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Abstract
The accuracy of recently approved quantitative clinical software was determined by comparing in vivo/in vitro measurements for
a solid-state cadmium-zinc-telluride SPECT/CT (single photon emission computed tomography/x-ray computed tomography)
camera. Bone SPECT/CT, including the pelvic region in the field of view, was performed on 16 patients using technetium-99m
methylene diphosphonic acid as a radiotracer. After imaging, urine samples from each patient provided for the measurement of
in vitro radiopharmaceutical concentrations. From the SPECT/CT images, three users measured in vivo radiotracer concentration
and standardized uptake value (SUV) for the bladder using quantitative software (Q.Metrix, GE Healthcare). Linear regression
was used to validate any in vivo/in vitro identity relations (ideally slope = 1, intercept = 0), within a 95% confidence interval (CI).
Thirteen in vivo/in vitro pairs were available for further analysis, after rejecting two as clinically irrelevant (SUVs > 100 g/mL)
and one as an outlier (via Cook’s distance calculations). All linear regressions (R2 ≥ 0.85, P < 0.0001) provided identity in vivo/in
vitro relations (95% CI), with SUVaverages from all users giving a slope of 0.99 ± 0.25 and intercept of 0.14 ± 5.15 g/mL. The
average in vivo/in vitro residual difference was < 20%. Solid-state SPECT/CT imaging can reliably provide in vivo urinary
bladder radiotracer concentrations within approximately 20% accuracy. This practical, non-invasive, in vivo quantitation method
can potentially improve diagnosis and assessment of response to treatment.
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1 Introduction

1.1 Background

Scintigraphy has been the standard diagnostic tool in nuclear
medicine because of its high sensitivity in finding pathology.
This medical imaging technique can reveal physiological
changes related to pathology, often well before more subtle
anatomical changes can be seen in x-ray radiographs or other
imaging modalities. Scintigraphy is regularly being improved.

Historically, the visualization of the gamma camera was as
a two-dimensional, flat, projection image of radiotracer

emissions, analogous to a simple x-ray radiograph. Whereas
the high energy photons in x-ray imaging are generated exter-
nal to the patient, scintigraphy provides a map of radiotracer
concentration with γ-ray photons being emitted from within
the patient via the radioactive decay of the radiotracer. By
obtaining projection images from many angles around the
patient, the tomographic technique provides three-
dimensional (3-D) images by means of image reconstruction
algorithms. As x-ray radiographs evolved into x-ray computed
tomography (CT), so too the flat scintigraphic visualization
evolved into 3-D single photon emission computed tomogra-
phy (SPECT) [1–3].

The detailed volumetric imaging of radiopharmaceuticals
has made SPECTan important diagnostic tool in fields such as
orthopedics, oncology, cardiology, and nephrology, among
others [4–7]. A major development in SPECTwas its integra-
tion with CT by means of a fixed coaxial registration between
SPECT and CT gantries, referred to as a hybrid SPECT/CT
scanner [8, 9]. The added value of CT to SPECT has been
proven clinically [10–13] by enabling the precise localization
of radiotracer uptake with respect to anatomy and facilitating
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the removal of artifacts which degrade the SPECT image
through processes like γ-ray photon attenuation and scatter.

Regardless of continual technical advances, by a number of
criteria SPECT/CT has not met the performance of positron
emission tomography (PET)/CT. For example, SPECT con-
tinues to suffer from poorer photon detection efficiency
(sensitivity) and spatial resolution than PET, giving images
with comparatively more noise and blur. The limited image
quality of SPECTcompared with PETalso limits the accuracy
of SPECT radiotracer quantitation. However, SPECT has the
benefit in some situations of longer radionuclide half-lives,
which may better suit biological processes of interest, as well
as the ability to perform multitracer studies using detector
pulse height spectroscopy to separate different radiolabels
emitting photons of different energies.

The use of absolute quantitative measurements of radio-
tracer concentrations is standard practice in clinical PET/CT
and plays an important role in diagnosis, the evaluation of the
patient’s response to therapy, disease monitoring, and clinical
evaluation. Conversely, quantitative analysis in SPECT/CT
has not been a routine in the clinic due to technical limitations,
significantly reducing the information content of this method.
This has been the clinical reality even though historically
SPECT imaging preceded PET imaging and quantitation
methods were developed for SPECT before PET.

