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Abstract

Objectives To compare accuracy, image quality and radia-
tion dose between high-pitch spiral and sequential modes on
128-slice dual-source computed tomographic (DSCT) angi-
ography in children with congenital heart disease (CHD).
Methods Forty patients suspected with CHD underwent
128-slice DSCT angiography with high-pitch mode and
sequential mode respectively. All the anomalies were con-
firmed by the surgical and/or the conventional cardiac angi-
ography (CCA) findings. The diagnostic accuracy, the
subjective and objective image quality and effective radia-
tion doses were compared.

Results There was no significant difference in diagnostic
accuracy (x°=0.963, P>0.05), the objective parameters for
image quality (P>0.05) and the image quality of great vessels
(u=167.500, P>0.05) between the two groups. The image
quality of intracardiac structures and coronary arteries was
significantly better in the sequential mode group than that in
the high-pitch group (#=112.500 and 100.000, P<0.05). The
mean effective dose in high-pitch group (0.17+0.05 mSv) was
significantly lower (=5.287, P<0.05) than that in the sequen-
tial mode group (0.29+0.09 mSv).

Conclusions Both the high-pitch and the sequential modes
for 128-slice DSCT angiography provide high accuracy for
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the assessment of CHD in children, while the high-pitch

mode, even with some image quality decrease, further sig-

nificantly lowers the radiation dose.

Key Points

* Modern CT provides excellent anatomical detail of
congenital heart disease.

* Dual source CT systems offer high-pitch spiral and
sequential modes.

e The high-pitch mode provides high accuracy for the
assessment of CHD.

* A few images using the high-pitch mode were occasionally
slightly degraded.

* But the high-pitch mode significantly lowers the radiation
dose.

Keywords Congenital heartdisease - Dual source CT - High-
pitch - Prospective ECG-triggering - Radiation exposure

Introduction

The recent rapid developments in multi-detector computed
tomography (CT) have made it an important tool in the
assessment of congenital heart disease (CHD) in children
[1-4]. Non-ECG-gated spiral CT is widely used for the
evaluation of thoracic and cardiovascular deformities in
paediatric patients with CHD [1, 2, 5]. Even without ECG-
gating, the origins and proximal segments of the coronary
arteries are frequently observed [6]; however, visualisation
of the coronary arteries was found to be age-dependent and
heart-rate-dependent [7]. Electrocardiography (ECG)-gating
should be applied for detailed assessment of coronary anat-
omy and intracardiac structures. Retrospective ECG-gated
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CT is associated with relatively high radiation dose for its
low pitch and overlapping data acquisition. Although the
integration of the dose-saving features of heart rate adaptive
pitch and ECG-controlled tube-current modulation can re-
duce the effective dose to 2—7 mSv for patients with CHD
[8], high radiation dose is still the major limitation for
retrospective ECG-gated CT. The radiation dose in ECG-
gated angiography can be reduced substantially by
performing prospective ECG-triggering sequential CT in
paediatric patients [9-15]. The “Step-and-Shoot” (SAS)
mode for dose reduction is characterised by administering
maximum tube current at a predefined time points of the
cardiac cycle; and this technique can reduce effective radi-
ation dose to 0.2-0.7 mSv in newborns and infants [8].

Recently, the second generation dual-source CT (DSCT)
system (Definition Flash, Siemens Healthcare, Forchheim,
Germany) equipped with two 128-slice acquisition detectors
has provided a high-pitch spiral mode. In this mode, data
acquisition is also prospectively triggered with the ECG. With
a very high pitch of 3.4 and fast table speed of 460 mm/s, the
entire volumetric data acquisition can be completed within
one single cardiac cycle [16, 17]. The radiation dose was
consequently reduced due to the fast, non-overlapping spiral
data acquisition. Recent studies have found that the new
prospectively ECG-triggered high-pitch mode is feasible in
adults with stable and low heart rates below 65 beats per
minute (bpm) or 70 bpm with an effective dose of less than
1 mSv [18-24]. Goetti et al. [25] reported that a systolic
acquisition window for high-pitch dual-source CT angiogra-
phy in patients with high heart rates (=70 bpm) significantly
improves the image quality of coronary arteries; therefore,
potential application of high-pitch mode in paediatric patients
with higher heart rates has become possible. The study of Han
et al. [26] demonstrated the feasibility and accuracy of high-
pitch CT imaging in young children with CHD.

