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Abstract

Background: Coronary computed tomography angiography (cCTA) technology as a kind of non-traumatic examination has been
widely used in clinical practice. There are major issues that need to be considered. One is how to obtain high quality images and at
the same time effectively reduce the radiation dose. The second is coronary artery calcified plaque artifacts that seriously affect the
depiction of plaque morphology and luminal stenosis. In case of dose reduction, these artifacts are more outstanding.
Objectives: This study determined the value of sinogram-affirmed iterative reconstruction (SAFIRE) technology to assess coronary-
calcified plaques. This value was compared with filtered back-projection (FBP) reconstruction.
Patients and Methods: Sixty-three cases with calcified plaques diagnosed via coronary CT examination were selected. The mean
CT-number, noise, signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), number of calcium plaques, edges, lumen situation, and
the subjective image quality ratings of the cases using FBP and SAFIRE1–SAFIRE5 (six groups) were analyzed and compared.
Results: The subjective ratings of image quality using SAFIRE1–SAFIRE5 reconstructions were significantly higher than those us-
ing FBP, with SAFIRE3 achieving the highest rating. Compared with FBP reconstruction, the differences in noise, SNR, and CNR us-
ing SAFIRE1-SAFIRE5 were statistically significant (P < 0.05), with SAFIRE5 reconstruction achieving the highest SNR and CNR, and
FBP reconstruction achieving the lowest. The revealed numbers of calcium plaques in the SAFIRE1-SAFIRE5 reconstruction groups
were higher than that in the FBP reconstruction without significant differences in the number of calcium plaques among the
SAFIRE1–SAFIRE5 groups (P > 0.05).
Conclusion: SAFIRE reconstruction provided better coronary image quality and displayed the number, morphology, and surround-
ing lumen of calcium plaques more accurately than traditional FBP reconstruction, with SAFIRE3 achieving the best results.
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1. Background

Coronary computed tomography angiography (cCTA),
a non-invasive examination technique, is widely used in
clinical practice (1, 2). However, obtaining high-quality
images while effectively reducing the radiation dose is a
pressing problem in this technology. Furthermore, the
constructed defects of calcified coronary plaques seriously
affect plaque morphology and luminal stenosis, and the
constructed defects are more prominent at lower radia-
tion doses.

2. Objectives

This paper compares the calcium plaques in the coro-
nary artery using sinogram-affirmed iterative reconstruc-
tion (SAFIRE), which is a new dual-source CT iterative
reconstruction technology and traditional filtered back-
projection (FBP) reconstruction technology.

3. Patients andMethods

3.1. Subjects

A total of 63 patients with coronary calcium plaques
who were admitted in the First Affiliated Hospital of Kun-
ming Medical University from August 2012 to September
2012 were selected. These patients were suspected of coro-
nary atherosclerotic heart disease via cCTA examination in
the clinic. The patients comprised 39 males and 24 females
aged 38 years to 79 years old, with an average age of 65.30
± 14.71 years. The inclusion criteria were as follows: body
mass index < 25 kg/m2, total coronary artery calcium score
> 0, and no serious cardiac arrhythmias and significantly
increased heart size. This study was conducted in accor-
dance with the declaration of Helsinki after the approval of
the Ethics Committee of the 1st Affiliated Hospital of Kun-
ming Medical University. Written informed consent was
obtained from all participants and examinations were suc-
cessfully completed.
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3.2. Scanning Plan

The scans were performed using a Siemens Somatom
Definition Flash CT (SOMATOM Definition Flash; Siemens
Healthcare, Forchheim, Germany). The scan range was
from 1 cm below the tracheal carina to the facies diaphrag-
matica cordis. The scan parameters were as follows: tube
voltage of 100 kV, real-time dynamic exposure dose adjust-
ment (CARE Dose 4D) was on, CARE kV Semi (reference volt-
age and current of 120 and 400 mAs, respectively), ECG
pulse of 30% to 75% and collimator of 128 × 0.6 mm. Io-
promide was injected (370 mg I/mL) as contrast agent at a
flow rate of 4 mL/s to 5 mL/s with a total of 50 mL to 70 mL
and then injected with 30 mL to 40 mL of saline for rins-
ing. Contrast agent bolus tracking software (Bolus Track-
ing) was used to monitor the plane and select the aortic
root. The threshold was set to trigger at 100 HU with a 5
second delay before starting the scan.

