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Abstract

AIM: To compare the computed tomography (CT)
dose and image quality with the filtered back projec-
tion against the iterative reconstruction and CT with a
minimal electronic noise detector.

METHODS: A lung phantom (Chest Phantom N1 by
Kyoto Kagaku) was scanned with 3 different CT scanners:
the Somatom Sensation, the Definition Flash and the
Definition Edge (all from Siemens, Erlangen, Germany).
The scan parameters were identical to the Siemens pre-
setting for THORAX ROUTINE (scan length 35 cm and
FOV 33 cm). Nine different exposition levels were exam-
ined (reference mAs/peek voltage): 100/120, 100/100,
100/80, 50/120, 50/100, 50/80, 25/120, 25/100 and
25 mAs/80 kVp. Images from the SOMATOM Sensation
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were reconstructed using classic filtered back projection.
Iterative reconstruction (SAFIRE, level 3) was performed
for the two other scanners. A Stellar detector was used
with the Somatom Definition Edge. The CT doses were
represented by the dose length products (DLPs) (mGycm)
provided by the scanners. Signal, contrast, noise and
subjective image quality were recorded by two different
radiologists with 10 and 3 years of experience in chest
CT radiology. To determine the average dose reduction
between two scanners, the integral of the dose difference
was calculated from the lowest to the highest noise level.

RESULTS: When using iterative reconstruction (IR)
instead of filtered back projection (FBP), the average
dose reduction was 30%, 52% and 80% for bone, soft
tissue and air, respectively, for the same image quality
(P < 0.0001). The recently introduced Stellar detec-
tor (Sd) lowered the radiation dose by an additional
27%, 54% and 70% for bone, soft tissue and air, re-
spectively (P < 0.0001). The benefit of dose reduction
was larger at lower dose levels. With the same radia-
tion dose, an average of 34% (22%-37%) and 25%
(13%-46%) more contrast to noise was achieved by
changing from FBP to IR and from IR to Sd, respec-
tively. For the same contrast to noise level, an average
of 59% (46%-71%) and 51% (38%-68%) dose reduc-
tion was produced for IR and Sd, respectively. For the
same subjective image quality, the dose could be re-
duced by 25% (2%-42%) and 44% (33%-54%) using
IR and Sd, respectively.

CONCLUSION: This study showed an average dose
reduction between 27% and 70% for the new Stel-
lar detector, which is equivalent to using IR instead of
FBP.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: A computed tomography dose reduction be-
tween 30% and 80% can be expected when using iter-
ative reconstruction instead of filtered back projection.
The benefit of dose reduction is larger at lower dose
levels. An additional dose reduction between 27% and
70% can be obtained by applying the new Stellar de-
tector.
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INTRODUCTION

Engineering progress has greatly reduced the radiation

dose required for computer tomography. Dose modula-
tion along the x-, y- and z-axes' ¥ and shieldingmz‘ rep-
resent major manufacturing steps involved in radiation
protection. Increasing computing capacity has allowed
iterative reconstruction to be introduced in the clinical
routine, leading to dose reductions between 27% and
65%""". Problems with electronic noise during image
acquisition can be overcome by integrating analog-digi-
tal-converters with the photodiodes on the CT-detectors
contained on the same silicon chip (Stellar detector, Sie-
mens Healthcare, Erlangen, Germany) with the potential
to further reduce radiation dose!”.

Image quality can be characterized by calculating the
noise, signal to noise ratio (SNR) and contrast to noise
ratio (CNR)*"*, The signal at a region of interest (ROI)
corresponds to the attenuation in Hounsfield units (HU).
The noise corresponds to the standard deviation of the
pixel attenuation within the ROI™. The signal will re-
main the same with lower tube current and unchanged
tube voltage, but the noise will increase”. Several stud-
ies have demonstrated the feasibility of low dose imag-
ing using a lowest acceptable tube current below 50 mAs
for lung nodule detection”,

Changing tube voltage changes the signal and the
noise, depending on the absorption spectrum of the
scanned object”. The dose (D) is coupled with many
variables: D~(signal to noise)z/ (pixel-size*image-thick-
ness), D~mAs (Miliamperesecond) and D~1<Vp2 (Kilo-
volt peak)™*"*. Noise reduction can either be used for
dose reduction or to increase the image quality.

