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KEYWORDS Abstract Although dual-energy CT was initially described by Hounsfield in 1973, it remains
Dual energy; underused in clinical practice. It is therefore important to emphasize the clinical benefits and
Computed limitations of this technique. lodine mapping makes it possible to quantify the uptake of iodine,
tomography; which is very important in characterizing tumors, lung perfusion, pulmonary nodules, and the
Single-energy images; tumor response to new treatments. Dual-energy CT also makes it possible to obtain virtual
Without virtual single-energy images and virtual images without iodinated contrast or without calcium, as well
contrast; as to separate materials such as uric acid or fat and to elaborate hepatic iron overload maps.
lodine map In this article, we review some of the clinical benefits and technical limitations to improve
understanding of dual-energy CT and expand its use in clinical practice.
© 2022 SERAM. Published by Elsevier Espana, S.L.U. All rights reserved.
PALABRAS CLAVE Energia Dual en TC. Consideraciones técnicas y aplicaciones clinicas
Energia dual; Resumen A pesar de que el concepto de doble energia en TC nace con Hounsfield en 1973,
Tomografia su uso clinico permanece infrautilizado, siendo importante incidir en los beneficios clinicos
computarizada; y limitaciones de esta técnica. La utilidad de imagenes de «mapa de yodo» permite valo-
Imagenes rar cuantitativamente la captacion de yodo, de gran importancia en la caracterizacion de
monoenergéticas; lesiones tumorales, en los mapas de perfusion pulmonar, en la naturaleza del nddulo pul-

Sin contraste virtual;
Mapa de yodo

monar o en la respuesta tumoral a los nuevos tratamientos. Permite la obtencion de imagenes
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monoenergéticas virtuales, imagenes virtuales sin contraste yodado o sin calcio, separacion de
materiales como acido Urico o de la grasa o mapas de sobrecarga férrica hepatica. En esta
revision, revisamos algunos de los beneficios clinicos y limitaciones técnicas para mejorar su
comprension y ayudar a expandir su uso clinico.

© 2022 SERAM. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

The concept of dual energy arose from the limitations of
computed tomography (CT) in tissue discrimination, due to
the fact that the density in Hounslow units (HU) depends
on the linear attenuation coefficient (1), which has a con-
siderable overlap between different structures. The linear
attenuation coefficient is the sum of the photoelectric
absorption effect that predominates in low-energy pho-
tons and the ‘‘Compton’’ scattering, which predominates
in high-energy photons. While the Compton effect depends
on the density of the material, the photoelectric effect has
a directly proportional relationship to the atomic number of
the tissue (Z3)."

The idea of the use of dual energy is not new. In his 1973
article entitled ‘*Computarized Transverse Axial Scanning’’,
Godfrey Hounsfield observed that iodine and calcium could
be differentiated using two acquisitions of the same slice
with different kilovoltage.' It was in the 1980s that the first
dual-energy CT appeared, designed to analyse osteoporosis
studies. This CT performed two shots at different energy
levels, but with about five seconds between one and the
other, which meant a very high temporal coherence.? Nowa-
days there are scanners which use this method with much
shorter acquisition intervals. In 2006, the first dual-source
CT scanner was designed for wide clinical use, installing
two tubes that acquired simultaneously at 80 kV and 140 kV.
Later, scanners appeared that obtained dual energy with a
single tube, obtaining two acquisitions with rapid switching;
other systems obtain the spectral difference by means of
two superimposed detector layers (one absorbs low energy
and the other high energy) or also by dividing the X-ray beam
with the use of two filters (gold and tin) in the X-ray tube,
which absorb low and high energy photons respectively**
(Fig. 1).

