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Abstract
Background: Computed tomography is a standard imaging procedure for the detection of liver lesions, such as metas-

tases, which can often be small and poorly contrasted, and therefore hard to detect. Advances in image reconstruction

have shown promise in reducing image noise and improving low-contrast detectability.

Purpose: To examine a novel, specialized, model-based iterative reconstruction (MBIR) technique for improved low-

contrast liver lesion detection.

Material and Methods: Patient images with reported poorly contrasted focal liver lesions were retrospectively recon-

structed with the low-contrast attenuating algorithm (FIRST-LCD) from primary raw data. Liver-to-lesion contrast, signal-

to-noise, and contrast-to-noise ratios for background and liver noise for each lesion were compared for all three FIRST-

LCD presets with the established hybrid iterative reconstruction method (AIDR-3D). An additional visual conspicuity

score was given by two experienced radiologists for each lesion.

Results: A total of 82 lesions in 57 examinations were included in the analysis. All three FIRST-LCD algorithms provided

statistically significant increases in liver-to-lesion contrast, with FIRSTMILD showing the largest increase (40.47 HU in

AIDR-3D; 45.84 HU in FIRSTMILD; P< 0.001). Substantial improvement was shown in contrast-to-noise metrics. Visual

analysis of the lesions shows decreased lesion visibility with all FIRST methods in comparison to AIDR-3D, with

FIRSTSTR showing the closest results (P< 0.001).
Conclusion: Objective image metrics show promise for MBIR methods in improving the detectability of low-contrast

liver lesions; however, subjective image quality may be perceived as inferior. Further improvements are necessary to

enhance image quality and lesion detection.
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Introduction
Computed tomography (CT) imaging of the liver represents
a routine diagnostic tool for staging examinations and to
evaluate disease progression for most malignant diseases.
The liver represents the most common site of distant metas-
tases (1,2). The sensitivity of CT for the detection of metas-
tases has been reported from 64.7%–83.6%, with magnetic
resonance imaging (MRI) and positron emission tomog-
raphy (PET) showing better sensitivity and specificity (3–
5). Small lesions, with diameters <10 mm, have a very
poor detection rate in CT (6). Small, indeterminate lesions
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have been reported in up to one-third of CT examinations.
The difficulty of determining the origin and relevance of
such small lesions has also been discussed, with up to one-
quarter of these lesions being potentially malignant (7–10).

Advances in image reconstruction techniques have been
used to reduce image noise in CT images and improve the
detectability of low-contrast lesions. Hybrid iterative recon-
struction (HIR) algorithms have mostly replaced filtered
back projection (FPB) reconstructions, as they show a
potential for dose reductions up to 50% with maintained
or even decreased image noise (11–14). By now, all
major vendors offer HIR algorithms, with some variations
of the basic technique of image reconstruction (15).

Further improvements on these algorithms, combined
with advances in computing capacities, have given way to
pure or model-based iterative reconstructions (MBIR).
These methods do not use back projections as a basis for
the image, but instead start with a forward projection of the
image, based on statistical models of image noise, scanner
and detector characteristics, and properties of the X-ray
beams (16,17). Some promising results have been shown
in the comparison of MBIR with HIR and FBP, with
further noise reduction and image improvement (18–20).

Some vendors have begun offering MBIR with presets
for certain organ systems or tasks. One such option is the
Forward Projected Iterative Reconstruction SoluTion
(FIRST; Canon Medical Systems Corporation, Otawara,
Japan), which offers a “Low-Contrast-Detectability Brain”
setting, aiding in the detection of poorly contrasted brain
lesions. This application has shown the ability to reduce
the necessary radiation dose by 50%, while maintaining
detectability in a brain phantom (21,22). The aim of the
present study was to test the transfer of the FIRST algorithm
on to poorly contrasted focal liver lesions and to compare it
with the currently used HIR method.

Material and Methods

Patients
The need for an ethics vote was obtained for this retrospect-
ive study by our institutional review board (EA4/140/17).

All abdominal CT studies performed between 22
January 2019 and 27 February 2020 on a suitable CT
device were reviewed in our institution’s reporting system
(Centricity 6.0; GE Healthcare, Barrington, IL, USA).

Further inclusion criteria were examinations with one or
more reported poorly contrasted low attenuation focal liver
lesions (FLL) (Fig. 1) and studies with at least a venous
contrast phase (80-s delay).