It is not known if the same CT dose is required to
generate the same CNR with the new generation of CT
scanners. Therefore, we investigated how the lowest ac-
ceptable signal to noise acquired at 50 mAs/80 kVp and
used for filtered back projection can be transferred to
iteratively reconstructed images using a new detector. We
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compared the dependency of dose and noise (SNR and
CNR) for the last three generations of CT scanners.

MATERIALS AND METHODS

Lung phantom
A lung phantom (Chest Phantom N1 by Kyoto Kagaku)
was used in this study (Figure 1). This phantom is an ac-
curate life-size anatomical model of a male human torso
with a synthetic heart, trachea, pulmonary vessels (right
and left) and abdomen (diaphragm) block. The thickness
of the chest wall is based on measurement of clinical
data. The soft tissue substitute material (polyurethane,
gravity 1.00) and synthetic bones (epoxy resin) have
X-ray absorption rates very close to those of human
tissues. The abducted arm positions of the torso are ap-
propriate for CT scanning. The pulmonary vessels are
also spatially traceable.

The phantom size was 43 cm X 40 cm X 48 cm with
a chest girth of 94 cm and a weight of 18 kg, The pleu-
ral cavity measured 268 mm (craniocaudal). The phan-
tom was measured at the level of the lung apices using
axial slices (140 mm X 400 mm) and at the level of the
diaphragm (208 mm X 279 mm).

Image acquisition

The phantom was scanned using 3 different CT scan-
ners (Siemens SOMATOM Sensation, SOMATOM
Definition Flash and SOMATOM Definition Edge, all
from Siemens Healthcare, Erlangen, Germany). The
scan parameters were identical to the manufacturer’s
standard presetting for THORAX ROUTINE: 24 mm
X 1.2 mm, pitch 0.8 mm and slice thickness 1.5 mm
for the SOMATOM Sensation 64; 128 mm X 0.6 mm,
pitch 0.6 and slice thickness 1 mm for the SOMATOM
Definition Flash; and 128 mm X 0.6 mm, pitch 0.6 and
slice thickness 1 mm for the SOMATOM Definition
Edge. The scan length and field of view (FOV) were 35
cm and 33 cm, respectively. Nine different exposition
levels were used (reference mAs/tube voltage): 100/120,
100/100, 100/80, 50/120, 50/100, 50/80, 25/120,
25/100 and 25 mAs/80 kV. The option CARE kV set-
ting that automatically adjusts tube voltage to an optimal
level was disabled so that we could set the voltage to the
predefined values. Reference mAs were used to keep
the study parameters as close as possible to those used
for routine scans. Images from the SOMATOM Sensa-
tion 64 were reconstructed using the classic filtered back
projection method with a soft tissue kernel of B20 and
a lung kernel of B60. Iterative reconstruction (SAFIRE,
level 3) was performed for the two other scanners using
the 126f and 170f Kernels. The dose was represented by
the dose length product DLP (mGycm) provided by the
scanners for a 32 cm diameter phantom for each scan
with a constant scan length of 35 cm.

Image analysis
Signal and noise were recorded by two different radiolo-
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100 ref mAs, 120 kVp,
iterative reconstruction

'Mean: -969 HU, SD: 27 HU
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Mean: -904 HU, SD: 62 HU

100 ref mAs, 120 kVp,
iterative reconstruction

D

stellar detector

25 ref mAs, 80 kVp,
iterative reconstruction

stellar detector

Mean: -937 HU, SD: 42 HU

Figure 1 Imaging of the lung using iterative reconstruction with (C, D) and without (A, B) the Stellar detector. The chest phantom was scanned at a standard
dose level with a 100 reference mAs tube current time and a 120 kVp voltage (A, C) and the lowest dose level of 25 ref mAs and 80 kVp. At the standard dose level
both images with and without the Stellar detector (A,C) had similar noise levels (20-30 HU), while at the lowest dose, the image quality was obviously better with the

Stellar detector (D).

