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Abstract

Objectives—For dual source cardiac CTs without heart rate control, the influence of body 

habitus on quality is uncertain. We evaluated study quality across a range of heart rates (HR) and 

body size.

Methods—160 subjects were randomly selected for four HR groups [<70, 70-79, 80-89, ≥90 

beats per minute (bpm)] from 703 subjects who underwent cardiac CT without premedication. 

Coronary visualization quality was scored on a 3 point scale (1=non-diagnostic, 2=diagnostic, 

3=excellent).

Results—99% of coronaries were diagnostic quality. Six vessels were non-diagnostic, mostly 

due to motion. Nondiagnostic or diagnostic scores (<3) were greatest in the HR ≥90 bpm group. 

All normal weight subjects had excellent quality but 6% of vessels in overweight and 17% in 

obese subjects had diagnostic scores <3. Mean effective dose was 11.4 mSv and correlated with 

body size.

Conclusions—Diagnostic quality cardiac CT exams can be obtained without premedication 

regardless of body size.
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Introduction

Cardiac computed tomography (CT) is an established non-invasive method for rapid and 

accurate evaluation of the coronary arteries.1-3 In clinical practice, cardiac CT examinations 

can be used as a first-line diagnostic test for the exclusion of significant coronary artery 

disease in patients with chest pain and low to intermediate pre-test probability of disease.4-7
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Traditionally, high quality cardiac CT examinations require a low heart rate to minimize 

motion blurring due to limited scanner temporal resolution. Premedication with beta-

blockers to achieve a target heart rate of less than 65 beats per minute (bpm) is considered 

current standard of care.8 Premedication with beta-blockers may be unavailable, however, in 

5-11% of patients due to contraindications, the most common of which is reactive airway 

disease.8 In addition, adequate heart rate reduction cannot be achieved despite attempted 

beta blockade in 25-30% of subjects.8 Finally, achieving beta-blockade is time consuming 

and delays the time to scan acquisition and subsequent patient disposition in the emergency 

room setting.

The introduction of dual-source CT scanner technology, which combines data 

simultaneously acquired from two X-ray tubes to double temporal resolution to 75 msec, has 

greatly reduced motion artifacts during cardiac exams.9,10 Several groups have recently 

shown that high quality, accurate examinations can be obtained using dual-source CT over a 

range of heart rates without beta-blockade.11-13 Several studies have focused on technical 

factors related to imaging at high heart rates, identifying the most optimal image 

reconstruction intervals in the cardiac cycle for diagnostic exams.14-17 Less is known, 

however, about the influence of patient-related factors on image quality at high heart rates.

Obesity can have a negative impact on image quality due to a number of factors including 

increased noise and reduced peak contrast opacification. These factors would suggest that 

imaging at high heart rates may be more challenging in obese patients. Indeed, previous 

studies on first generation dual-source CT scanners saw decreased image quality with 

elevated body mass index (BMI), although no reduction in diagnostic accuracy.18,19 

Recently introduced second generation dual-source CT scanners have the advantage of 

improved temporal resolution and generator power over first generation scanners, potentially 

reduce both motion and noise artifacts in larger patients.20 Accordingly, the goal of our 

current examination was to evaluate the diagnostic quality of second-generation dual-source 

coronary CT examinations performed in a cohort of mostly overweight and obese subjects 

with no beta-blocker premedication.

Materials and Methods

Study population

Participants were selected from the larger ongoing Genetic Study of Atherosclerosis Risk 

(GeneSTAR), a prospective study of 4000 individuals designed to characterize genetic and 

biological factors associated with cardiovascular disease phenotypes in 883 families with 

early-onset coronary heart disease. Recruitment protocols for the GeneSTAR study have 

been previously described in detail.21 Consecutive subjects (n=703) who received coronary 

CT examinations between July 2009 and January 2012 constituted the study group. 

