
CARDIAC

Diagnostic accuracy of dual-source CT coronary
angiography with prospective ECG-triggering on different
heart rate patients

Ming-li Sun & Bin Lu & Run-ze Wu & Laura Johnson & Lei Han & Gang Liu &

Fang-Fang Yu & Zhi-hui Hou & Yang Gao & Hong-yu Wang & Shiliang Jiang &

Yue-jin Yang & Shu-bin Qiao

Received: 27 August 2010 /Revised: 12 November 2010 /Accepted: 13 December 2010 /Published online: 12 April 2011
# European Society of Radiology 2011

Abstract
Objective To evaluate the diagnostic accuracy of dual-
source CT (DSCT) prospective ECG-triggering coronary
angiography in patients with different heart rate (HR).
Methods 103 patients with suspected coronary artery
disease underwent DSCT prospective ECG-triggered
coronary angiography and invasive coronary angiography
(ICA). The patients were grouped by HR during CT
scans: low HR (≤60 bpm, n=34); medium HR (60<HR≤
70 bpm, n=36) and high HR (>70 bpm, n=33). The
sensitivity and specificity of DSCT in detecting ≥50%
stenosis were compared among subgroups where ICA was
the gold standard. Image quality was scored using a 4-
point scale.
Results A total of 1,580 (95.9%) coronary artery segments
were evaluable. Sensitivity and specificity were 82.8% and
98.4%, 88.3% and 98.7%, and 80.3% and 98.6% for
different subgroups (all p>0.05). The overall area under

the curve of the receiver-operating characteristic analysis
was 0.94. The image quality scores were 3.1±0.3, 3.1±0.3
and 3.0±0.4 for subgroups (p>0.05). The overall average
effective radiation dose was 3.60±1.60 mSv.
Conclusion DSCT coronary angiography with prospec-
tive ECG-triggering could be just as accurate in patients
with medium to high HR compared to those with low
HR.
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Introduction

Coronary artery disease (CAD) is one of the most common
causes of death in the western world [1] and China [2].
Computed tomographic coronary angiography (CTCA) has
become a widely-used diagnostic tool for CAD as a non-
invasive examination with high accuracy and negative
predictive value [3]. However, the radiation exposure
associated with CTCA is still a concern in the community
[4, 5]. To reduce the radiation burden, many dose-saving
techniques have been developed [5, 6]. Among these
techniques prospective ECG-triggering CTCA is consid-
ered a good method of significantly reducing patient dose
from 10.7 to 18.9 mSv using retrospective ECG-gated to
2.8–3.8 mSv on 64 multi-detector row spiral CT (64-
MDCT) [7–9]. On the dual-source CT (DSCT), prospective
ECG-triggering sequential CTCA can accurately diagnose
stenosis with a dose level at 2.5–2.9 mSv [4, 8], a dose
saving of more than 65% compared with the 8.5–9.8 mSv
using standard retrospective DSCT protocols [10, 11].
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Recent studies using prospective ECG-triggering con-
trolled patients’ HR to 70 bpm or lower in order to
guarantee image quality and low dose [10, 12–14]. It has
been shown that DSCT with two sets of image acquisition
systems has doubled the temporal resolution to 83 ms,
which allows CTCA examinations without requiring low
HR [10, 15]. To date, however, fewer data are available to
show the diagnostic accuracy of DSCT prospective trigger-
ing CTCA in high HR patients.

The purpose of this study was to assess the diagnostic
accuracy and image quality of DSCT coronary angiography
with prospective ECG-triggering in patients with low to
high HR using invasive coronary angiography (ICA) as the
reference.

Materials and methods

Patient population

From January 1st, 2009 to August 31st, 2009, a total of 155
consecutive patients who had undergone both DSCT
coronary angiography and invasive coronary angiography
(ICA) were enrolled in this study. Patients were referred for
CTCA examinations to rule out coronary heart disease
(CHD). The interval between DSCT coronary angiography
and ICA was less than 30 days. The exclusion criteria of
this study were as follows: CTCA were performed using
retrospective ECG-gated scans (n=37); the presence of
coronary stents or implants (n=12), coronary artery bypass
grafts (n=3). After the exclusion, 103 patients who
underwent both DSCT prospective ECG-triggering coro-

nary angiography and ICA were included for further
analysis. The study protocol was approved by the Institu-
tional Ethics Committee of the hospital. The written
informed consent forms were signed by all patients for
both CTCA and ICA examinations.

