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Abstract
Assess image quality and radiation dose of ECG-triggered High-Pitch Dual-Source CTA for the evaluation central vascular 
stents in children. We included all children ≤ 21 years old with one or more central vascular stents and available prospec-
tive ECG-triggered High-Pitch Dual-Source CTA performed at our institution between January 2015 and August 2017. 
Demographic and scanner information was retrieved. Two board-certified pediatric radiologists blinded to the clinical 
data, independently reviewed and scored each case using a four-point quality score. Scores 1, 2 and 3 were considered of 
diagnostic image quality. Inter-observer agreement and non-parametric test were used. 18 patients (10 girls, 8 boys) with a 
mean age of 9.47 ± 7.38 years (mean ± SD) met inclusion criteria. Thirty-two central vascular stents were evaluated. Mean 
quality score was 2.07 ± 0.94 with 12.5% (4/32) of the cases classified as unevaluable. Interobserver agreement was excellent 
(k = 0.86). There is no significant difference between quality score and stent location (p = 0.07). There is a significant differ-
ence with stent material as all non-diagnostic scores were only seen in covered stents made of platinum-iridium (p < 0.001). 
There was no association between image quality and age, height, weight, BSA, heart rate, radiation dose or stent lumen size 
(p > 0.05). ECG-triggered high-pitch spiral DS-CTA offers appropriate image quality for assessment of central vascular 
stents in children.
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Introduction

Congenital heart disease (CHD) is associated with other 
vascular anomalies such as stenosis of thoracic vessels [1, 
2]. Stents are used to treat vascular stenosis in children, 
including hybrid approaches that may combine surgical and 
trans-catheter interventions [3–6]. Complications related to 
stent placement, like in-stent stenosis and aneurysm forma-
tion, require imaging follow-up [7]. Conventional invasive 
angiography is the gold standard in clinical practice for in-
stent stenosis assessment and follow-up, as it allows direct 
visualization of the stent and treatment [8]. However, it is 
considered as invasive, expensive and limited in some medi-
cal centers [9]. Computed tomography angiography (CTA) 

is considered a practical alternative for assessment of central 
vascular stents in children and may be particularly helpful 
for stent evaluation or post-procedure complications [7, 10].

The increased use of CTA in clinical practice has raised 
concerns regarding risks related to radiation in children [11]. 
Children are more susceptible to ionizing radiation because 
they are constantly growing, their tissues have a higher cell 
division rate, and have longer life expectancy for oncogenic 
effects to develop [12]. The ALARA principle (“as low as 
reasonably achievable”) looks to reduce radiation exposure 
in children through the improvement of imaging protocols, 
scanner techniques, and protection measures [13]. Newer 
technologies allows to maintain image quality while decreas-
ing radiation exposure and acquisition times [14]. Cardio-
vascular imaging in particular requires fast acquisition 
because the constant cardiac motion impairs image qual-
ity. Initially, single-source scanners using high pitch values 
yield under-sampled data caused by acquisition gaps. Later 
on, dual-source systems were developed using two tubes 
and two corresponding detectors mounted into the gantry. 
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The second tube allows gapless z-sampling at high-speed 
table depending on the field of view [15]. However, because 
both tubes are acquiring data over different anatomies, the 
potential advantages of dual energy techniques including 
spectral manipulation and virtual non-contrast studies are 
lost [16]. Second generation dual-source computed tomog-
raphy (DSCT) scanners include a high-pitch spiral acqui-
sition mode that further improves temporal resolution and 
promises to lower the radiation doses. This system, asso-
ciated with a prospective ECG-triggered protocol, has 
been reported to produce high quality images in children 
with CHD undergoing cardiac imaging [17, 18]. However, 
because this technique uses lower radiation dose, low image 
quality and diagnostic performance remain valid concerns. 
To our knowledge, there are no studies assessing central vas-
cular stents using this CTA technology. The purpose of this 
study is to determine the image quality and radiation dose 
of dual source with prospective ECG-triggered High-Pitch 
CTA for the assessment of central vascular stents in children.

Materials and methods

This is a retrospective study approved by our Institutional 
Review Board and performed in compliance with the Health 
Insurance Portability and Accountability Act. The need for 
written informed consent was waived in view of the retro-
spective nature of the research. We searched the imaging 
records at our institution from January 2015 through August 
2017 for all patients between 0 and 21 years of age with one 
or more central vascular stents who underwent prospective 
ECG-triggered High-Pitch Dual-Source CTA of the chest. 
Demographics (e.g. age, gender, height, weight, indication 
for stent placement, indication for CTA, stent location), CT 
parameters (e.g. injection rate, radiation dose), and stent 
characteristics (e.g. covered, material) were retrieved from 
the electronic health record.

