Current pediatric administered activity guidelines for **"Tc-DMSA SPECT
based on patient weight do not provide the same task-based image quality
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Purpose: In the current clinical practice, administered activity (AA) for pediatric molecular imaging
is often based on the North American expert consensus guidelines or the European Association of
Nuclear Medicine dosage card, both of which were developed based on the best clinical practice.
These guidelines were not formulated using a rigorous evaluation of diagnostic image quality (1Q)
relative to AA. In the guidelines, AA is determined by a weight-based scaling of the adult AA, along
with minimum and maximum AA constraints. In this study, we use task-based 1Q assessment meth-
ods to rigorously evaluate the efficacy of weight-based scaling in equalizing IQ using a population of
pediatric patients of different ages and body weights.

Methods: A previously developed projection image database was used. We measured task-based 1Q,
with respect to the detection of a renal functional defect at six different AA levels (AA relative to the
AA obtained from the guidelines). IQ was assessed using an anthropomorphic model observer.
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Receiver-operating characteristics (ROC) analysis was applied; the area under the ROC curve (AUC)
served as a figure-of-merit for task performance. In addition, we investigated patient girth (circumfer-
ence) as a potential improved predictor of the 1Q.

Results: The data demonstrate a monotonic and modestly saturating increase in AUC with increas-
ing AA, indicating that defect detectability was limited by quantum noise and the effects of object
variability were modest over the range of AA levels studied. The AA for a given value of the AUC
increased with increasing age. The AUC vs AA plots for all the patient ages indicate that, for the cur-
rent guidelines, the newborn and 10- and 15-yr phantoms had similar IQ for the same AA suggested
by the North American expert consensus guidelines, but the 5- and 1-yr phantoms had lower IQ. The
results also showed that girth has a stronger correlation with the needed AA to provide a constant
AUC for **™Tc-DMSA renal SPECT.

Conclusions: The results suggest that (a) weight-based scaling is not sufficient to equalize task-based
IQ for patients of different weights in pediatric **™Tc-DMSA renal SPECT; and (b) patient girth should
be considered instead of weight in developing new administration guidelines for pediatric patients. ©
2019 American Association of Physicists in Medicine [https://doi.org/10.1002/mp.13787]

Key words: administered activity guidelines, DMSA, dose reduction/optimization, pediatric imag-

ing, SPECT, task-based image quality

1. INTRODUCTION

Historically, many pediatric imaging centers developed their
own administered activity (AA) guidelines, giving rise to
large variations (5- to 20-fold)," and consequently, large dif-
ferences in radiation exposure to pediatric patients undergo-
ing nuclear medicine examinations. At present, prescribed
AA for pediatric nuclear medicine in North America is based
on the 2010 North American Consensus guidelines.> Con-
sensus, in this context, means that a majority of pediatric
nuclear medicine practitioners agree that the guidelines are
reasonable to promote dose reduction and consistent across
different institutions. Image quality (IQ) for these guidelines
was characterized primarily by expert consensus rather than
quantitative, objective measures.

The development of the expert consensus guidelines
undoubtedly helped normalize recommended AA.* However,
in a previous study, we showed that weight alone is not suffi-
cient to determine an optimal patient-specific AA accurately,
and other factors such as body habitus need to be taken into
consideration.’ In that work, we evaluated the IQ as a func-
tion of AA for two pediatric phantoms having the same
weight but different heights. There was substantial difference
in 1Q for the guideline-recommended AA. Furthermore, as
shown in Ref. [6], patients with the same weight but different
body habitus can have considerable differences in effective
dose (patient risk and its relationship to IQ will be discussed
in a forthcoming paper). One candidate parameter for improv-
ing IQ in renal scintigraphy is girth (patient circumference) at
the level of the kidneys. Thus, the goal of this study was to
calculate objective task-based IQ metrics for a wide range of
AA’s employing a more complete set of pediatric phantoms
to determine the efficacy of the consensus guidelines for
equalizing IQ for patients with different weights and body
habitus. We also used the data derived in this study to per-
form a preliminary investigation of the correlation between
patient girth and 1Q.
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2. MATERIALS AND METHODS

Image quality was measured in this work in terms of perfor-
mance on the task of detecting renal function defects in Tc-
99m DMSA SPECT. The images used were simulated from a
series of anthropomorphic digital phantoms. Task performance
was assessed for a range of AAs using an anthropomorphic
model observer. The area under the ROC curve (AUC) served
as a figure of merit (FOM) for task performance.