3.3. Post-Processing Program

The best phase for the coronary scan (phase with min-
imal motion-constructed defects) was selected and recon-
structed using FBP and SAFIRE. The convolution functions
were B46f and I46f. The reconstruction thickness was 0.6
mm with spacing of 0.4 mm. The six sets of data included
groups 1–5 in the SAFIRE reconstruction according to re-
build strength. These data were obtained and transmit-
ted into Siemens Syngo Multi-Modality Workplace work-
stations and then analyzed and measured using Circula-
tion and 3D software.

3.4. Image Analysis

Image quality was evaluated subjectively and objec-
tively. The subjective evaluation was performed on 15 mod-
ified coronary segments according to the standards of the
American Heart Association (3). Two highly qualified physi-
cians blinded to the scan parameters and patient infor-
mation carried out the double-blind evaluation. Consen-
sus was reached by the physicians through comprehen-
sive analysis in case of any disagreement. Overall image
quality scores were divided into four grades as follows (4):
4 points, each coronary segment is displayed clearly, no
motion constructed defects and excellent image quality;
3 points, some segments are slightly blurred, mild con-
structed defects and good image quality; 2 points, gen-
eral image quality, still continuous coronary structure and
moderate constructed defects; and 1 point, poor coronary
display, blurred segment that could not be assessed or vas-
cular amputation. Images with scores of at least 2 points
were considered diagnostic, i.e.fulfills the diagnostic re-
quirements.

Evaluation of coronary calcium plaques included the
number, edge, and adjacent lumen situation. Calcium
plaque numbers were compared in the same level and po-
sition regardless of size, with all plaques accounted as one
unit. The edges and the adjacent lumen situation of the
calcium plaques were evaluated based on the scores in the
same level, position, and image quality. The scoring scale
was as follows: 4 points, no evident constructed defects
around the calcium plaques and clear display adjacent to
the lumen; 3 points, mild constructed defects around the
calcium plaques and clear display adjacent to the lumen; 2
points, moderate constructed defects around the calcium
plaques and basically clear lumens; and 1 point, heavy cal-
cium constructed defects around the calcium plaques and
unclear lumen.

The objective evaluation indicators included mean CT-
number (Unit is HU), noise, signal-to-noise ratio (SNR) and
contrast-to-noise ratio (CNR). The aortic CT was measured
from the aortic root (opening plane of the left main coro-
nary artery), and the region of interest (ROI) was 2 cm2. Im-
age noise was measured based on the Standard Deviation
(SD) of measured CT, and the average was obtained from
the three processing instances of the same image. Coro-
nary average CT, noise, SNR, and CNR (5) were measured
based on the following: the average CT values of the coro-
nary ROI in the left main coronary artery, the proximal an-
terior descending, the anterior descending branch of the
distal segment (beyond the second pair of diagonal branch
openings), the proximal segment of the first pair diago-
nal branch, the proximal circumflex artery, the distal cir-
cumflex artery (beyond the second pair of obtuse marginal
branch openings), the proximal segment of the first ob-
tuse marginal branch, the proximal segment of the right
coronary artery (RCA) and the distal segment of the RCA
(before posterior descending branch openings), as well as
the average CT value of the fat tissue around the left coro-
nary sinus opening. The formulae (6) are as follows: SNR =
CT average/SD and CNR = (CT - CT average fat)/CT fat SD.

3.5. Radiation Dose

The volume CT dose index (CTDIvo1), dose-length prod-
uct (DLP) and effective dose [(ED) = DLP × K] (in mSv) were
included. K is the conversion factor, and the European
Quality Standard Guide proposed CT chest average of 0.014
mSv/(mGy cm) was used (7).

3.6. Statistical Analysis

SPSS Ver 17.0 package (Statistical Product and Service
Solutions, IBM, USA) was used for statistical analysis. The
CT values, SNR, CNR and the number of calcium plaques in
the images of the six groups were displayed and compared
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using ANOVA. The rank of the classification data was com-
pared using a multi-group ordinal analysis. The overall im-
age quality score and the ratings of calcium spots and sur-
rounding lumen were compared using theχ2 test. P < 0.05
was considered statistically significant.

