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Abstract. The use of iterative reconstruction (IR) algorithms in CT generally decreases image noise and enables
dose reduction. However, the amount of dose reduction possible using IR without sacrificing diagnostic perfor-
mance is difficult to assess with conventional image quality metrics. Through this investigation, achievable dose
reduction using a commercially available IR algorithm without loss of low contrast spatial resolution was deter-
mined with a channelized Hotelling observer (CHO) model and used to optimize a clinical abdomen/pelvis exam
protocol. A phantom containing 21 low contrast disks—three different contrast levels and seven different diam-
eters—was imaged at different dose levels. Images were created with filtered backprojection (FBP) and IR. The
CHO was tasked with detecting the low contrast disks. CHO performance indicated dose could be reduced by
22% to 25% without compromising low contrast detectability (as compared to full-dose FBP images) whereas
50% or more dose reduction significantly reduced detection performance. Importantly, default settings for the
scanner and protocol investigated reduced dose by upward of 75%. Subsequently, CHO-based protocol
changes to the default protocol yielded images of higher quality and doses more consistent with values from
a larger, dose-optimized scanner fleet. CHO assessment provided objective data to successfully optimize
a clinical CT acquisition protocol. © 2017 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JMI.4.3.031213]
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1 Introduction
The primary aims of iterative reconstruction (IR) are to reduce
image noise and maintain or improve spatial resolution.1 Indeed,
IR techniques have been shown to successfully decrease the
noise of CT images obtained at lower radiation dose levels.1–3

Consequently, IR algorithms have been leveraged as tools to
reduce patient dose, i.e., achieve similar image noise as a
filtered backprojected (FBP) image at a fraction of the dose.
For example, after the introduction of adaptive iterative dose
reduction three-dimensional (AIDR 3D) image reconstruction
software on the Toshiba CT scanner platform, the dose for
default routine abdomen/pelvis protocols is substantially and
automatically reduced—by upward of 70% to 75% relative to
the full-dose FBP image.4 However, whether low contrast spatial
resolution can be maintained at these aggressive dose reduction
levels has not been shown for this IR technique. This is critically
important for many diagnostic tasks performed using a routine
abdomen/pelvic CT exam, such as the detection and classifica-
tion of low contrast liver lesions.

In fact, degradation of low contrast spatial resolution already
has been shown for IR images obtained with overly aggressive
dose reduction.5–7 McCollough et al. have shown a loss of low
contrast object detectability in IR images acquired at dose reduc-
tions of 50% or more relative to full-dose FBP images, despite
equivalent image noise values.7 While Solomon et al. have
shown that images formed by IR and acquired using 75% less
dose can achieve the same contrast to noise ratio as full-dose
FBP images, this amount of dose reduction yielded an ∼8%

degradation in object detectability.6 In these studies, conven-
tional measures of image quality, i.e., contrast to noise ratio or
image noise, would suggest similar image quality; however,
human observer assessment yielded different results. Importantly,
due to dose-reduced IR images having equivalent noise and high
contrast spatial resolution as the FBP images, this loss in low
contrast spatial resolution may go unnoticed by the unsuspect-
ing viewer, i.e., the radiologist tasked with exam interpretation.
Consequently, important low contrast features may be missed or
misinterpreted from images obtained with an insufficient num-
ber of photons, even when IR is used.

To address the aforementioned limitations of conventional
image quality measurements in evaluating IR images, task-
based image metrics from observer models are being
leveraged.8–19 Here, we present our investigation on low contrast
object detectability in images reconstructed with Toshiba’s
AIDR 3D IR algorithm using a channelized Hotelling observer
(CHO) model. More specifically, we applied a CHO to determine
the amount of dose reduction that is achievable with AIDR 3D
while still maintaining equivalent low contrast object conspicuity
as that of a full-dose FBP image. Ultimately, results from this
investigation were used to optimize our routine abdomen/pelvis
acquisition protocol for our fleet of Toshiba CT scanners.