To the best of our knowledge, no study had been done on
the evaluation and comparison of the performances of high-
pitch mode and sequential mode with 128-slice DSCT.
Thus, the purpose of this study was to compare the diag-
nostic accuracy, image quality and radiation dose of 128-
slice DSCT angiography in children with CHD by two
different protocols: a prospective ECG-triggered high-pitch
spiral (high-pitch mode) and a prospective ECG-triggering
sequential data acquisition (sequential mode).

Materials and methods
Patients
This study received approval from our institutional review

board and written informed consent was obtained from the
parents of all patients.
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Forty consecutive patients suspected with CHD referred
for DSCT examinations in our institution were enrolled in
this study. Twenty patients (mean age: 11.00+11.43 months,
age range: 1-48 months) underwent DSCT angiography
using high-pitch spiral data acquisition (high-pitch mode),
and the other 20 patients (mean age: 10.25+8.49 months,
age range: 1-30 months) were examined using prospective
ECG-triggering DSCT (sequential mode). Exclusion criteria
were nephropathy or hypersensitivity to iodinated contrast
medium. Except for surgery, conventional cardiac angiog-
raphy (CCA) is usually recognised as the “gold standard”
for diagnosing CHD [1, 27]. All the anomalies were con-
firmed by the surgical and/or the conventional cardiac angi-
ography (CCA) findings. Surgery was performed in 27
patients, and CCA was performed in 15 patients.

DSCT protocol

All examinations were performed on a second generation
DSCT scanner (Somatom Definition Flash, Siemens Health-
care, Forchheim, Germany). All patients were free-
breathing. Short-term sedation was achieved with oral ad-
ministration of chloral hydrate under the supervision of a
paediatrician. Anaesthesia was not performed. The scans
were performed in cranio-caudal direction from the aortic
arch to the bottom of the heart.

CT parameters were as follows: 028 s gantry rotation
time, 2%64x0.6 mm detector collimation, a slice collima-
tion 2 x 128 x(0.6 mm by z-flying focal spot technique, 80 kV
tube voltage and weight adapted setting for tube current (60
mAs/rotation for patients <5 kg body weight, 60—79 mAs/
rotation for patients 5-10 kg body weight, 80-120 mAs/
rotation for patients >10 kg body weight). In the high-pitch
mode, data acquisition was prospectively ECG-triggered,
starting at 10 % of the R-R interval using a pitch of 3.4. In
the sequential mode, the acquisition window was set at 40-
40 % of the R-R interval.

Iodinated contrast medium (Schering Ultravist, Iopro-
mide, 350 mg I/ml, Berlin, Germany) was injected via
peripheral veins at a volume of 1.5 ml/kg body weight with
a saline chaser of 1.0 ml/kg body weight. The delay between
the start of injection and the start of data acquisition was set
at 25 s. Injection rate was calculated as the total injected
volume divided by 25 s. For example, an 8-kg baby with
peripheral access would be injected with 12 ml contrast
medium and 8 ml saline at 0.8 ml/s.

DSCT data post-processing and analysis

Images were reconstructed with a slice thickness of
0.75 mm and increment of 0.5 mm using a medium
smooth-tissue convolution kernel (B26f). All images were
anonymous and transferred to an external workstation



Eur Radiol (2012) 22:2057-2066

2059

(Multiple Modality Workplace, Siemens Healthcare, For-
chheim, Germany) for further analysis. Multiplanar refor-
mation (MPR), maximum intensity projection (MIP) and
volume rendering (VR) were used for image interpretation.

Blinded to the results of surgical and/or CCA findings,
two cardiac radiologists with more than 5 years’ experience
interpreted the image quality of intracardiac structures and
great vessels using a five-grade scoring system (5, excellent;
4, good; 3, fair; 2, insufficient for complete evaluation; 1,
not interpretable) [11]. The proximal and middle segments
of coronary arteries were assessed using a five-grade scale
(Grade 95, clear visualisation without any motion artefacts;
Grade 4, mild motion artefacts, but still with high diagnostic
confidence; Grade 3, obvious blurring; moderate diagnostic
confidence; Grade 2, identified but equivocal, may simulate
other structures; Grade 1, severe motion artefacts; no coro-
nary segment visualised) [5]. The origins of the coronary
arteries were included in the proximal segments. Grades 3, 4
and 5 were considered sufficient for complete diagnosis. For
any disagreement in data assessment between the two
observers, consensus agreement was achieved.

