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ABSTRACT
Differentiated thyroid cancer treatment typically involves surgical
removal of the whole or the largest part of the thyroid gland and a
subsequent radioiodine therapy. It is important in diagnostic post-
surgical SPECT/CT imaging to provide information on the actual
presence and sizes of thyroid remnants. The aim of this work is
to assess the impact of two scatter correction methods, the dual
energy window (DEW) and the triple energy window (TEW), on
the quality of the I-131 SPECT/CT images. Acquisitions were per-
formed using an anthropomorphic neck-thyroid phantom with two
thyroid remnants of 1.5 and 3 mL. Activity could be injected in the
remnants and the background area. For the first set of acquisitions,
the counts in each thyroid remnant from the non-scatter (NSC) and
scatter corrected (DEW and TEW) attenuation corrected SPECT
(AC-SPECT) images for different administered activity were calcu-
lated. For the second set of acquisitions, the image quality in terms
of Contrast-to-Noise (CNR), Signal-to-Noise (SNR) ratios and Noise
from the NSC, DEW and TEW corrected images were calculated
for different remnants-to-background activity ratios. The DEW
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scatter correction method removed more photons than the TEW
one. Even though both scatter correction methods improved image
quality, especially for lower background activities and for higher
volumes of remnants, this improvement is more profound when
applying the TEW method. In addition, two experienced nuclear
medicine physicians in a visual evaluation, without having a prior
knowledge on any imaging parameters, considered that the TEW
scatter corrected AC-SPECT images presented better image quality
than the DEW ones. In this study, the qualitative and quantitative
comparison of the two scatter correction methods indicated the
effectiveness of the TEW method in diagnostic postsurgical thyroid
I-131 SPECT/CT imaging.
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1 INTRODUCTION
Differentiated thyroid cancer is deriving from the follicular epithe-
lium and retaining basic biological characteristics of healthy thyroid
tissue with a noticeable increase worldwide [1-2]. The treatment
typically involves surgical removal of the whole or the largest part
of the thyroid gland, total or near total thyroidectomy, and subse-
quent radioiodine therapy [3]. Postsurgical nuclear imaging can
provide further information on the presence of thyroid remnants
and/or metastasis. The diagnostic accuracy of the thyroid remnants
is important for the implementation of individualized treatment for
remnant ablation.

Imaging of thyroid remnant(s) can have the form of a simple
pinhole scintigraphy, planar scintigraphy, single photon emission
tomography (SPECT) or positron emission tomography (PET) scans.
The most accurated imaging is performed with SPECT/CT after
iodine 131 (I-131) administration. However, the emitted, relatively
high energy, gamma rays of I-131 can scatter reducing the image
contrast and degrading the image quality [4].

Several scatter correction methods have been proposed to im-
prove the image quality [4-18]: the dual and the triple energy win-
dow scatter corrections, other energy window approaches, the
deconvolution method and the spectral models. The dual energy
window (DEW) method [5] subtracts a fraction of the reconstructed
image using events recorded within a secondary, lower than the
main photopeak, scatter window. The triple energy window (TEW)
scatter correction method proposed by Ogawa [7] estimates the
fraction of scattered counts in the main photopeak from upper and
lower, than the main photopeak, scatter energy windows. The other
energy window approaches include two or more energy windows,
such as the dual photopeak window [8-11] and the multi-energy
window [12]. The deconvolution method of Compton scatter uses
either the measured projection data [13] or the unscatterd projec-
tion data [14]. The spectral models involve spectral fitting [15],
factor analysis [16-17] or holospectral imaging [18]. In this study,
the DEW and TEW scatter correction methods were compared
since they are the most commonly used in practice [4, 8]. In partic-
ular, we used the DEW scatter correction algorithm, which is the
available one on the commercial Xeleris analysis workstation of
the SPECT/CT modality, and our TEW developed algorithm.