The patients were divided into three subgroups based on
HR recorded during the CT scans; low HR, ≤60 bpm;
medium HR, 60<HR≤70 bpm and high HR, >70 bpm. The
patient demographics and the statistical comparison of three
HR subgroups were given in Table 1.

DSCT data acquisition and post-processing

All imaging was performed with DSCT (SOMATOM
Definition, Siemens Healthcare, Forchheim, Germany)
using a commercial prospective ECG-triggering sequential
protocol, and using the following parameters: collimation
2×32×0.6 mm; slice collimation 2×64×0.6 mm by using
z-flying focal spot; gantry rotation 0.33 s; tube voltage
100 kVor 120 kV, and tube current 420–500 mAs adjusted
by body mass index (BMI). The start phase of the CT data
acquisition was 70% of the R-R interval when baseline HR
was ≤70 bpm or 40% of the R-R interval when baseline HR
was >70 bpm [16]. The acquisition window was 380 ms
using flex padding which allows approximately ±8% R-R
interval flexibility for image reconstruction. The image was
reconstructed with slice thickness of 0.6 mm, slice
increment of 0.3 mm and convolution kernel of B26. The
cardiac phase in which least or no motion was seen was
manually selected by reviewing the reconstructions at
different cardiac phases (possible by using the padding
acquisition window). All images were transferred to a

Table 1 Patients’ characteristics in the low, medium and high heart rate (HR) subgroups

Low HR group Medium HR group High HR group p value
(n=34) (n=36) (n=33)

Male patients 26 (76.5%) 23 (63.9%) 16 (48.5%) 0.059

Age (years) 56.7±12.0 54.5±9.5 58.4±10.3 0.054

Body mass index (kg/m2) 25.2±2.4 25.8±3.0 25.7±3.2 0.456

Old myocardial infarction 4 (11.8%) 6 (16.7%) 4 (12.1%) 0.938

Hypertension 25 (73.5%) 25 (69.4%) 22 (66.7%) 0.827

Diabetes mellitus 5 (14.7%) 12 (33.3%) 6 (18.2%) 0.137

Hypercholesterolaemia 26 (76.5%) 29 (80.6%) 25 (75.8%) 0.873

Current smoking 18 (52.9%) 16 (44.4%) 12 (36.4%) 0.394

Family history of CHDa 5 (14.8%) 4 (11.1%) 10 (30.3%) 0.096

HR during imaging (bpmb)(median) 54.2±3.9(54.5) 64.4±2.5(64.5) 79.1±7.2(79.0) <0.001

HR variability during imaging (bpmb) 4.2±1.7 4.5±2.1 4.8±2.3 0.093

Calcium score5 139.5±204.8 263.5±379.6 143.6±217.4 0.946

Days between CTCAc and ICAd 9.1±6.1 11.5±7.1 10.9±6.0 0.222

a CHD indicates coronary heart disease; b bpm indicates beat per minute; c CTCA indicates computed tomographic coronary angiography; d ICA indicates
invasive coronary angiography; 5 Kruskal-Wallis tests were used
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commercial workstation (Multi-Modality Workplace, Siemens
Healthcare, Forchheim, Germany) for further image process-
ing and evaluation.

Oral beta-blockers were given to patients whose heart
rate was higher than 90 bpm to achieve a HR≤90 bpm and
beat-to-beat HR change <10 bpm before CT scan. For
patients whose HR could not be achieved ≤90 bpm or beat-
to-beat HR change <10 bpm, the retrospective ECG-gated
scan protocol was used. Nitroglycerine was not adminis-
tered for CT angiography to align with the protocol of CT
angiography used in our center.

Contrast agent (Omnipaque 350 mgI/ml, GE Healthcare,
USA or Ultravist 370 mgI/ml, Bayers-Schering Pharma,
Germany) was injected through a 20G catheter into the
antecubital vein using a power injector (Stellant, Medrad,
Indianola, PA, USA).

