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Dual-energy CT has expanded the potential of thoracic imaging in both children
and adults. Data processing allows material- and energy-specific reconstructions,
which improve material differentiation and tissue characterization compared with
single-energy CT. Material-specific reconstructions include iodine, virtual unen-
hanced, perfusion blood volume, and lung vessel images, which can improve assess-
ment of vascular, mediastinal, and parenchymal abnormalities. The energy-specific
reconstruction algorithm allows virtual monoenergetic reconstructions, including
low-energy images to increase iodine conspicuity and high-energy images to reduce
beam-hardening and metal artifacts. This review highlights dual-energy CT princi-
ples, hardware, and postprocessing algorithms; the clinical applications of dual-ener-
gy CT; and the potential benefits of photon counting (the most recently introduced
iteration of spectral imaging) in pediatric thoracic imaging.

Conventional, or single-energy, CT provides information on the x-ray attenuation coef-
ficient (measured as Hounsfield units) at a single-energy level (expressed as kilovoltage).
Single-energy CT has limited ability to differentiate materials, particularly iodine and cal-
cium (bone), which can have similar attenuation in Hounsfield units depending on the
concentrations of the two elements [1-5]. Dual-energy CT, also known as spectral CT, en-
ables near-simultaneous acquisition of CT images at two kilovoltage peaks, which yields
additional information about tissue composition and allows differentiation of tissues with
similar attenuation.

Dual-energy and photon-counting detector CT offer a variety of available options for
spectral imaging of the chest. In this article, we review the basic principles of dual-energy
CT as well as the various types of dual-energy CT scanners and their benefits and limita-
tions. We elaborate on the available postprocessing algorithms and detail their role in the
assessment of various disorders, many of which are unique to children and require special
consideration. These include congenital lung lesions, chronic lung disease of prematuri-
ty, congenital chest masses, and childhood-related malignancies. Additional entities and
uses more common in children, such as hereditary hemorrhagic telangiectasia, pulmo-
nary artery and pulmonary vein stenosis, and scoliosis-related hardware, are described.
Certain pathologies that occur more frequently in adults, such as pulmonary hyperten-
sion and pulmonary embolism, are also discussed given their relevance to pediatric appli-
cation of dual-energy CT.

Principles of Dual-Energy CT

In CT, tissue attenuation occurs primarily through a combination of Compton scattering
and photoelectric absorption. Compton scattering dominates at higher energies and pri-
marily depends on the electron density of materials. Photoelectron absorption dominates
at lower energies and is linked to both the atomic number (Z) and the mass density of ma-
terials (p) and tissues. The likelihood of a photoelectron interaction increases in materials
with high atomic numbers, particularly iodine (Z = 53) and calcium (Z = 20). The probabil-
ity of a photoelectron effect decreases in compounds that comprise materials with a low
atomic number, including soft tissue, water, and fat (for hydrogen, Z = 1; for carbon, Z=6;
for nitrogen, Z = 7; for oxygen, Z = 8).
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Dual-Energy CT Scanners
Single-Source Scanners

An array of single-source hardware systems are available for
acquiring dual-energy images. Single-source rapid-kilovolt-
age-switching dual-energy CT uses a single x-ray tube that rap-
idly alternates between low (80 kV) and high (140 kV) energies
and a single detector that quickly captures the data from both
energies. Dual-layer-detector dual-energy CT uses a single x-ray
beam operating at 120 or 140 kV and a single detector made of
two layers: a superficial layer that absorbs lower-energy x-ray
photons and a deeper layer that absorbs higher-energy pho-
tons [6]. A benefit of dual-layer scanners is the ability to select the
dual-energy method after scanning, as spectral data are always
available. Twin-beam dual-energy CT uses a high-energy tube
operating at 120 kV and a filter that splits the beam into high- and
low-energy spectra before it reaches the patient [7, 8].

