG.2. ModulatIontransferfunctionsfor
low-energy general-purpose (A) and me
dium-energy (B) collimators, determined
from linesotrces ImagedInair (upperfot)
or at centerof (20cmdiam)water-filled
cylinder (lower four). One pixel corre
spondsto 0.237 cm. General-purposeMTF
values extend further Into high spatial
frequencies despite prominent low-fre
quency content due to scatter from I-
124.

or to collimator proximity. These measurements reflect an almost
constant density of background counts in the acquired images.

A more direct comparisonofcollimator sensitivity to I-I 23 re
veals that, with respect to the medium-energy collimator, the
low-energy collimator is less sensitive when images are acquired
in air: by 4.5% at 11cm and 7.2% at 21 cm. This loss is more severe
for images taken through water: 14.6% at I I cm and I5.6% at 21
cm (Table 3). This last observation probably reflects the greater
sensitivity of the medium-energy collimator to photons scattered
through small angles.

Tomographic images. Figure 4 shows transaxial slices through
a cylindrical phantom for both collimators. The cylindrical targets,
with the 30:1 in the center, were set in a background activity of 0.3
zCi/cc. Blurring of the high-contrast target edges is marked with
the medium-energy collimator.

DISCUSSION

When imagingof radionuclidesemitting higher photonenergies
(dueeither to the decayschemeor to inseparablecontaminant
isotopes) is attempted, the performance ofcollimators can be cx

pected to suffer significant degradation (1,2,6). At least two
physical processes will affect collimator performance: (a) the
amount of septal penetration by the higher-energy photons and
their subsequent release of energy in the imaging window due to
partial deposition of energy in the crystal and (b) the amount of
scattered photons generated in the object being imaged.

We evaluatedthe effectofthe higher-energyphotons(511â€”I691
keV) from I-I 24 on the image quality for an Anger camera
equipped with both low-energy general-purpose and medium
energy collimators. Other authors have pointed out that the
high-energy photons of pure I-I 23 also lead to some loss in spatial
resolution and image quality (6). We opted not to measure these
effects separately but to measure overall collimator response to
1-123 contaminated with 1-124, since, in the final evaluation, we
are interested in the use of this isotopic mixture for clinical
imaging.

Ourresultsshowthattheresolutionofthe low-energycollimator
is better than that of the medium-energy (Fig. I ). This holds
whether scattering milieu is present or not. These measurements
are, in effect, worst-case estimates of the general-purpose colli
mator's FWH M, since no attempt was made to correct for the
image background generated by the high-energy photons. As was
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TABLE3. SENSITIVITYOF LOW-ENERGY
COLLIMATORRELATIVETO ThAT OF

MEDIUM-ENERGYCOLLIMATOR

Tototalcounts 1.15 1.04 1.14 1.03
acquired (4.1%
I-124)

to100% 1-124 2.68 2.58 2.83 2.42
to100% 1-123 0.955 0.928 0.854 0.844

Air Air Water Water
11cm 21cm 11cm 21cm
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shown by these experiments, these photons add an almost constant
(low spatial frequencies) number ofcounts to the planar images.
Such favorable performance characteristics may be due, in part,
to the largecollimatorthickness(41mm).

Systemresolution,per se,doesnot permitone to predictthe
quality and contrast fidelity of acquired images. For this reason,
collimator performance was assessed with the aid of calculated
MTFs. Such an approach permits one to evaluate collimator
performance at higher spatial frequencies and, thus, to predict
which one will result in a more accurate transfer of information
(5).

Our calculatedMTFismarkedlymodifiedbythe presenceof
high-energy photons of 1-124. This effect is more clearly seen at
the lowerspatial frequenciesand is moreprominentwith the
general-purpose collimator (the MTF abruptly falls with in
creasing spatial frequencies). Septal penetration by the primary
photons,and by a larger numberof photonsissuingfromscattering
events in the water-filled phantom, is the most likely source of this
phenomenon.

Forsimilarimaginggeometries(i.e.,distancefromcollimator,
presence or absence of a scattering milieu) the medium-energy
collimator's MTFs are larger than those of the general-purpose

a i@oisci

FIG.3. ModulatIontransferfunctionsof
line soixces imaged on Day 7 (159-key
window) show large amplitude mostly in
lowerspatialfrequencies.Fluctuationsin
higher frequencies are due principally to
poor statisticsand to some spatialall
asing.

FIG. 4. Transaxlal slices obtained after
tomo@aphicreconstructlonsof cylin&lcal
phantom.HI@contrasttargets(30:1,15:1,
6:1, 3:1) are clearly seen in both cases.
There is some blurring at edges In those
reconstructions of dataacquiredwith me
dium-energy collimator.

collimator(Fig.2).Thereis,however,a cross-overpointwherethe
general-purposecollimatorretainshighspatialfrequencycorn
ponents(Table 1).This improvementin imagequalityfor two
dimensional imaging is also seen after tomographic reconstruc
tion.

In thecaseofthehigh-contrastphantom,the targetsare more
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sharply circumscribed on the reconstructed slices obtained with
the general-purpose collimator (Fig. 4). This collimator would
therefore have a distinct advantage in any quantification scheme
requiring an edge-detection algorithm to delineate volume con
tours.

When dealing with statisticallylimited images,collimator
sensitivity is of primary importance. The overall sensitivity of the
general-purposecollimatorto the 1-123/1-124mixtureisgreater
than that of the medium-energy collimator (Table 3). When the
contribution from 1-124â€”aquantity known not to add signifi
cantly to overall image quality (Fig. 3)â€”iseliminated, the sensi
tivity of the general-purpose collimator is, at worst, 85%of that
of the medium-energy collimator (Table 3). This small disad
vantage is amply offset by the improved transfer response offered
by the general-purpose collimator, since increased sensitivity per
se cannot overcome the true limitation in fidelity transfer between
object and image experienced by the medium-energy colli
mator.

In conclusion,our resultsfavorthe useof a low-energygen
eral-purpose collimator during tomographic imaging with tracers
labeled with 1-123 contaminated with 1-124.The increase in image
quality and resolution offsets the amount of image degradation
caused by the high-energy 1-124 photons. Our results apply
especially to collimators with a large enough thickness (in our case
41 mm) to prevent significant photon penetration.
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