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Multidetector Purpose: To compare the noise-magnitude and noise-texture across two generations of iterative
computed reconstruction (IR) algorithms proposed by three manufacturers according to the dose level.
tomography; Materials and Methods: Five computed tomography (CT) systems equipped with two genera-
Image quality tions of IR algorithms (hybrid/statistical IR [H/SIR] or full/partial model-based IR [MBIR]) were
enhancement; compared. Acquisitions on Catphan 600 phantom were performed at 120kV and three dose
Iterative levels (3-, 7- and 12-mGy). Raw data were reconstructed using standard ‘‘soft tissue’’ kernel
reconstruction; for filtered back projection and one iterative level of two generations of IR algorithms. Con-
Optimization; trast to-noise-ratio (CNR) was computed using three regions of interest: two of them placed
Noise power in the low-density polyethylene (LDPE) and Teflon® inserts and another placed on the solid
spectrum water. Noise power spectrum (NPS) was computed to assess the noise-magnitude (NPS peak)

and noise-texture (NPS spatial frequency).

Results: CNR increased significantly in MBIR compared to H/SIR algorithms for General-Electric
(GE) Healthcare (45%+12 [SD]) and Philips Healthcare systems (62% 411 [SD]) (P<0.001).
Regarding Siemens Healthineers systems, CNR of MBIR was significantly lower than that of
H/SIR (mean difference: —4%=+5 [SD]) (P<0.001) for Teflon® insert but not for LDPE insert
(mean difference: —4%+7 [SD]) (P=N.S.). NPS peaks were lower with MBIR than with H/SIR
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for GE Healthcare (-42% + 8 [SD]) and Philips Healthcare (—75% + 4 [SD]) systems, whereas it was
greater with MBIR than with H/SIR for Siemens Healthineers (13% + 11 [SD]) systems. NPS spatial
frequencies were higher with MBIR than with H/SIR for Siemens (14% 410 [SD]) but lower for
others (—17% =+ 5 [SD] for GE Healthineers and —55% + 3 [SD] for Philips Healthcare systems).

Conclusion: This study demonstrates that recent MBIR algorithms, by comparison with the pre-
ceding generation, differ according to the main manufacturers with respect to noise-magnitude

and noise-texture.

© 2019 Société francaise de radiologie. Published by Elsevier Masson SAS. All rights reserved.

Introduction

The increasing number of computed tomography (CT) exami-
nations performed each year has led to a major public health
concern due to the increased risk of collective radiation dose
[1]. To reduce the delivered dose, an optimization of prac-
tice and procedures is essential [2,3]. This task is complex,
as radiation dose has a direct influence on image quality
and any attempt to reduce the dose delivered must ensure
that image quality remains adequate for a reliable diagnosis
[2,3].

The two-dimensional (2D) projection images acquired
from the CT scanners are processed through various recon-
struction algorithms to obtain the 3D/volumetric images
such as iterative reconstruction (IR) algorithms. IR algorithm
has a twofold interest [4—8]. First, for the same delivered
dose, IR algorithm improves image quality without changing
the mean attenuation or the modulation transfer function,
which is commonly used to estimate the spatial trans-
verse resolution. Second, IR allows dose reduction whilst
maintaining the image quality indexes. However, these algo-
rithms present non-linearity and non-stationary properties
that change the noise texture, leading to changes in image
quality assessment [9]. To date, usual image quality indexes,
such as image noise and contrast-to noise ratio, are not suf-
ficient to objectively evaluate the image quality with IR
algorithms. This evaluation must be conducted using new
metrics such as the noise power spectrum (NPS). As defined
by Verdun et al., NPS gives a complete description of the
noise by plotting the amplitude (noise-magnitude) according
to the frequency of the image, which is known as noise-
texture (e.g., image smoothing) [9].