2.A. Series of realistic digital phantoms

The series of pediatric phantoms used was developed at
the University of Florida and is based on demographic data
from the CDC’s National Health and Nutrition Examination
Survey (NHANES) data.” The series consists of 90 phantoms
that include variations in age, gender, height, and kidney
mass. For each gender, five groups are modeled: 0, 1, 5, 10,
and 15 yr of age. All phantoms at a given age have a weight
equal to the 50th percentile weight for that age and one of
three height percentiles: 10th (short), 50th (average), and
90th (tall). The phantoms for each height percentile and age
group are shown in Fig. 1. The targeted weights for each age
are provided in Table I. For each height percentile, the phan-
toms have three kidney sizes: the average size and 15% larger
and smaller than the average. The variation in kidney size
models the effects of anatomical variation’ that would not be
externally observable. The phantoms were digitized using
0.1 cm cubic voxels.

2.B. Activity distribution

A previously described pharmacokinetic (PK) model for
PmTe-DMSA was used in this study to model kidney
uptake.®® The PK model is based on literature data and was
validated using 47 patient datasets acquired at the Boston
Children’s Hospital (BCH). A single mixed-age population
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10-yr-old

15-yr-old

Fic. 1. Renderings of 10th, 50th, and 90th percentile height at constant 50th percentile weight newborn, 1-yr-old, 5-yr-old, 10-yr-old, and 15-yr-old hybrid phan-

toms.

TaBLE I. Summary of phantom masses.

Age (yr) Male (kg) Female (kg)
Newborn 3.5 34

1 10.4 9.5

5 20 20

10 30 35

15 55 50

sample, instead of an age-specific PK model, was used for
estimating uptake of activities in the organs at the time of the
imaging study. The patient datasets were reconstructed using
five iterations with eight subsets per iteration of a quantitative
ordered-subsets expectation-maximization (OS-EM) recon-
struction method that included attenuation, scatter, and colli-
mator-detector response compensation. Attenuation maps
estimated based on automated intensity thresholding of
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images reconstructed from scatter windows were used for
attenuation compensation as computed tomography (CT)
scans of these patients were not available. Intensity threshold-
ing was used to obtain kidney volumes-of-interest (VOIs);
the reasonability of the kidney VOIs and body contours used
to generate the attenuation maps were reviewed visually. Tra-
cer uptake (in units of activity) in individual organs (i.e., the
kidneys, spleen, liver, and body remainder) at a single imag-
ing time point (3 h post injection) was computed by convert-
ing the mean count density inside the VOIs to units of
activity concentration using the measured camera sensitivity.
The percent of the decay-corrected AA in the kidneys in these
VOIs is referred to as the percent kidney uptake. In addition,
we computed the ratio of activity concentrations (sum of
activity values divided by volume of the VOI) in the cortex to
the medulla/pelvis using segmentations of the kidney cortex
and pelvis/medulla VOIs obtained by intensity thresholding.
This ratio is referred to as the cortex-to-medulla plus pelvis
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activity concentration ratio. The results obtained from the
above procedure are summarized in Table II, and were used
as estimates of the percent tracer uptakes in the patient’s kid-
neys. Variations in tracer uptake based on those seen in the
47 patient datasets were modeled using the coefficient of
variation (percent standard deviation) from those data and
assuming a truncated normal distribution.

2.C. Defect model

We used a defect model described in Ref. [10]. In the
model, a defect volume of 0.3 cm’ for a newborn patient with
the average kidney size and 50th height percentile was
deemed, by an experienced pediatric nuclear medicine spe-
cialist, clinically relevant and at the limits of clinical
detectability in the newborn phantom. Defect volumes for
other ages were determined so that the defect contrast for
each age and kidney size at the 50th height percentile was the
same as for the newborn phantom with the same correspond-
ing relative kidney size (average or 15% larger or smaller than
average).'” The sizes of these defects were thus different for
each age group. Using this model, focal renal lesions consist-
ing of areas of reduced uptake were created to simulate focal
acute pyelonephritis in three locations (lower pole, upper
pole, and lateral aspect of the kidney) along the cortical wall.

