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Abstract

Rationale and Objectives—To investigate the stabilities of plaque attenuation and coronary 

lumen for different plaque types, stenotic degrees, lumen densities, and reconstruction methods 

using coronary vessel phantoms and the visualization of coronary plaques in clinical patients 

through coronary CT angiography.

Materials and Methods—We performed 320-detector volume scanning of vessel tubes with 

stenosis and a tube without stenosis using three types of plaque CT numbers. The stenotic degrees 

were 50% and 75%. Images were reconstructed with filtered back projection (FBP) and two types 

of iterative reconstructions (AIDR3D and FIRST), with stenotic CT number of approximately 40, 

80, and 150 HU, respectively. In each case, the tubing of the coronary vessel was filled with 

diluted contrast material and distilled water to reach the target lumen CT numbers of 

approximately 350 HU and 450 HU, and 0 HU, respectively. Peak lumen and plaque CT numbers 

were measured to calculate the lumen–plaque contrast. In addition, we retrospectively evaluated 

the image quality with regard to coronary arterial lumen and the plaque in ten clinical patients on a 

four-point scale.

Results—At 50% stenosis, the plaque CT number with contrast enhancement increased for FBP 

and AIDR3D and the difference in the plaque CT number with and without contrast enhancement 

was 15–44 HU for FBP and 10–31 HU for AIDR3D. However, the plaque CT number for FIRST 

had a smaller variation and the difference with and without contrast enhancement was −12–8 HU. 
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The visual evaluation score for the vessel lumen was 2.8 ± 0.6, 3.5 ± 0.5, and 3.7 ± 0.5 for FBP, 

AIDR3D, and FIRST, respectively.

Conclusion—The FIRST method controls the increase in plaque density and the lumen–plaque 

contrast. Consequently, it improves the visualization of coronary plaques in coronary CT 

angiography.
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Coronary plaque attenuation; lumen–plaque contrast; full statistical iterative reconstruction 
algorithm; coronary CT angiography

INTRODUCTION

Coronary CT angiography (CTA) with electrocardiogram (ECG) gating is an accurate non-

invasive method to evaluate coronary artery disease (1–4). Potential applications of coronary 

CTA require high visualization of coronary arteries while maintaining radiation dose (5). In 

addition, coronary CTA raises concerns regarding evaluations of coronary stenosis and 

coronary plaque. Previous studies have associated high-risk plaque characteristics (e.g., 

positive remodeling, low CT number plaque, napkin-ring, sign and spotty calcium), as 

characterized by coronary CTA, with culprit lesions of the acute coronary syndrome (6–12). 

Therefore, diagnostic accuracy relies on knowledge of the plaque burden and high-risk 

plaque features. Regarding coronary plaque, CT number of coronary plaque varies with the 

increasing contrast enhancement of coronary lumen owing to partial volume effects, beam 

hardening, and plaque vascularity (13). Non-contrast CTA and dual-phase coronary CTA 

from non-contrast (first phase) and contrast enhancement (second phase) were previously 

applied to achieve accurate CT number of the coronary plaque (14–16).

Recently, an algorithm called “forward projected model-based iterative reconstruction 

solution” (FIRST) was developed as an iterative method for image reconstructions (17, 18). 

Unlike AIDR3D (19, 20), FIRST is an iterative reconstruction algorithm that models system 

optics, such as the detector element aperture, and improves image quality by iteratively 

minimizing a penalty-based cost function. FIRST can potentially improve the spatial 

resolution and CT number because it employs a more accurate model of X-ray physics 

(considering partial volume effects, beam hardening, etc.) than the former iterative method 

does, as well as an improved filtered back-projection (FBP) method.

Our study aims to investigate the stabilities of plaque attenuation and coronary lumen using 

coronary vessel phantoms and the visualization of coronary plaques in clinical patients 

through coronary CTA. Our phantom study involves different plaque combinations (soft, 

intermediate, and calcified), different stenosis (50% and 75%), different lumen densities 

(low and high lumen), and different reconstruction methods (FBP, AIDR3D, and FIRST).

