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Abstract. The aim of the present study was to investigate
the X-ray absorption dose and clinical applications of
electrocardiogram (ECG)-gated automatic tube current
modulation (ATCM) technology in prospective sequential
computed tomography coronary angiography (CTCA) scans
of overweight patients. A total of 40 patients with a body mass
index of >24 were divided at random into groups A and B.
Group A consisted of 20 patients, who were examined using
ECG-ATCM scanning. For the patients in group A with heart
rates <70 bpm, the scanning range was 20-80% of the R-R
interval and the patients received full-dose X-rays for 60-80%
of the R-R interval. For the group A patients with heart rates
>70 bpm, the scanning range was 20-80% of the R-R interval
and the patients received full-dose scanning for 35-55% of
the R-R interval. For the 20 patients in group B, the scanning
range was 20-80% of the R-R interval and patients received a
full dose of X-ray radiation for the entire scanning period. The
image quality and radiation dose was compared between the
two groups. The average radiation dose in groups A and B was
6.91+2.78 and 10.43+3.36, respectively. The radiation doses
in group A were reduced by 33.77% when compared with
group B (P<0.05). However, there was no marked difference
observed in image quality. In summary, using ECG-ATCM
technology in prospective sequential CTCA scanning may
significantly reduce the radiation dose required for overweight
patients.

Introduction

At present, there are two scanning modes for computed
tomography coronary angiography (CTCA); prospective
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and retrospective electrocardiogram (ECG)-gated scanning.
Retrospective ECG-gated spiral scanning requires higher
doses of radiation than prospective scanning (1,2). Prospective
sequential scanning is able to effectively reduce the radia-
tion dose required for a narrow scanning window, which is
increasingly used in CTCA examinations (3-5). However,
research is mostly focused on low-dose adaptive sequential
sequencing (6). There are a limited number of studies that
investigated how radiation doses may be optimized according
to changes in the heart rate in ECG pulsing windows of
prospective sequential CTCA scanning. Thus, further research
is required into methods of reducing the radiation dose of a
CTCA scan, while ensuring the image quality of the coronary
artery remains sufficient. This is particularly important for
overweight [body mass index (BMI) of >24] patients who
typically require higher radiation doses in order to obtain high
quality images. In the present study, overweight patients were
examined using ECG-gated automatic tube current modulation
(ATCM) technology in prospective sequential scanning. The
dose and exposure times were adjusted according to changes
in the heart rate, and the feasibility of the radiation dose and
imaging of the coronary arteries were compared.

Materials and methods

Patients. Between March and August 2013, patients suspected
of having coronary heart disease were recruited to undergo a
CTCA examination in the Fifth Affiliated Hospital of Xinjiang
Medical University (Uriimgi, China). A total of 40 patients
were recruited, of which 12 were female and 28 were male.
Patient age ranged between 32 and 65 years, with an average
age of 55.6 years. The BMI scores ranged between 25.6 and 30.
Patients were divided randomly into two groups. Group A
consisted of 20 patients, 14 male and 6 female, with an age
range of 32-65 years (mean age, 52.8 years) and a mean BMI
of 27.8+2.84. For group A patients with heart rates <70 bpm,
the scanning range was 20-80% R-R interval and the patients
received a full dose of X-rays for 60-80% of the R-R interval.
In the group A patients with heart rates >70 bpm, the scanning
range was 20-80% R-R interval and the patients received a
full radiation dose for 35-55% of the R-R interval. For group B
patients (male, 17; female, 3; age range, 33-62 years; average
age, 57.6 years; average BMI, 28.08+1.96) with any heart
rate, the scanning range was 20-80% of the R-R interval and
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Table I. Comparison of statistical results of the image quality between groups A and B.
Group n BMI (kg/m?) CTDlIvol (mGy) DLP (mGy-cm) ED (mSv)
A 20 27.8+2.84 28.82+18.00 406.2+163.3 6.91+2.78
B 20 28.08+1.96 51.86+10.63 613.3+197.5 10.43+£3.36
Value t or t' N/A 1.159 8.975 7.575 7.575
P-value N/A 0.249 0.000 0.000 0.000

Results are expressed at the mean + standard deviation. Group A, utility optimization technology group; group B, standard technology group;
BMI, body mass index; CTDIvol, computed tomography dose index volume; DLP, dose-length product; ED, effective dose.

patients received full-dose radiation for the entire scan. The
two groups presented stable heart rates prior to examination.
Image quality and radiation dose were compared between the
two groups.

