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Abstract

Background: Pediatric molecular imaging requires a balance between administering an activity that will
yield sufficient diagnostic image quality while maintaining patient radiation exposure at acceptable levels. In
current clinical practice, this balance is arrived at by the current North American Consensus Guidelines in
which patient weight is used to recommend the administered activity (AA).

Purpose: We have previously demonstrated that girth (waist circumference at the level of the kidneys) is
better at equalizing image quality than patient weight for pediatric Tc-99m DMSA renal function imaging.
However, the correlation between image quality (IQ), AA, and patient girth has not been rigorously and
systematically developed. In this work, we generate a series of curves showing the tradeoff between AA and
IQ as a function of patient girth, providing the data for standard bodies to develop the next generation dosing
guideline for pediatric DMSA SPECT.

Methods: An anthropomorphic phantom series that included variations in age (5, 10 and 15 years), gender
(M, F), local body morphometry (5, 10, 50, 90, and 95™ girth percentiles), and kidney size (£15% standard
size), were used to generate realistic SPECT projections. A fixed and clinically challenging defect-to-organ
volume percentage (0.49% of renal cortex value) was used to model a focal defect with zero uptake (i.e., full
local loss of renal function). Task-based 1Q assessment methods were used to rigorously measure 1Q in terms
of renal perfusion defect detectability. This assessment was performed at multiple count levels (corresponding
to various AAs) for groups of patients that had similar girths and defect sizes. Receiver-operating
characteristics (ROC) analysis was applied; the area under the ROC curve (AUC) was used as a figure-of-
merit for task performance. Curves showing the tradeoff between AUC and AA were generated for these

groups of phantoms.

Results: Overall, the girth-based dosing method suggested different amounts of AA compared to weight-
based dosing for the phantoms who have a relatively large body weight but a small girth or phantoms with
relatively small bodyweight but large girth. Differences of AA up to 62.9% compared to weight-based dosing

guidelines can potentially be saved while maintaining a baseline (AUC=0.80) IQ for certain 15-year-olds who
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have a relatively small girth and large defect size. Note that the task-based 1Q results are heavily dependent on
the simulated defect size for the defect detection task and the appropriate AUC value must be decided by the
physicians for this diagnostic task. These results are based purely on simulation and are subject to future

clinical validation.

Conclusions: The study provides simulation-based IQ-AA data for a girth-based dosing method for
pediatric renal SPECT, suggesting that patient waist circumference at the level of kidneys should be
considered in selecting the AA needed to achieve an acceptable IQ. This paper provides standard bodies the

1Q-AA data for detecting a clinically challenging defect.

Keywords

dose reduction/optimization, dosing guidelines, girth, DMSA, pediatric imaging, SPECT, task-based image
quality

I. INTRODUCTION

In pediatric nuclear medicine, current guidelines [1-4] for calculating the administered activity (AA) for each
patient are mainly based on patient weight. Before the guidelines were developed, there was little consensus on
recommended AA in pediatrics. As a consequence, there was great variation (from 5 to 20 fold) in the actual
AA used in hospitals in North America and worldwide [5]. This led to a substantial variation in pediatric AAs
and consequently radiation absorbed dose (RD) in pediatric patients undergoing nuclear medicine
examinations. The development of expert consensus guidelines has led to dosing consistency across hospitals,
a reduction in AA and a corresponding reduction in RD [6, 7]. However, in a recent study, we showed that
weight alone may not be the optimal method to determine an appropriate patient-specific AA. Other factors,
such as patient local body habitus, have been shown to be more closely correlated with AA required to give
desired defect detectability than weight in prescribing AA [8].

In theory, an increase or decrease in patient weight can be manifested by changes in height or size in areas

that are distant from the organ being imaged and thus have very little effect on the factors that affect image
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quality (IQ), i.e., attenuation, scatter, and spatial resolution from the change in the radius of rotation. In this
work, we estimated a set of tradeoff curves for AUC as a function of AA as a function of patient girth for
#MT¢-DMSA imaging using a simulated projection image database [9] developed from a realistic pediatric
phantom population [10]. Human observer studies were conducted to calibrate the model observer to the task
performance equivalent to an ensemble of human observers. These curves provide standard bodies 1Q vs. AA

tradeoff data that can be used to develop improved girth-based dosing guidelines for DMSA SPECT. These

guidelines will better equalize 1Q, as measured by the AUC, across patients with different body morphometries.

