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ARTICLE INFO ABSTRACT

Keywords: Standard iterative Ordered Subset Expectation Maximisation (OSEM) reconstruction is well established in

xQuant SPECT/CT, but despite its wide applications in image processing it comes with limitations in image noise and

SPECT/CT quality. A novel algorithm, xQuant (developed by Siemens Healthcare), uses Ordered Subset Conjugate Gradient

gigfgfaﬁve Maximisation (OSCGM) which enables image quantification assessment such as standardised uptake value (SUV)

R . measurements for reliable disease detection and evaluation of therapy response. As such, xQuant allows for
econstruction

dosimetry measurements, staging and management of diseases, analogous to the PET/CT modality for staging
cancers and chemotherapy management. This study compares the accuracy of xQuant algorithm and current
OSEM, by analysing image noise, SUV quantification and varying image reconstruction parameters. Standard
clinical phantoms are used for comparison of both reconstruction algorithms: xQuant SUV accuracy with various
Tc99m activity and varying scan times are performed for analysis. Results indicate that SUV measurements from
xQuant are similar to expected SUV, regardless of selected reconstruction parameters, varying radiation activity
and delayed scan times. Image noise assessment has shown that xQuant has lesser value of coefficient of variation
(CoV) compared to standard OSEM, indicating xQuant’s superior noise suppression without compromising image
quality. The quantifiable superiority of xQuant reconstruction algorithm supersedes the basic iterative 3D OSEM
reconstruction. It shows higher resolution qualitative assessment and provides consistent quantitative analysis.
The reliability and superiority of xQuant enables clinical SPECT/CT quantification to detect disease and improve
therapy management.

1. Introduction been traditionally used as a standard imaging reconstruction method on

account of its reliability due to its good reconstruction quality and ideal

The development of Single-Photon Emission Computed Tomogra-
phy/Computed Tomography (SPECT/CT) has been through significant
evolution, since the invention of the first gamma camera in 1958
(Hutton, 2014). The hybrid imaging modality of SPECT/CT involves
multiple gamma cameras for tomographic gamma scintigraphy, com-
bined with diagnostic CT for anatomical localisation, ultimately allow-
ing for optimum clinical imaging. Quantitative methods have been
increasingly important in recent years as technology in data acquisition
and image reconstruction advances. Since radioisotopes have been
introduced for diagnostic and theranostic use, accurate qualitative vis-
ualisation and true quantification of radioisotope biodistribution has
been the holy grail in nuclear medicine.

The cornerstones of accurate clinical imaging are image acquisition
and reconstruction, where innovative progress of both factors allows for
better diagnostic confidence. OSEM is an iterative algorithm that has

convergence rate (Aijing et al., 2018). It is based on a previous recon-
struction method for tomographic gamma ray imaging, Maximum
Likelihood Expectation-Maximisation (MLEM), which divides the pro-
jection data into a definitive number of subsets and accesses each indi-
vidually for iterative calculation (Aijing et al., 2018). Despite being
widely used, traditional iterative OSEM reconstruction is well known for
excessive image noise and reduced image resolution, hence it does not
go through much iterations and post-filtered to control image noise (Ahn
et al., 2015; Castro et al., 2018; Rahman et al., 2020).

A reconstruction algorithm developed by Siemens Healthcare,
xQuant, uses a variant of iterative reconstruction named OSCGM that
allows for higher resolution reconstructed SPECT/CT images and ulti-
mately the ability to quantify them (Armstrong and Hoffmann, 2016). It
uses a preconditioned ordered-subset conjugate gradient minimisation
of the Mighell modified y2 objective function, with noise and
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Fig. 1. Standard clinical phantoms used.

convergence properties different from the commonly applied OSEM
(Tran-Gia and Lassmann, 2019).

Initially a construct for positron emission tomography/computed
tomography (PET/CT) imaging, SUV is now a common quantitative
assessment tool across nuclear medicine imaging (Dickson et al., 2019),
in which it attempts to reduce observer bias and removes variability. The
use of SUV as quantifiable measurement of relative tissue radioisotope
uptake facilitates comparisons between patients (Kinahan and Fletcher,
2010). However, previous SPECT/CT technology has always been
regarded as non-quantitative as it did not allow for SUV measurement,
due to images being grossly compromised by artifacts from photon
scatter and attenuation (Ritt and Kuwert, 2013; Bailey and Willowson,
2013). Healthcare companies are now providing algorithm to address
this issue, such as xQuant.

This study compares the accuracy of the novel xQuant reconstruction
algorithm against the current standard OSEM, with analysis of SUV
accuracy, image noise, and differences in SUV by varying iterations and
subsets for image post-processing and reconstruction, as discussed in
methodology.