Several generations of IR algorithm are proposed by
CT system manufacturers [10,11]. The most common IR
algorithms are hybrid or statistical IR (H/SIR) algorithms
that combine filtered back projection (FBP) and IRs in
different proportions. For some systems, this proportion
can be selected by the user, such as adaptive statistical
iterative reconstruction (ASIR, General Electric [GE] Health-
care). Another recent algorithm is the model-based iterative
reconstructions (MBIR) that generates CT reconstructions
via a probabilistic method, deriving a statistical cost func-
tion through incorporation of X-ray physics and CT optics
modeling to effectively reduce noise and artifacts and even
enhance spatial resolution [12,13]. The reconstruction time

with full MBIR algorithm (Veo®, GE Healthcare) is relatively
long and manufacturers also propose a fast partial version
[11].

Few studies have compared differences in the noise-
magnitude and noise-texture for hybrid/statistical and
partial/full-MBIR algorithms proposed by four manufactur-
ers. Some authors have compared the performance of H/SIR
or MBIR algorithms by the same manufacturer [14,15], while
others have evaluated the impact of one IR algorithm of each
manufacturer compared to the FBP [16,17].

The aim of this study was to evaluate the noise-
magnitude and the noise-texture produced by two gener-
ations of IR algorithms of three manufacturers.

Materials and methods
CT systems

Five CT systems from different brands were used for
this study: Revolution GSI° (GE Healthcare), Revolution
Evo® (GE Healthcare), Ingenuity Elite® (Philips Health-
care), Somatom Definition AS + N (Siemens Healthineers) and
Somatom Definition EDGE® (Siemens Healthineers). Acqui-
sitions on Revolution EVO®-Somatom Definition EDGE® and
Ingenuity Elite” units were performed outside of our insti-
tution. The other acquisitions were performed on two CT
units of our institution.

Experiment procedure

A Catphan 600 phantom (The Phantom Laboratory) was
scanned in a helical mode with a pitch factor close to 1
(Fig. 1a). The tube voltage was 120kV and the tube cur-
rents (mA) were defined to obtain three different dose
levels: 3.0, 7.0 and 12.0mGy. These dose levels corre-
spond to the usually delivered dose in our institution for
thoracic, abdominal-pelvic and lumbar spine acquisitions,
respectively. All acquisitions were performed with a rota-
tion time of 0.5 s/rotation and tube current modulation was
disabled.

To reduce the amount of data analyzed in this paper, raw
data were only reconstructed with standard ‘‘soft tissue’’
reconstruction kernel and with the FBP and the intermediate
iterative level of the two generations of IR algorithm (H/SIR
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Figure 1.

Figure shows the different regions of interest (ROI) used in this study. a: ROIs used to compute the N¢t and image noise of

Teflon” insert and low-density polyethylene (LDPE) insert (2.); b: ROl used to compute the Nct and image noise of solid water and c. ROIs

used to the noise power spectrum assessment.

and MBIR algorithms) available on each system and usually
used in clinical practice. IR level and kernel for each CT sys-
tem were defined with support of the application engineer of
each manufacturer. Acquisitions with Siemens Healthineers
and GE Healthcare systems were performed on two different
CT units. Both Siemens Healthineers systems were equipped
with different detectors.

Images were reconstructed with a field-of-view of
250mm and a slice thickness close to 1 mm (1 mm incre-
ment). All acquisition and reconstruction parameters used
in this study are shown in Table 1.

Dosimetry

The volume CT dose indexes (CTDIvol), determined for a
32 cm-diameter (polymethyl methacrylate) reference phan-
tom were retrieved from the reports available in the CT
workstation at the end of the acquisitions.

Contrast-to-noise ratio (CNR)

Image quality evaluations were performed using in-house
Matlab (MathWorks, Natick, USA) routines. Two circular
regions of interest (ROI) of 420 pixels (0.785cm?) were
placed on the CTP 401 section in two inserts: Teflon” (range
from 941 to 1060HU) and LDPE (range from —121 to —87HU).
The N¢r and the image noise of the solid water (range from
—7 to 7HU) on the CTP 486 section were assessed by placing
a ROI of 14,400 pixels (36 cm?) in the center of the phantom
(Fig. 1b). The CT number (average of pixels) and image-
noise (standard deviation of pixels) were computed within
each ROl in 15 consecutive reconstructed slices [14].