gists with 10 and 3 years of experience, respectively, in
chest CT radiology using a Picture Archiving and Com-
munication System (PACS Philips Netherlands/Sectra
Sweden). They measured the density in HU (signal) and
the standard deviation of the CT values (noise) from re-
gions of interest (ROIs) of 2 cm (3.14 cm?) in diameter.
The ROIs were placed in air outside the phantom, an-
terior to the sternum (Figure 1) in bone (middle of the
vertebral body) and soft tissue (heart, Figure 2). Each
radiologist chose 5 different levels at which to place the
ROIs in the phantom scans. Signal and noise were mea-
sured from the same ROIs. Measurements were recorded
for air and bone using a hard Kernel and for soft tissue
using a soft Kernel. The image quality (SNR) was calcu-
lated for soft tissue. Only the noise was recorded for air
because the signal in air was negligible. Dose was repre-
sented by the dose length product DLP (mGycm) calcu-
lated automatically by the scanner for a 32 cm diameter
phantom for each scan with a constant scan length of
35 cm. CNR was defined as the difference between the
signal from the bone and the soft tissue divided by the
noise: HUbone-HUsoft tissue/noise[z()].

In addition, both radiologists scored the subjective
image quality from 1 to 5 in the lung window (level -500
HU, width 1500 HU, Figure 1) using a hard Kernel on
a Picture Archiving and Communication System (PACS
Philips Netherlands/Sectra Sweden). The subjective im-
age quality scale was as follows: (1) non-diagnostic; (2)
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poor, diagnostic confidence significantly reduced; (3)
moderate, but sufficient for diagnosis; (4) good; and (5)
excellent. Curves were fitted for the noise »s dose and for
the SNR 25 dose. The highest R-square correlation coef-
ficients were observed for power curves. For the same
noise or same SNR, this allows the corresponding CT
acquisition dose for the different scanners to be exactly
determined. The lowest acceptable doses of 50 mAs and
80 kVp determined from the filtered back projection
method were transferred to image acquisition with itera-
tive reconstruction with Stellar detectors.

Correction factor

To compare the different scans, it was necessary to trans-
form the noise and the dose to obtain the same acquisi-
tion parameters as the SOMATOM Sensation. The dose
and noise were therefore calculated for a standard slice
thickness of 1.5 mm (SOMATOM Sensation). Because
the dose remains constant when slice thickness is in-
creased from 1 to 1.5 mm for the new generation Siemens
scanners (SOMATOM Definition Flash and Edge), only
the noise was corrected by a factor of 1/ (1.5)(1/ K

Statistical analysis

Graphs for image noise »s radiation dose and SNR s dose
were evaluated for air, soft tissue and bone. Trend lines
were determined for the data points using regression to
produce power cutves in MedCalc® Version 7.6.0.0 and
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100 mAs, 120 kVp,

filtered back projection

Mean: 38 HU, SD: 19 HU

100 mAs, 120 kVp,
iterative reconstruction

Mean: 34 HU, SD: 14 HU

C

-
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100 ref mAs, 120 kVp,
iterative reconstruction

Mean: 35 HU, SD: 15 HU

stellar detector

25 ref mAs, 80 kVp,
filtered back projection

25 ref mAs, 80 kVp,
iterative reconstruction

25 ref mAs, 80 kVp,
iterative reconstruction

stellar detector

Mean: 23 HU, SD: 50 HU

Mean: 28 HU, SD: 37 HU

Mean: 24 HU, SD: 24 HU

Figure 2 Soft tissue imaging using filtered back projection (A, B), iterative reconstruction (C, D, E, F) and the Stellar detector (E, F). At standard dose levels (A,
C, E), image quality decreased from left to right. At the lowest dose level (B, D, F), the difference in noise increased. The image quality of the low dose image with the
Stellar detector (F) was close to the image quality of that for a standard dose with a filtered back projection (A).

Microsoft Excel 2007. Noise reduction between two scan-
ners was determined by subtracting the power curves. The
integral of this subtraction equals the area between the
curves. This area was divided by the dose to obtain the
average noise reduction. The integral for the subtraction
of the trend lines was calculated from the lowest (l) to the
hjghfst (h) joint radiation exposure according to
aex-cox'dx=[asx"")/b+D-(cex/d+ 1)
The dose reduction for a constant noise value was
integrated along the noise scale to determine the aver-
age dose reduction. The smallest and highest reductions
were determined to indicate the range. The Wilcoxon
test for non-normally distributed paired samples was
used to calculate the significance levels for noise reduc-
PO Tnter-observer
comparisons of the image quality score were performed,

tion among the different scanners

calculating the agreement levels with the Fleiss’ K statis-
[

tic®, The K strengths were categorized as follows: <
Jgnfsf;:eng@ WJR | www.wjgnet.com
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0.20 poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80
good, and 0.81-1.00 very good[‘w. The Wilcoxon test and
the Fleiss’ K statistic were analyzed in MedCalc® Version
7.6.0.0.

