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CNRpv to m were significantly better with iDose than those 
of FBP images. Qualitative assessment also showed sig-
nificantly better results with iDose compared with FBP 
(p < 0.05) and the parameters for subjective image qual-
ity were highest with iDose level 4.
Conclusions  The hybrid IR technique is able to reduce 
image noise and to provide better image quality than FBP, 
and an intermediate strength of iDose (level 4) provided the 
highest quality images.

Keywords  Hybrid iterative reconstruction · CT · Image 
quality · Reconstruction algorithm

Introduction

The explosive growth of the use of computed tomography 
(CT) can be attributed to its wide availability, speed, and 
diagnostic benefits [1, 2]. While this increase is associated 
with significant improvements in diagnostic performance, 
it has also caused an increase in radiation exposure and the 
risk of radiation-induced cancer [3]. Not only for patients 
who undergo multiple CT studies during the course of 
their follow-up, but also for paediatric patients who are 
sensitive to radiation hazards as well as the general popu-
lation who undergo CT scans for routine checkups, radi-
ation dose reduction is an important issue [4]. Owing to 
the radiation dose concerns associated with CT, several 
approaches, including automated tube current modula-
tion, new image acquisition, and new reconstruction algo-
rithms, have been used to reduce the radiation dose [5, 6]. 
Amongst these approaches, several iterative reconstruc-
tion (IR) algorithms of major vendors are widely used to 
achieve radiation dose reduction without image degrada-
tion [6].

Abstract 
Purpose  This study sought to investigate the effect of 
the hybrid iterative reconstruction (IR) algorithm (iDose, 
Philips Healthcare) on the improvement of image quality 
of computed tomography (CT) scans of the liver and deter-
mine the appropriate level of IR strength for clinical use.
Materials and methods  A total of 75 patients (41 men 
and 34 women; mean age, 59.5  years) with a primary 
abdominal malignancy who underwent two-phase liver 
CT scans for the work-up of their liver metastases, were 
included in this study. The CT images during the portal 
phase were reconstructed using either filtered back projec-
tion (FBP) or the hybrid IR algorithm with six different 
levels of IR strengths. The sign0al-to-noise ratio of the 
liver (SNRliver) and the contrast-to-noise ratio of the portal 
vein to muscle (CNRpv to m) were measured. For qualita-
tive analysis, image noise, visibility of small intrahepatic 
vascular structures, beam-hardening artefact, lesion con-
spicuity, and overall image quality were graded by two 
radiologists.
Results  Quantitative analysis demonstrated that image 
noise was significantly reduced along with the increas-
ing level of iDose and that the values of SNRliver and 
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Results of recent studies [5–7] have shown that new IR 
algorithms produce up to 66 % radiation exposure reduc-
tion without significant image degradation, compared with 
standard dose CT using filtered back projection (FBP). 
New iterative reconstructions assume that noise is not 
evenly distributed across the entire image [8]. With matrix 
algebra which is used to selectively identify and then sub-
tract noise from the image, a less noisy image is acquired. 
However, an image-based IR method such as iterative 
reconstruction in image space (IRIS, Siemens Health-
care), resulting in profound changes in image appearance 
with higher levels of iterative weighing [9] and excessive 
image noise reduction, often results in “plastic”, “blotchy” 
or “pixilated” images which could adversely affect overall 
image quality or diagnostic accuracy [8]. This disadvantage 
could be attributed to the different frequency distribution 
of the noise when using the IR technique compared with 
the FBP technique. Indeed, this might be the primary rea-
son why some radiologists are reluctant to take advantage 
of this technique in their clinical practice. More recently, 
following prior versions of the image-based IR technique, 
such as IRIS, several hybrid IR algorithms working in both 
image space and the raw data space, such as adaptive sta-
tistical iterative reconstruction (ASIR, GE Healthcare), 
iDose (Philips Healthcare), and sinogram-affirmed, itera-
tive reconstruction (SAFIRE from Siemens Healthcare) 
were launched to solve image-quality-related problems and 
are believed to be more effective than image-based IR tech-
niques [8, 10].

