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Objective: To investigate whether the low-tube-voltage (80-kVp), intermediate-tube-current (340-mAs) MDCT using the
Iterative Reconstruction in Image Space (IRIS) algorithm improves lesion-to-liver contrast at reduced radiation dosage
while maintaining acceptable image noise in the detection of hepatocellular carcinomas (HCC) in thin (mean body mass
index, 24 + 0.4 kg/m?) adults.

Subjects and Methods: A phantom simulating the liver with HCC was scanned at 50-400 mAs for 80, 100, 120 and 140-
kVp. In addition, fifty patients with HCC who underwent multiphasic liver CT using dual-energy (80-kVp and 140-kVp)
arterial scans were enrolled. Virtual 120-kVP scans (protocol A) and 80-kVp scans (protocol B) of the late arterial phase
were reconstructed with filtered back-projection (FBP), while corresponding 80-kVp scans were reconstructed with IRIS
(protocol C). Contrast-to-noise ratio (CNR) of HCCs and abdominal organs were assessed quantitatively, whereas lesion
conspicuity, image noise, and overall image quality were assessed qualitatively.

Results: IRIS effectively reduced image noise, and yielded 29% higher CNR than the FBP at equivalent tube voltage and
current in the phantom study. In the quantitative patient study, protocol C helped improve CNR by 51% and 172% than
protocols A and B (p < 0.001), respectively, at equivalent radiation dosage. In the qualitative study, protocol C acquired
the highest score for lesion conspicuity albeit with an inferior score to protocol A for overall image quality (p < 0.001).
Mean effective dose was 2.63-mSv with protocol A and 1.12-mSv with protocols B and C.

Conclusion: CT using the low-tube-voltage, intermediate-tube-current and IRIS help improve lesion-to-liver CNR of HCC in
thin adults during the arterial phase at a lower radiation dose when compared with the standard technique using 120-kVp
and FBP.
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quality

INTRODUCTION primary malignant hepatic tumor worldwide, and its early
detection is paramount to a successful treatment. Several
Hepatocellular carcinoma (HCC) is the most common previous studies have demonstrated that HCCs in their
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early stage showed significantly better survival rates than
those in their advanced stage (1, 2). An important factor
in the diagnosis of HCCs on dynamic computed tomography
(CT) is the lesion-to-liver contrast (1-3) which is directly
related to the intense enhancement of a lesion in the late
arterial phase (4-6). However, accurate diagnosis of small
HCC nodules in a cirrhotic liver on CT can be challenging as
some HCCs show only a subtle increase in hepatic arterial
blood supply (7-9). In addition, despite the tremendous
contributions of CT to health care for patients with liver
cirrhosis and HCC, some attention must also be given to the
risk associated with the ionizing radiation received during
the frequent use of CT for the diagnosis and treatment
monitoring of HCCs (10-12). Thus, there is currently a
clinical demand to reduce radiation dosage in addition to
increasing the sensitivity of CT to reveal small attenuation
increments of HCC nodules.

Many investigators have shown that a low tube voltage (80
kVp) CT scan can provide a better lesion-to-liver contrast for
hypervascular focal liver lesions when compared with a 120
or 140 kVp CT scan in patients with small to medium body
habitus (6, 13-19). This can be explained by the higher
attenuation of X-ray beams caused by the closer energy
level of a low tube voltage to the K edge of iodine (17, 18).
The resulting lower radiation dose, which is proportional
to the square of the tube voltage, is an added benefit to
the low tube voltage CT scan (10, 16). Indeed, reducing
the tube voltage from 120 to 80 kVp has been reported
to lead to a 65% decrease in radiation dose at a constant
tube current (20). However, the main drawback of the low
tube voltage technique is that the reduced photon flux
due to the higher absorption of low-energy photon which
creates a greater image noise (10). Therefore, to realize an
overall improvement of contrast-to-noise ratio (CNR) for
hypervascular liver lesions at low tube voltage, image noise
has to be diminished effectively (4, 21).

Several approaches have been attempted in order to
decrease the noise at low tube-voltage. One is to raise the
tube current-time product (4, 6, 15). However, the increase
of tube current is limited by the heat characteristics of
the rotating anode, while the increase in X-ray exposure
duration is limited by the gantry rotation time in order to
be less impacted by motion artifacts. Another method is to
exploit post-processing development such as an iterative
reconstruction process through adaptive statistical iterative
reconstruction (ASIR) or Iterative Reconstruction in Image
Space (IRIS) algorithm, which can lower the image noise
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usmg calculation and correction in a repeated circuit (22-
24). A previous study by Marin et al (15) demonstrated that
CT scanning using a low tube voltage, high-tube-current
(675 mAs) and the ASIR algorithm increased the CNR of
aorta, liver, and pancreas by a factor of 1.3 to 2.4 when
compared with those with either 140 kVp or 80 kVp and
conventional filtered back-projection (FBP) reconstruction.
However, the study population in their study consisted of
only 10 patients and the contrast of HCC was not evaluated.
In this study, we attempted to investigate whether an
low tube voltage (80 kVp), intermediate tube current (340
mAs) CT using the IRIS algorithm improves lesion-to-liver
CNR at a lower radiation dose in patients with HCC while
maintaining an acceptable level of image noise compared
with a standard 120 kVp CT scan using FBP reconstruction.