Quantitative SPECT/CT has the potential to greatly im-
prove the clinical practice of modern nuclear medicine by
reducing the subjective, user-dependent component of the vi-
sual interpretation of SPECT. There is a need for standard,
quantitative, and more objective clinical metrics for image
evaluation. Bailey and Willowson [14] have published an ex-
tensive list of potential uses of quantitative SPECT in a clin-
ical setting which includes theranostics, treatment planning,
measurement of monitoring response to treatment, assessing
disease progression, measurement of coronary flow reserve,
dynamic analysis of myocardial perfusion, and neurotransmit-
ter brain imaging of receptor density and occupancy.

1.2 Literature review

Many methods have been developed to provide absolute ra-
diotracer concentrations from SPECT images. For example,
phantom studies have shown good quantitative SPECT mea-
surements by judicious use of filtering on emission data
coupled with attenuation correction and scatter estimation
[15] or by simultaneously modeling attenuation, scatter, and
collimator resolution effects [16]. Early development of a co-
axial hybrid SPECT/CT device as a research tool [17] enabled
absolute radiotracer concentration in the myocardium of a
porcine model by using the CT to generate an attenuation
map and provide data for partial volume correction [18], and
CT data has been used to model scatter during image recon-
struction [19].

Recently, advances in commercial multimodality camera
hardware improved algorithms for image reconstruction, and
clinically available sophisticated compensation techniques to
correct for photon attenuation and scattering have made quan-
titative SPECT viable in practice. Clinical attempts to evaluate
the normal and pathological distribution of the standardized
uptake value (SUV) or absolute radioactivity concentration
from quantitative bone SPECT and SPECT/CT has been de-
scribed in the literature [20–22], but these methods are not
widely available for practical application in the clinic.

1.3 Current study

A software package (Q.Metrix software, GE HealthCare) that
allows quantitative measurement of radiotracer concentration
within the body being scanned by SPECT/CT has recently
been developed and become commercially available. The
software has been approved for clinical use and has been
installed on workstations at our site, and to date has not been
clinically validated on a whole-body solid-state SPECT/CT
camera.

The introduction with such software of an SUV index in
SPECT has the potential to improve the diagnostic accuracy
and the understanding of the disease. Our goal was to assess
the accuracy of measuring the true concentration of the visu-
alization agent, the radiopharmaceutical 99mTc-MDP (techne-
tium-99 m methylene diphosphonic acid), in the human body
via this software for a general purpose solid-state SPECT/CT.

2 Methods

2.1 Q.Metrix software package

The Q.Metrix software package is a commercially available
tool designed to integrate acquisition data in order to facilitate
quantitativemeasurements of SPECT data. As inputs, the soft-
ware requires the SPECT and CT image data sets, patient
weight, injected activity, time of injection, activity remaining
in the used syringe along with the time of this measurement,
and NEMA (National Electrical Manufacturers Association)
system sensitivity values [23]. The SPECT images are re-
quired to be attenuation corrected and scatter corrected, both
of which are done iteratively in the forward projection step of
an ordered subset expectation maximization image recon-
struction (OSEM) algorithm. The reconstruction uses resolu-
tion recovery which includes collimator modeling in the sys-
tem matrix of OSEM. Selection tools on the Q.Metrix display
enable the generation of volumes of interest (VOIs) on either
the SPECT or CT images, which are coregistered. VOIs may
be chosen by placing and sizing standard shapes, by region
growing methods, or by thresholding methods. VOIs are au-
tomatically translated between modalities, but the quantitative
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measurements reference SPECT values only, with no quanti-
tative measurements made on CT.

As outputs, the software can provide maximum and aver-
age uptake values throughout a VOI in units of MBq/mL and
standardized uptake value (SUV). As in PET quantitation, the
standardized uptake value is the radiotracer concentration in
MBq/mL normalized by the average radiotracer concentration
in the patient at scan time:

SUV ¼ voxel concentration in MBq=mL

decay corrected injected dose in MBq=patient mass in grams

where the patient mass in grams acts as a volume surrogate,
replacing milliliters. The metric SUV has the property that
regardless of scan time or injected dose, if the radiotracer is
homogenously distributed throughout the entire volume, and
if the volume has the density of water, then the SUV value is
1 g/mL. Regions with higher radiotracers concentrations have
higher SUVs.