Therefore, the purpose of our study was to determine, 
through an evaluation of the objective and subjective 
image quality, whether the hybrid IR algorithm (iDose) can 
improve the image quality of liver CT by reducing image 
noise, and to assess which level of IR strength is acceptable 
for clinical use.

Materials and methods

Patient population

We obtained approval for this retrospective study from the 
institutional review board of our institution, and informed 
consent was waived. From December 2011 to February 
2012, 75 consecutive patients (M:F  =  41:34, mean age, 
59.5  years; age range 35–83  years) with a known or sus-
pected intra-abdominal malignancy underwent two-phase 
liver CT using a 64-channel, multidetector CT (MDCT) 
scanner (Philips Ingenuity, Philips Healthcare, Best, The 
Netherlands). Amongst these 75 patients, 30 had intrahe-
patic lesions, including metastases (n = 16), cyst (n = 12), 
and haemangioma (n = 2). Amongst them, ten patients with 
metastases underwent liver biopsy or surgery, and hepatic 

metastasis was confirmed pathologically. In addition, in the 
other six patients, the hepatic lesions noted on the liver CT 
were clinically diagnosed as metastases either based on their 
characteristic magnetic resonance (MR) findings for metasta-
ses, including irregular or ill-defined borders which displayed 
high signal intensity on high b value diffusion-weighted 
imaging (DWI) and the lower apparent diffusion coefficient 
(ADC) value of the lesion compared with that of the adjacent 
liver parenchyma or interval growth in the longest axial diam-
eter of at least 20 % on the next follow-up CT. The cysts or 
haemangiomas in 14 patients were diagnosed based on char-
acteristic imaging features on liver CT or MR imaging and 
absence of interval growth on follow-up CT scan.

CT technique

For all patients, two-phase liver CT consisting of precon-
trast and portal phase images was performed. All patients 
underwent two-phase liver CT using a 64-channel, multi-
detector CT (Philips Ingenuity) scanner. The CT param-
eters were as follows: rotation time, 0.5  s; beam collima-
tion, 64 × 0.6 mm; reconstruction section thickness, 3 mm; 
beam pitch, 0.891; field of view, 32 ~ 38 cm; and matrix 
size, 512 × 512 pixels. Iodinated contrast medium (iopro-
mide, Ultravist 370; Bayer-Schering, Berlin, Germany) 
at a dose of 1.5 mL/kg (=555 mgI/kg) body weight, was 
injected for 30  s using a power injector (Stellant Dual; 
Medrad, Indianola, PA, USA) and was then followed by 
injection of 30–40 mL of normal saline. Portal phase imag-
ing was performed 70 s after attaining 150 HU attenuation 
of the descending aorta, as measured using the bolus-track-
ing technique. The tube potential was fixed to 120 kV and 
the automatic tube current modulation technique (Z-axis 
Dose modulation; Philips Healthcare) was used with a ref-
erence current of 180 mAs. The mean CTDIvol of the por-
tal phase CT scans was 6.85 ± 1.33 mGy (mean ± stand-
ard deviation; range 4.91–13.21) and the mean dose-length 
product (DLP) was 375 ± 91 mGy·cm (mean ±  standard 
deviation; range 227–799). Using the conversion coeffi-
cient of k = 0.015, the mean effective dose was 5.62 mSv.

Image reconstruction

Images were reconstructed for each patient using the same 
parameters, i.e. 3-mm section thickness and a 2-mm inter-
val, during the portal phase and using a standard FBP 
algorithm with a standard, soft-tissue kernel and an iDose 
algorithm with a level from 1 to 6. The seven different 
reconstruction images, i.e. FBP, iDose level 1 (iDose-1) 
through iDose level 6 (iDose-6) were generated from the 
same raw data for each patient and were then sent to and 
archived in our picture archiving and communications sys-
tem (Maroview 5.4, Infinitt, Seoul, Korea).
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iDose is provided with an additional parameter, i.e. 
the iDose level (scale 1–7), which is used to define the 
strength of the IR technique for reducing image quantum 
mottle noise. Increasing levels of iDose indicate a greater 
strength of noise removal, i.e. iDose-1 = 11 %, 2 = 16 %, 
3 = 23 %, 4 = 29 %, 5 = 37 %, 6 = 45 %, and 7 = 55 %, 
relative to the corresponding FBP reconstruction [11]. For 
example, if the original scan at 200 mAs is associated with 
the contrast-to-noise ratio of 200 mAs (CNR), then using 
an iDose reconstruction with a level of 4 for a scan per-
formed with 100 mAs would compensate for the increase 
in noise in the same homogeneous region of interest (ROI). 
The level can be defined independent of the radiation dose 
for every acquisition acquired and this allows targeting of 
the iDose application depending on the clinical goal, i.e. 
dose reduction, image quality improvement or a combina-
tion of both.