2 Methods

2.1 Image Acquisition

An 18-cm-diameter cylindrical phantom containing 18 spherical
objects and 6 cylindrical objects (Spiral/Helical CT Phantom,
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Model 061 CIRS, Norfolk, Virginia) was imaged with a 160-
slice CT scanner (Aquilion Prime 160, Toshiba America
Medical Systems, Tustin, California). All spherical and cylindri-
cal objects were centered along the logical z-axis of the phan-
tom. Three of the six cylinders were aligned with the phantom in
parallel; the other three were aligned perpendicularly. Thus, the
center cross section of the phantom contained 21 disk objects
(18 spheres and 3 cylinders) and 3 rectangle objects (Fig. 1).
The 21 disk objects possessed seven different diameters (2.4,
3.2, 4, 4.8, 6.3, 9.5, and 10 mm) and three different contrast
levels relative to background (nominal CT numbers: −10,
−15, and −25 HU, which were confirmed by measurement
of the associated rectangular object).

The phantom was scanned at eight different tube current set-
tings with a 0.5-s gantry rotation time and a pitch of 0.813 at
120 kV. Automatic exposure control (AEC) was not used. One-
millimeter-thick images were reconstructed at 1-mm intervals
using FBP and an IR algorithm (AIDR 3D, Toshiba America
Medical Systems) at three strength settings: mild, standard,
and strong. For each tube current setting, the phantom was
scanned 100 times. A summary of the experimental parameters
is shown in Table 1.

The selection of the eight tube current settings was as fol-
lows. First, settings were found that yielded image noise values
equal to predefined target values for FBP reconstructed images
for small, medium, and large size patients—12, 17.5, and
22 HU, respectively.20 Specifically, 180, 90, and 60 mA were
used to simulate “full-dose” images and noise levels for
small, medium, and large patient sizes. Then, tube current set-
tings were calculated for different amounts of dose reduction:
∼25%, 50%, 66%, and 75%. Scanner software restricted avail-
able tube current settings and prevented exact 25% and 75%
dose reduction for the three surrogate patient sizes. Notably,
a 75% dose reduction was also not possible for the “large
patient” tube current setting, which was below the minimum
limit of the x-ray tube. Where possible, the same tube current
values were used for different “patient size” data to reduce
image acquisitions. Correspondingly, eight tube current settings

were used to simulate different levels of dose reduction for
small, medium, and large surrogate patient sizes (see Table 2).

2.2 Observer Model

A CHO was developed and tasked with determining object
detectability. Images were channelized with Gabor filters con-
sisting of five different spatial frequency passbands (center
frequencies: 3

256
, 3
128

, 3
64
, 3
32
, and 3

16
cycles∕pixel), four rotation

angles (0 deg, 45 deg, 90 deg, and 135 deg), and a single
phase (0 deg), yielding 20 total channels. An internal noise fac-
tor identical to that used by Yu et al. was also incorporated into
the model such that the CHO’s performance matched human
observer performance.9 Notably, fewer channels were used in
the model applied in this study as compared to the model
used by Yu et al. Fewer channels were used in this model as
it has been shown that using fewer channels improves statistical

Fig. 1 An ensemble average image of the phantom’s center showing
the 21 disk objects evaluated with the CHO and the three rectangular
objects used to confirm object contrast levels. The subtle rings are not
visible in individual images due to masking by noise, and are apparent
only in this ensemble average image.

Table 1 List of experimental and scan parameters.

Parameter Value

Tube potential 120 kV

Rotation time 0.5 s

Pitch 0.813

Tube current 8 fixed settings (see Table 2)

Scan length 420 mm

Collimation 40 mm (0.5 mm × 80)

Convolution kernel FC18

Reconstruction algorithms (1) FBP; (2) AIDR 3D-mild; (3) AIDR
3-D-standard; (4) AIDR 3D-strong

Slice thickness/interval 1 mm∕1 mm

Number scans/setting 100

Table 2 Relative dose and fixed tube current setting for the different
simulated patient sizes. Because only one low contrast detectability
phantom size was available, different tube current settings were used
to achieve noise levels representing scans of different sizes of
patients.

