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Purpose. To assess the impact of sinogram-affirmed iterative reconstruction (SAFIRE) on risk category for coronary artery disease
by combining coronary calcium score measurement and coronary CT angiography (CCTA). Materials and Methods. Eighty-nine
patients (64.0% male) older than 18 years (64:4 ± 10:3 years) underwent coronary artery calcium scanning and prospectively ECG-
triggered sequential CCTA examination. All raw data acquired in coronary artery calcium scanning were reconstructed by both
filtered back projection (FBP) and SAFIRE algorithms with 5 different levels. Objective image quality and calcium quantification
were evaluated and compared between FBP and all SAFIRE levels by the Sphericity Assumed test or Greenhouse-Geisser ε
correction coefficient. Coronary artery stenosis was assessed in CCTA. Risk categories of all patients and of the patients with
coronary artery stenosis in CCTA were compared between FBP and all SAFIRE levels by the Friedman test. Results. The
reconstruction protocol from traditional FBP to SAFIRE 5 was associated with a gradual reduction in CT value and image noise
(P < 0:001) but associated with a gradual improvement in the signal-to-noise ratio (P < 0:001). There was a gradual reduction in
coronary calcification quantification (Agatston score: from 73.5 in FBP to 38.1 in SAFIRE 5, P < 0:001) from traditional FBP to
SAFIRE 5. There was a significant difference for the risk category between FBP and all levels of SAFIRE in all patients (from 3.5
in FBP to 3.2 in SAFIRE 5, P < 0:001) and in the patients with coronary artery stenosis in CCTA (from 4.0 in FBP to 3.6 in
SAFIRE 5, P < 0:001). Conclusions. SAFIRE significantly reduces coronary calcification quantification compared to FBP,
resulting in the reduction of risk categories based on the Agatston score. The risk categories of the patients with coronary artery
stenosis in CCTA may also decline. Thus, SAFIRE may lead risk categories to underestimate the existence of significant
coronary artery stenosis.

1. Introduction

Coronary artery calcifications have been regarded as one of
the specific performances of atherosclerosis; the scope and
amount of deposition of calcium are closely correlated with
the degree of coronary atherosclerotic plaque. It has been
confirmed that the degree of coronary artery calcification is

associated with the risk of adverse cardiac events. Diagnosis
and quantification of coronary artery calcifications by cardiac
computed tomography (CT) become very important [1–6].

Calcium score measurement based on the Agatston score is
a method maturely used to assess the deposition degree of cal-
cium in the coronary artery [7]. The appropriate reconstruc-
tion process is a prerequisite of the accurate measurement of
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coronary calcification. Sinogram-affirmed iterative reconstruc-
tion (SAFIRE), an advanced iterative reconstruction (IR)
technique instead of the traditional filtered back projection
(FBP) approach, has been widely introduced. Previous stud-
ies have confirmed that this algorithm can permit preserved
image quality while reducing radiation dose in coronary CT
angiography (CCTA) with well-established reconstruction
kernels [8–15].

In recent years, some studies paid attention to the influ-
ence of IR, such as SAFIRE [16–18], adaptive statistical IR
(ASIR) [19–21], advanced modeled IR (ADMIRE) [22],
hybrid IR (HIR) [23], model-based IR [24], and adaptive iter-
ative dose reduction (AIDR) [25], on accurate measurement
of the coronary calcium score. Kurata et al. [16] reported that
SAFIRE techniques significantly affected the calcium score
measurement, which potentially alters subsequent cardiovas-
cular risk in current medicine practice. Willemink et al. [17]
found the similar trend. However, to the best of our knowl-
edge, none of the above studies were combined with CCTA
to assess the efficiency of the risk category, which was based
on coronary calcium score measurements with SAFIRE
reconstruction to evaluate coronary artery stenosis. Thus,
the purpose of this study was to assess the impact of SAFIRE
on the evaluation ability of the risk category for coronary
artery disease by combining coronary calcium score mea-
surement and CCTA.

2. Materials and Methods

2.1. Study Population. This prospective study was approved
by the local institutional review board, and written informed
consents were obtained from all patients. From October 2015
to April 2016, ninety-three consecutive patients were col-
lected in this study for clinically known or suspected coro-
nary artery disease such as old myocardial infarction,
electrocardiograph (ECG) abnormalities, paroxysmal tachy-
cardia, palpitation, precordial pain or discomfort, and chest
distress or pain or for physical examination. The patients’
baselines and clinical data were recorded. Inclusion criteria
were age greater than 18 years, sinus rhythm, heart rate
(HR) variability ≤ 30 beats per minute (bpm), and Agatston
score above zero in FBP protocol. Exclusion criteria were as
follows: (1) patients who had allergic reactions to iodinated
contrast medium before, (2) patients who had acute heart
failure or impaired renal function (creatinine level ≥ 120
μmol/L), (3) pregnant women, and (4) patients who had
received revascularization including stent implantation or
coronary artery bypass graft [26].