The contrast-to-noise ratio between both inserts and the

solid water was calculated as follows:
CNR — |HUjnsert — HUwater |
OWater

where HU indictes Hounsfield unit.

Noise power spectrum

NPS were calculated with a homemade MATLAB® routine
(The MathWorks, Natick, USA) in the uniform section of Cat-
phan phantom (CTP 406) as follows:

NPSp (fxfy) = 228 7

Nroi

2
y) — ROl }|

1
where A, and A, are the pixel size in x- and y-direction;
L. et L, are the ROIs length in the x- and y-directions; Ngg,
the number of ROI, TFD,p the Fourier transform and ROl is
the background or structured noise measured from ROI (x, y)
using a first-order (subtraction of a 3D linear fit) detrending
technique.

NPS was computed in a total of 80 ROIs, 64 x 64 pixels
each, within 20 consecutive axial sections (Fig. 1c).

Ngor
| TFD2p {ROI; (x,

Visual assessment of image quality

In order to illustrate the differences between H/SIR and
MBIR algorithms for noise-magnitude and noise-texture, a
4 x 4cm? image was extracted from the center of the uni-
form section. The window and level were fixed to 370 HU
and 60 HU, respectively.

Statistical analysis

Statistical analyses were performed out using our in-house
developed MATLAB routine (MathWorks, Natick, USA). Quan-
titative variables were expressed as medians, first (Q;) and
third (Qs;) quartiles. Comparisons of CNR values between
FBP and algorithms were performed using the Wilcoxon rank
sum test. P-values were corrected for multiple comparisons
(Bonferonni test) and only values lower than 0.001 (P cor-
rected <0.001) were considered to indicate significance due
to multiple comparisons.

Results
Contrast-to-noise ratio

The CNR values for reconstructions with FBP, H/SIR and MBIR
as function of the dose levels are shown in Fig. 2 and Table 2
for both inserts CNR for FBP was lower than H/SIR or MBIR
algorithms. These differences were significant for all CT
scanners and insert (P<0.001). On average, CNR improved
from FBP to H/SIR algorithms about 44% 41 (SD) for GE



Table 1  Acquisition and reconstruction parameters used on each CT scanner unit.

Manufacturer

Model

mAs values used 12 mGy
according to the 7 mGy
CTDIvol 3 mGy
Pitch

IR algorithm and IR

level

Reconstruction kernel

Detector

Thickness/Overlapped
Collimation

GE Healthcare

Revolution® GSI
290

170

70

0.984

Asir 50%

Standard
Gemstone

1.25mm/1.25mm

64 x 0.625mm

Revolution® Evo
270

160

70

0.984

Asir-V 50%

Standard
Gemstone

1.25mm/1.25mm
64 x 0.625 mm

Philips
Healthcare
Ingenuity® Elite
184

107

46

0.984

iDose* 3/IMR 2

A/Routine
Elite IMR Ready

1mm/1mm
64 x 0.625 mm

Siemens
Healthineers
Definition” AS+
178

104

45

1

SAFIRE 3

130f

Ultra Fast
Ceramic
1mm/1mm
64 x 0.6 mm

Definition EDGE®
178

104

45

1

ADMIRE 3

130f
Stellar

1mm/1mm
64 x 0.6 mm

Note. CTDIvol indicates volume CT dose indexe; IR indicates iterative reconstruction. ADMIRE: Advanced modeled iterative reconstruction;ASIR indicates adaptive statistical iterative
reconstruction,iDose: Intelligent Dose; IMR: Iterative model reconstruction; SAFIRE: Sinogram-affirmed iterative reconstruction.
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Figure 2.