MATERIALS AND METHODS

Phantom Study

Phantom Preparation

A liver phantom was created using agar mixed with a
water-soluble contrast agent (Diatrizoatemeglumine and
diatrizoate sodium-solution; Gastrografin, Bayer-Schering,
Berlin, Germany) to attain a similar attenuation coefficient
of the liver parenchyma during the late arterial phase (Fig. 1).
From the liver CT images of our pilot study using the dual-
energy CT scanning mode for HCCs, we were able to measure
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Fig. 1. Axial CT image of phantom at tube voltage of 100 kVP
and 150 mAs. Fifth tube was selected as target lesion to simulate
subtle hypervascular HCC nodules.
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the attenuation value of the liver during the late arterial
phase as 64 + 7.8 HU at 120 kVp (0.3 linear blending
image). Based on this data, the amount of Gastrografin (0.8
mL per 100 mL agar) was selected to simulate a contrast-
enhanced liver during the late arterial phase. The mean
attenuation values of the liver phantom were 78 HU for 120
kVp scanning and 130 HU for 80 kVp scanning.

Ten conical 15-mL tubes (Falcon; BD Biosciences, Franklin
Lakes, NJ, USA) were filled with various concentrations of
iodinated contrast medium (25). These tubes were placed
in the central portion of the liver phantom to simulate HCC
nodules in the liver. The consequent liver and HCC phantom
was placed in a water-filled plastic container which was
cylindrical with elliptical cross sections. The phantom was
shaken just before each CT scan to minimize the risk of
iodine sediment in the tubes. The mean attenuation values
were 14, 18, 53, 70, 87, 117, 133, and 139 HU for 120 kVp.
The 5th tube was selected as the target lesion to simulate
subtle hypervascular HCC nodules in the late arterial phase
with a lesion-to-liver attenuation difference of 10 HU at
120 kVp.

Scan Protocol

We used the larger tube of the dual source CT scanner
(SOMATOM Definition; Siemens, Forchheim, Germany) in
the single energy mode (collimation, 14 x 1.2 mm; rotation
time, 1 second; pitch, 0.85; peak kVp 80, 100, 120, and
140). A total of 10 scans were performed with 50, 75, 100,
125, 150, 200, 250, 300, 350 and 400 mAs for each kVp.

CT Image Reconstruction

Reconstruction of raw CT data was performed using
standard FBP and IRIS algorithms, which are embedded
in the CT scanners, respectively (Somatom Definition;
Siemens). IRIS is an iterative reconstruction technique
in which the signal generation process is modeled and a
correction loop is introduced into the image reconstruction
(26, 27). Several image processing steps including
reprojection, regularization, and a chain of iterative
non-linear image processing steps are required for IRIS
reconstruction. Once an image has been reconstructed
from the measured projections, ray tracing is performed
to calculate new projections that exactly represent the
reconstructed image. This step, called reprojection,
simulates the CT measurement process, but with the image
as the “measurement object.” The deviation between the
measured and the calculated projections is used to derive
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correction projections, and then to reconstruct a correction
image and update the original image. This loop is continued
until the deviation between the measured and the
calculated projections is smaller than a predefined limit (27).
Each time the original image is updated, a non-linear image
processing algorithm is used to enhance spatial resolution
at higher object contrasts and to reduce image noise in low
contrast areas. This step is called “regularization”, and it is
essential for the noise reduction of iterative reconstruction.
The next step involves a chain of iterative non-linear image
processing steps, which are locally adapted and optimized
according to the local image noise and image structure (26,
27).

Data Analysis and Statistical Methods

All measurements were performed at a commercially
available workstation (XW6200; Hewlett-Packard, CA, USA)
with the PACS software (Maroview 5.4; Infinitt, Seoul,
Korea). Regions of interest (ROI) were selected for the
simulated lesion and agar background of the phantom. The
contrast-to-noise-ratio (CNR) of the lesion was calculated
as CNR = (ROLiesion-ROIgackground) / 6, where ROI esion and
represents the mean attenuation value of the simulated
lesion. Further, ROIgsckground i the mean attenuation value of
the phantom background, and o is the standard deviation
of the phantom background attenuation value. The constant
sizes of the maintained ROI were approximately 1100 mm?
for the background and 92.05 mm? for the simulated lesion.
The image noise was determined by the standard deviation
of the ROI placed on the agar portion simulating the liver
parenchyma.

As for a given beam quality, the CNR increases in
proportion to the square root of the radiation dose; thus,
direct comparisons of image quality characteristics between
images with different radiation dose was impossible. To
solve this problem, the CNR was normalized to an effective
dose (ED) for each protocol by using a figure of merit (FOM),
which was defined as follows: FOM = CNR? / ED. The FOM
enabled the assessment of CNR independent of the tube
current and effective dose (4, 28, 29).

