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Conclusions  Prospectively ECG-gated DSCT protocols 
enable cCTA with significant dose reduction and consist-
ently diagnostic image quality. In patients requiring retro-
spectively ECG-gated DSCT for functional analysis or due 
to arrhythmia, dual-energy mode should be preferred over 
dual-source mode as it significantly decreases estimated 
dose without compromising image quality.
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Abbreviations
CAD	� Coronary artery disease
cCTA	� Coronary computed tomography angiography
CNR	� Contrast-to-noise-ratio
CTDIvol	� Volume computed tomography index
DECT	� Dual-energy computed tomography
DLP	� Dose length product
DSCT	� Dual-source computed tomography
ECG	� Electrocardiogram
LCA	� Left coronary artery
RCA	� Right coronary artery
ROI	� Region of interest
SD	� Standard deviation
SNR	� Signal-to-noise-ratio

Introduction

Coronary CT angiography (cCTA) has become a routinely 
used non-invasive examination to assess coronary artery 
disease (CAD) and has, therefore, been included into sev-
eral guidelines for the evaluation of symptomatic patients 

Abstract 
Objectives  To compare radiation exposure and image 
quality of second-generation 128-slice dual-source CT 
(DSCT) coronary angiography (cCTA) protocols.
Materials and methods  We retrospectively analyzed data 
from four groups with 25 patients, each examined by one 
of the following DSCT cCTA protocols: prospectively 
ECG-gated high-pitch (group 1) or sequential (group 2) 
acquisition, retrospectively ECG-gated acquisition in dual-
energy (DECT, group 3) or dual-source (group 4) mode. 
CT dose index volume, dose length product, estimated 
radiation dose, contrast-to-noise- and signal-to-noise-ratios 
were compared. Subjective image quality was rated by two 
observers blinded to the protocols.
Results  High-pitch DSCT showed a mean estimated 
radiation dose of 1.27 ± 0.62 mSv, significantly (p < 0.01) 
lower than sequential (2.04  ±  0.94  mSv), dual-energy 
(3.97  ±  1.29  mSv) or dual-source (8.11  ±  4.95  mSv) 
acquisition. Image noise showed no statistical differ-
ence (p > 0.91), ranging from 15.2 ± 4.4 (group 2) up to 
24.5 ±  22.0 (group 4). Each protocol showed diagnostic 
image quality in at least 98.1 % of evaluated coronary seg-
ments without significant differences (p > 0.05).
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with an intermediate risk for CAD [1, 2]. During the last 
decade, several electrocardiogram-gated (ECG) techniques 
for cCTA have been introduced to reduce the resulting radi-
ation dose for the patient to even below 1 mSv [3, 4]. How-
ever, in clinical practice not all patients can be evaluated 
using the proposed protocols with very low radiation expo-
sure due to arrhythmia, tachycardia or body habitus [5–7]. 
In addition, some indications for cCTA require functional 
analysis of the complete heart cycle which is usually per-
formed using retrospectively ECG-gated protocols [8, 9].

Dual-source CT (DSCT) can be used to reduce exami-
nation times during cardiac CT and has also been shown 
to lower the resulting radiation dose [10–12]. On second-
generation 128-slice DSCT, two prospectively ECG-trig-
gered (high-pitch spiral and sequential mode) and two 
retrospectively ECG-gated (dual-energy and dual-source 
mode) protocols are available for cCTA. The prospectively 
ECG-gated protocols are usually used to achieve substan-
tial radiation dose savings in patients requiring anatomical 
analysis of coronary artery patency [3, 5, 7]. Both retro-
spectively ECG-gated protocols are mainly used in patients 
requiring functional analysis of the myocardium during 
the complete heart cycle or in patients with severe arrhyth-
mia [5, 6]. Selecting the appropriate examination protocol 
for each patient is crucial and depends on heart rate, body 
habitus and necessity of functional analysis [5]. However, 
to our knowledge there is no published study comparing 
these four protocols regarding radiation dose and image 
quality using the same second-generation DSCT in clinical 
practice.

