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Abstract

The gold standard for pediatric chest imaging remains the CT scan. An ideal pediatric chest CT has the lowest radiation dose
with the least motion degradation possible in a diagnostic scan. Because of the known inherent risks and costs of anesthesia,
non-sedate options are preferred. Dual-source CTs are currently the fastest, lowest-dose CT scanners available, utilizing
an ultra-high-pitch mode resulting in sub-second CTs. The dual-energy technique, available on dual-source CT scanners,
gathers additional information such as pulmonary blood volume and includes relative contrast enhancement and metallic
artifact reduction, features that are not available in high-pitch flash mode. In this article we discuss the benefits and tradeofts

of dual-source CT scan modes and tips on image optimization.
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Introduction

Despite advances in MRI, CT remains the gold standard for
imaging the pediatric chest, particularly when it comes to
imaging the lung parenchyma. Single-source CT was the
mainstay of CT imaging for the modality’s first 30 years. In
2006, the first dual-source system was introduced by Sie-
mens Healthineers (Forchheim, Germany). This system had
two energy sources and two associated detectors, allowing
two energy sources to be applied at different energy levels
simultaneously: dual-energy CT. Alternatively, both energy
sources could be used at the same energy level simultane-
ously with an ultra-high pitch, allowing for faster scans and
greater temporal resolution. Here we discuss how these scan
parameters can be used and best applied to pediatric chest
imaging. Alternative approaches for dual-energy CT (e.g.,
split beam, dual-layer detector, split filter, etc.) are beyond
the scope of this review [1].
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Three generations of scanners

The initial dual-source scanner was released by Siemens
in 2006 and featured a very similar setup to today’s third-
generation scanner. In all iterations, both X-ray sources
have been located orthogonally; they were 90° apart in
the first generation, and 95° apart in subsequent genera-
tions (Fig. 1). The lower-energy tube has a minimum 80
kVp in the first and second generations in dual-energy
mode, while in the third generation this was brought down
to 70 kVp. Meanwhile, the higher-energy tube maximum
kilovoltage peak was initially set at 140 kVp and later at
150 kVp on the third generation. A tin filter was added
to the high-energy tube on second- and third-generation
scanners to filter out the low-energy beams and improve
spectral separation and dose efficiency [2]. The field of
view (FOV) is smaller in the high-energy tube, increased
in subsequent generations up to 35.5 cm, while the low-
energy FOV has remained larger at 50 cm. This smaller
FOV can limit evaluation of tissues that fall outside of it,
which can be an issue with larger patients and most often
only involves the soft tissue of the chest wall [3]. Each
iteration has also resulted in improved scan speeds, with a
gantry speed now as fast as 0.25 s resulting in a temporal
resolution of 66 ms. The three generations of scanners are
outlined in Table 1.
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Fig. 1 Diagram depicts the
third-generation dual-source
scanner. Two tubes are located
95° apart. The lower-kilovoltage
(kV) tube (blue) has a larger

field of view (50 cm), while the

higher-kV tube (orange) has a

smaller field of view (35 cm) . .
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'(I;able 1 Three generations of Features 1st generation® 2nd generation® 3rd generation®
ual-source CT scanners (2006) (2009) (2014)

Low/high kVp 80/140 80/140 Sn 70/150 Sn (80/150 Sn)
High—/low-detector FOV (cm) 26/50 33/50 35.5/50
Tube separation (°) 90 95 95
Gantry speed (s) 0.33 0.28 0.25
Detector slices (n) 64 128 196
Slice thickness (mm) 0.6 0.6 0.6

cm centimeters, FOV field of view, kVp kilovoltage peak, mm millimeters, n number, s seconds, Sn tin filter

added
a 1 St
bznd

C3rd

generation: Siemens Definition

generation: Siemens FORCE

generation: Siemens Definition FLASH

dHigh/low kVp range settings for chest imaging, for the third generation the narrower range of 80/150 Sn is
ideal for larger patients, while the 70/150 Sn is designed for smaller patients

Sedation

The improved temporal resolution of dual-source CT is
extremely beneficial for reducing the need for sedation in the
younger pediatric population, or in any population prone to
movement such as the uncooperative child. Faster scans result
in less motion artifact in non-sedated children. In pediatric
patients younger than 4—-6 months, scanning can be attempted
using a feed-and-swaddle technique to avoid sedation, regard-
less of scanner type. However, children who are too young to
follow directions but too old to respond to feed-and-swaddle
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often require some sedation to allow for a motion-minimized
or motion-free study.

