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Objective: To compare electrocardiographic (ECG)-

triggered high-pitch (HP) dual-source CT angiography

(CTA) with non-ECG-triggered HP CTA of the aorta,

particularly the ascending aorta, with regard to image

quality, motion artefacts, contrast-to-noise ratio (CNR),

signal-to-noise ratio (SNR) and radiation dose.

Methods: 59 consecutive patients who had been referred

for CTA for known or suspected aortic disease, previous

aortic intervention or planned transapical or transfemoral

aortic valve implantation were prospectively included.

Patients underwent CTAs with HP, using a dual-source

CTA system, with [control group (Group A); n530] or

without (Group B; n529) ECG triggering after random-

ization. For evaluation, image quality and a motion

artefact score (MAS) were assessed in a blinded fashion

at different predefined anatomic regions. CNR and SNR

were measured at the same levels. Radiation dose

estimates and contrast enhancement were compared

between the two groups.

Results: There were no significant differences for image

quality and MAS. The intra-arterial contrast resolution

was significantly higher at the level of the aortic arch and

descending aorta in the non-triggered group (CNR

values, p50.002–0.018). No significant differences in

the radiation dose were found.

Conclusion: Non-triggered HP dual-source CTA provided

comparable results with regard to image quality, MAS, CNR,

SNR and radiation doses compared with ECG-triggered HP

CTA. Therefore, ECG triggering of the ascending aorta

might be obviated when HP scanning is available.

Advances in knowledge: HP dual-source CTA might

obviate ECG triggering in the ascending aorta. Non-

triggered HP CTA of the ascending aorta provides an

excellent image quality.

INTRODUCTION
The visualization of the ascending aorta, aortic arch and
adjacent vessels with CT angiography (CTA) is anatomi-
cally complicated by the proximity to the heart and,
consequently, the risk of pulsation artefacts. Electro-
cardiographic (ECG)-triggering techniques were in-
corporated into modern CT examination protocols in
order to overcome these limitations in the diagnosis of
pathological changes of the ascending aorta and are
recommended to avoid additional scans due to motion
artefacts.1–4

Through the introduction of second-generation dual-
source scanners with faster acquisition times and an im-
provement in temporal resolution, image quality in aortic

imaging has become less dependent on heart rate5,6 and
pulsation artefacts seem to occur less frequently.6 Further,
it has been reported that the use of the high-pitch (HP)
mode provides the possibility of image acquisition within
one cardiac cycle, with less radiation exposure and less
motion artefacts, but with the potential risk of increased
image noise, compared with acquisitions using single-source
systems and commonly used pitch factors below 1.5.5,7–9

As a result, ECG triggering of the aorta might no longer be
required when using HP dual-source CT techniques. And
this would obviate the need for complex patient prepara-
tions and longer in-room times,6 which may represent
a critical factor in an emergency setting;1 e.g. aortic
dissection.
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While a number of studies have claimed that ECG triggering is
essential for visualizing the ascending aorta with sufficient
diagnostic image quality,2–4,10 other studies have described
a similar or even lower radiation dose and excellent image
quality for non-ECG-triggered protocols at HP values com-
pared with both ECG-triggered and slow-pitch retrospectively
gated protocols.5,6

The diagnostic image quality obtained by using the HP mode
without ECG triggering in the visualization of the ascending
aorta, aortic arch and subsequent vessels has not been described
extensively yet, and since the application of higher pitch values
leads to an increase of noise,8,9 it is all the more important to
evaluate the image quality at HP values.

The purpose of this prospective study, therefore, was to compare
non-ECG-triggered HP dual-source CTA of the aorta with ECG-
triggered HP dual-source CTA, with regard to image quality,
motion artefacts, contrast-to-noise ratio (CNR), signal-to-noise
ratio (SNR) and radiation dose, with a special focus on the
ascending aorta.

METHODS AND MATERIALS
Study population
This study was performed as a prospective, randomized, mon-
ocentric, double-blinded study between December 2010 and
March 2011. Based on a sample size analysis to provide a power
of 80% and an alpha level of 5% to detect a difference of $0.3 in
the distribution of the image quality assessments, a sample size
of 30 patients for each group was estimated.