Computed tomography dose index (CTDIvol)
autocalculated by an implemented program, was used
as the effective dose. As we used only one phantom and
CTDIvol was not a dependent value of the scan length,
using CTDIvol as the effective dose seemed optimal (29,
30).
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Patient Study

Patients

We obtained approval for this retrospective study from the
institutional review board of our hospital. Written informed
consent was not required because the image data were
obtained from routine liver CT examinations retrospectively.
The case accrual process (Fig. 2) and the control of data
and information were managed by two authors (S.H. and
J.M.L.).

From March through May of 2010, 117 consecutive
patients with known or suspected HCC underwent
multiphasic liver CT imaging with a 64-channel dual-energy
multi-row detector CT scanner (Somatom Definition). The
presence or suspicion of HCC was determined on the basis
of the results of prior cross-sectional imaging examinations
(n = 86), abnormally increased tumor marker (a-fetoprotein)
levels (n = 20) or both (n = 11). We retrospectively
reviewed the patient medical records and radiologic reports
using our electronic medical records system (Bestcare;
Ezcaretech, Seoul, Korea). Fifty patients (38 men and 12
women; mean age, 61 years,) were included in the study
group after exclusion of 67 patients due to the following
reasons: (@) Thirty-seven patients had innumerable
disseminated HCC (more than 10 typical early-enhancing/
delayed-washout nodules on dynamic CT). (b) Twenty-six
patients were proven not to have HCCs according to the
reference standard. (c) Four patients were lost to follow up
before obtaining confirmation of liver nodules according to
the reference standard.

The mean body mass index (body mass index = weight in

Eligible patients (n = 117)
Suspected of having HCC
by prior image or AFP increase

Excluded patients (n = 67)

- More than 10 HCC
nodules (n =37)

- Not having HCC according
to standard of reference
(n =26)

- No standard of reference
(n=4)

Study population (n = 50)
patients with HCC (nodules = 74)
| |
Histopathology (n = 6)
- Liver transplantation (n = 4)
- Biopsy (n = 2)

Radiologic diagnosis by
AASLD criteria *(n = 44)

Fig. 2. Flow chart of study population enrollment based on
recommended standards for reporting diagnostic accuracy

and proof of tumor burden. *Follow-up was performed with
multidetector CT, MR imaging, or both after minimum of 6 months.
AASLD = American Association for Study of Liver Disease
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kg divided by the square of height [m]) was 24 + 0.4 kg/m’
(ranging from 17.2 to 30.7 kg/m?).

Lesion Confirmation: Reference Standard

The overall lesion confirmation process summarized in
Figure 2 was obtained in consensus by two radiologists
(J.H.P and J.K.H, with 3 and 20 years of clinical
experience, respectively) who had not participated in the
CT interpretation sessions. In total, the 50 patients proved
to have 74 HCC nodules. There were 32 patients with one
lesion, 13 patients with two lesions, four patients with
three lesions and one patient with four lesions. Overall, the
mean transverse diameter of the nodules was 1.37 cm (range:
1.0-3.3 cm).

In four patients (4/50, 8%) who had undergone Liver
transplantation, the presence of all lesions identified
radiographically was determined histologically on a per-
lesion basis by means of thorough interpretation of the
available preoperative images obtained at CT, MR, or
intraoperative ultrasonography, as well as the surgical
and pathologic findings. Gross and histologic analyses
of all resected livers were performed by a hepatobiliary
pathologist with 10 years of clinical experience. All resected
livers were initially sectioned at no more than 5-mm
intervals in the sagittal plane. In addition, two patients
(2/50, 4%) had a histologic diagnosis of HCC through a
liver biopsy and underwent radiofrequency ablation (RFA).
Follow-up CT and/or MR imaging was performed at least
6 months after the procedure, and there was no evidence
of HCC in the residual liver. The other 44 patients (44/50,
88%) were diagnosed radiologically as having HCCs
according to the practice guidelines from the American
Association for the Study of Liver Disease, which suggested
the typical vascular pattern (hypervascular in the late
arterial phase, and washes out in the portal/venous phase)
in one dynamic imaging technique for hepatic nodules with
a diameter larger than 1 cm as the diagnostic criteria in a
cirrhotic liver (1). These patients were treated by either RFA
or transcatheter arterial chemoembolization (TACE), and
follow-up imaging studies were performed until at least 6
months after the initial diagnosis.

Scan Protocol

Multiphasic liver CT scans consisting of precontrast,
late arterial, portal venous, and equilibrium phase images
were routinely obtained using a dual energy CT scanner
(SOMATOM Definition, Siemens). Only late arterial images
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were obtained in the dual energy mode with each X-ray
tube operating at 80 kVp and 140 kVp, respectively (29,
31). Precontrast, portal venous and equilibrium phase
images were obtained using 120 kVp tube energy. Iodinated
contrast media of 370 mgl/mL (iopromide, Ultravist 370;
Bayer-Schering, Berlin, Germany) at a dose of 1.5 mL/kg (=
555 mgl/kg) per body weight, was injected for 30 seconds
using a power injector (Stellant Dual; Medrad, Indianola,
PA, USA) and was followed by injection of 30 to 40 mL of
normal saline (32). Timing for the late arterial phase scan
was determined using the care bolus technique (Siemens),
i.e., late arterial phase scanning was automatically