While general anesthesia with a breath-hold is the only
way to guarantee a motion-free study, it does not come
without limitations. General anesthesia is known to result
in some atelectasis, usually in the dependent lungs, which
can obscure lung nodules/masses or confound interpretation
of infection or aspiration [4, 5]. Perhaps just as important is
a possible association between multiple general anesthesia
events with neurotoxicity and brain development, particu-
larly in the young growing brain, the same population that
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is most likely to have their scans improved with anesthesia
[6-8]. Children can also sustain minor short-term adverse
events of sedation and anesthesia such as nausea and vomit-
ing [9]. More severe adverse events such as cardiac arrest
or neurologic injury, while rare, more commonly occur in
children with one or more comorbidities [10]. Additionally,
sedation and anesthesia increase the cost and time to per-
form a study and can strain resources. Therefore, it is advis-
able to avoid sedation or general anesthesia when possible.
Using a second-generation dual-source scanner, Kino et al.
[11] compared the performance of chest CT with general anes-
thesia using breath-holds to the performance of free-breathing
scans. In their cohort of 86 children ages 3 and younger, the
authors concluded that while image quality was improved with
general anesthesia, quality remained sufficient for diagnosis
without anesthesia using the high-pitch scans [11]. Similarly,
Tivnan et al. [12] assessed image quality in children younger
than 6 years undergoing CT angiography on a third-generation
dual-source CT scanner with and without general anesthesia.
In their cohort of 73 children, they similarly found that while
motion artifact was greater without anesthesia, only a small
minority of non-anesthesia cases were non-diagnostic [12].

Electrocardiography-gated synchronization

To enhance cardiac and vascular scanning, electrocardiography
(ECG)-gated synchronization is often required to obtain diag-
nostic imaging. Three primary modes of ECG-gated synchroni-
zation can be used on a dual-source scanner: ECG gating with
ultra-high pitch, prospective ECG gating and retrospective ECG
gating. ECG gating with ultra-high pitch enables scanning of
the heart during a single heartbeat by timing the table position
and acceleration with the child’s heart position and selected
phase of the cardiac cycle [13]. This results in an image of the
heart without cardiac motion. In prospective ECG gating, the
child is scanned sequentially during the same point in the car-
diac cycle over multiple heartbeats to reconstruct a motion-free
image. Retrospectively ECG-gated studies involve imaging over
the entire cardiac cycle. This technique can be used to measure
cardiac function and is also helpful in the presence of a cardiac
arrhythmia or for visualization of the coronary arteries, which
is beyond the scope of this review [14, 15]. When ECG gating
is being used, it is not possible to perform a dual-energy CT at
the same time.

Scanner modes
Standard pitch
The single-source mode is considered the standard mode.

This is when neither high-pitch nor dual-energy mode is
being used. A table pitch of up to 1.5 (range 0.5-1.5) is

used for standard mode. While standard mode suffices for
most types of imaging with cooperative patients, it lacks the
benefits of ultra-high-pitch and dual-energy modes, detailed
in the next sections. Standard pitch mode is not ideal for situ-
ations where there is motion, such as when evaluating large
vessels and the heart [16].

Standard pitch mode on the dual-source system can be
performed as low as 70 kV on second- and third-generation
scanners. This setting is ideal for lowering radiation dose
in the youngest of children and also results in improved
contrast conspicuity because it is nearer to the k-edge of
iodine.