59 consecutive patients (female : male525 : 34), with a mean
age of 66.686 14.38 years (range, 31–91 years; n5 59) and
a mean body mass index (BMI) of 26.416 4.70 (range,
14.26–40.81; n5 58), referred to CTA for known and suspected
aortic disease or known history of previous aortic intervention,
or for a planned transapical or transfemoral aortic valve im-
plantation procedure, were prospectively enrolled and ran-
domized into two groups (Group A with ECG triggering,
n5 30; and Group B without ECG triggering, n5 29). The
mean heart rate in the group with ECG triggering was 67.176
12.76 beats per minute (bpm) (52–100 bpm, n5 30) compared
with 71.296 12.40 bpm (57–95 bpm, n5 7) in the non-
triggered group. No premedication for heart rate control was
added to the patient’s baseline medication prior to examination
by the radiologists.

Indications for CTA of the aorta included the evaluation of
known aortic aneurysms (n5 10; Group A 5 6 and Group
B 5 4), suspected aneurysms (n5 4; Group A 5 2 and Group
B 5 2), evaluation of suspected Type A/B aortic dissection
(n5 2; Group A 5 1 and Group B 5 1), control examination of
known Type A/B dissection (n5 2; Group A 5 1 and Group
B 5 1), post-operative evaluation after aortic replacement
(n5 16; Group A 5 7 and Group B 5 9), control examination
after stent-graft implantation (n5 4; Group A 5 3 and Group
B 5 1), and evaluation prior to a transapical or transfemoral
aortic valve implantation (TAVI) (n5 15; Group A 5 9 and
Group B 5 6), evaluation post TAVI (n= 1; Group A= 0 and

Groop B= 1) a search for the origin of emboli (n5 1; Group
A 5 0 and Group B 5 1) and suspected aortic valve disease
(n5 4; Group A 5 1 and Group B 5 3).

After obtaining the written informed consent, patients were
randomized into two groups using QuickCalcs© (Graph Pad,
San Diego, CA). Subsequently, patients underwent CTAs of
the aorta using the new HP mode (flash) either with ECG
triggering (Group A) or without ECG triggering (Group B).
To be included in this prospective study, patients had to
have been 18 years of age or older with a referral for a CTA
of the thoracic aorta at least. Patients with renal impair-
ment, defined as serum creatinine levels over 1.3 mg dl21 or
an estimated creatinine clearance ,60 ml per min (esti-
mated glomerular filtration rate #60mlmin21/1.73m2),
known allergy to iodinated contrast media, untreated hyper-
thyroidism, left heart failure, pregnancy or breast feeding were
not included.

The local institutional review board approved the study.

CT acquisition and post-processing
All examinations were performed on a second-generation dual-
source CT system (SOMATOM Definition Flash; Siemens
Medical Systems, Erlangen, Germany). Patients underwent
CTA from the level of the carotid bifurcation down to the
femoral bifurcation. Iopamidol, a non-ionic iodinated contrast
medium, was used at a concentration of 400-mg iodine per
millilitre for all CT studies (Iomeron 400; Bracco, Milan, Italy)
(blinded) and was injected using a power injector (Angiomat
CT, Digital Injection System; Liebel-Flarsheim Company,
Cincinnati, OH).

The detailed examination protocol for Group A consisted of an
initial flash scan, which was performed from the level of the
carotid bifurcation to the celiac trunk at 60% of the RR interval.
A prospective ECG-triggered algorithm with a fixed pitch factor
of 3.4 was used, with a slice collimation of 23 1283 0.6mm
and a gantry rotation time of 280ms. The tube potential was set
to 120 kV. Patients with an indication for complete aortic as-
sessment received a second scan (28 out of 29 patients). With
a delay of 4 s, a second scan was performed from the celiac trunk
to the femoral bifurcation, with a fixed pitch value of 2.5 and
120 kV. This delay of 4 s is provided and defined by the scanner
and represents the minimal possible delay between two scans in
different (with and without ECG synchronization) modes. All
patients received an injection of a total of 120-ml contrast ma-
terial, as described above, at a flow rate of 4 ml s21, followed by
40ml of saline solution.