Column bars show the mean values of contrast-to-noise ratio for Teflon®

(A, C, E) and low-density polyethylene (LDPE) (B,

D, F) inserts as function of the dose levels (CTDIvol in mGy) for filtered back projection (FBP), hybrid/statistical iterative reconstruction
(H/SIR) and model-based iterative reconstruction (MBIR) algorithms of three manufacturers. GE indicates General Electric Healthcare;
Philips indicates Philips Healthcare. Siemens indicates Siemens Healthineers.

Healthcare, 28% 41 (SD) for Philips Healthcare and 48% + 1
(SD) for Siemens Healthineers systems. In both inserts, CNR
were significantly higher in FBP-Evo than FBP-GSI (P <0.001).
Regarding Siemens Healthineers systems, CNR values were
significantly greater in FBP-Edge than FBP-AS+ for Teflon”
insert but not significant for LDPE insert (P=0.003 for 3
mGy; P=0.002 for 7 mGy and P=0.472 for 12 mGy). On aver-
age, CNR was improved by 7% + 1 (SD) for GE Healthcare and
7%+ 6 (SD) for Siemens Healthineers systems.

Regarding GE Healthcare systems (Figs. 2a and b), CNR
was significantly greater with ‘Asir-V 50%’’ than with ‘Asir
50%’’ for all dose levels and for both insert (P<0.001).
On average, CNR improved from ‘‘Asir’’ to ‘‘Asir-V’’ about
44% +13 (SD) for Teflon® insert and 47% + 13 (SD) for LDPE
insert. Moreover, differences between both IR algorithms
decreased with the dose level (e.g. 60% for 12mGy, 45% for
7mGy and 35% for 3mGy with LDPE insert).

With respect to Philips Healthcare system (Figs. 2c and
d), ““IMR 2"’ resulted in significantly greater CNR values
than *‘iDose* 3’’ for both inserts (P<0.001). The mean
CNR improved from ‘‘iDose*3to “‘IMR 2’’ of 62%+11(SD)
for Teflon” insert and 63%+ 11 (SD) for LDPE insert. Like
GE healthineers systems, differences between both IR algo-
rithms decreased with the dose level (e.g., 78% for 12mGy,
57% for 7mGy and 51% for 3mGy with Teflon” insert).

Regarding Siemens Healthineers systems (Figs. 2e and f),
CNR were significantly lower in ‘*ADMIRE 3’’ than ‘‘SAFIRE
3"’ (P<0.001) for Teflon® insert but not significantly lower
for LDPE insert (P=0.003 for 3 mGy; P=0.005 for 7 mGy and
P=0.002 for 12mGy). On average, CNR was decreased from
“*“ADMIRE 3’ to ‘SAFIRE 3’’ of —4% +5 (SD) for Teflon® insert
and —4% +7% (SD) for LDPE insert.

Noise power spectrum
NPS peak

Independently of the system and the reconstruction algo-
rithms, NPS peaks decreased as the dose increased (Table 3)
(Fig. 3).

NPS peak with FBP was greater than with H/SIR or MBIR
algorithms. The mean NPS peak decreased from FBP to H/SIR
algorithms of —33%+1 (SD) for GE Healthcare, —31%+2
(SD) for Philips Healthcare and —46% + 3 (SD) for Siemens
Healthineers systems. NPS peak were lower in FBP-Edge
than FBP-AS+ and in FBP-Evo than FBP-GSI. On average NPS
peak was decreased by —11% +2 (SD) for GE Healthcare and
—8%+7 (SD) for Siemens Healthineers systems.



Table 2 Contrast to noise ratio (CNR) of Teflon® and low-density polyethylene (LDPE) inserts obtained with soft kernels according to the dose level for each CT

scanner unit and reconstruction type.