MATERIALS AND METHODS

Our retrospective studies were approved by our institutional review board; informed patient 

consent for the analyses was waived.
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Phantom Study

Phantom—For the coronary vessel models, we used three types of vessel tubes with 

stenosis and an acrylic tube without stenosis (Fuyo, Japan). The length and the inner lumen 

diameter of the coronary vessel models were 50.0 mm and 3.0 mm, respectively. To 

investigate cases with different stenotic CT numbers, we used stenotic degrees of 50% and 

75% and the stenosis were composed of polystyrene, mono cast nylon, and acrylonitrile 

butadiene styrene copolymer. In our study, the 50% and 75% stenosis portions were used to 

mimic moderate and severe stenosis, respectively. We examined three types of plaque, 

namely, soft, intermediate, and calcified plaque; the stenotic CT number was approximately 

40, 80, and 150 HU, respectively. In the case without stenosis, the tubing of the coronary 

vessel was controlled with diluted contrast material (iopamidol, Isovue 370; Bracco 

Diagnostics, Princeton, NJ) to reach the target lumen CT numbers of approximately 350 HU 

(low lumen diameter) and 450 HU (high lumen diameter). Then, we filled the same iodine 

density in each 50% or 75% stenotic lumen. In the case of simulated non-contrast-enhanced 

CT, the tubing of the coronary vessel was filled with distilled water. The coronary vessel 

model was fixed at the center of a water-filled polypropylene square container (26.7 cm 

wide, 36.3 cm long, and 17.8 cm high).

ECG-gated single-heartbeat CTA—We performed ECG-gated single-heartbeat 

coronary CTA, prospectively on a third-generation 320-row multidetector CT (MDCT) 

(Aquilion ONE Genesis; Toshiba Medical Systems, Otawara, Japan) (21–23). The scanner 

parameters were detector configuration, 320 × 0.5 mm; slice thickness, 0.5 mm; gantry 

rotation time, 0.275 sec; display field-of-view (FOV), 80 × 80 mm; and matrix, 512 × 512. 

An ECG was acquired during volume scanning at a simulated 60-bpm heart rate signal using 

the demo mode for cardiac CT. The tube voltage and the current were 120 kVp and 360 mA, 

respectively. We set the exposure phase window (padding window) to 75% with the half-

scan algorithm for 60 bpm. CT scanning was performed three times for each contrast 

enhancement scenario and each stenosis. Images were synchronously reconstructed from the 

ECG data using filtered back projection (FBP) and two types of iterative reconstruction 

algorithms (IR: AIDR3D, FIRST, Toshiba Medical Systems, Otawara, Japan) as well as a 

coronary standard kernel/filter (FC03) for FBP (24), the AIDR3D standard. Unlike FBP and 

AIDR3D, the FIRST method does not include kernels; rather, different parameters were set 

depending on the clinical application, e.g., body, bone, and lung. In our study, we used a 

clinically optimized cardiac parameter, “cardiac sharp,” for FIRST. FIRST is expected to 

provide accurate CT images because additional information concerning the focal spot size 

(optics model), photoelectric noise (statistical model), cone beam trajectory (cone beam 

model), and exact scan parameters (system model) are utilized in the iterative process. 

FIRST includes the forward imaging process that communicates the projection data domain 

and the image data domain. The agreement between the measured projection data and 

calculated (forward) projection data is maximized while the image-domain regularization 

controls the image noise and the spatial resolution. The FIRST “cardiac sharp” employs the 

regularization model focusing on the maximization of high-contrast spatial resolution rather 

than minimization of image noise. In contrast, the FIRST “body” emphasizes minimization 

of noise over maximization of spatial resolution. In order to accurately image small 
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structures such as coronary vessels, the FIRST “cardiac sharp” is considered to be 

appropriate.

Peak CT number and plaque CT number—To analyze the longitudinal lumen planes 

0.5-mm multiplanar reformations (MPRs) were conducted (Fig. 1). The lumen CT number 

of pixels along the lumen diameter was measured, and a profile plot was obtained. To 

measure the profile curve, the rectangular region of interest (ROI) was set at 3.0 × 9.0 mm 

(Fig. 1). The measurements were repeated three times, and the mean value was calculated 

for each of the 72 image settings (three reconstruction methods × two lumen CT numbers × 

four cases, with [three plaque types] and without stenosis × three scans) for 50% stenosis 

portions; the same was calculated for the 72 image settings for 75% stenosis portions. The 

peak lumen CT number was obtained from the peak value of the profile curve with the 

iodine contrast portion, and the mean value was calculated from the three scans (Fig. 1). The 

plaque CT number was measured from the center of the plaque portions using the ROI of 3.0 