Patients in Group B were investigated with a single acquisition
from the level of the carotid bifurcation up to the femoral bi-
furcation, with a pitch factor fixed at 3.2 and a slice collimation
of 23 1283 0.6mm. The gantry rotation time was 280ms and
the tube potential was 120 kV. Because of the decreased duration
of the examination, the contrast injection protocol used was
slightly different from that used in Group A and consisted of
a total volume of 110ml at a flow rate of 5ml s21, followed by
40ml of saline solution.
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In both groups, dose reduction techniques, including online
dose modulation (automatic exposure control CARE dose 4D;
Siemens Medical Systems, Erlangen, Germany), were applied.
The monitoring delay in both groups was 10 s, with reference
scans obtained every second up to a predefined trigger
threshold (ECG-triggered group: 130 HU; non-ECG-triggered
group: 150 HU), and after a post-threshold delay (ECG-
triggered group: 10 s; non-ECG-triggered group: 15 s),
delineation of the aorta was initiated at the level of the
supra-aortic vessels.

Images were exported to a picture archiving and communication
system (Impax ES; Agfa, Mortsel, Belgium).

Analysis
Contrast-to-noise ratio, signal-to-noise ratio and
figure of merit
CNR and SNR were assessed as image quality parameters, as
described previously.8,11,12

The following equation11 was used to calculate CNR and
SNR values:

CNR5 ðHUves 2 HUmuscleÞ=SD BN; and
SNR5 ðHUves=SD BNÞ

where HUves describes the attenuation value within the vessel
and HUmuscle describes the attenuation value within the muscle
at the same level. The standard deviation background noise (SD
BN) was the average standard deviation of the surrounding air at
the right, left and anterior positions.

Intravascular attenuation values (Hounsfield units) were mea-
sured on axial slices reconstructed to a slice thickness of 3mm,
with 2-mm increments at four predefined anatomic levels, in-
cluding the level of the aortic valve, aortic arch and descending
aorta (celiac artery) and above the aortic bifurcation. At the
same levels, CT attenuation values were obtained from the
muscles (the sternocleidomastoid muscle or erector spinae
muscle), and background noise was obtained from three areas of
the surrounding air (right, left and anterior) (Figure 1). The size
and area of all region-of-interest measurements were kept as
large as possible (area$0.76 cm2) for all measurements while
avoiding the inclusion of plaques and calcifications.

One radiologist (AW) performed the CNR and SNR measure-
ments in a single session and was blinded to the scan tech-
nique used.

Further, the “figure of merit” (FOM) was calculated to evaluate
the CNR independent of the tube current–time product
according to a formula previously applied by others:6

FOM5
�
CNR2

��
CDTIVol

Image quality and motion artefact score
One experienced radiologist (CL) analyzed the images of the
thoracic series in two independent readout sessions with an
interval of 6 months in between. The radiologist was blinded to
the patient information and to the acquisition parameters used.
The analysis was performed based on axial slices reconstructed as
described above (3-mm slice thickness with 2-mm increments).

Figure 1. Examples of CT angiography attenuation measurements at different levels. (a) The three-dimensional volume-rendered

image reconstruction showing an excellent image quality in a non-triggered examination; images (b, c) were acquired using the

non-gated protocol, whereas images (d, e) were acquired using the electrocardiographic-triggered mode. The anatomic levels

represent those where the vessel enhancement [Hounsfield units (HU)] and parameters for contrast-to-noise ratio (CNR) and

signal-to-noise ratio (SNR) calculation were assessed. As described in image (b), the CNR and SNR were calculated based on the

assessed HU of the muscles (M) at three points in the air (A) and within the vessels (V) (c-e; circles).
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Image quality was assessed through six predefined anatomic
structures, including the aortic valve (sinus valsalva), right coronary
artery (RCA) and left marginal artery (LMA) (origin of coronary
arteries), supra-aortic vessels, aortic wall (mid ascending segment)
and descending aorta. Image quality was rated using a four-point
scale (0 5 excellent, 1 5 good, 2 5 moderate and 3 5 non-
diagnostic image quality). In addition, a motion artefact score was
assessed using a four-point scale (0 5 all details clear and assess-
able, no or minimal motion artefacts, 1 5 mild motion artefacts,
2 5 severe motion artefacts and 3 5 non-diagnostic image quality).

Intraobserver variability was also calculated. Image examples are
provided in Figure 2.