A tri-phase injection protocol was used; 50 ml of
contrast agent (phase I) followed by 30 ml of diluted
contrast (phase II; 30% contrast agent and 70% saline), and
40 ml of saline chaser (phase III). The injection rate was 4–
5.5 ml per second adjusted according to the duration of the
CT data acquisition which was automatically triggered to
begin 6 s after the CT value reached 100 Hounsfield Units
(HU) at the root of the ascending aorta.

The effective dose of the CTCA was calculated by
multiplying the dose length product (DLP) by the conver-
sion coefficient (k=0.014 mSv/mGy∙cm) for the chest as
previously suggested [11, 12]. The DLP and HR were taken
from the patient protocol provided by the CT system.

DSCT data analysis

The 16-segment coronary artery schema suggested by
American Heart Association (AHA) was used [10]. Seg-
ments with a visual diameter of <1.5 mm at the origin were
not included. Two experienced readers (with more than
10 years of experience in cardiac radiology) assessed the
CTCA images independently without knowledge of the
patient clinical history and ICA results. In the event of a
discrepancy between the two reviewers, a joint reading
session was used to reach a consensus. All images were
analysed in the axial view, multiplanar reformation (MPR)
and maximum intensity projection (MIP) on a per-segment,
per-vessel basis. A segment was classified as stenotic when
lumen narrowing exceeded 50%.

Image quality of a vessel was scored on a 4-point scale;
1, non-discriminable vessel structure or poor image quality
with severe artefact; 2, moderate artefact but assessable on

Table 2 Constituents of patients with significant coronary heart disease (CHD) diagnosed by invasive coronary angiography in low, medium and
high heart rate (HR) subgroups

Low HR group Medium HR group High HR group x2 p values

None CHDa 4 3 3 0.256 0.880

One-vessel CHD1 10 15 13 1.258 0.533

Two-vessel CHD1 7 7 9 0.697 0.706

Three-vessel CHD1 13 11 8 1.538 0.464

a CHD indicates coronary heart disease

Low HR (%) Medium HR (%) High HR (%) x2 p value

Per-vessel analysis

Sensitivity 87.9 91.9 92.7 2.298 0.317

Specificity 98.5 98.8 98.7 0.125 0.940

Accuracy 93.3 95.8 96.2 1.407 0.495

PPV1 98.3 98.2 98.1 0.646 0.724

NPV2 89.3 94.1 94.9 0.686 0.710

Evaluable 98.5 99.3 98.4 0.499 0.799

Per-segment analysis

Sensitivity 82.8 88.3 80.3 0.686 0.710

Specificity 98.4 98.7 98.6 0.125 0.940

Accuracy 95.6 96.7 96.0 0.896 0.639

PPVa 91.7 93.8 90.5 5.322 0.070

NPVb 96.4 97.4 96.8 0.686 0.710

Evaluable 97.1 95.7 94.9 3.299 0.192

Table 3 In comparison of
diagnostic values among heart
rate (HR) subgroups for
detecting ≥50% luminal stenosis
using ICA as the reference
standard

a PPV indicates positive predictive
value; b NPV indicates negative
predictive value
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the axial images; 3, good image quality with minor artefact;
4, excellent image quality [7]. The score of one was
considered to be non-diagnostic. The scheme of vessels was
left main (LM), left anterior descending (LAD), left
circumflex (LCX) and right coronary artery (RCA). The
overall score of a vessel was given by assigning the lowest
segment score of that vessel.

Invasive coronary angiography

The ICA was performed using standard angiographic
techniques. ICA data were reviewed by two experienced
observers (>10 years’ experience), who were blinded to
the result of DSCT and patient clinical history. At least
two orthogonal projections were used to determine the
degree of stenosis. Additional projections were used if
necessary. Coronary luminal stenosis in diameter was
analysed and recorded visually by two reviewers. In the
event of a discrepancy between the two reviewers, the
same procedure was followed as described for DSCT
above. As for the CTCA data analysis, the coronary
arteries were named according to the AHA model and
segments with diameter of <1.5 mm at the origin were
excluded from the analysis.