Patients provided written consent prior to all procedures.
Patients with severe liver/kidney dysfunction, allergy to iodine
contrast agent, decompensated cardiac insufficiency or those
that were unable to hold their breath were excluded from the
study.

Equipment and scanning method. Patients underwent respira-
tory training prior to scanning of the entire heart region by
ECG-gated detection, using a second-generation dual-source
computed tomography scanner (SOMATOM Definition Flash;
Siemens Healthcare, Munich, Germany). Monitoring levels
were set at 1-2 cm under the trachea bifurcation, and the region
of interest was selected in the aortic arch. Bolus tracking was
used to initiate the automatic scan once the trigger threshold
of the 180 HU was reached (delay, 8 sec). An injection of
70-90 ml iopamidol (iodine content, 370 mg/ml; Shanghai
Bracco Sine Pharmaceutical Corp. Ltd., Shanghai, China)
was administered at a rate of 6 ml/sec. Scanning parameters
were as follows: Tube rotation speed, 0.28 r/sec; detector area,
128x0.6 mm; voltage, 120 kV; reconstruction interval, 0.5 mm;
and reconstruction thickness, 0.75 mm. The tube current-time
product was automatically set according to the patient BMI.

Image quality analysis. Image data were postprocessed by
two experienced physicians using a double-blind method.
Coronary arteries were divided into 15 segments, following
the improved coronary artery segmentation techniques of the
American Heart Association (7). The image quality evaluation
standards were divided into three grades as follows: Grade I,
coronary artery has no artifacts and the contour is clear;
grade I1, local coronary arteries have artifacts or vasculature is
unclear; and grade III, coronary vascular outline is unclear, or
the middle segment or the majority of the segments have arti-
facts. Grade I and II images were sufficient for evaluation and
diagnosis, while grade III images were of insufficient quality.

Calculation of X-ray radiation dose. The method used for
calculating the effective X-ray radiation dose of the CTCA scans
was as follows (8): Effective radiation dose (ED) = dose-length
product (DLP) x conversion coefficient of the examined position
(K).Forexample, ED =DLP (mGy-cm) x 0.017 [mSv/(mGy-cm)],
when chest conversion coefficient is K=0.017 [mSv/(mGy-cm)].

Statistical analysis. Using SPSS software, version 13.0 (SPSS,
Inc., Chicago, IL, USA), the %* test was conducted for image
quality evaluation of the coronary arteries and the t-test was
used for the two independent samples. P<0.05 was considered
to indicate a statistically significant difference.

Results

General patient data. Patients underwent a routine sequence
examination in addition to optimized ECG tube-current modu-
lation. No adverse reactions were observed. The BMI values in
groups A and B were 27.8+2.84 and 28.08+1.96 kg/m?, respec-
tively, and no significant difference was observed between the
groups (P>0.05; Table I).

Image quality analysis. There were 505 and 494 coronary
artery segments in groups A and B, respectively. The number
of patients with an image quality score of grade I in groups A
and B was 406/505 (80.4%) and 391/494 (79.1%), respectively.
In total, 81/505 (16.0%) patients in group A and 82/494 (16.6%)
patients in group B received an image quality score of grade II.
With a grade IIT image quality score, there were 18/505 (3.6%)
patients in group A and 21/494 (4.3%) in group B, and no
significant difference was identified between the groups. The
assessment rates of groups A and B were 96.4 and 95.7%,
respectively (P=0.57; Table II). Grade III-quality images were
frequently acquired from the middle and distal artery segments.
A single patient in group A exhibited heart rate fluctuations
that caused the scanning acquisition period to fall out of the
full-dose exposure area, increasing image noise. Although the
phase was reconstructed, vessel artifacts appeared.