Dynamic airway imaging also uses both energy tubes at
the same energy for a rapid scan, though without table move-
ment, using axial scan mode with greater temporal resolu-
tion than can be offered on single-source scanners [16]. This
allows the child’s airway to be scanned multiple times per
respiratory cycle during free-breathing in awake children,
and has compared favorably to bronchoscopy (Fig. 2) [17].
It can also be used to titrate the child’s peak end-expiratory
pressure requirements [18].

Ultra-high pitch

The high-pitch mode’s greatest benefits are in the non-sedate
child who is prone to motion artifact. Additionally, this mode
is often used with angiographic studies. This technique is
only available on dual-source scanners that can reach a pitch
of greater than 3. Because the two energy beams are offset
by 90-95°, dual-source scanners can effectively double the
pitch, reaching a maximum pitch of 3.4 with minimal notice-
able sampling artifact. This high-pitch mode has been shown
to lessen respiratory artifact while simultaneously decreas-
ing radiation dose in pediatric chest imaging [19, 20]. As
with standard mode, ultra-high-pitch mode can be performed
as low as 70 kV.

Dual energy

The principles of material decomposition and image gen-
eration have been discussed elsewhere and are beyond the
scope of this review [2]. It is important to note here that
when dual-energy mode is employed, the ultra-high-pitch
mode cannot be used. Dual-energy mode requires each tube
to operate at different energy levels and therefore at a lower
pitch. This loss of temporal resolution results in suscepti-
bility to cardiac motion, vascular pulsation and respiratory
motion. Angiographic studies, particularly when looking for
precise measurements as in the aortic root, are less ideally
performed with dual energy. However, dual energy offers
additional information not otherwise available in standard
or ultra-high-pitch modes.
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Fig.2 Dynamic airway CT in a
5-month-old girl with a history
of tracheoesophageal fistula
status post repair with continued
need for ventilatory support. CT
was performed with a second-
generation scanner at 80 kVp
and 6 mAs. Multiple images
were obtained at the same level
without table movement. a, b
Axial CT in maximum collapse
(a) and maximum distention

(b) during free-breathing. ¢, d
Coronal reconstruction images
in maximum collapse (c) and
maximum distension (d) dem-
onstrate severe tracheal stenosis
at site of the surgical repair. L
left, R right

Available post-processing imaging output options in
dual-energy chest imaging include virtual non-contrast,
monoenergetic+, pulmonary blood volume and iodine
maps. Virtual non-contrasts are paired with iodine maps.
In these images, contrast is either subtracted from the
image (virtual non-contrast) or overlayed on to the ana-
tomical CT images (iodine map) (Fig. 3). This technique
can help determine whether a lesion is truly enhancing.
The iodine maps can also be used for quantifying the con-
centration of iodine in a lesion [21]. The virtual non-con-
trast image also lessens the need for a non-contrast phase
of scanning, thereby reducing radiation dose.
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Monoenergetic+ works by extrapolating the energies
beyond the initial data sets, with an available range of
40 keV to 190 keV. Lower energies are closer to the k-edge
of iodine, which is useful for improving visualization of con-
trast medium, potentially decreasing the amount of contrast
medium that can be given, or rescuing a poor bolus [22, 23].
Conversely, high energies can help suppress metal artifact,
discussed in greater detail later [24].

Pulmonary blood volume technique is useful for assessing
lung perfusion. This technique is best applied when timing con-
trast administration to the right heart or pulmonary artery in
order to best mimic blood flow to the lung. This is presented as
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Fig.3 Dual-energy techniques in a 15-year-old boy with a history of
recurrent diffuse large B cell lymphoma. a Axial CT image through
the chest in soft-tissue window demonstrates a subcarinal enhancing
lymph node. b Axial CT iodine map overlay shows an iodine density