Exclusion criteria were as follows: examinations with
more than five poorly contrasted lesions; examinations
with more than five lesions classified as malignant addition-
ally to any poorly contrasted FLL; poorly contrasted areas
of the liver, not described as focal; hyperdense lesions;
and patients with a primary liver disease, such as hepatocel-
lular carcinoma or known cystic disease.

Sex, age at examination, imaging indication, and radi-
ation dose as dose-length product were noted for each
patient. It was recorded if further benign or malignant
lesions were seen in the liver and if the primary radiologist
classified the lesion as benign, malignant, or unclassifiable.
Each lesion was treated as its individual entity if multiple
lesions were present in a single exam.

CT protocol
All CT studies were performed on a Canon Aquilion ONE
Genesis Edition (Canon Medical System Corp., Otawara,
Japan), a 320-row CT device with a minimal z-axis resolution
of 0.5 mm and width of 16 cm. It utilizes an automatic dose
exposure system (“Patient Adaptive Exposure”). It offers

Fig. 1. Axial computed tomography of the abdomen in venous phase, exemplary poorly contrasted focal liver lesion in all

reconstruction methods (arrows).
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image reconstruction with FBP, HIR, and MBIR. An abdom-
inal scan was obtained for each patient with an automatic
patient-adapted voltage and amperage in the range of 100–
120 kV and 100–700 mA. Image noise was set to 10. Exam
pitch was 0.813 with a rotation time of 0.5 s. Collimation
was set to 80 ×0.5 mm. Weight-adapted contrast medium
(80–120 mL of Imeron® 400 MCT [Bracco Imaging
Deutschland GmbH, Konstanz, Germany], Ultravist® 370
[Bayer AG, Leverkusen, Germany], or Xentix® 350
[Guerbet, Villepinte, France]) was applied to the patient. A
venous contrast phase was acquired at 80 s of delay.

Initial image reconstruction was performed with the
manufacturer’s HIR algorithm, Adaptive Iterative Dose
Reduction 3D (AIDR-3D; Canon Medical Systems
Corporation, Otawara, Japan), which was FDA approved
in 2012 (23). This method is routinely used at our institu-
tion. The standard setting for abdominal reconstruction at
our institution is the “eSTD venose Phase Body FC18-H”
kernel. Image reconstruction was performed with a slice
thickness of 1.0 mm. This algorithm uses models of statis-
tical noise and scanner features to implement a noise reduc-
tion in the projection data. A back projection is combined
with the noise reduction to maintain image features (24).

The AIDR-3D Algorithm was compared with the propri-
etary MBIR algorithm, Forward Projected Model-Based
Iterative Reconstruction SoluTion (FIRST) Low Contrast
Detectability (LCD) (FIRST-LCD; Canon Medical Systems
Corporation, Otawara, Japan). This algorithm offers three set-
tings, standard (FIRSTSTD), mild (FIRSTMILD), and strong
(FIRSTSTR). It was FDA approved in November 2016 (25).
This algorithm performs a forward projection in each iteration,
using a statistical model to develop an initial image. Noise fea-
tures such as photon starvation, anatomical noise, quantum
noise, and electrical noise are included in the model, as well
as characteristics of the scanner device itself and the radiation
beam. A fully synthetic image is then iteratively compared to
the measured values for data consistency until an optimal
image is reconstructed (26). The primary data for each study
were reconstructed with all three FIRST settings.

Evaluation of contrast, signal-to-noise ratio,
and contrast-to-noise ratio
Objective evaluation of the lesions was performed on Visage
7.1 (PROMedicus Ltd., Richmond, VIC, Australia). For each
lesion, the axial slice in which it presented as largest in the

AIDR-3D reconstruction was selected. A freehand region of
interest (ROI) was drawn at the lesion’s borders, excluding
surrounding healthy liver tissue. Three circular ROIs with a
diameter of 10.0 mm were placed in direct proximity of the
lesion into healthy parenchyma. Each ROI was placed at
least 1.0 mm away from the lesion ROI to exclude an
overlap in attenuation values. The ROIs were also placed
outside of large vessels. The average attenuation of the
lesion ROI was defined as the lesion attenuation. The standard
deviation (SD, σ) of the attenuation values was defined as
lesion noise. The signal-to-noise-ratio (SNR) was defined as
the ratio of lesion attenuation to lesion noise. The combined
average attenuation of all three liver ROIs was calculated as
the liver attenuation and the combined average SD as liver
noise. The difference between the liver attenuation and
lesion attenuation was defined as the liver-to-lesion-contrast
(LLC). A further ROI with a diameter of 50.0 mm was
placed centrally into the imaged air above the patient. The
SD of the attenuation values of this ROI was used as a
measure for background noise. A contrast-to-liver- noise-ratio
(CNRL) was defined as proportion of LLC to liver noise. A
contrast-to-background-noise-ratio (CNRBG) was defined as
the ratio of LLC to the SD of the air ROI (Table 1). The
ROIs were transferred into the exact position in each FIRST
reconstruction using a copy and paste method provided by
the software (Fig. 2).