Therefore, the purpose of the present study was to ret-
rospectively compare the effective dose estimates, meas-
urements of objective image quality and assessment of 
subjective image quality for clinically indicated cCTA 
examinations using the available prospectively and retro-
spectively ECG-triggered data acquisition protocols on the 
same second-generation 128-slice DSCT.

Materials and methods

Patient selection and study design

This retrospective single-institution study was approved 
by the local medical ethics committee with waiver of the 
requirement for informed consent. Data acquired from 
patients examined using the same second-generation 128-
slice DSCT (Somatom Definition Flash, Siemens Health-
care, Forchheim, Germany) between January 2012 and 
February 2013 who had been referred to our department to 
rule out CAD were included in this study.

At our institution, we apply the prospectively ECG-trig-
gered high-pitch spiral in cases in which only cardiac and 

coronary morphology is of interest and a regular heart rate 
with <55 bpm can be established. We use the prospectively 
ECG-triggered sequential mode if the heart rate even after 
betablocker application remains above 55  bpm but below 
70  bpm or if the heart rhythm is not completely regular. 
Hence, both scan modes are mostly used in outpatients. 
We use the retrospectively ECG-gated spiral acquisition in 
dual-energy mode in patients referred to us from the emer-
gency department to evaluate wall motion and myocardial 
perfusion at the same time with coronary morphology. This 
scan mode is applied only to a heart rate of up to 70 bpm 
since the temporal resolution is limited to 140 ms. Above 
a heart rate of 70 bpm or in case of unstable heart rhythm, 
the conventional retrospectively ECG-gated dual-source 
spiral acquisition mode is used in emergency room patients 
as well as in patients referred to cardiac CT with the dedi-
cated question for functional analysis.

Retrospective database analysis revealed that in this time 
span 25 patients had been examined using a prospectively 
ECG-triggered protocol in high-pitch spiral mode, thus rep-
resenting the smallest group in terms of patient numbers. 
Hence, to improve comparability of data, 25 patients in the 
other three groups were randomly selected out of the total 
cohort.

Therefore, we included a total of 100 patients who 
underwent cCTA on the same second-generation DSCT 
between January 2012 and February 2013 at our institu-
tion to rule out CAD. There was no preselection of patients 
based on image quality, heart rate, body habitus or other 
parameters. However, we excluded patients with coronary 
bypasses as the included anatomic range would have been 
larger in these patients with a consecutively higher esti-
mated dose. Previously implanted stents, valve prosthe-
sis or pacemakers were not regarded as exclusion criteria. 
However, segments with a diameter below 1.5 mm, stented 
segments with an inner stent diameter <3  mm and vessel 
segments distal to occlusions were excluded from subjec-
tive image quality analysis.

Image acquisition

If no contraindications to β-blockers were present and the 
heart rate was above 65  bpm (beats per minute), Meto-
prolol tartrate (Beloc, AstraZeneca, Wedel, Germany) was 
administered intravenously in fractions of 5  mg up to a 
maximum dose of 20 mg prior to the examination. In addi-
tion, two sublingual pumps of glyceryl trinitrate (Nitrolin-
gual N-Spray, G. Pohl-Boskamp GmbH, Hohenlockstedt, 
Germany) were administered if no contraindications were 
present.

During all cCTA examinations, contrast material was 
injected via the right cubital vein at a flow rate of 5 mL/s 
using the same tri-phasic contrast material injection 
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protocol [13]. First, a 70  mL bolus of iodinated contrast 
material (iomeprol; Imeron® 400, Bracco Imaging, Kon-
stanz, Germany) was injected, followed by a mixed second 
bolus (50 mL of a 30 % contrast and 70 % saline solution) 
and a final third phase (50 mL of a pure NaCl bolus). The 
test bolus technique (a bolus of 15 mL of contrast material 
and 30 mL of NaCl bolus) was used to determine the scan 
delay time for the angiographic phase.