Statistical analysis

Statistical analyses were performed using a commercial
software package (SPSS 17.0 for windows, SPSS,
Chicago, IL, USA). The analysis of variance (ANOVA)
and Kruskal-Wallis analysis were used for continuous
interval data with normal distribution and ordinal data
with non-normal distribution, respectively. A binomial-
based proportion analysis was used for patient character-
istic data. The sensitivity, specificity and accuracy of
CTCA were calculated and the differences were com-
pared by using the χ2 test of contingency on a per-
segment and per-vessel basis. ICA was taken as the gold
standard. Interobserver agreement of CTCA assessment
was performed using kappa analysis (<0.4, poor agree-
ment; 0.4–0.75, fair to good agreement; >0.75, excellent
agreement). We performed a receiver-operating character-
istic (ROC) analysis to compare the diagnostic power of
CTCA to the CHD patients in different HR subgroups.
The area under the curve (AUC) between 0.5 and 0.70
suggests the limited diagnostic power, AUC 0.70–0.90
means moderate diagnostic power and AUC >0.90 means
strong diagnostic power. A p value of <0.05 was
considered to be statistically significant.

Results

One hundred and three patients (65 men, 38 women,
mean age and standard deviation were 58.5±10.6 years,
range 32–83 years) successfully underwent both DSCT
prospective ECG-triggering coronary angiography and
ICA examinations. In the low HR group (n=34), the
mean HR was 54.2±3.9 (range 44–59, median, 54.5) bpm;
in the medium HR group (n=36), the mean HR was 64.4±
2.5 (range 60–69, median, 64.5) bpm and in the high HR

a

b

c

Fig. 1 A 71-year-old male patient (body mass index of 27.2 kg/m2,
baseline heart rate of 93 bpm) underwent DSCT using prospective
ECG-triggering coronary angiographic protocols. Stenoses on the
right coronary artery (Arrows) were demonstrated on images of curved
multiplanar reformation (A) and volume rendering techniques (B).
The same lesion was visualised on the reference standard of invasive
coronary angiography (C). The effective radiation dose for this patient
was 6.0 mSv
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group (n=33), the mean HR was 79.1±7.2 (range 71–96,
median, 79.0) bpm. The mean calcium scores in the low,
medium and high HR subgroups were 139.5 (range 0–
837.1), 263.5 (range 0–1,187) and 143.6 (range 0–
1000.5), respectively. As shown in Table 1, the HR
variability, calcium score, days between CTA and ICA,
and other patient characteristics were not significantly
different among three HR subgroups.

Invasive coronary angiography

Overall, invasive coronary angiography (ICA) demonstrated
that 10 out of 103 patients (9.7%) had no coronary heart
disease (CHD), 38 (36.9%) patients with one-vessel CHD, 23
(22.3%) patients with two-vessel CHD and 32 (31.0%)
patients with three-vessel CHD. The distribution of CHD

patients and statistical analyses among subgroups are shown
in Table 2.

DSCT prospective ECG-triggering coronary angiography

On a per-patient-based analysis in this group, prospective
ECG-triggered coronary sequential DSCT provided ana-
lysable image quality of the coronary vessels in 102
(99%) of the 103 patients. There was one non-analysable
case in the medium HR group in which the patient had a
severe artefact caused by abrupt HR change during CT
data acquisition. In a total of 1,648 segments, image
quality was analysable in 1,580 segments (95.9%). Sixty-
eight segments were not assessed for the following
reasons: 26 segments were <1.5 mm at the origin; 25
segments were not sufficiently opacified because of

a b ca b c

Fig. 2 A 49-year-old female patient (body mass index of 22.9 kg/m2,
baseline heart rate of 77 bpm) underwent DSCT using prospective
ECG-triggering coronary angiographic protocols. Stenoses on the left
anterior descending (Arrows) were demonstrated on images of

maximum intensity projection (A) and volume rendering techniques
(B). The same lesion was visualised on the reference standard of
invasive coronary angiography (C). The effective radiation dose for
this patient was 3.6 mSv

Fig. 3 Receiver-operating char-
acteristic curves for overall
group (A), low, medium, and
high HR groups (B). These data
demonstrated that similar diag-
nostic performances of DSCT
coronary angiography with pro-
spective ECG-triggering were
found in different heart rate
patients for detection of >50%
coronary stenosis
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proximal stenosis or occlusion; 13 segments were affected
by diffusive calcium blooming artefact; three segments
had motion artefact; and one segment was affected by
severe stair-step artefact. In 13 patients of low HR (one
case, 2.9%), medium HR (four cases, 11.1%) and high
HR (eight cases, 24.2%), additional reconstructions were
made within the range allowed by the flex padding to
improve image quality.