2.D. Projection data simulation

For each phantom in the population, we simulated noise-
free projection data for the renal cortex, medulla, pelvis, liver,
spleen, and background (including all other organs), model-
ing the physics and acquisition parameters appropriate for Tc-
99m renal SPECT. The projections were generated using an
analytic projection code that modeled attenuation, spatially
varying collimator-to-detector response,'' and object-depen-
dent scatter.'* The code has been previously validated by
comparison to Monte Carlo and experimental projection data
for imaging of a variety of radionuclides.'*' The projections
were simulated for a Siemens low-energy, ultra-high-resolu-
tion (LEUHR) collimator at 120 projection views over a 360°
body-contouring orbit and a 0.2-cm projection bin size. Prior
to simulation, each computational phantom was placed on a
patient bed obtained from a CT scan of the bed on a Siemens
Symbia SPECT/CT system. This bed constrained the orbit in
the lateral direction, especially for small computational
phantoms.

TasLE II. Summary of population parameters.

Kidney uptake Cortex-to-medulla + pelvis act.
fraction conc. ratio
Maximum 0.393 2.00
Minimum 0.329 1.36
Sample mean 0.361 1.68
Sample standard 0.025 0.25

deviation
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The renal activity and relative activity concentrations for
structures inside the kidney (the renal cortex, medulla, and
pelvis) were randomly sampled from truncated Gaussian dis-
tributions with the means, standard deviations, minima, and
maxima derived from the PK model and 47 sets of patient
data acquired at the Boston Children’s hospital. These param-
eters are summarized in Table II. Each individual organ pro-
jection was scaled by its relative uptake value and the product
of AA, acquisition duration, and scanner sensitivity.

A projection set of the entire phantom was generated by
summing these individual sets of scaled organ projections.
Simulated projections were scaled to represent various AA
levels. In this context, the AA level is the AA simulated
divided by the weight-based AA. Thus, an AA level of 50%
represents the case where the simulated activity was half of
the standard, weight-based AA. The AA levels varied from
25% to 150% in increments of 25%. The standard, weight-
based AA (weight-based scaling) is calculated by multiplying
the patient weight by a scaling factor subject to constrains on
minimum and maximum AA:

AA = max(min(W X o, AApax), AAmin)- (D

where W is the patient weight in kilograms and « is a scaling
factor. For DMSA, « is 1.85 MBq/kg and the AA;, and
AA .« are 18.5 MBq and 99.9 MBq, respectively.

Poisson noise was simulated using a Poisson distributed
random number generator. A total of 207 360 sets of projection
images were thus generated comprised of 64 uptake realiza-
tions x 6 AA levels x 5 ages x 3 height percentiles x 2
genders x 3 kidney sizes x 3 defect locations x 2 defect sta-
tuses (present or absent). Note that even for a given age, height
percentile, weight and kidney size, and defect location, the
mean (noise-free) activity distribution was statistically indepen-
dent since the kidney uptake and cortex to medulla + pelvis
activity concentration ratios were randomly sampled.

2.E. Image reconstruction and post-reconstruction
processing

Images were reconstructed using filtered backprojection
(FBP) and post-filtered with 3D Butterworth filters with an
order of 8. We determined the optimal cutoff frequency for
the 3D post-reconstruction Butterworth filter based on the
AA giving the highest AUC at each AA level. The optimal
cutoff frequency was 0.6 cycles per cm for all the AA levels
investigated. This cutoff frequency was used for all the AUC
values presented below. The reconstructed images had cubic
voxels with a side of length of 0.2 cm. Images centered on
the defect with a size of 128 x 128 pixels were extracted
from the coronal, transaxial, and sagittal slices containing the
defect centroid and used in the IQ evaluation. Samples of
these images are shown in Fig. 2.

