Quantitation of lodine-123-B-CIT Dopamine Receptor Uptake

in a Phantom Model

L.K. Leong, M.K. O’Connor and D.M. Maraganore

Departments of Radiology and Neurology, Mayo Clinic, Rochester, Minnesota

Objective: The purpose of this study was to determine the
effects of technical factors such as collimation and filtration on
the measurement of 23|-3-CIT uptake in the striatum.
Methods: All SPECT studies were performed using a brain
phantom containing striata within a bone- and tissue-
equivalent skull. The effects of collimator resolution and
septal penetration were assessed from 99mTc and 123| studies
containing variable activities in the striata and background
regions. Optimum attenuation coefficients (i) were deter-
mined from studies containing uniform activity in the brain.
Results: For %MTc, u was 0.095 cm~! and 0.07 cm~! for
parallel-hole and fanbeam collimators, respectively. For 123,
these values dropped to 0.09 cm~! and 0.00 cm~1 (zero) for
medium-energy and fanbeam collimators, respectively. Stria-
tal uptake was significantly underestimated, particularly for
medium-energy and general-purpose collimators. With %°mTc,
fanbeam collimation gave a 50% increase in the measured
striatal uptake, compared to medium-energy collimation.
However, with 123|, this gain was eliminated by septal penetra-
tion and scatter. Increasing transaxial slice thickness, ROI
size and decreasing filter cutoff frequency all degraded
apparent striatal uptake.

Conclusion: Partial volume effects, combined with the aver-
aging effects of increasing slice thickness and ROI size, are
the most significant factors affecting measurement of striatal
uptake of 123]-3-CIT. The increased resolution of low-energy
high-resolution collimators, compared to a medium-energy
collimator, is offset by the increased septal penetration and
scatter.
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cocaine that has been shown to have a high affinity for the
dopamine and serotonin transport sites in the br&n5)
SPECT studies using3-B-CIT have shown that a reduction in
the striatal uptake of this radiopharmaceutical correlates with
the severity of Parkinson’s disea$®).(Relative striatal uptake
of 123-3-CIT generally has been estimated from region of
interest (ROI) analysis of the tomographic slices, however,
published studies have used different regions of the striatum for
estimating uptaked-8). Furthermore, no consensus exists as to
the optimal acquisition and processing parameters for such
studies. As a consequence, reported uptake valug4-@-CIT
in the striata of normal subjects have shown wide variation
between different laboratorieS)(

Quantitation oft23-B-CIT uptake in the brain is complicated
by several technical factors. These include imaging factors,
such as the amount of scatter present, type of collimation used,
and processing parameters such as filtration and attenuation
correction. Finally, results will depend on analytical param-
eters, such as slice thickness and ROI size and placement.
Failure to optimize these parameters will make it difficult to
compare results between different laboratories and may reduce
the overall sensitivity of the technique to small changes in
dopamine receptor uptake in the brain. The purpose of this
study was to evaluate the effects of these parameters on
quantitative indices of23-3-CIT uptake in a phantom model of
the brain. This evaluation should provide guidelines as to the
significance of these parameters on accurate quantitation of
receptor uptake df3-p-CIT.

MATERIALS AND METHODS

All phantom studies were performed using a striatal head
phantom (Radiology Support Devices, Long Beach, CA). This
phantom contains a brain compartment with separate compart-

Alteration of the dopamine or serotonin systems has beefents for left and right caudate and left and right putamen. A
thought to play a key role in the pathogenesis of SeVefabone-equivalent material is used to simulate the skull and a
neuropsychiatric disorderd.@). A decrease in the dopamine p|astic material is used to simulate soft tissue of the head and
neurons in the striatum is the major pathological change oheck, permitting the phantom to accurately simulate the attenu-
Parkinson's disease. lodine-1B3CIT (**3-labeled B-  ation characteristics of a normal hedd, Images of the head
carboxymethoxy-B-4iodophenyl tropane) is an analog of phantom containing eithé®™c or 123 were acquired on a
dual-head gamma-camera system. The following acquisition
parameters were used for all studies: 22828 matrix; 120
views/head; 10-30 s/view; radius of rotatienl3 cm. Energy
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windows were set at 20% and were centered around the TABLE 1