2.2. CT Acquisition Parameters. All patients received 0.3mg
of nitroglycerin (0.1mg per dose, Nitroglycerin Inhaler; Jing-
wei Pharmacy Co, Ltd, Jinan, China) sublingually in order to
dilate the coronary arteries at 5min before CT examination.
HRmanagement was not implemented generally for the con-
ventional sequential 120 kVp CCTA [26].

All examinations were performed in a dual-source CT
system (Somatom Flash; Siemens Medical Solutions, For-
chheim, Germany). All patients first underwent coronary
artery calcium scanning, followed by CCTA examination.

Both scans were performed in a craniocaudal direction dur-
ing inspiratory breathhold with prospectively ECG-triggered
sequential scanning. The following parameters were the
same for both scans: detector collimation, 128 × 0:6mm;
gantry rotation time, 280ms/rot; tube voltage, 120 kVp.
Automated tube current modulation (CARE Dose 4D, Sie-
mens) was used with an effective tube current–time product
of 80mAs per rotation for coronary artery calcium scanning
and 390mAs per rotation for CCTA scanning. A bolus of
60mL contrast agent (Ultravist 370mg I/mL; Bayer Health-
care, Berlin, Germany) was injected into the antecubital vein
at a rate of 5mL/s followed by 40mL of saline solution with
the same injection rate. A bolus tracking triggered scanning
technique was used to control contrast agent application. A
region of interest (ROI) was set in the aortic root; image
acquisition was started 4 seconds after the CT attenuation
values reached a predefined threshold of 100 Hounsfield
units (HU) [26].

2.3. CT Image Reconstruction and Analysis. All original data
acquired in coronary artery calcium scanning were recon-
structed by both FBP and SAFIRE algorithms with 5 levels.
Parameters for the FBP reconstruction comprised a noni-
terative convolution kernel of B30f, 3.0mm reconstruction
slice thickness, 3.0mm increment, and fast planning field
of view (FOV) to include the whole heart. SAFIRE used
the I30f convolution kernel, which has a modulation transfer
function similar to B30f used in FBP. Reconstruction slice
thickness, reconstruction increment, and FOV for SAFIRE
were kept identical to those for the FBP reconstructions. In
SAFIRE, specific settings, which were chosen according to
the manufacturer’s recommendation, were two iterations in
raw data and five iterations in the image domain. Algorithm
strength was from level 1 to level 5 (SAFIRE levels 1-5).

All reconstructed images were transferred to a dedicated
workstation (3D Workplace, Siemens). The nonenhanced
CT data sets for the coronary calcium score were evaluated
using semiautomatic software (Syngo Calcium Scoring CT,
Siemens, Germany) to obtain the Agatston score. All distri-
butions of pixels with a density above a defined threshold
(130HU) were identified and colour marked automatically.
Coronary artery calcium scores were separately calculated
for each coronary artery: left main coronary artery (LMA),
left anterior descending artery (LAD), left circumflex artery
(LCX), and right coronary artery (RCA). Lesions were
selected and assigned into the above four coronary arteries
manually by one observer (W.W. with 3 years’ experience
in CCTA). The lesions in the branches of the above coronary
arteries were classified as the main arteries. The lesion at the
junction of the twomain arteries was distributed according to
the location of its center. From the selected areas, the soft-
ware automatically calculated the lesion number, volume
(mm3), equivalent mass (mg), and Agatston score. The total
coronary calcium score was summed and recorded. The CT
attenuation value of the main (largest volume) calcium lesion
and standard deviation (SD) of CT attenuation of the aortic
root was measured for each subject. The circular ROI as large
as possible was placed in the center of the main (largest vol-
ume) calcium lesion and aortic root lumen to measure their
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CT value or SD. For all measurements in FBP and SAFIRE 1-
5 images in each subject, we selected the same calcium lesions
at the same slice; the ROI size was kept the same to reduce
measurement bias as possible. The SD of CT attenuation of
the aortic root was defined as image noise. The signal-to-
noise ratio (SNR) was calculated according to the following
equations: SNR = CT attenuation value of the main calcium
lesion/image noise [27].