RESULTS

The noise levels measured in air, soft tissue and bone
were significantly lower for iterative reconstruction com-
pared to filtered back projection (P < 0.0001) and for
using Stellar detectors in combination with IR compared
to IR alone (P < 0.0001). The inter-observer agreement
on image quality was moderate (kappa = 0.508). Noise/
dose signature graphs for each scanner were plotted for
air and soft tissue (Figures 3-5).

Soft tissue (mediastinum)
Noise reduction: The average noise reduction from fil-
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Figure 3 Noise for soft tissue imaging vs the radiation dose (dose-length
product) for the different scanners. The improvement in the noise/dose was
about the same for iterative reconstruction and the Stellar detector. The aver-
age noise reduction was approximately 30%. For the same image quality, the
dose could be reduced by over 50%.
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Figure 4 Signal to noise ratio vs radiation dose for the different scanners.
Image quality was increased by 36% and 38% using iterative reconstruction
and the Stellar detector, respectively.

tered back projection (FBP, SOMATOM Sensation) and
iterative reconstruction (IR, Somatom Definition Flash)
was 10 HU (7-15 HU) for the same radiation dose, gen-
erating 31% (30%-31%) less noise. Changing from IR
to the Stellar detector (Sd, SOMATOM edge) allowed
another 7 HU (4-16 HU) of noise to be removed. Noise
was reduced on average by (32%); 24% for the highest
dose and 42% for the lowest dose (Figure 3 and Table 1).

Dose reduction: For a constant noise level, the dose
could be reduced by an average of 53 (25-116) mGycm
by applying IR instead of FBP, corresponding to an av-
erage dose reduction of 52%. At the lowest dose (high
noise level), the dose reduction was 50%. At the high-
est dose, the dose reduction was 55%. An additional 69
(46-96) mGycm reduction was possible using the Stellar
detector (54%). More dose reduction was achieved for
the highest noise level (65%) compared to the lowest
noise level (39%, Table 1).

Signal to noise (SNR ranged from 0.5 to 3.7, Figure

K
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4): When dose was held constant, the SNR could be
increased on average to 0.7 (36%, ranging from 0.2 to
1) and 0.6 (38%, ranging from 0.5 to 0.8) using IR and
IR/Stellar detectors, respectively. Using a constant SNR,
the dose could be reduced on average by 59 mGycm
(45%, ranging from 20 to 107 mGycm) and 52 mGycm
(41%, ranging from 23 to 72 mGycm) for IR and IR/Sd,
respectively (Figure 4 and Table 2).

Air

Noise reduction: A noise range of 23 to 118 HU was
measured for all scans. Noise levels for Sd were always
lower than for FBP, even when comparing the lowest
dose of Sd against the highest dose of FBP (Figure 5).
Noise at the same dose level could be lowered by 31 HU
(44%) and 12 HU (31%) on average by changing from
FBP to IR and from IR to Sd, respectively. The largest
noise reductions were possible at lower dose levels (Figure

5, Table 1).

Dose reduction: To maintain a constant noise level,
the dose was reduced by 133 (106-165) mGycm and 106
(65-166) mGycm when using IR instead of FBP and Sd
instead of IR only, averaging dose reductions of 80%
and 70%, respectively. The relative dose reductions were

higher at higher noise levels (Figure 5, Table 1).

Bone: The noise ranged from 80 to 382 HU. The aver-
age noise reductions at constant radiation levels were 64
HU (30%) and 24 HU (15%) using IR and Sd, respec-
tively. At higher dose levels, there was less noise reduc-
tion (Table 1). For a constant noise level, the doses could
be lowered by 48 mGycm (30%) and 35 mGycm (27%)
on average for IR and Sd, respectively. The dose reduc-
tion was higher at higher noise levels (Table 1).