started 17 seconds after the attenuation coefficient of the
abdominal aortic blood reached 80 HU at 140 kVp (32, 33).
Late arterial phase images were obtained in the dual energy
mode using the following parameters: collimation, 14 x 1.2
mm; rotation time, 0.5 second; pitch, 0.85. The automatic
dose modulation protocol provided by the manufacturer
(CareDose4D, Siemens), adjusted tube current in real-

time to maintain image noise at the optimal level (34).
The reference tube current time product was set at 80 mAs
for a 140 kVp tube and at 340 mAs for a 80 kVp tube. The
tube current required of a 80 kVp tube was roughly four
times that of a 140 kVp tube in order to match the noise
level to the possible extent (35). These tube currents were
chosen so that the images created are approximately dose-
matched compared with a single source CT acquisition at
120 kVp when the CTDIvol of both tubes were added. The
reference tube currents were 150 mAs for precontrast and

A
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210 mAs for portal venous and equilibrium phase scan
settings. The effective dose for arterial liver scanning with
dual energy was approximately 2.63 mSv. The mean dose
ratio between 140 kVp tube and 80 kVp tube was 1.3 : 1.
Thus, the effective dose for arterial liver scanning with a 80
kVp tube was approximately 1.12 mSv. The effective dose
for precontrast scans using a 120 kVp tube with a reference
current of 150 mAs was 1.11 mSV, whereas the sum of the
effective dose for portal venous and equilibrium phase
scanning using a 120 kVp tube with a reference current of
210 mAs was 6.73 mSv. Therefore, the total effective dose
for our liver protocol CT scanning was approximately 10.47
mSv (29). The effective doses for these protocols were
computed according to published guidelines (36).

CT Image Reconstruction

The virtual 120 kVp images of late arterial phase were
generated by linearly blending the 140 kVp and 80 kVp
raw image with a 0.3 weighting factor and reconstructed
into image sets for protocol A by using the standard FBP
algorithm with a soft-tissue kernel (D30s) (29). The 80
kVp raw data were reconstructed into protocol B image
sets by using the standard FBP algorithm with a soft-
tissue kernel (D30s) and into protocol C image sets using
the IRIS algorithm with a soft tissue iterative kernel
(I30s) (Siemens Medical Solutions) (Fig. 3). In our study,
the average reconstruction time for the IRIS algorithm
was approximately 5 images per second while that for the
standard FBP reconstruction algorithm was approximately

C

Fig. 3. Axial contrast-enhanced multidetector CT images obtained by using preset soft-tissue window (window width, 300 HU;
window level, 40 HU) in 61-year-old man with HCC nodule in left lobe of liver. Images obtained during late arterial phase with (A)
protocol A (linearly blended virtual 120 kVp, FBP), (B) protocol B (80 kVp, FBP), and (C) protocol C (80 kVp, IRIS) show substantially
reduced image noise with protocol C compared to image noise with protocol B. Note reduced conspicuity of hypervascular liver tumors in
due to decreased iodine attenuation at higher tube voltage settings compared with tumor conspicuity in B and C.
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40 images per second.

Quantitative Study

An abdominal radiologist (S.H, with 3 years of experience
in gastrointestinal and hepatobiliary imaging), aware
of the location of confirmed HCC lesions, performed the
quantitative measurements. The three image sets, obtained
with protocols A, B, and C in each patient, were displayed
side by side with a preset soft-tissue window (window width,
300 HU; window level, 40 HU). We measured the mean CT
attenuation values (in Hounsfield units) in the HCC nodules,
aorta, liver, pancreas and bilateral paraspinal muscles by
manually placing circular ROIs (15). The attenuation of
HCC nodules was recorded from a single drawn ROI (mean
number of pixels, 80; range, 12-644 pixels) that was as
large as the nodule at the image level, which showed the
largest diameter of the lesion. Lipiodolized or necrotic
portions which showed heterogeneous attenuation, if any,
were carefully avoided (Fig. 4). The attenuation of the aorta
was recorded from a single drawn ROI (mean number of
pixels, 312; range, 154-2341 pixels) that was as large as the
vessel lumen. Calcifications and/or soft plagues of the aortic
wall were carefully avoided. The attenuation of the liver
was recorded as the mean measurement of four ROIs (mean
number of pixels, 524; range, 109-1711 pixels) placed in
the right anterior, right posterior, left medial and left lateral
segments of the liver. Areas of focal changes in parenchymal
attenuation, large vessels, and prominent artifacts, if any,
were carefully avoided. The attenuation of the pancreas was
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recorded as the mean measurement of three ROIs (mean
number of pixels, 113; range, 22-379 pixels), which were
placed at the level of the pancreatic head, body, and tail.
Areas of focal changes in parenchymal density, large vessels,
pancreatic ducts, and prominent artifacts were carefully
avoided. The attenuation of the two paraspinal muscles was
recorded from two ROIs (mean number of pixels, 497; range,
171-950 pixels) while excluding macroscopic areas of fat
infiltration. For each protocol, image noise was measured
as the standard deviation of the pixel values from a circular
ROI (mean number of pixels, 247; range, 30-924 pixels)
drawn in a homogeneous region of the subcutaneous fat of
the anterior abdominal wall. For all measurements, the size,
shape, and position of the ROIs were kept constant among
the three protocols by applying a copy and paste function
at the workstation.

