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Objective: To compare image quality of two adaptive
statistical iterative reconstruction (ASIiR and ASIiR-V)
algorithms using objective and subjective metrics
for routine liver CT, with the conventional filtered
back projection (FBP) reconstructions as reference
standards.

Methods: This institutional review board-approved
study included 52 patients with clinically suspected
hepatic metastases. Patients were divided equally into
ASIiR and ASiR-V groups with same scan parameters.
Images were reconstructed with ASIiR and ASiR-V from
O (FBP) to 100% blending percentages at 10% interval
in its respective group. Mean and standard deviation of
CT numbers for liver parenchyma were recorded. Two
experienced radiologists reviewed all images for image
quality blindly and independently. Data were statistically
analyzed.

Results: There was no difference in CT dose index
between ASIR and ASIiR-V groups. As the percentage
of ASIR and ASiR-V increased from 10 to 100% , image

INTRODUCTION

The recent extensive clinical use of CT has led to substan-
tial concerns about patient exposure to radiation."? There
are several strategies for reducing the radiation dose, such
as tube current modulation, automatic exposure control,
and automated kilovolt selection.” However, dose reduc-
tion has been limited when using traditional filtered back
projection (FBP) reconstruction as it introduces the noise.
To overcome this limitation, several types of CT iterative
reconstruction (IR) algorithms have been proposed to

noise reduced by 8.6 -57.9% and 8.9-81.6%, respectively,
compared with FBP. There was substantial interobserver
agreement in image quality assessment for ASIR and
ASiR-V images. Compared with FBP reconstruction,
subjective image quality scores of ASIR and ASIR-V
improved significantly as percentage increased from 10
to 80% for ASIR (peaked at 50% with 32.2% noise reduc-
tion) and from 10 to 90% (peaked at 60% with 51.5%
noise reduction) for ASiR-V.

Conclusion: Both ASiR and ASiR-V improved the objec-
tive and subjective image quality for routine liver CT
compared with FBP. ASiR-V provided further image
quality improvement with higher acceptable percentage
than ASIR, and ASIiR-V60% had the highest image
quality score.

Advances in knowledge: (1) Both ASIR and ASIiR-V
significantly reduce image noise compared with conven-
tional FBP reconstruction. (2) ASiR-V with 60 blending
percentage provides the highest image quality score in
routine liver CT.

be used in CT since 2009, including iterative reconstruc-
tion in image space (IRIS, Siemens Medical Solutions,
Forchheim, Germany),* adaptive iterative dose reduction
(AIDA, Toshiba Medical System, Tochigi, ]apan),5 adaptive
statistical iterative reconstruction (ASiR, GE Healthcare,
Milwaukee, USA),*” sonogram-affirmed iterative recon-
struction (SAFIRE, Siemens Medical Solutions, Forchheim,
Germany),8 iDOSE (Philips Healthcare, Amsterdam, Neth-
erlands)’ and full model-based iterative reconstruction
(MBIR, GE Healthcare, Milwaukee, USA) algorithms.'°
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Although FBP has the fastest image reconstruction time, it is
vulnerable to noise generation and artifacts because of the innate
properties of the CT projection data, especially in the low-dose
situation.! ASiR is a hybrid IR algorithm that yields blended
images between FBP and IR with IR percentages from 0 to 100%,
in which the percentage represents a contribution of the ASiR to
the final images. ASiR is reported to allow for a dose reduction of
25-40% without degrading image quality at abdominal multide-
tector CT by modelling the noise in every scanned projection and
assuming the noise differences between neighboring projections
during the reconstruction process.'* However, several shortcom-
ings of ASiR have been reported, such as IR specific artifacts
that manifest as a waxy texture in the images (blotchy, pixilated
image texture and irregular edges) when reconstructed with high
strength of ASiR."”” The MBIR algorithm uses a more complex
system of prediction models'’; It offers considerably better image
quality than FBP and ASiR even at low dose.'* However, it has
not been widely applied in routine clinical practice due to its long
reconstruction time.

Recently, a new generation of adaptive statistical iterative recon-
struction (ASiR-V) was developed. This technique has a physical
model (models the interaction between polychromatic X-ray and
the attenuating object) in the IR process to improve the robust-
ness of noise reduction and image presentation. It differs from
the full MBIR algorithm in that it excludes the system optics in
the modelling process, and focuses primarily on modelling the
system noise statistics, objects, and physics, which are the main
contributors to the reduction of noise and artifacts.'> By omitting
the most time-consuming component, the system optics, ASiR-V
significantly improves image quality while enabling a reconstruc-
tion speed like that of ASiR. The initial phantom studies with
image noise, contrast-to-noise ratio (CNR), and spatial resolu-
tion measurements revealed promising results for ASiR-V;'® but
to our knowledge, the evaluation with clinical routine liver CT
studies has not been reported.