4. Results

4.1. Image Quality Scores

The subjective image quality scores of the six groups
scored at least two. The χ2 test was performed, and P <
0.05 indicated that the difference was statistically signifi-
cant. Further pairwise comparisons were conducted, but
no significant differences were observed between FBP and
SAFIRE1–5. By contrast, the differences were significant be-
tween FBP and SAFIRE2, and SAFIRE3 and SAFIRE4. No sig-
nificant differences were found between SAFIRE2, SAFIRE3
and SAFIRE4 scores. SAFIRE3 exhibited the highest subjec-
tive score (3.23±0.52) (Table 1).

Table 1. Comparisons of Subjective Ratings for Image Quality in Different Recon-
struction Modes (Points)

Variables Scoring P Value

ReconstructionModes 0.036

FBP 2.72 ± 0.57

SAFIRE-1 2.71 ± 0.58

SAFIRE-2 3.11 ± 0.49

SAFIRE-3 3.23 ± 0.52

SAFIRE-4 3.09 ± 0.56

SAFIRE-5 2.69 ± 0.53

Abbreviations: FBP, filtered back projection; SAFIRE, sinogram-affirmed itera-
tive reconstruction.

4.2. Comparisons of Calcium Plaque Display

The F test was used to compare the number of cal-
cium plaques. The F value was 16.20, and the result was
statistically significant at P < 0.05. The results of fur-
ther pairwise comparisons showed the differences among
the groups using FBP and SAFIRE reconstructions. The
calcium plaques in SAFIRE1–SAFIRE5 (I46f) reconstructions
were higher than that in the FBP (B26f) reconstruction,
whereas the SAFIRE1–SAFIRE5 reconstructions (I46f) ex-
hibited no significant differences. The F test was per-
formed to compare calcium plaque edges and adjacent
lumen ratings. The F values were 16.78 and 17.22 at P <
0.05, which were statistically significant. Further pair-
wise comparisons showed that the differences between
FBP scores and SAFIRE1-SAFIRE5 scores were statistically

significant, whereas no significant differences were ob-
served between SAFIRE1 and SAFIRE5 scores, as well as be-
tween SAFIRE2, SAFIRE3 and SAFIRE4 scores. No significant
differences were observed between SAFIRE2, SAFIRE3 and
SAFIRE4 scores. SAFIRE3 exhibited the highest subjective
scores. The score for calcium plaque edge was 3.33 ± 0.22,
and the displayed rating of calcium plaque adjacent lu-
men was 3.35 ± 0.26 (Table 2). This result indicates that
SAFIRE3 reconstruction displayed the clearest edges of cal-
cium plaque and adjacent lumen (Figure 1A-1E).

Table 2. Displays on Calcium Plaques of Different Reconstructed Images

Reconstruction
Modes

Number of
Calcium

Plaques (n)

Edges of
Calcium
Plaques
(Scores)

Display of the
Adjacent
Lumens to
Calcium
Plaques
(Scores)

FBP 393 2.93 ± 0.32 2.89 ± 0.30

SAFIRE-1 397 3.01 ± 0.25 3.05 ± 0.22

SAFIRE-2 397 3.12 ± 0.21 3.14 ± 0.25

SAFIRE-3 397 3.33 ± 0.22 3.35 ± 0.26

SAFIRE-4 397 3.18 ± 0.25 3.17 ± 0.24

SAFIRE-5 397 3.07 ± 0.27 3.03 ± 0.25

F value 16.20 16.78 17.22

P value < 0.05 < 0.05 < 0.05

Abbreviations: FBP, filtered back projection; SAFIRE, sinogram-affirmed itera-
tive reconstruction.