II. MATERIALS AND METHODS

A. Population of realistic digital phantoms

This study used a dedicated series of computational phantoms developed at the University of Florida (UF)
[10]. The population focused on modeling one anatomical variation — girth— that has been found to be the
factor most correlated with diagnostic IQ in pediatric renal imaging using *"Tc-DMSA [11]. The phantom
population is based on demographic and morphometric data from the CDC’s National Health and Nutrition
Examination Survey (NHANES) data. It consisted of 90 phantoms that varied in age, gender, waist
circumference (girth), and kidney volume. For each gender, three age groups were modeled: 5, 10, and 15
years. At a given age, five girth percentiles were modeled: 5th (small), 25", 50th (reference), 75", and 95th
(large). The masses and heights of the phantoms were determined by correlating waist circumference with the
subject’s mass to height ratio (from CDC data). First, nominal values of kidney volume, length, and depth
were used for each phantom. In order to increase anatomical variations in the simulated data, we modeled two
additional kidney sizes for each girth percentile: -15% and +15% of the standard mass, resulting in three
phantoms for each specific combination of patient age, gender, and girth percentile. The phantoms were
digitized using 0.1 cm cubic voxels. As pyelonephritis is not the primary target of disease for newborns and 1-
year-old, we chose not to perform task-based image quality assessment for these two ages. The phantoms for

each girth percentile of the 10-year-old female group are shown in Fig. 1.
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Fig. 1. (A) Frontal and (B) lateral views of the five 10-year female phantoms.

B. Model of organ uptake

The fraction of the administered activity in kidney, pelvis, and medulla was estimated from pediatric
imaging studies used to develop a new pharmacokinetics model for " Tc-DMSA [12]. Data from a total of 47
patients were used to calculate the mean, coefficient of variation, minimum, and maximum of the fractional
tracer uptake in the kidneys, spleen, liver, and body remainder, at 3 hours post injection. These parameters are
summarized in Table I. To model activity uptake variation in patients, we randomly sampled the renal activity
and relative activity concentrations for structures inside the kidney (the renal cortex, medulla, and pelvis) from

truncated Gaussian distributions with these parameters to generate different activity uptake realizations.

Table . Summary of population parameters

Kidney Cortex-to-
Medulla +
Uptake Pelvi

Fraction elvis Ac@.

Conc. Ratio
Maximum 0.393 2.00
Minimum 0.329 1.36
Sample mean 0.361 1.68
Sample standard deviation 0.025 0.25
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C. Defect model

The model previously described in [11, 13] was used to simulate defects in the cortical wall of the left
kidney and modeled volumes of reduced uptake consistent with focal, acute pyelonephritis. To simulate a
defect severity that was clinically relevant across patients of different age and kidney size, we set the defect
volume to be a fixed percentage of the kidney cortex volume. The used percentage was 0.49%, which was
deemed by an experienced pediatric nuclear medicine specialist as clinically relevant and at the limits of
clinical detectability in a 5-year-old phantom with reference girth. The same percentage was used in the other
simulated ages (10- and 15-year-old) for which a defect detection task was considered. Using this model, we
created four randomly located focal transmural renal defects in each of the following general regions in the
right kidney cortex: upper pole, lower pole, and lateral. There were a total of 12 random locations for the

defects generated in this study, modeling a (signal-known-statistically) SKS task.

D. Projection data simulation

We simulated noise-free projection data for each of six regions in each phantom - the renal cortex, medulla,
and pelvis, liver, spleen, and background (including all other organs), modeling the physics and acquisition

parameters appropriate for *™

Tc-DMSA renal SPECT. An extensively validated analytic projection code that
modeled attenuation, spatially varying collimator-to-detector response [14], and object-dependent scatter [15]
was used to generated the projections. To model uptake variability inside the kidneys, we randomly sampled
kidney activity and relative activity concentrations for structures inside the kidney from the above-mentioned
truncated Gaussian distributions. These parameters for those distributions are given in [11].