Qualitative analysis

Two radiologists independently assessed the image noise, 
visibility of small intrahepatic vascular structures, beam-
hardening artefact, lesion conspicuity, and the overall 
image quality as determined on portal phase CT images. 
The reading was performed at a workstation (Advantage 
Windows 6200, Hewlett-Packard, CA, USA) with a spatial 
resolution of 1600 × 1200 (Totoku, Japan) using our pic-
ture archiving and communications system (Maroview 5.4, 
Infinitt, Seoul, Korea). The readers were blinded to the CT 
parameters and reconstruction methods, and the order of 
image sets was totally randomised so as to minimise recall 
bias. To improve interobserver agreement, the criteria for 
image grading were established by consensus between the 
two radiologists beginning the image reading. If there were 
multiple lesions, the readers were asked to grade the small-
est lesion with a diameter of at least 1 cm.

Subjective image noise level was assessed using a five-
point scale (1 = unacceptable image noise, 2 = above aver-
age noise, 3 = average image noise, 4 =  less than average 
noise, and 5 = minimal image noise), and visibility of small 
structures such as small portal vein branch vessels, was 
graded using a five-point scale (1  =  unacceptable visuali-
sation, 2 =  suboptimal visibility, 3 =  acceptable visibility, 
4  =  above average visibility, and 5  =  excellent visualisa-
tion). Subjective visual lesion conspicuity was assessed 
using a five-point scale (1 = margins definitely an artefact 
mimicking a lesion, 2 =  probably an artefact mimicking a 
lesion, 3 = subtle lesion, 4 = well-seen lesion with poorly 
visualised margins, and 5 = well-seen lesion with well-vis-
ualised margins). Beam-hardening artefacts were defined as 
streak artefacts and were assessed using a three-point scale 
(1 = present and affecting image interpretation, 2 = present 
but not affecting interpretation, 3  =  absent). In addition, 

overall image quality including artificial sensation was 
assessed using a five-point scale (1 = unacceptable diagnos-
tic image quality with severe blotchy, or pixilated appear-
ance impairing lesion evaluation, 2 = sub-diagnostic image 
quality with obvious blotchy, or pixilated artefacts impairing 
lesion evaluation, 3 = average diagnostic image quality with 
subtle blotchy or pixilated artefacts, 4 = better image quality 
than average with subtle pixilated appearance, and 5 = bet-
ter image quality than average with better edge delineation 
and no pixilated appearance). The image quality attributes 
assessed in our study have been described in the European 
Guidelines on Quality Criteria for Computerized Tomogra-
phy document [12] and have been used in numerous previ-
ous studies published in the radiology literature [13].

Quantitative analysis

Quantitative measurements were performed at a commer-
cially available workstation (Advantage Windows 4.2; GE 
Healthcare) by experienced radiology research personnel 
who was blinded to the image review results. The seven 
image sets were displayed side by side with a preset soft-
tissue window (window width, 350 HU; window level, 40 
HU). We measured the image noise and attenuation val-
ues of the liver, portal vein, and paraspinal muscle, as also 
described in previous reports [14, 15]. Objective image 
noise was measured for 525 image sets (seven image sets 
each from 75 patients) as the standard deviation of the pixel 
values from a circular or ovoid ROI (10–50  mm2) placed 
in a homogenous region of subcutaneous fat of the anterior 
abdominal wall. To ensure consistency, all measurements 
were performed three times at the level of the main portal 
vein, after which the mean values were calculated.