Calculation of the X-ray radiation dose. In group A patients
with heart rates <70 bpm (Fig. 1), the scanning range was
20-80% of the R-R interval and patients received full-dose
radiation for 60-80% of the R-R interval. For group A patients
with heart rates >70 bpm (Fig. 2), the scanning range was
20-80% of the R-R interval and patients received full-dose
radiation for 35-55% of the R-R interval. In group A, patients
received an X-ray dose that was 20% of the full dose for
20-35% and 55-80% of the R-R interval. In group B, the
scanning range was 20-80% of the R-R interval and patients
received a full radiation dose for the entire scan (Fig. 3). In the
present study, the computed tomography dose index volume
(CTDlvol) of group A was 55.57% of that in group B, and the
DLP and ED were 66.23 and 66.25% of the group B values,
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Table II. Assessment of image quality for coronary artery CTA segments in groups A and B.

Assessment
A B Total Ratio (%)

Coronary artery segments I 1I 11T I 1I I A B A B
RCA (proximal) 33 7 0 37 3 0 40 40 100 100
RCA (middle) 29 8 3 30 8 2 40 40 92.5 95
RCA (distal) 28 7 2 31 6 2 37 39 94.6 94.9
PDA (right) 19 9 0 19 10 1 28 30 100 96.7
LM 37 3 0 37 3 0 40 40 100 100
LAD (proximal) 36 4 0 35 5 0 40 40 100 100
LAD (middle) 34 4 2 32 6 2 40 40 95 95
LAD (distal) 23 12 2 28 9 3 37 40 94.6 92.5
Dl 29 7 2 25 8 1 38 34 94.7 97.1
D2 13 2 2 8 3 1 17 12 88.2 91.7
LCX (proximal) 37 3 0 33 7 0 40 40 100 100
LCX (distal) 36 2 1 29 4 3 40 36 97.5 91.7
OM 27 6 2 30 4 3 35 37 943 91.9
PL 21 6 2 16 5 3 29 26 93.1 88.5
PDA (left) 4 1 0 1 1 0 5 2 100 100
Total 406 81 18 391 82 21 506 496 96.3 96.4
a P=0.57

CTA, computed tomography angiography; A/B, group A/B; I/II/IlI, grade I/IV/III; RCA, right coronary artery; PDA (right/left), posterior
descending artery (right/left dominant type); LM, left main; LAD, left anterior descending; D, diagonal; LCX, left circumflex; OM, obtuse

marginal; PL, posterior left.

respectively (Table I). No significant difference in image
quality was observed between the groups. For patients with
a high BMI, selecting a different total dose exposure window
according to different heart rates appeared to reduce the
required radiation dose.

In group A, the CTDIvol was 28.82+18.00 mGy, the DLP
was 406.2+163.3 mGy-cm and the average ED of radiation was
6.91£2.78 mSv. In group B, the CTDIvol was 51.86+10.63 mGy,
the DLP was 613.3+197.5 mGy-cm and the average ED of radi-
ation was 10.43+3.36 mSv. Significant differences in CTDIvol,
ED, DLP and ED average were observed between the groups
(P<0.05). The assessment of image quality for coronary artery
CTA segments indicated that there was no significant differ-
ence in image quality between the groups.

Discussion

CTCA imaging is used widely in clinical practice, however
high radiation doses are potentially harmful and their effects
are under increasing investigation (9). The American Food
and Drug Administration Commission issued a statement
by the American Heart Committee, stating that a 10 mSv
dose of CT radiation may cause 1/2,000 patients to develop
a malignant tumor (10). Davis et al (11) demonstrated that a
higher radiation dose increased the risk of testicular cancer
and glioma in patients that underwent CT scans. Therefore,
doctors and imaging technicians aim to maintain the quality
of coronary artery imaging during CTCA scanning, whilst
also limiting the harm caused to the body by excessive X-ray

radiation. It is important to design optimized scanning proce-
dures in order to ensure that high quality coronary artery
images are obtained using the lowest possible radiation dose.
Current methods of controlling dual-source CT radiation dose
include automatic mA modulation, variable and intelligent
filtering technology, prospective gating control scan mode
and phase-selective exposure technology. A report by the
American Heart Association concluded that gating scanning
technology was the most promising of these technologies (12).