The effect of scatter correction has been investigated in several
studies in terms of either image quality and/or activity quantifica-
tion from reconstructed SPECT images using inserts in phantoms
[19-28] and mainly Tc-99m [19-22, 24-26]. There are limited stud-
ies regarding the impact of scatter correction methods on I-131
attenuation corrected SPECT (AC-SPECT) images [29-30]. In these
studies, the effect of TEW scatter correction on quantitative I-131
SPECT was investigated by using phantoms of simple containers
with inserts of 10-37 mL [29] and 200 mL [30]. More specifically,
Gils et al. [29] studied the impact of various reconstruction param-
eters, among them the TEW scatter correction method, utilizing a
body phantom with a sphere-to-background activity ratio of 10:1.
Dewaraja et al. [30] assessed the quantitative accuracy of TEW scat-
ter correction using a physical phantom with a lung insert using
two different sphere-to-background activity ratios of 5:1 and 4:1.

To the best of our knowledge, the impact of both DEW and
TEW scatter correction methods on the image quality of I-131 AC-
SPECT images utilizing an anthropomorphic phantom with thyroid
remnants has not been reported. The phantom enclosed thyroid
remnants of 1.5 and 3 mL, and could simulate various remnant-to-
background activity ratios.

The quality of I-131 AC-SPECT images from these scatter correc-
tion methods was assessed by comparing images with and without
scatter correction (a) for various administered activities within
the thyroid remnants and (b) for various remnants-to-background
activity ratios.

2 MATERIALS AND METHODS
2.1 Anthropomorphic Neck-Thyroid Phantom
The custom-made anthropomorphic neck phantom encloses human-
sized trachea, oesophagus and cervical spine. At the correct anatom-
ical position, a custom-made removable thyroid-remnant section is
also attached at the neck phantom. Figure 1a shows a front view
of the neck-thyroid phantom (neck phantom and thyroid-remnant
section) with two different sizes of thyroid remnants while Figure
1b shows a coronal CT slice of the phantom, obtained with the
Somaton Sensation Open (Siemens) with a slice thickness of 0.6
mm.

The hollow cavity of the neck phantom can be filled with water
(4180 mL) to simulate the soft tissue. Diluted radiopharmaceuti-
cal can be injected within this cavity to simulate various thyroid
remnant-to-background activity ratios.

The removable thyroid-remnant section of Figure 1a encloses
two hollow cavities of 1.5 and 3 mL, at clinically relevance areas,
to simulate thyroid remnants after thyroidectomy. Different re-
movable thyroid-remnant sections with various sizes of thyroid
remnants, at any clinically relevance areas, can be attached at the
neck phantom. Diluted radiopharmaceuticals can be injected within
the thyroid remnants.

The neck-thyroid phantom is made of a material with a density
close to 1 g/cm3. The ellipsoid hollow cavities of trachea and oe-
sophagus are filled with air while the cylindrical hollow cavity of
the cervical spine is filled with bone-equivalent material. All above-
mentioned parts are anatomical positioned within the phantom.

2.2 Acquisitions
All images were acquired with the SPECT/4-slice-CT system (In-
finia Hawkeye 4, GE Healthcare) at the Department of Nuclear
Medicine of the Bank of Cyprus Oncology Center. Acquisitions
were performed with two High Energy General Purpose (HEGP)
collimators in 1800 (H-mode) orientation. Data were acquired in 60
projections over 1800 of rotation, covering an angular range of 3600
(1800 rotation of each head). The acquisition time per projection
was set to 35 sec. An ±10% energy window was used for the 364
keV I-131 photopeak.

For the DEW acquisitions, the width of the scatter energy win-
dow was set to 5 keV (304.4-309.4 keV). For the TEW acquisitions,
the widths of the lower and upper energy windows were set to 5
keV (304.4-309.4 and 418.6-423.6 keV). All scatter windows were
recorded simultaneously with the main energy window.
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Figure 1: (a) Front view of the custom-made neck-thyroid phantom with two different sizes of thyroid remnants and (b) a
coronal CT slice obtained with the Somaton Sensation Open (Siemens) with a slice thickness of 0.6 mm

SPECT data were reconstructed using the ordered-subset
expectation-maximization (OSEM) algorithm with 2 iterations and
10 subsets. The image matrix size was 128x128 with a pixel size of
4.42 mm. A Butterworth filter (cut-off: 0.48 cycles/cm, power: 10)
was applied to the reconstructed images.