We simulated a low-energy, ultra-high-resolution collimator as this collimator is most commonly used for
these studies at Boston Children’s Hospital (BCH), and is likely most appropriate for resolving the smaller
structures present in pediatric patients. The projections were generated at 120 projection views over a 360°
body-contouring orbit and a 0.2-cm projection bin size. Prior to simulation, the phantom was placed on a

simulated patient bed obtained from a CT scan of a Siemens Symbia camera bed. This bed constrained the

orbit, especially for small phantoms.
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The final noise-free projections were obtained by scaling and summing the individual organ projections by
their relative uptake values and the product of AA, acquisition duration, and scanner sensitivity. The
simulated, noise-free projections were then scaled to represent different absolute AAs. Poisson noise was

simulated using a Poisson distributed random number generator applied to the scaled, noise-free data.

E. Girth and kidney volume grouping

As discussed above, in [11], we showed that patient girth at the level of the kidneys is likely a better index to
use in setting patient AA than weight. This can be understood by considering that an increase in patient weight
can be manifested by changes in in height or size in areas of the body that are distant from the organ being
imaged and that thus has little effect on diagnostic 1Q. Defect size, though not measurable a priori, also affects
the defect detectability due to the effects of spatial resolution. Thus, we grouped phantoms by a given range of
girth and defect volume. The ensembles of phantoms in these groups were expected to have similar defect
detectability (for a given AA). The groups were created by selecting phantoms with girths that are less than 6
cm apart and their defect volume within £50% of the defect volume for the 50" percentile girth phantom in
that group. For each group, we investigated 4 to 6 AAs for the proposed girth-based dosing approach, aiming
to cover a performance range (AUC= [0.75,0.95]) that is of clinical interest. For each phantom, 1152 activity
uptake realizations were generated, resulting in 576 defect-present and defect-absent images for each AA
simulated. In total we generated approximately 518,400 (90 phantomsx 1152 realizations per phantom X 5

AAs) projections and reconstructions.

F. Image reconstruction and post-reconstruction processing

We followed the clinical reconstruction protocol routinely used at BCH, i.e., reconstructed using OS-EM
iterative reconstruction algorithm with compensation for the geometric collimator-detector response and post-
filtered with a Gaussian filter using a 5 mm FWHM. The reconstructed images had cubic voxels with a side
length of 0.2 cm. We extracted images containing the defect centroid from the coronal, transaxial, and sagittal

slices and used them in the IQ evaluation. The extracted images had a size of 128 X 128 pixels.
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G. Model observer

A close relative of the channelized Hotelling observer (CHO), named multi-template channelized linear
discriminant observer (MTCLDO) [16], was used in this study. The CHO, first proposed by Myers and Barrett
for image quality evaluation [17], has been shown to provide good predictions of human performance on
detection tasks for a variety of nuclear medicine imaging applications [18-21]. The MTCLDO is known to be
more efficient than the CHO in handling data that are not described by multivariate normal (MVN)
distributions from a population of phantoms with background and signal variations.

In the MTCLDO, the entire ensemble of input data vectors is decomposed into sub-ensembles that are
approximately MVN. A different linear discriminant is then used to analyze each sub-ensemble. For each
phantom, images that have the same defect location were grouped into the same sub-ensemble. The set of test
statistics from each sub-ensemble was then pooled and analyzed using ROC analysis. A key element of this
strategy is the use of the linear discriminant rather than the Hotelling Observer (HO) [16].

The test statistic of the MTCLDO is

(1)

e T
Aurerpo() = ADTK, v + > (o' K57,

_T —_1 —
— V1 Kvlvl)

where v € R5*! represents an S dimensional (channel output) feature vector 7, and K,,are the mean feature
vector and covariance matrix, respectively, over the sub-ensemble data and under hypothesis H,,, (m = 0,1).
In the MTCLDO strategy, channel output vectors were sorted into sub-ensembles based on defect location,
age, gender, girth percentile, and kidney size. This decomposition was used so that the distributions of channel
output vectors in each sub-ensemble were approximately MVN. It was verified visually that the resulting
channel output data were not multi-modal and were nearly MVN distributed.
Training the linear discriminate means computing the means and co-variances for some set of input data

vectors. After training, the discriminant is applied to an (ideally different) ensemble of data, the testing set, to
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produce a test statistic for each member of the testing set. We used a leave-one-out training-testing strategy
[16]. In this strategy, one feature vector is left out (i.e., not used in the training), and the remaining vectors are
used to train the observer. The observer is 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. The resulting test statistics for each sub-ensemble were pooled, internal noise was added, and
ROC analysis was performed as described below. The same non-overlapping rotationally symmetric
difference-of-mesa (DOM) channels described in [11] were used in this study. The input images were those
described in Section F and had the defect centroids at the center of the image. These feature vectors served as

inputs to the MTCLDO described above.

