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Introduction

Coronary CT Angiography (CCTA) has an important role in the as-
sessment of atherosclerotic Cardiovascular Disease(CAD), with 
a sensitivity of up to 97% and a specificity of up to 78% com-

pared with invasive coronary angiography [1, 2]. However, CCTA is 
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ABSTRACT
Background: The reduction of patient radiation dose in coronary Computed To-
mography Angiography (CCTA) with acceptable image quality is considered an impor-
tant factor in the research. 
Objective: This study aims to optimize the CCTA protocol using a retrospective 
Electrocardiogram (ECG)-gated axial scan protocol in patients with different Body 
Mass Indexes (BMIs).
Material and Methods: In this cross-sectional study, 66 patients into three main 
groups: 80 kVp (Group A), 100 kVp (Group B), and 120 kVp (Group C), underwent 
CCTA. Each group was then divided into two subgroups of BMI<25 and >25 kg/m2. 
Image noise, mean vascular attenuation at the aorta, signal-to-noise ratio (SNR), and 
Contrast-to-Noise Ratio (CNR) at five regions of coronary arteries, in which Coronary 
artery anomalies are common were qualitatively evaluated by subjective image quality 
analysis. 
Results: At each kVp, there were no significant differences in CNR, SNR, noise 
level, and the effective dose between BMI>25 kg/m2 and BMI<25 kg/m2. The effec-
tive radiation dose of groups A, B, and C were 4.16, 8.46, and 14.3 mSv, respectively. 
Subjective image quality assessment scores were 3.18, 3.5, and 3.73 out of 4 in groups 
A, B, and C, respectively.  
Conclusion: Patient radiation dose using retrospective ECG-gated CCTA can be 
reduced by about 70% at 80 kVp, which is almost close to the prospective CCTA dose 
ranges. The retrospective CCTA at 80 kVp can be optimized even in overweight pa-
tients (BMI>25 kg/m2).
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noninvasive with impressive diagnostic accu-
racy, and the high patient radiation dose level 
of CCTA is considered a disadvantage. The 
average dose of CCTA is about between 15 
and 21 (mSv) [3]. Reduction of the radiation 
dose of CCTA with constant image quality is 
known as a challenging issue in medical imag-
ing procedures. With the technical advances in 
Computed Tomography (CT), various strate-
gies have been developed to decrease the ra-
diation dose [4].

Prospective and retrospective gated CT an-
giographies as two different data acquisition 
methods in coronary artery disease (CAD) 
assessment are used in clinics despite their 
disadvantages [5]. However, prospective 
ECG- CCTA shows promising results in the 
diagnosis of CAD with low patient effective 
dose, prospective CCTA is performed by strict 
exclusion criteria, careful patient selection, 
and preparation. Patients with a high-heart  
rate and irregular heart rhythm are not suit-
able for prospective CCTA [6, 7]. Instead, ret-
rospectively ECG-gated CCTA is obtained in 
cases, in which information is needed on ven-
tricular or valvular function, or control of heart 
rate is not sufficient for a diagnostic perspec-
tive ECG gated acquisition (e.g., high heart 
rate or irregular rhythm) [7, 8]. Moreover, the 
perspective CCTA technique provides fewer 
cardiac phases for interpretation [9]. Previ-
ous studies have shown that more than 50% 
of coronary angiography procedures in devel-
oping countries and less developed countries 
are still performed as retrospectively CCTA  
[10-15]. However, most recent studies about 
the strategies of radiation dose reduction in CT 
angiography have mainly focused on prospec-
tive ECG-gated CCTA methods, retrospective 
CCTA methods are still routinely performed in 
clinics [15-17]. Patients with a high-heart rate 
and tachyarrhythmia have higher body mass 
index (BMI) than 25 kg/m2 [18, 19].