Retrospective review of these examinations was performed for each subject to identify the 

heart rate during the coronary CT angiography portion of the examination from DICOM 

headers. Subjects were separated into four heart rate groups: <70 bpm (n=447), 70-79 bpm 

(n=150), 80-89 bpm (n=64), and ≥90 bpm (n=42). 40 subjects were randomly selected from 

each group for analysis (total of 160 subjects). In all but the ≥90 bpm group, the study 

sample included 20 males and 20 females. Due to smaller number of female subjects in the 
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>90 bpm group, 26 males and 14 females were selected. Participants underwent a 

comprehensive risk factor screening following a 12-hour overnight fast. Medical history and 

current medication use were elicited, and a physical exam was performed by a study 

cardiologist. Anthropometric measures included height determined using a fixed stadiometer 

and weight measured on a balance scale with the subject wearing light clothing and no 

shoes. Body mass index (BMI) was calculated as weight in kilograms divided by height in 

meters squared. Current cigarette smoking behavior was assessed by self-report and verified 

by expired carbon monoxide (CO) levels of ≥8 ppm. Blood pressure was measured 

according to the American Heart Association guidelines three times over the course of the 

day and the average of the three measurements was used to characterize blood pressure; 

hypertension was defined as an average blood pressure ≥140 mmHg systolic, or ≥90 mmHg 

diastolic, and/or use of an antihypertensive drug. Blood was taken for measurement of lipid 

and glucose levels. Total cholesterol, high-density lipoprotein (HDL) cholesterol, and 

triglyceride levels were measured using the United States Centers for Disease Control 

standardized methods.22 Low-density lipoprotein (LDL) cholesterol was estimated using the 

Friedewald formula23 for persons with triglyceride levels up to 400 mg/dl. Glucose 

concentration was measured using the glucose oxidase method;24 type 2 diabetes was 

defined as a physician diagnosed history, a fasting glucose level ≥6.99 mmol/l (126 mg/dl), 

and/or use of prescribed hypoglycemic medications.

Coronary CT technique

Coronary CT examinations were performed on a second generation dual-source CT scanner 

(Definition FLASH, Siemens, Erlangen, Germany). Initially, a standard ECG-gated non-

contrast calcium scoring sequence was performed. Agaston score was calculated from 

dedicated software and recorded on a per vessel and per subject basis. Coronary CT 

angiography was performed with retrospective ECG-gating. Automated dose modulation 

was used to reduce radiation dose, with the tube current reduced to 5% of maximal current 

during portions of the cardiac cycle outside of the diagnostic imaging window. In subjects 

with low (<70 bpm) steady heart rates, an imaging window centered on 70% of the RR 

interval with 10% padding was used. In subjects with elevated (>70 bpm) heart rate or 

variable heart rhythm, the imaging window was increased to 30-80% of the RR interval. 

Subjects with BMI ≥25 kg/m2 were imaged at 120 kV. Subjects with BMI <25 kg/m2 were 

imaged at 100 kV. 80 mL of iodinated contrast was injected at 4-7 mL/sec followed by a 20 

mL saline flush. Automated tube current modulation (CareDose 4D, Siemens) was used with 

a reference mAs value set at 320 mAS. Dose length product (DLP) in mGy·cm for each 

study was recorded both for the CT angiographic phase only and for the total examination 

(inclusive of pre-monitoring images and calcium score). Estimated effective radiation dose 

was calculated using DLP multiplied by a standard thoracic conversion factor, k = 0.014 

mSv × (mGy × cm)−1.25

Image evaluation

Coronary CT examinations were reviewed in consensus by two radiologists (SLZ, EKF) 

with 4 and >20 years of experience reading coronary CT, respectively. All imaging review 

was performed on a dedicated 3D workstation (Siemens MMWP, Siemens, Erlangen, 

Germany and HipGraphics, Baltimore, MD) running InSpace software. The highest quality 
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imaging phase (best diastolic or best systolic phase, depending on heart rate) predetermined 

by scanner hardware was used for initial review. Image quality was evaluated on a per-

vessel basis with coronary arteries scored for diagnostic quality on a three-point scale. 