The purpose of this study was to compare image quality of FBP,
ASiR and ASiR-V algorithms using objective and subjective
metrics from routine multidetector liver CT scans, and to deter-
mine the IR percentages for the two IR algorithms to achieve the
highest objective image quality scores.

METHODS AND MATERIALS
This study was approved by local institutional review board.
Informed written consent was obtained from all the patients.

Patient information and study design

52 patients (28 male and 24 female) with clinically suspected
hepatic metastases who underwent standard-of-care multide-
tector CT were included in this study. Patients were divided
equally into ASiR group (scanned on a GE HD750 CT) and
ASiR-V group (scanned on a GE Revolution CT). The age,
weight, and body mass index (BMI) (mean + standard devi-
ation) were (53.5 + 12.6 years, 65.1 + 15.3 kg and 23.4 +
4.2 kg m™?) and (49.8 + 13.7 years, 67.6 = 14.5 kg and 24.8
+ 3.7 kg m™?) for the ASiR and ASiR-V groups, respectively
(Table 1).
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Table 1. Comparisons of patient demographics and CT radia-
tion dose between ASIR and ASIiR-V

ASiR ASiR-V p-value
Gender (male/female) 26 (15/11) 26 (13/13) 0.57
Age (years)” 53.5+12.6 498 +13.7 0.33
Weight (kg)” 65.1 +£15.3 67.6 + 14.5 0.72
BMI (kg m™2)° 23.4+42 248+3.7 0.79
CTDI, (mGy)* 7.59 + 1.45 7.48 + 1.37 0.68
DLP (mGy*cm)’ 209.57 +41.34 201.82 +37.49 0.53
Effective dose (mSv)* 3.15+0.62 3.01 +0.56 0.18

ASR, adaptive statistical iterative reconstruction; BMI, body mass
index; CTDl,,), volume CT dose index; DLP, dose-length product.
?Data represented as mean tstandard derivation.

CT system parameters

Scan parameters were the same on both systems as follows:
120k Vp tube voltage; an automatic tube current modulation used
for obtaining Noise Index of 12 Hounsfield unit (HU) in images of
5 mm slice thickness; 0.625*64 mm detector collimation; 0.992:1
pitch; 0.5 s rotation time. These two scanners have similar low
contrast detectability based on the product data sheets [CT dose
index (CTDI) of 8.8 mGy with ASIR-V on Revolution CT vs
CTDI of 9.0 mGy with ASIR on HD750CT for detecting object
of 5 mm in diameter with 3 HU contrast difference on 5 mm slice
thickness images]. For further confirmation, a commercially
available phantom (Catphan 500, module CTP486; The Phantom
Laboratory, NY) was scanned on both CT systems with same
tube voltage (120 kVp) and CTDI value (9.00 mGy). Images for
the phantom scans were reconstructed at 5 mm slice thickness
with the filtered back projection (0% ASIR and 0% ASIR-V) to
evaluate the baseline noise performance of the two CT systems.
For the patient study, the CTDI, values from the two systems
were recorded after each scan. All patients were instructed to
hold his/her breath at the end of inspiration, and scanned with
both hands up beyond their heads. Scanning coverage was from
the top to the bottom of the liver for each patient.

Image reconstruction

Raw data in the ASiR group and ASiR-V group were recon-
structed into axial images at 5 mm slice thickness using ASiR
and ASiR-V algorithms, respectively with percentages from 10
to 100% at 10% interval. The conventional FBP images of both
patients and phantom (at 0%) were also generated. All recon-
structions used the standard kernel.

Analysis of image quality

Images were evaluated on the same workstation (Advantage
workstation 4.6, GE healthcare), and displays were calibrated
and all viewing conditions were held constantly according to the
applicable recommendations (American Association of Physics
in Medicine Task Group 18 report). All the data sets were
randomized and rendered anonymously so that the readers were
unaware of which scanning technique or reconstruction algo-
rithm had been used. Data sets were displayed using the soft-
tissue window setting (window/level, 400/40 HUs).
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Evaluation of objective image quality

Mean of CT numbers and their standard deviation, which
reflects the image noise, was measured in an 80.0 + 2.0 mm?
circular region of interest (ROI). The ROIs were placed on liver
parenchyma at the level of the right portal vein, as illustrated
in Figure 1. The signal-to-noise ratio (SNR) for the liver paren-
chyma was calculated as follows: SNR = CT/SD. CTy is the CT
number of liver parenchyma, SDy is the standard deviation (SD)
of the liver parenchyma. The noise reduction rate was also calcu-
lated as follows: noise reduction rateg) (%) = (SDggp—SDig)/
SDgpp X 100 (IR indicates ASiR or ASiR-V). For the phantom
study, ROIs were placed in the center and four peripheral areas
to measure SD values of uniformity regions and measurements
were averaged to generate the final value.