CCTA image reconstruction was performed with a section
thickness of 0.75mm, an increment of 0.5mm, SAFIRE algo-
rithms at strength 3 [28], and a medium soft-tissue convolu-
tion kernel (I26f). All reconstructed images were transferred
to the same dedicated workstation (3D Workplace, Siemens)
equipped with cardiac postprocessing software (Syngo.Via
CT Coronary, Siemens). Image postprocessing techniques
included curved multiplanar reformation and volume ren-
dered reformation. Coronary artery stenosis was assessed in
CCTA. The coronary artery was divided into 15 segments
according to the coronary artery segmental model formulated
by the American Heart Association [29]. RCA included seg-
ments 1 to 4, LMA was segment 5, LAD included segments
6 to 10 (ramus medianus was assigned as segment 9 just like
the first diagonal branch), and LCX included segments 11 to
15. Two cardiovascular radiologists (Y.E.Z. and W.W. with 8
and 3 years’ experience in reading CCTA, respectively) who
were blinded to the results of the Agatston score indepen-
dently determined the presence or absence of stenosis on the
basis of per-segment. Unassessable segments such as signifi-
cant motion artifact or noise, discontinuous or unclear vessel
walls, massive coronary calcification, or insufficient image
contrast were excluded. All patients’ information was anony-
mous during image analysis. When there was a controversy
about the results, both radiologists achieved consensus
through consulting to determine the final result in a joint
assessment. Only ≥50% diameter stenosis was classified as sig-
nificant. The artery was defined as a stenotic coronary artery if
a stenosis appeared in at least one segment.

2.4. Risk Category Evaluation. To evaluate cardiovascular
risk of coronary artery disease, all patients were distributed
in one risk category based on their absolute Agatston scores.
The risk category levels 1–5 correspond to Agatston score
= 0, 0 < Agatston score ≤ 10, 10 < Agatston score ≤ 100, 100
< Agatston score ≤ 400, and Agatston score > 400, respec-
tively [16, 18, 19, 30, 31]. Considering the changes of Agat-
ston scores caused by different reconstruction protocols,
the changes in patient risk categories between FBP and
all SAFIRE levels were also evaluated for all patients and
for the patients with at least one stenotic coronary artery
in CCTA.

2.5. Statistical Analysis.Data were analyzed by using the SPSS
16.0 software package (SPSS Inc., Chicago, IL, USA). Quanti-
tative data were expressed as mean values ± SD for normal
distributions and median (interquartile range) for nonnormal
distributions; categorical data were expressed as frequencies or
percentages. The comparisons on the CT attenuation value of
the main calcium lesion, image noise, SNR, lesion number, vol-
ume, equivalent mass, and Agatston score between FBP and all

SAFIRE levels were performed by using the Sphericity
Assumed test or Greenhouse-Geisser ε correction coefficient.
The comparison on reduction of the Agatston score from
FBP between patients with low values and high values of cor-
onary calcifications was performed by using the independent-
samples t-test for normal distributions and Mann-Whitney U
test for nonnormal distributions. The comparison on risk cat-
egories between FBP and all SAFIRE levels was analyzed by
the Friedman test. P values of less than 0.05 were considered
as significant. The post hoc analysis after the Friedman test
was performed by theWilcoxon one-sample test with the Bon-
ferroni method (P values of less than 0.05/15 were consid-
ered as significant).

3. Results

3.1. Study Population. A total of eighty-nine patients were
included in the effective analysis. Four patients were ulti-
mately excluded, including one patient who had received cor-
onary artery bypass graft and three patients with an Agatston
score equal to zero in FBP protocol. The patients’ demo-
graphic and clinical characteristics, including sex, age, height,
body weight, body mass index, scan HR, cardiovascular risk
factors, chest symptom, and radiation dose including volu-
metric CT dose index (CTDIvol), dose-length product
(DLP), and effective dose (ED), are shown in Table 1.

3.2. Objective Assessment of Image Quality. The CT attenua-
tion value of the main (largest volume) calcium lesion, image
noise, and SNR are shown in Table 2. There were significant
differences for CT value, image noise, and SNR between FBP
and all levels of SAFIRE (all P < 0:001). The reconstruction
protocol from traditional FBP to SAFIRE 5 was associated
with a gradual reduction in the CT value and image noise
(P < 0:001) but associated with a gradual improvement in
SNR (P < 0:001).