A CT scan was also acquired at 140 kV with 2.5 mA. The re-
constructed slice thickness was 4.42 mm. The image matrix size
was 512x512. Attenuation correction was applied to non-scattered
corrected (NSC), DEW and TEW scatter corrected SPECT data.

The first set of acquisitions was performed for 5 different admin-
istered activities within the 1.5 and 3 mL thyroid remnants (Table 1).
This range of activities can be administered for diagnostic thyroid
SPECT imaging, following an almost immediate acquisition.

The second set of acquisitions was performed with 3 differ-
ent background activities in the neck cavity to achieve different
remnant-to-background activity ratios (5%, 10% and 15%). In these
acquisitions, the administered activity within the remnants was
0.37 MBq/mL. In diagnostic I-131 SPECT imaging, a remnant-to-
background activity ratio of 10% is considered a realistic clinical
case [29].

2.3 Scatter Correction
The DEW scatter correction was performed by using an algorithm
of the Xeleris workstation. The equation used for this scattering
method is as follows:

I
DEW (ph) = IN SC (ph) −k · Isw

(1)

where, IDEW (ph) is the scatter-corrected reconstructed image of
the main photopeak, INCS (ph) is the non-scatter corrected recon-
structed image of the main photopeak which includes an unscat-
tered component and a Compton scatter component, ISW is the
reconstructed image of the scatter window which includes only
scattered photons, and k is a scatter multiplier [31] which is calcu-
lated by that algorithm.

The TEW scatter correction was performed by an algorithm
developed in MatLab. This software package has already been used
extensively for developing algorithms related to nuclear medicine
imaging [32]. The algorithm was applied to all projections prior
to reconstruction. Equation 2 was used for this scatter correction

method:

C
T EW (ph) = CN SC (ph) −

(
CLower

WLower

+
CU pper

WU pper

)
·
WMain

2
(2)

where,CT EW (ph) are the scatter-corrected counts in the photopeak,
CNSC (ph) are the non-scatter corrected counts in the photopeak,
CLower and CUpper are the counts in the lower and upper scatter
windows, respectively,WLower andWUpper are the energy widths
of the lower and upper scatter windows, respectively, andWMain
is the energy width of the main photopeak window [7]. The TEW
scatter-corrected data were also reconstructed by using the Xeleris
workstation.

2.4 Image Evaluation
The total and average counts (uptake) in each thyroid remnant and
in the background area were calculated. For this purpose, region-of-
interests (ROIs) were drawn in each AC-SPECT slice with observed
uptake in thyroid remnants. The choice of the slices and the area
of the ROIs were guided by the corresponding CT slices. As back-
ground was defined the region in the hollow cavity of the neck
phantom filled with water. In each slice, the ROI of a remnant and
the ROI of its corresponding background had the same area and
shape. The total and average counts in a remnant and in its back-
ground area were calculated from the corresponding ROIs in the
chosen slices.

For the first set of acquisitions, the total counts in each thy-
roid remnant from the NSC and scatter corrected (DEW and TEW)
AC-SPECT images with respect to the administered activity were
plotted and fitted with a linear function. For the second set of ac-
quisitions, with background activity, the Contrast-to-Noise Ratio
(CNR) and the Signal-to-Noise Ratio (SNR) values were calculated
from the NSC, DEW and TEW AC-SPECT images using the av-
erage counts in each thyroid remnant and in the corresponding
background areas.

The CNR is a measure to determine the image quality. A higher
value of CNR may lead to an improved detectability of thyroid
remnants and consequently to an improved diagnosis [29]. It is

53



ICBBE ’20, November 06–09, 2020, Kyoto, Japan Anastasia Hadjiconstanti et al.