Evaluation of subjective lesion impression
Subjective evaluation was performed with Centricity
RA1000 Radiology Workstation 4.0 (GE Healthcare,
Barrington, IL, USA). Two radiologists with 19 and 4
years of experience, respectively, in abdominal CT diagnos-
tics were shown each lesion in all reconstructions. A single
slice at fixed zoom was shown for each in a 2× 2 grid, with
a random order of images. Readers were blinded to the used
algorithm. The standard presets for abdominal evaluation
used at our institution were implemented, with a window
level of 50 Hounsfield Units (HU) and width of 400 HU.
If multiple lesions were visible in the image, an arrow in
the top left image showed the lesion to be evaluated.
Each reader rated each lesion in each reconstruction on a
Likert-scale of 1 to 4, to avoid a mean value (1 point =
clearly visible lesion, 2 points = well visible lesion, 3
points = poorly visible lesion, and 4 points = non-
discernable lesion).

Table 1. Calculation of objective lesion parameters.

LLC = average attenuation liver ROIs – average attenuation lesion ROI
SNR = average attenuation lesion ROI

σ lesion ROI
CNRL = LLC

σ liver ROIs
CNRBG = LLC

σ background ROI

σ, standard deviation; CNRBG, contrast-to-noise ratio with background noise; CNRL, contrast-to-noise ratio with image noise in liver; LLC, liver-to-lesion

contrast; ROI, region of interest; SNR, signal-to-noise ratio.
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Statistical analysis
Statistical analysis was performed with SPSS Statistics version
25 (IBM Corp., Armonk, NY, USA). Parametric data are pre-
sented as mean values and the SD of the mean.
Non-parametric data are presented with the mean and
median value as well as quartiles. Subjective viewer ratings,
as ordinal data, were defined as non-parametric. The LLC,
SNR, CNRL, CNRBG, and combined visual scores were com-
pared among all four reconstruction methods. For parametric
data, a repeated measures ANOVA test was used to

compare the four groups. If the Mauchly test showed a signifi-
cant result of <0.05, a Greenhouse–Geisser correction was
employed when Epsilon was <0.75; in other cases, a
Huynh–Feldt correction was used. A Friedman test with
paired comparisons was used for comparison of non-
parametric data. A subgroup analysis was performed for
very small lesions, with an area <78.5 mm2 (corresponding
to a diameter of 10.0 mm in a round lesion) and for very low-
contrast lesions. Very low-contrast lesions were defined as
lesions with an LLC in the original reconstruction below the
difference of the average LLC of all lesions and 1 SD of
this average. A total of 15 statistical tests were performed,
five each for the entire dataset and the two subgroups. A
Bonferroni correction was applied to all P values. A corrected
P value <0.05 was defined as a statistically significant differ-
ence between the four groups.

Results

Patient population and dose
From 2475 abdominal CT scans assessed, a total of 91
exams had reported poorly contrasted liver lesions; 34
scans met the exclusion criteria due to disseminated
poorly contrasted lesions (19), disseminated other malig-
nant lesions (5), both (3), or lack of primary imaging in
the comparative reconstruction method (7). A total of 57
scans were included in the study. Patient and lesion charac-
teristics are given in Table 2. Average dose-length product
of the exams was 501.64 mGy*cm (range = 127.2–3438.2
mGy*cm; median = 353.0 mGy*cm).

Lesions
A total of 82 lesions were included in the 57 examinations
(average = 1.44 lesions per exam). The average area of the

Table 2. Patient and lesion characteristics.

