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Abstract The accuracy of coronary computed tomogra-

phy angiography (CCTA) in obese persons is compromised

by increased image noise. We investigated CCTA image

quality acquired on a high-definition 64-slice CT scanner

using modern adaptive statistical iterative reconstruction

(ASIR). Seventy overweight and obese patients (24 males;

mean age 57 years, mean body mass index 33 kg/m2) were

studied with clinically-indicated contrast enhanced CCTA.

Thirty-five patients underwent a standard definition proto-

col with filtered backprojection reconstruction (SD-FBP)

while 35 patients matched for gender, age, body mass

index and coronary artery calcifications underwent a novel

high definition protocol with ASIR (HD-ASIR). Segment

by segment image quality was assessed using a four-point

scale (1 = excellent, 2 = good, 3 = moderate, 4 = non-

diagnostic) and revealed better scores for HD-ASIR com-

pared to SD-FBP (1.5 ± 0.43 vs. 1.8 ± 0.48; p \ 0.05).

The smallest detectable vessel diameter was also improved,

1.0 ± 0.5 mm for HD-ASIR as compared to 1.4 ± 0.4 mm

for SD-FBP (p \ 0.001). Average vessel attenuation was

higher for HD-ASIR (388.3 ± 109.6 versus 350.6 ± 90.3

Hounsfield Units, HU; p \ 0.05), while image noise, sig-

nal-to-noise ratio and contrast-to noise ratio did not differ

significantly between reconstruction protocols (p = NS).

The estimated effective radiation doses were similar,

2.3 ± 0.1 and 2.5 ± 0.1 mSv (HD-ASIR vs. SD-ASIR

respectively). Compared to a standard definition backpro-

jection protocol (SD-FBP), a newer high definition scan

protocol in combination with ASIR (HD-ASIR) incre-

mentally improved image quality and visualization of distal

coronary artery segments in overweight and obese indi-

viduals, without increasing image noise and radiation dose.

Keywords Cardiac computed tomography � Adaptive

statistical iterative reconstruction � Obesity

Introduction

Obesity has been related to numerous risk factors such as

hypertension, hypercholesterolemia and diabetes and is

associated with higher rates of mortality, resulting from

coronary artery disease (CAD) [1]. Most imaging tech-

niques face difficulties when dealing with this subset of

patients and anatomical imaging techniques including

coronary computed tomography angiography (CCTA) are

no exception; in fact, despite the generally high diagnostic

performance of CCTA for the assessment of CAD, a

decline in image quality due to an increase in X-ray scatter

and image noise is noted when using standard protocols in

obese patients [2, 3]. The higher image noise causes par-

ticularly poor delineation of smaller, distal vessels as well

as non-calcified atherosclerotic lesions [4]. Recently, a

high-definition CT (HDCT) scanner with improved in-

plane spatial resolution of 230 lm has been introduced. As

improved spatial resolution goes along with a decrease in

signal-to-noise ratio due to increased noise, this technical

refinement has been complemented by a novel statistical
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iterative reconstruction (ASIR) algorithm for noise reduc-

tion. Unlike the standard filtered back projection technique

(FBP), iterative reconstruction entails fewer assumptions

regarding noise distribution within an image and operates

with an iterative process of mathematic and statistical

modelling to identify and selectively reduce noise [5, 6]

within the reconstructed images while maintaining spatial

resolution and image quality [7–9]. Latest studies have

shown that the use of ASIR in low dose HDCT was

associated with higher resolution than standard definition

CT (SDCT) but maintained image quality and equally low

radiation dose in a normal weight population [10].

Although this new reconstruction technique has been

shown to improve image quality in abdominal CT in large

body size adults [11], no data are available supporting the

use of ASIR in combination with HDCT in an overweight

and obese population.

Therefore, we hypothesized that HD acquisition with

ASIR reconstruction yields superior image quality in

CCTA of overweight and obese patients compared to a

conventional standard definition (SD) acquisition and

standard (filtered backprojection, FBP) reconstruction

technique using the same 64-slice HDCT scanner for both

protocols.

Materials and methods

Patients

We included 70 overweight and obese patients (24 males;

mean age 57 years, mean body mass index 33 kg/m2) with

clinically indicated contrast enhanced CT of which 35

underwent a novel HD acquisition protocol with ASIR.