Images were acquired in craniocaudal direction in 
inspiratory breath hold. The anatomic range was manually 
adjusted and confined to the heart as seen on the anterior-
posterior and lateral scout images.

The data set for the angiographic visualization of the cor-
onary arteries for group 1 and 2 was acquired using a pro-
spectively ECG-triggered protocol in either high-pitch spiral 
(group 1) or sequential (group 2) mode while data for groups 
3 and 4 were acquired using a retrospectively ECG-triggered 
spiral protocol in either dual-energy (group 3) or dual-source 
(group 4) mode. Collimation was set to 128 × 0.6 mm for 
group 1, 2 and 4 and 2 × 64 × 0.6 mm for group 3. Pitch 
was set to 3.4 for group 1 and to 0.17 for group 3 and 4. 
The tube voltage was set to 100 kV for groups 1, 2, 4 and to 
100/140 kV for group 3. The tube current time product was 
370 mAs for groups 1 and 2, 165/140 mAs for group 3 and 
320 mAs for group 4. The resulting average scan time was 
~1 s for group 1 and ~8 s for groups 2–4.

For all examination protocols, automated dose modula-
tion (CareDose, Siemens Healthcare) and tube modulation 
were enabled and z-flying focal spot technique was used. 
No iterative reconstruction techniques were activated in 
the used examination protocols to improve comparability. 
Rotation time was 0.28 s, matrix size was set to 512 × 512, 
and field of view was ~18 cm.

Image reconstruction

All cCTA data were analyzed on a commercially avail-
able RIS/PACS system (Centricity, GE Healthcare, Dorn-
stadt, Germany) using image series with a slice thickness 
of 0.75 mm and a reconstruction increment of 0.4 mm. A 
soft tissue kernel (B26f) and a dedicated CT algorithm for 
the selection of the phase of the cardiac cycle with the least 
motion artefacts (BestPhase, Siemens Healthcare) were 
used. Dual-energy CTA was reconstructed using the QCA 
hybrid algorithm combining high- and low-pass filtered 
data from the high- and low-energy spectra as described by 
Nance et al. [14] and linear blending with 60 % informa-
tion of the 100 kV data set.

Estimation of the CT radiation dose

Patient protocols of all performed cCTA examinations 
were assessed and dose length product (DLP) and volume 

computed tomography index (CTDIvol) were recorded. The 
effective dose [ED (mSv)] was estimated using the method 
proposed by the European working group for guidelines on 
quality criteria in CT derived from the product of the DLP 
and a weighting factor of 0.017 mSv/mGy/cm [15].

As the electronic chart system of the hospital did not 
contain current data about the patients’ body weight at the 
day of the cCTA examination, the two largest axial thoracic 
diameters [anterior-posterior (AP) and right-to-left (LAT)] 
were measured in each patient to allow for comparison 
of body habitus as previously described [16]. In addition, 
size-specific dose estimates (SSDE) were calculated. First, 
the following formula was used to calculate the effective 
diameter:

A conversion factor based on the effective diameter and 
the 32  cm diameter phantom reference numbers provided 
by the AAPM report no. 204 was selected for each patient 
and SSDE was calculated using the following formula [17]:

Assessment of objective image quality

Objective image quality of the right (RCA) and left coro-
nary artery (LCA) were evaluated using the region-of-
interest (ROI) technique. Image noise, signal attenuation, 
contrast, signal-to-noise-ratio (SNR) and contrast-to-noise-
ratio (CNR) were measured for both vessels: the ascend-
ing aorta and the interventricular cardiac septum. To ensure 
data consistency, each ROI measurement was performed 
three times and mean values were calculated. Image noise 
was defined as the standard deviation (SD) measured in an 
ROI placed in the area in front of the sternum of the patient.