a color overlay, with perfusion defects present in areas of poor or
diminished flow as represented by a lower scale color or absence
of color [25] (Fig. 4). Importantly, atelectatic lung might appear
as non-perfused, and therefore the anatomical images must be
viewed in concert [26]. When imaging lung that is denser, such
as in atelectasis or in intrinsically dense lungs such as in neo-
nates, older infants and those with chronic lung disease, one
should use the “dense lung” tool [27]. This change results in
increased maximal Hounsfield units analyzed, ultimately includ-
ing perfused lung that would otherwise be missed (Fig. 5).
Dual-energy post-processing protocols can be set up to be
automatically performed. As an additional “reconstruction” job
after a dual-energy CT is performed, the CT workstation can
autotask the high- and low-kVp data series to be sent to a sepa-
rate workstation with Syngo.via, Siemens’ (Forchheim) propri-
etary post-processing software, installed. From there, the chosen
algorithm is performed, be it pulmonary blood volume, monoen-
ergetic+ (at a chosen level, i.e. 50 keV for iodine), iodine maps
and virtual non-contrast. When this is completed, the series is
automatically exported to be viewed and interpreted by the radi-
ologist. When the radiologist needs additional information that
is not provided by the automatic post-processing, the radiologist

/
mer /
App: VNC/ €M/ Mixed 0.6

of 2.2 mg/mL while the background musculature is 0.3 mg/mL. ¢, d
Axial CT of the chest in soft-tissue window (c) shows a right-upper-
lobe lung abscess, with axial iodine overlay (d) demonstrating no sig-
nificant iodine uptake within the abscess

can access the data within the application and manually post-
process the images. Furthermore, the two data sets obtained
at the high and low kVp are merged and produce a blended
or mixed image, also available for interpretation immediately,
which appears as single-energy images. Table 2 describes dual-
energy imaging output options based on scan indication.

Protocols
Unenhanced computed tomography scan

Most unenhanced CT chest indications are to evaluate the
lung parenchyma, such as for interstitial lung disease, cer-
tain tumors (e.g., metastasis from osteosarcoma, papillary
thyroid), infection or pectus excavatum deformity. For these
instances, radiologists must determine whether to use ultra-
high-pitch or standard mode. When the child cannot follow
directions, lie still or breath-hold, an ultra-high-pitch scan
is usually suggested. A recent study has also demonstrated
the utility of ultra-high-pitch low-dose CT in the setting of
coronavirus disease 2019 (COVID-19) infection [28].

@ Springer



Pediatric Radiology

Fig.4 Pulmonary blood volume
technique in a 3-year-old boy
born at 24 weeks of gestational
age with severe bronchopulmo-
nary dysplasia. a Axial CT in

in lung window demonstrates
hyperinflated right lung with
architectural distortion. b Cor-
responding pulmonary blood
volume (dense lung) tool at the
same axial level demonstrates
diminished perfusion to the
right lung. ¢, d Coronal pul-
monary blood volume (¢) and
corresponding nuclear medicine
perfusion scan (d) (anterior
view) performed the same day
both show marked decreased
perfusion to the right lung

Fig.5 CT angiogram dense lung tool in a 16-year-old girl with pul-
monary embolism. This was a technically challenging study with
presence of posterior spinal rods in a 125-kg patient. The study was
performed on a third-generation scanner using 80 kVp/150 kVp plus
tin filter. a—c¢ Axial CT chest in lung window (a) and with lung perfu-

Metal artifact reduction
When metal is encountered on routine chest imaging or

for the evaluation of the osseous structures of the chest,
dual-energy CT can reduce metallic artifact and improve

@ Springer

sion pulmonary blood volume overlay (b), and axial CT with pulmo-
nary blood volume dense lung tool (c). Note that despite improved
perfusion map with the dense lung, artifact related to the metal per-
sists (arrow). The yellow circle denotes the field-of-view limitations
for the high-energy tube. No pulmonary embolism was identified

visualization of the metallic implants, the interface between
the bones and the implant, and the surrounding soft tissues.