140-keV and the 159-keV photopeaks &FTc and %, Description of the 4 Collimators Used
respectively. A zoom factor of 2 was used for all studies using in this Study*

parallel-hole collimation, and a zoom factor of 1 for studies

using fanbeam collimation. System resolution System

- - sensitivit
Measured in Measured in Y

Attenuation Correction . ) ; o
Collimator airat13cm airat10cmt  (cts/min/pCi)t

The brain and striatal compartments of the head phantort

. . . . . MEGP 10.9 mm 9.4 mm 160
were filled with a uniform concentration of eith®Tc or 123 LEGP 10.4 mm 9.0 mm 270
to determine the optimum values of attenuation coefficients for LEHR 7.8 mm 7.4 mm 160
tomographic studies of the head. Tomographic acquisitions UHRFB 6.6 mm 6.6 mm 220

were performed as described above using either a mediumsystem resolution was measured at the same radius of rotation (13
energy collimator (MEGP) or a low-energy ultra-high resolu- cm) as used for all the phantom studies.
tion fanbeam collimator (UHRFB). Tomographic images weretVvalues are taken from manufacturer’s specifications for these collima-
reconstructed using a Butterworth filter, order 5, with cutoff attors.
0.4 Nyquist. Attenuation correction was performed on theMEGP = medium-energy, general purpose; LEGP = low-energy,
reconstructed transaxial slices using Chang’s methik). (  9¢neral purpose; LEHR = low-energy, high-resolution; UHRFB =
Values of the attenuation coefficient varied between 0.0%cm low-energy. ultra-high resolution fan beam.
and 0.15 cm®. Optimum values of the attenuation coefficient
were determined by placing an irregular ROI around activity in
a 1.76-cm thick transaxial slice of the midbrain (Fig. 1A) and study,®*™Tc was used rather thdf to eliminate the confusing
determining the coefficient of variation (SD/mean) of countseffects of septal penetration in the low-energy collimators. The
within the region 10). The effect of variations in the attenuation following concentrations of°Tc were used in the striatal
coefficient on the measurement of relative striatal uptake waghantom: backgroune= 0.37 MBg/mL; right caudate= 3.7
determined from analysis é#3 transaxial slices acquired with MBg/mL; right putamen= 2.78 MBg/mL; left caudate= 1.85
the MEGP and UHRFB collimators, as described in the section81Bg/mL; left putamen= 0.93 MBg/mL. Tomographic images
on septal penetration and filtration below. of the striatal phantom were acquired and reconstructed as
described above. Attenuation correction was applied to all
studies based on the optimum values for the attenuation
Four different collimators were evaluated to determine thecoefficients derived in the section on attenuation correction
effect of collimator resolution on measurement of relative ahove. Quantitation of relative striatal uptake was determined
striatal uptake. For each collimator,*4Tc point source was  from a 1.76-cm thick transaxial slice. Small>4 4-mm ROls
placed at the center of rotation. A tomographic study waswere placed over the caudate and putamen and a background
acquired and reconstructed in an identical manner to th@Ql, representing nonstriatal uptake, was placed over the
phantom studies (i.e., same radius of rotation, matrix size, Zoorﬁccipitaj lobe region (F|g 2) See the section on ROI ana|ysis

factor and reconstruction filter). The tomographic resolution ofpelow for complete details of quantitation of relative striatal
each collimator was determined from measurement of the full;ptake.

width at half maximum (FWHM) of a profile drawn through the )

point source. Table 1 describes the collimator characteristicS€Ptal Penetration

and their corresponding resolutions. To determine the effects of septal penetration on quantitative
The effect of collimator resolution on the quantitation of analysis of relative striatal activity, images of the striatal

striatal uptake was determined by imaging the striatal phantorphantom containiné?® were acquired using the MEGP collima-

with the 4 collimators described in Table 1. For this part of thetor and the UHRFB collimator. For each collimator, a series of 5