Figure 2: DEW scatter corrected AC-SPECT images: (a) without and (b) with a remnant-to-background activity ratio of 5%
and (c) the corresponding CT slice. The administered I-131 activities within the 1.5 and 3 mL thyroid remnants are written
in the text. A white-color outline was drawn around the CT slice to define the borders of the phantom. The same outline
was also drawn around the AC-SPECT images. The two white-color circles in the magnified region of Figure 2c indicate the
corresponding thyroid remnant regions

defined as follows:

CNR =
C − C

Bkд

σ
Bkд

(3)

where C is the average number of counts in a remnant, CBkg is the
average number of counts in the corresponding background area
and σBkg is the standard deviation of CBkg.

The SNR is another metric for image quality and subsequently
for diagnosis [33- 34]. Both metrics, CNR and SNR, should be seen
commentary to each other. An image may have a high SNR, that is,
a large number of counts (high intensity) in the remnants, but it
may also have a low CNR, that is, a large number of background
counts which may lead to a low detectability of thyroid remnants.
SNR is defined as follows:

SNR =
C

σ
Bkд

(4)

3 RESULTS AND DISCUSSION
Figure 2 shows DEW scatter corrected AC-SPECT images: (a) with-
out and (b) with a remnant-to-background activity ratio of 5%. For
the acquisition without background activity in Figure 2a, the admin-
istered I-131 activities within the 1.5 and 3 mL thyroid remnants
were 7.141 and 7.807 MBq, respectively, whereas the corresponding
ones, for the acquisition with background activity in Figure 2b,
were 0.555 and 1.110 MBq, respectively. All images in the figure
are from the same slice number. The two different sizes of thyroid
remnants are also shown. Figure 2c presents the corresponding CT
slice. The various parts of the neck-thyroid phantom in Figure 1b
are also indicated in Figure 2c.

Figure 3 shows the (a) NSC, (b) DEW and (c) TEW scatter cor-
rected AC-SPECT images for the 1.5 mL (left) and 3 mL (right)
thyroid remnants (top row). The corresponding images for a 5%
remnant-to-background activity ratio are also shown in the same
figure (bottom row). For the acquisitions without background ac-
tivity, the administered I-131 activities within the 1.5 and 3 mL
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Figure 3: (a) NSC, (b) DEW and (c) TEW scatter corrected AC-SPECT images for the 1.5 mL (left) and 3 mL (right) thyroid
remnants (top row), and the corresponding images with a remnant -to-background activity ratio of 5% (bottom row). The
administered I-131 activities within the 1.5 and 3 mL thyroid remnants are written in the text

thyroid remnants were 7.141 and 7.807 MBq, respectively, whereas
the corresponding ones, for the acquisitions with background ac-
tivity, were 0.555 and 1.110 MBq, respectively. All images in the
figure are from the same slice number. The whole set of each of
the images in Figure 3 was evaluated visually by two experienced
nuclear medicine physicians to decide the image (NSC or DEW
or TEW image) that could draw ROIs, with more confidence, for
evaluation of the volume of each remnant, which is important for
therapeutic decisions. Note that the physicians had no prior knowl-
edge of the above imaging parameters when reading the images.
The physicians could not distinguish any differences among the
images without background activity. However, they could be more
confidence to evaluate the volume of each remnant for the TEW
scatter corrected AC-SPECT images than the DEW ones, when
reading the images with background activity. This is due to the
resulting higher image quality of the TEW images.