2.F. Model observer

The channelized Hotelling observer (CHO), first proposed
by Myers and Barrett,”” has been shown to provide good
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predictions of human performance on detection tasks for a
variety of nuclear medicine imaging applications.”>>® The
CHO uses a set of frequency channels applied to input
images that model the human visual system combined with
the Hotelling observer, which approximates the Ideal Obser-
ver in cases where the input data are multivariate normally
(MVN) distributed with equal covariance matrices.

As noted, the Hotelling observer is strictly optimal only
when the input data (i.e., the vectors of channel outputs)
are MVN distributed; conversely, it performs poorly when
the input data are multimodally distributed.””*® The data
used in this study, as discussed below, included both back-
ground and signal variations and were non-MVN. Thus,
instead of the traditional CHO, we used a multi-template
strategy proposed in Ref. [28] to handle the non-MVN
data. This strategy involves partitioning the data into sub-
ensembles that are approximately MVN and applying the
optimal linear discriminant to each sub-ensemble.”® We
used a leave-one-out training-testing strategy. In this strat-
egy, one feature vector was left-out (i.e., not used in the
training), and the remaining vectors were used to train the
observer. The observer was then applied to the left-out
vector to produce a test statistic. This process was
repeated with each vector in the ensemble being left-out
once. This process was applied to each sub-ensemble and
produced a number of test statistics equal to the size of
the sub-ensemble. The resulting test statistics produced by
this strategy were pooled and analyzed, using ROC analy-
sis to estimate the AUC, which served as a FOM for task
performance.

2.G. Channel model

We used seven non-overlapping rotationally symmetric
difference-of-mesa channels.”” The starting frequency and

Upper pole

1yo

S5yo

10yo

15yo

Lateral

width of the first channel was 0.5 cycles per pixel, and subse-
quent channels had widths that doubled and abutted the pre-
vious channel. The frequency domain channels and
corresponding spatial templates (i.e., the analytical inverse
Fourier transform of the frequency channels sampled at the
pixel size) are shown in Fig. 3.

Each of the seven spatial domain templates was applied
to each of the three images (transaxial, sagittal, and coro-
nal) to give a 2l-element feature vector. Each element in
the resulting feature vector was obtained by taking the dot
product of a spatial domain template with an input image,
representing the total energy in this frequency band con-
tained in that image. The input images were those described
in Section E and had the defect centroid at the center of
the image. These feature vectors served as inputs to the
observer described below.

2.H. Evaluation of the multivariate normality
assumption of the channel outputs

In the multi-template channelized linear discriminant
observer (MTCLDO) strategy, channel output vectors were
sorted into sub-ensembles from one defect location, age, and
height percentile. We verified visually that the resulting dis-
tributions of the channel output vectors in each sub-ensemble
were not multi-modal and were nearly MVN distributed, as
illustrated in Fig. 4 below.

2.1. ROC and statistical analysis

We applied the MTCLDO to feature vectors in the sub-
ensembles described above. Because younger ages have mini-
mal anatomical differences between genders, we combined
the sub-ensembles for the two genders. Thus, for newborn,
and 1-yr- and 5-yr-old phantoms, we had 27 sub-ensembles,

Lower pole

FiG. 2. From top to bottom, the images show upper, lateral, and lower pole (from left to right) defects for the 50th height percentile for the 1- and 5-yr-old female
and 10- and 15-yr-old male phantoms. Inside each of the small block of images, top and bottom row shows coronal, sagittal, and transaxial slices for the defect-

free and defect-present images, respectively.

Medical Physics, 0 (0), xxxx
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32 Cycles/pixel

0.5 1 2 4 8 16
Frequency .
domain
Spatial
domain

FiG. 3. Images of the seven anthropomorphic DOM channels used in this work. The top and bottom rows show, respectively, the frequency channels and the spa-
tial domain templates. From left to right, the start frequencies and widths of the channels were 0.5, 1, 2, 4, 8, 16, and 32 cycles/pixel. The spatial templates are
the analytic inverse Fourier Transforms of the frequency channels sampled at the image pixel size.
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FiG. 4. Sub-ensemble histograms of the test statistic distributions for the no-defect (green) and with-defect (blue) cases for each of the seven channels. These data
are for an upper pole defect in the 50th height percentile 1-yr-old phantom (including both male and female). This illustrates the near-MVN distribution of the
feature vectors.