Radiation exposure
To estimate the radiation dose, the dose–length product (DLP)
and the effective dose (EDLP) were determined. The DLP was
obtained from an automatically generated protocol, based on
the CT dose index. The ED was calculated according to the
method and conversion factors described in the “European
guidelines on quality criteria for computed tomography”.13

As a conversion factor for the entire aorta (kAORTA), we used
0.017mSv/(mGy3 cm).14 The following equation was used to
calculate the ED:11,14

EDLP ½mSv=ðmGy3 cmÞ�5DLP ðmGy3 cmÞ
3 kAORTA ½mSv=ðmGy3 cmÞ�

Statistical analysis
All statistical analyses were performed using SPSS (SPSS® Mac,
v. 20.0; IBM Corp., New York, NY; formerly SPSS Inc., Chicago,
IL). Continuous data were expressed as mean6 standard de-
viation and discrete data as frequencies and percentages.
A p-value below 0.05 was considered statistically significant.

To evaluate the distribution of the biological gender between both
groups, x2 test was used. Differences in patient characteristics (BMI
and age) were compared between both protocols using an unpaired
t-test. Shapiro–Wilk and Kolmogorov–Smirnov tests were per-
formed to assess the distribution of the data. The Mann–Whitney
U-test for continuous variables and the unpaired t-test were used to
assess the differences between the ECG-triggered and the non-
ECG-triggered protocol with regard to CNR, SNR, DLP and ED.
A difference with a p-value of ,0.05 was considered significant.
Intraobserver agreement for subjective image quality assessment
was determined by performing a Cohen’s kappa analysis and was
interpreted as described elsewhere5 (“k-value .0.81 5 excellent
interobserver agreement; 0.61–0.80 5 good; 0.41–0.60 5
moderate; 0.21–0.40 5 fair; and ,0.20 5 poor agreement”).5

Figure 2. Image quality: axial CT angiography images at the height of the aortic valve and at the right coronary artery (RCA) ostium,

given as examples of the evaluation of motion artefacts at the aortic valve and RCA; 0 5 excellent (no to minimal motion artefacts),

1 5 good (mild motion artefacts), 2 5 moderate (severe motion artefacts) and 3 5 non-diagnostic. None of the aortic valves

assessed were evaluated as non-diagnostic.

Table 1. Patient characteristics

Total Group A (ECG triggered) Group B (non triggered)

Number of patients 59 30 29

Sex (female/male) 25/34 10/20 15/14

Age (years) 6 SD (range) 66.68 6 14.38 (31–91) 67.43 6 13.74 (32–87) 65.90 6 15.21 (31–91)

BMI (kg/m2) (range) (n) 26.41 6 4.70 (14.26–40.81); (58) 26.10 6 5.32 (14.26–40.81); (29) 26.73 6 4.07 (19.91–36.98); (29)

BMI, body mass index; ECG, electrocardiographic; SD, standard deviation.
Statistics revealed no significant differences among the groups with regard to sex, age and BMI. Height and body weight were not documented in one
patient and, therefore, the BMI could not be obtained.

BJR Wielandner et al

4 of 11 birpublications.org/bjr Br J Radiol;89:20160174

http://birpublications.org/bjr


Differences in image quality and motion artefacts were assessed
using the x2 test and Mann–Whitney U-test.

RESULTS
Patient characteristics
Patient characteristics are summarized in Table 1. Both groups
were similar with respect to age (p5 0.68), sex (p5 0.19), BMI
(p5 0.616) and heart rates (p5 0.43). One examination was
documented twice and therefore, 59 patients were ultimately
enrolled in the study. In addition, for one patient, height and
weight were not recorded. To avoid miscalculations based on

missing data, the image and radiation dose assessments of even
these patients were included in the statistical analysis.

CT attenuation values
The vessel attenuation measured in Hounsfield units was sig-
nificantly higher in the non-triggered group in the descending
aorta (level of the aortic valve, p5 0.017; celiac artery,
p5 0.002). Attenuation values for the muscles, and also for the
background noise (BN), did not reveal significant differences in
any region other than in the descending aorta at the level of the
celiac artery (BN, p, 0.05). The CNR, SNR values and FOM

Table 2. Results of image noise, estimated radiation dose and scan range

Region Parameter
Group A (ECG

triggered)
Group B

(non-triggered)
Differences

in %
Group A vs Group

B (p-level)

Aortic valve

Vessel (HU) 355.74 6 78.09 389.29 6 99.30 9.4 n.s.