Dose reduction capabilities, such as automated tube current
modulation, are available on all single-source systems except
for rapid-kilovoltage-switching systems. In the latter system, the
exposure-time ratio increases for the 80-kV acquisition and de-
creases for the 140-kV acquisition to reduce radiation exposure
[9]. Single-source systems are not limited in terms of the FOV of
the dual-energy portion of the image, although dual-source sys-
tems are limited in terms of this FOV (as described in the next sec-
tion) because a different detector size is used for each tube.

Dual-Source Scanners

Second- and third-generation dual-source dual-energy CT scan-
ners use two x-ray tubes that operate independently at low and
high energies and two detectors that simultaneously acquire and
process the dual-energy data. The second-generation scanner op-
erates at 80 and 140 kV and has an FOV of 50 and 33 cm for the low-
and high-energy tubes, respectively. The third-generation scanner
operates at 70 and 150 kV and has an FOV of 50 and 35 cm for the
low- and high-energy tubes, respectively. The gantry rotation time
is decreased to 0.25 second from 0.28 second, allowing faster speed.

Automated tube current modulation is available for dose re-
duction. In addition, dual-source CT scanners have a tin filter in
front of the high-kilovoltage x-ray tube to attenuate low-energy
photons, further decreasing radiation exposure and increasing
spectral separation] [9-11]. Although dual-source CT has the add-
ed benefit of scanning at an ultrahigh pitch of greater than 3, a
limitation of the use of dual energy in dual-source systems is the
inability to scan at such a pitch. In dual-energy mode, the pitch is
limited to 1.5, similar to the pitch used for a single-source scan-
ner. Thus, the scanning time cannot be decreased relative to a
dual-source single-energy ultrahigh-pitch technique, restricting
the ability to reduce patient motion [12]. The inability to use ECG
gating may limit use of dual-source dual-energy CT in cardiac or
vascular evaluations.

Photon-Counting Detector CT

Photon-counting detector technology is the latest iteration of CT
hardware [13, 14]. Conventional CT uses a two-step process in which
x-rays are converted to light via a ceramic scintillator and that light is
converted to an electronic signal by photodiodes. Photon-counting
detector CT improves on conventional CT because it uses a one-step
process to convert x-rays directly to electrons by means of a crystal
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B Dual-energy CT with use of material-specific images
allows pulmonary vascular flow and lung perfusion
assessment, tumor characterization, and treatment
response evaluation.

B Dual-energy CT with use of energy-specificimages allows
improved intravascular contrast at low energies and
reduced beam-hardening and metal artifacts at high
energies.

B Dual-energy CT can be performed with radiation
exposures less than or similar to those of single-energy
CT, which is of particularimportance in children.

semiconductor. In this process, the detector separates the photons
directly into two to eight bins on the basis of the energy, allowing
acquisition of different energy levels from a single source [14]. Pho-
ton-counting detector CT improves dose efficiency compared with
conventional CT, related to the use of smaller detector collimation
(0.4 mm), elimination of reflective septa within the detectors, and
elimination of electronic noise [14]. Other benefits of this technolo-
gy are the improved spatial resolution and multienergy data acqui-
sition built into each scan. Photon-counting detector CT also allows
high-pitch imaging and gated cardiac CT.

Dual-Energy CT Reconstruction Algorithms

Second- and third-generation dual-source scanners generate
three routine image sets at the console that are available for im-
mediate diagnostic interpretation, including low-energy (70 or
80 kV), high-energy (140 or 150 kV), and mixed (or blended) im-
age sets [9, 15]. The mixed image set typically comprises 50% of
the data from each of the low- and high-energy image sets and
is equivalent to a 120-kV image. The mixed images, as well as the
70- or 80-kV images, are sent to the PACS for interpretation. The
high-energy (140 or 150 kV) images typically are not sent to the
PACS for interpretation owing to the poorer CNR. In comparison,
single-source scanners generate either a 120- or 140-kV image at
the console, which is sent to the PACS for interpretation.