Intraluminal coronary artery signal attenuation was 
measured by placing ROIs centrally in the proximal seg-
ments of the left main (LM), LAD, left circumflex (LCX) 
and RCA. In the ascending aorta, the ROI was placed 
approximately 3 cm cranial of the aortic valve. ROI circles 
were sized as large as possible without including the vessel 
wall. Based on these measurements, SNR and CNR were 
determined according to the following formulas:

A: SNR  =  attenuation in the ascending aorta/image 
noise
B: CNR = (attenuation in the ascending aorta−attenua-
tion of the interventricular cardiac septum)/image noise

Evaluation of subjective image quality

According to the 15-segment model proposed by the Ameri-
can heart association [18], each coronary artery segment was 

Effective diameter (cm) =
√
AP× LAT

SSDE(mGy) = CTDIvol × conversion factor.
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evaluated regarding subjective quality by two observers with 
3 and 4  years of experience in evaluating cCTA examina-
tions. Both observers were blinded to the used cCTA pro-
tocol and patients’ clinical data. Image quality was assessed 
using a four-point rating scale ranging from 1 to 4 (1: excel-
lent image quality; 2: acceptable, not compromising diag-
nostic image quality; 3: poor image quality for single coro-
nary segments; 4: non-diagnostic). Segments with a diameter 
below 1.5 mm, stented segments with an inner stent diam-
eter <3  mm and vessel segments distal to occlusions were 
excluded from analysis similar to prior studies [16].

Statistical analysis

Statistical analysis was performed using dedicated soft-
ware (BiAS 9.08, Epsilon Verlag, Frankfurt, Germany). 
Patient age, heart rate, measured thoracic diameters, attenu-
ation values, SNR, CNR, CTDI, SSDE, DLP and ED are 
expressed as mean values ±  standard deviations. To test 
for rejection of the null hypothesis of random distribution, 
comparison of these variables from all four groups was 
performed using the analysis of variance test (ANOVA). 
In the event of statistical significance of the global F test, 
pairwise comparison was performed with the student t test 
for unpaired samples. A p value of <0.05 was considered 
statistically significant.

The inter-rater agreement between the two observers 
regarding the evaluation of subjective image quality was 
calculated using Cohen’s kappa (κ). The kappa value was 
interpreted in the following way: κ < 0.20 = slight agree-
ment, κ: 0.21–0.40 = fair agreement, κ: 0.41–0.60 = mod-
erate agreement, κ: 0.61–0.80 =  substantial agreement, κ: 
0.81–1.0 = almost perfect agreement.

Results

Patient characteristics

A total of 100 patients were evaluated in the study. The 
mean heart frequency during the examination for the vari-
ous study groups was as follows: group 1 = 53 ± 2 bpm; 
group 2 =  63 ±  5  bpm; group 3 =  64 ±  4  bpm; group 
4 = 81 ± 12 bpm. Average patient age was 69 ± 13 years in 
group 1, 57 ± 12 years in group 2, 67 ± 8 years in group 3, 
and 65 ± 11 years in group 4. Groups 1 and 4 consisted of 
24 % female patients (n = 6) while group 2 included eight 
females (32 %) and group 3 included five females (20 %). 
Mean thoracic diameters as a measure of body habitus 
showed several significant differences (anterior–posterior: 
group 1 = 370 ± 46 mm; group 2 = 348 ± 38 mm; group 
3 = 248 ± 21 mm; group 4 = 260 ± 58 mm; p < 0.05 for 
group 1 vs. 3, group 1 vs. 4, group 2 vs. 3, and group 2 

vs. 4; all others: n/s; right-to-left: group 1 = 345 ± 31 mm; 
group 2 = 354 ± 37 mm; group 3 = 265 ± 34 mm; group 
4 = 264 ± 55 mm; p < 0.05 for group 1 vs. 3, group 1 vs. 
4, group 2 vs. 3, and group 2 vs. 4; all others: n/s).

