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Abstract 
 

Introduction: The purpose of this study was to compare the image quality and 

lesion detectability of low-tube-voltage, half-dose liver CT reconstructed using 

sinogram–affirmed iterative reconstruction (SAFIRE) algorithm with full-dose 

scans using filtered back projection (FBP) algorithm for hypervascular 

hepatocellular carcinoma (HCC). 

 

Methods: A total of 126 patients with suspected HCCs and who underwent liver 

CT including arterial phase scanning at 80-kVp in the dual-source mode (300-mAs 

for each tube), were included in this study. The half-dose arterial scans were 

reconstructed using FBP, iterative reconstruction in image space (IRIS), and five 

different SAFIRE strengths (S1-S5), respectively, and were compared with full-

dose virtual scans (600-mA) reconstructed using FBP. I assessed the image noise, 

contrast-to-noise ratio (CNR) of the liver, vessels, and CNRlesion-to-liver. Two 

radiologists evaluated the image quality and lesion detectability on the different 

image sets. 

 

Results: The image noise on SAFIRE images was significantly lower and the 

CNRs on SAFIRE images were higher than those on half-dose FBP images (p < 

0.001). In addition, CNRlesion-to-liver on half-dose SAFIRE images with S5 was higher 

than on IRIS and full-dose FBP images (p < 0.05). Among the half-dose scans, 

SAFIRE images showed significantly better image quality than FBP images (p < 

0.05). Regarding lesion detection, half-dose SAFIRE images were better than half-

dose FBP images and were comparable with full-dose FBP images (91.8% vs. 96%, 
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observer 1 and 98% vs. 98%, observer 2, p > 0.05). 

 

Conclusions: Half-dose, 80-kVp liver CT using SAFIRE technique may increase 

the image quality and provide comparable lesion detectability of hypervascular 

HCC at a reduced radiation dose compared with full-dose CT with FBP. 

 

---------------------------------------------------------------------------------------------------- 

Keywords: Iterative reconstruction; low tube voltage; dose reduction; noise 

reduction; liver CT; sinogram-affirmed iterative reconstruction (SAFIRE) 

Student Number: 2011-21999 

 

 

  



iii 

 

목  차 

초 .............................................................................................................i 

목차.....................................................................................................................iii 

List of Table........................................................................................................iv 

List of Figures......................................................................................................v 

Introduction..........................................................................................................1 

Materials and Methods.........................................................................................3 

Results................................................................................................................13 

Discussion..........................................................................................................28 

References..........................................................................................................34 

국 초 ............................................................................................................40 

 

  



iv 

 

List of Tables 

Table 1. Quantitative Image Noise and Contrast-to-Noise Ratio (CNR)s for Eight 

Full-dose and Half-dose Reconstructed Images…………………………………..17 

 

Table 2. Lesion Detection of Hypervascular HCC on Four Image Sets with 

Different Dose and Reconstruction Algorithms…………………..………….……19 

 

Table 3. Qualitative Analysis Results for Eight, Full-dose and Half-dose 

Reconstructed Images……………………………………….………………..…...20 

 

  



v 

 

List of Figures 

Figure 1. Quantitative measurement using region of interest (ROI) 

……………………….…………………………………………………….…..21 

 

Figure 2. A 82-year-old man with hypervascular hepatocellular carcinoma 

(HCC)..………………………………………..…………..................................22 

 

Figure 3. Comparison of the mean image noise and lesion-to-liver CNR on full-

dose FBP, half-dose FBP, IRIS, and five, different iterative strengths of SAFIRE 

images (S1-S5)………………..........................................................................…24 

 

Figure 4. A 51-year-old man with small hypervascular hepatocellular carcinoma 

(HCC)……………………………....................................................................…26 

 

Figure 5. Comparison of the image quality scores for qualitative analysis among 

the full-dose images reconstructed using FBP, half-dose images reconstructed with 

IRIS, and S4 SAFIRE algorithms……………...........................................…..…27 

 

  



1 

 

Introduction 

Over the past 10 years, the number of CT examinations has rapidly increased 

according to the technical advances and wide availability of CT scanners. 

Consequently, the concerns regarding the amount of radiation exposure and its 

risks have also increased (1, 2). In response, there has been a clinical demand to 

reduce the overall radiation dose of medical procedures, and various techniques 

have been developed to reduce the CT radiation dose. Reducing the tube current 

and tube voltage are the most practical means of reducing the CT radiation dose (3). 

However, some changes in tube current and tube voltage cause an increase in 

image noise and adversely affect the image quality and diagnostic outcomes when 

the filtered back projection (FBP) technique is used. For this reason, concern 

regarding the potential loss of image quality caused by increased image noise and 

with the resulting decrease in diagnostic accuracy, has prevented the clinical 

implementation of low-tube-voltage techniques, particularly for abdominal CT 

applications in which the soft-tissue contrast is inherently lower (4). 

Until now, several iterative reconstruction (IR) methods have been proposed 

as a tool for reducing the radiation dose by reducing image noise during the 

reconstruction process. Following adaptive statistical iterative reconstruction 

(ASIR, GE Healthcare, Waukesha, WI, USA), iDose (Philips Healthcare, 

Cleveland, Ohio, USA) and iterative reconstruction in image space (IRIS, Siemens 

Healthcare, Forchheim, Germany), sinogram-affirmed iterative reconstruction 

(SAFIRE, Siemens Healthcare) is a newly developed iterative image reconstruction 

algorithm used for noise reduction. Several earlier studies of IR demonstrated that 

these IR techniques can effectively reduce image noise compared with the FBP 
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technique and, therefore, would also seem to allow reduction of the radiation dose. 