Dose

Small
(FBPnoise ¼

12 HU)

Medium
(FBPnoise ¼
17.5 HU)

Large
(FBPnoise ¼

22 HU)

Full dose 180 mA 90 mA 60 mA

75% dosea 140 mA 70 mA 45 mA

50% dose 90 mA 45 mA 30 mA

33% dose 60 mA 30 mA 20 mA

25% doseb 45 mA 20 mA NA

aIndicates 77% dose for the small and medium size settings.
bIndicates 22% for the medium size setting.
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performance of a CHO and requires fewer repeated scans, given
that the channel selection is appropriate for the objects of
interest.21,22 Additionally, the 20-channel CHO model was vali-
dated against previously acquired human observer and observer
model data presented by Yu et al.9 More specifically, the 20-
channel CHO described above was challenged with a two-alter-
native forced choice (2AFC) test using the same image data as
used by Yu et al.9 “percent correct” (Pc) values from the 2AFC
tests for the different sized cylindrical objects (3, 6, and 9 mm
diameter; and −15 HU contrast) were determined for different
reconstruction algorithms and dose settings, as described by Yu
et al.9 The Pc differences between the 20-channel CHO perfor-
mance and both human observers and the 60-channel CHO were
computed.

2.3 Image Analysis

One hundred “signal-present” images were obtained from the
center of the phantom, which contained the 21 disk objects.
One hundred background images were obtained from a uniform
region of the phantom near its edge. For the three largest diam-
eter disks, 60 × 60 pixel regions of interests (ROIs) were cen-
tered on the objects. For the remaining objects, 40 × 40 pixel
ROIs were centered on the objects. (Due to the closer spacing
of smaller objects, it was necessary to use a smaller ROI such
that only the object of interest was contained in the ROI. A pre-
vious study has shown that these differences in ROI size do not
affect CHO performance.23) For all objects, ROIs were centered
in the same x − y positions in the background images to obtain
“signal-absent” images. These sets of signal-present and signal-
absent ROIs were used to train and test the model using the
“resubstitution” method, by which the training and testing
sets of images are identical.24 The area under the receiver oper-
ator characteristic curve (AUC) was used as a figure of merit for
the model’s performance. AUC values were compared for the
different acquisition and reconstruction conditions. Likewise,
conventional image noise values were measured in all sets of
images and subsequently compared.

2.4 Clinical Application

Based on the CHO results, routine abdomen/pelvis protocol
acquisition parameters were changed on Toshiba scanners in
our clinical practice to achieve comparable low contrast detect-
ability as our main clinical site, which has previously been stud-
ied and optimized.20,25,26 Exam dose data were collected over a
period of 1 year prior to the protocol change and over a period of
6 months after the change. Average pre- and postintervention
CTDIvol values were computed and compared with CTDIvol
values from exams at our main clinical site, which does not
use Toshiba CT scanners.

3 Results

3.1 Observer Model Validation

A comparison of Pc values from 2AFC tests show that the
20-channel CHO model implemented in this study agreed well
with both human observers and the 60-channel CHO used by Yu
et al.9—an average of 2.1% and 2% difference in Pc values,
respectively (Table 3).

3.2 Observer Model Comparison

A qualitative visual inspection of the images demonstrated that
object conspicuity decreases with decreasing dose for each
reconstruction algorithm. As an example, sample phantom
images of the 4.8-mm-diameter object at −25 HU contrast rel-
ative to background clearly show a reduction in object conspi-
cuity for the small patient reconstruction settings as dose is
reduced (Fig. 2). For quantitative assessment, there are many
objects that can be interrogated with the CHO model; however,
the detectability of many objects was either well above or well
below the human detection threshold. By considering only the
objects that did not yield saturated AUC values (i.e., obvious
objects) or values at the cusp of reliable human detection, rel-
evant detectability statistics were derived across a spectrum of

Table 3 Absolute differences in Pc between the 20-channel CHO
and both human and model observers data from Yu et al.9

Reconstruction mAs
Object
size

Absolute difference
of percent correct

with 20-channel CHO

Human
observer (%)

CHO (Yu)9

(%)

FBP (B40) 60 Small 4.1 3.9

Medium 2.7 6.1

Large 1.9 2.9

120 Small 0.2 2.7

Medium 2.1 3.6

Large 1.0 0.2

240 Small 4.0 1.9

Medium 2.6 1.0

Large 0.0 0.0

360 Small 1.8 0.2

Medium 0.0 0.0

Large 0.2 0.0

480 Small 0.5 1.0

Medium 0.0 0.0

Large 0.5 0.0

IR (I40-3) 60 Small 5.6 4.0

Medium 4.0 5.7

Large 2.9 4.3

120 Small 9.1 2.0

Medium 0.5 2.0

Large 0.6 0.2

Average 2.1 2.0
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object size and contrast. Specifically, five objects yielded 0.65 <
AUC < 1 for FBP images across all dose levels and are listed in
Table 4 and shown in Fig. 3(a). AUC values from these objects
were used to generate the average score for each combination of
reconstruction algorithm, size setting, and dose level, as deter-
mined by