Mean CT attenuation values (in Hounsfield units) of the 
portal vein, liver parenchyma, and paraspinal muscle were 
obtained on the portal phase of CT scanning. The attenu-
ation of the portal vein was measured from a single ROI 
(10–50 mm2) placed at the portal vein confluence level. The 
liver attenuation was recorded as the mean of the measure-
ments of four ROIs (50–100 mm2) in the medial and lateral 
segments of the left hepatic lobe and in the anterior and 
posterior segments of the right hepatic lobe [14]. Areas of 
focal changes in the liver parenchyma, visible blood ves-
sels, bile ducts, and prominent artefacts were carefully 
avoided in the ROI measurements. The attenuation of the 
paraspinal muscles was recorded as the mean attenuation of 
two ROIs (10–50 mm2), while taking care to avoid macro-
scopic fat infiltration in the right and left paraspinal muscle 
at the level of the right portal vein. For all measurements, 
the size, shape, and position of the ROIs were kept constant 
by applying the copy-and-paste function at the workstation.

The CNR values relative to muscle (m) for the portal 
vein (pv) were calculated using the following equation 
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[16]: CNRpv to m = (ROIpv − ROIm)/SDn, where ROIpv is 
the mean attenuation of the portal vein, ROIm is the mean 
attenuation of the paraspinal muscle, and SDn is the mean 
image noise. SNRliver values were calculated by dividing 
the mean attenuation of the liver by the mean image noise.

Statistical analysis

All statistical analyses were performed using commer-
cially available software (MedCalc, version 12.3.0.0, 2012; 
MedCalc, Mariakerke, Belgium) and data are graphically 
presented as mean ±  95  % confidence interval (CI). The 
Kruskal–Wallis test was used to determine the results of the 
qualitative analysis data. When there were statistically sig-
nificant differences, post hoc analysis was performed using 
the Student–Newman–Keuls test (Mann–Whitney). Inter-
observer agreement was measured using the kappa test. 
The scale for the k coefficients for interobserver agreement 
was as follows: <0.20, poor; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, substantial; and 0.81–1.00, almost 
perfect [17]. A p value of <0.05 was considered significant. 
The one-way ANOVA test was used to compare statistically 
significant inter-group differences in the quantitative meas-
urement data.

Results

Qualitative analysis

The image noise and beam-hardening artefact decreased 
significantly as the iDose level increased (p < 0.05). How-
ever, the scores for subjective image quality, such as the 
visibility of small intrahepatic vascular structures, lesion 
conspicuity, and overall image quality were highest with 
iDose level 4 (Fig.  1). Both observers complained of the 
artificial, plastic look of the images at iDose level 5 or 6 
(Fig. 2). Interobserver agreement for the qualitative analy-
sis was moderate to almost perfect (Table 1).

Quantitative analysis

An increased iDose level was associated with a linear 
noise reduction, no change in CT attenuation, and a linear 
improvement in SNR and CNR (Table 2). Compared with 
FBP, the mean noise reduction was 13, 18, 23, 28, 34, and 
41  % for reconstructions with iDose levels 1 through 6, 
respectively. When compared directly with FBP, the noise 
decreased significantly at all of the iDose levels (p < 0.05). 
There was also no significant difference in the mean CT 
attenuation of liver, portal vein or back muscle in the image 
sets. There was a significant increase in the SNR and CNR 
with an increased iDose level. Compared with FBP, there 

was a mean increase in liver SNR of 12, 17, 23, 29, 36, 
and 43 % for reconstructions using iDose levels 1 through 
6, respectively. The SNR of the portal vein, compared with 
FBP, showed a mean increase of 12, 17, 23, 28, 35, and 
43  % for reconstructions using iDose levels 1 through 6. 
The CNR of the portal vein also showed a mean increase 
of 11, 16, 22, 28, 35, and 42 % for reconstructions using 
iDose levels 1 through 6 when compared with FBP. When 
compared directly with FBP, all the iDose levels were 
associated with a significant reduction in SNR and CNR 
(p < 0.05).