Additional reconstructions include material-specificimages and
energy-specific (also referred to as virtual monoenergetic) images
[9, 15, 16]. On single- and dual-source scanners and photon-count-
ing detector CT scanners, material-specific images include iodine
and virtual unenhanced images (Fig. 1). Dual-source scanners have
additional material-specific algorithms, including algorithms for
imaging of perfused blood volume and lung vessels (Fig. 2). These
reconstructions may be configured at the time of scanning and
sent directly to the PACS for interpretation, or they may be created
later at a remote workstation. The software also allows measure-
ment of the quantity of iodine within a given tissue (expressed as
milligrams per milliliter), using ROIs or lung segmentation tools.

Material-Specific Images
lodine Images

lodine images display the distribution of iodine in lung and
soft-tissue structures and allow both qualitative and quantitative
assessments of iodine content. The iodine content can be dis-
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played either as a pure iodine map or as an iodine overlay or fu-
sion image (i.e., iodine superimposed on a CT image) [1]. lodine
images play a role in assessing the presence and pattern of distri-
bution of contrast material in mediastinal masses, lung nodules,
and adenopathy; this information can help characterize lesions
and monitor treatment response [17].

Virtual Unenhanced Images

Virtual unenhanced images are acquired by subtracting the
contrast material out of the iodine image. This image set is helpful
in determining whether high-radiodensity material seen on rou-
tine anatomic reconstructions represents true contrast material or
other materials, such as calcium or blood [18]. The image set also
has the potential to reduce radiation by eliminating the need for
a true unenhanced dataset; elimination of this acquisition is espe-
cially beneficial for imaging of the pediatric population.

Perfused Blood Volume Images

Perfused blood volume (PBV) is designed to visualize and
quantify iodine uptake in the lung parenchyma (Fig. 2). This im-
age set reflects iodine attenuation in lung parenchyma at a sin-
gle time point and is a surrogate for lung perfusion [3]. Analy-
sis is restricted to the lung parenchyma using a threshold-based
function based on CT attenuation. In adolescents and adults,
the maximum CT attenuation value is -600 HU. In younger chil-
dren, the maximum attenuation value increases to —200 to -300
HU (referred to as dense lung setting), to account for the normal
higher lung attenuation in this population [19]. Structures out-
side of this attenuation range are not included in the PBV cal-
culation. On standard PBV images, normal lung perfusion is ho-
mogeneous and can be color-coded reddish orange. Other PBV
schemes are available, such that lung perfusion can be displayed
in multiple colors depending on user preference. PBV imaging
has a role in evaluating perfusion in pulmonary vascular and pa-
renchymal diseases. lodine concentrations can be measured us-
ing vendor-specific software that allows quantifiable comparison
between lobes and serial examinations.

Pulmonary Vessel Imaging

Pulmonary vessel imaging, available on dual-source scanners,
shows the amount of iodine in vascular structures as an indicator
of flow. Pulmonary vessels with high flow are color-coded blue,
and those with slower flow are color-coded red. Slower flow can
indicate later arrival of contrast material in a vessel due to ob-
struction or dilution effect of collaterals. This algorithm comple-
ments PBV images and is useful in the assessment of vascular and
parenchymal diseases.

Virtual Monoenergetic Images

Virtual monoenergetic images simulate the attenuation (ex-
pressed as Hounsfield units) of an image acquired at a single en-
ergy value, allowing extrapolation of energies as low as 40 keV
and as high as 200 keV. Low-kiloelectron voltage images (40-50
keV) use an energy close to the K-edge of iodine (32 keV) and are
useful to increase the conspicuity of contrast material [9, 15, 16]
(Fig. 3). These images also can allow use of smaller volumes of
contrast material and lower injection rates [20]. High—kiloelec-
tron voltage images (100-150 keV) decrease noise and are useful

528

in reducing beam-hardening artifacts related to dense intravas-
cular contrast material and metal implants, such as those associ-
ated with spinal instrumentation [21] (Fig. 4).

Radiation Exposure

Radiation exposure from diagnostic imaging in children is an
important consideration because of concerns about the poten-
tial risk for radiation-induced carcinogenesis. In pediatric chest
CT, clinical studies of dual-source CT scanners have reported that
doses are equal to or less than those of single-energy CT when
traditional dose reduction techniques are used [9, 22-24].