Metallic artifact results predominantly from beam-
hardening and photon starvation related to metallic
prosthetic material. Beam-hardening results from more
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Table 2 Dual-energy post-processing options

Exam type Data output

CT angiography pulmonary
embolism

PBV, monoenergetic+ 50 keV

CT angiography pulmonary hyper-
tension
Enhanced CT chest

Unenhanced CT chest (metal)

PBV (dense lung PBV)

Virtual unenhanced, iodine map
Monoenergetic+ (best keV)

PBYV pulmonary blood volume

low-energy photons than high-energy photons being
absorbed by metallic material, resulting in a higher-
energy spectrum of exiting photons. This results in a
beam with decreased tissue absorption and dark streaks
adjacent to the metal implants on the final image acqui-
sition. Photon starvation occurs as the metal absorbs
a large proportion of photons, causing an unfavorable
signal-to-noise ratio and consequent dark streaks on the
image [29]. Dual-energy CT takes advantage of the dual-
energy spectra in post-processing techniques to reduce
mainly beam-hardening artifacts by producing virtual
monochromatic images.

Fig.6 Metal artifact in a
17-year-old girl with chronic
lung disease, arthrogryposis and
posterior spinal hardware. She
was imaged with dual-energy
CT using 80 kVp and 140 kVp.
a—d Sagittal CT of the chest

in bone windows using the
monoenergetic+ tool for reduc-
ing metal artifact at 60 keV (a),
80 keV (b), 120 keV (c) and
150 keV (d). Note how the bone
surrounding the hardware is
more easily resolved with pro-
gressively higher kiloelectron
volts, though it is just minimally
improved between 120 keV and
150 keV

Bamberg et al. [30] directly compared dual-energy
monochromatic reconstruction with conventional CT
imaging for subjective and objective differences in image
quality and diagnostic value in subjects with metallic
implants in different body parts. Both parameters were
significantly improved with high-energy reconstructions
and some pathology was only evident in the high-energy
reconstructions [30].

High-energy virtual monoenergetic images have been
shown to improve visualization of metal implants and
surrounding soft tissues in various metallic hardware,
without increased radiation dose. The ideal virtual
monoenergetic image energy level for metal artifact
reduction ranges from 108 keV to 149 keV depending on
the type of metallic implant, pathological abnormality
and reader preference (Fig. 6). The composition and size
of the metallic prosthesis also play important roles in the
success of metallic artifact reduction. Larger and denser
metallic components, such as cobalt chrome joint arthro-
plasty, do not benefit from virtual monoenergetic imag-
ing because the metal artifact is predominantly caused
by photon starvation rather than beam-hardening. On the
other hand, smaller and less dense metallic prostheses,
such as titanium screws, primarily cause artifact from
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beam-hardening and thus benefit from monoenergetic
imaging [31]. Kim et al. [32] described improved diag-
nostic performance and optimal energy levels for virtual
monochromatic images (100-130 keV) compared to con-
ventional polychromatic CT, finding that virtual mono-
chromatic imaging reduces beam-hardening artifacts
due to contrast media injection in the subclavian veins,
axillary veins and superior vena cava during chest CT.

The potential downside of using the high keV for metal
artifact reduction is that these keV levels are further from
the k-edge of iodine, decreasing conspicuity of enhancing
pathology. If intravenous (IV) contrast medium is adminis-
tered, it would be beneficial to obtain a lower-keV monoen-
ergetic image, as well, for improved contrast enhancement
to complement the high-keV image.

At our institution, the CT technologist views the images
at different energy levels on a case-by-case basis. Technolo-
gists then select the keV level that results in the best reduc-
tion of artifact for the body part and particular hardware
encountered and sends these images to the picture archiving
and communication system (PACS). The auto processing is
not able to select the proper keV level due to variability of
the artifacts.