× 0.8 mm (20 × 5 pixels) and the calculated mean value from the three scans (Fig. 1). The 

differences in the peak lumen CT number (d-lumen CT num) and the plaque CT number (d-
plaque CT num) between the cases with (w/) and without (w/o) stenosis were calculated 

using the following equations, respectively:

In addition, the lumen and plaque (lumen–plaque) contrast difference was calculated by 

subtracting the plaque CT number from the peak lumen CT number. The lumen–plaque 

contrast difference expressed the ratio of each lumen–plaque contrast to the lumen–plaque 

contrast with FBP.

Clinical study

Patients—Ten patients (three women and seven men; mean age 72 ± 13 years; range 49–87 

years) were retrospectively evaluated in the clinical study. They were included according to 

the criteria of the patients undergoing both coronary CTA and conventional angiography 

between March and May 2016. Twelve stenotic lesions with non- or partially calcified 

plaques were detected using coronary CTA, and 50% or more stenosis was detected by 

conventional angiography.

Data acquisition—We used the following protocol with the same CT scanner as in the 

phantom study and prospective ECG-gating axial scans: 320 rows × 0.5-mm collimation, 

rotation time 0.275 sec, tube voltage 120 kVp, tube current 220–300 mA (automatic 

exposure control). Each patient received the beta blocker (6–12.5-mg landiolol 

hydrochloride) and sublingual nitroglycerin (0.3 mg) 5 min before data acquisition. The 

high-concentration iodinated contrast agent (Iopamiron 370 mgI/mL, Bayer, Osaka, Japan) 

was delivered via a 20-gauge intravenous catheter placed in an antecubital vein. The amount 

of contrast agent was tailored according to the patient body weight (300 mgI/kg), and it was 

injected over 12 s, immediately followed by a 40-mL saline flush at the same rate using a 

dual-head power injector (Dual Shot-Type GX7; Nemoto Kyorindo, Tokyo, Japan). 
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Synchronization between the flow of the contrast agent and the CT acquisition was achieved 

using a computer-assisted bolus tracking system. The trigger threshold was set at 200 HU 

for the ascending aortic region of interest. CT data acquisition commenced 6 s after the 

trigger.

Quantitative evaluation—Two radiologists in consensus measured the following 

parameters from axial source images of a circular region of interest: (i) mean CT number of 

the coronary arterial lumen and plaque at the stenosed segment; (ii) mean CT number of the 

perivascular fatty tissue; (iii) image noise, determined as the standard deviation of the CT 

number in the aorta. Then, the contrast-to-noise ratios (CNR) of the vessel and the plaque 

were calculated as follows:

Qualitative evaluation—All images were reviewed and interpreted on an image 

processing workstation (Zio station 2, Ziosoft, Tokyo, Japan) by two board-certified 

radiologists with 13 and 9 years of cardiac CT experience. The images included transverse 

source images, multiplanar reformations, and thin-slab (2-mm) maximum intensity 

projections at a window level of 200 HU and a width of 800 HU. The available images in 

this study were chosen because they were recommended for the interpretation of coronary 

CTA by the Society of Cardiovascular Computed Tomography Guidelines Committee (25). 

The images acquired with the three different reconstructions (FBP, AIDR3D, FIRST 

cardiac) were intermixed, and the reviewers were unaware of the reconstruction technique 

used and the identity of the patients. The reviewers in consensus evaluated the CT image 

quality with regard to coronary arterial lumen and plaques. The following four-point scale 

was used for the evaluation of coronary arterial lumen: 4 (excellent) = coronary stenosis is 

clearly depicted with accurate estimation of stenosis severity, providing useful information 

in clinical settings; 3 (good) = stenosis is depicted, but the degree of stenosis is over- or 

underestimated by 25%; 2 (fair) = stenosis is depicted, but the degree of stenosis is over- or 

underestimated by 50% or more; 1 (poor) = coronary stenosis cannot be identified. In the 

evaluation of the coronary plaques, the scale was as follows: 4 (excellent) = both the inner 

and outer margin of coronary plaque are clearly visualized; 3 (good) = the inner margin of 

coronary plaque is visualized, but the outer margin is partially unclear; 2 (fair) = the 

coronary plaque is present, but the outer margin of the coronary plaque is unclear; 1 (poor) = 

the coronary plaque cannot be identified.