H. Human observer study for calibration of MTCLDO

We conducted a limited number of human observer studies in an attempt to calibrate the MTCLDO’s
performance to that of an average nuclear medicine radiologist. Note that the calibration method used for the
MTCLDO has not been fully validated as representative of human observers. A more comprehensive study is
needed to fully validate the MTCLDO’s ability to emulate human observer performance.

The human observer studies were conducted using volumetric displays of images very similar to the
display used clinically at the BCH (Fig 2). Two experiments were performed in the human observer study
using a 5-year-old male phantom and the same AA (35.15 MBq (0.95mCi)). The first used a phantom with the
reference girth and the second used one with the largest girth. The result of the first experiment was used to
calibrate the MTCLDO. Internal noise as described in [22] was added to the MTCLDO’s test statistic to
calibrate the performance of the MTCLDO to that of the human observer for the first experiment. This final

test statistic can be expressed using the following equation:

Arinat(V) = Ayrcpo (@) + n, ()
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where n is a normally distributed random variable with zero mean and a standard deviation of @ X g3 pig-
Here a is a constant that controls the magnitude/amount of the additive internal noise and o) pyg is the
standard deviation of test statistics from the defect-absent images.

The calibrated amount of internal noise was determined by comparing model observer AUC value to the
average AUC of the human observers on the 5-year-old reference girth male phantom injected with weight-
based AA recommended by the North American Consensus Guidelines. It was found that @ = 1.39 provided
the smallest difference between the average AUC of the human observers and the AUC of the model observer.
The value of a was then used for the model observer calculations at all other AA levels and defect sizes. The
goal of the second experiment was to examine whether the amount of internal noise from the first experiment
was able to capture the correct amount of human observer performance drop due to the girth difference and the
answer was positive.

In the study, the observer was asked to rate their confidence that a defect was present on a continuous
scale ranging from 1 to 5, with the highest number representing the greatest confidence that a defect was
present. To familiarize themselves with the display program and the nature of the clinical defect detection task,
all observers participated in an initial training session comprised of 24 images. In the training session, phantom
images of the kidney cortex were provided as ground truth to the observers once their rating value was

recorded.

10
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Fig. 2. A sample 48-slice image shown in the volumetric display format routinely used in clinical practice at the Boston
Children’s Hospital.

One nuclear medicine radiologist, one research professor in Radiology, and two senior medical imaging
physics Ph.D. students participated in the human observer study. A total of 384 composite images were used.
To simulate an SKS detection task, the training and test datasets did not use the exact same set of defect
locations. Thus, the test dataset could contain defect locations that were not present in the initial training
dataset. The images were divided into an initial training set and three test blocks. The block layout for each
observer is shown in Table II. At the beginning of each test block, a refresher set of 24 images was provided to
refresh the observer’s memory about the task. A total of 288 rating values were collected from each observer.
The AUC values from the four observers were averaged to determine the average AUC of the human

observers.

Table Il. Summary of human observer study session partition

Initial
Session training Images/session Total images
images
24 24 training 24
24 training/96 test 120
2 0 24 training/96 test 120

11
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I. ROC and statistical analysis

We applied the MTCLDO to feature vectors in the sub-ensembles described above. For each phantom, there
were 96 images (1152 realizations for each phantom divided by 12 defect locations) in a sub-ensemble,
including both defect-present and absent images. We first pooled the test statistics for different defect locations
for each phantom and then sampled the pooled test statistics by bootstrapping with replacement; normally
distributed internal noise was added to the test statistics [22]. For each phantom group, as defined above, we
pooled each phantom’s test statistics (with noise) and calculated one AUC value. The pooled test statistics
were analyzed using the LABROC4 code [23] to estimate ROC curves. Bootstrapping and nonparametric
analysis were used to compute 95% confidence intervals of the mean AUC. Plots of the AUC as functions of
absolute AA for different groups of phantoms are shown in the results section and Appendix. We fitted the

AUC vs AA data with a previously-derived empirical relationship [11]:

AA X K,
1 1 AA XK, + K3
AUC = =+ —erf

272 2 ' 3)

where K, K,, K5 represents the mean signal difference, the object variability noise, and the quantum noise,
respectively.