Female-to-male ratio 20:37 (35.1%/64.9%)

Age at examination (years) 65.67 ± 10.70 (36–83)

Lesions per case

1 43 (75.4)

2 6 (10.5)

3 6 (10.5)

4 1 (1.8)

5 1 (1.8)

Likely malignant lesions

Likely 37 (45.1)

Possibly 2 (2.4)

Non-classifiable 15 (18.3)

Likely benign lesions (n = 28,

34.1%)

Focal fatty tissue 12 (14.6)

Hemangioma 12 (14.6)

Unclear differential 9 (11)

Abscess 5 (6.1)

Cyst 4 (4.9)

Perfusion artefact 2 (2.4)

Diaphragm movement 1 (1.2)

Values are given as n (%) or mean ± SD (range).

Fig. 2. Exemplary placement of the ROI measurements in axial computed tomography images: liver ROIs (thin, continuous line) and

lesion ROI (thick, dashed line) for liver-to-lesion contrast calculation. ROI, region of interest.
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lesions was 1.45 cm2 (range = 0.1–6.3 cm2; median = 1.1
cm2). In total, 37 lesions were noted as likely to be malig-
nant by the primary radiologist and 28 were defined as
likely benign. Other, non-poorly contrasted seemingly
malignant lesions were noted on 3 (5.3%) scans. Other
benign lesions were noted on 21 (36.8%) scans, with
cysts noted in all cases and additional hemangiomas in 3
(14.3%) cases.

Signal, CNR, SNR, and SNR-liver
In the original AIDR-3D reconstruction, the average lesion
contrast was 40.47 HU. While the average lesion contrast
increased with all three FIRST settings, the SD of the
average lesion contrast also increased. The difference in
lesion contrast among the four reconstructions was statistic-
ally significant (P< 0.001). Lesion SNR was highest with
FIRSTSTR at 4.70 followed by FIRSTSTD. FIRSTMILD

showed an inferior SNR of 3.34 compared to 3.61 in the ori-
ginal AIDR-3D setting (P< 0.001), with FIRSTMILD dis-
playing a lower average lesion attenuation in comparison
to AIDR-3D. However, in the evaluation of CNRBG,
FIRSTMILD showed the highest value of all reconstructions
at 9.55, with all FIRST reconstructions having a signifi-
cantly larger CNRBG than AIDR-3D (P< 0.001). In
CNRL evaluation, FIRSTSTR (3.61) and FIRSTSTD (3.24)
were superior to FIRSTMILD (2.34) and AIDR (2.11; P<
0.001). Detailed results are displayed in Table 3.

Subjective visual analysis
Average combined viewer rating for AIDR-3D lesions was
2.34. Visual rating was significantly inferior in all three
FIRST reconstructions. FIRSTSTR scored best of the
FIRST reconstructions. Full viewer ratings are given in
Table 4. Viewer 1 found a minimal superiority of
FIRSTSTR images in comparison to AIDR-3D.

Evaluation of small lesions
A total of 31 lesions had an area below the threshold of 78.5
mm2. The average lesion signal showed a marked increase
in contrast with FIRSTMILD to AIDR-3D of 8.89 HU.
Signal increase with FIRSTSTD and FIRSTSTR was moder-
ate. Increases in CNRBG and CNRL with all three FIRST
settings were statistically significant. SNR calculation
showed a significant decrease with FIRSTMILD, with both
other settings increasing this metric. Visual analysis

Table 3. Overview of objective results.

AIDR-3D FIRSTSTD FIRSTMILD FIRSTSTR

Lesion attenuation 82.73 ± 26.60

(8.7–186.2)

82.08 ± 28.36

(3.1–186.4)

79.46 ± 29.25

(–6.3 to 186.4)

82.71 ± 28.09

(5.6–186.1)

Liver attenuation 123.20 ± 27.43

(72.73–224.20)

125.02 ± 32.29 (68.47–224.20) 125.30 ± 32.50 (68.83–224.63) 125.45 ± 32.03

(68.03–224.20)

Lesion signal

(HU)

40.47 ± 18.70

(6.33–113.87)

42.94 ± 21.03

(0.37–130.17)

45.84 ± 22.61

(1.63–136.20)

41.74 ± 20.48

(–0.17 to 127.97)

SNR* 3.61

3.47 (0.18–11.14);

2.57–4.42

4.37

3.96 (0.20–13.66);

2.72–5.51

3.34

3.15 (–0.29 to 8.07);

2.20–4.25

4.70

4.15 (0.31–14.03);

2.91–6.13

CNRL* 2.11

2.00 (0.19–5.84);

1.53–2.60

3.24

3.03 (0.02–13.66);

2.78–4.10

2.34

2.25 (0.04–8.55);

1.52–3.00

3.61

3.34 (–0.01 to 11.71);

2.59–4.55

CNRBG* 1.28

1.27 (0.04–4.13);

0.64–1.74

8.87

3.53 (0.001–54.49);

1.74–12.32

9.55

3.68 (0.004–62.39);

1.73–13.22

8.73

3.39 (–0.0004 to 53.69);

1.68–12.18

Values are given as mean ± SD

(range) unless otherwise indicated.