Coronary artery segments <1.5 mm were not evaluated. Coronary arteries that were 

completely evaluated with no artifacts and a high diagnostic confidence were scored with a 

3. Coronary arteries that had minor artifacts, such as increased noise or mild motion 

blurring, that did not prevent diagnostic evaluation were scored with a 2. Any coronary 

artery that contained portions of the vessel that were non-diagnostically evaluated was 

scored with a 1. For any examination receiving a score of 1 or 2, reasons for reduced quality 

were recorded. Multiphase datasets were available at the time of review. Additional 

reconstructed phases (every 5% of the RR interval) were reviewed for any vessels 

demonstrating less than excellent quality for all segments. Coronary artery quality was 

considered excellent if all segments were of excellent quality either if available on a single 

phase or through combined evaluation of more than one phase. Any studies that required 

multiphase evaluation were recorded.

Statistical analysis

Mean and standard deviations were calculated for continuous variables. Differences between 

groups were compared using either student's t-test for two groups or one-way analysis of 

variance (ANOVA) for more than two groups. Associations between continuous variables 

were tested with Pearson's correlation coefficient. A p-value less than 0.05 was considered 

significant.

Results

Demographics

The initial study population consisted of 160 subjects. Four subjects were excluded from 

analysis (3 had only calcium scoring exams performed, one had missing images). Of the 

excluded exams, one had subject HR 70-79, one with HR 80-89, and two with HR >90 bpm. 

The final cohort was 154 subjects. Mean age was 49.9 ± 10.7 years. 53.5% of subjects were 

female. The average BMI for the cohort was 31.4 ± 6.8 kg/m2. 5.7% of subjects were taking 

beta blocking medications at the time of examination. Population demographics and 

coronary artery disease (CAD) risk factors are shown in Table 1.

Overall image quality

On a per subject basis, diagnostic image quality for all three coronary arteries was achieved 

in 97% of examinations (151/156 exams). The most common non-diagnostic vessel was the 

RCA (n=4), followed by the LAD and circumflex coronary arteries (n=1 for each, both in 

the same subject). For non-diagnostic RCA cases, limited quality was attributed to cardiac 

motion in three cases and respiratory motion in the fourth case. For the subject with non-

diagnostic visualization of the circumflex and LAD, both cardiac motion and noise 

contributed to non-diagnostic quality. There was no study for which left main coronary 

artery visualization was considered non-diagnostic. On a per-vessel basis, 88.9% (555/624) 

of coronary arteries were considered of excellent quality, 10.1% (63/624) of diagnostic 

quality, and 1.0% (6/624) of non-diagnostic quality. The most common reasons for 
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diagnostic (grade 2) quality were image noise in 57.1% (36/63), cardiac motion in 17.4% 

(11/63), respiratory motion in 3.2% (2/63), and inadequate contrast in one subject (1.6%, 

1/63). No specific reason for grade 2 image quality was provided for 13 subjects. There were 

no significant differences in calcium score between studies grouped according to image 

quality. Representative examples of image quality scores at various heart rates are provided 

in Figures 1-3.

Image quality versus heart rate

The majority of non-diagnostic quality coronary arteries occurred in subjects with heart rate 

≥90 bpm (80%, 4/5). A single study in the low heart rate group (<70 bpm) was scored non-

diagnostic in quality due to cardiac motion artifacts, likely secondary to arrhythmia. 

Distribution of scan quality according to the coronary vessel and heart rate category is 

detailed in Table 2. Overall, on a per-vessel basis, the number of coronary arteries scored as 

excellent quality was similar between the first three heart rate categories (88.1% for HR <70 

bpm, 91.7% for HR 70-79 bpm, 92.3% for HR 80-89). There was a significant decrease in 

the number of excellent quality coronary arteries in the highest heart rate category (HR ≥90 

bpm, 73.7%, p=0.001). This trend was similar for all specific epicardial coronary arteries 

(p<0.05 for all). The RCA had the lowest rate of excellent quality scores in the highest heart 

rate category at 68.4%, compared to 79.0% for the left main, 73.7% for the LAD, and 73.7% 

for the circumflex coronary artery. There was a significant increase in the use of multiple 

phases with increasing heart rate categories (p=0.01 for trend). In the lowest heart rate 

category (<70 bpm), multiphase was used in 15.0% of exams, compared to 25.5% for heart 

rates 70-79 bpm, 28.2% for heart rates 80-89 bpm, and 47.9% for heart rates ≥ 90 bpm.