However, at the same time, recent literature reports have described the abnormal 

image features of IR images, such as their plastic, waxy, blotchy or pixilated 

texture, as a limitation of the IR techniques; they have also questioned the clinical 

acceptability of those IR images (5, 6). Those abnormal image features of the IR 

techniques could be attributed to the different frequency distributions of the noise 

when using the IR technique compared with the FBP technique. Indeed, these are 

the main reasons why some radiologists are reluctant to use this technique in their 

routine clinical practice. However, more recently, more robust IR techniques 

working in the raw data domain, such as a model-based IR (MBIR, GE Healthcare), 

or hybrid IR techniques (iDose from Philips Healthcare; SAFIRE from Siemens 

Healthcare) have been developed by CT manufacturers and are believed to be more 

effective than image-space-based IR techniques (7-10). Based on the promising 

results of earlier studies (10, 11), I assumed that a low-tube-voltage, half-dose CT 

protocol combined with a SAFIRE algorithm can provide equivalent image quality 

and diagnostic acceptability by decreasing the image noise and radiation dose 

without a significant loss of image quality compared with full-dose CT scans with 

FBP reconstruction.  

Therefore, the purpose of this study is to assess whether a low-tube-voltage 

(80-kVp), half-dose liver CT protocol with a SAFIRE algorithm can provide 

equivalent image quality for detecting hypervascular hepatocellular carcinoma 

(HCC) compared with a high-tube-current (600-mA) protocol using the FBP 

algorithm. 
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Materials and methods 
 

Study Patients 

This study was approved by the institutional review board, and written 

informed consent was waived because the image data was retrospectively obtained 

during routine liver CT examinations. From December 2010 through December 

2011, 200 patients known or suspected of having liver disease underwent 

multiphasic liver CT scanning using a dual-source CT scanner (SOMATOM 

Definition; Siemens, Forchheim, Germany). From these 200 patients, I included 

128 in this study according to the following criteria: 1)Patients older than 20 years 

of age; 2) patients who had undergone multiphasic liver CT scanning including a 

late arterial phase scan in the low-tube-voltage (80-kVp), intermediate-tube-current 

(Quality reference 300-mAs, Siemens Medical Solutions), dual-source scan mode; 

and 3) the timing for the late arterial scan was appropriate and the image quality 

was sufficient for review as it was without any motion artifact. Among the 128 

patients, two were excluded due to the loss of the raw data (n = 1) and failure of 

image reconstruction (n = 1). Finally, 126 patients (mean age, 61.75 years; age 

range, 34-90 years; 90 men, 36 women) were included in this study. 

 

Reference Standard 

For the lesion confirmation, one attending radiologist (M.H.Y, with seven 

years of clinical experience interpreting abdominal CT) reviewed the study patients’ 

medical records and radiology reports using the hospital’s electronic medical 

records system (Bestcare; Ezcareatech, Seoul, Korea). Among the 126 patients, 34 
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(mean age, 65.1 years; age range, 45-87 years; 25 men, nine women) had HCC 

nodules. All HCC nodules larger than 1cm in diameter were diagnosed through a 

careful image review using the noninvasive diagnostic criteria of the American 

Association for the Study of Liver Diseases (AASLD), and which included a 

combination of arterial enhancement and washout on portal or delayed phase of 

dynamic CT and/or MRI images (12). The diagnosis of HCC was also supported by 

the elevated serum α-fetoprotein level (> 400 ng/mL), the presence of compact 

lipiodol uptake after transarterial chemoembolization (TACE) or interval growth of 

the tumors with the typical enhancement pattern seen on follow-up dynamic CT or 

MRI within the next three months. In addition, in eight patients, small HCCs less 

than 1cm in diameter, were diagnosed based on a combination of the typical HCC 

enhancement pattern, i.e. arterial enhancement and washout seen on portal or 

delayed scans, seen on CT and interval growth of the lesion with the same 

enhancement pattern seen on follow-up liver CT (n = 2) or gadoxetic acid-

enhanced liver MRI (n = 2) or according to the characteristic findings of HCC seen 

on angiography and C-arm CT during hepatic arteriography, as well as the presence 

of compact lipiodol uptake after TACE (n = 4). In patients with multiple HCC 

nodules, the largest hypervascular HCC nodule in a patient was selected as the 

target nodule for qualitative and quantitative evaluation. The mean transverse 

diameter of the target HCC nodules seen on the initial CT scans was 1.29±0.49 

cm 

 

Scanning Techniques 
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All patients underwent multiphasic liver CT consisting of precontrast, late 

arterial, portal, and equilibrium phases and using a dual-source, 64-channel, multi-

row-detector CT scanner (SOMATOM Definition; Siemens). 370mgI/ml of 

iodinated contrast medium (Iopromide, Ultravist 370; Bayer-Schering, Berlin, 

Germany) were administered for 30 seconds at a dose of 1.5mL/kg (= 555 mgI/kg) 

per body weight and using a power injector (Stellant Dual; Medrad, Indianola, PA, 

USA); this was followed by injection of 30-40 mL of normal saline. The 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 100 HU at 

80-kVp. Portal venous and equilibrium phase images were obtained 70 seconds and 

180 seconds, respectively, after the start of contrast medium administration (13, 14). 

Among the quadriphasic CT scans, only late arterial phase images were obtained in 

the dual-source scanning mode at low-tube voltage (80-kVp) and with the 

following parameters: collimation, 14 x 1.2 mm; rotation time, 0.5 second; pitch, 

0.6. The automatic current modulation (ATCM) protocol provided by the 

manufacturer (CareDose4D, Siemens) adjusts the tube current in real time so as to 

maintain image noise at the optimal level (15). The quality reference mAs for each 

80-kVp tube was set at 300-mAs.When ATCM is used, a parameter indicative of 

images noise (noise index, [NI]) is an operator-selected variable. Using Poisson 

statistics, the NI is proportional to the inverse square root of the dose (16). A 

previous study using IRIS by May et al. (17) demonstrated that when a 50% 

radiation dose was used, IRIS allowed 22% image noise reduction compared with 

full-dose CT images reconstructed with FBP. As SAFIRE is an advanced 
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technology compared to IRIS and was developed by the same manufacturer, I 

assumed that the same or better noise reduction would be obtained without 

additional image degradation using SIFIRE compared to IRIS. The NI for routine 

dose CT (120-kVp at 200-mAs) with a 3-mm slice was 18, and an NI of 25.45 (= 

18 x √2)	could be allowed for half-dose CT with the same slice thickness in order 

to achieve a 50% radiation dose reduction, based on Poisson statistics. Based on 

this noise assumption, I used 300-mAs for half-dose 80-kVp scan. Precontrast, 

portal venous, and equilibrium phase images were obtained using 120-kVp tube 

energy (collimation, 64 × 0.6 mm; rotation time, 0.5 second; pitch, 0.9; and kernel 

B30s). The quality reference mAs was 70-mAs for precontrast and 200-mAs for 

portal venous and equilibrium phase scan settings. 