III. RESULTS

A. Pilot study on how defect volume and girth together affect task-based 1Q

In the pilot study, we picked a 5-year-old and 10-year-old phantom with almost identical girths but
drastically different weights, heights, and kidney volumes. Fig. 3.a shows the central sagittal plane of both
phantoms. We injected the phantoms with a fixed AA of 38.48 Mbq which is the AA recommended by the
North American Consensus Guidelines for the 5-year-old phantom. The biometric properties of the phantoms

are summarized in Table III.

12
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Table Ill. Summary of biometric properties of phantoms in the pilot

study
Girth . Kidney .
(cm) Weight(kg) volume(cm?®) Height(cm)
5-year-old 54.77 20.71 86 130.3
10-year-old 55.85 26.06 101 171.9
A 2% 26% 17% 32%

To study the effect of defect volumes on task-based 1Q, we simulated three defect volumes on each of the
phantoms: 0.2, 0.15, and 0.1 cm’, resulting in a total of 6 different phantoms. 1152 activity uptake realizations
were generated for each phantom. No internal noise was added in the pilot study. The ROC and statistical
analysis method described in section I was used. The results of the CHO study and area under the ROC curve
(AUC) values for the 6 phantoms are shown in Fig. 3.b. The plot showed that, the 5- and 10-year-old
phantoms, which had very similar girths but large differences in weight, heights and kidney volumes had very
similar (non-statistically significantly different) AUC values for all three defect volumes. Overall, the pilot
study showed that girth and defect volume are the two most significant factors affecting task-based 1Q, and
confirmed that dosing based on girth may be more effective at equalizing image quality than dosing based on

weight [10, 11, 24].

13
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Fig. 3. Central sagittal view of the 5-year-old and 10-year-old phantom in (a) and in (b) AUC values for all three defect
volumes.

B. The correlation between task-based 1Q and AA for patients with different girth and defect volume

The results of the CHO study and area under the ROC curve (AUC) values for some selected phantem girth
groups as a function of absolute AAs are included in Fig. 4.a and in the Appendix. The data points in each
subplot were fitted to the empirical AUC vs. AA relationship above. To provide a quantitative comparison
between the proposed girth-based dosing method and the current weight-based dosing method (North
American Consensus Guidelines), we calculated the AAs recommended by these two dosing methods, for
providing the same task-based image qualities (AUC = 0.8) for a realistic pediatric phantom population. The
baseline AUC chosen here was to provide a quantitative comparison. Selecting an AA requires taking into
account the risk of misdiagnosis and the radiation exposure risk. Thus, the decision on IQ for a given defect

size and corresponding AA is left to the nuclear medicine physician.

In general, our results showed that the proposed local body morphometry-based dosing method suggested
significantly different AAs than the current weight-based dosing method for the phantoms who have a

relatively large body weight but a small girth or phantoms with relatively small bodyweight but large girth. In

14
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Fig. 4.a, the results demonstrate that, using the proposed girth-based dosing method, that the baseline 1Q can
be achieved using an AA of 32.65 MBq for all the phantoms in the girth group specified in Fig. 4.a, which is
62.9% less than the AA (88.10 MBq) recommended by the current weight-based dosing guideline for the

heaviest phantom in this girth group.

(a) . 3 (b) Image quality comparisons at different AAs for two phantoms with
Loo Girth range:62.4-68.4cm;Defect volume range:0.49-0.73cm oo _Very distinct weights but similar girths and defect volumes

—— AUC=0.5+0.5*erf(0.5%/ AA* 1.36/(AA *0.20 + 24.82)) R2=0.99
0.95 0.95 {
0.90 0.90 i
0.85 0.85 }
5] %)
2 0.80 4 2 0.80
0.75 4 0.75
0.70 4 0.70
0.65 1 0.65 o SyFwa(weight=26.4kg.girth=66cm defectVolume=0.712cm?)
e 15yMwO0(weight=47.6kg,girth=64.6cm, defectVolume=0.596cm?)
0.60 T T T T T 0.60 T T T T T
34.78 52.17 69.19 92.5 123.95 34.78 52.17 69.19 92.5 123.95
AA(MBQ) AA(MBq)

Fig. 4. AUC vs. AA curves and the fitted functions for the patients in (a) the girth range of 62.4 — 68.4 cm and defect
volume range of 0.49 — 0.73 cm’ and in (b) AUC vs. AA plot for the heaviest and lightest phantom in the
corresponding girth bin.