Evaluation of subjective image quality

On side-by-side monitors in a one-to-one format, two experi-
enced radiologists independently graded image noise, artifacts
including streaking artifacts, blotchy, pixilated image texture and
irregular edges, visual sharpness of liver boundary, conspicuity
of the hepatic veins within liver, visualization of the extrahepatic
duct and diagnostic acceptability, using a 5-point Likert scale:
(1) image quality considered poor and non-evaluable because
of high image noise, marked artifacts, distortion of spatial or
contrast resolution, or poor edge definition; (2) image quality
considered fair but significantly compromised by moderate
image noise, some image artifacts, or some distortion of spatial
resolution or contrast resolution; (3) image quality considered
good and only minimally compromised by image noise, artifact,
or minimal distortion of spatial resolution or contrast resolu-
tion; (4) image quality considered very good, displaying image
noise typically encountered in our routine clinical practice, and
not compromised by artifact or distortion of spatial resolution
or contrast resolution; (5) image quality considered superior,
with striking lack of image noise and absence of any artifact or
distortion.

Figure 1. lllustration of the placement of ROI at the level of the
right portal vein. ROI, region of interest.

Radiation dose assessment

The volumetric CT dose index (CTDI,) in milligray (mGy)
and dose-length product (DLP) in mGy*cm were recorded
from the dose page for each scan. Effective patient radiation
dose in millisieverts (mSv) was estimated from the DLP for each
protocol using a conversion factor of 0.015 mSv/(mGy*cm) for
the abdomen.

Statistical analysis

Data were analyzed by using the statistical analysis software SPSS
20. Means and standard deviations for patient age, weight, BMI,
and radiation dose were calculated. The noise and SNR values
were first tested with the Levene test for homogeneity of distri-
bution. Quantitative data were analyzed using the two-samples
t-test. The interobserver agreement between the two radiologists
for each of the assessed subjective image quality was estimated by
using k-statistics. Subjective image quality scores were compared
with Mann-Whitney U test. Significance was defined as a
p-value less than 0.05.

RESULTS

There was no significant difference in gender, age, weight, BMI
values between the ASiR and ASiR-V groups. There was also no
significant difference in CTDI,}, DLP and effective dose between
the two groups, as shown in Table 1.

Objective image quality analysis

As the percentage of ASiR and ASiR-V increased from 0 (FBP)
to 100%, image noise reduced from 25.6 to 10.7 HU with ASiR
and from 26.1 to 4.8 HU with ASiR-V. There was significantly
less noise of ASiR-V images as the percentages of IR increased to
40% or greater, compared to those of ASiR group with the same
percentage (Figure 2). Compared with FBP, as the percentage of
ASiR and ASiR-V increased from 10 to 100%, the image noise
reduction rate increased from 8.6 to 57.9% and from 8.9 to

Figure 2. Relationships between the percentage of ASIiR
and the image noise. The noise started to show statistically
significant difference between ASIR and ASiR-V images
when the iterative reconstruction percentages were equal
or greater than 40% (* indicates p < 0.05; ** indicates p <
0.01). ASIR, adaptive statistical iterative reconstruction.
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81.6%, respectively (Figure 3) and the SNR increased accord-
ingly. There was significantly higher SNR value of ASiR-V images
as the percentages of IR increased to 30% or greater, compared
to those of ASiR group with the same percentage (Figure 4). The
FBP images noise of the uniformity phantom on HD750 CT and
Revolution CT systems was 5.59 and 5.60 HU respectively.

Subjective image quality analysis

For the subjective evaluation, a substantial interobserver agree-
ment was obtained for the determination of image quality with
ASiR and ASiR-V (x > 0.82). Compared with FBP reconstruc-
tion, the subjective image quality scores of ASiR and ASiR-V
images improved significantly as percentage increased from 10
to 80% for ASiR (subjective image quality score peaked at 50%
with 32.2% noise reduction compared with FBP) and from 10 to
90% for ASiR-V (subjective image quality score peaked at 60%
with 51.5% noise reduction compared with FBP), and declined
afterwards due to waxy texture in the images. Subjective image
score of ASiR100% and ASiR-V100% significantly decreased
compared to the peak score of ASiR50% and ASiR-V60%,
respectively (ASiR50% vs ASiR100%: p = 0.012; ASiR-V60% vs
ASiR-V100%: p = 0.009) (Table 2 and Figure 5).