 

Image Reconstruction 

A dual-source scanner operating in the dual-source mode and with single tube 

reconstruction was used. The raw data scanned on the late arterial phase using the 

larger A-tube (80-kVp, 300-mAs, half-dose) were reconstructed using the FBP 

algorithm with a soft-tissue kernel (D30s), the IRIS algorithm, a soft-tissue 

iterative kernel (I30s) (Siemens Medical Solutions), and five different IR strengths 

of the SAFIRE algorithm (S1-S5), respectively. The corresponding virtual full-dose 

images were generated by blending the raw images from two 80-kVp tubes using 

the linear blending method with a different weighting factor of 0.5; therefore, the 

noise level of the virtual, full-dose images were theoretically the same on 80-kVp 

scans with 600-mAs. The virtual, full-dose images were also reconstructed using 

the FBP algorithm with a soft-tissue kernel (D30s) and with the same parameters as 
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those of the half-dose scans at a 3-mm slice thickness and a 2-mm reconstruction 

interval. In summary, the eight image sets were reconstructed in each patient as 

follows: full-dose FBP images; half-dose FBP images; half-dose IRIS images; and 

five, different IR strengths of half-dose SAFIRE images (S1-S5). 

 

Sinogram-affirmed iterative reconstruction (SAFIRE)—SAFIRE uses a noise-

modeling technique and combines raw-data-based iterations for artifact reduction 

with image-based iterations using a more refined, 3-dimensional, regularization 

function. In each image pixel the local image noise is estimated in different 

directions by analysing the statistical significance of the raw data contributing to 

that pixel (18). The 3-dimensional regularization function is anisotropic and the 

space variant is adapted to the local noise level. In each of as many as five 

iterations, SAFIRE estimates the local noise content and removes it from the image. 

Five presets, i.e. strengths 1 to 5, are available to adapt the noise model and to 

control both the image impression and the noise reduction, and with the most 

significant noise reduction achieved at strength 5, however, the strength is not 

related to the number of iteration loops.  

 

Quantitative Review 

For quantitative evaluation, an abdominal radiologist (M.H.Y, with seven 

years of clinical experience interpreting abdominal CT) measured the CT numbers 

and their standard deviations, i.e. objective image noise, and calculated the 

contrast-to-noise ratio (CNR). For each patient, the eight image sets, i.e. full-dose 

FBP images, half-dose FBP images, half-dose IRIS images, and five different IR 
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strengths of the half-dose SAFIRE images (S1-S5), were displayed side by side 

with a preset, soft-tissue window (window width, 300 HU; window level, 40 HU). 

Image noise was measured as the standard deviation of the pixel value from a 

circular ROI (mean number of pixels, 44; range, 10-223 pixels) drawn in a 

homogeneous region of the subcutaneous fat of the anterior abdominal wall. The 

mean CT attenuation values in the HCC nodule, aorta, portal vein, liver, and 

bilateral paraspinal muscles were measured by manually placing circular ROIs (Fig. 

1) (14, 19). At the level of the image showing the largest diameter of the target 

HCC nodule, the attenuation of the HCC lesion was measured from a single, drawn 

ROI (mean number of pixels, 45; range, 11–303 pixels). Lipiodolized or necrotic 

portions showing heterogeneous attenuation, if any, were carefully avoided. The 

attenuation of the aorta was also recorded from a single, drawn ROI (mean number 

of pixels, 234; range, 129–400 pixels) that was as large as the vessel lumen, and 

thus avoiding calcifications and/or soft plaque of the aortic wall. Similarly, the 

attenuation of the portal vein was measured from a single, drawn ROI (mean 

number of pixels, 40; range, 10–121 pixels). The liver attenuation was recorded as 

the mean measurement of four ROIs (mean number of pixels, 340; range, 101– 685 

pixels) placed in the right anterior, right posterior, left medial, and left lateral 

segments of the liver. Areas of focal changes in liver parenchymal attenuation, 

large vessels, and prominent artifacts, if any, were carefully avoided. Last, the 

attenuation of the two, paraspinal muscles was recorded from a single ROI (mean 

number of pixels, 156; range, 22–355 pixels) while excluding macroscopic areas of 

fat infiltration. For all measurements, the size, shape, and position of the ROIs 
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were kept constant among the eight image sets by applying a copy-and-paste 

function at the workstation.  

For each of the eight image sets, the lesion-to-liver CNR was calculated using 

the following equation: CNR = (ROILesion - ROILiver)/σ, where ROILesion is the 

attenuation of the HCC nodule, ROILiver is the mean attenuation of the liver 

parenchyma, and σ is the mean image noise. Similarly, the CNR relative to 

muscle for the aorta, portal vein, and liver was calculated using the following 

equation: CNR = (ROIOrgan - ROIMuscle)/σ, where ROIOrgan is the mean attenuation 

of the organ of interest and ROIMuscle is the mean attenuation of the paraspinal 

muscles (14, 19). 