All studies were performed with a prospectively ECG-
triggered High-Pitch, Dual-Source spiral acquisition scanner 
(Flash Spiral Cardio, Siemens Healthcare, Forchheim, Ger-
many). CT parameters are as follows: 2 × 128 × 0.6-mm slice 
collimation using a z-flying focal spot technique; 0.28 s gan-
try rotation time; pitch 3.0 and temporal resolution 75 ms. 
Automated tube voltage and current were used according 
to patient’s size and anatomic region. Beta-blockers were 
not used in any of the patients. Sedation was used accord-
ing to clinical condition and patients’ age. Patients older 
than 6 years of age were asked to hold their breath dur-
ing the image acquisition while younger children do not 
receive breathing instructions. A non-ionic, low-osmolar 
iodinated contrast agent (Iohexol, Omnipaque™, 350 mg/
mL, GE Healthcare inc) was injected via a peripheral intra-
venous access at a 2 mL/kg dose (up to a maximum dose of 

100 mL), followed by a bolus of normal saline at the same 
flow rate with the use of a dual-head power injector (Medrad 
Inc, Warrendale, United States). Injection rate was set con-
sidering the available intravenous access catheter and cal-
culated to achieve an infusion duration between 10 and 20 s. 
An auto-triggered bolus tracking technique was used in all 
cases with a region of interest in the left ventricle, descend-
ing aorta or right ventricle based on the study’s original 
clinical indication. Cardiac phase was selected automatically 
by the scanner according to the patient’s heart rate (i.e. dias-
tolic phase with heart rates ≤ 80 bpm, end systole phase for 
heart rates > 80 bpm). Image reconstruction was made using 
iterative reconstruction technique (Sinogram Affirmed Itera-
tive Reconstruction (SAFIRE), Siemens Healthcare, Forch-
heim, Germany) which applies a noise-modeling technique 
based on the original raw data.

The volume CT dose index (CTDIvol) and dose-length 
product (DLP) were systematically retrieved from each 
study, which is reported by our scanners and referenced to 
the 32-cm CTDI phantom. In order to calculate the effective 
dose (mSv), using DLP mSv conversion factors for chest as 
published in AAPM Report 96, an additional factor of 2 was 
multiplied for patients under the age of 14 [19].

Two board-certified pediatric radiologists with 8 years 
and 4 years of experience and special interest in cardiovas-
cular imaging, who were blinded to the clinical data, inde-
pendently reviewed each case. For subjective image quality 
assessment, we used a four-point scale: (1) excellent image 
quality, no artifact affecting evaluation of stent; (2) good 
quality, mild artifact or blurring of in-stent detail including 
heterogeneous appearance but acceptable for diagnosis; (3) 
acceptable quality, moderate artifact present but images still 
interpretable; (4) unevaluable, severe artifact renders inter-
pretation not possible. Scores 1, 2 and 3 were considered of 
diagnostic image quality. The scale was agreed beforehand 
between the readers using clinical examples, as shown in 
Fig. 1, similar to previously published methodology [20, 21].

Statistical analysis was performed using SPSS version 23 
(IBM, Armonk, NY) software. Continuous variables were 
presented as mean ± standard deviation and categorical 
variables as percentages and counts. Inter-observer agree-
ment was evaluated with kappa statistics. Scores of 0.20 or 
less was considered slight agreement, 0.21–0.40 fair agree-
ment, 0.41–0.60 moderate agreement, 0.61–0.80 substan-
tial agreement and 0.81–0.99 as almost perfect agreement 
[22]. We used Kruskal–Wallis test to compare the four-point 
image quality scale against the continuous and categorical 
variables. A two-tailed p-value of < 0.05 was considered 
significant.
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Results

A total of 18 patients (10 girls, 8 boys) with a mean age 
of 9.47 ± 7.38 years (range 0–21 years) and 32 individ-
ual stents met inclusion criteria. The mean age for boys 
and girls were 9.08 ± 5.48  years and 9.70 ± 8.45 years, 
respectively. Patients’ anthropometric measurements 
and study indications are resume in Table 1. The mean 

CTDI, DLP and effective dose were 3.47 ± 2.01  mGy, 
98.29 ± 66.02 mGy × cm and 2.08 ± 0.84 mSv, respectively, 
Table 2. Tube voltage used in our sample varied between 
70 and 120 kVp according to patient size. The most com-
mon stent location was the descending aorta (9/32), followed 
by the left (5/32) and right pulmonary arteries (5/32). The 
stent materials seen on our population were stainless steel 
(n = 23), platinum/chromium (n = 4) and platinum/iridium 