In dose reduction strategies, the society of 
cardiovascular computed tomography recom-
mends the use of a tube voltage of 100 kV for 

patients with a BMI<25 kg/m2 [20, 21]. In 
the last decade, some studies have been con-
ducted on the reduction of the radiation dose 
in CCTA by lowering the tube voltage to 80 
or 100 kVp and iodine doses [17, 22-25]. The 
radiation dose can be reduced by 38-83% and 
3-80% at 80 and 100 kVps with a BMI<25  
kg/m2, respectively, without compromising 
the image quality [26]. Advanced reconstruc-
tion algorithms reduce the radiation dose with-
out compromising image noise [27, 28]. IMR 
(Iterative Model Reconstruction) can improve 
the CCTA image quality of patients with BMI 
higher than 30 kg/m2 even in low tube voltage 
[29].

There is no consensus on appropriate low-
dose approaches at different BMIs and their 
impact on image quality in retrospective 
CCTA. This study aims to evaluate the im-
age quality at low kilovoltages (80, 100 kV) 
in retrospective CCTA using the IMR method 
in patients with different BMIs (<25 and >25 
kg/m2) and find out whether the new protocol 
(80 kVp) can lead to reducing radiation dose 
in patients with high BMI with an acceptable 
the image quality.

Material and Methods

Participants
This cross-sectional research, is approved by 

the research ethics committee of Tabriz Uni-
versity of Medical Sciences. After the research 
procedure was clearly explained to the partici-
pants, the patients who accepted to participate 
in our research completed the informed con-
sent form. In this cross-sectional study, 66 pa-
tients, referred to the department of radiology 
participated. The ECG-gated CCTA examina-
tion. Patients, with heart rates>70, were pro-
vided beta-blockers (25-50 mg/mL proprano-
lol and 0.5 mg/mL alprazolam) orally for 1 h 
before CCTA examination. The patients with 
heart rate<70 after administration of beta-
blockers, a history of arrhythmia, congenital 
heart disease, iodine sensitivity, renal failure 
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(creatinine>150 μ mol/L), and a history of by-
pass surgery were included in the study. After 
obtaining their informed consent, they were 
divided into three groups of 22, in which pa-
tients underwent CCTA at 80 kVp (Group A), 
100 kVp (Group B), and 120 kVp (Group C). 
Each group was then divided into two sub-
groups with BMI<25 and with BMI>25 kg/m2.

Imaging Protocol
All CT scans were in the head-foot direc-

tion (craniocaudal) from the carina area to the 
diaphragm with a breath hold using a 64-slice 
Philips Brilliance CT scanner (Koninklijke 
Philips N.V., 2004-2022. All rights reserved). 
A retrospective ECG-gating technique was 
used to collect information based on the scan 
parameters, such as gantry rotation period of 
400 ms, peak kilovoltage of 80, 100, and 120 
for two BMIs, and tube current-time product 
fixed at 800 mAs. An 18-gauge angiocath-
eter was used in the antecubital vein to inject 
a contrast-safe water-soluble substance at 
a concentration of 350 mg/mL and speed of  
5-6 mL/s. Subsequently, 50 mL of 0.9% nor-
mal saline was injected with a double-barrel 
injector at a rate of 5 mL/s. Body weight was 
used to determine the volume of the injected 
contrast medium (1 mL/kg). The descending 
aorta was used at the region of interest (ROI). 
The scan began with the ROI threshold>120 
HU in the descending aorta. The effective ab-
sorption dose was calculated by multiplying 
the dose length product (DLP) by the conver-
sion factor of 0.014 mSv/mGy×cm [30].