For each of the three protocols, CNR of the lesion was
calculated using the following equation: CNR = (ROLiesion
- ROLiver) / 0, where ROIesion is the attenuation of the
HCC nodule, ROI.. is the mean attenuation for the liver
parenchyma, and o is the mean image noise. Similarly,
CNR relative to muscle for the aorta, liver, and pancreas
was calculated by the following equation: CNR = (ROIogan
- ROIyusce) / o, where the ROIgqan is the mean attenuation
of the organ at interest, and the ROIMuscle is the mean
attenuation of the paraspinal muscles (15).

As in the phantom study, CNR values for lesions or organs
of each protocol were normalized to the effective dose by
using an FOM (Fig. 5) (4, 28, 29). To establish a similar

Fig. 4. Axial contrast-enhanced multidetector CT images obtained in 45-year-old man during late arterial phase with (A) protocol
A (linearly blended virtual 120 kVp, FBP), (B) protocol B (80 kVp, FBP), and (C) protocol C (80 kVp, IRIS), which show ROIs
manually drawn on HCC nodule (ROI 1), aorta (ROI 2), liver (ROIs 3-6), pancreas (ROIs 7, 8), paraspinal muscle (ROI 9, 10),
and subcutaneous fat of anterior abdominal wall (ROI 11). Another ROI was drawn in other axial image (not shown) to measure
attenuation value of pancreatic head. For all measurements, size, shape, and position of ROIs were kept constant among three protocols
by applying copy-and-paste function at workstation.
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Fig. 5. Relationship of CNR versus effective dose.

(A) Scatterplots and non-linear regression of lesion-to-background CNR versus effective dose at each kVp and reconstruction method in
phantom study. The non-linear regression fit is represented by following equation, CNR = v/(FOM x ED). Regression analysis resulted in
FOM values from 0.03 to 0.58 for each condition with p values of less than 0.001. (B) Imaginary graphs of lesion-to-liver CNR versus
effective dose for three CT protocols in patient study by following equation of CNR = +/FOM x ED, which were proven in phantom study.
Lesion-to-liver CNR can be increased in protocol C moreso than in protocols A or B at constant effective dose. Alternatively, effective

dose can be reduced in protocol C moreso than in protocols A or B.

independent relationship for image noise, an FOM for
the image noise (FOMN) normalized to the dose was also
calculated using the following formula: FOMN =1 / (c° -
ED), where ¢” is the squared noise value (15).

Qualitative Study

Two radiologists (S.J.K and J.M.L, with 10 and 20 years
of post-training experience, respectively, in interpreting
abdominal CT) independently reviewed the late arterial
phase CT images. To minimize recall bias, an image set from
the three protocols of each patient was randomly allocated
to three separate reading sessions with an interval of two
weeks; in this manner, an image set of a patient appeared
only once during each reading session. The radiologists
evaluated HCC lesion conspicuity, image noise, and overall
image quality, and were blinded to the CT parameters and
reconstruction methods. However, information on the
number and location of confirmed HCC lesions according
to the reference standard were provided in order to allow
a decision on lesion conspicuity. During the review, the
observers were allowed to alternate only between a soft-
tissue window (width, 300 HU; level, 40 HU) and a
dedicated liver window (width, 150 HU; level, 90 HU).

The criteria for image grading were consensually
established between the readers prior to the start of image
reading. HCC lesion conspicuity was assessed on a five-point
scale; score 5, definitely distinct; score 4, fairly distinct;
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score 3, moderately distinct; score 2, barely distinct; and
score 1, not distinct (14). HCC lesion conspicuity was
recorded as “definitely distinct” when the HCC lesion had
a higher attenuation than the intrahepatic portal vein
and a well-defined margin from the peripheral hepatic
parenchyma. It was considered “fairly distinct” when an HCC
had higher attenuation than the intrahepatic portal vein
but had an ill-defined margin or similar attenuation with
the portal vein and well-defined margin. It was considered
“moderately distinct” when an HCC had similar attenuation
compared to the portal vein and ill-defined margin. It

was considered “barely distinct” when an HCC had a lower
attenuation value than the portal vein but was relatively
distinguishable from peripheral hepatic parenchyma. It
was considered “not distinct” when the lesion could not
be distinguished from the peripheral hepatic parenchyma
without any provided information regarding the location
of the lesion. For analysis of image noise and overall
image quality, a three-point ordinal scale was used as
follows: score 3, excellent; score 2, acceptable; and score
1, unacceptable (17). A rating of “excellent” for image
noise was assigned when mottling was minimal or less
than appreciable levels. The image noise was considered
to be “acceptable” in cases with an average amount of
mottle or graininess, satisfactory visualization of small
anatomic structures such as blood vessels, and variable
attenuation of the interface between structures. Image
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noise was considered to be “unacceptable” in cases where
the amount of mottle interfered with the visualization of
these structures. Overall image quality was graded according
to the observers’ subjective impression of the image. Image
noise was considered to be “excellent” when the impression
of the image quality was equivalent or superior to the
standard liver CT technique in current clinical practice.
Image noise was considered to be “acceptable” when the
impression of the image quality was slightly inferior to the
current standard but still adequate for HCC lesion detection.
Image noise was considered to be “unacceptable” when

the impression of the image quality was so poor that it

was not adequate for lesion detection. All image reviews
were performed on PACS software (Maroview 5.4, Infinitt)
running on a workstation (XW6200, Hewlet-Packard), with
two 2048 x 1536-pixel 20.8-inch monochrome liquid crystal
display monitors (ME315L; Totoku Electric, Tokyo, Japan).