Image quality versus body size

There was a trend to higher mean BMI for the five subjects with non-diagnostic image 

quality (35.7 ± 9.1 kg/m2) compared to the remaining subjects with either diagnostic or 

excellent quality (31.2 ± 6.6 kg/m2), although this did not reach statistical significance 

(p=0.14). However, there was a significant difference in mean BMI when comparing image 

quality categories on a per-vessel basis, with diagnostic quality vessels (score 2) showing 

significantly higher BMI compared to the excellent quality group (Table 3). Per-vessel 

image quality scores stratified by BMI grouped into normal, overweight, and obese 

categories are detailed in Table 4. Overall study quality for each BMI group is shown in 

Figure 4. Among normal weight subjects, 100% of coronary arteries were scored as 

excellent quality. The rate of diagnostic quality vessels (score 2) increased for overweight 

(16.1%) and obese (5.4%) subjects. There was a significant positive correlation of BMI with 

heart rate (r=0.19, p=0.02).

Radiation dose

Dose information was not available in 17 subjects. Mean total examination DLP was 977.5 

± 613.8 mGy•cm. Mean DLP for the only the CT angiographic portion of the examination, 

exclusive of monitoring scans and calcium scoring sequence, was 818.3 ± 325.2 mGy•cm. 

Mean total examination estimated effective dose was 13.7 ± 8.6 mSv. Mean effective dose 

for the CT angiographic portion of the exam was 11.5 ± 4.6 mSv. There was a significant 
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positive correlation between both total examination and CT angiographic DLPs to BMI 

(r=0.35 and 0.46, respectively, both p<0.0001), Figure 5. Total examination and CT 

angiographic DLP were not significantly correlated to heart rate (r=0.14, p=0.09 and r=0.07, 

p=0.44, respectively)

Discussion

The primary finding of this study is that high quality dual-source cardiac CT exams were 

reliably obtained in a population of mostly obese and overweight subjects without heart rate 

control. The majority of exams in the current study were of excellent quality, even in larger 

subjects. These results have important clinical implications for centers with access to dual-

source technology. In this setting, cardiac CT exams can be confidently performed in 

subjects with elevated heart rates and contraindications to beta-blockade, regardless of body 

size, with potential to increase patient throughput.

In our study, we found that image quality varied with heart rate. Vessel visualization was 

considered excellent in 90% or greater of coronary arteries performed in the lowest and 

middle heart rate groups (<70 bpm, 70-79 bpm, and 80-89 bpm). However, subjects in the 

highest heart rate group (>90 bpm) had lower rates of excellent quality vessel visualization, 

ranging from 68-79%, depending upon the vessel. The RCA had the lowest rate of excellent 

quality visualization in this group, while the left main was the highest. Importantly, 

however, the rate of diagnostic quality vessel visualization was high in all heart rate groups. 

Only 6 coronary arteries in 5 subjects were considered of non-diagnostic quality, equating to 

a diagnostic study rate of 97% on a per-subject basis and 99% on per-vessel basis. Prior 

studies have demonstrated some variability in the frequency of diagnostic quality exams at 

high heart rates. Studies on first generation dual source technology without heart rate control 

have reported a rate of non-diagnostic coronary visualization ranging from 1-10%.12-14,26-28 

Differences in diagnostic scan rate among these studies are likely at least in part due to inter-

center variation in qualitative thresholds for defining diagnostic quality scans and population 

differences. More recent reports have evaluated second generation dual-source technology 

that was used in the current study, which has the advantage of higher temporal resolution 

(75 msec) compared to first generation technology (83 msec), resulting in decreased motion 

artifact for any given heart rate. These studies report consistently high rates of diagnostic 

coronary visualization (≥ 98%)29-31, very similar to our results.