Contrast to noise: With the same radiation dose, an av-
erage of 34% (22%-37%) and 25% (13%-46%) greater
CNR was achieved by changing from FBP to IR and
from IR to Sd, respectively. For the same CNR, the dose
could be reduced on average by 59% (46%-71%) and
51% (38%-68%) for IR and Sd, respectively.

Subjective image quality (5 points maximal, Table
2): Image quality rose by 0.2 (0.1-0.4) points and 0.5
(0.2-0.9) points on average by changing from FBP to IR
and from IR to Sd, respectively (Figure 6). For the same
image quality, dose could be reduced by 25% (2%-42%0)
and 44% (33%-54%) using IR and Sd, respectively (Table
2).

DISCUSSION

By setting the image quality along with the noise, SNR
and CNR, our study showed that iterative reconstruc-
tion and Stellar detectors produce better quality images
than scans reconstructed with filtered back projection
using lower CT doses. Using the SOMATOM Defini-
tion Flash instead of the Sensation enabled either a dose
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Figure 5 Image noise vs radiation dose in air. For pulmonary imaging, the
noise reduction was 45% and 31% for iterative reconstruction and filtered back
projection, respectively. For the Stellar detector and iterative reconstruction
alone, the average dose reduction was 80% and 70%, respectively.

Subjective image quality
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Figure 6 Subjective image quality vs dose. Subjective image quality in-
creased on average from 0.2 to 0.5 using iterative reconstruction and the Stellar
detector on a scale from 1 to 5, 5 being the maximum.

reduction of 80% or a noise reduction of 44% when
imaging air. It is not possible to achieve simultaneous
dose and noise reduction. Additionally, at the level of
maximal dose reduction, it is not possible to further
increase image quality and vice versa. It is known that
iterative reconstruction approaches (Adaptive Statistical
Iterative Reconstruction or Sinogram Affirmed Iterative
Reconstruction) can in some cases reduce radiation dose
by 27% to 65%"". Our phantom study results confirm
these findings, showing dose reductions of 30%, 52%
and 80% for imaging bone, soft tissue and air, respec-
tively.

Using the recently introduced Stellar detector, signal-
transformation was implemented into the detector itself
to reduce electronic noise. With this technique, it was
possible to further reduce radiation dose by an average
27%, 54% and 70% for bone, soft tissue and air, respec-
tively.

With lower tube voltage, not only did the image noise
increase, but the density of the bone also increased,

(49

3ni§l:ﬂ£ng® WJR | www.wjgnet.com

which is well known for dual energy scans. When the
signal increased, the SNR also increased, altering the
bone diagram. This is most likely the main reason why
the Stellar detectors did not have the same effect on
dose reduction when imaging bone. The benefit of dose
reduction is greater for low doses, especially for bone
and air. The absolute dose reduction, measured in mGy-
cm, was larger at high doses, but the relative reduction
was always larger at lower doses. This was true with the
exceptions of subjective image quality and SNR, which
are influenced by increased signal at lower doses (such
as the case of bone). The manufacturer claims that Stel-
lar detectors reduce noise by 20%!"”. However, because
dose increases by a power of 2 as noise decreases, a
potential dose reduction of 36% should be possible. We
produced dose reductions of 27%-70% and noise re-
ductions of 15%-32%. As mentioned above, the lower
the dose levels, the bigger the relative benefit. Our scan
range covered only low dose levels, with a high dose of
250 mGycm (100 reference mAs/120 kVp), equivalent
to approximately 3 mSv. At high dose levels, the noise
reduction approached 20% (24%, 28% and 7% for
air, soft tissue and bone, respectively). The noise level
was strongly influenced by the chosen kernel. For FBP
reconstruction, there was a tradeoff between spatial
resolution and noise. This tradeoff could be adjusted by
selecting different kernels. Soft tissue kernels had much
lower standard deviations in the signal than hard kernels
for air and bone. Therefore, it was necessary to use the
same kernels for comparisons. Some radiation protectors
believe that the risk from high radiation (atomic bombs)
can be extrapolated to much lower radiation exposures
(CT) and that the risk of death due to radiation-induced
cancer for the general population is O.OOS%/mSVDS].
The conversion coefficient from DLP to mSv is 0.014
for lung[36’37], equivalent to a reduction of radiation in-
duced cancer death per chest CT from 1 in 13000 for
iterative reconstruction to 1 in 32000 when using Stel-
lar detectors. These estimates neglect the potential bio-
P54 Never-
theless, radiation is a cumulative physical quantity that

positive effects of low radiation exposure

may lead to stochastic processes such as carcinogenesis.
Therefore, radiation protection is mandatory even at
lower dose levels.