Fig.7 Dual-energy chest CT

in a 17-year-old boy with a his-
tory of pneumonia. a—d Axial
(a) and sagittal (b) contrast-
enhanced chest CT images and
corresponding axial (c¢) and
sagittal (d) virtual non-contrast
images. Left-upper-lobe
superior segment bronchial
narrowing with post-obstructive
pneumonia with a small calci-
fication (arrow) is suggested

on the contrast-enhanced CT
(a, b) and confirmed on virtual
non-contrast (¢, d) images.
Bronchoscopy with biopsy

was performed and pathology
showed endobronchial carcinoid
tumor
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Enhanced computed tomography scan

Indications for enhanced chest CT include evaluation of
mediastinal lesions, primary lung mass or metastases, and
soft-tissue tumors. For these indications, a study might
be performed using standard CT, ultra-high-pitch CT or
dual-energy CT. When a child can optimally breath-hold,
a standard CT scan might be all that is necessary to have
a high-quality study. Ultra-high-pitch CT is ideal for less
cooperative children or to lower radiation dose. In general,
dual-energy applications for these indications are not well
studied in pediatrics.

Thoracic oncological applications of dual-energy imag-
ing have only recently begun to be explored. Soft-tissue,
mediastinal and lung tumors can all be evaluated using the
iodine map technique. The virtual non-contrast map can be
interrogated for the presence of intrinsic tumoral density or
calcifications (Fig. 7). The iodine map can be assessed quali-
tatively and quantitatively. Regions of interest are drawn on
a mass or tumor and the concentration of iodine is displayed
in milligrams per milliliter (mg/mL). Studies in adults have
shown that a concentration greater than 1.4 mg/mL sug-
gests malignant tumors [33], while in children limited data
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exist and a lower cutoff of 1 mg/mL has been suggested
given the increased odds of malignancy when encountering
a lung nodule in children [21]. Similarly, treatment response
could be monitored by trending concentration of iodine over
sequential scans over time, though more work is needed in
this area.

Computed tomography angiography

Computed tomography has proved to be invaluable when
assessing the pulmonary vascular structures including the
aorta, pulmonary artery, pulmonary embolism, pulmonary
hypertension and pulmonary veins [34].

When evaluating for pulmonary embolism on CT angi-
ography, high-pitch CT angiography or dual-energy CT
might be performed. When making this determination,
one must take into account patient body habitus because in
larger patients some tissue might fall outside the high-kVp
FOV. For this reason, the child must also be centered in the
CT gantry to ensure that lung tissue does not fall outside
this region. If dual energy is used, several post-processing
choices can be made. Pulmonary blood volume should be
used to evaluate perfusion. For younger children and those
with dense lungs, for example those with chronic lung dis-
ease, the dense lung tool should be employed. A low-keV
monoenergetic series can prove indispensable when assess-
ing for subtle pulmonary embolism by improving contrast
enhancement. One could choose 40-70 keV to accom-
plish this, though we find that 50 keV obtains a balance of
improved contrast because it nears the k-edge of iodine but
limits the image noise seen with very low keV.

Pulmonary hypertension is a common indication for CT
angiography evaluation, which is designed to examine the
pulmonary artery and to assess parenchymal abnormalities.
These exams are usually ultra-high-pitch scans, particularly
if the child is not sedated. However, dual-energy CT can be
used to assess blood flow to the parenchyma, which might
decrease the need for additional nuclear medicine ventila-
tion—perfusion scan [27]. The most important post-process-
ing tool is the pulmonary blood volume. The dense lung
pulmonary blood volume should be used when lungs are
expected to be denser such as in neonates and toddlers, ate-
lectasis, hypoventilatory changes, and in those with chronic
lung disease (Figs. 4 and 5).

For vascular imaging, ECG gating is the standard of care
for evaluating the aortic root (Fig. 8) [35]. Although the
evaluation can be performed with prospective or retrospec-
tive gating, ECG gating with ultra-high pitch is most com-
mon. The often-overlooked vascular structures of the chest,
the pulmonary veins, have been increasingly recognized
as an important factor in lung perfusion and development.
Although pulmonary vein evaluation can be performed
without ECG gating [36], ECG gating for pulmonary vein

assessment is commonly used and has demonstrated reli-
ability when compared with conventional angiography and
surgery [34]. Whether looking for anomalous pulmonary
venous connections [37] or stenotic pulmonary veins [34],
ultra-high-pitch dual-source imaging plays an important
role in diminishing cardiac motion to aid in accurate
visualization and measurement of these small structures
(Fig. 9).