Muscle (HU) 35.16 6 11.25 35.29 6 9.86 0.3 n.s.

BN (SD) 13.22 6 1.76 12.97 6 1.68 21.9 n.s.

CNR 25.82 6 8.52 27.78 6 9.46 7.5 n.s.

SNR 28.58 6 9.22 30.54 6 9.23 6.8 n.s.

FOM 108.59 6 71.87 130.31 6 97.52 20 n.s.

Aortic arch

Vessel (HU) 370.17 6 75.59 417.58 6 104.55 12.8 n.s.

Muscle (HU) 40.72 6 13.35 38.93 6 11.41 24.4 n.s.

BN 11.77 6 1.76 10.70 6 2.33 29 n.s.

CNR 28.50 6 7.59 36.37 6 10.92 27.6 0.002

SNR 32.07 6 8.24 40.17 6 11.18 25 0.003

FOM 140.87 6 90.98 219.68 6 137.51 55.94 0.012

Descending aorta (level of the
aortic valve)

Vessel (HU) 335.41 1 72.05 389.83 6 95.55 16 0.017

Muscle (HU) 35.16 6 11.25 35.29 6 9.86 0.37 n.s.

BN 13.22 6 1.76 12.97 6 1.68 21.9 n.s.

CNR 24.22 6 8.93 27.77 6 8.84 14.6 n.s.

SNR 27.07 6 9.57 30.52 6 8.63 10.2 n.s.

FOM 76.69 6 48.41 128.44 6 90.65 61.17 0.011

Descending aorta (level of the
celiac artery)

Vessel (HU) 325.17 6 83.80 404.34 6 99.66 24.3 0.002

Muscle (HU) 45.78 6 10.51 45.90 6 12.79 0.3 n.s.

BN 25.23 6 5.07 22.05 6 2.91 212.6 0.005

CNR 21.98 6 7.62 27.27 6 8.17 24 0.013

SNR 25.65 6 8.11 30.79 6 8.12 20 0.018

FOM 77.79 6 59.17 122.76 6 85.09 57.80 0.027

Descending Aorta (level of
the aortic bifurcation)

Vessel (HU) 333.14 6 122.86 426.76 6 104.96 28.1 0.003

Muscle (HU) 43.44 6 11.82 40.2 6 11.52 27.5 n.s.

BN 13.04 6 2.70 11.98 6 3.03 28.8 n.s.

CNR 24.39 6 11.10 33.48 6 10.09 37.2 0.002

SNR 27.87 6 11.43 37.02 6 10.37 32.8 0.002

FOM 107.27 6 129.32 189.85 6 121.77 76.98 0.014

BN, background noise; CNR, contrast-to-noise ratio; ECG, electrocardiographic; FOM, figure of merit; HU, Hounsfield units; n.s., not significant; SD,
standard deviation; SNR, signal-to-noise ratio.
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values were significantly higher only at the level of the aortic
arch (CNR, p5 0.002; SNR, p5 0.003) and descending aorta
(celiac artery CNR5 0.013, SNR5 0.018; aortic bifurcation
CNR5 0.002, SNR5 0.002). The CTA attenuation values are
presented in detail in Table 2 and Figure 3a–c.

Image quality
The image quality was comparable between the triggered
(Group A) and the non-triggered groups (Group B). Most of the
images were assessed as “excellent” to “good”. The following
paragraph will summarize the percentages of structures rated as
“excellent” to “good” and mention the structures rated as not
assessable. A detailed description can be found in Table 3.

“Excellent” to “good” was applied to the images of the: aortic
valve in 77.6% (Group A) compared with 82.8% (Group B);

aortic wall in 100% (both groups); supra-aortic vessels in
100% (both groups); LM in 83.3% (Group A) compared with
89.6% (Group B); and the RCA in 63.3% (Group A) compared
with 75.9% (Group B). Further, both groups had one patient
each in whom the RCA was not assessable owing to severe
motion artefacts.

There were no significant differences in the subjective image
quality between the groups (p5not significant) (Table 3)
(Figure 4).