CNR Teflon® CNR LDPE
Manufacturer Reconstruction 3 mGy 7 mGy 12 mGy 3 mGy 7 mGy 12 mGy
type
GE Healthcare FBP-GSI 29.9 (29.6; 30.1) 47.6 (47.4; 47.7) 62.7 (62.5; 62.8) 3.3(3.2; 3.4) 5.1 (5.0; 5.2) 6.8 (6.8; 6.9)
Asir 50% 43.3 (42.8; 43.5) 68.3 (68.0; 68.4) 90.9 (90.5; 91.0) 4.8 (4.7; 4.9) 7.4 (7.2;7.4) 9.8 (9.8; 10.0)
FBP-Evo 44.2 (43.9; 44.4) 62.4 (61.9; 62.6) 81.1 (80.5; 81.4) 4.9 (4.9; 5.0) 6.9 (6.9; 7.0) 9.0 (8.9; 9.1)
Asir-V 50% 68.6 (68.1; 68.8) 94.9 (94.2; 95.2) 120.5 (119.6; 120.9) 7.6 (7.6; 7.7) 10.6 (10.5; 10.6) 13.4 (13.3; 13.5)
Philips FBP 49.6 (49.6; 49.7) 77.2 (77.1; 77.2) 98.5 (98.3; 98.9) 5.6 (5.4; 5.6) 8.2 (8.0; 8.3) 11.0 (11.0; 11.1)
Healthcare
iDose* 3 63.9 (63.8; 64.0) 98.9 (98.8; 99.0) 125.1 (124.7; 125.5) 7.1 (7.0; 7.2) 10.4 (10.3; 10.6) 14.0 (14.0; 14.1)
IMR 2 113.7 (113.4; 113.8) 155.2 (155.0; 155.3) 189.0 (188.4; 189.7) 12.8 (12.8; 12.9) 16.6 (16.5; 16.7) 21.4 (21.3; 21.5)
Siemens FBP-AS+ 49.8 (49.7; 50.0) 72.1 (71.9; 72.1) 98.6 (98.5; 98.8) 5.6 (5.5; 5.6) 7.9 (7.9; 8.0) 11.1 (11.0; 11.1)
Healthineers
SAFIRE 3 73.2 (73.0; 73.3) 108.4 (107.8; 108.6) 146.6 (146.3; 146.8) 8.2 (8.0; 8.2) 12.0 (11.9; 12.0) 16.4 (16.3; 16.5)
FBP-Edge 53.4 (52.9; 53.6) 81.6 (81.2; 81.7) 100.6 (100.1; 100.7) 5.9 (5.7; 5.9) 9.0 (8.9; 9.0) 11.1 (11.0; 11.2)
ADMIRE 3 70.9 (70.2; 71.1) 106.9 (106.6; 106.9) 132.9 (132.2; 133) 7.8 (7.7;7.9) 11.8 (11.7; 11.8) 14.7 (14.6; 14.8)

Note. Values are expressed as median (1st quartile; 3rd quartile). FBP indicates filtered back projection
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Figure 3.

Diagrams show noise power spectrum (NPS) curves weighted by NPS peak of filtered back projection (FBP) at each dose level (3,

7 and 12 mGy) for hybrid/statistical iterative reconstruction (H/SIR) and model-based iterative reconstruction (MBIR) algorithms of three
manufacturers. GE indicates General Electric Healthcare; Philips indicates Philips Healthcare. Siemens indicates Siemens Healthineers.

Table 3 Noise power spectrum (NPS) peak and spatial frequency according to the dose level for each CT unit and

reconstruction type.

NPS peak (HU2.mm?)

NPS spatial frequency (mm—1)

Manufacturer Reconstruction type 3 mGy 7 mGy 12 mGy 3 mGy 7 mGy 12 mGy
GE Healthcare FBP-GSI 897 376 208 0.300 0.310 0.300
Asir 50% 606 248 143 0.220 0.220 0.220
FBP-Evo 508 241 151 0.300 0.280 0.300
Asir-V 50% 298 146 94 0.190 0.170 0.190
Philips Healthcare FBP 711 294 181 0.200 0.220 0.200
iDose* 3 480 200 128 0.190 0.200 0.190
IMR 2 103 46 38 0.080 0.090 0.090
Siemens Healthineers FBP-AS+ 611 241 144 0.200 0.220 0.220
SAFIRE 3 347 130 73 0.170 0.160 0.190
FBP-Edge 514 235 134 0.200 0.220 0.200
ADMIRE 3 350 150 89 0.190 0.200 0.200

FBP indicates filtered back projection; NPS indicates noise power spectrum.