 

Image Analysis 

An independent qualitative image analysis was performed by two abdominal 

radiologists (J.H.Y. and J.H.B. with six and nine years, respectively, of experience 

interpreting abdominal CT). The radiologists were blinded to the CT parameters 

and the reconstruction methods. Each patient’s image sets were randomly allocated 

to the two observers. In order to avoid any recognition bias, each viewing session 

was separated by two weeks. All image reviews were performed using PACS 

software (Maroview 5.4, Infinitt, Seoul, Korea) running on a workstation 

(XW6200, Hewlett-Packard) and with the monitors having a spatial resolution of 

1600 x 1200 (Totoku). During the review, the observers were only allowed to use a 

soft-tissue window (window width, 350HU; window level, 40 HU). 
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Lesion Detection—The two observers assessed the four, different image sets, 

i.e. full-dose FBP images, half-dose FBP images, half-dose IRIS images, and half-

dose SAFIRE images with S5. Since the most significant noise reduction was 

achieved at strength 5 in the SAFIRE algorithm, two observers evaluated the half-

dose SAFIRE images with S5 for the lesion detection. Among the 126 study 

patients, nine with more than 10 HCC nodules were excluded from evaluation of 

the lesion detection. Therefore, the other 118 patients with or without HCC nodules 

were evaluated for the lesion detection (a total of 49 HCCs, mean diameter, 1.39 

± 0.56 cm, and ranging from 0.7 cm to 3.1 cm). The observers understood that 

the patients might have HCC nodules, although the observers were blinded to the 

number and location of the lesions. Each observer recorded the size and location of 

the suspected HCC nodules they identified. When a patient had multiple lesions, 

the observers added the image number and special comments regarding the 

location of each lesion using the anatomical relationship with intrahepatic 

landmarks, such as the hepatic vein or portal vein, to the review sheet in order to 

avoid confusion in the data analysis. As only late arterial phase images were 

available for the comparison and detection of hypervascular HCC was the main 

purpose of the liver CT examinations performed in this study, the observers were 

asked to detect nodular hyperenhancing lesions on those arterial-phase images. 

Non-nodular–shaped, arterial enhancing lesions, such as wedge-shaped subcapsular 

lesions, were not counted as lesions. 

 

Image Quality Assessment—The two observers assessed the image quality 

regarding image noise, vessel conspicuity, lesion conspicuity, pixilated appearance, 
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and diagnostic acceptability of each image set in 34 patients with HCC nodules 

(20). Before the formal qualitative evaluation, the criteria for image quality grading 

were established by consensus between the observers, and the standard reference 

images for each grade were selected using CT images of routine liver CT scans 

which were not included in this study. Image noise was evaluated using a 5-point 

scale in which a score of 5 indicated minimal or no noise, a score of 4 less than 

average noise, a score of 3 average noise in an acceptable image, a score of 2 above 

average increased noise, and a score of 1 unacceptable noise. Vessel sharpness was 

assessed by evaluating sharpness of the wall of the celiac artery and the proximal 

common hepatic artery; it was quantified using a 5-point scale in which a score 5 

represented the sharpest vessel, a score of 4 better than average, a score of 3 

average, a score of 2 worse than average, and a score of 1 blurry. HCC lesion 

conspicuity was evaluated according to the visibility of lesion margin and its 

distinguishability using a 5-point scale in which a score 5 indicated a well-seen 

lesion with well-visualized margins, a score of 4 a well-seen lesion with poorly 

visualized margins, a score of 3 a vaguely seen lesion with ill-defined margins, a 

score of 2 a suspicious lesion, and a score of 1 not a distinctly seen lesion. The 

pixilated appearance was graded using 4-point scale in which a score of 4 indicated 

severe, and thus impairing lesion evaluation, a score of 3 obvious, a score of 2 mild, 

and a score of 1 none (10). Lastly, the diagnostic acceptability was graded 

according to the overall image quality and acceptability for arriving at a practical 

diagnosis, also using a 5-point scale in which a score 5 represented superior 

diagnostic acceptability, a score of 4 above average, a score of 3 average, a score of 

2 suboptimal, and a score of 1 unacceptable. 
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Statistical Analysis 

To evaluate the differences in image noise and CNR in the eight reconstructed 

images, a repeated-measures analysis of variance (RMANOVA) was performed 

with the protocols serving as the analysis-of-variance factors. The estimates from 

this model were compared in pairwise fashion using the Bonferroni adjustment for 

multiple comparisons. For data which did not pass the Kolmogorov-Smirnov 

normality test, the Friedman test was used rather than RMANOVA. The Friedman 

test was also used to investigate statistically significant differences in the 

qualitative scores recorded by the two observers. If there was a statistically 

significant difference among the different image sets, post-hoc analysis using 

Wilcoxon Signed-Rank Tests was performed and Bonferroni correction applied. 

Interobserver agreement was measured using the weighted kappa statistics. 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; 0.61–0.80, substantial; and 0.81–

1.00, almost perfect. The lesion detection rates were compared using the 

McNemar’s test. A P value less than 0.05 was considered to indicate statistical 

significance. Statistical analysis was performed using Graphpad Instat version 3.05 

(GraphPad Software, San Diego, CA, USA), SPSS version 19.0 software (SPSS 

Inc., Chicago, IL, USA), and MedCalc version 10.4.0.0software for Windows 

(MedCalc Software, Mariakerte, Belgium). 
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Results 

Patients Sizes and Radiation Dose 

The mean weight of the patients in this study was 62.3±10.6 kg, the mean 

height was 163.5±8.2 cm, and the mean body mass index (body mass index = 

weight in kg divided by the square of height [m]) was 23.3±3.4 kg/m2(ranging 

from 13.68 to 35.87kg/m2). Only three of this study patients had a body mass index 

higher than 30. The mean transverse diameter of the patients’ abdomens was 

30.54±1.91 cm (ranging from 25.60 to 35.10 cm).  

The mean CTDIvol value and effective dose for half-dose, late arterial scanning 

using an 80-kVp tube with a quality reference mAs of 300-mAs, were 2.63mGy 

and 1.88mSv, respectively. The effective dose for precontrast scans using a 120-

kVp tube with a quality reference mAs of 70-mAs, was 0.92mSV, whereas the sum 

of the effective dose for portal venous and that for equilibrium phase scanning 

using a 120-kVp tube and with a quality reference mAs of 200-mAs, was 7.24mSv. 