3.3. Calcium Scoring.Data acquired included the lesion num-
ber, volume, equivalent mass, and Agatston score (Table 2).
There were significant differences for the lesion number, cal-
cium volume, equivalent mass, and Agatston score between
FBP and all levels of SAFIRE (all P < 0:001). The reconstruc-
tion protocol from traditional FBP to SAFIRE 5 was associ-
ated with a gradual reduction in the lesion number, calcium
volume, equivalent mass, and Agatston score (P < 0:001)
(Figure 1). Compared with FBP, calcium volumes were
reduced by 15:7 ± 8:0%, 23:7 ± 11:8%, 30:1 ± 14:3%, 37:6 ±
15:9%, and 44:1 ± 16:7% in SAFIRE levels 1, 2, 3, 4, and 5,
respectively. In comparison with FBP, equivalent mass was
reduced by 14:8 ± 8:1%, 22:5 ± 11:0%, 28:9 ± 13:6%, 35:4 ±
14:6%, and 42:0 ± 16:0% in SAFIRE levels 1, 2, 3, 4, and 5,
respectively. In comparison with FBP, there was a decrease
of 15:7 ± 11:5%, 23:3 ± 12:9%, 30:6 ± 15:0%, 37:7 ± 15:4%,
and 44:7 ± 16:5% in the Agatston score for SAFIRE strength
levels 1, 2, 3, 4, and 5, respectively. Thus, as the strength of
SAFIRE increased, the calcium score was decreased. More-
over, the Agatston score reduction compared with FBP was
more marked in patients with a low coronary calcification
score (Agatston score < 100) than patients with a high
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coronary calcification score (Agatston score > 100) in
SAFIRE 1 (17:7 ± 14:5% vs. 12:8 ± 3:7%, P = 0:024), SAFIRE
2 (26:8 ± 15:4% vs. 18:5 ± 5:5%, P = 0:001), SAFIRE 3
(35:4 ± 16:6% vs. 22:8 ± 6:7%, P < 0:001), SAFIRE 4 (42:6 ±
16:5% vs. 29:0 ± 7:7%, P < 0:001), and SAFIRE 5 (50:4 ±
17:1% vs. 33:9 ± 8:0%, P < 0:001).

The Agatston score of one patient (1.1%), which was
evaluated as 1.5, 0.9, 0.5, and 0.1 by using FBP and SAFIRE
1-3, respectively, decreased to zero using SAFIRE 4 and 5.
In three patients (3.4%), Agatston scores were increased
using SAFIRE compared with FBP. Among them, the Agat-
ston score in the first patient was increased by 31.2%, 9.1%,
and 1.3% in SAFIRE 1, 2, and 3, respectively; the Agatston
score in the second patient was increased by 24.2% and

12.2% in SAFIRE 1 and 2, respectively; and the Agatston
score in the third patient was increased by 4.8% in SAFIRE
1. In addition, one patient (1.1%) has the same Agatston
score to FBP by using SAFIRE 1.

3.4. Risk Category of all Patients. The variability of the Agat-
ston score caused by different SAFIRE reconstruction proto-
cols resulted in different risk categories. There was significant
difference for the risk category between FBP and all levels of
SAFIRE (P < 0:001). From FBP to SAFIRE 5, the mean risk
category levels were 3:5 ± 0:9, 3:4 ± 0:9, 3:4 ± 0:9, 3:3 ± 0:9,
3:2 ± 0:9, and 3:2 ± 0:9, respectively. From FBP to SAFIRE
5, the percentages of patients were gradually increased for
the low risk category (e.g., 0 < Agatston score ≤ 10) and
decreased for the high risk category (e.g., Agatston score >
400) (Table 3). In total, 24 (27.0%) patients had to be reas-
signed to lower risk categories from the previous protocols:
7 patients in SAFIRE 1 (risk category level: three patients
from 5 to 4, one patient from 4 to 3, and three patients from
3 to 2), 1 patient in SAFIRE 2 (risk category level: from 5 to
4), 5 patients in SAFIRE 3 (risk category level: three patients
from 4 to 3 and two patients from 3 to 2), 9 patients in
SAFIRE 4 (risk category level: two patients from 5 to 4, two
patients from 4 to 3, four patients from 3 to 2, and one patient
from 2 to 1 whose Agatston score decreased to zero)
(Table 3), and 2 patients in SAFIRE 5 (risk category level:
from 5 to 4 and from 4 to 3).