Statistical Analysis

For the evaluation of differences in image noise, CNR, and
corresponding FOM among the three protocols, a repeated-
measures analysis of variance (RMANOVA) was performed,
with protocols serving as the analysis of variance
factors. The estimates from this model were compared
in pairwise fashion using the Bonferroni adjustment for
the three comparisons. For data which could not pass the
Kolmogorov-Smirnov normality test, the nonparametric
Friedman test was applied instead of the RMANOVA (29).
The Friedman test was used to investigate statistically
significant differences in qualitative scores recorded by
the two radiologists. If there was a statistically significant
difference among the groups, pairwise comparisons were
performed using the Steel-Dwass test. For all studies, a
difference with a p value of less than 0.05 was considered
to be statistically significant. Interobserver agreement was
evaluated using kappa statistics (37). The scale for the k
coefficients for interobserver agreement was as follows: less
than 0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-

Table 1. Result of Calculated FOM* in Phantom Study

Tube-voltage (kVp) FBP IRIS
80 0.33 0.58

100 0.16 0.24

120 0.08 0.14

140 0.03 0.05

Note.— *FOM = CNR? / ED. FOM = figure of merit, CNR =
contrast-to-noise ratio, ED = effective dose
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0.80, substantial; and 0.81-1.00, almost perfect. Statistical
analysis software (SPSS for Windows, version 17.0, SPSS,
Chicago, IL; SigmaPlot 11.0, Systat Software, San Jose, CA,
USA) was used for all statistical analyses in our study.

RESULTS

Phantom Study

Scatterplots of lesion-to-background CNR versus effective
dose for each kVp and reconstruction methods can be seen
in Figure 5. The non-linear regression fit was represented
by the following equation, CNR = +/(FOM x ED), which was
deduced by the definition of FOM (FOM = CNR? / ED). FOM
values were summarized by this regression analysis in Table
1. The FOM increased as the tube voltage decreased from
140 to 80 kVp. The FOM of the images reconstructed with
IRIS was higher than that with FBP by an average 65.5%
at each tube voltage (75.7% at 80 kVp, 53.0% at 100 kVp,
74.1% at 120 kVp, and 59.5% at 140 kVp, respectively),
which means IRIS achieved a 28.6% higher CNR than
conventional FBP at an equivalent effective dose.

Patient Study

Quantitative Study

Mean image noise was significantly lower with protocol
A (13.5 HU) and protocol C (13.6 HU) than with protocol
B (20.0 HU) (p = 0.001, both). There was no significant
difference in image noise between protocol A and protocol
C (p = 1.000). With the recognition that different radiation
doses were delivered with each protocol, our FOM results
indicated that the use of protocol C led to a nearly two-fold
decrease in noise compared with the noise at protocols A
and B (p < 0.001, both). In addition, protocol C achieved
significantly higher lesion-to-liver CNR and lesion-to-liver
FOM when compared with protocols A and B (p < 0.001,
both) (Table 2). The ratio of lesion-to-liver FOM of protocol
C to that of protocol A and to that of protocol B were 7.11
and 2.40, respectively. These are compatible with those
of the phantom study, in which the ratio of FOM of 80 kVp
image with IRIS (corresponding to protocol C) to that of
120 kVp image with FBP (corresponding to protocol A)
and to that of 80 kVp image with FBP (corresponding to
protocol B) were 7.36 and 1.71, respectively. Similarly,
protocol C yielded significantly increased CNR and FOM
values for the aorta, liver and pancreas when compared with
protocols A and B with statistical significance (p < 0.001,
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Table 2. Image Noise, CNR, FOM, and Effective Dose for Protocols A, B and C in Quantitative Patient Study
P Value
CT Parameter Protocol A Protocol B Protocol C Protocol C vs. Protocol C vs. Protocol A vs.
Protocol A Protocol B Protocol B
. 13.50+0.30  20.0£0.40  13.60 + 0.40
Image noise (HU) (11.0-20.4) (14.9-27.1) (8.1-20.8) 1.000 0.001 0.001
CNR
. . 253+£0.17  2.84+0.18 4.28+0.29
Lesion-to-liver (1.41-3.49) (1.77-3.65) (2.57-5.50) 0.001 0.001 0.041
18.87 +0.55  20.39£0.57  30.78 + 1.00
Aorta (16.61-20.54)  (18.49-23.00)  (27.01-34.50) 0001 0001 0008
. 0.96+0.11  0.89+0.090  1.32+0.14
Liver (0.53-1.3) (0.56-1.21) (0.79-1.75) 0001 0001 0.245
439£0.16  3.76+0.12 5.76 + 0.20
Pancreas (3.70-5.20)  (3.26-4.31) (4.82-6.66) 0.001 0.001 0.001
FOM
. 3.88+0.55  11.49+1.90  27.58 +5.46
Lesion (0.87-5.28)  (3.00-12.70)  (6.28-30.45) 0001 0001 0-122
149.59 +9.60 411.22 +27.09 961.24 + 77.78
Aorta (120.6-172.4) (278.01-493.5) (601.5-1141.8) 0001 0001 0.001
. 0.61£0.11  1.16 £ 0.22 2.58 + 0.48
Liver (0.096-0.69)  (0.27-1.35) (0.59-3.07) 0.001 0.001 0-138
8.19+0.61  14.02+0.99  33.24 +2.58
Pancreas (578-1058)  (9.61-16.91)  (20.70-40.90) OO 0001 0.002
2.63+£0.09  1.12 +0.04 1.12 + 0.04
Effectdose (MSV) 1 50.5.60)  (0.65-2.46) (0.65-2.46) 0001 ; 0.001