*Values are given as median

(range); 25P–75P.

25P, 25th percentile; 75P, 75th percentile; CNRBG, contrast-to-noise ratio with background noise; CNRL, contrast-to-noise ratio with image noise in liver;

SNR, signal-to-noise ratio.

Table 4. Visual lesion evaluation.

AIDR-3D FIRSTSTD FIRSTMILD FIRSTSTR

Viewer 1 2.14 (2.0;

1.0–3.0)

2.22 (2.0;

2.0–3.0)

2.39 (2.0;

2.0–3.0)

2.12 (2.0;

1.0–3.0)

Viewer 2 2.54 (3.0;

2.0–3.0)

2.77 (3.0;

2.0–3.0)

2.79 (3.0;

2.0–3.0)

2.79 (3.0;

2.0–3.0)

Average (P
< 0.001)

2.34 (2.5;

1.5–3.0)

2.49 (2.5;

2.0–3.0)

2.59 (2.5;

2.0–3.0)

2.46 (2.5;

2.0–3.0)

Values in parentheses are median; 25P–75P.

25P, 25th percentile; 75P, 75th percentile.
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showed AIDR-3D not significantly superior. Full results are
shown in Table 5.

Evaluation of very low-contrast lesions
With an average lesion signal of 40.47 HU and a SD of
18.70, lesions with a signal of 21.77 HU or less were
defined as very low contrast (Fig. 3). Thirteen lesions
were included in this group. Average lesion contrast in
AIDR-3D reconstruction was 14.12 HU. No significant dif-
ference was shown in FIRST reconstructions in this sub-
group. SNR and CNRL showed a significant difference,
with FIRSTSTD and FIRSTSTR showing improved values
and a decrease with FIRSTMILD. CNRBG was significantly
higher with all FIRST reconstructions. Average viewer
ratings showed no significant change of any FIRST recon-
struction in comparison to AIDR-3D. FIRSTSTR scored best
overall. Full results are shown in Table 6.

Discussion
Our study shows potential in increasing lesion conspicuity
with MBIR algorithms. The average lesion signal was
increased; in addition, reductions in image noise show

substantial increases in CNR with all methods. Of the three
different FIRST methods, FIRSTMILD shows most promise
in lesion analysis, with a 13.3% increase of lesion signal
over AIDR-3D. Small lesions, in particular, showed a large
signal increase with FIRSTMILD. Visual analysis of the
lesions did not correlate with objective measures, with all
FIRST methods being inferior to AIDR-3D and FIRSTMILD

scoring poorest of all. The reason for this may be a habituation
to AIDR-3D images, which are seen by both examiners on a
daily basis and have been used at our institution for many
years. One examiner noted that FIRST images generally had
an “artificial” impression on him.

There has been limited testing of the use of FIRST algo-
rithms in abdominal imaging so far. Tabari et al. showed the
possibility of using FIRST reconstruction for sub-Millisievert
imaging, showing significant increases in SNR and CNR of
abdominal lesions in comparison to FBP in sub-Millisievert
CT imaging (27). Our study only evaluated lesions in a stand-
ard imaging protocol, without additional analysis of
ultra-low-dose imaging. Other applications of FIRST have
shown promising results in cardiac CT (28,29) and in the
imaging of lung nodes (30,31). Other similar MBIR algorithms
have also been tested in liver imaging, showing the ability to
further reduce radiation dose while maintaining detectability.

Table 5. Evaluation of small lesions.