Statistical analysis—We used the Kruskal–Wallis one-way analysis of variance 

(ANOVA) on ranks to compare the three datasets containing the lumen CT numbers and the 

plaque CT numbers from FBP, AIDR3D, and FIRST. When the overall differences were 

statistically significant, post-hoc analysis using a parametric- (the Tukey–Kramer test) and a 

non-parametric multiple comparison method (the Steel–Dwass test) was employed for the 

parametric data. Differences with p < 0.05 were considered statistically significant. Kruskal–

Wallis one-way ANOVA was performed with a statistical software program (MedCalc, 

Mariakerke, Belgium). For the Steel–Dwass multiple comparison test, we used a statistics 
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software program (R, version 3.1.1, the R project for statistical computing; http://www.r-

project.org/).

RESULTS

Phantom study

Lumen CT number—The lumen CT number without stenosis (0% stenosis) was 370.5 

HU with FBP, 370.4 HU with AIDR3D, and 387.9 HU with FIRST for low lumen density; it 

was 451.7 HU with FBP, 453.6 HU with AIDR3D, and 464.7 HU with FIRST for high 

lumen density (Table 1). The lumen CT number using FIRST was slightly higher at 11–17 

HU than with the other FBP and AIDR3D. In 50% and 75% stenosis, the lumen CT number 

with FIRST was much higher than with the other FBP and AIDR3D. The increasing value 

when using FIRST was 40 to 66 HU at 50% stenosis and 44 to 72 HU at 75% stenosis 

(Table 1). Figure 2 shows the difference in the lumen CT number with and without stenosis. 

At 50% stenosis, the lumen CT number with FBP and AIDR 3D exhibited lower values than 

that with FIRST. Consequently, the differences in the lumen CT number with and without 

stenosis were large, from −32 HU to −68 HU with FBP and from −8.0 HU to −76 HU with 

AIDR3D. In contrast, the difference with and without stenosis for FIRST was from −1.3 HU 

to −24 HU and smaller than those using the other methods (p < 0.05, FBP; p < 0.05, 

AIDR3D). At 75% stenosis, the lumen CT number was substantially lower than that without 

stenosis. In addition, the values were larger than those with 50% stenosis. The difference 

with and without stenosis ranged from −141 HU to −196 HU with FBP, from −152 HU to 

−200 HU with AIDR3D, and from −115 HU to −151 with FIRST.

Plaque CT number—At 50% stenosis, the plaque CT number without contrast 

enhancement (non-contrast enhancement) was almost the same irrespective of the 

reconstruction method applied (Table 2). However, the plaque CT number with contrast 

enhancement was greater for FBP and AIDR3D, and the difference in the plaque CT number 

with and without contrast enhancement was 15 to 44 HU for FBP and 10 to 31 HU for 

AIDR3D (Table 2, Fig. 3). Compared with FBP and AIDR3D, the plaque CT number with 

contrast enhancement was slightly different with FIRST, and the difference ranged from −12 

to 8 HU for a smaller variation of the plaque CT number (p < 0.05, FBP; p < 0.05, AIDR3D 

[Fig. 2]). At 75% stenosis, the difference in the plaque CT number with and without contrast 

enhancement was smaller than at 50% stenosis in FBP and AIDR3D (from −2 to 13 HU 

with FBP, from −5 to 18 HU with AIDR3D). However, the plaque CT number with FIRST 

remained almost constant between 50% and 75% stenosis. Figure 4 shows the profile curve 

of lumen CT number with 75% stenosis obtained from FBP, AIDR3D, and FIRST images. 

The FIRST image gave a narrower profile curve than the other images. The FIRST image 

data indicated a higher CT number in the iodine lumen portion and a decreased value for the 

plaque portion compared with FBP and AIDR3D. Table 3 shows the lumen–plaque contrast 

ratio with FBP, AIDR3D, and FIRST to that of FBP. The FIRST method improved the 

lumen–plaque contrast, and the ratio was 1.2–1.4 times at 50% stenosis and 1.4–1.6 times at 

75% higher compared with the lumen–plaque contrast with FBP.
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Clinical study

Quantitative evaluation—The CNRvessel was 8.5 ± 3.2, 14.4 ± 4.9, and 19.8 ± 7.7 for 

FBP, AIDR3D, and FIRST, respectively. The CNRvessel for FIRST was highest among the 

three methods, although the difference was not significant between AIDR3D and FIRST 

(Table 4). The CNRplaque was 3.5 ± 1.5, 6.1 ± 3.0, and 8.8 ± 4.9 for FBP, AIDR3D, and 

FIRST, respectively. There was a significant difference in the CNRplaque between the FBP 

and FIRST reconstructions (Table 4).