Discussion

In our study, both quantitative and qualitative analyses 
demonstrated that the iDose technique with different lev-
els of IR strengths showed a significant noise reduction 
and provided improved SNRliver and CNRpv to the m as well 
as better image quality compared with FBP images. Our 
study results were in good agreement with those of previ-
ous studies regarding various IR techniques such as ASIR 
(GE Healthcare) [6, 14, 18], or with an IRIS (Siemens 
Healthcare) [19–21] or adaptive iterative dose reduction 
(AIDR, Toshiba Healthcare) [22], both of which demon-
strated that IR has the potential to provide improved image 
quality at lower radiation doses than FBP. Furthermore, in 
the qualitative analysis, intermediate strength IR (level 4) 
was more preferred than FBP or higher strength IR (level 
5 or 6), despite the fact that quantitative analysis showed 
better results of image noise, SNRliver, and CNRpv to the m as 
the strength of the IR increased. Based on our study results 
on noise reduction, we believe that the use of iDose with 
intermediate IR strength can be used to reduce the radia-
tion dose of routinely used abdominal CT while maintain-
ing image quality.

In our study, when we evaluated the appropriate level of 
IR strength, i.e. the iDose level, iDose effectively reduce 
image noise, while the images did not have an artificial, 
blotchy, pixilated or plastic appearance, up to the interme-
diate strength of IR. In addition, although the CT vendor, 
Philips, claimed that iDose is able to preserve the image 
texture and its natural appearance by minimising the shift 
of noise power spectrum (NPS), even at the maximum 
noise removal to reproduce the noise texture of classical 
FBP images that radiologists expect to achieve [23]. iDose 
uses a combination of processing in the projection and 
image domains, thus providing clinical advantages such as 
the ability to effectively remove photon starvation-related 
artefacts, e.g. streaks. In addition, with iDose, radiation 
dose reduction is achievable while maintaining the spa-
tial resolution. Prior studies have evaluated the measure-
ment of spatial resolution with phantom experiments using 
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modulation transfer function (MTF) and concluded that 
there is no decline in spatial resolution while noise level 
and radiation dose decreased [10, 11]. In addition, through 
the use of dynamic frequency noise removal techniques 

in such IR techniques, it is possible to effectively remove 
noise across all frequencies. Consequently, the noise tex-
ture of images reconstructed with iDose and FBP did not 
differ, although the noise itself was significantly reduced by 

Fig. 1   Bar graphs showing qualitative analysis results. With regard 
to subjective image noise (a) and beam-hardening artefact (c), the 
higher iDose level used, the lower image noise and beam-hardening 

artefacts noted (higher score). However, visibility of small intrahe-
patic vascular structures (b), lesion conspicuity (d), and overall image 
quality (e) are highest with iDose level 4
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applying the iDose algorithm [24]. However, both review-
ers of our study preferred intermediate strength reconstruc-
tion (level 4) because some of the images reconstructed 

with iDose-5 or iDose-6 appeared artificial. We believe that 
this kind of mismatch between quantitative analysis and 
qualitative analysis could be related to some differences in 

Fig. 2   Axial contrast-enhanced multidetector CT images in a 
60-year-old man with a history of subtotal gastrectomy due to gastric 
cancer. Images obtained during the portal phase with a FBP, b iDose 
level 2, c iDose level 4, d iDose level 6 shows gradually reduced 

image noise with increasing iDose level. However, due to excessive 
noise reduction in iDose level 6 image, both observers complained of 
“plastic” appearance of the image

Table 1   Qualitative analysis results in the seven image sets

Data are mean ± standard deviation

* Calculated by using Student–Newman–Keuls test for post hoc analysis and the numbers or alphabet F (FBP) indicate the image set that is sig-
nificantly different from the each image set (p < 0.05)

** Calculated using weighted kappa

Variable FBP iDose level Kappa**

1 2 3 4 5 6

Image noise 2.0 ± 0.1 2.9 ± 0.3 3.2 ± 0.5 4.0 ± 0.5 4.6 ± 0.5 5.0 ± 0.1 5.0 ± 0.0 0.86