Collimator Resolution

FIGURE 1. (A) Transaxial slice through mid-
section of the brain phantom uniformly filled with
99mTc, Coefficient of variation (COV) of counts
within the brain determined from an irregular
ROI placed around brain activity. (B) Transaxial
slice through midsection of the brain phantom
containing various concentrations of *°™Tc as
described in Methods. Small 4 X 4-mm ROls are

shown over each caudate and putamen and a [Wig{@)VAr= (0] (Std Dev./ Mean Cts.)
large ROI is drawn over the occipital region. : 3 E:
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acquisitions was performed. Table 2 describes the relative 3 pixels thick: slice containing highest counts in striatel
concentrations of23 placed in the background compartment slice superior and 1 slice inferior to it; and

and in the left and right striatal compartments for each of the 5 4-10 pixels thick: as above with successive addition of slices
acquisitions. Quantitation of relative striatal uptake was deter- ~ demonstrating decreasing striatal activity.

mined as described in the section on ROI analysis below.

Quantitation of relative striatal uptake was determined as

described in the section on ROI analysis below.
SPECT reconstruction usually uses a smoothing filter to

reduce image noise. Previous studies Wifh3-CIT have used Region of Interest Analysis

a Butterworth filter, with order 5-10 and cutoff between 0.5 For estimation of relative uptake in the caudate and putamen,
cm-tand 1.0 cm* (5,6,19. We reconstructed the planar data square ROIs were placed over the caudate and putamen regions
acquired with the UHRFB collimator (see section on colli- (Fig. 1B). For the caudate region, the ROl was placed over the
mator resolution above) using a Butterworth filter with a rangecaudate and adjusted to yield the maximum average counts per
of cutoff frequencies between 0.2 cfand 2.0 cm* and an  pixel. The putamen ROl was initially placed 1 cm inferior to the
order in the range 5-10. Quantitation of relative striatal uptakecaudate ROI. The putamen ROI then was shifted laterally until
was determined as described in the section on ROI analysige region of highest activity was obtained. ROI size was varied
below. from 1 X 1 pixel (2 X 2 mm) to 5X 5 pixels (10X 10 mm). A
background region was drawn over the occipital region. The

) ) ] . caudate- or putamen-to-occipital ratio was calculated from the
The effect of slice thickness on relative striatal uptake WaSyyerage counts per pixel in the caudate or putamen ROI divided

determined from analysis of the reconstructed transaxial datBythe average counts per pixel in the occipital ROI. Caudate-to-
. 99 . . . _ : 1Pt
acquired with®"Tc for the 4 collimators described in the , tamen ratios were calculated in a similar manner. Unless

section on collimator resolution above. Reconstructed slicghenyise stated, all results refer to analysis of 1.76-cm
thickness was 2.2 mm (4.4 mm for UHRFB). One- to 10-pixel yansaxial slices acquired wif8™c and an ROI of 4< 4-mm
thick slices were produced with slice thickness of between 2.24imensions.

and 22 mm, respectively. Criteria for slice selection were as

follows:

Filtration

Slice Selection

RESULTS
1 pixel thick: slice containing highest counts in striata; Figure 2A plots the coefficient of variation of counts within
2 pixels thick: 2 slices containing the highest counts inthe brain as a function of the attenuation coefficient*fc.
striata; The optimum value of the attenuation coefficient for the MEGP

collimator was 0.095 cm, while that for the UHRFB collima-
tor was significantly lower at 0.07 crh. Results fof23 images
_ TABLEZ2 acquired with the MEGP collimator were similar to those
Relative Concentrations of lodine-123 Used observed wit"Tc (optimum value= 0.09 cnr2). However,
in the Brain Phantom to Compare MEGP those acquired with a UHRFB collimator showed that applica-
and UHRFB Collimators tion of any type of attenuation correction resulted in an increase
in the coefficient of variation of counts in the reconstructed