Comparison of objective image quality

All results from the analysis of objective image quality 
are summarized in Table 1. The image noise did not show 
any significant differences between the different study 
groups (group 1: 16.6 ± 5.4; group 2: 15.2 ± 4.4; group 3: 
18.0 ± 9.4; group 4: 24.5 ± 22.0; p > 0.91). Statistical differ-
ences regarding the measured attenuation for the ascending 
aorta and both right and left coronary artery were all signifi-
cant (p < 0.01). The CNR and SNR values for the coronary 
vessels consistently both peaked in group 2 (CNR RCA: 
22.5 ± 8.8; CNR LCA: 23.6 ± 8.8; SNR RCA: 29.2 ± 10.3; 
SNR LCA: 30.2 ± 10.3) followed by group 1 (CNR RCA: 
20.2 ± 8.3; CNR LCA: 21.0 ± 8.4; SNR RCA: 26.0 ± 9.1; 
SNR LCA: 26.7 ±  9.5). Differences between both groups 
were consistently statistically non-significant (p ≥ 0.40).

Comparison of subjective image quality

A total of 1500 coronary artery segments with a vessel 
diameter of at least 1.5 mm were evaluated by both observ-
ers. An overall diagnostic image quality was found in 
98.67  % of all segments (1480) while 1.33  % of all seg-
ments (20) were non-evaluative. Further results from the 
assessment of subjective image quality are summarized 
in Table 2. The inter-rater agreement for subjective image 
quality was excellent (κ  =  0.944). We observed no sig-
nificant difference regarding the diagnostic image quality 
between the different examination protocols (p > 0.05 for 
all comparisons).

CT radiation dose

The resulting radiation dose parameters for the examined 
study groups are summarized in Table  2. The mean esti-
mated radiation dose was 1.27 ±  0.62  mSv for group 1, 
2.04 ± 0.94 mSv for group 2, 3.97 ± 1.29 mSv for group 
3, and 8.11 ±  4.95 mSv for group 4. Differences in esti-
mated dose between the different groups were all statisti-
cally significant (p < 0.01). The mean estimated radiation 
dose of all 100 patients examined using the same DSCT 
was 3.85 ± 3.70 mSv.

Discussion

In this study, we found that prospectively ECG-gated pro-
tocols for second-generation dual-source cCTA result in 
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significantly lower radiation exposure compared to retro-
spectively ECG-gated protocols. Nevertheless, all evaluated 
protocols showed consistently high objective and subjective 
image quality. In patients requiring functional analysis of 
the complete cardiac cycle, dual-energy spiral acquisition 
should be preferred over dual-source spiral mode to reduce 
radiation exposure.

We focused on retrospectively comparing four available 
cCTA protocols on a second-generation DSCT in clinical 
routine. Due to the study design, the resulting estimated 
radiation doses differed significantly between the groups 
and protocols and were lowest in the group examined 

using the prospectively ECG-gated high-pitch spiral pro-
tocol with a mean dose of 1.27  mSv. Figure  1 demon-
strates a patient examined using this protocol. Achenbach 
et  al. [19] demonstrated that high-pitch spiral acquisition 
for cCTA may result in even lower mean radiation doses 
of 0.87 mSv. Several recent publications have investigated 
new techniques to even further reduce the resulting dose of 
high-pitch spiral acquisition cCTA. The combination with 
iterative reconstruction techniques for cCTA has been dem-
onstrated to allow for dose reduction down to 0.58  mSv 
[20] or even below 0.1  mSv [21]. While these studies 
show that there is still potential for further dose savings, 

Table 1   Image noise, 
attenuation of contrast medium 
in the ascending aorta, RCA and 
LCA and resulting CNR and 
SNR values for both coronary 
vessels using different protocols 
for coronary DSCT angiography

Group 1 = prospectively ECG-triggered high-pitch spiral acquisition

Group 2 = prospectively ECG-triggered sequential mode

Group 3 = retrospectively ECG-triggered spiral acquisition in dual-energy mode

Group 4 = retrospectively ECG-triggered spiral acquisition in dual-source mode

Parameter Group 1 Group 2 Group 3 Group 4 p value

Image noise 16.6 ± 5.4 15.2 ± 4.4 18.0 ± 9.4 24.5 ± 22.0 >0.91

Attenuation values (HU)