and each sub-ensemble was comprised of 768 channel output The sub-ensembles for the 10- and 15-yr-old phantoms were
vectors (64 realizations x 2 genders x 3 kidney sizes x 2 half as large as separate sub-ensembles were used for each
defect statuses x 1 height percentile x 1 defect location). gender. The test statistics for all the sub-ensembles for all the
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height percentiles, genders and defect locations for a given
age were pooled, ROC analysis was performed using the
LABROCH4 code,’® and the AUC calculated. This produced a
total 30 AUC values, one for each of the ages (5) and AA
levels (6). Bootstrapping and nonparametric analysis were
used to compute 95% confidence intervals for each of these
AUC values.

2.J. A model of AUC vs AA

The goal of the following is to derive an approximate
empirical relationship between the AUC and AA that can be
used to fit the data from the model observer studies. When
the test statistics are normally distributed under both hypothe-
ses, the AUC under the ROC for the CHOs is related to the
Hotelling SNR by Ref. [31].

1 1 _/SNR
AUc_§+§erf(T>. )

Rearranging the formula to express SNR as a function of
AUC, we have

SNR = 2erf ' (2AUC — 1). 3)

In a binary classification task if the two classes have the
same covariance matrix,Kj;, the SNR of the Hotelling obser-
ver test statistics can be expressed as

SNR* = AvK; ' (AV)T, (4)

where Av is the difference in the ensemble mean difference
of the two classes. Then, we can rewrite the above formula
using formalism introduced by Barrett®” to replace the total
covariance as a sum of the object covariance matrix and
quantum noise covariance matrix:

SNR? = Af)((Ka>f+<KW> f) ), (5)

where (K,); represents the object variability, which includes
the effects of anatomical and uptake variability from patient
to patient for a particular AA times acquisition duration
(AD). In Eq. (4), <Kn‘f> ¢ denotes the contribution of quantum
noise to the ensemble covariance matrix of the reconstructed
images. The subscript f denotes averaging over all objects in
the sub-ensemble.

Suppose we now change the noise level by scaling the
AA x AD by n, such that v = nv. Then, the SNR can be esti-
mated as follows:*°

SNR? = nAv (nz(Ka>f+n<KEv> f>71n(A17)T. ©)

We now replace n with AA (dropping AD for simplicity
but without loss of generality) and assume that the vector Ay
can be replaced with a scalar K, representing the mean signal
difference, Av, and the proportionality constant relating n and
AA. Similarly, we assume that the two covariance matrices
can be replaced by the scalars K,, representing the object
variability noise, (K,,>f and Kj, representing the quantum
noise, <KEV>f' This gives
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AA x K
SNR? = i

YRR 7
AA XK2+K3

Combining Eqgs. (1) and (7) gives an expression for AUC
as a function of AA:

L [ AAXK,
AUC = 5+ Serf VAt ) 8)

2

Inverting the above formula to express AA in terms of
AUC yields:

—1 o 2
a4 Qe t2AUC — 1)) Xf3 ‘ )
K1 — (2erf ' (2AUC — 1))*xK,

Note that the relative size of the constants K, and K5 indi-
cates the degree to which the SNR is limited by quantum
noise rather than anatomical variability. It should also be
noted that (9) is not a rigorous relationship in the sense that it
ignores the vector and matrix natures of the defect and covari-
ance matrices. However, as will be shown below, it is suitable
for fitting AUC values as a function of the AA, and thus is
practically useful.