To assess the image quality objectively, the noise and
signal-to-noise ratio (SNR) in the ascending aorta and the
pulmonary trunk were measured by one observer who was
not involved in the subjective image quality evaluation.
Attenuation was measured in the middle of the ascending
aorta and the pulmonary trunk in a 1-cm? circular region of
interest (ROI) on the 0.75-mm-thick axial images. The noise
was defined as the standard deviation of the attenuation
value, and the SNR was calculated as the ratio of the
attenuation value and the noise.

Radiation dose estimations

The volume CT dose index (CTDIvol) and dose-length
product (DLP) were obtained from the information generat-
ed by the CT system and the effective radiation dose (mSv)
was calculated from the DLP (mGy-cm) multiplied by 2.3 to
adapt it to the 16-cm phantom (the DLP for the body surface
area was given for a 32-cm phantom on the scanner protocol
and the conversion factor of 2.3 is scanner specific for
paediatric examinations at 80 kV as provided by the manu-
facturer). The corrected DLP value was then multiplied by
the infant-specific conversion coefficients given for a 16-cm
phantom: 0.039 mSv/[mGy-cm] for children up to 4 months,

0.026 mSv/[mGy-cm] between 4 months and 1 year of age,
and 0.018 mSv/[mGy-cm] between 1 year and 6 years of age
[11, 13, 15].

Statistics

Statistical analysis was performed by SPSS 17.0 software
(SPSS, Chicago, IL, USA). Results were expressed as
means =+ standard deviations for quantitative variables and
as frequencies or percentages for categorical variables. With
surgical and/or CCA results as the standard, the diagnostic
accuracy for the separate cardiovascular abnormalities was
evaluated. Comparative analysis of the diagnostic perform-
ances between the high-pitch spiral mode and the sequential
mode was obtained by non-parametric chi—squared test. The
image quality scores were compared by using the Mann—
Whitney U test. Interobserver agreement on grades of image
quality was assessed by kappa statistics (k>0.81, excellent
agreement; k=0.61-0.80, good agreement). The Student’sz-
test was performed to analyse the differences between the
two groups regarding patient demographics, image noise,
SNR and radiation dose. P <0.05 was considered statistical-
ly significant.

Results
Patient demographics

All 40 patients underwent successful scanning with either
high-pitch spiral mode or sequential acquisition. The male
patients in the high-pitch group and sequential acquisition
group were 13 (65 %) and 14 (70 %) respectively. Patients
were adequately matched regarding to the mean age (1=
0.236, P>0.05), mean body weight (¢=0.128, P>0.05) and
mean heart rate (#=0.565, P>0.05) during scan. The patient
demographics are given in Table 1.

Diagnostic accuracy

Using surgical and/or CCA findings as the reference stan-
dard, a total of 71 and 69 separate cardiovascular anomalies
were confirmed in the high-pitch group and sequential ac-
quisition group, respectively. Table 2 demonstrates the
details on separate cardiovascular abnormalities. Four cases

Table 1 Patient demographics
of high-pitch mode and sequen-

tial mode on 128-slice DSCT
angiography

Demographics High-pitch mode n=20  Sequential mode n=20 ¢ P

Mean age (months) 11.00+11.43 10.25+8.49 0.236 0.815
Mean body weight (kg) 7.75+£2.40 7.65+2.54 0.128 0.899
Mean heart rate during scan (bpm)  123.20+14.76 120.60+14.33 0.565 0.575
Mean acquisition time (s) 0.25+0.02 2.43+0.79 12.263  0.000
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Table 2 Findings at 128-slice DSCT high-pitch mode (#=20) and sequential mode (n=20) referring to surgical and/or conventional cardiac