Fig. 1   Representative stent images that illustrates the four image 
quality scores. a 1—excellent image quality, no artifact affecting eval-
uation of stent (axial view); b 2—good quality, mild artifact or blur-
ring of in-stent detail including heterogeneous appearance but accept-

able for diagnosis (axial view); c 3—acceptable quality, moderate 
artifact present but images still interpretable (sagittal oblique view of 
the stent short-axis using multi-planar reconstruction); d 4—uneval-
uable, severe artifact renders interpretation not possible (axial view)
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(n = 4) and the most common stent brand was Genesis 
Palmaz (n = 18), Table 3. Unfortunately, one of the stents 
was implanted outside our institution and no size, material 
or brand information was available in our medical records. 
Three (16.6%) were under general anesthesia and four 
(22.2%) received moderate conscious sedation, which was 
decided in consultation with a nurse and anesthesiologist 
from our sedation unit, as per departmental protocol. There 
were no contrast adverse events nor complications during 
the study acquisition and all patients left the room in stable 
conditions after image acquisition.

The mean quality scores were 2.00 ± 1.04 for reader 1 and 
2.16 ± 1.01 for reader 2. The mean quality score between 
both readers was 2.07 ± 0.94 with 12.5% (4/32) of the cases 
classified as unevaluable. Combining both readers’ scores, 
87.5% (28/32) were considered to have diagnostic image 

quality and 20% (6/30) had excellent quality. Inter-observer 
agreement was almost perfect (k = 0.86). There is no sig-
nificant difference between quality score with stent loca-
tion (p = 0.07, Table 4) and sedation (p = 0.37). However, 
there is a significant difference between image quality and 
stent material as all non-diagnostic scores were only seen in 
covered stents made of platinum-iridium (p < 0.001). This 
alloy’s cover is composed of expanded polytetrafluoroeth-
ylene (ePTFE). There was no association between image 
quality and age, height, weight, BSA, heart rate, radiation 
dose, contrast dose, contrast infusion rate or stent lumen 
size (p > 0.05).

Discussion

Our results show that prospective ECG-triggered High-
Pitch Dual-Source CTA renders diagnostic image quality 
and low radiation dose for assessment of central vascular 
stents in children. In total, 87% of stents evaluated in this 
study showed diagnostic image quality; while all studies of 
covered stents were deemed uninterpretable. Multiple tech-
nological advances have been made throughout the years 
to improve cardiovascular evaluation via computed tomog-
raphy [14]. The advent of newer generation CT scanners, 
faster image acquisition and reconstruction algorithms have 
allowed better depiction of small stents in adults compared 
to the first reports published in 1995 [14]. Great vessel 
stent depiction on CT has not been studied as thoroughly as 
coronary stents. Two in-vitro studies investigated imaging 
with CT and MRI with great vessel stents. Nordmeyer et al. 
[23] compared MRI, CT and conventional angiography for 
assessment of great vessel stents in-vitro. They observed a 
comparable diagnostic accuracy between conventional angi-
ography and CT; however, streak artifacts and thickening 
of metallic struts are related to CT imaging and stent mate-
rial. Den Harder et al. [24] also compared large vessel stents 
on MRI and 256-slice multidetector computed tomography 
(MDCT) in-vitro reporting an 88% stent lumen visibility 
rate using CT. It seems that CT yields better great vessel 
stent depiction compared to MRI at the expense of slightly 
underestimating stent diameter [23, 24]. Eichhorn et al. [10] 

Table 1   Clinical information, indication, scan parameters and heart 
rate at the time of CT acquisition

BMI body mass index, BSA body surface area, CTDI Computed 
Tomography Dose Index, DLP dose length product, SD standard 
deviation

Variable (N = 18) Results (mean ± SD, range)

Age (years) 9.47 ± 7.38 (0–21)
Gender Girls 10, Boys 8
Height (cm) 124.56 ± 43.79 (58.2–182.8)
Weight (kg) 37.25 ± 4.19 (5.4–100.0)
BMI (kg/m2) 20.03 ± 4.19 (14.95–37.18)
BSA (m2) 1.10 ± 0.60 (0.30–2.13)
Heart rate at exam (bpm) 93.23 ± 26.46 (47–127)
Radiation dose (mSv) 2.08 ± 0.84 (0.92–4.53)
CTDIvol (mGy) 3.47 ± 2.01 (0.93–7.27)
DLP (mGy cm) 98.29 ± 66.02 (17.6–204.9)
Stent diameter (mm) 12.07 ± 4.73 (5.1–22)
Diagnosis
 Coarctation of the aorta 6
 Truncus arteriosus 3
 Transposition of great arteries 3
 Heterotaxy syndrome 2
 Tetralogy of Fallot 2
 Other 2