 Asc. Aorta 433.2 ± 87.8 429.1 ± 118.3 466.1 ± 70.2 345.4 ± 85.2 <0.01

 RCA 397.0 ± 86.3 420.6 ± 117.3 309.5 ± 88.4 397.0 ± 88.1 <0.01

 LCA 408.8 ± 94.1 436.0 ± 121.5 342.4 ± 108.8 325.3 ± 98.3 <0.01

Contrast-to-noise-ratio (CNR) and signal-to-noise-ratio (SNR)

 CNR RCA 20.2 ± 8.3 22.5 ± 8.8 12.7 ± 7.5 16.4 ± 11.2 1 vs. 3: p < 0.02
2 vs. 3: p < 0.01
all others: n/s

 CNR LCA 21.0 ± 8.4 23.6 ± 8.8 15.6 ± 12.5 15.4 ± 10.3 1 vs. 3: p < 0.03
2 vs. 3: p < 0.01
2 vs. 4: p < 0.02
all others: n/s

 SNR RCA 26.0 ± 9.1 29.2 ± 10.3 21.0 ± 11.1 22.5 ± 14.7 All: n/s

 SNR LCA 26.7 ± 9.5 30.2 ± 10.3 23.9 ± 16.5 21.6 ± 13.7 2 vs. 3: p < 0.01
all others: n/s

Table 2   Qualitative assessment of image quality and radiation dose of patients examined using different protocols for coronary DSCT angiogra-
phy

Group 1 = prospectively ECG-triggered high-pitch spiral acquisition

Group 2 = prospectively ECG-triggered sequential mode

Group 3 = retrospectively ECG-triggered spiral acquisition in dual-energy mode

Group 4 = retrospectively ECG-triggered spiral acquisition in dual-source mode

Parameter Group 1 Group 2 Group 3 Group 4 p value

Total no. of artery segments 375 375 375 375

Segments with diagnostic image quality 368 (98.1 %) 372 (99.2 %) 371 (98.9 %) 369 (98.4 %)

Non-evaluative segments 7 (1.9 %) 3 (0.8 %) 4 (1.1 %) 6 (1.6 %)

Image quality score 1 (1) 1 (1) 1 (1) 1 (1)

Mean CTDIvol (mGy) 3.35 ± 1.08 8.08 ± 3.29 23.92 ± 7.20 49.10 ± 28.63 <0.01

Mean SSDE (mGy) 3.32 ± 1.07 8.24 ± 3.36 32.77 ± 9.87 70.21 ± 40.94 <0.01

Mean DLP (mGy cm) 74.71 ± 36.79 122.0 ± 55.01 488.12 ± 160.09 763.08 ± 437.29 <0.01

Effective dose (mSv) 1.27 ± 0.62 2.04 ± 0.94 3.97 ± 1.29 8.11 ± 4.95 <0.01



1117Radiol med (2015) 120:1112–1121	

1 3

the patient groups that these protocols can be applied to 
are limited and not representative for clinical routine. A 
very low and regular heart rate remains essential for dose-
saving scan techniques because otherwise motion artifacts 
will deteriorate image quality. For patients with moder-
ately higher heart rates up to 70 bpm or slight arrhythmia, 
the prospectively ECG-gated sequential acquisition mode 
is a useful alternative to high-pitch spiral acquisition as it 
also significantly reduces radiation exposure compared to 

retrospectively ECG-gated protocols. We found a mean 
dose of 2.04 mSv using this protocol in our study. Our find-
ings are consistent with values from prior studies investi-
gating this technique as Kim et  al. [22] reported a mean 
dose of 1.75 mSv and Jeong et al. [23] reported 1.94 mSv. 
Figure 2 demonstrates a case examined with this protocol.