angiography (CCA) results

Cardiovascular deformities High-pitch group

Sequential scanning group

Surgica/CCA results TP TN  FP  FN  Surgica/lCCAresults TP TN FP FN
Atrial septal defect 5 4 14 1 1 6 5 13 1 1
Ventricular septal defect 12 12 8 0 0 14 14 6 0 0
Right ventricular outflow tract stenosis 2 2 18 0 0 6 6 14 0 0
Double outlet right ventricle 1 1 19 0 0 2 2 18 0 0
Pulmonary artery atresia 4 3 16 0 1 2 2 18 0 0
Pulmonary artery stenosis 3 3 17 0 0 4 4 16 0 0
Dilated pulmonary artery 6 6 14 0 0 1 1 19 0 0
Anomalous origin of pulmonary artery 1 1 19 0 0 1 1 19 0 0
Anomalous pulmonary venous return 1 1 19 0 0 - - - - -
Patent ductus arteriosus 10 9 10 0 1 3 3 17 0 0
Overriding aorta 4 4 16 0 0 7 7 13 0 0
Coarctation of the aorta 6 6 14 0 0 4 4 16 0 0
Interrupted aortic arch 1 1 19 0 0 - - - - -
Right aortic arch 4 4 16 0 0 4 4 16 0 0
Aortopulmonary window 1 1 19 0 0 - - - - -
Transposition of the great arteries - - - - - 3 3 17 0 0
Major aortopulmonary collateral artery 6 6 14 0 0 5 5 15 0 0
Mirror-image heart - - - - - 1 1 19 0 0
Coronary artery anomaly 4 2 16 0 2 6 6 14 0 0
Total 71 66 268 1 5 69 68 250 1 1

TP true positive detection, TN true negative detection, FP false positive detection, FN false negative detection

of CHD are shown in Figs. 1, 2, 3, 4. The sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were 92.96 %, 99.63 %, 98.51 %
and 98.17 %, respectively for the high-pitch group, and
98.55 %, 99.60 %, 98.55 % and 99.60 %, respectively for

the sequential acquisition group. The diagnostic accuracy of
the high-pitch group and sequential group was 98.24 %
(334/340) and 99.38 % (318/320) respectively. There was
no significant difference in the diagnostic accuracy between
the high-pitch group and sequential acquisition group (x°=

Fig. 1 A 13-month old boy with coarctation of the aorta. Prospective
ECG-triggering high-pitch DSCT angiography was performed at 80 kV
and 60 mAs/rotation (effective radiation dose, 0.12 mSv). a Thick-
section oblique sagittal MIP shows ventricular septal defect (VSD) and
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patent ductus arteriosus (PDA) between aortic arch (4r) and main
pulmonary artery (MPA). b Thick-section oblique sagittal MIP and ¢
volume-rendered image show coarctation of the aorta (arrow) and
PDA. RVright ventricle, LVleft ventricle, DAdescending aorta
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Fig. 2 A 5-month-old girl with the diagnosis of anomalous origin of
the right pulmonary artery with atrial septal defect. Prospective ECG-
triggering high-pitch DSCT angiography was performed at 80 kV and
60 mAs/rotation (effective radiation dose, 0.18 mSv). a Multiplanar
reformatted image shows atrial septal defect (4SD). b Multiplanar
reformatted image and c¢ thick-section oblique coronal MIP show the
right pulmonary artery arising from the ascending aorta (44). RAright
atrium, LA left atrium, RPAright pulmonary artery, LPAleft pulmonary
artery, RVright ventricle, LVleft ventricle

0.963, P>0.05, Table 3). Both high-pitch spiral and
sequential CT data acquisitions failed to identify a small
atrial septal defect and misdiagnosed another atrial sep-
tal defect as a normal variant. One case of pulmonary

Fig. 3 A 4-month-old boy with the diagnosis of ventricular septal
defect and coronary artery anomaly. The sequential DSCT angiography
was performed at 80 kV and 60 mAs/rotation (effective radiation dose,
0.42 mSv). a MPR image shows ventricular septal defect (V'SD). b
MPR image shows anomalous RCA arose from the LAD. ¢ Volume-
rendered image (posterior view) shows a main aortopulmonary collat-
eral artery (MAPCA) arising from the DA. RVright ventricle, LVl]eft
ventricle, RCAright coronary artery, LADleft anterior descending,, DA
descending aorta

artery atresia and one case of patent ductus arteriosus
were not identified by high-pitch mode. Coronary artery
anomalies were missed in two patients (2/4) by high-
pitch mode, whereas six cases (6/6) of coronary artery
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Fig. 4 Mirror-image heart with
completed transposition of the
great arteries in a 2-month-old
girl. The sequential DSCT an-
giography was performed at

80 kV and 70 mAs/rotation (ef-
fective radiation dose,

0.63 mSv). a MPR image
shows the mirror-image heart
and atrial septal defect and
ventricular septal defect (V'SD).
b Thick-section oblique sagittal
MIP image and ¢, d volume-
rendered images show transpo-
sition of the great arteries, VSD,
patent ductus arteriosus (PDA,
black arrow) and coarctation of
the aorta (white arrow). RVright
ventricle, LVleft ventricle, RA
right atrium, LA left atrium, A4
ascending aorta, Araortic arch,
MPAmain pulmonary artery,
DAdescending aorta

anomalies were identified in sequential acquisition
group.