Qualitative evaluation—Figure 5 shows the clinical images obtained with FBP, AIDR3D, 

and FIRST. The visual evaluation score for the vessel lumen was 2.8 ± 0.6, 3.5 ± 0.5, and 3.7 

± 0.5 for FBP, AIDR3D, and FIRST, respectively. There were significant differences 

between the reconstruction methods except for AIDR3D vs FIRST (Table 5).

DISCUSSION

In general, iterative reconstruction can effectively reduce the image noise, leading to low-

dose scanning (26–29). However, the problem of plastic/blotchy image appearance is an 

issue for statistical iterative reconstructions, and it is unclear whether the spatial resolution 

of small structures with model-based iterative reconstructions should be preserved. The new 

model-based iterative reconstruction method FIRST has balanced projection-data and 

volume-data domains and focuses on improving spatial resolution. Our results show the 

usefulness of FIRST for assessing coronary arteries. In small vessels such as coronary 

arteries, the partial volume effect and spatial resolution are insufficient, and the vessel pixel 

value might be biased from the true value. Compared with the FBP and AIDR3D, FIRST, 

which models the system optics, can reduce the degradation of the spatial resolution.

At 50% and 75% stenosis, FIRST suppresses the decreasing lumen CT number, in contrast 

to FBP and AIDR3D. The lumen CT number with 50% stenosis is lower than that without 

stenosis with FBP and AIDR3D. In contrast, with FIRST, the lumen CT number with and 

without stenosis is almost the same. At 75% stenosis, the lumen CT number is lowered in all 

reconstruction methods because the plaque area is wider and the iodine contrast area is 

restricted more than that in the lumen with 50% stenosis. However, the FIRST method 

shows a lower reduction in the lumen CT number than FBP and AIDR3D.

Unlike FIRST, the plaque CT number with contrast enhancement exhibits a greater increase 

with the FBP and AIDR3D methods than that with non-contrast enhancement. In particular, 

the increase ratio for soft plaque is higher than those for intermediate and calcified plaque. 

This is because the CT number for soft plaque is approximately 40 HU and is highly 

affected by iodinated lumen CT number (350 HU or 450 HU). Cademartiri et al. (30) 

investigated the increasing plaque CT number and reported that the lumen CT number 

significantly affects the measured plaque CT number, when using FBP; the plaque CT 

number increases with the lumen CT number. In our study, FIRST controls the plaque CT 

number and the value slightly decreases instead of increasing. At 75% stenosis, the plaque 

area increases more than the iodine portion area in the lumen, and the increasing plaque CT 

number is lower than that of 50% stenosis in FBP and AIDR3D. The FIRST method tends to 

decrease the plaque CT number in both cases (50% and 75% stenosis) compared with non-
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contrast enhancement. This phenomenon may be owing to the effect of used parameter of 

cardiac-sharp in FIRST and the slight undershoot effect appears to preserve the lumen edge 

(Fig. 4).

The lumen–plaque contrast improves with the FIRST method than with FBP and AIDR3D 

in a clinical situation. We evaluate the effects of different reconstruction techniques on the 

image quality of the coronary lumen and plaque in clinical settings. FIRST demonstrates the 

best objective and subjective image quality, and our phantom study might support the 

clinical results. In the CNR vessel and the CNR plaque, there are no significant differences 

between AIDR3D and FIRST reconstructions. We propose that this may be because the 

number of our clinical subjects is small (only 12 lesions in 10 patients). Our visual 

evaluation results show that FIRST is significantly superior to FBP and AIDR3D for plaque 

visualization. We believe the mathematical characteristics of FIRST reconstruction improved 

the objective as well as subjective image quality in the clinical study, although the number of 

patients was small. Clinical image analysis using a larger number of patients is now 

underway in our laboratory. In this study, we focused on differences in the visualization of 

coronary arterial lumen and plaque using different reconstruction techniques, including FBP, 

AIDR3D, and FIRST, compared with the conventional radiation dose. We did not evaluate 

the effects of FIRST on radiation dose reduction. Further studies should be conducted to 

compare the objective and subjective image quality of low-dose FIRST images with that of 

FBP and AIDR3D images.