1, 2, 3, 4, 5, 6* F, 3, 4, 5, 6* F, 3, 4, 5, 6* F, 1, 2, 4, 5, 6* F, 1, 2, 3* F, 1, 2, 3* F, 1, 2, 3*

Visibility of small vascular 
structures

3.2 ± 0.4 3.9 ± 0.3 4.2 ± 0.4 4.6 ± 0.5 4.9 ± 0.3 4.8 ± 0.4 4.4 ± 0.5 0.47

1, 2, 3, 4, 5, 6* F, 3, 4, 5, 6* F, 3, 4, 5* F, 1, 2* F, 1, 2, 6* F, 1, 2, 6* F, 1, 4, 5*

Beam-hardening artefact 2.0 ± 0.0 2.0 ± 0.2 2.5 ± 0.5 2.9 ± 0.3 3.0 ± 0.1 3.0 ± 0.1 3.0 ± 0.0 0.82

2, 3, 4, 5, 6* 2, 3, 4, 5, 6* F, 1, 3, 4, 5, 6* F, 1, 2* F, 1, 2* F, 1, 2* F, 1, 2*

Lesion conspicuity 3.2 ± 0.8 3.9 ± 0.9 4.2 ± 0.8 4.4 ± 0.7 4.6 ± 0.5 4.5 ± 0.6 4.3 ± 0.6 0.70

1, 2, 3, 4, 5, 6* F* F* F* F* F* F*

Overall image quality 3.0 ± 0.2 3.4 ± 0.5 4.0 ± 0.6 4.9 ± 0.4 5.0 ± 0.0 4.7 ± 0.5 3.7 ± 0.3 0.59

2, 3, 4, 5, 6* 2, 3, 4, 5* F, 1, 3, 4, 5* F, 1, 2, 6* F, 1, 2, 6* F, 1, 2, 6* F, 3, 4, 5*
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the noise power spectrum (NPS) at higher IR strengths of 
iDose compared to FBP [24]. Another explanation could be 
that radiologists who review the image sets were not com-
fortable with the texture of the images reconstructed with 
iDose. In our study, when iDose level 4 was used for image 
reconstruction, image noise (iDose, 8.8) was reduced by 
28.5  % compared with FBP-reconstructed image (Noise, 
12.3). Theoretically, as radiation dose decreased by 1/χ, the 
image noise increases by the square root of χ. For example, 
50 % (1/2) less radiation exposure was achieved by increas-
ing the noise index (NI) by a factor of 

√

2 [25]. According 
to a previous study, it has been reported that when using 
iDose in the clinical routine, the clinician has the oppor-
tunity to reduce the radiation dose up to 80 % while pre-
serving the image quality or maintain the radiation dose to 
improve the spatial resolution up to 68 % [11]. For exam-
ple, for paediatric imaging where radiation dose reduction 
is paramount, iDose allows a significantly lower radiation 
dose while maintaining diagnostic image quality. In other 
situations, where image quality, spatial resolution, is of a 
higher priority than dose reduction, such as in the assess-
ment of coronary stent patency, iDose allows significantly 
improved spatial resolution. However, based on our study 
results on noise reduction, we believe that the use of iDose 
at intermediate level of dose reduction could reduce the 
radiation dose up to 40  % of routinely used abdominal 
CT dose while maintaining image quality. Currently, at 
our hospital, based on these study results, we were able to 
reduce the radiation dose up to 30 % for liver CT scanning 
with iDose level 4 reconstruction compared with the con-
ventional scanning method using FBP.

Currently, several types of IR techniques are being 
developed by many vendors and are being used at many 
medical centres as a tool to reduce the radiation dose or 
to improve image quality. In our study, we used different 
levels of iterative strengths of the hybrid IR algorithm. The 
iDose algorithm can be classified as a hybrid IR technique, 

