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Abstract
Objective: To explore the diagnostic value of combined use of revolution CT with different weights of
ASIR-V iterative reconstruction in coronary artery imaging at low tube voltage (100 kVp).
Methods: Fifty patients who were underwent coronary CT angiography by Revolution CT from January
20 to January 2017 were enrolled in this study. With administration of regular FBP and 20%, 40%,
60%, 80%, and 100% of Adaptive Statistical Iterative Reconstruction (ASIR) technique, the subjective
and objective indicators of the images in each group were evaluated.
Results: The radiation doses of the subjects were (1.72 ± 0 MSv). The subjective and objective scores of
reconstructed images in each group at different ASIR-V weights (20%, 40%, 60%, 80% and 100%)
were better than those in FBP group (P<0.05). The difference of objective scores of ASIR-V
reconstructed images at different weights (20%, 40%, 60%, 80% and 100%) was statistically significant
(P<0.05).
Conclusion: The low dose revolution CT combined with iterative reconstruction technique in coronary
angiography at low tube voltage (100 kVp) can help reduce the dose of radiation and ensure the
diagnostic value of the images. In the course of use, 60% or 80% ASIR-V reconstruction is
recommended for best image quality.
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Introduction
Coronary angiography is a common method and an effective
means clinically used to check the presence or absence of
coronary artery disease [1]. In recent years, with the extensive
use of CT in clinical practice, Coronary CT Angiography
(CCTA) has become more and more popular, and increasingly
highlighted such advantages as noninvasive, simple, and
relatively high negative predictive value. However, people also
note that CCTA check requires higher radiation doses [2,3].
Therefore, in order to reduce the radiation dose of the subjects
and to ensure the health of the subjects, it is necessary to
explore a test plan for reducing the radiation dose of the
subjects under the premise of ensuring the image quality that
meet the diagnostic requirement.
The iterative reconstruction algorithm is a new reconstruction
algorithm, which can effectively reduce the noise of the image,
greatly increase the quality of the image, and obtain the highresolution reconstructed image at low tube voltage (100 kVp)
[4,5]. To investigate the diagnostic effect of combined use of
Revolution CT with different weights of ASIR-V iterative
reconstruction in coronary angiography at low voltage (100
kVp), this study was performed with revolutionary CT scanner
for real-time ASIR-V reconstruction to investigate the
application value of different weights of the ASIR-V iterative
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reconstruction in the patients treated with coronary CT
angiography, thus finding the best weight of the SIR-V
reconstruction parameters.

Materials and Methods
General information
A total of 28 men and 22 women aged 34-78 y old, with an
average age of (66.3 ± 2.5 y) were enrolled in the study of 50
cases of coronary CT angiography using the Revolution CT
from January, 2016 to January 2017; their heart rates were
between 52 and 62 times/min, with a mean heart rate of (55.5 ±
3.5 times/min); and their BIMs were 32-36 kg/m2, with a mean
BIM of (35.8 ± 2.1 kg/m2). Participants were given informed
consent, while patients with allergy to iodine contrast agents,
renal
insufficiency
(CCr
80~50
ml/min;
SCr
136.2~176.8umol/L; GFR<70 ml/min) and previous coronary
artery surgery were excluded.

Methods
Scanning method: The revolution CT used is produced by the
GE Company (United States). The revolution CT was adjusted
to the prospective ECG-gated trigger scan mode, the low tube
voltage was 100 kV, and the current was automatically 600-720
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mA; the noise figure was set to 12, the iodine contrast agent
was 370 mgI/mI, and the scanning range was from 10 mm
under the carina to 10 mm under the apex; 50 ml of iodine
contrast agent was injected to each subject's ulnar vein, the
injection rate remained at 5 ml/s, and then coronary CT
angiography was performed; the contrast agent to be tracked
was excitated at 200 HU, the scan started after 2 s delay [6].
Image reconstruction: At low-tube voltage (100 kVp), 50
patients were underwent traditional FBP algorithm and 20%,
40%, 60%, 80%, 100% of different weights of ASIR-V
iterative reconstruction technology for image reconstruction
and evaluation.

Subjective evaluation: The images were evaluated by two
radiologists who had 2 y or above work experience according
to the four point scoring method after reading the images.
Evaluation criteria: (1) Poor image quality, dislocation of
superior coronary artery in the reconstructed image, artifacts in
the vassal wall, and no diagnostic value; then 1 point was
given; (2) poor image quality, insufficient wall sharpness,
coronary motion or other artifacts that have impact on the
image quality; however, if the image can be used for clinical
diagnosis, 2 points were given; (3) integrity of continuous
coronary artery can be observed from the images; there were
only local blur edges and slight artifacts; then 3 points were
given; (4) good image quality, clear continuity and integrity of
coronary artery, sharp and clear edges, no artifacts; then 4
points were given. Objective Evaluation: The noise was
measured and the Signal-to-Noise Ratio (SNR) and Contrastto-Noise Ratio (CNR) were calculated according to the
Formulas 1 and 2. The image noise (SD) was the horizontal
noise of left main, i.e., the root of aorta ascendens; The ROI
selected the measured area of ascending artery, the measured
area of the left ventricular cavity and the measured area of the
left ventricle wall, which were respectively (2.5 ± 0.5 mm),
(2.5 ± 0.5 mm), and (2.0 ± 0.5 mm), and the average value of
the 3 times measurement was taken as the measured data [7].