One of the most widespread clinical uses has classically
been the analysis of kidney and ureter stone composition,
as it can differentiate between calcium stones (for example
calcium oxalate) and uric acids stones. It is also possible
to differentiate periarticular calcifications with a uric acid
composition (gout) from pyrophosphate crystals. In addition,
it can provide two lots of images (with contrast and virtual
non-contrast [VNC]) in a single acquisition performed after
contrast administration, thanks to the decomposition and
subtraction of the iodine from the original study. Calcium
subtraction enables imaging of bone oedema in the bone.>~”

New perspectives are now opening up, however, such as
the application of dual energy in oncology, not only to dis-

tinguish between a benign or malignant lesion, but also to
observe post-treatment changes in almost the same way as
continuous perfusion studies.? It is possible to obtain studies
of perfusion at a particular point in time using iodine uptake
maps, such as those obtained in the lung, called ‘‘pulmonary
perfused blood volume’’ (PBV), which enable assessment of
pulmonary perfusion defects in situations such as pulmonary
embolism, in lung diseases such as COPD and even in situa-
tions of hypoxaemia in lung infections.® There are other
utilities based on post-processing, generating single-energy
images to highlight iodine uptake or reduce metal artifacts
for example.

The aim of this article is, based on personal experience
with dual-source units, to examine and highlight lesser-
known and useful aspects of dual-energy studies which can
be used routinely.

A quick recap on the principles of dual energy

We need to remember that the dual energy principle is based
on the use of two X-ray energy spectra, which enable mate-
rials with high atomic number to be detected, visualised,
quantified or subtracted. The algorithms used for tissue dif-
ferentiation basically depend on two of their properties,
their atomic number (Z) and their electronic density or mass
(p). Dual energy is related to the ‘‘linear attenuation coef-
ficient’’ (u), expressed in the following formula®:

n=—(E2)p

SRS

where, % is the mass attenuation coefficient, E is the energy
used, Z is the atomic number and p the density. If you look
closely, it is not only the atomic number that influences the
attenuation, but also the energy of the photons and the
density of the material (see below for single-energy images).

When the data is acquired with two different energies,
such as 80kV and 140kV, tissues with high attenuation can
be differentiated; for example, calcium (bone) and iodine,
which in a conventional CT could overlap because they have
similar Hounsfield units (HU). This is shown by calculating
the ratio of the HU of the tissue or element acquired at
low energy (80kV) and high energy (140kV). This concept is
known as the CT number ratio-

HU (80KV)

T 0= ——————
CT number ratio HU (140KV)
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Figure 1  A) Dual source unit where one of the tubes emits high energy (140kV) and a second low energy (80kV), one perpendicular
to the other. The high-energy tube has a tin (Sn) filter, which absorbs low-energy photons to lower noise and increase spectral
differentiation efficiency. B) System where a single tube rotates rapidly, emitting exposures alternately to high (140kV) and low
energy (80kV). C) System with a single tube that emits high energy (either 140 or 120 kV). Spectral separation occurs in the detector
where an A layer of yttrium is positioned which separates low energy photons, allowing high energy photons to interact on a second
B layer of gadolinium oxysulfide. D) Filter system in the X-ray tube which causes the beam to be divided into two low and high
energy emissions (split-filter).
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Figure 2 A) The differentiation of the materials depends on the absorption at high and low kV. The elements water and air are
calibrated on CT at 0 and -1000 HU respectively. Elements with high atomic numbers, such as calcium and iodine, exhibit greater
absorption at low energy; the low kV/high kV CT number ratio (called the dual-energy ratio) is greater than 1. In contrast, elements
such as fat show greater absorption at high energies and so have higher HU values when high energy is applied. B) Blue calcium
lithiasis. The ratio or density ratio is 1.35 (1784 HU/1332 HU) above the reference line. It is characteristic of both calcium and
iodine (high Z elements) that they have higher absorption at low energy. Pink uric acid lithiasis. The ratio or density ratio is 0.98
(281 HU/283 HU), which is below the reference line. It has the characteristic (like fat) of having less absorption at low energies.
C) The spectral separation is better when the differentiation or amplitude between the energies used is greater. A) Dual energy
between 100 and 140kV. B) Dual energy with 70 and 150 kV.