str'};:;m Str:i'stttm Background image (Fig. 2B). This may be a consequence of septal penetra-
Acquisition activity activity activity tion from the high-energy emissions &f3. The effect of
number (kBq) (kBq) (kBq) different attenuation coefficients on the measured striatal-to-
1 370 2220 370 occipital ratio was determined fromM?3 transaxial slices
2 740 2590 370 acquired with the MEGP and UHRFB collimators. For a true
3 1110 2960 370 striatal-to-occipital ratio of 10, the measured values with the
4 1480 3330 870 MEGP collimator were 4.86, 4.36 and 4.71 for0.07, 0.12
5 1850 3700 370

and 015 cml, respectively. For the UHRFB collimators, the
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FIGURE 3. Representative transaxial slices
through the midbrain section of the phantom
demonstrating the impact of collimator resolu-
tion on image quality with %°™Tc. Images were
acquired with the medium-energy (MEGP), low-
energy general-purpose (LEGP), low-energy
high-resolution (LEHR) and low-energy ultra-
high resolution fanbeam (UHRFB) collimators.

measured values were 4.84, 4.93 and 4.93 ferQu0, 0.12 and The results presented in Figures 4 and 5 were obtained on
015 cn1'?, respectively. 1.76-cm thick transaxial slices. Figure 6 illustrates the effect of
Figure 3 illustrates the effects of different collimators on thechanges in slice thickness on the striatal-to-occipital ratio for
resolution of the putamen and caudate in tomographic slicethe 4 collimators. Results were obtained from analysis of the
through the midbrain. There is a clear separation between theaudate region i#®™Tc images with a true caudate-to-occipital
caudate and putamen in images acquired with the UHRFB anchtio of 10:1. Increasing slice thickness reduced the apparent
LEHR collimators, which is not apparent on the lower resolu-uptake in the striatum and the striatal-to-occipital ratio de-
tion images acquired with the LEGP and MEGP collimators. creased inversely with increasing slice thickness. The differ-
Figure 4 plots the correlation between the true and measureences in collimator resolution also were less pronounced with
striatal-to-occipital (S/O) ratios for the 4 collimators using increasing slice thickness. A similar, but less pronounced, effect
99mTc, The caudate-to-occipital and putamen-to-occipital ratioss seen with changes in the size of the ROIs. Figure 7 shows the
were measured using ¥4 4-mm ROIs positioned on 1.76-cm decrease in the measured striatal-to-occipital ratio with increas-
thick transaxial images. The measured S/O ratios decreasedg ROI size. With increase in the ROI size fromx11to 5X 5
inversely with collimator resolution. In all cases, the measuredixels, measured values of the S/O ratio decreased by 10-15%
values underestimate the true ratios. Figure 5 plots the resulisith the UHRFB and LEHR collimators, but only decreased by
from a similar experiment performed wif#d that used the 5-7% with the LEGP and MEGP collimators.
range of activities shown in Table 2. WitFd, results obtained The final variable that was examined in this study was the
with the MEGP collimators were similar to those obtained with reconstruction filter. Figure 8 illustrates the effects of changes
99T, However, results fot?¥ with the UHRFB collimators  in the filter cutoff frequency and power (Butterworth filter) on
were significantly poorer than those seen WitfiTc and were  the striatal-to-occipital ratio (measured over the caudate region;
comparable to those obtained with the MEGP collimators. Foimage data had a true caudate-to-occipital ratio of 10:1). Results
the 5123 acquisitions, the caudate-to-putamen ratio for eachwere obtained using a # 4-mm ROI on 1.76-cm transaxial
striatum also was determined. Each caudate and its corresponslices obtained wit®™Tc on the LEHR collimator. While low
ing putamen contained the same activity (true ratid). Mean  cutoff values decreased the striatal-to-occipital ratio, cutoff
values for this ratio, were 0.9% 0.07 (mean+ SD) for the values greater than 0.4 crhhad little effect on the ratio. A
UHRFB collimator and 0.93+ 0.05 (mean*= SD) for the change in the order of the Butterworth filter from 5 to 10 did not
MEGP collimator. alter the striatal-to-occipital ratio.