3. RESULTS

The results from the 1Q studies are summarized in Fig. 5,
which shows the AUC for each age group plotted as a func-
tion of the % AA level, that is, the percentage of the AA
obtained from the consensus guidelines.” Note that the
guidelines do not result in the same IQ (as measured by the
AUC) for the 100% AA level. In this sense, they do not pro-
vide the same level of IQ for patients with different weights
with respect to detecting defects having the same contrast.
The ultimate goal of this work was to provide the pediatric
nuclear medicine practitioner with the AA needed to give
the desired objectively measured task-based 1Q, as specified
by the AUC, prior to patient imaging. The data in Fig. 5

0.95

® Newborn ®
e 1lyo ‘
Syo
090 1 e 10yo ‘
e 15yo t [
0.85 # é
o +
=1
= 0.80 - + +
0.757 * ¢ Guideline
AA
0.70 +
ZIO 4‘0 6‘0 BIO 100 12‘0 l‘;O
% AA

Fic. 5. The area under the ROC curve (AUC) vs percent administered activ-
ity plot for all the patient ages. The error bars are the 95% confidence inter-
vals estimated using bootstrapping.
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1.00

0.95+
0.901
0.851
o
o=
<
0.801
0.751 —— Newborn AUC=0.5+0.5%rf(0.5%/AA = 0.77/(AA* 0.03 + 3.71)) R?=1.00
—— 1yo AUC=0.5+0.5%rf(0.5%/AA * 3.93/(AA *0.19 + 35.95)) R?=1.00
5yo AUC=0.5+0.5%erf(0.5%\/ AA * 28.55/(AA * 1.39 + 396.09)) R?=1.00
0.701 )
—— 10yo AUC=0.5+0.5%erf(0.5*/AA * 7. TONAA *0.13 + 138.86) ) R2=0.99
—— 15y AUC=0.5+0.5%rf(0.5%/AA *564.91/(AA * 30.03 + 12065.56)) R?=1.00
0.65

20

40 60 100 120 140

80
AA(MBq)

FIG. 6. Area under the curve (AUC) vs AA curves and their fitted functions. The AUC was fitted to a model of AUC vs administered activity (AA), as specified
in Eq. (8), relating AUC to the mean signal difference (K1), object variability noise (K2) and quantum noise (K3), and AA.

provides a way to do this. The analytic expression relating
AUC to AA derived above and given by Eq. (8) was fit to
the data in Fig. 5. The results of this fit are shown in Fig. 6
for all the patient ages. Note that the fits are visually quite
good, and the correlation coefficients are better than 0.99.
These fitted functions provide an analytical relationship
between AUC and AA, and could potentially be used to
determine the AA required to give a desired AUC for a
given patient weight.

The data demonstrate a monotonic and modestly saturat-
ing increase in AUC with increasing AA, indicating that
defect detectability is limited by quantum noise, and the
effects of object variability are modest over the range of AA
levels studied. The AA for a given value of the AUC
increases with increasing age. The curves in Fig. 5 indicate
that, for the current guidelines, the newborn and 10- and 15-
yr phantoms have similar IQ for the same fraction of the AA
suggested by the North American expert consensus guideli-
nes, but the 5- and 1-yr phantoms have lower 1Q. The fact
that the AUC is higher at the weight-based injected activity
for the newborn is due to the fact that there is a minimum
activity of 18.5 MBq specified by the consensus guidelines.
The result of this limit is that the newborn phantoms have an
AA per unit weight of 5.55 MBg/kg, compared to
2.59 MBg/kg for the other ages. This higher AA per unit
weight contributes to the higher AUC for this age group, and
suggests that the activity limit might need to be revisited.

In previous work,® we have shown that there are variations
in IQ among phantoms with different weights but the same
height. In Ref. [9], we showed data that suggested that height
was not sufficient to explain variations in IQ for phantoms
with the same weight over a range of anatomical variations.
However, girth (circumference) at the level of the kidneys
provides a more consistent correlation. To demonstrate the
correlation between girth and the AUC values, we measured
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Fic. 7. Administered activity vs patient girth (top) and weight (bottom) at a
fixed AUC of 0.84.
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the patient girth of each of the phantoms and averaged them
over height percentiles within one age. In clinical practice,
patient girth could be estimated prior to imaging using a tape
measure or from a previous CT image, if available. Figure 7
shows a comparison of AA vs girth and AA vs weight at a
fixed AUC for all the patient ages. The colored lines con-
nect the nearest phantoms in age. These data indicate that
the relationship between girth and AA is more robust than
it is between weight and AA. The Pearson product-moment
correlation coefficients between AA and weight and girth
are 0.941 and 0.985, respectively. This further supports the
observation that girth may be more robust for estimating
the AA needed to provide a constant 1Q. The data, com-
bined with the more direct physical relationship between
girth and factors affecting 1Q suggests that girth should be
considered as an alternative to weight in the development
of future guidelines.