An inter-reader reliability analysis using the Kappa
statistic was performed to determine consistency among
readers. The inter-reader Kappa values of the low, medium
and high HR subgroups were 0.853 (95% CI=0.790–
0.916), 0.864 (95% CI=0.807–0.921) and 0.830 (95% CI=
0.754–0.906), respectively.

In overall subjects of this study, the diagnostic
sensitivity, specificity, accuracy, positive predictive value
(PPV) and negative predictive value (NPV) on a segmen-
tal basis were 84.3%, 98.6%, 96.1%, 92.2% and 96.9%,
respectively; whereas positive and negative test likelihood
ratios were 60.2 and 0.16, respectively. No significant
differences were found among low, medium and high HR
subgroups in a comparison of diagnostic values (Table 3,
Figs. 1 and 2).

On receiver-operating characteristic (ROC) analysis, the
area under the curve (AUC) for this study was 0.94 (95%
CI=0.92–0.96). For the low, medium and high HR groups,
the AUCs were 0.97 (95% CI=0.94–0.99), 0.94 (95% CI=
0.90–0.97) and 0.92 (95% CI=0.87–0.97), respectively.
There were no significant differences among HR subgroups
with regard to AUC (p<0.001) (Fig. 3).

The image quality scores on a per-vessel basis were
shown in Table 4. The mean and standard deviation (SD)
for different vessels were compared in subgroups. The
differences were not significant (all p>0.05) among the
subgroups. The lowest score occurred for the LCX in each
HR subgroup.

The mean effective doses were 3.40±1.50 mSv
(range: 0.95–6.06 mSv), 3.59±1.12 mSv (range: 1.85–
6.15 mSv) and 3.84±2.15 mSv (range: 1.02–8.92 mSv)
in these three HR subgroups, respectively. No significant
differences were found among low, medium and high HR
subgroups (F=0.383, p=0.684). The mean effective dose
for overall subjects in this group was 3.60±1.60 mSv
(range: 0.95–8.92 mSv).

Discussion

Prospective ECG-triggering imaging markedly decreases
CTCA radiation dose compared with retrospective ECG-
gated imaging. Reported effective doses of patients with
low heart rates for prospective CTCAwere 2.1–4.3 mSv on
64-slice CT [14, 17, 18], and 2.1–2.5 mSv on DSCT in the
step-and-shoot mode [13]. However, the favourable heart
rates of prospective CTCA in the above-mentioned studies
were limited to 70 bpm or 65 bpm. To benefit higher HR
patients with low-dose prospective CTCA, we investigated
the diagnostic performance of DSCT prospective ECG-
triggering coronary angiography in patients with low to
high HR using ICA as a reference.

Retrospective ECG-gated DSCT coronary angiography
has been shown to provide high image quality without heart
rate modulation by oral or intravenous administration of β-
blockers before CT imaging procedure [19–22]. Our
previous study indicated that at the end of systole or at
the start of isovolumetric relaxation (before the rapid-filling
phase), coronary motion changes direction and its velocity
is theoretically zero, and that coronary artery motion varied
significantly throughout the cardiac cycle and from patient
to patient, due to different heart rates [23]. Isovolumetric
relaxation duration of low HR patients is relatively longer
than that of higher HR patients. For that reason, previous
prospective DSCT coronary angiography (step-and-shoot
mode) needs HR≤70 bpm to achieve stable higher image
quality [10–13, 24].

Our data indicated that sequential DSCT with a novel
developed prospective ECG-triggering (flex padding tech-
nique) provided diagnosable coronary image quality in 99%
patients, and there were no significant differences among low,
medium and high HR groups (the mean HR was 79.1 bpm,
range 71–96 bpm). In addition, the present study showed that
the main reasons for severely affected image quality were less
engorgement of the distal artery after the obstructed lesion,
diffuse calcification, thin and small vessels, motion artefacts
or misregistration artefacts. Among the four main coronary
artery branches, the ordination order of image quality scores
from high to low was that LM>RCA>LAD>LCX. It was
comparable to the result reported by the literature [18].