3.5. Risk Category of Patients with Coronary Artery Stenosis
in CCTA. CCTA from all patients showed that 79 arteries
in 49 cases had significant stenosis in at least one coronary
artery segment, including 29 patients with 1 stenotic coro-
nary artery and 20 patients with ≥2 stenotic coronary arteries
(Figure 1). There was a significant difference for the risk cat-
egory of patients with at least one stenotic coronary artery
between FBP and all levels of SAFIRE (P < 0:001), including
patients with 1 stenotic coronary artery (P < 0:001) and
patients with ≥2 stenotic coronary arteries (P = 0:001). From
FBP to SAFIRE 5, the mean risk category levels were 4:0 ±
0:7, 3:9 ± 0:7, 3:9 ± 0:7, 3:8 ± 0:8, 3:7 ± 0:8, and 3:6 ± 0:8,
respectively. The percentages were gradually increased for
the low risk category (e.g., 0 < Agatston score ≤ 10 and 10 <
Agatston score ≤ 100) but decreased for the high risk cate-
gory (e.g., Agatston score > 400) from FBP to SAFIRE 5
(Table 4). In addition, the prevalence of coronary artery ste-
nosis was gradually increased for the low risk category (e.g.,
0 < Agatston score ≤ 10 and 10 < Agatston score ≤ 100) from
FBP to SAFIRE 5 (Table 4). In total, 18 cases who belonged
to the above 24 were redistributed to lower risk categories
from the previous scheme: 5 patients in SAFIRE 1 (risk cate-
gory level: three patients from 5 to 4, one patient from 4 to 3,
and one patient from 3 to 2), 1 patient in SAFIRE 2 (risk cat-
egory level: from 5 to 4), 4 patients in SAFIRE 3 (risk category
level: three patients from 4 to 3 and one patient from 3 to 2)
(Figure 2), 6 patients in SAFIRE 4 (risk category level: two
patients from 5 to 4, two patients from 4 to 3, and two
patients from 3 to 2), and 2 patients in SAFIRE 5 (risk cate-
gory level: from 5 to 4 and from 4 to 3).

Table 1: Patient demographic, clinical, and CT acquisition
characteristics.

Variables Study population

Sex (n) 57/32 (M/F)

Age (years) 64:4 ± 10:3

Height (m) 1:65 ± 0:08

Body weight (kg) 67:5 ± 11:8

Body mass index (kg/m2) 24:4 ± 4:4
Scan HR (bpm)

Coronary artery calcium scanning 74.5 (65.0-84.8)

CCTA examination 74:6 ± 14:7
Cardiovascular risk factors

Hypertension 44 (49.4%)

Hypercholesterolemia 15 (16.9%)

Diabetes mellitus 13 (14.6%)

Smoking 17 (19.1%)

Family history of CAD 1 (1.1%)

Chest symptoms

Atrial premature beats 4 (4.5%)

Atrial flutter 1 (1.1%)

Atrial fibrillation 4 (4.5%)

Other ECG abnormalities 10 (11.2%)

Paroxysmal tachycardia 4 (4.5%)

Palpitation 6 (6.7%)

Precordial pain or discomfort 9 (10.1%)

Chest distress or pain 33 (37.1%)

Coronary artery calcium scanning

CTDIvol (mGy) 2:5 ± 0:7
DLP (mGy∗cm) 31.0 (26.0-40.0)

ED (mSv) 0:5 ± 0:1
CCTA examination

CTDIvol (mGy) 31.0 (24.4-42.9)

DLP (mGy∗cm) 366.0 (261.0-501.0)

ED (mSv) 5.1 (3.7-7.0)

HR: heart rate; bpm: beats per minute; CCTA: coronary CT angiography;
CAD: coronary artery disease; ECG: electrocardiograph; CTDIvol:
volumetric CT dose index; DLP: dose-length product; ED: effective dose.
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4. Discussion

Different from the previous studies, this is the first research
to assess the impact of SAFIRE on the evaluation efficiency
of the risk category for coronary artery disease by combining
coronary calcium score measurement and CCTA.

This study demonstrates that SAFIRE can significantly
reduce the quantification of coronary calcification including
the lesion number, calcium volume, equivalent mass, and
Agatston score compared to traditional FBP. Gebhard et al.
[20] reported that compared to FBP, the volume (reduction
from 3.7% to 18.6%) and Agatston scores (reduction from
6.0% to 22.4%) were significantly reduced when increasing
the ASIR algorithm from 20% to 100%, while they found
no effects on the mass. van Osch et al. [19] also found a small
reduction in mass scores when using ASIR. The explanation
from Gebhard et al. for the nonsignificant effect of ASIR on
the mass score was that the mass score might have a lower
susceptibility to partial volume effects. In contrast to the
above observations using ASIR, Kurata et al. [16] reported
that the mass decreased similarly to the volume and Agatston
score using SAFIRE, and reduction in the Agatston score,
volume, and mass was 48%, 48%, and 45%, respectively, by
using the maximum of the amount of SAFIRE. Similar to
the previous study [16], we also found that the reductions
in the Agatston score, mass, and volume of SAFIRE com-
pared to FBP were larger than the reductions with ASIR.
Using the maximum strength of SAFIRE, the reduction in
calcium volume, equivalent mass, and Agatston score was
44.1%, 42.0%, and 44.7%, respectively. This may be explained
by the discrepancies among the IR algorithms. SAFIRE takes
advantage of not only raw data but also image space data.
ASIR is primarily based on the raw data with the mixture
of noise-free images and FBP images to restore a more famil-
iar image quality [32]. Moreover, the differences of study
population may also result in these discrepancies of reduc-
tions in the calcium scores. Patients of Gebhard et al. had a
higher median Agatston score of 345, but the patient group
in this study had a relatively lower median Agatston score
in FBP of 73.5. The reduction of the Agatston score caused
by IR is more apparent in patients with a low Agatston score.