2.2 Solid-state CZT SPECT/CT

A solid-state whole-body SPECT/CT camera employing CZT
(cadmium-zinc-telluride) detectors was employed (Discovery
670, GE Healthcare, Tirat Carmel, Israel). The CZT module
characteristics are described elsewhere [24], and in this con-
figuration, a rectangular-hole lead collimator with a pitch of
2.46 mm× 2.46 mm, hole size of 2.26 mm× 2.26 mm, and
hole length of 5 cm was used. The camera comprised dual flat
panel detectors mounted on a rotating gantry and has a similar
exterior appearance to standard dual-headed Anger SPECT
clinical cameras. Each detector head consisted of 10 rows of
13 columns of CZT modules providing projection data cover-
ing 40 cm × 52 cm field of view (FOV). The SPECT gantry
was coaxial with a 16-slice diagnostic CT gantry, with a
shared patient handling bed.

2.3 Phantom study

SPECT image calibration for quantitative measurements was
determined by a NEMA body phantom emulating clinical
count rates and higher (1.2, 1.8, 3.7, 19, and 24 kcounts/s
per detector) loaded with a Blung^ insert and six hot spheres
(10, 13, 17, 22, 28, and 37 mm in diameter) with a 12.1:1
target-to-background ratio (TBR) of 99mTc-pertechnetate so-
lution (Fig. 1). Background concentrations were 5.4, 8.3, 16.8,
86, and 109 kBq/mL. The phantom acquisitions conformed to
a bone SPECT protocol. Two detector heads were rotated
360° about the patient in H-mode (180° per head) every 6°
giving 60 projections on a 128 × 128 matrix. The camera
zoom was 1 and the time per projection was 30 s. Standard
energy windows were used: 140 keV ± 10% for the emission
counts and 120 keV ± 5% for the scatter counts used in scatter

correction. The SPECT acquisition was followed by a CT
using 120 kV and a current of 80 mA. The CT provided a
2.5 mm slice thickness with a 512 × 512 matrix spanning a
50 cm FOV. SPECT images were reconstructed on an Xeleris
4.0 Workstation (GE Healthcare, Tirat Carmel, Israel) using
OSEM with 10 subsets and 4 iterations with CT attenuation
correction, scatter correction, and resolution recovery. For
quantitative measurements, no pre- or post- image reconstruc-
tion filtering was performed. Using NEMA system sensitivity
values [23] measured on the same camera employed for the
clinical study, the scatter weight was adjusted until recon-
structed SPECT image background values were 1 g/mL as
measured on Q.Metrix. Hot sphere results using Method B,
described below in Section 2.4.1, provided an estimate of
expected variability in absolute quantitative SPECT measure-
ments compared with the known concentration.

2.4 Clinical study

Sixteen patients referred for bone scintigraphy as part of their
clinical assessment were included in a reference-controlled
study (in vivo/in vitro) approved by the institutional ethics
committee (#0201–16-RMB). The patient population
consisted of 12 females and 4 males, without extreme weight
or age characteristics (Table 1).

Volumetric imaging was according to a standard SPECT/
CT hip imaging protocol spanning about 30 cm axially along
the patient at the hip, approximately 2.5 h after a nominal
injection of 925 MBq (25 mCi) 99mTc-MDP. The patients
were not under fast, and during the uptake duration from in-
jection to scan time, they were instructed to drink six to eight
glasses of water. Acquisitions and image reconstructions
followed the SPECT protocol given above in Section 2.3 ex-
cept the durations were 17 s per projection. The SPECT ac-
quisition was followed by a CT, as described above, except
that the current ranged from 80 to 200 mA (varied automati-
cally as per patient attenuation at each axial location). SPECT
image calibration was determined by a body phantom as de-
scribed above.

Fig. 1 SPECT image calibration was determined by a NEMA body
phantom loaded with a Blung^ insert and six hot spheres, using solid-
state CZT detectors
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2.4.1 In vivo study

Data relevant to the average absolute concentration of the radio-
tracer in the bladder were collected by three users with Q.Metrix

Software using an Xeleris 4.0Workstation (GE Healthcare, Tirat
Carmel, Israel). The users were a senior physician with 5 years’
experience in reading clinical nuclear studies, a senior physicist
with 16 years’ experience researching nuclear medicine process-
es, and a junior physicist with 5 months’ experience viewing
nuclear medicine images (users A, B, and C, respectively).
They each employed slightly different methods to make the
quantitative measurements, referred to here as methods A, B,
and C, respectively. In method A, clinical experience was used
to subjectively estimate the edge of the bladder in the SPECT
image to establish the volume of interest (VOI) for measurement.
FormethodB, theVOIwas determined by a threshold set at 42%
of the maximum uptake found within the bladder (Fig. 2), con-
sistent with methods for finding metabolic tumor volume in PET
[25]. In method C, the user was instructed to draw a sphere of
maximum size within the region of uptake of the bladder as
visualized on the SPECT images. In all methods, the boundary
was cross checked with coregistered CT views provided by the
software to ensure that it was within the anatomical view of the
bladder, and users were instructed to alter the boundary to fit the
anatomical view of the bladder if necessary. These absolute
in vivo radiotracer concentration measurements using Q.Metrix
were compared with in vitro urine sample measurements as de-
tailed in the next section.