The total counts in the 1.5 and 3 mL thyroid remnants for the
different administered activity from the NSC, DEW and TEW scat-
ter corrected AC-SPECT images are shown in Table 1. Note that,
no background activity was administered for these acquisitions.
Figure 4 shows the plots of the total counts in each remnant per
administered activity. For each data set in the figure, the best linear
fit, with zero intercept, is also presented to observe the response
of the SPECT-CT modality for this range of activities. It can also
be seen that the DEW method removes more photons than the
TEW one. This was also found in other studies [4, 24]. In partic-
ular, for the 1.5 mL remnant, the NSC counts were decreased by

an average of 28.4% (41% for the lowest and 28.3% for the highest
activity) when applying the DEWmethod, while the corresponding
NSC counts were decreased by an average of 5.9% (6.7% for the
lowest and 11.4% for the highest activity) when applying the TEW
method. For the 3 mL remnant, the NSC counts were decreased by
an average of 28.6% (42.8% for the lowest and 28.2% for the highest
activity) when applying the DEWmethod, while the corresponding
NSC counts were decreased by an average of 4.6% (3.8% for the
lowest and 8.9% for the highest activity) when applying the TEW
method. No any significant difference was observed (< 5%) when
comparing the abovementioned decrease of counts between the
two different sizes of remnants. In this range of activities, from the
lowest to the highest, the abovementioned decrease of counts was
changed slightly, by about +5%, when applying the TEW method,
compared to the corresponding one, of about -12%, when applying
the DEW method.

The CNR and SNR values for the 1.5 and the 3 mL thyroid rem-
nants from the NSC, DEW and TEW scatter corrected AC-SPECT
images with different remnant-to-background activity ratios (%
Bkg) were calculated and are shown in Table 2. Note that, the neg-
ative values of CNR for the 15% Bkg indicate increased counts in
the background area compared to the corresponding counts in the
remnant. Figure 5 presents the plots of the CNR and the SNR values
for the different remnant-to-background activity ratios, for each
thyroid remnant.
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Table 1: The total counts in the 1.5 and 3 mL thyroid remnants for the different administered activity from the NSC, DEW and
TEW scatter corrected AC-SPECT images

Counts (1.5 mL Thyroid Remnant) Counts (3 mL Thyroid Remnant)
Activity (MBq) NSC DEW TEW Activity (MBq) NSC DEW TEW
0.962 47012 27715 43858 0.888 40235 23016 38709
7.141 350508 259766 340139 7.807 343017 244736 317506
13.135 565582 454927 554270 14.319 543789 437997 532913
23.902 112085 814330 973337 26.048 110452 838409 1022869
43.771 195963 1404925 1736730 47.804 193746 1391143 1764627

Table 2: CNR and SNR values for the 1.5 mL and the 3 mL thyroid remnants from the NSC, DEW and TEW scatter corrected
AC-SPECT images with different remnant-to-background activity ratios (% Bkg)

1.5 mL Thyroid Remnant
% Bkg NSC DEW TEW

CNR SNR CNR SNR CNR SNR
5 3.21 7.97 3.37 8.18 5.24 11.60
10 0.54 4.10 0.67 4.12 1.34 4.32
15 -1.70 3.49 -1.06 4.01 -1.00 4.26
3 mL Thyroid Remnant
5 7.60 12.35 7.93 12.75 10.88 17.24
10 2.31 5.87 2.44 5.90 3.29 6.26
15 0.55 5.71 0.59 5.76 0.65 5.90

Figure 4: The total counts in the 1.5 and 3 mL thyroid rem-
nants per administered activity from the NSC, DEW and
TEW scatter corrected AC-SPECT images

When applying any of these scattering correction methods, both
CNR and SNR values for both remnants were increased, thus im-
proving the image quality. This is in agreement with other studies
[4, 19-24]. The abovementioned increase is more profound when us-
ing the TEWmethod. In all cases, CNR and SNR values, for both rem-
nants, were decreased with higher remnant-to-background activity
ratios, as expected, and both scattering methods may be considered

Table 3: Noise in the NSC, DEW and TEW scatter corrected
AC-SPECT images for each remnant-to-background activity
ratio (% Bkg)

% Bkg NSC DEW TEW
5 38 36 24
10 80 78 62
15 89 87 52

not so much effective for the 15% Bkg when using I-131. However,
Dewaraja et al. [30] investigated the TEW scatter correction on
I-131 AC-SPECT images using two different sphere-to-background
activity ratios (5:1 and 4:1) and concluded that scatter correction
results in a better accuracy over the examined backgrounds.