Regarding GE Healthcare systems (Fig. 3a), NPS peak
were lower in “‘Asir-V 50%’’ than in ‘‘Asir 50%’’ (—42% + 8
[SD]) for all dose levels (Table 3). Moreover, differences
between both IR algorithms decreased with the dose level
(e.g., —51% for 3 mGy, —41% for 7 mGy and —34% for 12
mGy). A similar pattern was found for Philips Healthcare sys-
tem (Fig. 3b), although differences between ‘“IMR 2’’ and
**iDose* 3’’ were even more pronounced (—75% =+ 4 [SD]).
With respect to Siemens Healthineers systems (Fig. 3c),
weighted NPS peaks of ‘‘ADMIRE 3’’ were an average of
13% +11 (SD) greater than ‘‘SAFIRE 3’’. These differences
between both IR algorithms increased with the dose level
(e.g., 1% for 3mGy, 15% for 7mGy and 22% for 12mGy).

Noise-texture

NPS spatial frequencies of IR algorithms were lower than
FBP for all systems (Table 3) (Fig. 4). Differences between
H/SIR and FBP were —6% +2 (SD) for Philips, —27% +1 (SD)
for GE Healthcare and —55% + 3 (SD) for Siemens Healthcare
systems. Similar NPS spatial frequency values were found for

both FBP with GE Healthcare (0.298 mm~" +0.010) and with
Siemens Healthineers (0.210 mm~"40.011 [SD]) systems.

NPS spatial frequencies of MBIR were lower than H/SIR
algorithms for GE Healthcare and Philips Healthcare systems
(Table 3) (Fig. 4). Differences between MBIR and H/SIR were
on average: —17%+5 (SD) and —55% + 3(SD), respectively.
However, the opposite was found for Siemens Healthineers
systems (Fig. 4c). NPS spatial frequencies of MBIR were on
average 14% + 10 (SD) greater than IR. For MBIR algorithms,
lowest values of NPS spatial frequency were found for Philips
Healthcare system (0.087 mm~" 40.006 [SD]).

Visual assessment of image quality

Fig. 4 illustrate qualitatively the noise-magnitude and
noise-texture for all H/SIR and MBIR algorithms. The noise-
magnitude appears greater in the H/SIR images than MBIR.
This parameter was visually more evident for Philips Health-
care system whereas it was moderate or less evident for
GE Healthcare and Siemens Healthineers systems. Similar
patterns were found for noise-texture.



408

J. Greffier et al.

X
PN
© f
=
= |
<

Ll

© 2
[=}
©
2
B
(77}
<
<t
Q
(7]
O &

0 2

2

.-E

o N
14
=
™
w
x
<

(72}

c w”w

Q

€ o

2 0

”n g
=
o
<

Figure 4. Image quality in region of interest (ROI) of 4 x 4cm?

placed into the uniform section of the Catphan 600 phantom for
hybrid/statistical iterative reconstruction (H/SIR) and model-based
iterative reconstruction (MBIR) algorithms of three manufacturers
as a function of the dose level (3,7 and 12mGy). GE indicates
General Electric Healthcare; Philips indicates Philips Healthcare.
Siemens indicates Siemens Healthineers.

Discussion

Experimental and clinical studies have established that IR
is an important tool to reduce CT radiation doses [4—8].
However, when evaluating images reconstructed with IR
algorithms, some criteria must be taken into account such as
the noise characteristics. The impact of IR on noise-texture
and noise-magnitude was dependent of the generation of IR
algorithms employed and the CT manufacturer. For the first
time, the present study evaluated the noise-magnitude and
noise-texture for both generations of algorithm, proposed by
GE Healthcare, Philips Healthcare and Siemens Healthineers
systems.