A CT angiography study is also performed when the
indication is congenital lung lesion. While an angiographic
phase is needed to look for the feeding artery and draining
vein, the study does not need to be ECG-gated. One pitfall to
ECG gating is that the leads need to be applied to the child,
and when using the feed-and-swaddle technique in infants
with suspected congenital lung lesion, the added leads can
wake the child while gating might not improve imaging qual-
ity. Assessment for a suspected vascular ring can be done
with or without ECG gating.

Table 3 describes dual-source techniques based on exam
indications.

Scanner limitations

First, a limitation of the first-generation scanner was the
effects of over-ranging, where in high-pitch scans there
was additional radiation to tissues not included for imaging
interpretation [16]. Because of this, some authors advocated
for use of a lower pitch of about 2.0 [38]. This issue was
resolved by the use of dynamic collimation on second- and
third-generation scanners, allowing for ultra-high-pitch
scans without over-ranging [39].

Second, while ECG gating is ideal when evaluating the
heart and great vessels, it cannot be employed while utilizing
dual-energy CT. This results in limitations when evaluating
vascularity and perfusion of the lungs for abnormalities of
the pulmonary arteries and veins. For this reason, most CT
angiography studies are performed with an ECG-gated ultra-
high-pitch mode instead of dual energy.

Third, as with any CT protocol, the dual-source scanners
involve ionizing radiation dose to the child. The dose of each
scan type, however, is equivalent to or less than the standard
mode. Ultra-high-pitch imaging results in similar radiation
dose as standard pitch while improving image quality [20].
Dual-energy scanning has also been shown to have favorable
comparison in dose to single-energy scanning [16, 24, 40].
There have been reports of slightly higher doses in children
younger than 1 year when using dual-energy mode for chest
imaging with a second-generation scanner [41], though the
benefits of dual energy might outweigh the small increase
in radiation dose when eliminating the need for dual-phase
scans or additional tests such as a nuclear medicine perfu-
sion study [27].
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Fig.8 CT angiography in a 4-year-old boy with suspected vascu-
lar ring and aortic root dilatation. CT angiography was performed
using electrocardiography (ECG)-gated cardiac ultra-high-pitch scan
technique on a second-generation scanner. a—c¢ Axial oblique (a) and
coronal oblique (b) to the aortic root axis images with correspond-

ing coronal oblique three-dimensional (3-D) reformat (c¢) demonstrate
a normal-size aortic root (arrow). d, e Axial CT image at the level
of the aberrant subclavian artery with a diverticulum of Kommerell
(arrow) (d) indicates a vascular ring; corresponding coronal oblique
3-D reformat (e)

Fig.9 CT angiography in a 5-month-old boy with pulmonary vein
stenosis. a, b Axial CT angiogram of the chest performed with elec-
trocardiography (ECG)-gated ultra-high-pitch flash (a) and dual-
energy CT (b). Note the increased motion artifact caused by the
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decreased temporal resolution and lack of cardiac gating. The lingula
pulmonary vein is narrowed (arrow) and is more easily depicted on
the gated study (a)
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Table 3 Dual-source techniques

with exam indications Ultra-high pitch Standard Dual-energy
Unenhanced CT Unable to breath-hold Breath-hold possible Metal
Some lung metastasis Some lung metastasis
Enhanced CT Unable to breath-hold Breath-hold possible Metal
Mediastinal masses Mediastinal masses Tumor enhancement
Some lung metastasis Some lung metastasis Lung perfusion
CT angiography
Non-gated Congenital lung lesion Pulmonary hypertension
Vascular ring
ECG-gated Aortic root N/A

Pulmonary arteries

Pulmonary veins

ECG electrocardiography, N/A not applicable

Conclusion

Dual-source CT offers a variety of scan types to be selected
based on the appropriate indication, be it for the need to
decrease sedation or radiation, or to gather specific func-
tional or diagnostic information. As long as CT remains the
mainstay in diagnostic imaging, dual-source CT will con-
tinue to play a significant role in the imaging of the pediatric
chest.
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