Note.— Data are mean values + standard errors of mean; numbers in parentheses represent ranges (25-75%).

all).

If the effective dose was kept constant with that of
protocol A (mean 2.63 mSv), protocol C could yield
significantly greater CNRs for the HCC nodule, aorta, liver
and pancreas by factors of 2.72, 2.51, 2.73 and 2.04,
respectively when compared with protocol A (p < 0.001
all) (Fig. 5). In addition, when protocol C was compared
with protocol B, a similar finding of the increased CNRs
in the HCC nodule, aorta, liver and pancreas (1.51, 1.50,
1.50 and 1.53 respectively) was observed with statistical
significance (p < 0.001, all). Alternatively, when the CNR
was kept constant, protocol C yielded on average an 83%
decrease in effective dose compared with protocol A and a
54% decrease in effective dose compared with protocol B (p
< 0.001, all).

Qualitative Study

The quality scores assigned by the two radiologists
and the level of interobserver agreement are shown in
Table 3. Both readers graded the highest score of lesion
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conspicuity for protocol C and a similar score of image
noise between protocols A and C, while marking the lowest
score for protocol B. Meanwhile, the score for overall image
quality was higher in protocol A than in protocols B and C.
Interobserver agreements on lesion conspicuity, image noise
and overall image quality were moderate (Cohen’s kappa =
0.47, 0.59 and 0.40, respectively).

DISCUSSION

In our study, low tube voltage (80 kVp), intermediate
tube current (340 mAs) CT images using the IRIS algorithm
during the late arterial phase showed better lesion
conspicuity for hypervascular HCCs at a lower radiation
dosage than standard 120 kVp CT images using the FBP
algorithm, both quantitatively and qualitatively (p < 0.05).
We believe that this could be attributed to the combined
effect of increased contrast enhancement of the tumors
compared with the surrounding liver tissue generated by the
low tube voltage (80 kVp), as well as compensated image
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Table 3. Qualitative Study Scores for CT Protocol A, B, and C
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Observer A Observer B Cohen's
A B C A B C Kappa*
Lesion conspicuity 2.96 3.63 4.34 2.72 3.52 3.83 0.47
P value < 0.05 < 0.05 < 0.05 < 0.05 > 0.05 < 0.05
Avs. B Bvs.C Cvs. A Avs. B Bvs.C Cvs. A
Image Noise 2.73 2.10 2.91 2.87 2.12 2.73 0.59
pvalue <0.05¢ < 0.05¢ > 0.05 < 0.05¢ < 0.05¢ > 0.05
Avs. B Bvs. C Cvs. A Avs. B Bvs. C Cvs. A
Overall Image Quality 2.86 2.20 2.20 2.88 2.53 2.33 0.40
- <0.05' > 0.05 <0.05' <0.05' > 0.05 <0.05'
A vs. B Bwvs. C Cvs. A A vs. B Bvs. C Cvs. A

Note.— Lesion conspicuity were rated on five-point scale, where 5, definitely distinct; 4, fairly distinct; 3, moderately distinct; 2,
barely distinct; and 1, not distinct. Image noise and overall image quality were rated on three-point scale, where 3 was excellent;
2, acceptable; and 1, unacceptable. Data are mean scores. *Values were reported as follows: poor, less than 0.20; fair, 0.21-0.40;
moderate, 0.41-0.60; substantial, 0.61-0.80; and almost perfect, 0.81-1.00, 'Value shows statistically significant difference in

pairwise comparison using Steel-Dwass test.