In a previous phantom study using the SOMATOM
Sensation, it was shown that the sensitivity for lung
nodule detection was not significantly altered for im-
ages acquired with 50 mAs and 80 kVp compared to 100
mAs and 120 kVp (article submitted). With the findings
from our present study, it is possible to transfer these
parameters to new scanners that use iterative reconstruc-
tion and better detectors. Our images had noise levels of
81 and 40 HU for air and mediastinum, respectively. For
similar noise levels, parameters as low as 25 mAs and 80
kVp for the SOMATOM Definition Flash and Edge are
theoretically sufficient for detection without loss of sen-
sitivity (Figures 3-5).

Obviously, image quality is not only defined by signal

November 28, 2013 | Volume 5 | Issue 11 |
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Table 1 Reduction of noise and dose using iterative reconstruction and the stellar detector

Soft tissue Air Bone
Lowest dose  Highest dose Lowest dose  Highest dose Lowest dose Highest dose

AHUsd Range AHUsd Range AHUsd Range
Noise reduction from FBPto 10 (31%)  15(30%) to  7(31%) 31 (44%) 53 (49%) to 22 (41%) 64(30%) 128 (37%) to  28(21%)
IR
Noise reduction from IR to 7 (32%) 16 (42%) to  4(24%) 12(31%) 19(34%) to 9(28%) 24(15%) 51(22%) to 9 (7%)
IR with Sd

ADLP Range ADLP Range ADLP Range
Dose reduction from FBP 53 (52%) 116 (55%) to 25 (50%) 133 (80%) 165 (78%) to 106 (81%) 48(30%) 24 (12%) to 40 (55%)
to IR for the same noise level
Dose reduction from IR to IR 69 (54%) 96 (39%) to 46 (65%) 106 (70%) 166 (67%) to 65 (72%) 35(27%) 33 (21%) to 25 (43%)

with Sd for the same noise
level

HUsd: Noise (sd of Hounsfield Units); FBP: Filtered back projection; IR: Iterative reconstruction; Sd: Stellar detector; DLP: Dose length product.

Table 2 Dose, signal to noise ratio and improved subjective image quality using iterative reconstruction and the stellar detector

Soft tissue lung
AHUsd Range A Points Range
Lowest dose  Highest dose Lowest dose  Highest dose
Signal to noise reduction 0.7 (36%) 0.2(31%) to 1(39%) Improving subjective image qual- 0.2 (7%) 04 (13%) to 0.1 (3%)
from FBP to IR ity from FBP to IR
Signal to noise reduction 0.6 (38%) 0.5(41%) to 0.8(32%) Improving subjective image qual- 0.5 (13%) 02(@8%) to 09 (17%)
from IR to IR with Sd ity from IR to IR with Sd
ADLP Range ADLP Range
Lowest SNR  Highest SNR lowest SNR highest SNR
Dose reduction from FBP 59 (45%) 20 (40%) to 107 (47%) Dose reduction from FBP to IR for 19 (25%) 22 (42%) to 5 (2%)
to IR for the same SNR same subjective quality
Dose reduction from IRto IR~ 52 (41%) 23 (49%) to 72 (36%) Dose reduction from IR to IR with 57 (44%) 10 33%) to 130 (54%)
with Sd for the same SNR Sd for same subjective quality

HUsd: Noise (sd of Hounsfield Units); FBP: Filtered back projection; IR: Iterative reconstruction; Sd: Stellar detector; DLP: Dose length product; SNR: Signal

to noise ratio.

but also by contrast and noise because a loss of subjec-
tive image quality is less impressive than an increase
in noise level. In other words, radiologists rate image
quality higher than the measured noise would suggest.
Perception of image quality is influenced by spatial reso-
lution, individual vision and pattern recognition, all of
which cannot be precisely measured. Fortunately, subjec-
tive image quality was not rated below what the noise
level would predict.