In contrast to prior studies, however, the subject population of the current study was 

comprised of mostly overweight and obese individuals (mean BMI 31.4 ± 6.8 kg/m2, range 

17-55). The majority of previous studies reported average subject BMI <30 

kg/m2,12,13,26,27,31,32 whereas other studies did not provide BMI information.11,17,28,29 It is 

well known that image quality is negatively affected by subject size. Increased subcutaneous 

soft tissue in larger subjects will result in greater photon attenuation, increasing image noise. 

Larger subjects will have decreased peak vascular contrast enhancement, due to larger blood 

distribution volume. We also found that in our cohort resting heart rates increased linearly 

with BMI, reinforcing the need for high temporal resolution scanning in larger subjects. The 

current cohort was comprised of subjects more reflective of the North American population 
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that has been gradually increasing in size year by year, with 34% of U.S. adults meeting the 

threshold for obesity in a 2011 survey.33

Overall, we found that the majority of subjects had excellent quality coronary artery 

visualization in all subject size groups, ranging from 100% in normal weight, 94% in 

overweight, to 83% in obese subjects. The number of coronary arteries scored as only of 

diagnostic quality, ie: with some artifact but still adequate for diagnosis, increased with 

subject size, to a maximum of 16% of exams in the obese group. The most common causes 

for reduced exam quality were image noise and cardiac motion. However, importantly, the 

number of non-diagnostic coronary arteries was very small in all groups, only 1% each in 

the obese and overweight groups and zero in the normal weight group. Therefore, although 

there is a greater chance of some compromise in image quality at higher BMI, our data 

indicate that at least diagnostic quality examinations can be expected in 99% of subjects 

regardless of size.

The association between BMI and cardiac CT image quality has been investigated by 

previous authors using first generation dual-source scanners. In the study by Alkadhi et al.,18 

larger subjects showed decreased in rate of diagnostic coronary segments (2.4% vs. 1.4% for 

subjects above and below 26.0 kg/m2, respectively),18 but no decrease in diagnostic 

accuracy. Unlike the current study, however, this study had relatively few obese and 

severely obese subjects, and no subjects with BMI >40 kg/m2. The study by Brodoefel et al. 

showed decreased image quality in obese subjects and similarly saw no reduction in 

diagnostic accuracy.19 However, the majority (74%) of these subjects were on beta-blockers 

at the time of the examination. Other studies have evaluated the use of adjustable temporal 

resolution protocols with first-generation scanners that trade-off improved image noise for 

reduced temporal resolution. 30,31 These have the disadvantage of increased artifacts due to 

cardiac motion, which necessitates beta blocker administration. Our results would suggest 

that adjustable temporal resolution protocols are unnecessary using second generation dual-

source technology.

Radiation dose is an important limitation of cardiac CT examinations. The mean estimated 

effective dose for the CT angiographic portion of the current study was 11.4 mSv, which is 

similar to the 12 mSv mean effective dose reported for the multicenter PROTECTION I trial 

(Prospective Multicenter Study On Radiation Dose Estimates Of Cardiac CT Angiography 

In Daily Practice), a cross-sectional multicenter study evaluating coronary CT dose in 1965 

subjects from 50 sites.25 Total examination estimated effective dose in the current study, 

inclusive of calcium scoring and monitoring scans, was 13.7 mSv. As expected, radiation 

dose was positively correlated with BMI. Given the large average body size of our cohort, 

we were unable to use 100 kV tube potential in the majority of our exams, which was 

limited to subjects with BMI <25 kg/m2. In normal weight subjects, this could be expected 

to further reduce dose by approximately 31%.34 All exams in the current study were 

performed with retrospective gating and dose modulation to limit radiation exposure outside 

the diagnostic imaging window. The use of prospective gating would have further reduced 

radiation dose in our population, however, this was not used given concerns over reduced 

image quality from heart rate variability and cardiac motion at elevated heart rates. Several 

recent studies on dual-source scanners have confirmed, however, that prospectively gated 
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studies are feasible with dual source CT in the absence of heart rate control.29,35,36 It is 

important to note that protocols should be adjusted to a wider acquisition window for 

optimal quality in these subjects. The prior work by Srichai et al. showed that prospectively 

gated studies at heart rates >80 bpm require a wide reconstruction window in late systole 

(30-50% of the RR interval) for diagnostic coronary visualization.14 Similarly, we found 

that the use of multiple reconstructed phases became more critical with high heart rates. 