BMI is the internationally recognized system for assessing
the degree of obesity in overweight patients. In the case of
obese patients, the required X-ray penetration increases with the
volume of subcutaneous fat and muscle thickness, therefore the
necessary radiation dose may also increase (13). The smaller
the radiation dose, the worse the image quality. When BMI
is high, an increased tube current is required to ensure image
quality (14). However, by using tube current modulation in
dual-source CT scanning, the tube current may be automati-
cally adjusted as required, which reduces the X-ray radiation
dose administered to patients. In the present study, varying
tube currents were administered at different ECG periods. The
radiation dose administered in group A following optimiza-
tion (6.91+2.78) was significantly lower when compared with
group B (10.43+3.36) without optimization, with no significant
difference in image quality (Figs. 1-3).

Arnoldi et al (15) demonstrated that when using prospective
scanning, the required radiation dose is 2.8 mSv, which is mark-
edly lower than the retrospective scanning dose of 18.4 mSv.
A prospective series scan is a step-axis scanning mode,
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Figure 1. For group A patients with heart rates <70 bpm, the scanning range was 20-80% of the R-R interval, with patients receiving full-dose scanning for

60-80% of the R-R interval.
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Figure 2. Image quality of coronary artery echocardiogram. For group A patients with heart rates >70 bpm, the scanning range was 20-80% of the R-R interval
and patients received a full X-ray dose for 35-55% of the R-R interval. Scanning sketch diagram and multiplanar reconstruction map of scanning range of

20-80% interval.
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Figure 3. Scanning sketch diagram and coronary volume rendered image of group B, with a scanning range 20-80% of the R-R interval.

which reduces the rate of scan overlap and is therefore able to
significantly reduce the necessary radiation dose. However, the
radiation dose for patients with a high BMI remains greater
compared with patients with a normal BMI, despite the use of
routine sequence scanning.

ECG-ATCM scanning is based on the average heart rate
prior to the scan, which is used to select a time window in the

optimum phase of the cardiac cycle for full-dose exposure. The
diastolic period is an important phase of the cardiac cycle and
the tube current was full during this period. In addition, tube
current was reduced during the systole period and decreased
for the remaining period of the scan, with 20% of the full-dose
exposure administered in the other heart regions (16,17).
Araoz et al (18) previously reported that the scanning range
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of dual-source CT is 65-70% of the R-R interval for a heart
rate <70 bpm and 35-40% of the R-R interval for a heart rate
>70 bpm.

In the sequence scanning of the present study, for group A
patients with a high BMI and a heart rate <70 bpm, the scan-
ning range was 20-80% of the R-R interval, and patients
received full-dose radiation for 60-80% of the R-R interval.
For group A patients with heart rates >70 bpm, the scanning
range was 20-80% R-R of the interval, with patients receiving
a full X-ray dose for 35-55% of the R-R interval and a 20%
X-ray dose for the remainder of the scanning period (20-35%
and 55-80% of the R-R interval). In this manner, the required
radiation dose may be further reduced. There are drawbacks to
this prospective scanning technology, as the data was obtained
from only part of the full heartbeat cycle. It cannot undergo
ECG editing and cannot evaluate the heart function, particu-
larly in cases of patients with an irregular heartbeat, which
may result in a failed scan.

In conclusion, dual-source CT is able to produce high
quality coronary artery images (19,20), while exposing patients
to relatively low radiation doses. ATCM and alternative
technologies, including pitch-heart rate automatic matching,
facilitate significant reductions in the radiation dose of CTCA
examination compared with standard CTCA. Furthermore,
the use of ECG-ATCM in prospective sequence scanning
permits the selection of different total dose exposure windows
based on patient heart rate. This selectivity may significantly
reduce the required radiation dose in overweight patients. In
order to obtain satisfactory image quality, doctors and imaging
technicians require an extensive understanding of the hazards
of ionizing radiation and should aim to achieve low-dose scan-
ning to reduce the exposure of patients to hazardous radiation.
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