2.4.2 In vitro study

Immediately after the SPECT scan, the patient was requested to
provide a urine sample. Approximately 8mL of urine was drawn

Table 1 Patient population demographics

Patient Sex Age (years) Weight (kg) Injected dose
(MBq)

Uptake
Duration (h)

1 F 80 60 857 2.63

2 F 38 62 1010 2.43

3 F 51 75 883 2.30

4 F 62 72 838 2.25

5 M 58 88 938 2.57

6 M 72 84 878 2.93

7 F 71 70 896 2.33

8 F 40 78 930 2.57

9 M 79 85 889 2.48

10 M 68 83 855 3.20

11 F 62 62 810 2.37

12 F 44 78 888 2.87

13 F 40 110 900 2.25

14 F 65 60 803 2.00

15 F 66 77 932 2.22

16 F 86 70 908 2.70

Average: 61 76 888 2.50

SD:* 15 13 51 0.31

*SD standard deviation

Fig. 2 Screen shot of the software output for patient 5, Method B. VOI of bladder (arrows) was determined by contiguous voxels within the bladder
radiotracer uptake that fall above 42% of the maximum uptake within the bladder. CT fused images (upper row) confirm localization to the bladder
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from an approximately 100 mL sample into a standard 10-mL
urine sample tube. The activity in this tube was measured in a
calibrated dose calibrator (Model CRC25, Capintec, Inc.,
Florham Park, NJ) and the precise volume determined by net
weight in grams assuming a density of 1 g/mL. Radiotracer
concentration was calculated and decay corrected to scan time
for comparison with quantitative SPECT measurements.

Figure 3 shows a schematic of the in vivo/in vitro methods
for the clinical study. Linear regression was used to establish a
relationship, if any, between in vivo bladder SUV measure-
ments made with Q.Metrix and in vitro urine concentrations
which had also been normalized to SUV values. Data related
to urine concentrations with effective SUVs greater than
100 g/mLwere not included in the linear regression since such
values are not clinically relevant to 99mTc-MDP bone scans.
Outliers were identified using Cook’s distance with a thresh-
old of three times the mean Cook’s distance for the regression
[26, 27], and dropped after this identification if there was an
obvious mismatch such as an order of magnitude difference
among measured values. Similar analyses were performed on
decay corrected activity concentrations in units of MBq/mL,
without the SUV normalization.

3 Results

3.1 Phantom measurements

System sensitivity was 54.7 counts/s/MBq on average for
each detector according to NEMAmethods. Using the highest
count phantom results (109 kBq/mL) with the least noise, a
scatter weight of 0.70 set the background SUV intensity in the
SPECT reconstructed images at the known value of 1.0 g/mL,
as measured by Q.Metrix (Fig. 4). Among the three largest
spheres (volumes from 5.6 to 26.5 mL) and five different
concentrations, variability from the expected 12.1:1 TBR
ranged from 6.6 to 22.7% with an average of 14.0%, with
all values biased negatively.

3.2 Clinical measurements

Uptake duration was 2.5 ± 0.3 h (mean ± standard devia-
tion) ranging from 2.0 to 3.2 h (Table 1). The injected dose
was 888 ± 51 MBq. Volume measurements of the VOI on
Q.Metrix ranged from 1.3 to 321 mL, encompassing from
15 to 3718 voxels. Patients 15 and 16 had urine concentra-
tions with effective SUVs greater than 100 g/mL (Table 2)
so they were not included in the linear regression since
such values are not clinically relevant to 99mTc-MDP bone
scans. For all three methods, results from patient 14 were
indicated as possible outliers since the Cook’s distances
were > 2.3, which is above a threshold of three times the
mean Cook’s distance for each linear regression of SPECT
concentration vs. urine concentration measurements.
Investigation showed that there is an order of magnitude
difference among the three methods (Table 2), so this in
vivo/in vitro pair was not used in the linear fitting of the
data. Linear regression of the in vivo vs. in vitro measure-
ments of SUV and radiotracer concentration in MBq/mL
provided slopes of 1 and intercepts of 0 for all three
methods, within the 95% confidence intervals (Table 3),
as depicted in Fig. 5. For the linear fits, the average of