Each case was matched by gender, age, body mass index

and coronary artery calcifications with one control that

underwent a SD protocol with FBP reconstruction. Patients

were eligible for the study if the BMI was[28 kg/m2. The

need to obtain written informed consent in this study was

waived by the institutional review board (local ethics

committee) since, according to Swiss law on clinical

investigations, informed consent is not required if the

nature of the study is purely retrospective. Indications for

CCTA were typical (n = 15) or atypical angina (n = 17),

dyspnea (n = 12), previous positive stress imaging study

(n = 7), preoperative risk evaluation for non-cardiac sur-

gery (n = 4), impaired left ventricular function (n = 4),

and other reasons (including risk profile and arrhythmias)

for suspected CAD (n = 11). Exclusion criteria for CCTA

examination were renal failure (glomerular filtration rate

\30 ml/min), known allergy to iodine contrast material,

severe claustrophobia, pregnancy, and high heart rate in the

presence of contraindications to beta-blockade.

Coronary CT acquisition

All scans were performed on a 64-HDCT scanner (Dis-

covery HD 750, GE Healthcare) with prospective electro-

cardiogram (ECG)-triggering, a BSA-adapted contrast

media bolus (Visipaque 320 mg/ml, GE-Healthcare) with a

contrast volume of 40–105 ml and a flow rate between 3.5

and 5.0 ml/s corresponding to an iodine delivery rate

ranging from 1.1 to 1.6 g/s [12–14] and iv b-blockers, if

needed, to achieve a heart rate lower than 65 beats/min and

0.4 mg sublingual nitro-glycerine were administered to all

patients immediately before the study. The first 35 patients

were examined with our SD protocol [12] and images were

reconstructed with FBP. After introducing HD scanning

with ASIR reconstruction at our department, CCTA of the

first 35 consecutive patients were acquired in HD, which

was 230 lm, and images were reconstructed with high-

resolution and a blending of 30 % ASIR into FBP. Radi-

ation dose was calculated from the dose-length product

using a conversion factor of 0.014 mSv/(mGy x cm) [15].

The scanning parameters included 64 9 0.625 mm colli-

mation, a rotation time of 0.35 s, and BMI adjusted tube

voltage (100–120 kV) and current (450–700 mA) .

CCTA analysis

On a dedicated workstation (Advantage AW 4.4, GE

Healthcare) where mean signal value and SD (noise) in

Table 1 Patient baseline and CT acquisition characteristics

FBP SDCT

protocol

n = 35

ASIR HDCT

protocol

n = 35

Male sex, no. of patients (of total) 24 (35) 34 (35)

Age (years) 58 ± 2 56 ± 4

BMI (kg/m2) 33.8 ± 1 32.9 ± 1

Calcifications (number of segments) 61 63

mSv 2.5 ± 0.1 2.3 ± 0.1

DLP (mGy 9 cm) 176.0 ± 7.0 163.3 ± 10.5

CTDIVOL (mGy) 17.4 ± 0.7 16.0 ± 0.9

Heart rate (bpm) 59.5 ± 1.2 59.5 ± 1.2

Tube voltage (kV) 116 ± 1.4 112 ± 1.7

Tube current (mA) 645.7 ± 4.8 632.9 ± 5.0

Contrast flow (ml/s) 4.8 ± 0.1 4.9 ± 0.1

Contrast volume (ml) 84.3 ± 2.6 82.3 ± 1.8

Number of stents 4 5

Coronary artery disease

(number of patients)

14 13

Betablcoker (mg) 7.5 ± 1.4 10.6 ± 1.5

Values are given as mean ± standard deviation (SD) if appropriate

FBP filtered back projection, SD standard definition, ASIR adaptive iter-

ative reconstruction algorithm, HDCT high definition computed

tomography
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Hounsfield units (HU) were measured, a region of interest

(ROI) was placed in the aortic root (0.5 cm2) and in the

proximal left main artery (LMA) (5 mm2). The vessel contrast

was measured as the difference in mean attenuation in HU in

the contrast enhanced vessel lumen and the mean attenuation

in HU in the adjacent perivascular tissue. The results were

A B

DC

FE

* *

Fig. 1 Boxplots of objective measurements of both protocols. a Image

noise LMA (left main coronary artery). b Image noise ascending aorta.

c Contrast-to-noise ratio in vessel lumen of the left main coronary artery

(LMA) d Signal-to-noise ratio in the ascending aorta. e Attenuation

(HU) in the left main coronary artery. f Attenuation (HU) in the

ascending aorta. Data are presented as mean ± SD. *p \ 0.05
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used to calculate contrast to noise ratio (CNR). To standardize

the analysis, images were displayed with a fixed window level

at 240 HU and a window width at 1,200 HU.