We computed the difference in weight between the heaviest and lightest phantom in each girth group. For
example, in the girth range used in Fig. 4, the heaviest and lightest phantoms were a 15-year-old male and a 5-
year-old female phantom. These two phantoms have weights that differ by almost a factor of 2 (47.6 kg vs
26.4 kg), but similar girth and kidney sizes. In Fig. 4.b, we show that the 1Qs from these two phantoms are not
statistically significantly different at multiple AA levels. This is in agreement with the findings in [24] and is
consistent with the hypothesis that the girth at the location of the kidney would have a more direct effect than
weight on attenuation, scatter, and spatial resolution, and thus IQ, given the same AA. Fig. 5 shows that
qualitatively the defect visibility degrades significantly as the AA decreases for both the 15- and 5-year-old,

but is relatively equal for the two phantoms, supporting the quantitative IQ results.
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Fig. 5. Coronal views of the reconstructed images at different AAs for the heavist (15yMwO: 15 yo male with 5™ girth
percentile) and lightest (5yFw4: 5 yo female with 95" girth percentile) phantoms in the girth range of 62.8-68.4 cm. The
top and bottom rows show the defect-present and absent images, respectively. White arrows indicate the defect locations.

A summary of AAs needed to achieve the baseline AUC of 0.80 is included in Table IV for patients of
different girth ranges and defect volumes. However, physicians must ultimately decide on the appropriate
AUC value to use for this diagnostic task. This is because the AUC can be increased by increasing the AA or
the time required to perform the study; increasing AA results in increased radiation dose to the patient and
increased acquisition time increases the chance of motion or might necessitate anesthesia. Thus, person who is
knowledgeable about the tradeoff between diagnostic 1Q, radiation dose and the cost of diagnostic errors must
ultimately decide on the tradeoff between IQ and AA. Overall, these results suggest that substantial reductions
in AA (as compared to the current weight-based dosing method) for heavy patients with waist circumferences
within this girth range. The results again confirmed that patient weight may not be the optimal factor to use to
recommend AA. Instead, as demonstrated in this study, body morphometry factors that are local to the target

imaging organ should be used.

Table IV. Summary of AAs for different girth
ranges and defect volume ranges to achieve
a desired task-based image quality as
measured by the AUC

AA for the
. Defect average
Glrt(t::rrr.]a)nge volume baseline 1Q
range (cm3) (AUC=0.80)
(MBq)
50.4-56.4 0.41-0.62 28.85
56.4-62.4 0.54-0.81 24.9
62.4-68.4 0.49-0.73 32.65
62.4-68.4 0.74-1.11 31.45
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321

322
323
324
325
326
327
328
329
330
331
332
333
334

335

74.4-80.4 0.85-1.27 37.92
86.4-92.4 1.10-1.51 53.55

To compare the proposed dosing method with weight-based dosing method, we listed the AAs
recommended by the North American Guidelines (NAG, subject to their maximum and minimum) for the
heaviest (red) and lightest (green) phantoms in each girth and defect volume range in Table V. Their
corresponding task-based image quality (AUC) were calculated using the fitted equation in the form of eqn. 3.
The results showed that the NAG recommended AAs produced variable image quality for patients of different
weights, consistent with our previous finding [11]. In addition, besides for the lightest 5-year-old phantom in
the girth range of 50.4-56.4, the AUCs for the AAs recommended by the NAG surpassed the baseline 1Q
(AUC=0.80) consistently, indicating that a significant amount of AA can be saved if the desired IQ chosen is
consistent with the baseline 1Q. Based on the results of this study, different amounts of decreases were
indicated for some of the 5-year-old phantoms and all the 10- and 15-year-old phantoms, respectively. A
reduction of AA up to 62.9% compared to weight-based dosing could be used (while maintaining an AUC of
0.80) for a 15-year-old phantom with relatively large bodyweight but small amount of weight distributed
around the organ being imaged. In contrast, up to 8.8% less AA was indicated for certain a 5-year-old phantom

with relatively small bodyweight but more weight distributed around the kidneys.