Comparison of effective dose in each group
Because the voltage, current and iodine contrast agent
concentration and dose used in each group were the same, the
Effective Dose (ED) of each group was the same, and all ED
was (1.72 ± 0.55 mSv). The differences among groups were
not statistically significant (P>0.05).

In different methods and different weights of ASIR-V
reconstruction, for comparison of the subjective scores of the
image quality among groups, except that there was no
significant difference between the 60% and 80% ASIR-V
reconstructed groups (P>0.05), for pairwise comparison among
the rest groups and comparison between FBP group and all
ASIR-V groups, the differences were statistically significant
(P<0.05), as shown in Table 1. Coronary artery CTA axial
images are shown in Figure 1.

ventricular cavity-

In addition, the value of Dose-Length Product (DLP) must be
recorded in detail to calculate the Effective Dose (ED), and the
method of calculation is: ED=DLP × K, where K=0.014 mSv/
(mCy•cm), The unit is mSv [8].

Statistical method
The data were processed with SPSS 21.0. Age, BMI, CT value
of measured segment of coronary artery, radiation dose and
image noise, SNR and CNR were expressed by mean ±
Standard Deviation (SD). Comparison between groups used
two-sample t-test, comparison of subjective scores for image
quality among groups used the rank sum test and Friedman Mtest with a number of samples, and pairwise comparison used
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Results

Comparison of subjective scores of images among
groups

Image evaluation

(1) SNR=CTAortic root/SD; (2) CNR=(CTLeft
CTLeft ventricular wall)/SD.

the q-test. P<0.05 indicated that the difference was statistically
significant.

Figure 1. Coronary CTA axial images (window width 900 HU,
window position 280 HU). a. FBP reconstructed image; b. 20%
ASIR-V reconstructed image; c. 40% ASIR-V reconstructed image; d.
60% ASIR-V reconstructed image; e. 80% ASIR-V reconstructed
image; f. 100% ASIR-V reconstructed image.

Comparison of objective scores of images among
group
According to the objective scoring results of images among
groups, the results showed that the differences of SD, SNR and
CNR between FBP group and all ASIR-V groups were
statistically significant (P<0.05), while the percentage of
ASIR-V weight was larger, SD was smaller (P<0.05), and
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CNR and SNR were increasing. The differences between
groups were statistically significant (P<0.05, Table 2 and
Figure 2).
Table 1. Subjective score results of reconstructed images in each group (n).
Score

FBP group

20%

40%

ASiR-V
group

reconstructed ASiR-V
reconstructed group

60%

80%

ASiR-V
group

reconstructed ASiR-V
group

100%
reconstructed ASiR-V
group

1

2

0

0

0

0

0

2

43

40

34

18

16

26

3

5

10

16

24

25

22

4

0

0

0

8

9

2

reconstructed

Table 2. Objective scoring results of images among groups (x̄ ± s).
Parameter

FBP group

20%

40%

60%

80%

100%

ASiR-V reconstructed ASiR-V reconstructed ASiR-V reconstructed ASiR-V reconstructed ASiR-V reconstructed
group
group
group
group
group
SD

27.6 ± 4.1

23.7 ± 3.5

20.9 ± 1.4

18.7 ± 1.0

17.1 ± 1.4

15.6 ± 3.1

CNR

14.9 ± 3.2

17.3 ± 2.0

19.4 ± 2.1

22.0 ± 2.6

24.1 ± 2.4

26.4 ± 2.4

SNR

17.1 ± 3.3

21.3 ± 2.4

23.2 ± 1.3

25.6 ± 1.9

27.7 ± 2.3

30.5 ± 2.8

F value

10.941

5.63

6

9.71

26.333

31.941

P

0.01

0.042

0.037

0.013

0.001

0.001

Figure 2. Curves of SD, SNR, and CNR of reconstructed images
among groups with different percentages of ASIR-V weights.