2. Methodology
2.1. Phantom preparation and image acquisition

Standard clinical cylindrical (Fig. 1a) and Jaszczak Flangeless Deluxe
(Fig. 1b) phantoms were used for this study. The cylindrical phantom
(Fig. 1a) is a water-filled plastic shell phantom that was provided by the
manufacturer (Siemens Healthcare). It has a 20 cm inner diameter and
axial length, 21 cm outer diameter, with 6283 mL volume. The Jaszczak
Flangeless Deluxe phantom (Fig. 1b) provides consistent performance
information for image analysis in any PET/CT or high-resolution
SPECT/CT modality. Details of the Jaszczak Flangeless Deluxe are lis-
ted as below:

e Cylinder Interior Dimensions: 20.4 cm x 18.6 cm

e Volume: 6400 mL

e Cold Rod Insert Height: 8.8 cm

e Cold Rod Diameters: 4.8, 6.4, 7.9, 9.5, 11.1 and 12.7 mm

e Solid Sphere Diameters: 9.5, 12.7, 15.9, 19.1, 25.4 and 31.8 mm

Table 1

Examination acquisition protocol.
Matrix size 256*256
Radioisotope Tc-99m
Zoom 1.00
Uniformity Correction Yes
Time Per View 7s
Degree of Rotation 180
Number of views 60
Mode Continuous
Orbit Non-Circular

Both phantoms were filled with 1110 MBq of Tc-99m mixed in tap
water. Phantoms were then shaken and gently rolled for 10 minutes to
achieve complete homogeneity. All radiation safety precautions were
strictly adhered throughout the study.

All images were acquired using Symbia Intevo 16 SPECT/CT
(Siemens Healthcare). Both phantoms are scanned across multiple
timepoints to achieve varying radiation dose based on decay factor
calculations. Clinical scanning parameters were used and kept consistent
to avoid variability for all scanning procedures, listed below in Table 1.
Repetitive scanning sessions across multiple timepoints were performed
to allow for analysis of SUV accuracy over change in time, by measuring
against the decay of prescribed (calculated) radiation activity (i.e.,
1110, 925, 740, 555 and 370 MBq). By applying various reconstruction
parameters (iterations and subsets) that ultimately contribute to image
quality, SUV accuracy is also analysed to determine the presence of any
discrepancies.

2.2. Image reconstruction and analysis

After SPECT/CT acquisition, region of interest (ROI) analysis was
made in the same chosen representative sections of both phantoms for
all calculations to maintain consistency throughout all measurements to
avoid potential discrepancies. Aforementioned sections include the top,
middle and bottom axial slices of the phantoms (excluding simulated
lesion areas in the Jaszczak Flangeless Deluxe phantom), with each axial
slices having the mean of 5 ROIs calculated. Analysis was performed
using commercially available imaging analysis software that allows for
3D volume fusion and image quantification (Syngo.Via, Siemens
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Fig. 2. Expected and observed SUV indicates very small (<10%) differences in
xQuant SUV measurement in the cylindrical phantom.

xQuant a’

370MBq

1110MBq

Fig. 3. Qualitative analysis using the deluxe phantom demonstrates superiority
of xQuant (top row) over OSEM (bottom row) in image noise and resolution.

Healthcare). Analysis is divided into 3 segments:

A) Accuracy of xQuant’s SUV measurement using standard clinical
acquisition parameters. In this segment, 5 exact ROIs were drawn in
the axial slices of phantom images, as mentioned above. Theoretical
SUV is calculated and compared against observed SUV using the
standardised SUV equation (Nakahara et al., 2017):

Activity concentration (*52)

Injected Dose (MBq)
Phantom Weight (g)

SUV =
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Fig. 4. Using the cylindrical phantom, comparison between xQuant and OSEM
indicates that xQuant has a lower CoV value across all radioactivity range,
therefore less noise.

B) Image noise quantification over activity decay and multiple scan
times are compared between xQuant and standard OSEM. By using
the same VOI drawn as above, coefficient of variation (CoV) was
calculated as direct representation of image noise. This was done by
taking the average of standard deviation of count over the mean
count signal in all five VOIs.

C) Varying reconstruction parameters affecting accuracy of SUV.
Different values of iterations (i) and subsets (s) were used in image
reconstruction, ranging from standard clinical use to high values to
simulate extreme trade-off between image resolution and noise (4i x
4s; 8i x 4s; 16i x 4s; 20i x 1s; 32i x 25). Same VOI method in segment
A is also repeated for SUV measurement to observe consistency of
SUV accuracy from activity decay over time.