Explanations for the reduced dose on the dual-source system
are as follows: the addition of tin filtration, which absorbs unnec-
essary low-energy photons in dual-source CT scanners; use of vir-
tual noncontrast images, which may obviate acquisition of true
noncontrast images; and improvements in iterative reconstruc-
tion techniques and detector efficiency, particularly when a pho-
ton-counting detector system is used.

Dual-Energy CT in Pulmonary Vascular Imaging
Pulmonary Embolism

Among children, the prevalence of pulmonary thromboem-
bolism on CTA is approximately 16% [25, 26]. Although pulmo-
nary thromboembolism shows many of the same imaging find-
ings in adult and pediatric patients, the challenges of using CTA
to diagnose pulmonary emboli in children include difficulty in vi-
sualizing small pulmonary emboli in small patients and difficul-
ty in obtaining optimal pulmonary arterial opacification in small
patients. Low—kiloelectron voltage monoenergetic (40-50 keV)
images can improve enhancement of the pulmonary arteries,
potentially salvaging an examination with suboptimal enhance-
ment. Vessel and PBV images can improve both the detectabili-
ty of small endoluminal thrombi and the effect of such thrombi
on lung perfusion. In a study comparing average-weighted 120-
kV images and perfusion images in the detection of pulmonary
embolus in 32 children with nephrotic syndrome, the authors re-
ported that PBV images improved detection of segmental and
subsegmental pulmonary emboli, although the difference was
not statistically significant [23].

Material-specific PBV and pulmonary vessel images provide
information about lung perfusion and vessel patency [9, 15, 23,
27-30]. On PBV images, perfusion defects associated with occlu-
sive pulmonary thromboembolism manifest as peripheral wedge-
shaped areas of nonenhancing parenchyma (Fig. 5). Occlusive em-
boli are more likely than nonocclusive emboli to show perfusion
defects [27]. Thrombosed pulmonary arteries are color-coded
red, reflecting diminished or absent flow (Fig. 5). The lung vessel
algorithm, a currently available postprocessing tool, can improve
detection of small emboli in segmental and subsegmental pul-
monary arteries in comparison with conventional CTA [30, 31], al-
though the clinical significance of this finding is uncertain [31].

Pulmonary Hypertension

In children, pulmonary hypertension is usually idiopathic or
due to high-flow congenital heart disease and, less often, embol-
ic disease. Material-specificimages are useful to detect subtle de-
creases in parenchymal perfusion and pulmonary flow, allowing
diagnosis of pulmonary hypertension when conventional CTA is

AJR:221, October 2023



Downloaded from www.gjronline.org by 88.24.140.185 on 04/26/25 from | P address 88.24.140.185. Copyright ARRS. For personal use only; al rights reserved

Dual-Energy CT for Pediatric Thoracic Imaging

normal. These images also can be used in treatment monitoring.
The parenchymal abnormalities on PBV images are large, periph-
eral, and segmental in embolic hypertension, but they tend to
be smaller, nonsegmental, and patchy in nonembolic pulmonary
hypertension [32, 33] (Fig. 6). Defects are more likely to be seenin
severe disease than in mild disease. Restricted arterial flow (col-
or-coded red) can be seen on pulmonary vessel images.

Arteriovenous Malformations

CTA has played an increasing role in the identification and de-
scription of arteriovenous malformations [34]. Early experience
has suggested that PBV images and lung vessel images are useful
for increasing the conspicuity of small arteriovenous malforma-
tions and their nidi, for example in young patients with heredi-
tary hemorrhagic telangiectasia [9, 30]. In addition, initial expe-
rience suggests that dual-energy CT can be used to evaluate the
success of embolization [9] (Fig. 7). Larger series are required to
define the value of dual-energy CT in the evaluation and man-
agement of arteriovenous malformations.