Table V. Comparisons of image quality for AAs recommended by NAG and by the proposed method

. Task- %
Gith  Defect  Girth-based . Simulated based Difference
volum AA for Ge Waist Body .
rang . Age . Defect NAG 1Q for of Girth-
e baseline IQ nde Circumference  Mass
e AUC=0.8 (yr) K Volume (MBq) AAby based AA
(cm) r(?:rr]n%? ( (MB )' ) r (cm) (kg) (cm3) NAG over AA
q (AUC) by NAG
50.4-  0.41- 28.85 m 10 54.33 26.39 0.49 48.82  0.85 40.9%
56.4  0.62 ' m 5 50.40 17.91 0.49 33.14 0.81 8.8%
56.4- 0.54- 24.9 f 10 60.00 30.62 0.63 56.66 0.88 56.1%
62.4  0.81 ' m 10 58.90 30.22 0.67 55.90 0.88 55.5%
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336

337

338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

353

62.4- 0.49- 3265 m 15 64.60 47.62 0.60 88.10 0.88 62.9%

684  0.73 f 5 66.00 26.42 0.71 48.88  0.84 33.2%

62.4- 0.74- f 10 66.40 36.20 0.88 66.98 0.87 53.0%
31.45

68.4  1.11 f 5 66.00 26.42 0.82 48.88  0.85 35.7%

74.4- 0.85- f 15 77.20 59.96 1.04 100.00 0.89 62.1%
37.92

80.4 1.27 m 10 75.60 44.17 1.00 81.72 0.88 53.6%

86.4- 1.10- m 15 89.30 76.11 1.43 100.00 0.84 46.5%
53.55

924  1.51 m 10 91.20 57.21 1.18 100.00  0.84 46.5%

IV. DISCUSSION

We have examined the implications of using a local body morphometry metric with a well-defined DMSA
diagnostic imaging task for pediatric patients to recommend AA. The results showed that substantial (up to
62.9%) reductions in AA will yield an image quality consistent with that resulting from NAG AA if
circumference around the waist is used rather than patient weight in determining AA. This result is heavily
dependent on assumed defect size. This is illustrated by the results obtained for a 5-year-old wherein the small
kidney size yields a defect size far smaller than typically encountered clinically. This corresponds to a 0.41cm’
defect. More reduction of AA could potentially be achieved if a less challenging/larger and clinically more
relevant defect percentage was modeled in the phantom population. Highlighted in Table IV are two identical
phantoms that were simulated with different defect size. The results showed 3.8% of AA can be saved (while
maintaining the same diagnostic performance) for the phantom with a larger defect (0.82 cm®) compared to the
same phantom with a smaller defect (0.71 cm?).

There are three limitations of the work: 1) a single defect kind (focal defect simulating pyelonephritis) was
modeled in this work so the model of the defect may not reflect the complexity of defect shapes seen in the
clinic, 2) a single fractional defect size was used, and the size selected was deliberately challenging by one
expert pediatric nuclear medicine physician, which might not represent the consensus opinion of a group of

average nuclear medicine physicians, and 3) the MTCLDO has not been fully validated against humans, and so
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355
356
357

358

359
360
361
362
363
364
365
366
367
368
369
370

371

372

373
374

375

376

377

378

that the results may not be accurate in an absolute sense. These limitations suggest the need for identifying
defect sizes and kinds (other than focal defects) in pediatric molecular imaging that are more clinically
relevant as well as the need for validating (in terms of reproducing human observer performance) numerical
observers that can handle non-multivariate normal data, which was the case of this data as there were a lot of

anatomical variations in the phantom library.