Among the ≥90 bpm group, multiple phases were necessary for diagnostic quality evaluation 

of all coronaries in 48% of studies, as compared to only 15% in the lowest heart rate group 

(≤70 bpm). These findings lend further support to the use of beta-blockade in subjects 

without contraindications to permit a narrower acquisition window and reduced radiation 

dose.

There are several limitations in this study. First, we could not evaluate accuracy of coronary 

CT in this population as the majority of subjects did not undergo subsequent coronary artery 

catheterization. Second, our study was performed with retrospective ECG-gating. In many 

centers, prospective gating is the protocol of choice due to reduced radiation exposure. We 

suspect the current results would translate well to prospectively gated exams, however, 

further work is necessary for confirmation. We did not perform noise measurements for 

quantitative analysis of image quality, choosing rather to focus on assessment of diagnostic 

quality by expert reviewers, which we believe has greater clinical relevance. Finally, we did 

not evaluate the use of iterative reconstruction, which has been recently shown to increase 

image quality in obese subjects on a single-source scanner.37 We suspect that the use of 

iterative reconstruction would not significantly change the number of non-diagnostic 

coronary arteries, given that these were quite rare in the current study. However, it is likely 

that the use of iterative reconstruction may have upgraded the quality of some diagnostic 

(score 2) exams which were limited by noise.

In conclusion, we have found that the high quality dual-source CTA examinations can be 

obtained in subjects with normal or elevated heart rates across a wide range of body sizes. 

These findings indicate that coronary CT exams can be confidently performed in subjects 

without premedication.
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Figure 1. 
Example of excellent image quality (score 3) for a 30 year old woman with body mass index 

of 46.9 kg/m2 and heart rate of 98 beats per minute. (RCA = right coronary artery, LAD = 

left anterior descending coronary artery, Cx = circumflex coronary artery).
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Figure 2. 
Example of diagnostic image quality (score 2) for the right coronary artery (RCA) in a 39 

year old woman with body mass index of 38.2 kg/m2 and heart rate of 109 beats per minute. 

There is increased noise, particularly in the mid-RCA (arrows) which results in some 

blurring of the vessel wall but does not prevent diagnostic evaluation.

Zimmerman et al. Page 12

J Comput Assist Tomogr. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3. 
Example of non-diagnostic image quality (score 1) for the right coronary artery (RCA) in a 

70 year old male with body mass index of 34.7 kg/m2 and heart rate of 108 beats per minute. 

There is focal non-visualization of two areas of the RCA (arrows) that did not resolve on 

multiphase images.
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Figure 4. 
Percent of studies in each image quality category stratified by body mass index (kg/m2). 

Overall exam quality was considered non-diagnostic or diagnostic if any vessel received 

quality score of 1 and diagnostic if any vessel received a quality score of 2.
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Figure 5. 
Association of CT angiographic DLP (dose-length product) with body mass index (R = 0.35, 

p<0.0001).
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Table 1

Subject demographic data and cardiac risk factors.

Characteristic Mean ± SD

Age, years 49.9 ± 10.7

Weight, kg 89.1 ± 19.4

Body Mass Index, kg/m2 31.4 ± 6.8

Beta-blocker, % 5.7

Female sex, % 53.5

African American race, % 35.1

Hypertension, % 50.3

Diabetic, % 11.5

Current smoker, % 15.3

LDL cholesterol, mg/dL 115.2 ± 36.0

HDL cholesterol, mg/dL 54.1 ± 15.9

Triglycerides, mg/dL 122.6 ± 67.8

Any coronary plaque, % 45.9
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Table 2

Distribution of scan quality rating by coronary vessel and heart rate category. (RCA = right coronary artery, 