Vascular Abnormalities

Dual-energy material-specific images can add information to
conventional CTA in the evaluation of lung perfusion and pulmo-
nary artery flow in patients with congenital heart diseases associat-
ed with hypoplastic or absent pulmonary arteries [9] and in preoper-
ative planning for pulmonary artery reconstruction [35]. Assessment
of lung perfusion in pulmonary venous obstruction is another indi-
cation for PBV imaging by dual-energy CT (Fig. 8). Other studies have
shown a role of dual-energy CT in the evaluation of cyanotic con-
genital heart disease, by using PBV images as a surrogate for lung
perfusion to assess whether major aortopulmonary collateral arter-
ies are providing adequate pulmonary artery blood flow [36].

Dual-Energy CT in Parenchymal Lung Disease
Congenital Lung Anomalies

PBV images can confirm the diagnosis and extent of congeni-
tal lung anomalies, such as congenital lobar overinflation, bron-
chial atresia, and congenital cystic adenomatoid malformation.
Congenital lung anomalies show well-demarcated hypoperfu-
sion relative to the adjacent lung [15] (Fig. 9). PBV images from du-
al-energy CT have shown feasibility in supplanting nuclear ventila-
tion-perfusion (V/Q) scans in preoperative planning for resection
of certain congenital lung lesions, for example in a small series
showing excellent intermodality agreement for perfusion anom-
alies when coupled with a diagnostic-quality CT examination [19].

Chronic Lung Disease

Another use of PBV images is evaluation of the extent of pa-
renchymal involvement in children with chronic lung disease.
Chronic lung disease results in heterogeneous parenchymal per-
fusion, with the extent of heterogeneity varying with the sever-
ity of lung disease and associated pulmonary hypertension. The
contributory effects of lung disease and pulmonary hypertension
cannot be isolated on PBV images given that both entities can
cause defects. Nonetheless, PBV images may show their summa-
tive effects and may have a role as a marker in subjectively grad-
ing the severity of chronic lung disease. Quantitative criteria have
not been reported in the evaluation of chronic lung disease [19].
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Dual-Energy CT in Oncology
Tumor Characterization

Dual-energy CT has shown utility in characterizing mediastinal
masses on the basis of the iodine concentration in the tumor [17,
37]. Common mediastinal masses in children include lymphoma,
teratoma, neurogenic tumors (neuroblastoma, ganglioneuroma,
and neurofibroma), and foregut cysts. Mediastinal cysts typically
have contents with an attenuation near that of water, but on oc-
casion the attenuation may be higher, mimicking a solid mass,
because the cyst fluid contains mucoid, protein, or blood prod-
ucts. lodine images allow differentiation of solid and cystic mass-
es based on the iodine concentrations. A non-iodine-containing
mass is likely a cyst or benign solid mass, whereas an iodine-con-
taining mass is more likely to be malignant (Fig. 10). Preliminary
experience indicates that quantitative iodine concentrations
greater than T mg/mL support the diagnosis of a malignant mass
[17]. Dual-energy CT iodine images with subjective evaluation of
iodine content can also be used to differentiate malignant and
benign lung nodules [17].

Assessment of Treatment Response

Traditionally, assessment of treatment response has been based
on reduction in tumor size over serial cross-sectional imaging ex-
aminations. However, tumors treated with immunotherapy may
not show a size reduction but instead may reveal a change in atten-
uation. In this setting, iodine images derived from dual-energy CT
can help to assess treatment response [17, 38]. Tumors with a poor
response show a persistently high iodine concentration, whereas
tumors that respond to treatment show a decrease in iodine con-
tent (Fig. 11). Currently, evaluation of treatment response is based
on subjective evaluation of changes in iodine content. A quantita-
tive decrease in iodine content using ROIs can support a diagno-
sis of treatment response. Large series in children that define re-
sponse threshold values for decreased iodine content are lacking.
Validation of threshold values will require future studies.

Pitfalls in Dual-Energy Imaging

Pitfalls in the diagnosis of pulmonary emboli on PBV images
include beam-hardening artifact, errors in the dual-energy CT
threshold, parenchymal disease, and physiologic cardiac motion,
pleural motion, and diaphragmatic motion.