Table 2   Effective dose and 
body mass index according to 
age groups

BMI body mass index, BSA body surface area, CTDI Computed Tomography Dose Index, DLP dose length 
product

Age group BSA CTDI DLP Effective dose

0–5 years (n = 12) 0.46 ± 0.17 1.48 ± 0.48 29.10 ± 11.51 1.57 ± 0.58
5–10 years (n = 5) 0.99 ± 0.11 2.96 ± 1.34 84.16 ± 36.69 2.91 ± 1.48
10–15 years (n = 5) 1.84 ± 0.12 5.51 ± 0.54 172.38 ± 35.52 2.41 ± 0.48
> 15 years (n = 10) 1.58 ± 0.29 5.09 ± 1.43 151.33 ± 30.88 2.11 ± 0.43
Total (n = 32) 1.10 ± 0.60 3.47 ± 2.00 98.29 ± 66.02 2.08 ± 0.84
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showed in-vivo good agreement between conventional angi-
ography and MDCT imaging (pitch values between 1.25 and 
0.31) with higher radiation exposure not related to higher 
image quality. High-Pitch Dual-Source CTA in particular 
has shown promising results for stent depiction in children 
and adults using either retrospective or prospective scanning 

protocols [17, 25–27]. Both retrospective and prospective 
protocols are similar in terms of image quality; however, 
radiation dose delivered by retrospective gating is higher and 
should be avoided in children [28, 29]. Prospective protocols 
achieve diagnostic image quality while delivering a lower 
radiation dose. Recent studies have proposed further analy-
sis of fluid dynamics during the post processing of cross 
sectional imaging studies. Computational fluid dynamics 
provide hemodynamic information such as pressure gradi-
ents [30, 31], which could prove useful in the assessment 
of patients with coarctation of the aorta before and after 
stent placement. However, the use of intravenous contrast 
and increment of radiation may lead to use MRI instead of 
CT for this purpose [32, 33]. However, additional studies 
are needed to validate the utility of these models in children.

Age, heart rate, and anthropometric measurements are 
factors related to image quality that contribute to adequate 
coronary arteries depiction on ECG-triggered CTA [18, 26, 
34]. For example, the evaluation of very small coronary 
arteries in younger children is limited by CT’s inherent spa-
tial resolution [35]. It is also known that stents smaller than 
3 mm in diameter can impair image quality considerably on 
CT [28, 36–38]. However, none of the stents assessed in the 
present study had a diameter < 3 mm with the smallest meas-
uring 5 mm. This might explain why we did not find a sig-
nificant difference between stent location and diameter with 
image quality. Similarly, high heart rates shorten the car-
diac rest period, impairing image quality on ECG-triggered 
CTA and overcoming the scanner’s temporal resolution [39]. 
Nonetheless, it seems that none of these factors played an 
important role for central vascular stent depiction on CTA.

Stent characteristics must be considered when choosing 
which imaging modality to use for follow-up. Stent mate-
rial is an important factor that may influence image quality. 
The ideal stent material should have good expandability, 
flexibility, sufficient radial hoop, adequate radiopacity, and 
be resistant to thrombosis [40]. For these reasons, metallic 
stents are most frequently preferred and multiple alloys are 
available to choose from in the market. These alloys have 
shown to have excellent biocompatibility, adequate mechani-
cal behavior and high radiopacity [40–42]. All covered stents 
made of platinum-iridium in our sample (n = 4) yielded un-
interpretable image quality, Fig. 1d. Nordmeyer et al. [23] 
and Den Harder et al. [24] observed significant metallic 
streak artifacts in CT images with platinum-iridium covered 
stents. While a previous study shows that the cover material 
does not play a role on imaging artifacts [43]. MRI showed 
to be an alternative option to depict these stents using high 
flip angle with a gradient recall echo sequence, steady-state 
free precession sequence or high flip angle MR angiogra-
phy [23]. However, MRI tends to underestimate diameter in 
non-stenosed stents and overestimates diameter in internally 
stenosed stents [23]. This may lead to use MRI for follow-up 

Table 3   Overview of stent characteristics and location

TOF Tetralogy of Fallot, TA Truncus arteriosus, TGA​ transposition of 
the greater arteries

Variable (N = 32) Results

Stent material and brand
 Stainless steel (n = 23)
  Genesis Palmaz 18
  Intrastent Mega LD 3
  Intrastent Max LD 2