Image quality assessment

Diagnostic images (images graded 3 or more) were obtained
in sequential acquisition group. In the high-pitch group, the
image scores of intracardiac structures and great vessels
were 3 or more, but 30 % images (6/20) of proximal and
middle segments of coronary arteries in high-pitch group
were equivocal (images graded 2). The mean image quality

Table 3 Diagnostic performance of high-pitch mode and sequential
mode on 128-slice DSCT angiography

Modality Sensitivity Specificity PPV NPV Accuracy

High-pitch 9296 %  99.63 %  98.51 % 98.17 % 98.24 %
scan

Sequential 98.55%  99.60 %  98.55 % 99.60 % 99.38 %

scan

PPV positive predictive value, NPV negative predictive value

@ Springer

31
DAL
§ -
- =y
-
v
‘y
-

)

A

NG
-

score of intracardiac structures, great vessels and proximal
and middle segments of coronary arteries were 4.05+0.76,
4.55+0.60 and 3.35+1.14, respectively by high-pitch spiral
CT, and 4.65+0.49, 4.75+0.44 and 4.35+0.75, respectively
by sequential CT. The agreement on the image quality
scoring of the great vessels between the two observers was
excellent (k=0.84), and there was good agreement for the
image quality scoring of the intracardiac structures (k=0.79)
and the proximal and middle coronary arteries (k=0.79)
between the two observers. There was no significant differ-
ence in the image quality of great vessels between high-
pitch group and sequential acquisition group (u=167.500, P
>0.05). The image quality of both intracardiac structures
and the proximal and middle segments of coronary arteries
was better in the sequential group than that in the high-pitch
group (¥=112.500 and 100.000, P<0.05).

The mean attenuation, the mean noise and the mean SNR
in the ascending aorta and pulmonary trunk were 448.52+
91.50 HU vs 458.02+88.78 HU, 18.04+5.48 HU vs 17.73+
4.90 HU and 26.33+7.40 vs 27.86+9.96, respectively by
the high-pitch group, and 434.15+£93.77 HU vs 420.54+
112.21 HU, 15.98+3.50 HU vs 15.37+3.57 HU and 28.08+
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7.19 vs 27.98+6.13, respectively by the sequential group.
There was no significant difference between the high-pitch
group and the sequential group (P>0.05) regarding to the
mean attenuation, the mean noise and the mean SNR in the
ascending aorta and pulmonary trunk. The details of image
quality evaluation are shown in Table 4.

Radiation dose estimation

There was a significant difference in the CTDIvol (#=9.955,
P<0.05), DLP (¢=3.907, P<0.05) and the effective radia-
tion dose (#=5.287, P<0.05) between the high-pitch group
and the sequential group. The mean CTDIvol of the high-
pitch group and the sequential group was 0.27+0.08 mGy
(range: 0.16-0.46 mGy) and 0.71+0.18 mGy (range: 0.41-
1.14 mQGy) respectively. The mean DLP of the two groups
was 3.10+1.12 mGy-cm (range: 2-5 mGy-cm) and 5.10+
2.00 mGy-cm (range: 3-11 mGy-cm), resulting in a mean
estimated effective dose of 0.17+0.05 mSv (range: 0.08-
0.27 mSv) and 0.29+0.09 mSv (range: 0.17-0.46 mSv).
Radiation dose estimates are shown in Table 5.

Discussion

The second-generation DSCT is equipped with two indepen-
dent X-ray tubes and two detectors arranged at an angular
offset of 95°. Each detector enables data acquisition with 64
detector rows of 0.6 mm width, providing two sets of 128
overlapped 0.6-mm slices with the use of the z-flying focal
spot. With a gantry rotation time of the system of 0.28 s, a
quarter rotation for data reconstruction provides a temporal
resolution of 75 ms in the centre of the field of view [16, 17].
Dual-source geometry and high temporal resolution enable the
DSCT system to achieve a pitch value of up to 3.4 without
reconstruction gap [28].