Beam-hardening artifacts resulting from dense contrast mate-
rial in the superior vena cava and brachiocephalic vein cause ar-
eas of apparent underperfusion in the upper lobes [39] (Fig. 12).
As previously noted, dual-source dual-energy CT uses maximum
CT values to calculate pulmonary blood volume. In young chil-
dren with dense lungs, the reference maximum attenuation is
-200 to -300 HU, compared with a reference maximum attenu-
ation of -600 HU in adolescents and adults; the reference mini-
mum attenuation in both instances is set at -960 HU. Artifactual
perfusion defects can occur in young children if an inappropriate
adult setting is used [9, 40] (Fig. 12).

Other causes of artifactual perfusion defects are atelectasis,
hemorrhage, and consolidation. These pathologies increase lung
density and thus are assigned a value (expressed as Hounsfield
units) that is outside the segmentation range (i.e., attenuation
values greater than —300 HU in the dense lung setting or -600 HU
in the adult lung setting). These artifacts are easily recognized by
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viewing PBV images in combination with 70-kV, 80-kV, or mixed
images [41, 42]. Motion artifacts related to cardiac contractions or
inability to breath-hold cause characteristic crescentic perfusion
defects adjacent to the heart, diaphragm, or pleura [43].

Conclusion

Dual-energy CT with material- and energy-specific imaging
offers promising applications, previously unavailable with sin-
gle-energy CT, for the evaluation of pediatric thoracic diseases.
Material-specificimaging has increased the versatility of CT in the
imaging of vascular and parenchymal abnormalities and has im-
proved characterization of masses and assessment of therapy re-
sponse. Virtual monoenergeticimaging has led to improvements
in image contrast and has reduced beam-hardening artifacts. An
especially important feature of dual-energy CT used in the eval-
uation of children is that the radiation exposure is comparable to
or less than that of single-energy CT.
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Fig. 1—Representative material-specific images from dual-energy CT examination performed to evaluate for metallic foreign body (not pictured) in 17-year-old boy.
A, Axial 100-keV image shows normal CT appearance with contrast.
B, Axial virtual unenhanced image created by subtraction of iodine content shows normal CT appearance with contrast removed.
C, Axial pure-iodine image shows pure contrast image with CT subtracted.
D, Axial iodine overlay image, which superimposes color-coded iodine map on gray-scale virtual unenhanced image, shows fused contrast and CT image.
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Fig. 2—Representative material-specific images from dual-energy CT examination performed to evaluate for pulmonary embolism in 11-year-old boy.

A, Standard axial perfused blood volume image shows good perfusion, color-coded reddish orange.

B, Axial pulmonary vessel image shows intravascular contrast, color-coded blue.

C, Axial perfused blood volume image with vessel overlay shows normal perfusion and intravascular contrast.

D, Multicolor perfused blood volume image (alternative to image in C) with vessel overlay shows good perfusion, color-coded green. Examination was interpreted as
showing no pulmonary embolism or perfusion abnormalities.
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Fig. 3—Representative monoenergetic images, obtained using low kiloelectron
voltage, from dual-energy CTA examination performed to evaluate for
pulmonary embolism in 16-year-old boy with chest pain.

A-C, Axial 50- (A), 75- (B), and 100-keV (C) images show that visualization of
iodine contrast improves at lower kiloelectron voltage. No pulmonary embolism
was detected.

Fig. 4—Representative monoenergetic images used
to suppress metal artifact from spinal instrumentation
for scoliosis, from dual-energy CT examination
performed in 13-year-old boy with back pain.

A and B, Sagittal 80- (A) and 180-keV (B) images show
decreased beam-hardening artifact and improved
visualization of posterior spinal hardware and
surrounding structures at higher kiloelectron voltage.
Conversely, soft-tissue contrast decreases with
increasing kiloelectron voltage.

AJR:221, October 2023 533



Downloaded from www.gjronline.org by 88.24.140.185 on 04/26/25 from | P address 88.24.140.185. Copyright ARRS. For personal use only; al rights reserved

Rapp et al.

Fig. 5—5-year-old boy with acute respiratory distress. Dual-energy CTA was performed for further evaluation.