Image quality analysis

Qualitative image analysis was performed by two inde-

pendent blinded and experienced coronary CCTA readers.

The original transaxial slices were visually examined,

assisted by oblique and curved multiplanar reconstructions.

Each coronary artery segment was classified using a 4-point

score: (1) excellent; (2) good, minor artifacts; (3) fair,

moderate artifacts but still diagnostic and [4] nondiagnostic

(Fig. 6). For each coronary artery segment classified as not

excellent (i.e., scores: 2–4) the observers noted the causes of

image quality impairment as motion artifacts, image noise,

insufficient contrast opacification, or high contrast artifacts.

For any disagreement in data evaluation between the two

readers, consensus agreement was achieved. Finally, all

CCTA studies were reviewed for the presence or absence of

significant coronary artery stenosis defined as luminal nar-

rowing exceeding 50 % in diameter. Coronary artery seg-

ments with a diameter of\1.5 mm can only be visualized if

clear delineation of the vessel walls, low image noise, and

excellent attenuation of the vessel lumen is provided. Thus,

diameter and area of smallest visible distal segments (seg-

ments number 4, 8, 9, 10, 12, 14, 15, 16) were used as an

parameter to analyse image quality (Fig. 7). Diameter

measurements were performed with an electronic caliper

tool (Volume Viewer, GE Healthcare, Milwaukee, USA).

Statistical analysis

Quantitative variables were expressed as mean ± SD and

categorical variables as frequencies or percentages.

Comparisons of image noise, signal to noise ratio and CNR

between the two groups were performed using student’s

t test for continuous variables with normal distributions and

the Mann–Whitney U test for continuous variables with

non-normal distributions. Mixed model analysis of vari-

ance was used to compare both scan algorithms with

respect to image quality scores and to assess differences

across the four main arteries (left main, right coronary

artery, left anterior descending, and left circumflex) in

terms of these scores. Spearman’s rank correlation coeffi-

cient was used to assess the relationship between BMI,

image quality, radiation dose and contrast volume. The

generalized estimating equations analysis was used to

compare scan algorithms in terms of the percentage of

times segments were rated as having diagnostic IQ. Cor-

relation coefficients were calculated to compare BMI with

the mean image quality scores of all coronary segments on

a per patient basis. The correlation structure imparted by

the inclusion of data from multiple segments per patient

was modelled by assuming data to be correlated when

acquired from the same patient. All analyses were per-

formed with statistics software (SPSS version 20.0 for

Microsoft Windows). A two-tailed p value of \0.05 was

deemed significant.

Results

Study population

The study population consisted of 70 patients, including 22

women, with a mean age of 57 ± 19 years, and a mean

BMI of 33 ± 5.7 kg/m2. The average BMI in group A

(standard protocol) was 33.8 ± 1 kg/m2 (range 29–58

kg/m2) and 32.9 ± 1 in group B (ASIR protocol) (range

Table 2 Image quality

parameters

Values are presented as

indicated

* p \ 0.05

FBP SD protocol ASIR HDCT protocol

Attenuation (HU, LMA), mean ± SD 350.6 ± 90.3 388.3 ± 109.6*

Attenuation (HU, aorta), mean ± SD 370.9 ± 77.9 430.51 ± 88.9*

SNR (LMA), mean ± SD 12.2 ± 5.7 13.1 ± 7.7

SNR (aorta), mean ± SD 15 ± 1.3 12.7 ± 5.8

CNR, mean ± SD 15.8 ± 6.9 15.6 ± 8.9

Image quality, mean ± SD 1.8 ± 0.48 1.5 ± 0.43*

Quality score 1 (number of segments) 149 282

Quality score 2 (number of segments) 221 128

Quality score 3 (number of segments) 59 45

Quality score 4 (number of segments) 35 22

Total number of segments analyzed (n) 464 477

Minimal visible vessel diameter (mm), mean ± SD 1.3 ± 0.2 1.0 ± 0.3*

Minimal visible vessel area (mm2), mean ± SD 1.4 ± 0.4 1.0 ± 0.5*

Percentage of diagnostic segments, mean ± SD 93 ± 14.5 95 ± 10.9
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28–61 kg/m2). 28 % (20/70) of patients were overweight