noise of the 80 kVp data set through the IRIS algorithm.
The attenuation difference between a hypervascular HCC
and the background liver parenchyma was increased as
the tube voltage decreased from 120 to 80 kVp because
of the increased attenuation of iodine at 80 kVp (4).
However, this increased attenuation difference of the low
tube voltage image with FBP reconstruction (protocol B)
was offset by increased image noise, which is the most
notable disadvantage of low tube voltage CT (13, 38, 39),
and therefore, the lesion-to-liver CNR was similar to that
of conventional CT imaging using the FBP reconstruction
algorithm (protocol A). On the contrary, the increased
attenuation difference of low tube voltage images with IRIS
reconstruction (protocol C) resulted in higher CNR than
protocol A by achieving similar image noise with protocol A.
In addition, protocol C acquired the highest score for lesion
conspicuity and an equivalent score with protocol A for
image noise in the qualitative study. Based on our results,
we believe that a late arterial phase CT scan at a low tube
voltage and intermediate tube current setting using the
IRIS algorithm may provide better conspicuity of small and/
or subtly enhancing HCCs than standard 120 kVp imaging.
In our study which included many thin adults, an
intermediate tube current was used for 80 kVp scanning
with the IRIS algorithm, which resulted in a 41-84%
decrease in the effective dose compared with 120 kVp
scanning using the FBP algorithm, when the CNR was kept
constant. Therefore, we believe that low tube voltage
scanning with an intermediate tube current and the IRIS
algorithm may result in a larger dose reduction than that
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of a higher tube current, and may be particularly beneficial
for young patients with chronic liver disease or those

with a previously treated HCC who are at high risk for
hepatic neoplasms and need repeated multiphasic contrast-
enhanced liver CT examinations during their life span. Our
study results are in good agreement with the results of the
previous study by Marin et al. (15), which demonstrated
that the ASIR algorithm improves image quality compared
with standard FBP reconstruction and has the potential

to decrease radiation dose at low tube voltage, high-
tube-current multidetector abdominal CT during the late
hepatic arterial phase. However, there was a difference
between the two studies: the intermediate tube current
(approximately 340 mAs) was used for 80 kVp scanning in
our study whereas high tube current (540 mAs) was used
in the previous study (15). Had we selected a higher tube-
current to offset the higher image noise, further reduction
in image noise could have been possible at the cost of

an increase in radiation dose. However, the application

of higher tube current (> 600 mAs) can be limited by the
type of CT scanner or vendor: the maximum tube current
for the Definition scanner which was used in our study,
was only 500 mAs. An additional difference between the
two studies was that we analyzed the lesion to liver CNR
of hypervascular HCCs in our study but only evaluated
organ to muscle CNR was evaluated in the previous study.
In addition, there were many patients with relatively
small to medium body habitus with BMI smaller than

30 in our study, whereas there were patients with BMI
higher than 30 in the previous study. Therefore, our study
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results successfully demonstrated the advantage of low
tube voltage and intermediate tube current CT imaging
using the IRIS algorithm for the detection of HCC in thin
adults. Moreover, we analyzed image sets with IRIS or FBP
reconstruction using either standard tube-voltage or low
tube voltage regarding lesion conspicuity, image noise and
overall image quality qualitatively; however, a qualitative
analysis was not performed in the previous study

Our study had several limitations. First, the effect of
native x-ray attenuation of unenhanced liver parenchyma
and iodine circulation during enhancement study in
real patients were not considered in our liver phantom.
The consequence was the significant discrepancy in
CT attenuation value at 80 kVp scanning between the
parenchyma of phantom and that of real patients (130
HU vs. 74 HU, respectively). However, the result of
our phantom study is still valid because CNR was not
determined by the absolute attenuation value, but by the
difference between the parenchyma and the lesion, which
was reliably reproduced in our experiment. Second, our
study was retrospective and therefore, there may have been
a selection bias, which is unavoidable in a retrospective
study. However, we applied strict criteria for inclusion and
exclusion. Third, a significant increase in lesion conspicuity,
which was shown in our study by analyzing the CNR,
FOM and qualitative study of the confirmed HCC lesions
does not mean better diagnostic performance by itself.
Better conspicuity of an arterial enhancing lesion might
increase the false positive diagnosis for HCC due to the
greater detection of arterioportal shunts or heterogeneous
parenchymal enhancement. Therefore, further prospective
clinical studies are warranted to prove the improvement in
diagnostic performance such as evaluating the sensitivity
and specificity by implementing the IRIS algorithm with a
higher level of evidence. Fourth, there were several patients
without histopathologic proof of their lesions. Fifth, the
majority of patients enrolled in this study had relatively
small to medium body habitus with a BMI smaller than 30.
Thus, the conclusion of this study should be applied with
caution to the patients with a BMI higher than 30. Last,
IRIS reconstructed images failed to show a better overall
image quality score, which was made on the subjective
impression of the image by observers despite the lower
noise and higher lesion conspicuity; this may be the result
of the unfamiliarity of plastic-like image impressions of
iterative reconstruction (26). The possibility that this
unfamiliarity of the characteristic images generated by IRIS
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may negatively influence the interpretation of radiologists
should be considered before the implementation of IRIS
into routine clinical abdominal imaging.

In conclusion, the IRIS algorithm yields a significant
improvement in image quality for MDCT images at low
tube voltage (80 kVp), intermediate tube current (340
mAs) setting and further, may be effective for reducing
patient radiation dose and for improving the conspicuity of
hyperenhancing HCCs in thin adults when compared with
standard 120 kVp CT images using the FBP reconstruction
algorithm.
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