In addition, the CNR and SNR values for the 3 mL remnant were
higher than the corresponding ones for the 1.5 mL remnant. The
same was concluded in other studies [24, 26] with Tc-99m, using
phantoms with lesions of slightly higher volumes. It is possible that
the CNR and SNR values for the smallest remnant may be improved
when applying, beforehand, a correction for the partial volume
effect (PVE).

The noise in the NSC, DEW and TEW scatter corrected AC-
SPECT images for each % Bkg were calculated and presented in
Table 3. It is defined as the standard deviation of the total counts in
a background area (σBkg) [35]. In all cases, the noise was reduced
for lower % Bkg, as expected. The DEW method slightly reduced
the noise while the TEW was more efficient in reducing the noise.
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Figure 5: (Left) The CNR and (right) the SNR values for the three different thyroid remnants-to-background activity ratios
(%Bkg)

In this study, for the first time, the DEW and TEW scatter cor-
rection methods were directly compared in terms of image quality,
and in particular in terms of CNR, SNR and Noise values, from diag-
nostic thyroid I-131 AC-SPECT images using an anthropomorphic
neck-thyroid phantom with two different small sizes of thyroid
remnants and three different % Bkg. Also, the impact of these two
scatter correction methods on image quality was determined by
two experienced physicians. Only a previous study compared the
CNR values derived from these two scatter correction methods on
Tc-99m AC-SPECT images using a liver phantom with spheres [24].
Another two previous studies only investigated the TEW method
on I-131 AC-SPECT images but in terms of other parameters us-
ing phantoms with higher volume of inserts and with different
background activity ratios [29- 30].

The main limitation was the PVE that should be corrected for
small sizes of thyroid remnants. However, this qualitative and quan-
titative comparison could evaluate the effectiveness of each scatter
correction method in diagnostic thyroid I-131 SPECT imaging after
thyroidectomy.

4 CONCLUSION
In this study, the performance of the commercial DEW scatter cor-
rection algorithm used at the Department of Nuclear Medicine
of the Bank of Cyprus Oncology Center and that of a developed
TEW scatter correction algorithm was investigated on AC-SPECT
imaging for different I-131 administered activities and for differ-
ent remnant-to-background activity ratios. For this purpose, an
anthropomorphic neck-thyroid phantom with 1.5 and 3 mL sizes
of thyroid remnants was utilized. The administered activities in
the remnants and in the background area as well as the sizes of
remnants can be considered similar to diagnostic I-131 postsurgical
thyroid SPECT/CT imaging clinical scenarios.

Two experienced nuclear medicine physicians considered that
the TEW scatter corrected AC-SPECT images presented better im-
age quality than the DEW ones when a background activity was

administered in the phantom and, consequently, they could be
confident to evaluate the volume of the thyroid remnants.

For these administered activities, the DEW scatter correction
method removed more photons than the TEW one. This photon
removal changedmore rapidly with the increase of the administered
activity when applying the DEW than the TEW method.

For the used remnant-to-background activity ratios, both scatter
correction methods improved the image quality. This improvement
was more profound for the lower background activity ratios and for
the remnant of higher volume. However, when comparing the two
scattering methods, the TEW method improved more the image
quality. In addition, the TEW method could reduce the noise in a
higher extent than the DEW one.

This qualitative and quantitative comparison among the DEW
and TEW scatter correction methods indicates the effectiveness of
the TEW one in diagnostic postsurgical thyroid I-131 SPECT/CT
imaging.

Future related studies will involve evaluation of the DEW and
TEW scatter correction methods on partial-volume corrected I-131
AC-SPECT images. Furthermore, these investigations will also be
performed for diagnostic thyroid I-123 AC-SPECT imaging.
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