Image Reconstruction and Evalua-
tion

All CT images were reconstructed with the 
IMR algorithm with the reconstruction pa-
rameters as follows: 0.9 mm slice thickness, 
0.45 mm increment, 15-23 cm Field of View 
(FOV), and 512×512 pixels image matrix. The 
image was then reconstructed and analyzed 
by Philips Extended Brilliance Workspace. 
After reconstruction, post-processing of data 

was performed with multiplanar reformat-
ted, curved planar reformatted, and maximum 
intensity projection images using the scan-
ner CT viewer software of Philips Brilliance 
CT scanner. The image quality was then as-
sessed objectively and subjectively. For objec-
tive analysis, in axial images, several circular 
ROIs with an area of 0.5 cm2 in the upper seg-
ments of the right coronary artery (RCA), left 
coronary artery (LCA), Left anterior descend-
ing (LAD) coronary artery, circumflex (CX) 
coronary artery, and the ROI with an area of 
1.5 cm2 in the ascending aorta were defined 
to measure vascular attenuation in Picture Ar-
chiving and Communication Software (PACS) 
workstation software. CCTA image noise level 
was estimated by measuring the standard de-
viation of attenuation values in all vessels. The 
contrast-to-noise ratio (CNR) and signal-to-
noise ratio (SNR) were calculated as follows:

 obj adjS S
CNR

σ
−

=                    (1)

 objS
SNR

σ
=                              (2)

In which, Sobj and Sadj are the signal of ROI 
inside the coronary object and adjacent back-
ground region, respectively; σ is image noise.

The image quality was subjectively evalu-
ated by a 10-year experienced expert in radi-
ology in cardiac CT, who was unaware of the 
scan condition and the dosages applied to pa-
tients (Table 1).

A 4-point grading scale for the four main ar-
teries of the heart (RCA, LCA, LAD, and CX) 
and the ascending aortic root.

Statistical Analysis
Age, DLP, effective dosage, signal intensity, 

noise, SNR, and CNR were analyzed based on 
the ANOVA test using SPSS (v.22). The data 
were described as mean±standard deviation 
(SD). The quality of images was compared be-
tween groups using Fisher’s test. P-value<0.05 
was considered as the significant level.
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Results
A total of 40 and 26 of 66 were males and 

females, respectively, with a mean age of 
51.62±11.45 years. Figure 1 illustrates the 
CCTA images of patients with different BMIs 

Grade Level Description
Grade 1  

(Non-diagnostic)
Images with high motion artifacts, overlapped blood vessels, high blurring around arteries, dark blood 
vessels, and indistinguishable vessels

Grade 2  
(Acceptable)

Images with small artifacts but sufficient for evaluation marked blur around blood vessels and visible blood 
vessels

Grade 3 (Good) Images with no motion artifacts, slight blurring around blood vessels, and clear blood vessels
Grade 4  

(Excellent) Images with no motion artifacts, no distinct noise, and light blood vessels 

Table 1: Description of the grading scale for subjective evaluation of image quality

Figure 1: Retrospective ECG-gated CCTA images of subjects for RCA and LCA with different BMI 
and tube voltages. (A1) 80 KVp and 24.59 kg/m2, (A2) 80 KVp and 27.79 kg/m2, (B1) 100 KVp 
and 23.89 kg/m2, (B2) 100 KVp and 27.42 kg/m2, (C1) 120 KVp and 25 kg/m2, (C2) 120 KVp 
and 28.2 kg/m2. (ECG: Electrocardiogram, CCTA: Coronary Computed Tomography Angiography, 
RCA: Right coronary artery, LCA: Left coronary artery, BMI: Body Mass Index)

(>25 and <25 kg/m2) at three tube voltages of 
80, 100, and 120 kVp, which had good and  
acceptable diagnostic quality.

The mean vascular attenuation values in 
groups A, B, and C were 810, 530, and 430 
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(Tables 2-4).

The subjective quality assessment section 
included the interpretation of 330 segments 
of CA by radiologists. The mean scores of 
the subjective quality assessment are illus-
trated in Figure 4. As can be seen, there was 
no significant difference between groups  
(P-value>0.85). Subjective quality scores in 
groups A, B, and C were 3.18, 3.5, and 3.73, 
respectively. In group A, about 76% of diag-
nostics were in grades 3 and 4 (good and ex-
cellent), while it was 90% and 95% for groups 
B and C, respectively.