AIDR-3D FIRSTSTD FIRSTMILD FIRSTSTR

Signal (HU) (P< 0.001) 49.17 (45.40) 52.84 (49.93) 58.06 (55.63) 50.96 (47.73)

SNR (P< 0.001) 3.65 (3.39) 4.27 (3.58) 3.14 (2.86) 4.59 (3.71)

CNRL (P< 0.001) 2.61 (2.53) 3.97 (3.57) 3.00 (2.71) 4.34 (3.83)

CNRBG (P< 0.001) 1.57 (1.43) 11.08 (4.31) 12.30 (4.71) 10.84 (4.39)

Viewer rating (P= 1.0) 2.26 (2.0) 2.35 (2.5) 2.44 (2.5) 2.34 (2.5)

Values in parentheses are median.

CNRBG, contrast-to-noise ratio with background noise; CNRL, contrast-to-noise ratio with image noise in liver; SNR, signal-to-noise ratio.

Fig. 3. Axial computed tomography images showing a very low-contrast lesion (black arrows) with liver-to-lesion contrast of 13.60

HU in AIDR-3D, increasing to 16.63 HU in FIRSTMILD..
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Pickhardt et al. were able to maintain a sensitivity of 79.3% for
abdominal lesions with an MBIR algorithm while reducing the
dose by an average of 74% (18). Noël et al. showed a signifi-
cantly better detection with MBIR than with HIR and FBP in
77.9% reduced dose CT images (32). Choi et al. were able to
maintain a sensitivity of 97.9% for liver lesions while reducing
the dose by one-third with an MBIR algorithm (33).

The present study has some limitations. We retrospect-
ively analyzed lesions that had been noted as poorly con-
trasted. Due to a large number of radiologists working at
our institution, with a wide spectrum of experience in
abdominal CT diagnostics, the definition of a poorly con-
trasted lesion is fairly subjective. This was mitigated by a
subgroup analysis of very low contrast lesions. We did
not test the impacts of FIRST-LCD on CT scans acquired
with imaging protocols designed for lower-dose scanning;
therefore, we can only infer from the results of the improved
image quality to a potential for dose reduction or better
lesion detection. Evaluations of the lesions were only per-
formed in one image slice; as some lesions are inhomogen-
eous, there may be some slight variations of lesion
attenuation in different slices, although the overall small
average lesion size may mitigate any effects of this. CNR
measurements were performed in reference to image noise
in surrounding air, as well as healthy liver tissue. While
the improvements in CNRBG were profound with all three
FIRST-LCD algorithms, the increases in CNRL were
lower. The measurements of CNRL may, however,
present a more accurate representation of image noise, as
air in general should have no attenuation. Multiple lesions
in one exam were each classified as singular lesions, omit-
ting a weighting of potential patient specific effects, such as
body mass index. Our visual rating only applied to lesion
conspicuity; we did not evaluate the subjective image
quality of FIRST images as a whole. Based on the improved
objective contrast parameters, a prospective head-to-head
analysis of AIDR 3D to FIRST-LCD in the sensitivity of
liver lesion detection to reference imaging with MRI is

warranted to determine true clinical applicability in aiding
in the detection of additional lesions.

In conclusion, MBIR algorithms show a promise in
increasing image parameters to aid in the detection and char-
acterization of liver lesions. One such algorithm, FIRST-
LCD-MILD, was able to significantly improve lesion contrast
by >5 HU (+ 13.27%) and increased the CNRBG by 646.1%
in comparison to a hybrid iterative reconstruction method. Our
research has also shown improved objective image parameters
do not always correlate to a favorable subjective interpretation
by radiologists. Subjective scoring of the visual acuity of the
liver lesions was poorer in all MBIR methods compared to
the original reconstruction, raising the need of further
improvements. Further research is required to determine if
specialized MBIR algorithms can prospectively lead to
improved lesion detection.
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Table 6. Evaluation of very low-contrast lesions.

AIDR-3D FIRSTSTD FIRSTMILD FIRSTSTR

Signal (HU)

(P= 1.0)

14.12 13.72 14.60 13.29

SNR

(P< 0.001)
4.14

(4.19)

5.78

(5.15)

4.03

(3.88)

6.32

(5.48)

CNRL
(P= 0.007)

0.79 1.06 0.75 1.20

CNRBG
(P< 0.001)

0.48

(0.47)

2.08

(1.53)

2.16

(1.50)

2.00

(1.44)

Viewer rating

(P= 0.795)

3.42 (3.5) 3.30 (3.0) 3.58 (3.5) 3.23 (3.5)

Values in parentheses are median.

CNRBG, contrast-to-noise ratio with background noise; CNRL,

contrast-to-noise ratio with image noise in liver; SNR, signal-to-noise ratio.
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