4. DISCUSSION

One limitation of this paper is that the current clinical
practice in DMSA SPECT has moved toward the use of itera-
tive reconstruction rather than FBP. However, the Consensus
guidelines were created based on images reconstructed with
FBP. Thus, the data here are relevant to those guidelines. Fur-
ther exploration of the impact of iterative reconstruction on
these guidelines is important. Nevertheless, the work in this
paper suggests that future guidelines should consider AA
administration guidelines based on something other than
weight-based scaling.

A second limitation of this paper is that, while a substan-
tial improvement over the methods that form the basis for pre-
vious guidelines, the variability in the present phantom
database does not match that of true patient populations. The
phantom database included, for a given weight, variability in
patient height (and hence girth), kidney size (3 sizes), kidney
depth (different depths for each height), and kidney uptake
(different for each phantom). However, the phantoms were
created by scaling data from a single patient.” Increased
object variability would increase K, in Egs. (8) and (9),
resulting in saturation of the AUC vs AA curves at lower val-
ues of the AUC. Howeyver, this would have little effect on the
shape of this curve in the regime where quantum noise domi-
nates. Since the curves in Fig. 6 for the different weights are
clearly different, the observation that weight does not equal-
ize AA would likely remain true in that region. The best AA
would be in the region where there is a balance between
object variability and quantum noise, that is, in where the
curve starts to saturate. Thus, even if there were more objects,
it seems unlikely that weight-based scaling would succeed in
providing equal IQ.

Another limitation of the paper is that only a Butterworth
filter was investigated, and the post-reconstruction filtering
cutoff frequency was optimized over the range from 0.6 to
0.15 cycles/cm with 0.01 cycles/cm increment. We did this
search for all six AA levels; the cutoff frequency of the 3D
post-reconstruction Butterworth giving the highest AUC was
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deemed optimal. The optimal cutoff frequency was found to
be 0.6 cycles/cm for all the AA levels.

This paper provides data to support the use of girth
instead of weight in specifying AA. The finding is consis-
tent with intuition that girth at the location of the kidney
would be a better parameter than weight to use for patient-
specific dosing. To understand this, consider that an increase
in patient weight can be manifested by changes in size in
areas that are distant from the organ being imaged and thus
have little effect on IQ. For example, increased leg length
would increase weight, but would not cause additional atten-
uation, scatter, or loss of resolution. By contrast, change in
girth at the position of the kidney has a direct effect on
attenuation, scatter, and resolution (by increasing the radius
of rotation). Based on this argument, and supported by the
data in Fig. 7, girth would seem to be a reasonable parame-
ter to consider in developing new AA guidelines for Tc-99m
DMSA. In addition, we have also investigated correlations
between rankings of AUC and height percentile for each
age. However, we did not find robust relationships with
respect to height.

One alternative parameter to girth that could be explored
is body mass index (BMI). This is readily calculated from
height and weight and would not require an additional mea-
surement. This has the additional advantage that it could
likely be calculated prior to the patient arriving in the clinic
based on the height and weight in the patient’s medical
record. However, the relationship between BMI and girth as a
function of height is not one-to-one, and there is not as direct
a relationship to the image degrading factors mentioned
above as there is for girth. Nevertheless, this remains a
parameter that could be considered in the development of
new guidelines.

5. CONCLUSIONS

This study demonstrates that the current consensus
guidelines, which scale activities based on patient weight
subject to minimum and maximum activity constraints, do
not give the same IQ for patients with different weights.
Furthermore, this study provides a relationship between
diagnostic 1Q, as measured by AUC, and AA for 99m e
DMSA pediatric SPECT for a set of phantoms having dif-
ferent weights. These fitted functions could potentially be
used to determine the appropriate AA for desired level of
IQ for a given patient weight. However, the data suggest
that patient girth at the level of the kidney may be a bet-
ter factor to use than weight when selecting AA for this
imaging task.
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