(BMI 28–30 kg/m2), 46 % (30/70) patients were obese

(BMI 30–35 kg/m2) and 26 % (20/70) of patients were

morbidly obese (BMI [ 35, range 35–61 kg/m2). The

patient baseline characteristics are listed in Table 1. A total

contrast amount of 83.2 ± 13 ml at an injection rate of

4.9 ± 0.5 ml/s was administered (Table 1). Patients were

adequately matched for gender, age, body mass index and

coronary artery calcifications (p = NS).

Radiation dose

The mean tube current and mean tube voltage was

645.7 ± 4.8 mA and 116 ± 1.4 kV for protocol A and

632.9 ± 5.0 mA and 112 ± 1.7 kV for protocol B.

(Table 1). The average dose-length product (DLP) was

176.0 ± 7.0 (mGy x cm) in protocol A and 163.3 ± 10.5

(mGy x cm) in protocol B. resulting in an average effective

radiation dose of 2.5 ± 0.1 mSv (range 1.4–4.3 mSv) and

A B

C D

BMI > 28 kg/m2 BMI > 28 kg/m2

BMI > 35 kg/m2 BMI > 35 kg/m2

n=35 n=35

n=10 n=10

Fig. 2 a Image quality score groups for all evaluated coronary

segments in all study subjects. b Image score (mean ± SD) for each

segment in all study subjects. c Image quality score groups for all

evaluated coronary segments in patients with BMI [ 35 kg/m2.

d Image score (mean ± SD) for each segment in patients with

BMI [ 35 kg/m2. HDCT high definition computed tomography, ASIR

adaptive iterative reconstruction
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2.3 ± 0.1 mSv (range 1.1–5.4 mSv; p = NS), respectively

(Table 1).

Image noise

Image noise measured in the ascending aorta and the left

main coronary artery (LMA) was similar in both groups

(p = NS, Fig. 1a, b). Attenuation (HU) in the ascending

aorta and the LMA was significantly increased in group B

compared to groups A (p = 0.041, Fig. 1e, f). There was

no significant difference in signal to noise ratio (SNR) and

CNR with protocol A compared to the standard protocol B

(p = NS, Fig. 1c, d; Table 2).

Image quality

A total of 941 coronary artery segments were evaluated.

The total number of segments is not equal due to anatomic

variations with not all segments being present in all patients.

After consensus agreement, image quality was rated as

A B

*
* *

*

Fig. 3 a Tertile analysis according to BMI of mean per patient image

quality score (mean ± SEM) in both groups. b Tertile analysis

according to BMI of minimal area of coronary artery segments that

could be visualized in both groups (mean ± SEM). HDCT high

definition computed tomography. ASIR adaptive iterative reconstruc-

tion. Data are presented as mean ± SEM. *p \ 0.05

A B

*

*

Fig. 4 Minimal diameter (a) and area (b) of smallest coronary artery segments that could be visualized in both groups. Data are presented as

mean ± SD. *p \ 0.05

1570 Int J Cardiovasc Imaging (2013) 29:1565–1574

123



excellent in 32 % of coronary segments (149/464), good in

47 % (221/464), fair in 13 % (59/464) and non-diagnostic

in 7 % (35/464) in group A while image quality was rated as

excellent in 59 % of coronary segments (282/477), good in

26 % (128/477), fair in 9 % (45/477) and non-diagnostic in

5 % (22/477; Chi square test p = 0.06 versus group A)

in group B (Fig. 2a, b; Table 2). Mean scores of subjective

image quality were significantly better when using protocol

B (1.5 ± 0.43) as compared with protocol A (1.8 ± 0.48;

p = 0.02) (Table 2) and improvement of image quality

scores was distributed over all coronary segments (Fig. 2b).