4.3. Comparisons of Average CT Value, SNR and CNR

The mean CT, SNR and CNR of the six data sets were
compared using the F test. No significant differences were
observed in the aortic root, RCA, left anterior descending
(LAD), and average CT values of the suncutaneous fat scan-
ning plane (P > 0.05), and this trend was the same in dif-
ferent parts. The SNR, CNR comparisons of the aortic root,
RCA and LAD showed statistically significant differences
(P < 0.05). Further pairwise comparisons between the
two groups were statistically significant. The SAFIRE5 re-
construction exhibited the highest SNR and CNR, whereas
those of the FBP reconstruction were the lowest (Table 3).

4.4. Radiation Dose

In this group, the average CTDIvol, DLP and ED were
46.84 ± 5.00 (mGy), 244.12 ± 13.53 (mGy × cm), and 3.41 ±
0.19 (mSv), respectively.
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Figure 1. 1. A-D, These images are in the same patient with a heart rate of 73 beats/minutes, BMI of 23.6 (kg/m2), and scan parameters of 120kV and 352mAs. The cross-sectional
reconstruction of data in SAFIRE3 and FBP at the same level displayed that the images of calcium plaques in SAFIRE3 were clearer, especially the small calcium spots adjacent to
calcium plaques. E-F, are the same patient, with a heart rate of 75 beats/minute, BMI of 24.1 (kg/m2), and scan parameters of 120kV and 352mAs. The curved surface reconstruc-
tion of data in SAFIRE3 and FBP at the same level displayed that the images of calcium plaques and the adjacent lumens in SAFIRE3 were clearer than that in FBP reconstruction.
(BMI, body mass index; FBP, filtered back-projection; SAFIRE, sinogram-affirmed iterative reconstruction).

Table 3. Comparisons of Average CT Value in Different Reconstructed Images

ReconstructionModes
Aorta RCA

CNR (RCA)
CT Value (HU) SD SNR CT Value (HU) SD SNR

FBP 453.25 ± 4.33 45.33 ± 0.43 10.00 ± 2.10 459.65 ± 6.22 47.14 ± 0.64 9.75 ± 2.01 13.68 ± 1.68

SAFIRE-1 460.50 ± 3.21 28.09 ± 0.19 16.39 ± 2.11 464.37 ± 7.18 30.02 ± 0.46 15.47 ± 2.14 17.48 ± 2.35

SAFIRE-2 462.55 ± 3.51 25.43 ± 0.19 18.19 ± 2.14 467.15 ± 6.54 26.57 ± 0.37 17.58 ± 2.10 19.35 ± 2.48

SAFIRE-3 461.25 ± 3.37 20.87 ± 0.12 22.10 ± 2.16 462.58 ± 7.45 22.18 ± 0.36 20.86 ± 2.07 21.26 ± 2.65

SAFIRE-4 462.17 ± 4.48 16.36 ± 0.17 28.25 ± 0.27 460.44 ± 6.61 17.77 ± 0.26 25.91 ± 0.03 27.29 ± 3.49

SAFIRE-5 457.81 ± 4.44 13.63 ± 0.13 33.59 ± 0.18 461.30 ± 6.37 15.51 ± 0.20 31.79 ± 0.03 29.70 ± 3.73

F value 3.32 2.74 2.11 3.12 2.76 2.65 3.08

P value 0.40 0.21 0.15 0.36 0.23 0.18 0.34

Abbreviations: FBP, filtered back projection; SAFIRE, sinogram-affirmed iterative reconstruction; SD, standard deviation; SNR, signal-to-noise ratio; CNR, contrast-to-noise
ratio; RCA: right coronary artery; HU, Hounsfield Unit.

5. Discussion

Analytic reconstruction (AR) and iterative reconstruc-
tion (IR) are two basic methods for CT image reconstruc-

tion. The AR model is based on continuous signal, which is
sensitive to noise and requires complete projection data.

4 Iran J Radiol. 2017; 14(1):e18000.

http://iranjradiol.com/


Zeng X et al.