Discussion
In this study, the effective dose for retrospec-

Figure 3: Noise levels at different tube voltages in the study groups

Figure 2: Effective Dose at different tube voltages in the study groups

HU, respectively. The mean effective dose 
of CCTA was significantly different between 
the three groups (P=0.0001) as shown in  
Figure 2. The effective radiation dose of 
group A was 51% and 71% less than group 
B and group C, respectively. Figure 3 shows 
the mean noise levels in the three groups. 
In group A, the noise level was significantly 
higher than in Group B (P-value=0.0001). The 
values of CNR and SNR are summarized in 
Tables 2 and 3, respectively. There was no sig-
nificant difference in mean CNR and SNR be-
tween the three groups. Moreover, there was 
no significant difference in CNR, SNR, noise 
level, and effective dose between subgroups 
with BMI>25 and <25 kg/m2 at any kVp  
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tive ECG-gated CCTA was reduced by about 
70% at 80 kVp; this amount of radiation dose 
is close to a routine prospective CCTA proce-
dure. The low dose strategy (80 kVp) could 
be applied in patients with BMI>25 kg/m2, a 
finding that has not been observed in previous 
studies. In the last decade, various studies have 
focused on the reduction of patient dose in 

CCTA by lowering the tube voltage to 80 kVp 
for patients with BMI<25 kg/m2 [7, 14, 25]. In 
this study, modulation of tube current based on 
BMI range may not be necessary since there 
is a square root mAs relationship between im-
age quality and radiation dose, which is paral-
lel with previous studies [21, 31]. In addition, 
the IMR algorithm may compensate for the 

CNR (Contrast-Noise Ration)
P-value>Group A (80 kVp) Group B (100 kVp) Group C (120 kVp)

BMI<25 BMI>25 BMI<25 BMI>25 BMI<25 BMI>25
RCA (Right coronary artery) 15.76 14.64 13.42 14.43 19.56 20.42 0.97
LCA (Left coronary artery) 10.28 12.67 11.59 12.08 14.52 15.14 0.43

LAD (Left anterior descending ) 9.26 9.33 8.61 9.45 12.51 10.8 0.46
CX (Coronary artery, circumflex) 17.30 13.98 16.01 14.80 19.21 20.74 0.13

BMI: Body mass index

Table 2: Contrast-Noise Ratio (CNR) values in the study groups at different tube voltages and 
Body Mass Indexes (BMIs) in the selected Region of Interest (ROIs)

SNR( Signal-to-Noise Ratio)
P-value>Group A (80 kVp) Group B (100 kVp) Group C (120 kVp)

BMI<25 BMI>25 BMI<25 BMI>25 BMI<25 BMI>25
RCA (Right coronary artery) 11.68 10.67 11.2 12.76 10.72 10.94 0.63
LCA (Left coronary artery) 10.45 11.66 9.40 10.54 11.72 12.04 0.65

LAD (Left anterior descending ) 10.58 11.52 9.74 10.57 10.78 9.32 0.62
CX (Coronary artery, circumflex) 15.99 12.71 14.27 12.32 15.97 17.05 0.2

BMI: Body mass index

Table 3: Signal-to-Noise Ratio (SNR) values in the study groups at different tube voltages and 
Body Mass Indexes (BMIs) in the selected Region of Interest (ROIs)

Effective dose and Noise levels 
P-value<Group A (80 kVp) Group B (100 kVp) Group C (120 kVp)

BMI<25 BMI>25 BMI<25 BMI>25 BMI<25 BMI>25
Effective dose (mSv) 4.19 4.14 8.56 8.37 13.95 14.67 0.00001