Limitations

Noise is one parameter of image quality, but we did not
investigate scan plane and z-axis spatial resolution (Z-
sensitivity) or high-contrast resolution™. Further studies
are needed to investigate these parameters to understand
how the type of scanner can influence image quality.
The pre-settings for THORAX ROUTINE were not the
same for the three scanner types. For example, the pitch
for the Sensation was 0.8, but this value was altered to
0.6 for the other scanners. Increasing the pitch from 0.6
to 0.8 did not change the noise; however, the dose de-
creased corresponding to a Siemens specific unchanged
tube current time product/pitch™. Therefore, it is pos-
sible that the images acquired by the Somatom Sensation
have slightly different dose levels at lower pitches. The
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resolution was slightly different for the B- and I-Kernels
for the different reconstruction approaches, which might
have negatively influenced the noise of the I-Kernel.
Ongoing studies will address this topic.

As varying kVp lead to CT number changes, it can be
difficult to interpret results, especially for SNR and CNR.
Possible differences in gantry geometry, detector effi-
ciency and tube spectrum for the three investigated scan-
ners were also neglected because our intent was to give an
approximation of dose and noise reduction among the
last three generations of CT for given clinical presettings.
Varying the kVp also provoked questions about how
beam-hardening effects impact the images, which will re-
quire further investigation.

To evaluate the dose reduction provided by the new
Stellar detector, it would be desirable to compare images
reconstructed using the FBP algorithm, which is a linear
algorithm with predictable performance. We only com-
pared SAFIRE reconstructed images with and without
the Stellar detector. Due to the nonlinearity of iterative
reconstruction methods, reconstruction may be object
and dose dependent. Thus, it is difficult to characterize
the improvements provided by the Stellar detector alone
from the results in our study. Further investigations need
to address this topic.
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In conclusion, this study demonstrated an average
dose reduction of 27% to 70% by applying the new Stel-
lar detector. This dose reduction was equivalent to using
IR instead of FBP.

COMMENTS

Background

Due to increasing computing capacity, iterative image reconstruction can be
introduced into clinics, leading to the potential for dose reduction by replacing
older filtered back projection methods. The problem of electronic noise during
image acquisition was overcome by integrating the analog-digital-converter with
the photodiode of the computed tomography (CT)-detectors on the same silicon
chip. This noise reduction can either be used for dose reduction or to increase
the image quality. The three latest CT-scanner generations were examined to
compare their potential for dose reduction.

Research frontiers

Several studies demonstrated the feasibility of low dose imaging without loss
of sensitivity for pulmonary diseases. Radiologists are able to lower the CT
tube current and/or the tube voltage, using the lowest acceptable published
dose levels for older CT scanners. Manufacturer dependent progress in CT-
technology was only partly investigated. Dose or noise reduction using iterative
reconstruction has been published, but the potential for new detectors in the
clinic is not yet known.

Innovations and breakthroughs

This study demonstrates the dependency of CT radiation dose, image quality
and CT-generation. It is possible to obtain the same image quality with a dose
reduction of 30% to 80% by substituting filtered back projection with iterative
image reconstruction. Using the new CT-detectors, radiation dose can be re-
duced by an additional 27% to 70%, depending on the scanned tissue.

Applications
With the results, the lowest acceptable tube currents and voltages for the older
CT-generations can be transferred to the newest scanners.

Terminology

CT-exams produce cross sectional images of the body, based on the radiation
absorption of the body tissues. Radiation absorption is measured at every angle
circularly around the body and is back-projected on a virtual pixel field in the
scanned plane, delivering a filtered back projection image. New iterative recon-
struction methods distribute the absorption of one angle to all of the pixels in a
direction, adjusting the pixel values based on the effective absorption for each
angle position. For clinical routines, three iterations of 360° rotation are used,
which is very time-consuming. Only recently was it possible to deliver sufficient
computing power for these clinical scanners.

Peer review

This manuscript described an interest work that the average dose could be
reduced 30%, 52% and 80% for imaging bone, soft tissue and air for the same
image quality by using iterative reconstruction instead of filtered back projec-
tion. In addition, employing the new Stellar detector could further lower radiation
dose additionally by 27%, 54% and 70% for bone, soft tissue and air, respec-
tively. The manuscript can be accepted for publication as it is.
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