Fig. 3 Schematic of the clinical
study method for in vivo/in vitro
measurements

Fig. 4 SUV of background vs. scatter weight: Phantom SPECT
calibration shows that a scatter weight of 0.70 sets the background SUV
intensity in the image at the known value of 1.0 g/mL. A linear regression
line of best fit (slope = 0.469, intercept = 1.327, R2 = 0.987) supports this
choice
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the results of methods A, B, and C gave slopes nearest to
unity, intercepts nearest to zero, and R2 values (coefficient
of determination) closer to unity, compared with any indi-
vidual method (Table 3), with all p values less than 0.0001.
A plurality of the points had residuals within 20% of the
fitted average results: 8 of 13 points for the SUV plot and 9
of 13 points for the concentration plot; with the average
residuals being within 18%.

4 Discussion

Data variability in SPECT imaging is the result of limited
spatial resolution and noise introduced by Poisson counting
statistics in radioactivity decay and detection processes [28].
Due to partial volume effects, the former artifactually reduces
voxel values within small volumes of uptake, or at the edges
of uptake. The latter results in artefactual inhomogeneities as

Table 2 Decay corrected
measurements of in vitro urine
samples and in vivo SPECT
imaging

Patient SUV (g/mL) Concentration (MBq/mL)

In vitro In vivo SPECT method In vitro In vivo SPECT method

A B C A B C

1 13.2 16.6 15.3 16.3 0.119 0.150 0.138 0.147

2 17.0 22.3 20.9 21.9 0.152 0.200 0.187 0.196

3 19.1 15.3 21.0 20.2 0.186 0.150 0.204 0.197

4 10.3 9.1 8.1 6.9 0.091 0.080 0.071 0.061

5 14.4 19.2 16.5 11.5 0.113 0.150 0.129 0.132

6 11.7 10.2 6.5 6.7 0.085 0.074 0.047 0.048

7 13.1 15.1 13.4 13.0 0.130 0.150 0.133 0.129

8 7.8 7.4 7.2 6.2 0.064 0.060 0.059 0.051

9 7.8 9.5 10.0 8.8 0.049 0.060 0.063 0.056

10 15.0 17.9 17.0 16.3 0.159 0.190 0.181 0.173

11 7.3 8.6 8.8 9.1 0.068 0.080 0.082 0.085

12 52.2 66.6 55.5 51.6 0.494 0.630 0.526 0.488

13 33.0 21.9 18.9 20.0 0.347 0.230 0.199 0.210

14 36.6 89.7 5.4 5.0 0.449 1.100 0.066 0.061

15 163.5 111.4 84.6 78.9 1.291 0.880 0.668 0.624

16 145.6 103.8 85.6 92.8 1.080 0.770 0.636 0.690

Table 3 Linear regression
parameters for in vivo SPECT vs.
in vitro sample measurements

Parameter Method Average

A B C

SUV:

Slope 1.145 0.941 0.896 0.994

CI* slope ─0.852→ 1.439 ─0.687→ 1.195 ─0.666→ 1.126 ─0.748→ 1.241

Intercept (g/mL) ─1.102 0.785 0.744 0.143

CI intercept ─7.22→ 5.02 ─4.52→ 6.09 ─4.05→ 5.54 ─5.00→ 5.29

R2 0.870 0.858 0.870 0.877

Concentration:

Slope 1.096 0.914 0.864 0.958

CI Slope ─0.807→ 1.385 ─0.669→ 1.159 ─0.646→ 1.083 ─0.716→ 1.201

Intercept (MBq/mL) ─0.004 0.011 0.015 0.007

CI Intercept ─0.062→ 0.054 ─0.038→ 0.060 ─0.028→ 0.059 ─0.041→ 0.055

R2 0.863 0.859 0.873 0.873

*CI: 95% confidence interval
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can be observed in Fig. 2 where the uptake within the bladder
looks variable, but 99mTc-MDP in solution with urine is ex-
pected to be homogenous. Because of these limitations, it is
expected that different users would collect slightly different
absolute quantitation data from SPECT imaging especially
when using different methods. Table 2 shows this variability
between users although there is an overall concordance of the
measurements: the line of best fit for the results of each user
establishes an identity relation (slope = 1, intercept = 0) be-
tween in vivo and in vitro measurements (Table 3).
Averaging the three methods likely reduces the effect of pos-
sible biases with each user and gives better overall agreement
between the in vivo and in vitro tasks (Table 3). Taking the
average line of best fit as a model of the true relationship
between the in vivo SPECT measurements and the in vitro
urine measurements, absolute SPECT quantitation was per-
formed, for the most part, within a 20% accuracy, as indicated
by the residuals to the fit. This is comparable with deviations
of up to 17% reported using in-house methods and a standard
SPECT system [29], even though the concentrations in the
present study with the solid-state CZT camera was much
higher (mean 0.158 MBq/mL, max. 0.494 MBq/mL) than that
reported for the standard camera (mean 0.069 MBq/mL, max.
0.273MBq/mL). As a rule, CZT detectors continue to respond
linearly at high count rates, whereas standard cameras do not
[24].

Compared with quantitative PET, some bone SPECT pa-
rameters facilitate more accurate measurement. The relative
synchronization between the dose calibrator and the scanner
would introduce an error of only 0.2% for every minute mis-
match for 99mTc, compared with 0.6% for the isotope fluorine-
18 often used in PET, due to the longer half-life of 99mTc.
However, most other parameters work against quantitative
SPECT accuracy compared with PET. Clinical SPECT spatial
resolution is generally worse at 5–20 mm FWHM (full width
at half maximum) for distances of 5 to 25 cm, compared with a
typical value of 6 mm FWHM for clinical PET [30]. The
sensitivity of PET is generally better, giving typical total
counts of > 10 Mcounts for one tomographic FOV, compared
with about 3 Mcounts for the SPECT studies presented here,
enabling less statistical noise for PET. Regardless of these
advantages, quantitative variability in PET due to physical
factors can range up to 55% [31] and has been shown to be
able to be reduced to 23% [32] or even 10% [33] among
different scanners at different sites in multi-center trials, given
sufficient care. This concurs with another PET quantitation
study [34]. Typically, PET employs the maximum voxel mea-
surement to reduce partial volume effects which makes the
measurement more variable due to noise, although the vari-
ability can be reduced when some averaging techniques were
applied. In the present study, by choosing a comparatively
large feature with expected homogenous uptake, the urine in
the bladder, the effect of voxel variability was reduced by

volumetric averaging. Regardless, the SPECT trial presented
here, even with a variability of 20%, compares favorably with
quantitative PET. Table 4 lists a comparison of absolute quan-
titation accuracy with illustrative studies.

In the interest of not misrepresenting this scanner, in this
early configuration of the camera, the collimator hole length
was 50 mm and the CZT crystal thickness was 5 mm, so the
system sensitivity was lower than would be measured on the

Fig. 5 In vivo SPECT results vs. in vitro urine sample results for SUV (a)
and radiotracer concentration (b) measurements. Slopes of the average
results (dashed line) were 0.99 and 0.96 with R2 values of 0.88 and 0.87,
respectively (Table 3)
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current commercial version: collimator hole length of 45 mm
and CZT crystal thickness of 7.25 mm. The scatter weight of
0.7 should not be presumed to apply to different configura-
tions and in practice, it is wise to calibrate each camera. The
manufacturer’s default scatter weight for the sodium-iodide
crystal detector version of this camera is 1.1 for 99mTc radio-
tracers, which is considerably higher than the value used here.
This is because incomplete charge collection exacerbated by
inhomogeneous electric fields across the crystal will assign
more artefactual counts into the scatter energy window.
Consequently, the weighting of these counts in scatter correc-
tion needs to be less. A thicker crystal is expected to reduce
these inhomogeneities and lower the rate of incomplete charge
collection which in turn should move the required scatter
weight closer to unity. The concentrations of the three largest
spheres of the phantom SPECT study here varied from the
expected 12.1:1 TBR by approximately 14% which was com-
parable with the approximately 20% variability of the in vivo/
in vitro clinical measurements. Because the concentrations
and geometry of the phantom were static, as opposed to the
dynamic anatomy and physiology of the patient, the better
accuracy from such phantom studies found here is to be
expected.

5 Conclusions

Radiotracer concentrations in the urinary bladder can be reli-
ably measured in vivo using a solid-state SPECT/CT camera
to an accuracy of approximately 20%. This practical, non-
invasive, in vivo quantitation method can potentially improve
diagnosis and assessment of response to treatment.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.
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