Accurate plaque CT numbers are required both for contrast-enhanced and non-contrast-

enhanced images because the evaluation of high-risk plaque including soft plaque (low-

attenuation plaque) features improves the diagnostic accuracy of acute coronary syndrome. 

Ferencik et al. (8) showed that when observing the high-risk plaque features of the worst 

lesion, patients with acute coronary syndrome had a larger volume of plaque with < 30 HU 

and < 60 HU, a higher remodeling index, and longer plaques. In addition, the proportion of 

lesions with positive remodeling and spotty calcium was higher in those patients as well. 

Furthermore, Dalager et al. (13) indicated significant increases in the HU-values in non-

calcified plaque by increasing the luminal density. The Rule Out Myocardial Infarction/

Ischemia Using Computer Assisted Tomography (ROMICAT) trial showed that the 

sensitivity of obstructive coronary stenosis for acute coronary syndrome was limited to 77% 

(31). Therefore, characterization of a coronary plaque causing mild-to-moderate stenosis is a 

clinically important role of coronary CTA for appropriate patient management. The CT 

number of a soft plaque (unstable plaque) is approximately ≤40 HU (32) and that of a 

fibrous plaque (stable plaque) is 80–100 HU (7). Our phantom study results (50% stenosis 

model with 40-HU plaque) suggested that the non-calcified plaque changed subtype from 

soft/lipid-rich to fibrotic with FBP and AIDR3D. On the other hand, quantitative 

measurements with FIRST provided more accurate estimation of plaque attenuation, and we 

posit that FIRST can help avoid mischaracterization of coronary plaques.

The method presented in this study presents some limitations. First, this method does not 

consider motion in the coronary vessel models; artifacts derived from the heartbeat are not 

reproduced by our model. The second limitation is that we use the standard coronary kernel 

(FC03) for FBP, AIDR3D, and the optimized cardiac parameter (cardiac sharp) for FIRST, 

Funama et al. Page 8

Acad Radiol. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and we did not investigate the other parameters. Third, in image evaluation, we applied so 

that to unaware the reconstruction techniques in reviewing. However, reviewers might 

suppose the reconstruction method from the slight differences of image characteristics. 

Finally, we used a lumen diameter of 3.0 mm including 50% and 75% stenosis in our 

phantom study. When the lumen diameter decreases, the variations in the lumen and plaque 

CT numbers are uncertain, especially using the FIRST method. We need to study the relation 

between lumen–plaque contrast, its vitalization, and the lumen diameter in a clinical 

situation.

In conclusion, the FIRST method controls the increases in plaque densities and the lumen–

plaque contrast and consequently improves the visualization of coronary plaques compared 

with FBP and AIDR3D on coronary CTA.
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Figure 1. 
Multiplanar reformation (MPR) images with plaque on non-contrast (a) and contrast 

enhancement (b); CT voxel attenuation profile across the 50% and 75% plaques.
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Figure 2. 
Difference in peak CT numbers with and without stenosis for FBP, AIDR3D, and FIRST at 

different plaque types and lumen densities, calculated from peak lumen CT number without 
stenosis–peak lumen CT number with stenosis [HU]. Figures (a) and (b) represent the cases 

with 50% and 75% stenosis, respectively.
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Figure 3. 
Difference in plaque CT numbers with and without contrast enhancement for FBP, AIDR3D, 

and FIRST at different plaque types and lumen densities, calculated from plaque CT number 
without stenosis–plaque CT number with stenosis [HU]. Figures (a) and (b) represent the 

cases with 50% and 75% stenosis, respectively.
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Figure 4. 
Profile curve for high lumen density including 75% stenosis of soft plaque with MPR 

images obtained at FBP, AIDR3D, and FIRST. The FIRST image gives a narrower profile 

curve than the other images.
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Figure 5. 
A 66-year-old man with chest pain. Non-calcified plaque is shown in the proximal right 

coronary artery (arrow). Clear margins of vessel lumen and plaque with less image noise are 

demonstrated on the FIRST image.
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