If we compare calcium and iodine, the values in HU The differentiation of tissues is directly related to the
are different at 80kV (low energy) compared to high greater spectrum of double energy used; thus, the greater
energy (140kV), as they have different atomic numbers the separation between the different kilovoltage used,
(Zcalcium = 20; Ziodine = 53), which makes it possible to distin- the better the spectral separation (Fig. 2C). As we know,
guish between the two elements (Fig. 2A and B).'0-"2 the linear attenuation coefficient depends on the photons

(E=energy), such that the lower the kilovoltage of the first
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energy, the lower the number of photons that reach the
detector, causing greater noise in the image. This noise
increase negatively affects the accuracy of the values in
HU. To improve this limitation, some equipment incorpo-
rates a tin filter (Tin-Sn) with greater performance in the
attenuation of low-energy photons. '

The differentiated materials are presented using their
decomposition and each material can be calculated using an
absorption algorithm. Thus, we can select images of iodine,
forming ‘“iodine maps’’, or if iodine is subtracted, images
called **'VNC’’ are created. The VNC have the advantage of
reducing the radiation dose as they avoid performing acqui-
sitions without contrast, especially in biphasic or triphasic
protocols (kidney, liver, vascular, etc)."

The iodine map images are fused with the VNC images
to enhance anatomical detail'? (Fig. 3A). Similarly, other
materials such as calcium are subtracted, eliminating the
trabecular bone (virtual non-calcium images) and allowing
other contents such as bone marrow oedema (bone marrow
image) to be assessed (Fig. 3B).”™

It should be remembered that dual energy has another
benefit for clinical use, with the possibility of virtually form-
ing monochromatic images with different energy (Fig. 4A).
A conventional CT acquires with a polychromatic energy,
meaning despite the fact that we carry out a study at,
for example, 120kV, the energy that reaches the detec-
tor is not uniform as it does so in a variable range of
energy (polyenergetic). Dual energy can emulate images
which would have been acquired with a single homogeneous
source (for example 70keV), hence called virtual monoen-
ergetic (or monochromatic) images. These images can be
generated at any energy, but due to limitations in qual-
ity and other technical considerations, the scanners obtain
them from 40 to 200keV.">"8

We need to remember that in low-energy images, mate-
rials with a higher atomic number (for example iodine) have
higher contrast, a peculiarity due to the photoelectric effect
with a direct relationship with the Z value. However, they
have the drawback of increasing noise (fewer photons), as
well as the ‘*beam hardening’’ artefact. The use of specifi-
cally designed algorithms would improve this limitation (see
below). At the other extreme, in high-energy virtual images,
the Compton effect prevails, where contrast differentiation
(iodine) is lost because image contrast depends on element
density (p). However, they have the great advantage of elim-
inating beam hardening artefact and the clinical utility of
reducing metal (prosthetic) artifacts.'

Dual energy quantification makes it possible not only to
characterise lesions by measuring HU, but also with the
amount of iodine in tissues (mg/dl). It can also calculate
the effective atomic number (Z.+) and the effective elec-
tron density (pe) of a tissue with minimal errors.’® A Z
map is a quantitative approach to differentiating materials
by analysing changes in attenuation according to the energy.
We know, through studies with phantoms, the Z.¢ values of
different materials. For example, the HU value of water is
zero. However, the Z. value of water is 7.4. Mileto et al."
assessed the differentiation of renal cysts and renal lesions
with enhancement by quantifying the Z.s measurements,
concluding that renal cysts without enhancement, including
cysts with blood content (hyperdense), could be differenti-

ated with a Zg cut-off value of 8.36, with a sensitivity of
91%.

Solutions to the most common limitations

Noise in low-energy monoenergetic images

We know the advantage of low-energy images in increas-
ing contrast display (photoelectric effect), but they have
the disadvantage of proportionally increasing image noise.
Some CT units have improved on this problem with tech-
niques called frequency-split (Monoenergetic Plus; Siemens
Healthcare, Forchheim, Germany). They consist of using the
low keV image and combining it with the one with lower
noise and higher energy (close to 70keV), thus improving
the noise without losing contrast.'>'>

lodine map

To correctly evaluate iodine map images, an appropriate
window range has to be selected. The selection has to be
optimal to avoid either tissues such as fat or air having the
appearance of enhancing or containing iodine. For this pur-
pose, a good range is a width W 150 and a centre C 80.
We have to bear in mind that perfusion maps (PBV) or bone
marrow images sometimes require small adjustments in the
window values to obtain appropriate diagnostic images.