Retrospective ECG-gated CTCA had shown diagnostic
sensitivity of 90–97.8% and specificity of 86.8–99.2% [21,

Low HR group Medium HR group High HR group p value

RCAa 3.3±0.4 3.3±0.4 3.3±0.5 0.683

LMb 3.8±0.4 3.8±0.6 3.7±0.5 0.882

LADc 3.0±0.4 3.0±0.4 2.9±0.5 0.533

LCXd 2.7±0.4 2.6±0.5 2.6±0.7 0.806

Overall 3.1±0.3 3.1±0.3 3.0±0.4 0.419

Table 4 Image quality scores in
low, medium and high heart rate
(HR) subgroups

a RCA indicates right coronary
artery; b LM indicates left main;
c LAD indicates left anterior
descending; d LCX indicates left
circumflex
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22, 25], but these caused additional radiation exposure for
the patient. Previous studies with prospective ECG-
triggering (step-and-shoot mode) had shown sensitivity of
100% and specificity of 83.3%–93% in patients with HR≤
70 bpm or 65 bpm [13, 14].

The heart rates of patients enrolled in our study ranged
from 44 bpm to 96 bpm. We found that prospective ECG-
triggering DSCT coronary angiography provided similar
diagnostic accuracy and efficacy in detecting ≥50% stenosis
in patients with different heart rates. Diagnostic sensitivity,
specificity, accuracy and image quality were not significantly
different from the low to high heart rate groups. Overall, the
prospective imaging yielded diagnosable image quality in
95.9% coronary segments with a sensitivity of 84.3%,
specificity of 98.6% and accuracy of 96.1% for detecting
significant coronary luminal stenosis. The areas under the
curve of ROC analyses also showed no significant difference
from the low to the high heart rate group, confirming that the
prospective ECG-triggering imaging protocol of DSCT could
be used in patients with a relatively high heart rate without
sacrificing diagnostic efficacy.

Reported effective dose for prospective CTCAwere 2.1–
4.3 mSv on 64-slice CT [14, 17, 18], and 2.1–2.5 mSv on
DSCT [13]. In this study the mean effective dose was
3.60 mSv (range 0.95–8.92 mSv), which remains a slightly
high dose compared with that using the step-and-shoot
mode, because flex padding technique (acquisition of
additional phases) was used in this study, which would
lead to increased radiation dose compared with single-phase
acquisition to achieve a similar high proportion of vessels
with diagnostic image quality. On the other hand, the wider
acquisition window (flex padding technique) allowed data
reconstruction from a wider R-R phase, improving the
chance of good image quality for the coronary arteries in
patients with a fast heart rate. The dosage in our study was
sharply decreased compared with retrospective ECG-gated
CTCA on DSCT [10], or invasive coronary angiography [26].

Clinically, there were a number of patients with irregular
heart rates or heart rate >90 bpm. In this study, the reason
that we gave oral beta-blockers to patients with baseline
heart rate higher than 90 bpm was that prospective ECG-
triggering could not be performed in such patients because
of the potential failure or unpredictable image quality. The
latest generation of DSCT system could further reduce
radiation dose and improve image quality by using a high-
pitch prospective ECG-triggering technique. Improved
temporal resolution (75 ms) was a promising solution for
the diagnostic accuracy of coronary CTA in patients with an
irregular or high heart rate.

Our study had limitations. Patient enrolled in this study
had high prevalence of diseased coronary artery, which may
lead to under-estimation of sensitivity and negative predic-
tion value. This was caused by most of our patients with

negative findings on CTCA were not involved in the
invasive catheter procedure. Patients with irregular heart
rates were excluded, especially on atrial fibrillation or
premature ventricular contraction.

In conclusion, DSCT coronary angiography with pro-
spective ECG-triggering could be performed and provided
accurate diagnosis for detecting ≥50% stenosis in patients
with low, medium and high heart rates, while the average
radiation dose was relatively low.
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