....@--- MEGP Tc-99m

--0O-- LEGP 123
—8— LEHR .-t —e— MEGP
---[}-- UHRFB e

O = N W & 0 & N

Meas. Striatal / Occipital Ratio
O = N W & 01 O N ©
Meas. Striatal / Occipital Ratio

3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

N

True Striatal / Occipital Ratio

True Striatal / Occipital Ratio

FIGURE 4. Correlation between true striatal-to-occipital ratio and
measured striatal-to-occipital ratio for the 4 collimators. Results are
based on analysis of 1.76-cm transaxial slices acquired with °™Tc
and an ROI of 4 X 4-mm dimensions.

120

FIGURE 5. Correlation between true striatal-to-occipital ratio and
measured striatal-to-occipital ratio for the MEGP and UHRFB collima-
tors. Results are based on analysis of 1.76-cm transaxial slices
acquired with 123] and an ROI of dimensions 4 X 4 mm.
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FIGURE 6. Relationship between measured striatal-to-occipital

ratio and transaxial slice thickness for the 4 collimators. Results are FIGURE 8. Relationship between measured striatal-to-occipital
based on analysis of transaxial slices acquired with %™Tc and an ROI ratio and filter cutoff frequency for Butterworth filter with orders 5 and
of 4 X 4-mm dimensions. 10. Results are based on analysis of 1.76-cm transaxial slices

acquired with %™Tc and the low-energy high-resolution (LEHR)
collimator with an ROI of 4 X 4-mm dimensions.

DISCUSSION

Over the last few years, numerous studies have reported oconstruction. The attenuation coefficient #¥Tc usually is
the usefulness df3-B-CIT in the evaluation of patients with assigned a value of 0.12 cthin situations where a uniform
Parkinson’s disease. In all these studies, a semiquantitativgitenuating material is preserit3j. However, the presence of
estimate of caudate, putamen or global striatal uptak€%f  pone in the skull has been shown to alter the optimum value for
B-CIT has been used reliably to detect abnormal uptaké®f  the attenuation coefficient (19,14. We found an optimum
B-CIT in the dopamine receptor$,6,6. In performing this  value of p= 0.095 cnt? (Fig. 2A), comparable to that obtained
semiquantitative analysis, a variety of different collimators,py Kemp et al. {5) in a study of a human skull. This
reconstruction filters, slice thickness and ROIs have been use@aradoxical decrease in the optimum value of p has been shown
As a consequence intercomparison of striatal to nonstriatahoth theoretically and experimentally to be due to the effects of
uptake values between different laboratories has not beeguyter layers of attenuating material that are free of radioactivity
possible 9). While we recognize that differences in equipment (10). The use of a UHRFB collimator further reduces the
may preclude accurate intercomparison of studies, a betteptimum value of the attenuation coefficient£10.07 cnr?).
understanding of the effect of various acquisition and processthis value is comparable to that obtained by Slodilka etl) (
ing parameters should allow laboratories to adjust for suchand is due to the increase in sensitivity with distance from the
differences and help minimize their impact on the reportediace of a fanbeam collimatof.6). This results in an apparent
range of values in patients and normal subjects. increase in activity in the center of the brain with a fanbeam

One parameter that usually is not considered a factor irtollimator compared to a parallel-hole collimator. This addi-
quantitative analysis is the attenuation coefficient used in datgonal reduction in p will depend on the focal length of the
UHRFB collimator with shorter focal length collimators show-
ing the largest reduction. Changing the isotope fifSTc to
77 Tc-99m ‘1@ MEGP 123 resulted in only a small change in the optimum value of p
M --O-- LEGP for the MEGP collimator, consistent with the small 19-keV
Thr~——e___ ._—-F- UHRFB difference in photopeak energies. However, with the UHRFB
collimator, septal penetration from the high-energy emissions
of 123 increased the apparent activity in the center of the brain.
The application of attenuation correction only increased the
variability of counts within the brain (Fig. 2B). Slight differ-

~——

Striatal / Occipital Ratio
(3,
T . T
°

O_'_'-_-_-O-_'_-_--_ ------ @ e, POTR ° ences in the design of the UHRFB collimator (focal length,
4 T e Ormmmmme L o septal thickness, etc.), together with variations in the distribu-
tion of activity in the brain, will affect the degree and pattern of
) , ) , . septal penetration. Hence, we would recommend that such
30 5 10 15 20 25 collimators not be used i3 studies of the brain since they

offer no improvement in image contrast and are problematic
with regard to attenuation correction. It is of interest to note that
FIGURE 7. Relationship between measured striatal-to-occipital previous studies have used. :ze’rlange of collimator types (fan-
ratio and ROl size for the 4 collimators. Results are based on analysis peam' LEHR and MEGP) wit and have used an attenua-
of 1.76-cm transaxial slices acquired with 9°MmTc. tion coefficient of u= 0.12 cnrtor p= 0.15 ¢ (3,5,6,12.