Retrospectively ECG-gated spiral acquisition protocols 
are still commonly used for cCTA in clinical routine [8, 
9]. The results of our study demonstrate that performing 
the examination in dual-energy mode allows for significant 
dose reductions compared to the dual-source mode. This 
finding is in accordance with the results of a previous study 
by Kerl et  al. [16] comparing dual-energy to dual-source 
cCTA with first-generation dual-source CT. The retrospec-
tively ECG-gated dual-energy spiral mode allows for func-
tional analysis of the left ventricle as well as the display of 
myocardial iodine distribution as a measure of myocardial 
perfusion and thus detection of myocardial ischemia [24, 
25]. In addition, late enhancement dual-energy acquisition 
can provide auxiliary information about chronic myocar-
dial infarction [26]. Therefore, especially in patients with 
a high likelihood for perfusion abnormalities or chronic 
ischemic changes, the use of dual-energy acquisition may 
be beneficial. Hence, this is our preferred examination 
mode in emergency room patients referred for evaluation 
of acute chest pain. Figure 3 demonstrates a case with acute 
occlusion of the left anterior descending artery and corre-
sponding dual-energy perfusion images. However, DECT 
requires a low and stable heart rate since the temporal reso-
lution with 140 ms is significantly lower than with the dual-
source mode (75 ms). Therefore, we use the conventional 
dual-source spiral mode with retrospective ECG-gating 

Fig. 1   A 66-year-old male outpatient with a history of hypercholes-
terolemia and intermittent chest pain referred for coronary CT angi-
ography. Patient showed a stable sinus rhythm with 53  bpm after 
betablockers had been administered. Thus, prospectively ECG-gated 
high-pitch spiral protocol was chosen for coronary CT angiography. 
Curved multiplanar reconstructions (Aquarius iNtuition, TeraRecon, 
Foster City, CA, USA) show patent coronary arteries with no signs of 
coronary artery disease

Fig. 2   A 58-year-old male outpatient with a history of type-2 diabe-
tes referred for coronary CT angiography due to suspected coronary 
artery disease. Patient showed a stable sinus rhythm with 66  bpm 
after betablockers had been administered. Therefore, a prospectively 
ECG-synchronized sequential protocol was selected. Axial arterial 
(a) and curved multiplanar reconstructions (b) (Aquarius iNtuition, 
TeraRecon, Foster City, CA) demonstrate a high-grade stenosis of the 

left anterior descending artery proximal to a large intravascular cal-
cification (big arrows). Furthermore, there is complete occlusion of 
the first diagonal branch (small arrows). Additional invasive coronary 
angiography confirmed both findings in this patient (c) with severe 
3-vessel coronary artery disease who later underwent coronary artery 
bypass grafting
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in patients with heart rates above 70 bpm in whom func-
tional analysis is required. Figure 4 demonstrates a case in 
which retrospectively gated DSCT spiral acquisition was 
selected due to atrial fibrillation and a coronary aneurysm 
was detected.

As cardiac DSCT can provide accurate and reproducible 
assessment of left and right ventricular function in com-
parison with magnetic resonance imaging [27, 28], retro-
spectively ECG-gated acquisition protocols for cCTA are 
still commonly used to gain information of the full cardiac 
cycle although the resulting dose is higher compared to 
prospectively ECG-gated protocols. Seneviratne et al. [29] 
also highlighted the importance of assessing left ventricu-
lar function as it may improve the diagnostic accuracy for 
acute coronary syndrome in patients with acute chest pain. 

Takx et al. [30] demonstrated that prospectively ECG-trig-
gered cardiac DSCT may permit accurate quantification of 
left and right ventricular function and reported a mean radi-
ation dose of 6.2 ± 1.8 mSv for this technique. In our pre-
sent study, retrospectively ECG-gated dual-energy acquisi-
tion resulted in a mean radiation dose of 3.96 ± 1.16 mSv. 
Therefore, in our opinion, dual-energy cCTA currently 
remains a reliable, dose-saving protocol which allows for 
retrospectively ECG-gated analysis of left and right ven-
tricular function.