Our results are consistent with those of previous stud-
ies [14,15,17,20,21]. CNR values improved when the dose
increased but also with both generations of IR algorithms
regarding the FBP [14]. Comparison between H/SIR and MBIR
reveal that CNR values were improved in GE Healthcare and
Philips Healthcare systems, respectively. For the latter, a
similar outcome was previously presented by Aurumskjold
et al. using an anthropomorphic phantom [15]. Opposite pat-
tern was found for Siemens Healthineers system. Indeed,
CNR values were lower with ADMIRE than with SAFIRE. It
should also be noted that CNR values using FBP were dif-
ferent for both General Electric Healthcare systems and the
two Siemens Healthineers systems evaluated. Both Siemens
Heathineers systems were equipped with different detec-
tors.

Our results confirm those of previous studies showing
that NPS peak and NPS spatial frequency decreased in
both generations of IR algorithms when compared to the
FBP [14,15,17—19,21—-24]. In addition, direct comparison
between H/SIR and MBIR algorithms demonstrated opposite
features between manufacturers. For instance, the noise-
magnitude in GE Healthcare and Philips Healthcare systems
reduced from H/SIR to MBIR algorithms whereas it increased
for Siemens Healthineers system. This reversion pattern was
also found for noise-texture. Siemens Healthineers systems
shifted toward high frequencies whereas it displaced toward
low frequencies for the other manufacturers, especially for
Philips Healthcare system. For the latter, similar outcomes
were found by Paruccini et al. with a 20 cm diameter phan-
tom [24] and by Aurumskjold et al. using an anthropomorphic
phantom [15]. Regarding the other manufacturers, few stud-
ies compared H/SIR and MBIR algorithms under the same
conditions (e.g., phantom type and size, iterative level).
However, we found similar results for NPS curves, being in
the range of those previously described for GE Healthcare
[14,18] and Siemens Healthineers [21,25] systems.

The new MBIR algorithms have impact on image quality.
Such inference is related to the NPS outcomes, thus different
between manufacturers. For GE Healthcare systems, images
appear with less noise and more smoothness in MBIR than
H/SIR. A similar outcome was found by Samei et al. with Asir
50% and Veo algorithms [14]. Similar features to GE Health-
care systems were also found for Philips Healthcare system.
However, the reduction of image noise is more important
using MBIR faced to H/SIR and the images are more smoothed
than with GE Healthcare systems. As far as the images are
smoothed radiologist will face more difficulties to interpret
the images. Regarding Siemens Healthineers systems, noise
and smoothness appear similar for both algorithms.

This study has some limitations. First, raw-data were
reconstructed using a single kernel and one iterative level.
Such combination of parameters is an example of multiple
combinations that can produced different results. Second,
the effect of the two generations of IR algorithm on spatial
resolution (e.g., target transfer function) and on detectabil-
ity indexes (d’) was not performed [9,14,25,26]. These
limitations did not affect the interpretation of the study,
which aimed to focus on the two generations of IR algo-
rithms of each manufacturer. For GE Healthcare and Siemens
Healthineers systems, the assessment of noise-texture and
noise-magnitude was performed on two different CT systems
with different geometry and detectors. Finally, since this
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study was performed with a single phantom, the outcome
could be different in a patient study.

In conclusion, this phantom study performed with a
soft reconstruction kernel and an intermediate iterative
level suggests that features of the recent MBIR algorithms
compared to the preceding generation differ according to
the main manufacturers. For instance, GE Healthcare and
Philips Healthcare systems reduce moderately and strongly
the noise-magnitude at the detriment of image smooth-
ness. Siemens Healthineers systems keep noise-magnitude
approximately the same but images are less smoothed.
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