Region of Interest Size (Pixels)
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In this study we found that the use of an attenuation coefficiena large number of acquisition and processing parameters. This
of u = 0.12 cnr? resulted in a 10% decrease in the apparentdependence is due primarily to partial volume effects, as the
striatal-to-occipital ratio for'?y studies acquired with the caudate and putamen have dimensions comparable to system
MEGP collimator. At least to a small extent, pu also will be resolution. Partial volume effects combined with the averaging
dependent on window width and energy resolution of theeffects of increasing slice thickness and ROI size are the most

system.

significant factors affecting accurate measurement of relative

The effect of collimator resolution on the resolution of the striatal uptake of23-B-CIT in the brain. Unfortunately, the
caudate and putamen is shown in Figure 3. While differences iincreased resolution of low-energy high-resolution collimators,
reconstructed image resolution could have been simulated byompared to a medium-energy collimator, is offset by the
filtration, this would not reflect the distance-dependent effectgpresence of septal penetration. These results would indicate that
of collimator resolution. As expected from the collimator while each laboratory can readily establish its own normal
specifications, the LEHR and UHRFB collimators provide range for'?3-g-CIT uptake in the brain, intercomparison of
improved visualization of the caudate and putamen compared tdata from different laboratories is likely to be difficult to
the lower resolution LEGP and MEGP collimators. In normal achieve and will require phantom calibration studies to standard-
subjects the putamen and head of the caudate are relativelye such data.

small structures with typical dimensions of 7-15 mm in the
transaxial planel(7). These dimensions are comparable to the
resolution of the 4 collimators evaluated in this study (Table 1).
Partial volume effects become important for objects of dimen- 1-
sions less than twice system resolution and dominate when
object size is equal to or less than system resoluti@h Given
the size of the caudate and putamen, use of a high-resolutior®-
collimator is essential to obtain an accurate estimate of receptor
uptake. Even so, measured striatal-to-occipital ratios are ex-3.
tremely sensitive to any parameter that effectively blurs the
image data. Hence changes in collimator resolution (Fig. 4), ,
slice thickness (Fig. 6) and ROl size (Fig. 7) all effect the ability
to accurately measure the striatal-to-occipital ratio. This prob-
lem is compounded further by the presence of high-energy
emissions from23. These emissions result in septal penetration
with low-energy collimators and reduce image contrast. In this
study, use of a low-resolution medium-energy collimator gave
comparable results to those obtained with a high-resolution
low-energy fanbeam collimator (Fig. 5). The relative trade-off 7
between these 2 collimators likely will vary from system to
system and will be highly dependent on the amount of septals.
penetration present in tHé3 images.

Increased accuracy in determining relative caudate or puta-
men activity can be achieved by using the minimum slice

thickness and the smallest ROIs (Figs. 6, 7). However, &9

decrease in slice thickness and ROI size may increase thg
variability in clinical studies, as small variations in the orienta-

tion of the transverse slices relative to the canto-meatal plané&

and minor changes in ROI position may alter parameters such

as the caudate-to-occipital ratio, caudate-to-putamen ratio ant.

measurement of left-to-right ratios. While filter cutoff fre-
guency values greater than 0.4 chdid not have a major
impact on the measured striatal-to-occipital ratio, this analysis
was performed on 1.76-cm thick transaxial slices. It is likely
that the effects of filtration would be more pronounced on
thinner slices and smaller ROIS)(

16.

CONCLUSION

It is clear from Figures 4-8 that measurement of relative;g

striatal uptake of23-B-CIT in the brain is highly dependent on
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17.
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