Mean image quality scores were non-diagnostic (Likert

score [3) in three patients in group A and one patient in

group B. A subgroup analysis in patients with

BMI [ 35 kg/m2 revealed a slightly lower, but not signif-

icant, overall image quality compared to the entire patient

cohort (1.8 ± 0.5 in patients with BMI [ 35 kg/m2 versus

1.6 ± 0.6 in total cohort, p = 0.1). When image quality

was compared between protocol A and protocol B in these

morbidly obese patients, mean scores of image quality were

significantly higher when using protocol B compared to

protocol A (2.3 ± 0.8 versus 1.8 ± 0.5, p = 0.036, Fig. 2c,

d). When the study population was divided into tertiles,

according to BMI, the largest increase in image quality

(=lowest Likert quality score) and visibility of small vessels

with ASIR/HDCT was detected in the middle tertile BMI

group (31.1–34 kg/m2) (p \ 0.002 vs. standard protocol for

image quality and p \ 0.003 vs. standard protocol for

smallest visible vessel area, Fig. 3a, b). In the lowest tertile

group image quality and smallest visible vessel area

improved with ASIR, however, this difference did not reach

statistical significance. In the highest tertile group (BMI

34.1–60.9 kg/m2), a significant improvement of image

quality as well as smallest visible vessel area was seen

(p \ 0.05 vs. standard protocol). However, these differ-

ences were less compared to the middle tertile group

(Fig. 3a, b). There were 4 stented segments noted in group

A and 5 in group B (Table 1), all classified as patent with

diagnostic image quality. Fourteen patients in group A and

13 patients in group B were diagnosed with some degree of

CAD (Table 1). Minimal diameter and area of coronary

artery segments that could be visualized with clear delin-

eation of the vessel walls and sufficient attenuation of the

vessel lumen were significantly smaller in protocol B

compared to standard protocol A (p \ 0.0001, Fig. 4a, b;

Table 2). Mean diameter was 1.3 ± 0.2 mm in group A and

1.0 ± 0.3 mm in group B. Accordingly, mean area was

1.4 ± 0.4 mm2 in group A and 1.0 ± 0.5 mm2 in group B

(p \ 0.001; Fig. 4a, b; Table 2). Patients with higher BMI

received more contrast (r = 0.5; p \ 0.001) and had sig-

nificantly increased effective radiation dose exposure

(r = 0.68; p \ 0.0001) compared to patients with lower

BMI. Overall, there was a modest but significant correlation

between BMI and impaired image quality (r = 0.5;

p \ 0.0001; Fig. 5) in the entire study group, suggesting

that with increasing BMI, there was decreasing image

quality noted with both types of scans (Figs. 6, 7).

Discussion

The prevalence of obesity steadily increases in the general

population, thereby raising the rate of challenging patients

for diagnostic imaging. However, CCTA in obese patients

has several limitations with regard to image quality [16]

and thus, is associated with reduced sensitivity and speci-

ficity when compared to invasive angiography [17]. This

study shows that using a protocol that includes HD

acquisition and ASIR, improves image quality and vessel

visualization of CCTA in patients with a BMI [ 28 kg/m2

compared to standard protocol. Our findings support prior

results suggesting improved CCTA quality by using ASIR

and extends the potential of increased diagnostic CCTA to

an obese population.

A limitation of CCTA in clinical practice is exposure to

ionizing radiation. The use of reduced tube voltage has been

shown to significantly reduce effective radiation dose but is

difficult to apply in obese patients since image quality in

these patients is usually adversely affected by beam hard-

ening and photon scatter and must be weighed against the

increase in image noise [2, 3]. Accordingly, previous CCTA

studies have reported high radiation doses in overweight

and obese populations in the range of 15.6–22 mSv [4, 18].

Since patients with a BMI [ 30 kg/m2 have only poorly

r=0.5 
p<0.0001

Fig. 5 Correlation coefficient between image quality and BMI (body

mass index) for entire study cohort (Spearman’s correlation r = 0.5,

p \ 0.0001)

Int J Cardiovasc Imaging (2013) 29:1565–1574 1571

123



been represented in other studies [19–22], we included

patients with a BMI ranging between 28 and 61 kg/m2.

Despite including larger patients, mean effective radiation

dose in the present study was as low as 2.4 mSv.