The innovation of second-generation DSCT has enabled
high image quality in paediatric CT while constantly

reducing radiation dose [11, 26, 29, 30]. Our study demon-
strates that both the high-pitch mode and the sequential
mode of 128-slice DSCT share a high diagnostic accuracy
at low radiation dose. The accuracy of the high-pitch mode
and the sequential mode in diagnosing cardiovascular de-
formities was 98.24 % and 99.38 % respectively. Although
the image quality is mildly declined with the high-pitch
mode, it further lowers the radiation dose to 0.17+
0.05 mSv compared with the sequential mode.

Image quality

In high-pitch mode, data acquisition is completed in a single
cardiac cycle with a time window of approximately 0.25 s.
Heart rate is the key factor that influences the image quality
of the high-pitch spiral acquisition. In this mode, ECG is
used to trigger the start of the high-pitch data acquisition at a
pre-selected phase of the patient’s cardiac cycle. Since the
table needs about 1 s for acceleration, the timing of at least
two R-R intervals has to be prospectively estimated. Several
studies have found that low and stable heart rates are essen-
tial in the high-pitch spiral mode [18-25, 28, 31-33]. Goetti
et al. [25] recently found that with heart rates >70 bpm, the
best acquisition window shifted to systole. Based on his
results, the starting of the data acquisition was prospectively
set at 10 % of the R-R interval in order to obtain a systolic
acquisition window for the proximal and middle segments
of coronary arteries. Heart rates of paediatric patients with
CHD are always high and unstable. Irregular heart rates
would lead to inaccurate starting positioning of the data
acquisition, with data being acquired either too early or
too late in the cardiac cycle [16—18, 24]. Therefore, some-
what inaccurate starting positioning of the acquisition oc-
curred in 30 % (6/20) of patients with irregular heart rates,
and led to unsatisfactory image quality (graded 2) of the
proximal and middle segments of coronary arteries (Fig.5).
Furthermore, the displaying of intracardiac structures was
influenced to some extent as well. In our study, two cases of

Table 4 Subjective and objective image quality evaluation of high-pitch mode and sequential mode on 128-slice DSCT angiography

High-pitch scan Sequential scan u/t P
Mean image score of intracardic structures 4.05+0.76 4.65+0.49 u=112.500 0.009
Mean image score of great vessels 4.55+0.60 4.75+0.44 u=167.500 0.281
Mean image score of the proximal and middle segments of coronary arteries 3.35+1.14 4.35%0.75 u=100.000 0.005
Mean attenuation in the ascending aorta (HU) 448.52+91.50 434.15+93.77 1=0.491 0.672
Mean noise in the ascending aorta (HU) 18.04+5.48 15.98+3.50 t=1.414 0.165
Mean SNR in the ascending aorta 26.33+7.40 28.08+7.19 1=0.758 0.453
Mean attenuation in the pulmonary trunk (HU) 458.02+88.78 420.54+112.21 =1.172 0.249
Mean noise in the pulmonary trunk (HU) 17.73+£4.90 15.37+3.57 t=1.744 0.089
Mean SNR in the pulmonary trunk 27.86+9.96 27.98+6.13 t=0.046 0.964
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Table 5 Radiation dose esti-
mates of high-pitch mode and

sequential mode on 128-slice
DSCT angiography

High-pitch scan Sequential scan t P
Mean CTDIvol (mGy) 0.27+0.08 0.71£0.18 9.955 0.000
Mean DLP (mGy-cm) 3.10+1.12 5.104£2.00 3.907 0.000
Mean effective radiation dose (mSv) 0.17+0.05 0.29+0.09 5.287 0.000

coronary artery anomalies were not identified using high-
pitch mode because of the poor image quality of the coro-
nary arteries.