In addition, we found that Agatston scores in three
patients were increased, and this indicator in another patient
was the same using SAFIRE 1 compared with FBP. The
underlying mechanisms of different effects of SAFIRE on
the Agatston score including reduction, increase, and main-
tenance are complex. The most influencing factors, for
instance, lesion number, calcium volume, equivalent mass,
scan HR, body weight, body mass index, modulated tube cur-
rent, and associated image noise [16], will be evaluated in the
following study.

We used absolute Agatston scores to determine risk cate-
gories in this study. Between FBP and all levels of SAFIRE,
the risk category was changed significantly, and 24 patients
had been reassigned to lower risk categories, which was sim-
ilar to 22 patients of Kurata et al.’s study with the same IR
algorithm. In addition, our shift of 27% was obviously higher
than Gebhard et al.’s 18% shift, but relatively approximate to
van Osch et al.’s shift of 29%, both of which used ASIR, prob-
ably because we used the same criterion to determine the risk
category as van Osch et al. and the median Agatston score of
our patient group was close to van Osch et al.’s median Agat-
ston score of 81. This change of risk category may conse-
quently impact clinical decision-making on follow-up and
treatment strategies and should be taken into account when
using SAFIRE.

Although we have cited some previous studies about the
impact of IR algorithms on the Agatston score-based risk cat-
egory, we were not sure whether this effect extended to eval-
uation efficiency of the risk category for coronary artery
disease. A few studies with a combination of Agatston score
and CCTA [33, 34] have shown that coronary calcium scoring
provided useful information in the diagnosis of coronary artery
stenosis. It has been reported that the prevalence of significant
coronary artery stenoses increased with increasing calcium
amounts and extensive calcium may be associated with a high
prevalence of significant coronary artery stenoses [34]. In this
study, we also found this tendency in FBP. The risk categories
of the patients with coronary artery stenosis in CCTA were all
greater than or equal to 3 (10 < Agatston score ≤ 100). The
prevalence of significant coronary artery stenosis increased
with increasing risk categories, which was up to 100% on the

Table 2: The lesion number, volume, equivalent mass, Agatston score, CT attenuation value of the main calcium lesion, image noise, and SNR
in FBP and all levels of SAFIRE.

Index FBP SAFIRE 1 SAFIRE 2 SAFIRE 3 SAFIRE 4 SAFIRE 5 P value

Lesion
number (n)

5.0 (2.0-7.0) 4.0 (2.0-7.0) 4.0 (1.0-6.0) 4.0 (1.0-5.0) 3.0 (1.0-5.0) 3.0 (1.0-5.0) <0.001

Volume (mm3) 54.6 (20.5-164.7) 48.9 (16.6-141.5) 40.7 (14.9-135.2) 36.2 (13.5-129.1) 33.4 (11.7-119.6) 31.0 (10.3-111.2) <0.001
Equivalent
mass (mg)

12.1 (4.7-38.5) 10.5 (4.4-35.2) 9.6 (3.8-34.6) 8.9 (3.4-33.7) 8.2 (2.8-30.8) 7.3 (2.3-28.3) <0.001

Agatston score 73.5 (28.9-198.3) 63.5 (20.1-172.0) 57.7 (18.2-164.8) 51.1 (16.5-159.1) 46.1 (14.4-148.5) 38.1 (12.1-134.9) <0.001
Lesion CT value
(HU)

462:0 ± 208:0 456:5 ± 213:8 445:5 ± 209:7 439:7 ± 207:5 432:4 ± 215:2 425:6 ± 214:7 <0.001

Image noise
(HU)