One of the main reasons that CCTA has become widely

accepted in clinical routine is its robustness for imaging

coronary arteries. Therefore, the lowest achievable rate of

non-diagnostic coronary artery segments is crucial for the

diagnostic performance of CTCA. Indeed, the number of

non-diagnostic segments was notably low in obese patients

who underwent scanning by applying the new protocol.

Moreover, image quality and visualization of distal coro-

nary artery segments were substantially improved. Further,

although higher iodine concentrations are frequently rec-

ommended for obese patients, it is notable that 95 % of

segments in our patient cohort were successfully imaged

with a mean iodine contrast volume of 83 ml at a mean

intravenous flow rate of 5 ml/s.

Our study is the first to document that the use of high-

definition acquisition results in a better visualization of

vessel wall and vessel attenuation. Accordingly, we

detected improvements in image quality of distal coronary

artery segments that could be visualized at a diameter as

small as 0.7 mm. However, higher image resolution is

usually achieved at the cost of an increase in image noise.

The use of image reconstruction with ASIR in combination

Fig. 6 Representative images demonstrating examples of artefact

types deteriorating image quality and the different image quality

scores. Images were graded as follows: 1 = Excellent: complete

absence of motion artifacts, excellent SNR, and clear delineation of

vessel walls are present with the ability to assess luminal stenosis as

well as plaque characteristics. 2 = Good: non-limiting motion

artifacts, reduced SNR, or calcifications are present, with preserved

ability to assess luminal stenosis as well as plaque characteristics.

3 = Adequate: reduced image quality because of any combination of

noise, motion, poor contrast enhancement, or calcium that signifi-

cantly impairs ease of interpretation. Image quality is sufficient to rule

out significant stenosis. 4 = Nondiagnostic: reduced image quality

that precludes adequate assessment of stenosis. a No artefacts and

clear delineation of vessel wall (image quality score 1). b Beam

hardening artefact and motion artefact of the right coronary artery

(image quality score 4). c Moderate partial volume artefact from the

highly attenuated metal stent strut (image quality score 2). d Minor

artefact due to coronary vessel wall calcification, minor motion

artefact (image quality score 2). e Insufficient contrast opacification

and motion artefact (image score 4). f Step artefact and excessive

image noise (image quality score 4)
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with a high-definition acquisition protocol resulted in a

trade-off of image noise in our study. Indeed, in our obese

study population, similar image noise was detected for a

standard-definition protocol compared with the high defi-

nition/ASIR protocol, while, at the same time, higher

vessel attenuation and visibility of details were achieved in

the high-defintion protocol. ASIR allows reduction of pixel

variance that is statistically unlikely to represent anatomic

structures without trade-off in spatial resolution. Thus,

reconstructions with ASIR yield images with reduced noise

and a more homogenous appearance that differs from those

obtained with traditional FBP as the borders are smoothed

while the central area of the lesion appears more dense [9,

23]. This may result in a higher attenuation level of

iodinated contrast media and an increase in vessel signal

intensity as observed in the present study.

Our study has several limitations, which have to be

considered. First, the present study does not represent a

head-to-head comparison, as two different patient groups

had to be identified because repeat scanning of the same

patients would not be appropriate due to radiation exposure

and ethical issues. However, patients were specifically

matched on a case–control basis for age, gender, BMI and

calcifications to ensure a fair comparison between tech-

niques. Second, individual hemodynamic differences may

have influenced our study results, even though the bolus

tracking method was used in all subjects in order to opti-

mize contrast-agent injection. The most important limita-

tion of this study is the absence of comparison to the ‘‘gold

standard’’ of invasive angiography in most patients. Thus,

we were not able to evaluate whether ASIR images would

improve accuracy in the detection of CAD. Future studies

with a focus on direct comparison between HDCT scanning

and invasive angiography in this patient group will be

required.

In summary, our findings suggest that the use of a novel

CT scanner with 0.23-mm spatial resolution improves

overall image quality and coronary artery visualization in

overweight and obese patients compared with SDCT

scanning with 0.625-mm spatial resolution, without

increasing radiation dose. Due to the additional use of

ASIR in HDCT, these improvements in spatial resolution

and visualization did not occur at the expense of increased

image noise, as opposed to the use of high resolution or

sharp convolution kernels in HDCT scanning. In conclu-

sion, the use of ASIR protocols in combination with HDCT

does efficiently work to improve image quality in over-

weight and obese patients.
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