EQ-TARGET;temp:intralink-;sec3.2;326;686

dAUCðr; s; dÞ ¼ 1

n

X
in

AUCðr; s; dÞ
AUCðr0; s; d0Þ

;

where AUCðr; s; dÞ is the AUC value for a given: reconstruction
algorithm, r; size setting, s; and dose level d; n is the object
number, and r0 and d0 represent the FBP reconstruction algo-
rithm and the full-dose level, respectively.

These dAUCðr; s; dÞ results agree the visual inspection of the

images in which the relative dAUC values decrease with decreas-
ing dose (Fig. 3). Importantly, a comparison of the full-dose

FBP dAUC values with those obtained from images acquired
with 22% to 25% dose reduction and reconstructed with
AIDR 3D (standard strength) indicates that these sets of
dAUC are statistically similar (Table 5). A comparison of the

full-dose FBP dAUC values with those obtained from images
acquired with 50% or greater dose reduction and reconstructed
with AIDR 3D (standard strength) showed significant

differences between the sets of dAUC values (Table 5). When
the dose was reduced by 75% of the full-dose FBP value—sim-
ilar to the default and automatic reduction possible with this

scanner platform, dAUC values dropped by an average of 12.4%.
Although the CHO performance was significantly poorer for

images acquired with 50% or lower dose (Table 5), the image
noise was similar (within one standard deviation) or lower for
dose-reduced images reconstructed with AIDR 3D (Fig. 4).
More specifically, image noise values from full-dose FBP
images were similar (within 2 HU) or greater than images

Fig. 2 Sample object-present images for the surrogate small patient
size at each dose setting and reconstruction method.

Table 4 Objects used to determine the average, normalized AUC
values.

Diameter (mm) Contrast level (HU)

4.0 −25

4.8 −25

6.3 −15

9.5 −15

10 −10

Fig. 3 (a) Center image of phantom with evaluated objects outlined in red. (b–d) Normalized AUC values
(relative to full-dose FBP image) for (b) small, (c), medium, and (d) large patient size as a function of
CTDIvol relative to full-dose acquisition. Error bars represent the standard deviation of AUC values.
†Indicates 77% CTDIvol for the small and medium size settings. *Indicates 22% CTDIvol for the medium
size setting.

Journal of Medical Imaging 031213-4 Jul–Sep 2017 • Vol. 4(3)

Favazza et al.: Use of a channelized Hotelling observer to assess CT. . .



reconstructed with AIDR 3D (standard strength) for dose reduc-
tions of 50%, 25%, and 33% for small, medium, and large size
classes, respectively.

3.3 Clinical Implementation

Substantial differences in dose were found from a comparison
of CTDIvol values from routine abdomen/pelvis exams at our
main clinical site (non-Toshiba scanners) with those from our
Toshiba scanners, which used the default amount of dose
reduction associated with AIDR 3D (upward of 70% to 75%).
Over a 1-year period prior to CHO-based protocol changes to
our Toshiba scanners, the average CTDIvol value from our main
site was almost twice that from our fleet of Toshiba scanners:
14.8 mGy (n ¼ 10074) versus 7.7 mGy (n ¼ 4205), as shown
in Fig. 5.

Following the results from the CHO-based evaluation of low
contrast spatial resolution, the routine abdomen/pelvis acquisi-
tion protocol on our Toshiba scanners was adjusted. Namely,
a size-specific image noise target (i.e., SD value) was instituted,
and importantly, the SD value was set such that it yielded 25%
dose reduction relative to the target image noise value for FBP
reconstructed images. Special scanners settings were required to
circumvent the default, automatic dose reduction associated
with AIDR 3D.

The scanner’s AEC system, SUREExposure, varies x-ray out-
put based on the reconstruction method, which is determined
by a specific SUREExposure setting, i.e., the selected SUREIQ pre-
set group of parameters. A new SUREIQ preset was created to

Table 5 Difference in average, normalized AUC values for the full-dose FBP images and AIDR 3D (standard strength) images acquired at different
dose levels for each size setting. Associated p-values from two-tailed student t -test are listed from each difference value.