Therefore, the total effective dose for this liver protocol CT scanning was 

approximately 10.04 mSv. The effective doses for these protocols were computed 

according to already published guidelines (21). 

 

Quantitative Analysis  

The quantitative results of image noise, CNRs of the aorta, portal vein, and 

liver compared to those of paraspinal muscle, and the lesion-to-liver CNR on eight 

image sets are summarized in Table 1. Regardless of the IR strengths of the 

SAFIRE algorithm (S1-S5), the mean image noise on half-dose SAFIRE images 
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was significantly lower than that seen on half-dose FBP images (p < 0.001)(Fig. 2), 

and the CNRs of the aorta, portal vein, and liver seen on half-dose SAFIRE images 

were significantly higher than those seen on half-dose FBP images (p < 0.001). In 

addition, the mean image noise values on half-dose images reconstructed with a 

high level of IR strength of the SAFIRE algorithm, i.e. S4 and S5, were 

significantly lower than both full-dose FBP and half-dose IRIS images (p < 0.001) 

(Fig. 3A). Similarly, the CNRs of the aorta, portal vein, and liver seen on IR 

images at S4 and S5, were significantly higher than those noted on both full-dose 

FBP and half-dose IRIS images (p < 0.001). 

In addition, regarding the lesion-to-liver CNR, as half-dose SAFIRE also 

provided significantly higher values than did half-dose FBP, there was a 

statistically significant difference between half-dose FBP and half-dose SAFIRE 

reconstructed images except for S1 (p < 0.05) (Table 1). More importantly, the 

lesion-to-liver CNR on half-dose images reconstructed using theS5 SAFIRE 

algorithm was also significantly higher than that found on both full-dose FBP and 

half-dose IRIS images (p < 0.05) (Fig. 3B). 

 

Lesion detection 

The results of lesion detection on the four different image sets are presented in 

Table 2. Half-dose SAFIRE images with S5 showed better lesion detection rate 

than half-dose FBP images (91.8% vs. 77.6%, observer 1 and 98% vs. 81.6%, 

observer 2, p < 0.05) and comparable results with full-dose FBP images (91.8% vs. 

96%, observer 1 and 98% vs. 98%, observer 2, p > 0.05). False-positive lesions 

detected on full-dose FBP, half-dose FBP, half-dose IRIS, and half-dose SAFIRE 
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images with S5 by each observer were 17, 11, 13, and 14 for observer 1 and 19, 16, 

18, and 18 for observer 2, respectively. These false-positive lesions detected by 

each observer were nodular-shaped, arterially enhancing pseudo lesions 

(arterioportal shunts) and small ductal adenoma. There were two false–positive 

lesions which were not detected on half-dose SAFIRE images with S5 but, detected 

on full-dose FBP images by observer 1. One of them showed relatively poor 

arterial enhancement and the other one was located in the segment 6 tip of the liver.  

 

Image Quality Analysis  

The qualitative evaluation scores assigned by the two radiologists are shown 

in Table 3. All half-dose SAFIRE images showed better image quality in terms of 

image noise, vessel sharpness, lesion conspicuity, and diagnostic acceptability than 

did the half-dose FBP reconstructed images (p < 0.001) (Fig. 2 and 4). In addition, 

among all of the SAFIRE image sets with five different IR strengths (S1~S5), 

images with high level IR strengths (S4 and S5) also demonstrated a statistically 

significant difference compared with S1, S2, and S3 regarding all of the parameters 

of qualitative analysis (p < 0.05). Half-dose S4 and S5 images demonstrated a 

significantly lower noise level and higher scores in terms of vessel sharpness, 

lesion conspicuity, and diagnostic acceptability than did half-dose FBP and half-

dose IRIS images (p < 0.05) (Fig. 5). Moreover, when comparing full-dose FBP 

and half-dose SAFIRE images, the half-dose S4and S5 images showed 

significantly higher scores regarding image noise, vessel conspicuity, the lesion 

conspicuity of HCC, and diagnostic acceptability (p < 0.0017) (Table 3 and Fig. 5). 

A pixilated appearance was noted on half-dose IRIS and on half-dose SAFIRE 
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reconstructed images and it was more apparent on half-dose SAFIRE images along 

with the increase of IR strengths (Table 3). 

 

Interobserver Agreement 

The levels of interobserver agreement regarding image noise, vessel sharpness, 

lesion conspicuity, pixilated appearance, and diagnostic acceptability were fair to 

substantial (weighted kappa = 0.622, 0.529, 0.786, 0.478, 0.704, respectively).
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Table 1. Quantitative Image Noise and Contrast-to-Noise Ratio (CNR)s for Eight Full-dose and Half-dose Reconstructed Images. 

 Full-dose Half-dose Half-dose Half-dose SAFIRE  

 FBP FBP IRIS S1 S2 S3 S4 S5 Pa 

Image Noise (HU) 15.84±0.36 

(13.59-17.76) 

20.33±0.36 

(17.93-22.72) 

13.27±0.33 

(11.33-15.21) 

16.62±0.40 

(13.65-19.34) 

14.87±0.37 

(12.12-17.42) 

13.19±0.35 

(10.30-15.66) 

11.52±0.34 

(8.62-13.61) 

9.97±0.33 

(7.12-11.68) 

<0.001 

CNR          

 Lesion–to-liver 5.27±0.56 

(2.48-6.68) 

3.89±0.43 

(1.88-5.30) 

6.36±0.69 

(3.28-8.93) 

4.86±0.54b 

(2.50-6.36) 

5.37±0.60 

(2.78-7.19) 

6.18±0.72 

(3.23-8.31) 

6.90±0.80 

(3.61-9.42) 

8.21±1.01 

(4.22-11.19) 

<0.001 

Aortac 28.72±0.95 

(21.46-33.42) 

21.84±0.63 

(17.28-25.13) 