 Platinum/chromium
  Rebel platinum 4

 Platinum/iridium
  Mounted CP Stent NuMED 4

 Unavailable information 1
Cover
 Covered stents 4
 Uncovered stents 27
 Unavailable information 1

Location (diagnosis)
 Descending Aorta 9 (7 Coarctation of aorta, 4 TA)
 Right Pulmonary Artery 5 (2 TOF, 2 TA, 2 TGA)
 Left Pulmonary Artery 5 (1 TOF, 2 TA, 2 TGA)
 Ascending Aorta 3 (3 Coarctation of aorta)
 Main Pulmonary Artery 3 (1 Heterotaxy syndrome, 1 TA, 

1 TGA)
 Inferior Vena Cava 2 (2 Heterotaxy syndrome)
 Other 5

Table 4   Quality score divided by reader according to the stent loca-
tion

SD standard deviation

Location Mean ± SD

Reader 1 Reader 2 Final score

Descending aorta (n = 9) 2.33 ± 1.32 2.11 ± 1.45 2.22 ± 1.37
Right Pulmonary Artery 

(n = 5)
1.60 ± 0.89 2.00 ± 0.70 1.80 ± 0.75

Left Pulmonary Artery (n = 5) 1.20 ± 0.44 1.60 ± 0.89 1.40 ± 0.41
Ascending aorta (n = 3) 2.33 ± 0.57 1.67 ± 0.57 2.00 ± 0.01
Main Pulmonary Artery 

(n = 3)
2.67 ± 0.57 2.67 ± 0.57 2.67 ± 0.57

Inferior Vena Cava (n = 2) 1.50 ± 0.70 2.00 ± 0.01 1.75 ± 0.35
Other (n = 5) 2.20 ± 1.30 3.00 ± 0.70 2.60 ± 0.89
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in patients with platinum-iridium stents and CT for those 
with stainless steel or platinum-chromium stents.

The average effective radiation dose observed in our 
sample (2.07 mSv) was considerably higher with respect 
to studies evaluating infants [25–27]. However, 62% of our 
sample was older than 5 years old, with higher effective 
doses (Table 2). Additionally, other authors have reported 
using higher pitch values (between 3.2 and 3.4), resulting 
in effective doses between 0.40 and 1.30 mSv [17, 25–27]; 
while we use a pitch of 3.0. Also important is that in our 
current sample, all chest CTAs included the entire chest, 
including both lungs; while in other practices cardiac CTAs 
z-axis coverage is limited to the heart. This difference in 
z-axis coverage is likely a major determinant of differences 
in dose. Moreover, other authors using comparable proto-
cols obtained similar effective doses as ours. Lell et al. and 
Kim et al. reported using prospectively ECG-triggered Dual-
Source CTA (with a pitch of 3.0) an average effective doses 
of 1.90 and 1.82 mSv, respectively [44, 45]. Further meas-
urements could be used to improve our protocols, phantoms 
using a pitch value 3.2 has shown to reduce doses up to 52% 
with excellent image quality [46]. It is difficult to speculate 
if using a 3.4 pitch value would maintain image quality at 
expenses of reducing radiation dose. However, assessment 
of coronary stents in adults and coronary arteries in chil-
dren using dual-source CTA with a pitch value of 3.4 have 
yield excellent image quality [17, 47]. Considering coronary 
stents are smaller than central vascular stents, it would be 
safe to assume that increasing the pitch value would not sig-
nificantly affect image quality. However, more studies are 
need it to confirm this statement.

Our study has several limitations. First, it is a retrospec-
tive descriptive study performed at a single pediatric institu-
tion. Second, the relatively small number of stents assessed 
(n = 32) limited the number of clinical conditions and stent 
types in our sample. Third, we did not have complete steno-
sis cases and thus we could not calculate a minimum lumen 
obstruction cut-off for in-stent stenosis on CTA. Finally, the 
lack of stent information and digital angiography for correla-
tion and confirmation has to be considered for interpretation 
of these results. While CT has proven to be an excellent 
imaging technique for stent depiction, digital angiography 
remains the gold standard for stent evaluation and diag-
nosis of in-stent stenosis. Because some procedures were 
performed on our study cohort at other institutions, their 
medical records have missing information.

Conclusion

Prospective ECG-triggered High-Pitch Dual-Source spi-
ral acquisition cardiac computed tomography angiogra-
phy provides consistent and appropriate image quality for 

evaluation of central vascular stents in children. Moreover, 
good diagnostic image quality is attainable in all patients and 
not affected by age, anthropometric measurements, or heart 
rate. Additional studies might focus in identifying appropri-
ate imaging for those patients with platinum-iridium stents.
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