3. Results

For segment A of image analysis, xQuant SUV analysis revealed
insignificant changes, indicative of proper clinical accuracy (Fig. 2).
Based on observed SUV, there is a <10% deviation from calculated SUV,
which is well within acceptable range for clinical use.

While image noise is often measured by observer biased qualita-
tively, it is also measured using CoV for quantitative assessment.
Segment B of qualitative image analysis reveals that xQuant is more
superior in both image resolution and noise reduction, at the highest
(1110 MBq) and lowest (370 MBq) radioactivity (Fig. 3). Finer details in
the deluxe phantom were seen more clearly in both ends of
radioactivity.

CoV analysis further demonstrates superiority of xQuant over OSEM
as quantitative noise assessment of xQuant is lesser than OSEM (Fig. 4).
CoV is a statistical measure of the dispersion of data points in a data
series around the mean, which represents the ratio of the standard de-
viation to the mean, thereby being a useful statistic for comparing the
degree of variation from one data series to another (Tran-Gia and
Lassmann, 2019; Tulik et al., 2020). Hence, as mentioned above, CoV is
the representative value of image noise, with a lower CoV value indic-
ative of less image noise.

Table 2
Varying reconstruction parameters shown to not affect SUV quantification
across multiple radioactivity using the cylindrical phantom.

Iteration x subset 1110 MBq 740 MBq 370 MBq
4 x4 1.09 1.06 1.06
8x4 1.07 1.05 1.04
16 x 4 1.10 1.05 1.04
32 x2 1.08 1.07 1.07

20 x 1 (xQuant) 1.07 1.06 1.06
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Fig. 5. Higher resolution in xQuant shows a tiny focal tracer uptake (arrow) which could be overlooked when compared to standard OSEM.
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Fig. 6. SPECT/CT 3D volume fusion of Lutetium-177 targeted therapy demonstrates higher sensitivity and accuracy in xQuant reconstructed image (left) when
compared with standard OSEM (right). Furthermore, xQuant provides SUV measurements, allowing for more accurate dosimetry treatments in patients.

The reconstruction parameters of iterations and subsets can be
altered, to achieve balance between image quality and noise reduction
in image reconstruction. In segment C, a range of commonly used iter-
ations and subsets in clinical settings are applied to determine if xQuant
SUV values were affected. Results indicate that SUV analysis did not
deviate across all ranges of radioactivity, regardless of reconstruction
parameters (Table 2). With the ranges shown in Table 2, 20i x 1s is the
recommended parameter for xQuant reconstruction, as provided by
engineers from Siemens, which provides an ideal trade-off between
resolution and noise.

4. Discussion & conclusion

The consistent and reproducible quantitative analysis of SUV can
increase inter-observer agreement in evaluating degree of radioisotope
uptake in nuclear medicine scans (Toriihara et al., 2018). We compared
and evaluated the accuracy of novel xQuant with standard OSEM in
SPECT/CT image reconstruction using data from both standard clinical
phantoms (cylindrical and deluxe) based on clinical acquisition proto-
col. Our results show that xQuant is superior to OSEM as it has increased
sensitivity, better image resolution, image noise reduction and SUV
quantitative accuracy as shown in Fig. 5.

SUV is the most widely used imaging quantification parameter used
in clinical PET/CT examinations. Although there have been several
studies reporting the use of SUV quantification in SPECT/CT studies,
most describe its use in bone scintigraphy (Duncan and Ingold, 2018;
Kaneta et al., 2016; Suh et al., 2016; Wang et al., 2018; Chen et al.,
2021). However, SUV may also have important roles in improving ac-
curacy and establishing quantification in SPECT/CT theranostic pro-
cedures including radioiodine, Lutetium-177 and Yttrium-90 dosimetry
treatments (Fig. 6). Here, we establish the reproducibility and accuracy
of xQuant as a quantifiable measurement in SPECT/CT examinations
aside from bone scintigraphy. Recent studies using clinical phantoms
have also supported the reproducibility of this commercially available

xQuant reconstruction algorithm for reliable SPECT/CT image quanti-
fication, comparable of that to PET/CT imaging (Okuda et al., 2021;
Miyaji et al., 2020).

Our study demonstrates that xQuant supersedes standard OSEM al-
gorithm for image reconstruction, by delivering higher image resolution
and lesser noise (Fig. 5). It also provides accurate and reproducible SUV
measurements, similar to that of PET/CT. This quantifiable aspect of
SPECT/CT is also applicable in theranostics dosimetry as it is able to
measure organ specific biodistribution of radioisotopes.
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