20:7 ± 3:0 18:4 ± 2:7 16:3 ± 2:5 14:1 ± 2:1 12:0 ± 1:8 9:9 ± 1:5 <0.001

SNR 19.8 (14.1-28.6) 22.9 (16.1-31.4) 25.8 (17.0-36.0) 29.1 (19.3-41.4) 33.0 (21.7-47.0) 39.5 (26.6-57.2) <0.001
FBP: filtered back projection; SAFIRE: sinogram-affirmed iterative reconstruction; SNR: signal-to-noise ratio.
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highest category. But this tendency has changed with strength-
ening the SAFIRE algorithm. The percentages of patients and
the prevalence of coronary artery stenosis were both gradually
increased for the low risk category. Although the prevalence in
risk category 5 (Agatston score > 400) was still 100%, the per-
centages gradually decreased. It could be seen that some
patients with coronary artery stenosis were falsely redistributed

to the lower risk category, the evaluation efficiency of which
was negatively influenced. Consequently, the decline in risk
categories caused by SAFIRE may lead to underestimating the
existence of significant coronary artery stenosis.

Moreover, even though SAFIRE can reduce image noise
and improve image quality, the result of this study found that
the effect on risk category of this technique seemed to be

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 1: An example in a 71-year-old woman with suspected coronary artery disease. (a–f) Transverse CT images reconstructed with FBP
(a), SAFIRE 1 (b), SAFIRE 2 (c), SAFIRE 3 (d), SAFIRE 4 (e), and SAFIRE 5 (f) and 3.0mm reconstruction slice thickness. A calcified plaque
located in the proximal segment of the left anterior descending artery is clearly shown in FBP and SAFIRE 1-5 images with the total Agatston
score of 179.3, 163.9, 157.8, 154.2, 145.4, and 134.9, respectively. (g–i) Curved planar reformation of the left anterior descending artery (g),
transverse CT image (h), and volume rendered reformatted image (i) in CCTA. A moderate stenosis caused by this calcified plaque is
located in the proximal segment of the left anterior descending artery.
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more pronounced in patients with coronary artery stenosis
(total number of the patients redistributed to lower risk cate-
gories: 18 cases in the patients with coronary artery stenosis
vs. 24 cases in all patients). Even in the lowest strength level
(SAFIRE 1), the risk categories of 5 patients with coronary
artery stenosis have falsely declined. There have been some
changes in the percentages and the prevalence of this strength

level relative to FBP. This negative influence was accumulating
with strengthening SAFIRE. More specifically, for each addi-
tional strength level, more patients with coronary artery steno-
sis were incorrectly reassigned. As a result, the risk categories
have significantly decreased compared with FBP or lower
strength levels. Thus, based on our observation in this study,
any strength level of SAFIRE was not recommended

Table 3: Patients’ number (n1) in different risk categories of all patients (n = 89) between FBP and all levels of SAFIRE.

Risk category FBP SAFIRE 1 SAFIRE 2 SAFIRE 3★ SAFIRE 4★◎■ SAFIRE 5★◎■◆

Agatston score = 0# 0 0 0 0 1 (1.1%) 1 (1.1%)

0 < Agatston score ≤ 10∗ 11 (12.4%) 14 (15.7%) 14 (15.7%) 16 (18.0%) 19 (21.3%) 19 (21.3%)

10 < Agatston score ≤ 100 40 (44.9%) 38 (42.7%) 38 (42.7%) 39 (43.8%) 37 (41.6%) 38 (42.7%)

100 < Agatston score ≤ 400 25 (28.1%) 27 (30.3%) 28 (31.5%) 25 (28.1%) 25 (28.1%) 25 (28.1%)

Agatston score > 400∗ 13 (14.6%) 10 (11.2%) 9 (10.1%) 9 (10.1%) 7 (7.9%) 6 (6.7%)

FBP: filtered back projection; SAFIRE: sinogram-affirmed iterative reconstruction.#The risk category of one patient was reassigned from 2 to 1 according to the
Agatston score reduced to zero using SAFIRE 4. ∗The percentages (n1/89) were gradually increased for the low risk category (e.g., 0 < Agatston score ≤ 10) and
decreased for the high risk category (e.g., Agatston score > 400).★P < 0:003 compared with FBP, ◎P < 0:003 compared with SAFIRE 1, ■P < 0:003 compared
with SAFIRE 2, and ◆P < 0:003 compared with SAFIRE 3.

Table 4: Patients’ number (n2) in different risk categories of patients with coronary artery stenosis (n = 49) between FBP and all levels of
SAFIRE.