On a practical level, the results show that a better risk-benefit balance will be achieved by measuring the
patient’s waist circumference in conjunction with a table of AAs to meet a given 1Q (AUC) value for the most
likely defect size. Table IV provides an example of such a scheme. However, note that the comparison
between the girth- and weight-based dosing approach shown in Table V can be somewhat limited in its
fairness as 1) 1Q in the weight-based dosing method is not measured quantitatively but by expert consensus,
and 2) the results are solely based on simulation data instead of real clinical practice. Further investigation and
validation of the results present in the study are eagerly needed in future clinical studies. Importantly, the
decision on IQ for a given size and corresponding AA is left to the nuclear medicine physician, as selecting an
AA requires taking into account both the risk of misdiagnosis and the radiation exposure risk. This work
provides data on the misdiagnosis part of the equation, which allows the physician to weigh 1Q/defect
detectability with other, patient-specific considerations in selecting an AA. The data on patient radiation risk is
provided in [10]. Together, we present a complete 1Q-Risk-AA relationship to physicians to select an AA

based on local-body-morphometry measures of the patient.

V. CONCLUSIONS

A local-body-morphometry (girth)-based index for selecting DMSA AA for pediatric renal SPECT shows
substantial reductions in AA relative to a weight-based AA specification method. A girth-based dosing scheme
may be implemented by replacing the body weight with a measure of waist circumference, selecting a desired
IQ (AUC) and selecting the AA from a tradeoff curve corresponding to the patient’s girth. With an adequate

representation of expected defect size and future clinical validation of the results present in the paper, this
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379  approach may be used to inform task-based guidelines in the broader context of the clinical practice of
380  pediatric SPECT.
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Appendix

The figures below show the plots in absolute AA in the units of MBq for a variety of different girth
and defect volume range combinations; the theoretical relationship that we derived (eqn.3) fitted well.
These fitted functions provide an analytic relationship between AA and AUC and could be used to
compute the AA required to yield a desired AUC for a given patient weight. To find out how much
AA to give for a desired AUC, we horizontally sliced through a fixed AUC and recorded the AAs
that are needed to achieve the AUC from the fitted functions. This 1Q-dependent AA selection
method may be applicable to other data for other imaging agents.
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472

473 Fig. A.1. From left to right the images show coronal view of images generated using different AAs from the heaviest
474 (10yFw1: 10 yo female with 25™ girth percentile, 30.6 kg) and lightest (10yMw1: 10 yo male with 25" girth percentile,
475 30.2 kg) phantom in the girth bin. AUC vs. AA curves and the fitted functions for the patients in the girth range of 56.4 —
476 62.4 cm and defect volume range of 0.54 — 0.81 cm’

477
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479 Fig. A.2. From left to right the images show coronal view of images generated using different AAs from the heaviest
480  (10yMwoO: 10 yo male with 5™ girth percentile, 26.4 kg) and lightest (SyMw1: 5yo male with 25™ girth percentile, 18.0 kg)
481 phantom in the girth bin. AUC vs. AA curves and the fitted functions for the patients in the girth range of 50.4 — 56.4 cm

482 and defect volume range of 0.41 — 0.62 cm’.
483

484
485
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Fig. A.3. From left to right the images show coronal view of images generated using different AAs from the heaviest
(15yMw3: 15 yo male with 75™ girth percentile, 76 kg) and lightest (10yMw4: 10 yo male with 95" girth percentile, 57
kg) phantom in the girth bin. AUC vs. AA curves and the fitted functions for the patients in the girth range of 86.4 — 92.4
cm and defect volume range of 1.01 — 1.51 cm’.
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492 Fig. A.4. From left to right the images show coronal view of images generated using different AAs from the heaviest
493 (10yFw2: 10 yo female with 50™ girth percentile, 36.2 kg) and lightest (5yFw4: 5 yo female with 95™ girth percentile,
494 26.4 kg) phantom in the girth bin. AUC vs. AA curves and the fitted functions for the patients in the girth range of 62.4 —
495 68.4 cm and defect volume range of 0.74 — 1.11 cn’.
496
497
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499 Fig. A.5. From left to right the images show coronal view of images generated using different AAs from the heaviest
500 (15yMw2: 15 yo male with 50™ girth percentile, 61.2 kg) and lightest (10yMw3: 10 yo male with 75™ girth percentile,
501 44.17 kg) phantom in the girth bin. AUC vs. AA curves and the fitted functions for the patients in the girth range of 74.4
502 — 80.4 cm and defect volume range of 0.85 — 1.27 e’
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