Dose relative to full-dose FBP

Small Medium Large

Δ dAUC P-value Δ dAUC P-value Δ dAUC P-value

100% þ0.002 0.4 þ0.019 0.002 þ0.031 0.0001

75%a −0.012 0.05 −0.004 0.8 þ0.009 0.4

50% −0.063 0.005 −0.048 0.03 −0.039 0.03

33% −0.106 0.001 −0.094 0.0002 −0.071 0.0015

25%b −0.124 0.002 −0.124 0.00 — —

aIndicates 77% dose for the small and medium size settings.
bIndicates 22% dose for the medium size setting.

Fig. 4 Plots of image noise as function of CTDIvol relative to the full-
dose acquisition setting for (a) small, (b) medium, and (c) large patient
size classes. Error bars represent the standard deviation of image
noise values. †Indicates 77% CTDIvol for the small and medium size
settings. *Indicates 22% CTDIvol for the medium size setting.

Fig. 5 Average CTDIvol values from routine abdomen/pelvis exams
performed over a 1-year period prior to CHO-based protocol changes
and over a 6-month period after the CHO-based protocol changes
were implemented. Exam data were pulled from our main clinical
site (non-Toshiba scanners) and our fleet of Toshiba scanners.

Table 6 SUREIQ settings for the default protocol and modified
protocol.

SUREIQ parameters Default settings Modified settings

Convolution kernel FC18 FC18

Hybrid OFF OFF

Organ-specific reconstruction Body Body

Recon process AIDR 3D standard OFF

Image filter OFF OFF
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indicate FBP reconstruction. The specific parameters are shown
in Table 6. However, the image reconstruction settings were
selected to cause the images to be formed with AIDR 3D.
This configuration instructed SUREExposure to generate the
requisite x-ray output to achieve an image noise value equal
to the selected SD value for FBP reconstructed images and
enabled the user to intuitively control dose reduction (i.e.,
dose relative to a full-dose FBP acquisition) through increasing
the SD value.

After these changes to the protocol, data were collected over
a 6-month period and compared. Results show that average
CTDIvol values were much similar: 14.2 mGy (main site;
n ¼ 6157) versus 12.6 mGy (Toshiba sites; n ¼ 1387), as
shown in Fig. 5. Further, qualitative assessment of exams before
and after constraining dose reduction to 25% of the full-dose
FBP value demonstrated material improvement in the low con-
trast detectability. As an example, Fig. 6 shows images from
four serial exams of the same patient (three exams) before
and (one exam) after the protocol changes. Notably, small poten-
tial cysts were noted in the radiologist's exam interpretation only
after the protocol changes, despite being very subtly visible in
the prior exams with knowledge of the respective locations.

4 Discussion
The results from this investigation support previous findings,
which demonstrated that excessively reducing dose will lead
to a reduction in low contrast object detectability in CT images,
despite the use of iterative reconstruction techniques. Further,
conventional image quality metrics such as image noise (i.e.,
standard deviation in CT number) may not fully characterize
the diagnostic quality of iteratively reconstructed images—par-
ticularly for protocols that rely on low contrast spatial resolu-
tion. Rather, reduction of low contrast spatial resolution may
not be fully appreciated by the radiologist with IR images, as
the image noise values can be similar to FBP images that pos-
sessed greater low contrast spatial resolution. This imperceptible
image quality reduction could lead to situations in which a radi-
ologist is unable to identify images with insufficient diagnostic
quality, thus leading to potentially dangerous scenarios in which

the radiologist is unaware of what they do not see. In fact, the
reduced dose levels in the practice may be celebrated, unaware
that some clinically critical diagnostic tasks, such as the detec-
tion of liver metastases, may have been compromised.