Noise level 85.33 86.55 41.10 54.63 26.90 30.30 0.0001
BMI: Body mass index

Table 4: Effective dose and Noise levels in the study groups at different tube voltages and Body 
Mass Indexes (BMIs) in the selected Region of Interest (ROIs)
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increased image noise in overweight patients 
(BMI>25 kg/m2) [32]. However, the low tube 
voltage technique may result in increased vas-
cular attenuation in CCTA. Previous studies 
suggested that a vascular attenuation value of 
>400 HU in the aorta was required for CCTA 
interpretability [14, 17, 33]. In the present 
study, the mean CT attenuation in selected 
ROIs at three studied groups was all higher 
than 400 HU (810 HU for group A, 530 HU 
for group B, and 430 HU for group C). De-
spite the increase in noise level by decrement 
of kVp, the CNR and SNR in three studied 
tube voltages (80, 100, 120 kVp) were not sig-
nificant because of the high vascular attenu-
ation values at low kVp. The society of car-
diovascular computed tomography suggests 
that a tube voltage of 100 kVp should be used 
in patients with BMI<25 kg/m2. However, in 
subjective assessment of CCTA image quality, 
we found that the image quality at 80 kVp was 
not significantly compromised in patients with 
the BMI>25 kg/m2 compared to those with the 
BMI<25 kg/m2.

In this study, the effective dose of retrospec-
tive CCTA decreased, based on the constant 
image quality with an acceptable interpreta-
tion, to 4.16 mSv, which is almost close to 
prospective CCTA values [14, 16, 24]. In a 
meta-analysis that was conducted to compare 
image quality, diagnostic accuracy, and ra-

diation dose of prospective vs. retrospective 
ECG-gated CCTA, 91.3% of CCTA images 
had diagnostic quality with prospective CCTA 
and 93.3% with retrospective CCTA among 
3,330 patients from 20 included studies [16]. 
In that study among 664 patients from 5 stud-
ies, the sensitivity/specificity of diagnostic 
CCTA was 98.7%/91.3% with prospective 
CCTA and 96.9%/95.8% with retrospective 
CCTA [16]. The effective dose was 3.5 mSv 
with prospective CCTA, which was 3.5 lower 
than the effective dose of retrospective CCTA 
(12.3 mSv) [16]. Hausleiter et al. reported 
that the estimated radiation dose of retrospec-
tive ECG-aged CCTA in 50 study sites was 
about 12 mSv; they concluded that there is a 
strong need for efforts to reduce radiation dos-
age [34]. Advanced reconstruction methods, 
such as Model-based Iterative Reconstruction 
(MBIR), and knowledge-based IMR can im-
prove image quality by reduction of radiation 
dose [35, 36]. MBIR as a systematic approach 
combined with statistics decreases noise by it-
eratively minimizing the differences between 
acquired data and their ideal form [35-37]. 
In previous studies, it has been reported that 
lowering the tube voltage in patients with  
BMI<25 kg/m2 using IMR algorithm can reduce 
image noise by up to 80% compared to Filter 
Back Projection (FBP) in clinical CCTA studies  
[29, 38]. Oda et al. reported that CCTA with 

Figure 4: Subjective quality scores of computed tomography angiography (CCTA) images at dif-
ferent tube voltages in the study groups
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100 kVp using MBIR could improve qualita-
tive and quantitative image quality; according 
to their results, 100-300 mAs and the range of 
reported radiation dosage varied from 0.9 to 
2.6 mSv [37]. 

There were some limitations and disadvan-
tages in this study as follows: 1) results can-
not be generalized to other algorithms such as 
Advanced Modeled Iterative Reconstruction 
or MBIR, due to using the IMR algorithm, 
2) the quantitative or qualitative qualities of 
CCTA images were compared without evalu-
ating the diagnostic accuracy for coronary ar-
tery disease, and 3) a phantom study was not 
conducted for spatial resolution assessment of 
the CT system.

Conclusion
Patient radiation dose can be decreased by 

about 70%, which is approximately close to 
the prospective CCTA dose ranges, by re-
ducing the tube voltage to 80 kVp in retro-
spective ECG-gated CCTA. This approach 
can be applied even in overweight patients  
(BMI>25 kg/m2) without increasing the pa-
tient radiation dose. Therefore, the low-dose 
approach also produces acceptable diagnostic 
image quality.
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