35.33±1.20 

(26.60-41.48) 

28.37±0.94 

(21.70-32.21) 

32.00±1.10 

(23.76-36.56) 

36.49±1.31 

(26.46-42.31) 

42.42±1.62 

(30.12-50.19) 

50.44±2.13 

(34.44-59.84) 

<0.001 

Portal veinc 7.89±0.32 

(4.89-10.66) 

6.05±0.24 

(4.09-8.10) 

9.72±0.43 

(5.82-12.53) 

7.63±0.37 

(4.52-10.41) 

8.66±0.41 

(5.07-11.79) 

9.84±0.48 

(6.25-13.42) 

11.37±0.58 

(6.68-15.43) 

13.39±0.72 

(7.21-18.15) 

<0.001 

Liverc 1.46±0.09 

(0.74-2.00) 

1.13±0.07 

(0.61-1.60) 

1.81±0.12 

(0.89-2.46) 

1.42±0.09 

(0.64-1.94) 

1.61±0.11 

(0.71-2.21) 

1.86±0.12 

(0.78-2.58) 

2.15±0.15 

(0.90-2.98) 

2.55±0.19 

(1.06-3.53) 

<0.001 

Note—Data are mean values ± standard errors of mean; numbers in parentheses represent ranges (25%-75%). 
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aP value was calculated compared with half-dose FBP reconstructed images.  

bNo statistically significant difference. 

cCNR values of the aorta, portal vein, and liver were calculated relative to the paraspinal muscle. 
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Table 2. Lesion Detection of Hypervascular HCC on Four Image Sets with Different Dose and Reconstruction Algorithms. 

 Observer 1 Observer 2 

 Lesion detection false (+) Lesion detection false (+) 

Full-dose FBP 96.0 % (47/49) 17 98.0 % (48/49) 19 

Half-dose FBP 77.6 % (38/49) 11 81.6 % (40/49) 16 

Half-dose IRIS 91.8 % (45/49) 13 98.0 % (48/49) 18 

Half-dose SAFIRE (S5) 91.8 % (45/49) 14 98.0 % (48/49) 18 

Note—Data of lesion detection are the percentage with the raw number of HCC lesions in parentheses and data of false (+) are the raw number. 
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Table 3. Qualitative Analysis Results for Eight, Full-dose and Half-dose Reconstructed Images. 

 
Full-dose 

FBP 

Half-dose  

P value 

Weighted 

kappa FBP IRIS S1 S2 S3 S4 S5 

Image Noise 3.00 2.18 3.44 2.79 3.09 3.74 4.03 4.97 <0.0001 0.622 

Vessel sharpness 3.79 3.26 4.03 3.71 3.85 4.12 4.41 4.65 <0.0001 0.529 

Lesion conspicuity 3.71 3.62 3.79 3.85 3.91 4.00 4.06 4.09 0.0017 0.786 

Pixilated appearance 1.00 1.03 1.85 1.37 1.57 2.16 2.57 2.82 <0.0001 0.478 

Diagnostic acceptability 2.97 2.12 3.62 3.21 3.47 3.82 4.21 4.09 <0.0001 0.704 

Note—P value was calculated in pairwise comparison with S4 and full-dose FBP images using the Wilcoxon Signed-Rank Test.
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Figure 1. Quantitative measurement using region of interest (ROI) in 82-year-old 

man. Late arterial–phase, axial scan image shows ROIs manually drawn on the 

aorta (ROI 1), portal vein (ROI 2), liver (ROI 3-6), paraspinal muscles (ROI 7-8), 

and subcutaneous fat of the anterior abdominal wall (ROI 9). Another ROI was 

drawn in another transverse image (not shown) to measure the attenuation value of 

the HCC nodule. For all measurements, the size, shape, and position of the ROIs 

were kept constant among the eight images sets by applying a copy-and-paste 

function at the workstation. 
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Figure 2. 82-year-old man with hypervascular hepatocellular carcinoma (HCC). 

The late-arterial–phase, axial-scan images were obtained using a preset soft-tissue 

window (window width, 350; window level, 40 HU). 

A-H, Virtual full-dose CT image (80-kVp, mixed ratio of 0.5; 600mA) 

reconstructed using the FBP algorithm (A) and half-dose CT images (80-kVp, 300-

mAs) reconstructed using the filtered back projection (FBP) algorithm (B), 

iterative reconstruction in image space (IRIS) algorithm (C), and five, different 

iterative reconstruction strengths of sinogram-affirmed iterative reconstruction 

(SAFIRE) algorithms (S1-S5) (D-H). Half-dose SAFIRE images (D-H) show less 

image noise compared with half-dose FBP images (B). The lesion conspicuity of 

the hypervascular HCC (arrows) in (D-H) is comparable or better compared with 

(A) and (C). 
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Figure 3. Comparison of the mean image noise and lesion-to-liver CNR on full-

dose FBP, half-dose FBP, IRIS, and five, different iteration strengths of SAFIRE 

images (S1-S5).  

A. The mean image noise values on half-dose SAFIRE images reconstructed with a 

high level of iterative reconstruction strengths (S4, and S5), were significantly 

lower than both full-dose FBP and half-dose IRIS images (p < 0.001). 

B. The lesion-to-liver CNR on half-dose SAFIRE images with a high level of 

iterative reconstruction strength (S5), was significantly higher than that seen on 

both full-dose FBP and half-dose IRIS images (p < 0.05). 

Note—CNR = contrast-to-noise ratio; FBP = filtered back projection; IRIS = 

iterative reconstruction in image space; SAFIRE = sinogram-affirmed iterative 

reconstruction. 
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Figure 4. 51-year-old man with small, hypervascular hepatocellular carcinoma 

(HCC). Late arterial–phase, axial-scan images were obtained using a preset soft-

tissue window (window width, 350; window level, 40 HU).  