A comparison of image noise across different dose settings
indicated that AIDR 3D is applied more or less aggressively for
images with higher or lower input noise, respectively. This
observation is consistent with the vendor’s description of
their algorithm.4 Thus, if using patient size-specific image noise
targets, AIDR 3D will be applied more aggressively for image
data from larger sized patients (i.e., higher input noise), whereas,
it will be applied less aggressively for image data from smaller
sized patients (i.e., lower input noise). Notably, CHO perfor-
mance results demonstrated that the amount of input image
noise, and hence the aggressiveness of AIDR 3D’s application,
did not influence the amount by which radiation dose could be
reduced without loss of low contrast spatial resolution. A com-
parison of the ∼75% dose images revealed that AIDR 3D
reduced image noise by ∼37% for the large patient size and
only 14% for the small patient size, as compared to the respec-
tive FBP images at the same dose settings. However, CHO
results indicated that a similar amount of dose reduction was
possible with AIDR 3D (22% to 25%) without loss of low con-
trast object detectability for both the small and large patient size-
specific noise image targets. Importantly, this result enables a
straightforward and simple approach to leverage the dose reduc-
tion capabilities of AIDR 3D for size-specific protocols, achiev-
ing, for example, a 22% to 25% reduction for all size classes or
FBP image noise targets.

A comparison of average CTDIvol values from our routine
abdomen/pelvis exams before and after protocol changes served
to corroborate the CHO performance results. Prior to the change
in acquisition settings, the roughly 50% dose difference between
the Toshiba scanners and our main site scanner fleet could not be
justified by differences in scanner hardware and software, or
average patient size. Although the objective of the protocol
changes was not to match dose with scanners and protocols
from our main site, similar values were expected between
both sets of scanners for equivalent diagnostic performance.

Fig. 6 Example images from four serial exams of a single patient obtained before and after the protocol
intervention. Notably, two small potential cysts (denoted by the blue arrows) were identified for follow-up
in the exam only after protocol changes were made to improve low contrast detectability.
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After the changes, the CTDIvol values were much closer between
the sets of scanners and protocols, and the small difference could
be explained by differences in patient cohort, average scanner
age (and dose efficiency), and small image quality differences.

Although the CHO provides task-based image quality assess-
ment, it is limited. In general, the application of a CHO provides
assessment of a single task (e.g., detection of single object),
just one criterion for an exam that has multifactor criteria for
sufficient diagnostic image quality. However, the experimental
design of this investigation enabled assessment of the detectabil-
ity of multiple objects of different sizes and contrasts, and
thereby represents multiple tasks. Because the range of tasks
in this investigation covered a spectrum of the objects near
the limit of human detection that are important for diagnosis
in the abdomen and pelvis, they provided a relatively compre-
hensive assessment of diagnostic performance. In addition to
low contrast detectability, there are other factors important to
the diagnostic quality of an image but not assessed by the
CHO. For example, the results from this investigation suggest
that image quality (i.e., low contrast object conspicuity) mono-
tonically increases with increasing AIDR 3D strength. AUC val-
ues consistently improve with AIDR 3D strength. The “strong”
strength setting showed the highest AUC compared to other
reconstruction settings for the same acquisition. However, use
of a strong AIDR 3D setting could change the overall appear-
ance and texture of the image too much, making it unacceptable
to the radiologist. Consequently, other factors must still be con-
sidered when establishing or modifying acquisition protocols.

Another limitation of this study included the use of a single
phantom size for determining the impact of AIDR 3D on size-
specific protocols/noise targets. However, the primary objective
of this investigation was to assess the behavior of AIDR 3D and
resulting low contrast object detectability as a function of input
image noise quantity, assuming image noise-based behavior is
consistent over physically different patient sizes. Further, this
assumption of applicability to different patient sizes was sup-
ported by the results from the clinical protocol modifications
in which image quality improved and dose increased by a rea-
sonable amount for a patient cohort containing a range of sizes.

5 Conclusions
This CHO-based investigation of low contrast detectability indi-
cated that the dose reduction for a routine abdomen/pelvis pro-
tocol stemming from default acquisition settings associated with
AIDR 3D (∼70% to 75%) yielded images with significantly
poorer low contrast object conspicuity. Further, this loss of
low contrast detection performance could be obscured by rela-
tively low image noise, which is a traditional marker to connote
the overall quality of an image. Observer model assessment
shows that the use of AIDR 3D can enable 22% to 25% dose
reduction for a routine abdomen/pelvis examwithout loss of low
contrast object detectability, as compared to a full-dose FBP
image, similar to findings in other studies. Lastly, implementing
CHO-performance results through changes in acquisition
parameters resulted in qualitatively improved images as well
as patient dose levels that were more consistent with a large
fleet of dose-optimized scanners and protocols.
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