With prospective ECG-triggering DSCT in children
with CHD, the best phase for reconstruction was
reported to be end-systole [34]. In our experience, the
data acquisition window setting at 40-40 % of R-R
interval provides sufficient image quality in most cases.
Compared with high-pitch mode, sequential mode may
result in stair-step artefacts between adjacent slabs [11,
24]. Stair-step artefacts usually do not occur in high-
pitch mode because the entire data acquisition is com-
pleted within a single cardiac cycle. Stair-step artefacts
occurred in three patients in the sequential mode, but
no such artefacts were seen when using the high-pitch.
Motion artefacts occurred in one child in the sequential
acquisition group because of the patient’s movement.

a

Hean Rate (bpm) Min 101 Max 105 Avg 103
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Fig. 5 High-pitch spiral DSCT for evaluation of coronary arteries with
different HRs. The ECG signal (a) demonstrates a regular heart rate
before data acquisition, and the starting phase was the pre-selected
10 % of the R-R interval leading to a satisfactory image quality of the
proximal coronary arteries (b). The ECG signal (c¢) shows that the
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To sum up, the high-pitch mode is recommended on the
patient with a regular heart rate. Furthermore, when the
primary indication of the CT study is to evaluate great
vessels, the high-pitch mode would be a better choice re-
gardless of the heart rate.

Radiation dose

Ait-Ali et al. [35] found that children with CHD were
exposed to a significant cumulative dose that might lead to
acute radiation-induced chromosomal DNA damage. The
“ALARA” (as low as reasonable achievable) principle has
to be considered thoroughly before each examination, espe-
cially in paediatric patients.

Several dose-saving strategies were performed in our
study. Lowering tube voltage or tube current is the effective
method for radiation dose reduction. The 80 kV setting is

initial heart rate of 115 bpm increased to 120 bpm before acquisition,
and phase acquisition was at 56-3 % of the R-R interval. Multiplanar
reformatted image (d) demonstrates the non-diagnostic image quality
of the proximal coronary arteries
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now routinely for infants and small children CT examina-
tions, and the adapted tube current to body weight is rec-
ommended [36]. In our study, the 80 kV tube setting along
with the adaptation of the tube current to body weight
drastically reduce the radiation dose. Even though the image
noise increased as tube voltage decreased, none of our
results approached 20 HU, which was previously published
as an acceptable noise threshold in low-kilovoltage proto-
cols [10]. In sequential mode, the data acquisition window
setting at 40-40 % of R-R interval can reduce the radiation
dose when compared with adaptive prospective ECG-
triggering with a wider acquisition window. However,
46 % dose reduction was shown in the high-pitch spiral
mode when compared with the sequential mode. The dose
reduction was 25 % in the previous phantom study [16].
There are two main reasons why the high-pitch mode has a
lower radiation dose compared with the sequential mode.
First of all, the sequential technique needs an overlap of
about 10 % between the individual axial image reconstruc-
tions because of the cone-beam geometry. This overlap is
not needed for the high-pitch spiral mode. In addition, the
sequential scan technique requires a “beam on” time
corresponding to the minimum partial data interval for each
axial image; whereas the high-pitch spiral requires the extra
“beam on” time only once, at the beginning and at the end of
the spiral acquisition. Thus, the cumulative “beam on” time
is decreased for the high-pitch spiral technique [16].

Although transthoracic echocardiography is the first-line
method for children with CHD, DSCT angiography is more
effective in demonstrating extracardiac structures, such as
the coronary arteries, the aorta, the pulmonary vessels and
the significant aortopulmonary collateral vessels. Accurate
assessment of these anomalies is of great importance before
the thoracic surgeon. In this study, surgery was performed in
27 patients, our CT findings offered important information
for the surgical strategies.

Limitations

Our study has some limitations. Firstly, a relatively small
group of patients was included; future studies on the com-
parison of the high-pitch spiral mode and sequential acqui-
sition mode on 128-slice DSCT with larger patient
populations are required. Secondly, in high-pitch mode,
the actual starting phase of data acquisition was not co-
ordinated with the pre-selected starting phase in paediatric
patients with high and irregular heart rates, leading to un-
satisfactory image quality of the coronary arteries and intra-
cardiac structures. This problem has not been solved and
will be addressed in our future research. Last, the benefits of
raw data-based iterative reconstruction approaches which
have the potential to further reduce radiation dose were not
assessed in this study.

In conclusion, both the high-pitch mode and the sequen-
tial mode for dual-source 128-slice CT allow high diagnostic
accuracy in the assessment of CHD in children. The high-
pitch mode, as compared with the sequential mode, further
lowers the radiation dose even though the image quality was
occasionally slightly lower.
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