Motion artefact score
In both groups, images were assessed as “all details visible and
assessable” to “mild artefacts” in over 80% of all the images
(Group A: 43.3% “all details visible and assessable”, 46.7% “mild
artefacts” and 10% “severe artefacts”; Group B: 65.5% “all

Figure 3. Comparison of objective image quality between both scan modes: attenuation values [Hounsfield units (HU)], contrast-to-

noise ratio (CNR) and signal-to-noise ratio (SNR). Box and whisker plots were used to graphically depict the attenuation values (a),

CNR (b) and SNR (c). ECG, electrocardiographic; n.s., not significant.
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details visible and assessable”, 20.7% “mild artefacts” and 13.8%
“severe artefacts”). There were no significant differences between
both groups with regard to motion artefacts (Table 3).

Intraobserver agreement
Intraobserver agreement for image quality was excellent for
both groups (Group A, k5 0.829; Group B, k5 0.934). Motion

artefacts at most levels were assessed with excellent agreement
(aortic valve—Group A 5 93.3%, Group B 5 89.6%; aortic
wall—Group A 5 86.6%, Group B 96.5%; LM—Group
A 5 93.3%, Group B 5 96.5%; RCA—Group A 5 86.6%,
Group B 5 93.1%; and supra-aortic vessels—Group A 5 93.3%,
Group B 5 96.5%). The intraobserver agreement and Cohen’s
kappa for each assessment are summarized in Table 3.

Table 3. Results of image quality and motion artefact score

Location
Image
quality

Group A (ECG
triggered) (n5 30)

Group B (non-
triggered) (n5 29)

Agreement/n, agreement
in %, kappac

First Second
Both
in %

First Second
Both
in %

Group
A

Group
B

Aortic valvea

0 8 10 26.7 13 13 41.4 /n 28/30 26/29

1 15 13 50 12 11 41.4 % 93.3 89.6

2 7 7 23.3 4 5 17.2 k 0.896 0.833

3 0 0 0 0 0 0

Aortic walla

0 25 29 83.3 27 28 93 /n 26/30 28/29

1 5 1 16.7 2 1 6.9 % 86.6 96.5

2 0 0 0 0 0 0 k 0.294 0.651

3 0 0 0 0 0 0

Supra-aortic
vesselsa

0 24 26 80 28 27 93.1 /n 28/30 28/29

1 6 4 20 1 2 6.9 % 93.3 96.5

2 0 0 0 0 0 0 k 0.762 0.651

3 0 0 0 0 0 0

Descending
aortaa

0 29 28 93.2 29 27 93.1 /n 29/30 27/29

1 1 2 6.8 0 2 6.9 % 96.6 93.1

2 0 0 0 0 0 0 k 0.651 d

3 0 0 0 0 0 0

LMAa

0 16 15 50 19 18 58.6 /n 28/30 28/29

1 10 10 33.3 8 9 31 % 93.3 96.5

2 4 5 16.7 2 2 10.3 k 0.889 0.931

3 0 0 0 0 0 0

RCAa

0 9 7 23.3 9 9 27.6 /n 26/30 27/29

1 12 12 40 13 13 48.3 % 86.6 93.1

2 8 10 33.3 6 6 20.7 k 0.804 0.895

3 1 1 3.3 1 1 3.4

Motion
artefact scoreb

0 3 14 43.3 19 18 65.5 /n 27/30 28/29

1 13 13 46.7 6 7 20.7 % 90 96.5

2 14 3 10 4 4 13.8 k 0.829 0.934

3 0 0 0 0 0 0

ECG, electrocardiographic; LMA, left marginal artery; RCA, right coronary artery.
aImage quality: 0 5 excellent, 1 5 good, 2 5 moderate and 35 non-diagnostic image quality. In case of disagreement between two readouts, the lower
score was chosen for the overall %.
bMotion artefact score: 0 5 all details visible and assessable, 1 5 mild motion artefacts, 2 5 severe motion artefacts and 3 5 non-diagnostic.
cIntraobserver agreement: k .0.81 5 excellent intraobserver agreement; k 0.80–0.61 5 good; k 0.60–0.41 5 moderate; k 0.40–0.21 5 fair; and k ,0.20
5 poor.
dKappa cannot be computed when one variable is a constant.
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Dose–length product and effective dose
Radiation dose estimates (EDLP) in the ECG-triggered group
(Group A) reached 11.196 2.11mSv compared with an ED of
10.246 2.01mSv within the non-triggered group (Group B).
The median scan range in the ECG-triggered group was
778.696 95.30mm and the median scan range in the non-ECG-
triggered group was 765.636 137.19mm. Differences were not
statistically significant (DLP, p5 0.084; ED, p5 0.084; scan
range, p5 0.675) (Table 4) (Figure 5a,b).