A-H, Virtual full-dose image (80-kVp, mixed ratio of 0.5; 600mA) reconstructed 

using the FBP algorithm (A) and half-dose images (80-kVp, 300-mAs) 

reconstructed using the filtered back projection (FBP) algorithm (B), iterative 

reconstruction using the image space (IRIS) algorithm (C), and five, different, 

iterative reconstruction strengths of the sinogram-affirmed, iterative reconstruction 

(SAFIRE) algorithms (S1-S5) (D-H). The higher the strength level used, the lower 

the image noise noted in (D-H). Note the comparable or better image quality and 

lesion conspicuity of the hypervascular HCC (arrows) in (D-H) compared with that 

in (A) and (C). 
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Figure 5. Comparison of the image quality scores for qualitative analysis among 

the full-dose images reconstructed using FBP, half-dose images reconstructed with 

IRIS, and S4 SAFIRE algorithms. 

Half-dose CT images reconstructed using the S4 SAFIRE algorithm demonstrated 

significantly lower noise level and obtained higher scores regarding vessel 

sharpness, lesion conspicuity, and diagnostic acceptability than either full-dose 

FBP or half-dose IRIS reconstructed images (p < 0.05).  

Note—CNR = contrast-to-noise ratio; FBP = filtered back projection; IRIS = 

iterative reconstruction in image space; SAFIRE = sinogram-affirmed iterative 

reconstruction 
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Discussion 

This study results demonstrate that half-dose, 80-kVp, late arterial phase CT 

scans reconstructed using a SAFIRE algorithm provided equivalent or better image 

quality than full-dose, 80-kVp, FBP reconstructed images obtained in the same 

patient. In addition, half-dose, 80-kVp, SAFIRE reconstructed images provided 

significantly higher lesion-to-liver CNR in hyperenhancing HCCs than half-dose 

FBP reconstructed images; they also provided a similar CNR to that of full-dose 

FBP reconstructed images. The better performance of SAFIRE compared with that 

of the FBP reconstruction technique can be explained by its effective noise 

reduction and prevention of artifacts related to the low-tube potential. Although 

several previous studies have demonstrated that the low-tube potential (80-kV) 

scanning method using high-tube-current may provide better diagnostic 

performance for detecting hyperenhancing focal liver lesions, as iodine shows a 

larger attenuation at 80-kV than that seen on 120- or 140- kV scans (22-24), 80-kV 

scanning has some major problems including its high noise level and greater 

susceptibility to artifacts related to photon deficits from high-density structures 

such as bone. Recently, Ehman et al. (25) have shown that a combination of 80-

kVp and the noise reduction technique in liver CT can preserve or improve the 

conspicuity of hypervascular lesions in the late arterial phase. Furthermore, a more 

recent study conducted by Baker et al. (11) demonstrated that the SAFIRE 

algorithm at a lower dose scan can increase the CNR and improve the low-contrast 

object detection and conspicuity. Therefore, this study results may be of substantial 

clinical value because a combination of 80-kVp scanning with the SAFIRE 

reconstruction algorithm is beneficial for evaluation of hypervascular lesions due to 
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the higher attenuation of iodinated contrast medium at low-tube-voltage, while it 

also maintains the image quality and lesion detectability because of the IR 

algorithm, as well as offering the additional benefit of a lower radiation dose.  

In this study, SAFIRE images at high-level IR strengths (S4 and S5) showed 

better image quality than IRIS images at the same tube current as well as even 

better results than those of FBP images obtained at a higher radiation dose. Several 

iterative image reconstruction techniques including ASIR (GE Healthcare) and 

IRIS (Siemens Healthcare), AIDR (Toshiba Medical Systems), and iDose (Philips 

Healthcare), are now also available for clinical use. Previous studies have shown 

that these IR algorithms are somewhat beneficial in terms of their lower image 

noise and radiation dose (6, 14, 19, 20, 26, 27), although their imaging appearance 

which can be blotchy or plastic sense compared with conventional FBP images, is, 

therefore, not generally acceptable to most radiologists. In this study, the pixilated 

appearance was apparent on SAFIRE images with a high level of IR strength. 

However, despite the obvious pixilated appearance of SAFIRE images with a high 

level of IR strength, it did not seem to have much influence on the diagnostic 

acceptability and lesion detectability. The SAFIRE algorithm used in this study is a 

hybrid IR technique incorporating a raw-data-based IR algorithm as well as an 

image-space iteration algorithm for CT (10, 18, 28). I assume that SAFIRE showed 

better image quality than IRIS because the data is re-projected in the raw-data 

space, thus allowing for correction of geometrical imperfections of the initial 

reconstruction because of the use of SAFIRE. In addition, potential artifacts that 

may occur with any system using the FBP algorithm are corrected with SAFIRE 

which allows validation of the images using the measurement data. The detected 



30 

 

deviations are again reconstructed using the FBP, and thus yielding an updated 

image (10, 18, 28). This loop is then repeated multiple times and in each iteration a 

dynamic, raw-data-base noise model is applied, thus allowing for the reduction of 

image noise without a noticeable loss of sharpness. Furthermore, by adding the 

image space domain as a second iteration process, SAFIRE is of additional value 

due to its image reconstruction speed. Compared with a model-based IR technique 

(MBIR) primarily working on raw-data space and having the disadvantage of a 

long image reconstruction time (7, 9), addition of the image space domain may 

improve the reconstruction speed and could, therefore, be a realistic tool for 

clinical use.  

In this study, the mean radiation dose of the low-tube-voltage, half-dose 

scanning protocol was 1.88mSv. This radiation dose range is, therefore, less than 

half of the mean radiation dose (in the range of 3~4mSv, single phasic scans) of 

conventional, 120-kVp scanning using the automatic current control, and which has 

been reported in many previous studies (19, 29, 30). Recently, there have been 

several technological efforts to reduce the radiation dose without compromising the 

quality of the diagnostic information, i.e. pre-patient collimation of x-ray beams, 

use of better filters and image processing algorithms, automatic tube-current 

modulation, and efficient detector configuration (3, 15, 31-33). The IR algorithm 

has offered one of the most promising innovations for reducing the radiation dose. 