A, Coronal image shows thrombus in right pulmonary artery (arrow) and scattered areas of atelectasis in right lower lobe.

B, Coronal combined vessel and blood volume image shows wedge-shaped area of diminished perfusion (black) in right upper lobe, consistent with infarct. Right
upper lobe vessels with diminished flow are color-coded red, and normal vessels in remainder of lung are color-coded blue. Color scale represents attenuation
(expressed as Hounsfield units) of contrast media, which ranged from 80 HU (orange) to 0 HU (black). Higher numbers indicate better perfusion. Presence of contrast
medium (CM) in vessels is shown, with less CM color-coded red and more CM color-coded blue.

Fig. 6—13-year-old patient with primary pulmonary hypertension. Dual-energy
CTA was performed for evaluation. Coronal perfused blood volume image
shows multiple small, patchy, dark areas (arrows), consistent with nonsegmental
perfusion defects; finding is typical of nonembolic pulmonary hypertension.
Color scale represents attenuation (expressed as Hounsfield units) of contrast
media, which ranged from 80 HU (yellow) to 0 HU (black).
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Fig. 7—14-year-old girl with hereditary hemorrhagic telangiectasia. Dual-energy CTA was performed for evaluation.

A, Axial maximum-intensity-projection image shows two small arteriovenous malformations in lingua of left upper lobe (arrows).

B, Axial blood-vessel image shows high-velocity flow, color-coded blue, in arteriovenous malformation (arrows). Blood vessel image increases conspicuity of
malformation and may increase diagnostic confidence.

A B

Fig. 8—5-year-old girl with pulmonary vein atresia in left upper lobe and pulmonary vein stenosis in left lower lobe. Dual-energy CT was performed for evaluation.
A, Axial image on lung window, obtained at 80 kV, shows small left lung with diminished vascularity.

B, Axial perfused blood volume image shows markedly diminished perfusion throughout left lung, color-coded blue. Normal perfusion is seen in right lung. Color
scale represents attenuation (expressed as Hounsfield units) of contrast media, which ranged from 80 HU (green) to 0 HU (black).
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Fig. 9—8-year-old girl with congenital bronchial atresia. Dual-energy CT was performed for evaluation.
A, Axial image on lung window shows atretic bronchus (arrow) and surrounding hyperinflated lung in right upper lobe.
B, Axial perfused blood volume image shows corresponding hypoperfused right upper lobe, color-coded blue. Remainder of lung is normal.

|

Fig. 10—Two patients who underwent dual-energy CT for evaluation of mediastinal masses.

A, Coronal iodine overlay image of 10-year-old boy shows no visualized iodine content in middle mediastinal mass (arrow). On conventional image (not shown), mass
had attenuation of 40 HU, which was indeterminate for cyst. lodine content measurement was 0.7 mg/mL, indicating presence of cystic mass. Surgical resection
confirmed diagnosis of bronchogenic cyst.

B, Coronal iodine overlay image of 3-year-old boy shows iodine content within posterior mediastinal mass (arrows). lodine content measurement was 3.2 mg/mL.
Surgical resection confirmed diagnosis of neuroblastoma. Presence of iodine increases confidence in diagnosis of malignant mass. Mass containing iodine is more
likely to be malignant than mass not containing iodine.
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NC/CM/Mixed 0.6/80/Sn150 [41CT
8.2/73.5/88.6/50.9 HU " 9 App: VNC/CM/Mixed 0.6/80/Sn150
3 HU Mean: 25.9/23.4/49.4/58.2/35.9 HU
18.0/25.0/60.0/71.0/28.0 HU
0/50.0/86.0/104.0/72.0 HU
Area: 2.0 cm
ledine density: 1.4 mg/mL, 32.7%
4 lodine density: 0.9 mg/mL, 24.2%

Fig. 11—16-year-old girl with lymphoma. Dual-energy CT was used to evaluate treatment response. App = application, VNC = virtual noncontrast, CM = contrast
medium, Min = minimum, Max = maximum.