DISCUSSION
Assessment of the ascending aorta and adjacent structures is
especially prone to motion artefacts owing to the proximity of
the heart, which can mimic or masquerade aortic disease.15–17

In acute aortic disease, but also for regular follow-up exami-
nations in chronic disease, it is essential to delineate the vessel
wall correctly for diagnosis, management and further
treatment.17,18 Ongoing improvements in aortic and cardiac
imaging have led to improved temporal and spatial resolutions
and reduction of the radiation dose.2,5,19 ECG triggering is
recommended to avoid motion artefacts;2,4 however, it also
leads to an increased in-room time and more complex patient
management.6 HP values on dual-source CTAs provide a bet-
ter temporal resolution, lead to decreased scan times6,20 and
might obviate the need for ECG triggering.6 Thus, the aim of
the present study was to compare a non-triggered HP CTA

with ECG-triggered HP CTA and to focus on the image
quality, motion artefacts, CNR and SNR values and radia-
tion dose.

In the data analysis, we did not find significant differences for
the image quality or for motion artefacts between the two
groups (excellent in most cases for both groups). This illustrates
the high image quality, even at the level of the ascending aorta,
for the non-triggered technique. An excellent image quality
using HP protocols was also reported in previously published
studies that assessed the aorta.5,6,21

In those studies, the authors reported a similar or even higher
image quality.5,6,21 However, it should be pointed out that these
previously published articles compared either the HP mode on
dual-source CTA with single-source CTA techniques6,21 or had
another focus and did not present data about adjacent structures
that are also prone to motion artefacts, e.g. the aortic arch, and
also did not report CNR and SNR.5

In contrast to previous publications,6,21 we compared two HP
modes on the same CTA system—either with or without ECG
triggering. This seems to be of importance for several reasons.
First, the fact that the same scanner was used for all patients
ensured that all patients were investigated by applying the same
radiation dose-saving tools. Consequently, any difference in

Figure 4. Comparison of high-pitch (HP) electrocardiographic (ECG)-gated CT angiography with and without ECG triggering.

Sagittal images using HP CT angiography for the delineation of aortic structures: image (a) was acquired using the ECG-triggered

protocol, whereas image (b) was acquired using the non-triggered protocol.

Table 4. Results of scan ranges and radiation dose estimates

Parameters
Group A (ECG

triggered)
Group B

(non-triggered)
Differences

in %
Group A vs Group

B (p-level)

Scan
range (mm)

778.69 6 95.30 765.63 6 137.19 21.7 n.s.

DLP
(mGy3 cm)

658.53 6 124.26 602.93 6 118.62 28.45 n.s.

ED (mSv) 11.19 6 2.11 10.24 6 2.01 28.45 n.s.

DLP, dose–length product; ECG, electrocardiographic; ED, effective dose; n.s., not significant.
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radiation exposure, as measured between the two groups,
should reflect the direct and real difference caused by the se-
lection of the acquisition technique, which is not necessarily
the case if two different scanners are compared. Second, since it
has already been shown that the use of an HP mode seems to be
advantageous compared with slow-pitch protocols,6 especially for
the fast acquisition of scans of the proximal aorta, it seems to be
of special interest to determine whether ECG triggering provides
some additional advantages when the same pitch is applied.

Our study revealed significantly higher image quality equivalents
(CNR and SNR) in the non-triggered group only at the height of
the aortic arch and the descending aorta. The calculation of the
FOM6 supports this finding. However, these findings could be
explained by differences in the arterial enhancement due to
differing iodine delivery rates, which result in varying contrast
material concentrations within the vessels while scanning. The
faster acquisition speed allowed for higher iodine delivery rates,
without increasing the total iodine application. Although a sim-
ilar amount and the same concentration of contrast material
were applied, different contrast administration protocols were
used because of the different scanning times. However, these
differences led to an iodine reduction of 10ml (total 110ml vs
120ml), and even a small reduction of contrast material is
beneficial for the patient.