and, theoretically, it can be more successful than image-
based iterative techniques, such as IRIS, as it uses projec-
tion-based data as well as image-based data. Recent studies 
reporting on SAFIRE and AIDR 3D, which are also clas-
sified as hybrid IR technique since they iterate in both the 
raw data space and the image space, have shown that radi-
ation dose reduction up to 50–52  % with mean objective 
image noise reduction of 31 % without altering diagnostic 
information is possible [7, 26]. SAFIRE is provided with 
five reconstruction strength levels and the noise modelling 
is supported by raw data: in each iteration, the noise con-
tent is estimated in each voxel by analysing the contribu-
tion of raw data to this voxel, after which noise is removed. 
The vendor recommends a medium reconstruction strength 
level of three and states that up to 60 % dose reduction can 
be achieved [26]. AIDR 3D images are created by blending 
the final iterative images with the initial image. It is based 
on a CT model and a statistical noise model. The initial 
high noise image undergoes a number of iterations lead-
ing to an image with reduced noise. The vendor declares 
that a dose reduction of 75 % or more is possible based on 
the assumption that noise in CT images is inversely pro-
portional to the square root of the applied dose [7]. More 
recently, a model-based iterative reconstruction (MBIR) 
technique, marketed under the commercial name of VEO, 
has been developed. Unlike ASIR, VEO is a fully iterative 
method working in the raw data domain which models not 
only the data statistics but also the geometry of the scan-
ner itself by considering the voxel volumes of the scanned 
object, the focal spot size, the active area size of the detec-
tor, etc. However, although VEO seems to mark a major 
breakthrough in CT reconstruction, it requires a high com-
putational power leading to a reconstruction time as long as 
30 min ~1 h, and is therefore not yet suitable for all clinical 
situations [22].

Our study has some limitations. First, our study design 
was retrospective and nonrandomised and was comprised 

Table 2   Quantitative analysis results in the seven image sets

Data are mean ± standard deviation

* Calculated using one-way analysis of variance

Variable FBP iDose level p value*

1 2 3 4 5 6

Noise (HU) 12.3 ± 3.3 10.7 ± 2.9 10.1 ± 2.9 9.5 ± 2.9 8.8 ± 2.8 8.1 ± 2.8 7.2 ± 2.8 <0.001

CT attenuation (HU)

 Liver 110.4 ± 11.8 110.4 ± 11.8 110.4 ± 11.8 110.4 ± 11.8 110.3 ± 11.7 110.3 ± 11.7 110.3 ± 11.7 1.0

 Portal vein 163.7 ± 17.2 163.0 ± 17.3 162.8 ± 17.2 162.5 ± 17.2 162.3 ± 17.1 161.9 ± 17.1 161.5 ± 17.0 0.992

 Back muscle 57.5 ± 12.9 57.6 ± 12.8 57.6 ± 12.8 57.6 ± 12.8 57.6 ± 12.8 57.6 ± 12.8 57.6 ± 12.7 1.0

SNRliver 9.7 ± 2.9 11.0 ± 3.2 11.7 ± 3.4 12.6 ± 3.8 13.6 ± 4.2 15.1 ± 4.9 17.0 ± 5.9 <0.001

SNRportal vein 14.3 ± 4.2 16.2 ± 4.6 17.2 ± 4.9 18.5 ± 5.5 20.0 ± 6.1 22.1 ± 7.1 24.9 ± 8.6 <0.001

CNRpv to the m 9.3 ± 3.1 10.5 ± 3.3 11.1 ± 3.6 11.9 ± 3.9 12.9 ± 4.3 14.2 ± 5.0 16.0 ± 6.0 <0.001
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of a small number of patients seen at a single medical cen-
tre. Multicentre prospective clinical trials will be needed to 
validate our data. Second, we did not investigate the per-
formance of iDose in terms of image quality improvement 
depending on the patients’ body habitus and using the body 
mass index (BMI). Further studies will be needed to deter-
mine whether hybrid IR is also effective in obese patients 
in whom CT image quality is typically worse. Third, as 
lesion conspicuity was assessed using hepatic metasta-
ses seen on the portal phase, we did not evaluate arterial-
phase image quality on the hybrid IR algorithm. Therefore, 
the lesion conspicuity of hypervascular tumours, such as 
hepatocellular carcinomas, should be evaluated in future 
studies. Lastly, as there was no comparison between our 
hybrid IR and other dose-saving techniques, it was not evi-
dent whether potential dose savings using hybrid IR would 
be associated with a greater clinical benefit than other 
techniques.

In conclusion, the hybrid IR technique, including noise 
and anatomical spaces, yields a higher SNR and CNR than 
FBP without losing its natural image appearance when 
applied with intermediate strength of reconstruction.
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