It is important to remember that simple renal cysts, par-
ticularly if small in size, can appear coloured with the false
impression of showing uptake, an artefact called *‘pseudo-
enhancement’’. This effect may be due to noise in the
image, the acquisition technique itself or the energy (dose)
used. One solution to correct this, as we have seen, is to
analyse a Zs map or the monoenergetic images, assess-
ing the morphology of the practically flat curve; that is,
with similar HU in the high-energy and low-energy images
(Fig. 5).20:21

Quantitative measurements made on the iodine map
images (mg/dl of iodine) cannot be recalculated once these
images have been sent to the picture archiving and commu-
nication system (PACS), as they are only obtained through
specific post-processing, which is not supported by the
Digital Imaging and Communications in Medicine (DICOM)
system. Therefore, when the iodine map images are sent to
the PACS, only a qualitative assessment can be performed
based on the colour map.

Virtual non-contrast

VNC images are achieved by subtracting the iodine material.
Sometimes, however, when the iodine concentration is very
high, for example, in the aorta, the subtraction is not com-
plete. This effect is due to the fact that, as we know, tissue
attenuation depends on both atomic number and concen-
tration. The use of high-energy (>120keV) monoenergetic
imaging can ameliorate this problem by removing the pho-
toelectric effect.?2-24

Sometimes there are elements with an atomic number
very close to iodine (Z = 53), like barium (Z =56), and it would
also therefore be subtracted, so we would have complete
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Figure 3  A) Single post-contrast acquisition. Axial plane image of the upper abdomen. Left-hand image, virtual non-contrast
(VNC). Central image with iodine map merged with the anatomical image at 50%. Right-hand image, iodine map. B) 19-year-old
male diagnosed with osteoid osteoma in the proximal tibial metaphysis. Dual-energy CT, coronal plane and ‘‘bone oedema’’ map
image showing bone oedema adjacent to the nidus in green (red). MRI with coronal T2-weighted sequence, with fat saturation
showing the extent of bone oedema similar to the CT study.
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Figure 4 Single-energy images. In low energy images, the photoelectric effect predominates, showing greater contrast due to the
influence of the atomic number (Z). However, in high-energy images, the Compton effect predominates, where the density depends
on the density of the element in the tissues (p).

removal of both the intravenous and the oral contrast. Also, with true non-contrast acquisition and those that would be
materials such as lipiodol for the visualisation of hepatocel- obtained with the VNC technique. VNC overestimates the
lular carcinoma become lost in the VNC images. values by around + 10 HU. The solution again is to visualise

In the characterisation of adrenal lesions, there is a high-energy monoenergetic images, where the units are
slight variation in HU between the measurements made

449



G.C. Fernandez-Pérez, C. Fraga Pifieiro, M. Onate Miranda et al.

Figure 5

/Sn140/Rho/Z
/1.2/0.1/7.52 HU/Z

‘*Pseudo-enhancement’’ effect in cystic lesions. A) ‘‘lodine map’’ image, showing a slightly heterogeneous left renal

cyst that could suggest possible uptake. B) However, in the high energy single-energy image (120 keV) it has homogeneous hypo-
density, with attenuation values of 1.4 HU and an attenuation curve of the different energies in the water range, correcting the
pseudoenhancement phenomenon. C) Electron density map (Zeff/Rho), quantifying the lesion with Zeff and Rho values of 7.5 and

0.1 respectively (values characteristic of water).

practically similar to those obtained in a true non-contrast
scan.?

Clinical applications

There are many clinical applications currently and there will
be many more in the future. We discuss some of the most
interesting and clinically established below.