A, Axial iodine image from baseline examination shows iodine content in bilateral hilar and subcarinal lymph nodes. lodine content in left hilar node measured by ROI
(circle) was 1.4 mg/mL.

B, Axial iodine image from examination performed 6 weeks after treatment shows substantial decrease in size and iodine content of aforementioned lymph nodes,
with residual patchy iodine content. lodine content in left hilar node measured by ROI (circle) was 0.9 mg/mL. Findings are consistent with partial treatment response,
which was confirmed by subsequent FDG PET/CT examination (not shown).

A

Fig. 12—Examples of potential pitfalls in application of dual-energy CT for evaluation of thorax in children.
A and B, Status of 7-year-old girl after repair of total anomalous pulmonary venous return. Dual-energy CT was performed for evaluation. Axial perfused blood
volume map (A) shows focal area of apparent hypoperfusion (arrow), which was attributed to streak artifact from adjacent right brachiocephalic vein or superior vena
cava. Coronal perfusion map (B) also shows focal area of apparent hyperperfusion (arrow), attributed to streak artifact from adjacent left brachiocephalic vein. True
hypoperfusion is seen throughout left lung due to atresia of reimplanted pulmonary veins.

(Fig. 12 continues on next page)
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Fig. 12 (continued)—Examples of potential pitfalls in application of dual-energy CT for evaluation of thorax in children.

Cand D, 5-month-old boy with bronchopulmonary dysplasia. Dual-energy CT was performed for evaluation. Axial perfused blood volume image (C) obtained
without use of dense lung setting (maximum attenuation value cutoff set to ~600 HU) shows heterogeneous parenchymal perfusion (blue and black), suggesting
presence of multiple perfusion defects. Axial perfused blood volume image (D) at same level, generated with correct algorithm setting with use of dense lung setting,
shows overall well-perfused parenchyma (green), aside from scattered small parenchymal perfusion defects (blue), consistent with underlying lung disease. Apparent
perfusion defects in C were attributed to artifact. In D, area of surrounding lungs color-coded blue (arrow) relates to pleural motion from absence of breath-holding,

representing additional artifact.

Editorial Comment: A Call for Pediatric Radiologists to Explore Dual-Energy CT

This article provides an excellent review of pediatric thoracic
dual-energy CT (DECT), describing the technique and its utility
as well as implicitly making a strong case for its expanded use.

Differences in x-ray energy absorption were routinely exploited
before the advent of CT. A chest radiograph showing an opacity
that might be calcium would be repeated at a lower peak kilovolt-
age setting, accentuating contrast as calcium’s K-edge was ap-
proached. CT introduced the routine ability to distinguish a wide
range of image contrasts. The wide dynamic range of CT images,
however, did not fully resolve limitations from overlapping tissue
attenuations. DECT addresses this issue, reviving an old concept.

As in adults, DECT has substantial potential benefit in chil-
dren. Pediatric radiologists primarily use single-phase protocols
for contrast-enhanced CT, leading to challenges in differentiating
hyperattenuating structures from enhancing tissues. Virtual non-
contrast images enable such differentiation. However, although
DECT shows promise for pediatric indications, adoption of DECT
by pediatric radiologists has been slow. Contributing to this lim-
ited adoption has been a need for further validation. For exam-
ple, assessment of congenital lung disease, although promising,
remains based on findings from small series. Although data sup-
porting the use of iodine concentration thresholds for differenti-
ating benign from malignant lesions are starting to accrue, such
data must be expanded to a greater diversity of tumor types [1].
The further accumulation of evidence and experience in adults
should spur a call for more studies in children [2]. Another issue is
that although radiation doses for DECT are generally comparable

to or lower than those for conventional CT, there are exceptions,
such as for rapid-kilovoltage-switching scanners. In addition, du-
al-source scanners are somewhat prone to motion artifact, a par-
ticular concern in children [3].

Pediatric radiologists should recognize the potential benefits
of DECT in children and should become active participants in ad-
vancing the technology through further clinical use and contin-
ued research into its most promising applications.
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