Thus, this study showed that the shortening of the acquisition
time due to the application of an HP technique enables excellent
image quality, even without ECG synchronization, and higher
contrast enhancement at a lower total iodine dose.

In comparison with other studies,5,6,21 our study found no
significant differences for the radiation dose between ECG-
triggered HP CTA and non-triggered HP CTA. The reason the
dose reduction in the present study is diverse compared with

that of other previously published publications is that the im-
aging protocols applied in other articles differed much more
than those in the present article.5,6,8 For example, the funda-
mental dose reduction of up to 86%, as reported previously, was
achieved by comparing HP and standard pitch protocols.5,8 In
addition, the control group used retrospective triggering, which
reportedly led, per se, to higher radiation doses compared with
prospective triggering.5 Therefore, the differences shown are due
to not only the application of ECG triggering, but also the
control modes chosen. In contrast to that the major difference
between the groups in our study was whether or not ECG
triggering was applied and therefore, no major differences with
regard to dose reduction were expected.

Median ED values assessed in our study (of 10.24mSv, non-
triggered HP) are lower compared with prospectively triggered
CTAs at low pitch values, with comparable scan ranges
(14.13–18.622). An important difference in the radiation doses
reported in other articles is likely attributable to the differences
in the scan ranges and conversion factors. We applied a conver-
sion factor of 0.017mSv/(mGy3 cm) to calculate the ED, as
reported previously,14 whereas other studies used conversion
factors as low as 0.014mSv/(mGy3 cm).20 As a consequence,
our equation might have led to a higher estimated ED than
that in other studies. A factor of 0.017mSv/(mGy3 cm)
appears more appropriate in a scan of the thorax, abdomen
and pelvis.14

A limitation of our study is that the distribution of indications
between the groups is not identical. This is because consecutive
patients were prospectively randomized using a program called
QuickCalcs. Therefore, the distribution of pathologies between
the two groups was not influenced. Despite this, the groups seem
to be comparable and thus, it seems to be unlikely that these
minor differences had a major effect on the obtained results.

Figure 5. Comparison of the effective dose (EDLP) and dose–length product (DLP) between both groups. Box and whisker plots

were used to visualize the ED (a) and DLP (b). ECG, electrocardiographic; mSV, millisievert; n.s., not significant.
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In our study, the radiologist did not prescribe any heart rate
medication, and mean heart rates were not assessed for most of
the patients in the non-triggered group. However, a recent study
that addressed the necessity for beta-blocker premedication in
aortic HP CTA reports that a comparable image quality was
obtained without beta-blockers.23 Further, a comparable study
described a good image quality in the HP CTA of the aortic root
complex even at high heart rates.5

Another limitation is that two different examination protocols
were used for the two groups. Group A received an ECG-
triggered scan of the chest (thoracic scan) and a non-ECG-
triggered scan of the abdominal aorta (second series, abdominal).
Group B received one single scan (aortic flash scan). This was
performed to keep the radiation dose as low as possible. And, as
shown in Table 4, total scan ranges were very similar.

Another shortcoming is the use of two different contrast ma-
terial administration protocols. Owing to the decreased duration

of the non-ECG-triggered examination, the contrast injection
protocol used was slightly different from that used in the ECG-
triggered group. This might explain the differences found in the
CNR and SNR. However, this was necessary in order to preclude
incomplete enhancement and, consequently, a possible lack of
image quality.15 Given the higher SNR and CNR levels in almost
all territories for the non-triggered HP group, a reduction of the
total iodine dose, together with the iodine delivery rate, seems to
be possible when applying the non-triggered HP technique. This
should be confirmed in further studies.

CONCLUSION
Our study showed that HP CTA scanning without ECG trig-
gering provides an excellent image quality of the ascending aorta
equal to that of ECG-triggered HP scans. Furthermore, it seems
that the total iodine dose could be decreased by using this im-
aging technique. In conclusion, these prospectively acquired data
show that the HP mode may obviate the need for ECG triggering
in the assessment of the ascending aorta in CTA.
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