Risk category FBP SAFIRE 1 SAFIRE 2 SAFIRE 3★ SAFIRE 4★◎■ SAFIRE 5★◎■

Agatston score = 0#

Patient 0 0 0 0 0 0

1 vessel 0 0 0 0 0 0

≥2 vessels 0 0 0 0 0 0

Prevalence 0 0 0 0 0 0

0 < Agatston score ≤ 10∗▲

Patient 0 1 (2.0%) 1 (2.0%) 2 (4.1%) 4 (8.2%) 4 (8.2%)

1 vessel 0 1 1 2 3 3

≥2 vessels 0 0 0 0 1 1

Prevalence 0 7.1% 7.1% 12.5% 21.1% 21.1%

10 < Agatston score ≤ 100∗▲

Patient 13 (26.5%) 13 (26.5%) 13 (26.5%) 15 (30.6%) 15 (30.6%) 16 (32.7%)

1 vessel 10 10 10 11 11 12

≥2 vessels 3 3 3 4 4 4

Prevalence 32.5% 34.2% 34.2% 38.5% 40.5% 42.1%

100 < Agatston score ≤ 400
Patient 23 (46.9%) 25 (51.0%) 26 (53.1%) 23 (46.9%) 23 (46.9%) 23 (46.9%)

1 vessel 15 15 15 13 14 13

≥2 vessels 8 10 11 10 9 10

Prevalence 92.0% 92.6% 92.9% 92.0% 92.0% 92.0%

Agatston score > 400∗

Patient 13 (26.5%) 10 (20.4%) 9 (18.4%) 9 (18.4%) 7 (14.3%) 6 (12.2%)

1 vessel 4 3 3 3 1 1

≥2 vessels 9 7 6 6 6 5

Prevalence 100% 100% 100% 100% 100% 100%

FBP: filtered back projection; SAFIRE: sinogram-affirmed iterative reconstruction.#The only patient whose Agatston score decreased to zero using SAFIRE 4
had no significant stenosis. ∗The percentages (n2/49) were gradually increased for the low risk category (e.g., 0 < Agatston score ≤ 10 and 10 < Agatston
score ≤ 100) but decreased for the high risk category (e.g., Agatston score > 400) from FBP to SAFIRE 5. ▲The prevalence (n2/n1) of coronary artery
stenosis was gradually increased for the low risk category (e.g., 0 < Agatston score ≤ 10 and 10 < Agatston score ≤ 100) from FBP to SAFIRE 5. ★P < 0:003
compared with FBP; ◎P < 0:003 compared with SAFIRE 1; ■P < 0:003 compared with SAFIRE 2.

7BioMed Research International



preferentially for clinical routine coronary calcium quantifica-
tion. However, further work is still deserved to clarify themore
detailed role of SAFIRE on coronary calcium quantification.

Some limitations in our study deserve further consider-
ation. First, our sample size was relatively small, especially
for the prevalence of coronary artery stenosis. Second, the
median Agatston score in our study was 73.5, indicating that
the studied patients were a low-risk population which poten-

tially limits the generalization of our results. Third, we only
studied the effect of a specific IR algorithm (SAFIRE) on a
specific CT scanner to minimize the potential bias, but differ-
ent reconstruction algorithms and different scanners may
introduce much more variability of coronary calcium quanti-
fication. Fourth, there were only a few unassessable segments
(vessels) in this study, which were not recorded when the pres-
ence or absence of stenosis was being determined. Last, this

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 2: An example in a 61-year-old woman with suspected coronary artery disease. (a–f) Transverse CT images reconstructed with FBP
(a), SAFIRE 1 (b), SAFIRE 2 (c), SAFIRE 3 (d), SAFIRE 4 (e), and SAFIRE 5 (f) and 3.0mm reconstruction slice thickness. A calcified plaque
located in the proximal segment of the left anterior descending artery is clearly shown in FBP and SAFIRE 1-5 images with the total Agatston
score of 124.6, 104.3, 100.9, 92.6, 86.3, and 80.3, respectively. (g–i) Curved planar reformation of the left anterior descending artery (g),
transverse CT image (h), and volume rendered reformatted image (i) in CCTA. A moderate stenosis caused by this calcified plaque is
located in the proximal segment of the left anterior descending artery.
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study did not address the influence of the coronary calcium
score on the diagnostic accuracy of CCTA because no invasive
coronary angiography was performed in all patients. We
assumed that the diagnostic results of CCTA were accurate.

In conclusion, SAFIRE significantly reduces coronary
calcification quantification compared to FBP, resulting in
the reduction of risk categories based on the coronary cal-
cium score. The risk categories of the patients with coronary
artery stenosis in CCTAmay also decline. Thus, SAFIREmay
lead risk categories to underestimate the existence of signifi-
cant coronary artery stenosis.
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