LM = left main coronary artery, LAD = left anterior descending coronary artery, CX = circumflex coronary 

artery)

Scan Heart Rate (beats per minute)

Vessel Scan Quality <70 N=40 70 to 79 N=39 80 to 89 N=39 ≥90 N=38

RCA Non-diagnostic
N=4

n=1
2.5%

n=0
0%

n=0
0%

n=3
7.9%

Diagnostic
N=20

n=3
7.5%

n=4
10.3%

n=4
10.3%

n=9
23.7%

Excellent
N=132

n=36
90.0%

n=35
89.7%

n=35
89.7%

n=26
68.4%

LM Non-diagnostic
N=0

n=0
0%

n=0
0%

n=0
0%

n=0
0%

Diagnostic
N=12

n=1
2.5%

n=1
2.6%

n=2
5.1%

n=8
21.1%

Excellent
N=144

n=39
97.5%

n=38
97.4%

n=37
94.9%

n=30
79.0%

LAD Non-diagnostic
N=1

n=0
0%

n=0
0%

n=0
0%

n=1
2.6%

Diagnostic
N=17

n=1
2.5%

n=4
10.3%

n=3
7.7%

n=9
23.7%

Excellent
N=138

n=39
97.5%

n=35
89.7%

n=36
92.3%

n=28
73.7%

CX Non-diagnostic
N=1

n=0
0%

n=0
0%

n=0
0%

n=1
2.6%

Diagnostic
N=17

n=1
2.5%

n=4
10.3%

n=3
7.7%

n=9
23.7%

Excellent
N=138

n=39
97.5%

n=35
89.7%

n=36
92.3%

n=28
73.7%

Total Non-diagnostic
N=6

n=1
0.1%

n=0
0%

n=0
0%

n=5
3.3%

Diagnostic
N=66

n=6
3.8%

n=13
8.3%

n=12
7.7%

n=35
23.0%

Excellent
N=552

n=153
88.1%

n=143
91.7%

n=144
92.3%

n=112
73.7%
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Table 3

Body mass index (BMI, kg/m2) by per-vessel image quality. Data expressed as mean BMI ± standard 

deviation (kg/m2). (RCA = right coronary artery, LM = left main coronary artery, LAD = left anterior 

descending coronary artery, CX = circumflex coronary artery)

Vessel Non-diagnostic Diagnostic Excellent ANOVA p-value

RCA 31.8 ± 3.4 37.6 ± 7.9 30.3 ± 6.1 <0.0001

LM N/A 38.7 ± 8.5 30.7 ± 6.2 <0.0001

LAD 51.0 (n=1) 37.5 ± 6.8 30.4 ± 6.1 <0.0001

CX 51.0 (n=1) 38.4 ± 6.9 30.5 ± 6.1 <0.0001
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Table 4

Per-vessel coronary artery quality stratified by body mass index (BMI). Data expressed as number of exams 

(percentage). (RCA = right coronary artery, LM = left main coronary artery, LAD = left anterior descending 

coronary artery, CX = circumflex coronary artery)

Coronary Artery Quality versus BMI (kg/m2)

Excellent (%) Diagnostic (%) Non-diagnostic (%)

Obese (BMI>30 kg/m2), n=76

RCA 59 (78) 15 (20) 2 (3)

LM 67 (88) 9 (12) 0 (0)

LAD 61 (80) 14 (18) 1 (1)

CX 64 (84) 11 (15) 1 (1)

Total 251 (83) 49 (16) 4 (1)

Overweight (BMI 25-30 kg/m2), n=65

RCA 58 (89) 5 (8) 2 (3)

LM 62 (95) 3 (5) 0

LAD 62 (95) 3 (5) 0

CX 62 (95) 3 (5) 0

Total 244 (94) 14 (5) 2 (1)

Normal weight (BMI <25 kg/m2), n =15

RCA 15 (100) 0 0

LM 15 (100) 0 0

LAD 15 (100) 0 0

CX 15 (100) 0 0

Total 60 (100) 0 0
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