Based on this study data, I concluded that the combination of low-tube-voltage, 

half-dose and the SAFIRE reconstruction technique could be a promising dose 

reduction technique which can be used for patients with liver cirrhosis and who are 

regularly monitored using cross-sectional imaging modalities including CT.  
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The CT technique used in this study to evaluate cirrhotic nodules, including 

HCC, requires further explanation with regard to the use of low-tube-voltage. The 

low-tube-voltage CT scanning protocol has received much attention from many 

radiologists because of its value as a tool which can be used to increase the 

sensitivity of CT for detecting hypervascular HCC, as low-kV CT scans can 

provide higher attenuation using the same amount of iodinated contrast medium in 

tissue compared with conventional, 120-kV scanning. Although at many medical 

centers dynamic CT has a major role in the imaging diagnosis of HCC, until now 

the sensitivity of MDCT has been reported to be in the range of 30~70%, 

depending on the tumor size (34). The major obstacle of low-tube-voltage scanning 

has been its high levels of image noise as well as its higher susceptibility to 

artifacts such as streak hardening caused by the photon deficit. Based on the 

promising results of previous studies of low-tube-voltage scanning and on the 

excellent performance of IR techniques for reducing image noise, I assumed that 

they both increase the contrast enhancement of vascular and parenchymal 

structures using low-tube-voltage for HCC detection in the late arterial phase and 

that they decrease the image noise when combined with the SAFIRE reconstruction 

algorithm.  

This study has several limitations which must be considered. First, the 

qualitative analysis scoring system in this study is somewhat subjective. However, 

some subjectivity is inevitable in qualitative analysis and I made a great effort to 

maintain objectivity in this study by setting the criteria and standard reference 

images of each image quality score based on those of previous studies. Second, as 

there was only a small number of patients with hypervascular HCC and only 
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arterial phase scans were reconstructed using different reconstruction algorithms, I 

did not perform receiver operating characteristic curve analysis of the diagnostic 

performance of each data set for the detection of HCC nodules. However, I 

thoroughly evaluated the CNRs as well as the lesion conspicuity of HCC, and I 

also compared each image set in order to detect hyperenhancing nodules. Further 

prospective studies of the diagnostic performance of different CT techniques for 

the detection of HCC, are warranted in order to confirm this study findings. Third, 

there was only a limited number of patients with a BMI higher than 30, due to the 

demographic characteristics. Therefore, the extrapolation of this study results to 

patient populations with a high BMI could be limited. Furthermore, I could not 

perform the evaluation regarding the kV selection due to the body size of the 

patients in this study. A recent study by Lee et al. regarding this issue (35) 

demonstrated that 100 kV would be more efficient for patients with a large body 

habitus (BMI 25~30) than 80kV. As I could not evaluate this in this study in which 

80kV was used for dual-source CT scanning, further studies regarding this issue are 

warranted. Last, another limitation of this study is that full-dose FBP images were 

not the actual, full-dose image data using a single tube, but were simulated on the 

main CT console by combining the data of two tubes and were generated using 

vendor–provided, dual-energy mode software. A more clinically realistic approach 

would have been to perform this analysis by carrying out repeated examinations of 

the same individuals using full- and reduced-dose techniques, although this latter 

approach involves certain ethical considerations (28). 

In conclusion, these initial clinical results suggest that a half-dose, 80-kVp, 

liver CT protocol with a SAFIRE algorithm may increase the image quality and 
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provide comparable lesion detection of hypervascular HCC at a reduced radiation 

dose when compared with a full-dose protocol using the FBP algorithm. 
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국  초  

목 : sinogram-affirmed iterative reconstruction (SAFIRE) 알고리즘  이용한 

압, 량 사 량 다 열검출  간 산 단 촬  상  

filtered back projection (FBP)알고리즘  이용한 량 사 량 

산 단 촬  상과 비 하여 상  질과 병변  탐지가능  

비 하고자 한다.  

 

법: 총 126 명  간 포암이 있  것  추 어 간 

산 단  시행한 자들  상  하 다. 이  원 

산 단 를 이용하 며, 한 tube 당 80-kVP, 300-mAs 를 이용한 

이 에 지 촬  법  이용하여 후  동맥  상  촬 하 다.  

량 상  각각 FBP, iterative reconstruction in image space (IRIS), 5 개  

SAFIRE 알고리즘 (S1-S5)  재구 하 며, 량 virtual scan 상  

FBP 알고리즘  이용하여 각각 재구 하 다. 총 8 개  상 트에 

해  상잡 과 간, , 병변  간  신 잡 비를 량  

평가하 다. 또한  명  상 학과 가 상  질과 병변  

탐지가능 에 해 각각  다른 상들에 해 인 평가를 

시행하 다.   

 

결과: 량 SAFIRE 상  량 FBP 상보다 상잡 이 

하게 낮았고, 신 잡 비는 하게 높았다 (p < 0.001). 또한, 
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량 S5  재구 한 SAFIRE 상에  병변  간  

신 잡 비는 량 IRIS  량 FBP 상보다 하게 높았다 

(p < 0.05). 량 상들 에 , SAFIRE  재구 한 상  FBP  

재구 한 상보다 하게 좋  상 질  보 다 (p < 0.05). 병변 

견에 있어 는 량 SAFIRE 상  량 FBP 상보다 

우수했 며, 량 FBP 상과는 비슷한 도를 보 다 (91.8% vs. 96%, 

observer 1 and 98% vs. 98%, observer 2, p > 0.05).  

 

결 : 량 80-kVP  SAFIRE 를 이용한 간 산 단 촬  

상  질  높  수 있고, 고  간 포암  견에 있어  

량 FBP 상과 비 할  낮  사 량에 도 비 할만한 도  

병변 탐지가능  보인다.  

 

주요어: 간, 간 포암, 량 산 단 촬 , 압 산 단 촬 , 

sinogram-affirmed iterative reconstruction (SAFIRE) 

학번: 2011-21999 
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