FBP is the main algorithm for AR. An IR model is based on
a discrete signal, which can reconstruct better quality im-
ages compared with FBP despite low SNR and incomplete
projection data (5). However, the large storage space and
the long time required by IR limit its application (6, 7).
Although IR reconstruction was used in the world’s first
medical CT, this technology was immediately replaced by
FBP, which became the ‘gold standard’ for image recon-
struction (8). IR is widely applied because of the rapid
improvement in computer performance. Studies confirm
that IR reconstruction has better image quality for chest
and abdominal scans, less image noise and potentially re-
quires lower radiation doses than conventional FBP recon-
struction (9-11). Studies have reported (12-14) that beam
hardening-constructed defects can be reduced using IR,
which is advantageous in cardiovascular imaging, and can
be used to evaluate the condition of hard plaques and coro-
nary arteries. SAFIRE reconstruction established based on
IR technology from the Siemens Company consisted of two
processes. The first process corrects the raw data by remov-
ing or reducing constructed defects from beam hardening.
This process reduces image noise through several cycles,
but causes no evident change in image sharpness. The sec-
ond process reduces the statistical optimization of the im-
age noise, which involves iterative correction on an image
space. SAFIRE-reconstructed images are constantly com-
pared with the original image, and the reconstruction pro-
cess continuously cycles according to the inspection type
until the best quality images are reconstructed (15).

Numerous studies have been conducted on cCTA (14,
16), but mostly limited on investigating scanning speed,
scanning dose, contrast agent dose and other aspects. Few
reports have focused on removing or reducing the con-
structed defects of calcium plaques. These defects are
mainly due to the effects of dose reduction and more
prominent calcium plaque edges on the images of the cal-
cium plaques and their surroundings (17-19). In the cur-
rent study, 393 and 397 calcium plaques were found using
FBP and SAFIRE reconstructions, respectively. The differ-
ence was significant (P < 0.05), but the number of plaques
in the SAFIRE1-SAFIRE5 groups did not significantly differ
(P > 0.05). These findings indicate that SAFIRE reconstruc-
tion displayed more sensitively calcium plaques, particu-
larly small calcium plaques, than the traditional FBP re-
construction, thereby providing more direct signs for de-
tecting calcium plaques and mixed calcium plaques. The
ratings of calcium plaque edges and the adjacent luminal
stenosis showed that all SAFIRE1-SAFIRE5 scores were sig-
nificantly higher than the FBP scores. The higher scores
suggested that SAFIRE reconstruction reduced the con-
structed defects caused by calcium plaques compared with
the conventional FBP reconstruction. This phenomenon

greatly increased the clarity of calcium plaque edges and
improved the accuracy of assessing the stenosis caused by
calcium plaques or mixed calcium plaques. This advan-
tage is important for disease assessment and treatment
guidance. SAFIRE3 achieved the highest subjective score
with the best effect, which is consistent with the rebuild
strength recommended by the manufacturer, and most re-
ports compared SAFIRE3 with FBP reconstruction (20). The
changes in CT did not significantly differ between these
groups using the same organization, but the overall im-
age score, SD, SNR, and CNR of the SAFIRE reconstruction
of different parts differed significantly. Image noise was
reduced by 46.9% in the SAFIRE1 reconstruction, 54.3% in
the SAFIRE2 reconstruction, 64.3% in the SAFIRE3 recon-
struction, 69.3% in the SAFIRE4 reconstruction, and 76.1%
in the SAFIRE5 reconstruction. SAFIRE5 achieved the great-
est noise reduction and improvement in image quality at
an SNR of 75.7% and a CNR of 58.3%. However, it had lower
subjective evaluation scores than the FBP reconstruction.
This discrepancy is possibly attributed to the noise char-
acteristics and features of constructed defects in SAFIRE,
which differed from that of FBP reconstruction because
SAFIRE uses a statistically optimal criterion, but radiolo-
gists are used to viewing FBP images.

In summary, SAFIRE reconstruction displayed the num-
ber and morphology of calcified plaques and the sur-
rounding lumen more accurately than the traditional FBP
reconstruction, with SAFIRE3 achieving the best results. In
addition, SAFIRE reconstruction effectively reduced noise
and improved image quality, thereby potentially lowering
the required dose. However, this study has some limita-
tions. First, it lacked controls for the golden standard in
terms of the number of plaques and the degree of steno-
sis. Second, the selection of subjective ratings may differ
because doctors are used to viewing FBP reconstructed im-
ages. These limitations will be addressed in subsequent
studies.
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