The results of this study should be interpreted in the 
context of the study design and consequent limitations. 
First, the size of the examined study groups is limited. 
However, our results are comparable to those of similar 
previous studies analyzing estimated dose and objective 

Fig. 3   A 80-year-old male patient referred by the emergency depart-
ment with acute chest pain and inconclusive electrocardiographic 
findings and laboratory results. Patient was clinically stable during 
preparation for CT imaging and showed a stable sinus rhythm of 
69  bpm and was, therefore, examined using a retrospectively ECG-
gated dual-energy protocol. Axial images (a) demonstrate a com-
plete occlusion of the left anterior descending artery (big arrow) and 
curved multiplanar reconstructions (b) (Aquarius iNtuition, Ter-

aRecon, Foster City, CA, USA) furthermore depict multiple intracor-
onary calcifications. Dual-energy perfusion images (c) reconstructed 
on a dedicated workstation (HeartPBV, Siemens Healthcare) show 
a perfusion deficit (big arrow) in the corresponding vessel territory. 
Invasive coronary angiography (d) confirmed the total occlusion of 
the left anterior descending artery (big arrow). The patient underwent 
invasive reperfusion and stenting in multiple coronaries due to severe 
3-vessel coronary artery disease
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image quality for cCTA using DSCT [3, 5, 16]. Second, 
patient weight was not recorded and, therefore, measured 
horizontal and vertical thoracic diameters were compared 
as described in previous studies [16]. However, the mean 
thoracic diameters were largest in the groups examined 
using prospectively ECG-gated data acquisition protocols 
which also resulted in the lowest estimated dose. There-
fore, the dose-saving effects of prospectively ECG-gated 
protocols might be even more distinct in a more diversified 
study population. Third, severity of CAD was neither doc-
umented nor compared as it was not aim of this study and 
did not interfere with any measurement of objective image 
quality in this study determined by the observers. Fourth, 
iterative reconstruction techniques were not used, as this 
was not goal of the study and differences between the vari-
ous iterative reconstruction techniques may have compro-
mised the comparability of image quality. However, prior 
studies have demonstrated that iterative reconstruction 

allows for noise reduction and hence improvement of 
image quality and potentially reduction of radiation dose 
[20, 31].

In conclusion, our results demonstrate that prospectively 
ECG-gated cCTA protocols result in significantly less 
radiation dose exposure than retrospectively ECG-gated 
DSCT protocols in a clinical routine setting. All assessed 
second-generation DSCT protocols showed consistently 
high objective and subjective image quality. If data of the 
full cardiac cycle are required, e.g., for functional analysis, 
the dual-energy spiral acquisition mode should be preferred 
in patients with low and regular heart rate over the dual-
source mode as it results in significant dose reduction with-
out compromising diagnostic image quality.

Conflict of interest  Ralf W. Bauer and J. Matthias Kerl are on the 
speakers’ bureau of Siemens Healthcare, Computed Tomography divi-
sion. However, both co-authors did not analyze or control any data in 
this study. All other authors have nothing to disclose.

Fig. 4   A 66-year-old male 
patient referred for coronary CT 
angiography due to suspected 
coronary anomaly based on 
prior transthoracic echocar-
diographic findings. As the 
patient had been diagnosed 
with chronic atrial fibrillation 
and presented with a heart rate 
of 96 bpm, a retrospectively 
ECG-synchronized dual-
source acquisition technique 
was selected. Images from CT 
coronary angiography show a 
high diagnostic image quality 
with no evident motion artifacts. 
Axial scans (a) demonstrate an 
aneurysm of the left circumflex 
artery (big arrow). Images from 
curved multiplanar recon-
structions (b, c) and virtual 
rendering techniques (d) (both 
Aquarius iNtuition, TeraRecon, 
Foster City, CA, USA) improve 
depiction of the aneurysm (big 
arrows)
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