Discussion
Coronary CT angiography is a common method and an
effective means of clinical examination of coronary artery
disease. With the application of this method more and more
extensive, the radiation dose received by the subject has
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become a common concern [9]. Studies show that [10-12], if
the conventional FBP algorithm is used to reconstruct the
image at the low tube voltage under 100 kV, though the
radiation is reduced, the image quality is also decreased, and
the noise is large, which is not conducive to clinical diagnosis
[13]. Therefore, the authors propose to reconstruct the image
by combining the iterative reconstruction technique ASIR-V
algorithm under the condition of low tube voltage, which can
reduce the noise and improve the image quality while reducing
the radiation dose [14,15]. The results of this study show that
the radiation dose received by the subject is low, but it can be
seen from the results in Table 1 that the subjective score of the
reconstructed image quality in the FBP group under the same
radiation dose, namely, at low tube voltage, was worse than
that in each ASIR-V group. Then combined with the study
results in Table 2, the objective score of reconstructed images
in each ASIR-V group was better than that of FBP group, and
with increasing percentage of ASIR-V weights, noise
continually decreased, and SNR and CNR increased. This
suggests that the effect of reconstructed images using the
iterative reconstruction techniques was better than that using
conventional FBP for coronary CT angiography under low tube
voltage conditions. Meanwhile, when the ASIR-V weights was
60% and 80%, the subjective score of the reconstructed image
was the best, and there was no significant difference between
the two groups. Therefore, when the iterative reconstruction
technique was used at low dose, the quality of reconstructed
images was best under 60% or 80% of ASIR-V weights. In
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other words, low-dose combined iterative reconstruction
techniques can be used to reduce the radiation dose of the
subject while maintaining the diagnostic value in the coronary
CT angiography [16,17].
In summary, combined with the iterative reconstruction
technique, the Revolution CT can not only reduce the radiation
dose, but also improve the quality of reconstructed images and
ensure its clinical diagnostic value for CT angiography at low
tube voltage (100 kVp).

References
1. Oda S, Utsunomiya D, Funama Y. A hybrid iterative
reconstruction algorithm that improves the image quality of
low-tube-voltage coronary CT angiography. Am J
Roentgenol 2012; 198: 1126-1131.
2. Wuest W, May M S, Scharf M. Stent evaluation in lowdose coronary CT angiography: effect of different iterative
reconstruction settings. J Cardiovasc Comp Tomogr 2013;
7: 319-325.
3. Mangold S, Wichmann JL, Schoepf UJ. Coronary CT
angiography in obese patients using 3 rd, generation dualsource CT: effect of body mass index on image quality. Eur
Radiol 2015; 26: 1-10.
4. Wang R, Schoepf UJ, Wu R. Image quality and radiation
dose of low dose coronary CT angiography in obese
patients: sinogram affirmed iterative reconstruction versus
filtered back projection. Eur J Radiol 2012; 81: 3141-3145.
5. Soran MG. Prevalence of dyslipidemia and its association
with disease activity in patients with rheumatoid arthritis in
sulaimani governorate. Univ J Pharm Res 2016; 1: 32-41.
6. Eisentopf J, Achenbach S, Ulzheimer S. Low-dose dualsource CT angiography with iterative reconstruction for
coronary artery stent evaluation. JACC Cardiovasc Imag
2013; 6: 458-465.
7. Han R, Sun K, Lu B. Diagnostic accuracy of coronary CT
angiography combined with dual-energy myocardial
perfusion imaging for detection of myocardial infarction.
Exp Ther Med 2017; 14: 207-213.
8. Puchner SB, Ferencik M, Maehara A. Iterative image
reconstruction improves the accuracy of automated plaque
burden assessment in coronary CT angiography: a
comparison with intravascular ultrasound. Am J
Roentgenol 2017; 208: 777-784.
9. Nagayama Y, Nakaura T, Tsuji A. Cerebral bone
subtraction CT angiography using 80 kVp and sinogram-

10204

affirmed iterative reconstruction: contrast medium and
radiation dose reduction with improvement of image
quality. Neuroradiology 2017; 59: 1-8.
10. Gebhard C, Fuchs TA, Fiechter M. Image quality of lowdose CCTA in obese patients: impact of high-definition
computed tomography and adaptive statistical iterative
reconstruction. Int J Cardiovasc Imag 2013; 29: 1565-1574.
11. Russo V, Garattoni M, Buia F. 128-slice CT angiography of
the aorta without ECG-gating: efficacy of faster gantry
rotation time and iterative reconstruction in terms of image
quality and radiation dose. Eur Radiol 2016; 26: 1-11.
12. Zordo TD, Plank F, Feuchtner G. Radiation dose in
coronary CT angiography: how high is it and what can be
done to keep it low? Curr Cardiovasc Imag Rep 2012; 5:
292-300.
13. Deborah EC. Anti-inflammatory and anti-oxidant activities
of methanol extract of baphia nitida. Univ J Pharm Res
2016; 1: 42-47.
14. Sauter A, Koehler T, Fingerle A A. Ultra-low dose CT
pulmonary angiography with iterative reconstruction. Plos
One 2016; 11: 0162716.
15. Schindera ST, Odedra D, Mercer D. Hybrid iterative
reconstruction technique for abdominal CT protocols in
obese patients: assessment of image quality, radiation dose,
and low-contrast detectability in a phantom. Am J
Roentgenol 2014; 202: 146-152.
16. Jianbo GM. Combined use of automatic tube voltage
selection and current modulation with iterative
reconstruction for CT evaluation of small hypervascular
hepatocellular carcinomas: effect on lesion conspicuity and
image quality. Radiol Off J Korean Radiol Soc 2015; 16:
531-540.
17. Renker M, Geyer LL, Krazinski AW. Iterative image
reconstruction: a realistic dose-saving method in cardiac
CT imaging? Exp Rev Cardiovasc Ther 2013; 11: 403-409.
*Correspondence

to

Qing Wang
Shandong University
Qilu Hospital
PR China

Biomed Res 2017 Volume 28 Issue 22