DISCUSSION

In this study, we evaluated the objective and subjective image
quality of the two IRalgorithms (ASiR and ASiR-V) on images
in routine clinical liver CT and compared them with the conven-
tional FBP reconstructions. Additionally, we determined the
optimal IR blending percentage for ASiR and ASiR-V algorithms
in routine liver CT to achieve the highest subjective image
quality score that focused on the image resolution and texture.
Our results showed that both ASiR and ASiR-V reduced the
image noise and improved SNR compared with FBP, but ASiR-V
images had greater noise reduction rate than ASiR images with
the same IR blending percentage. Accordingly, as the blending
percentage increased to 40% or greater, there were significant
differences between the image noise of ASiR and ASiR-V. The
situation was similar to image SNR as the percentage of blending

Figure 3. Relationships between the percentage of ASIR and
the noise reduction rate. ASIR, adaptive statistical iterative
reconstruction.
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increased to 30% or greater. We also evaluated the baseline noise
performance of the two CT systems using conventional FBP
images and demonstrated their equivalence.

For evaluating the optimal IR blending percentages of ASiR and
ASiR-V algorithms, subjective image quality was assessed by two
experienced radiologists on 10 sets of IR images with blending
percentages from 10 to 100%. Our results indicated that the
highest subjective image quality score was obtained at 50% for
ASIR algorithm and 60% for ASiR-V algorithm. At the optimal
percentage of 60% for ASiR-V, the image noise decreased by
51.5% compared with FBP, which was significantly more than the
31.2% decrease rate at the optimal percentage of 50% for ASiR.
As the blending percentage increased greater than 50% for ASiR
and 60% for ASiR-V, subjective image quality declined due to IR
specific artifacts that manifest as a waxy texture in the images
(blotchy, pixilated image texture and irregular edges).

An earlier study using phantoms evaluating mage noise, CNR,
and spatial resolution measurements has shown that ASiR-V
provided a similar image noise and CNR with 50% tube current
reduction compared with ASiR or 75% reduction compared
with FBPR,"> however, the clinical diagnostic acceptance of the
ASiR-V image quality was not assessed. Although another clin-
ical study has shown that images reconstructed with 30% ASiR-V
at 35.4% dose reduction has an equivalent score compared with
routine dose ASiR images, and the study also mentioned that
the 70% ASiR-V images appeared to have a “waxy” texture.'®
However, there were two limitations of that study. Firstly, there
were no ASiR-V images at the routine dose, therefore no assess-
ment for the subjective ASiR-V image quality at routine dose;
secondly, only a few IR blending percentages were selected
with ASiR-V at low dose scanning, the optimal percentage of
ASiR-V applied in routine dose liver CT could not been assessed.
Our study provided incremental values to the previous studies
with the clinical diagnostic acceptance evaluation and detailed

Figure 4. Relationships between the percentage of ASIiR and
the SNR. SNR started to show statistically significant differ-
ence between ASIR and ASIiR-V images when the iterative
reconstruction percentages were equal or greater than 30%
(* indicates p < 0.05; ** indicates p < 0.01). ASiR, adaptive sta-
tistical iterative reconstruction; SNR, signal-to-noise ratio.
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Figure 5. Comparisons of routine liver image between FBP, ASiR and ASIR-V. The top line were routine liver images of FBP,
ASiR-V60% and ASiR-V100% on the Revolution CT scanner with subjective quality score of 4, 5 and 3, from left to right respec-
tively; The bottom line were the routine liver images of FBP, ASiR50% and ASiR100% on the HDCT750 scanner with subjective
quality score of 3, 4 and 3, from left to right respectively. ASiR, adaptive statistical iterative reconstruction; FBP, filtered back pro-

jection.
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analysis for getting the optimal IR blending percentages of ASiR
and ASiR-V in routine liver CT application.

There were several limitations in our study. First, the sample
size was relatively small, therefore, more patients are required to
reach a solid conclusion. Also, we only used two observers in
the study. It may need more than two observers to ensure the
statistical integrity of the results. Second, scans were acquired at
routine dose, and the evaluation needs to be extended to include
low dose scans. Third, only image quality in terms of noise and
SNR was evaluated in our study. Further studies are needed to

ASIR-V (100%)

use more sensible metric, e.g. a detectability index with a model
observer to account for the potential noise power spectrum
shift in the IR algorithms and to include tumor detection and
diagnosis.

In summary, both ASIR and ASiR-V algorithms considerably
improved the objective and subjective image quality for routine
liver CT compared with those of FBP reconstructions. ASiR-V
provided further image quality improvement with higher accept-
able percentage than ASiR, and ASiR-V60% provided the highest
image quality score for routine liver CT images.
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