Chest studies

One of the best known clinically is the use of dual energy
in the diagnosis of pulmonary embolism (PE), not only for
the visualisation of the thrombus, but also because it can
show the perfusion alterations in the lung parenchyma by
means of pulmonary perfusion maps called PBV. A greater
number of perfusion defects correlates with the severity of
the clinical picture and right heart overload, expressed as
the increase in the ratio between the right ventricle and
left ventricle diameters.?*=32 Also, the response to treat-
ment can be assessed in patients in whom fibrinolysis is used,
seeing the improvement within a few hours of starting treat-
ment. A third advantage over conventional or single-energy
CT is in subsegmental PE, as it demonstrates perfusion
defects even when the occluded vessel is small and might
go unnoticed. Re-evaluating the scans of patients where
only perfusion defects were observed, the occluded vessel
was found in 20% of the cases (Fig. 6).2¢-28 The fourth sce-
nario is being able to identify the perfusion defect, but that
there is no occluded vessel despite re-analysing the study.
There are several interpretations for this, the most plau-
sible being that it cannot be demonstrated due to spatial
resolution problems, probably because the vascular occlu-
sion is microscopic. However, it could also be the case that
these areas are not perfused by pulmonary arteries, but by
systemic (bronchial) vessels, such that in a subsequent or
arterial acquisition, this initial perfusion defect would have
disappeared.?® Similarly, pulmonary perfusion defects have
been studied in patients with COPD or lung disorders, as
recently seen in SARS-CoV-2 pneumonia.®? In addition, the

use of gases such as helium or xenon can assess ventilation
abnormalities.

Other interesting utilities focus on the study of lung can-
cer, where iodine quantification can be used as a biomarker,
being found in patients who express the VEGF gene and
even differentiating adenocarcinomas with a low or high
degree of differentiation.? Li et al** found significant dif-
ferences in iodine concentrations between monoenergetic
images at 40 and 100keV in non-small cell lung cancer
and between groups with negative and mild or moderately
positive expression for the VEGF gene. Furthermore, these
parameters also showed a significant and positive corre-
lation with the expression level for VEGF (r=0.413 and
0.393 respectively, p<0.05). Chae et al*> analysed the util-
ity of double energy in the characterisation of malignancy
of pulmonary nodules through contrast studies, reaching an
accuracy of above 80% when the enhancement of the nodule
was greater than 20 HU (Fig. 7).

Abdomen studies

Similar to the differentiation between calcium and uric acid
in urolithiasis, liver fat or iron content can be determined
using fat and iron overload quantification maps.>

Oncological studies have a special indication, taking
advantage of iodine map and monoenergetic images. For
example, using low-energy images (less than 50 keV) in pan-
creatic tumours (adenocarcinoma) increases the contrast
and makes it possible to better assess the extension, invasion
and staging of the cancer (Fig. 8).%’

In hypervascular (neuroendocrine) tumours, iodine map
images can quantify uptake changes as a tumour response
to neoadjuvant (antiangiogenic) therapy. This tool would
be used much like in any other hypervascular tumour, such
as hepatocellular carcinoma, clear cell renal cell carci-
noma or renal carcinoid tumours (Fig. 9). It is important
for image acquisition to be at the appropriate phase, for
example, to identify hepatocellular carcinoma with suffi-
cient contrast delay to reach the late arterial phase. In
kidney scans, it has been agreed to use the nephrographic

450



Radiologia 64 (2022) 445-455

m——

80 [HU]

Figure 6

Follow-up scan in a 34-year-old female patient, six months after having a pulmonary embolism. A) lodine map image

showing a small peripheral triangular perfusion defect. B) The vascular analysis map shows a vessel with less contrast (red), which
corresponds to a filiform vessel (C), as a consequence of a previous thromboembolism (lack of re-channelling).

Figure 7

Pulmonary nodule study with dual-epergy acquisition delayed for 3 min after administration of IV contrast (90 ml and

flow rate of 3ml/s). Dual energy analysis with iodine mapand colour scale for uptake greater than 20 HU (red). A) Patient with
squamous cell head and neck tumour with a metastatic pulmonary nodule marked in red on the image due to uptake greater than
20 HU. B) Patient with stable nodule in follow-up without contrast uptake on the iodine map.

Mixed image

Figure 8
Single-energy image at 40 keV showing higher contrast and bet-
ter differentiation of tumour invasion than the mixed image
(equivalent to 120kV).

Patient with adenocarcinoma of the pancreas.

phase (90—110s5). In all these scans, acquisition without con-
trast is always avoided, as it is obtained automatically using
the VNC images.?®3°

In the diagnosis of patients with intestinal ischaemia,
an increase in sensitivity is reported in studies with dou-
ble energy compared to conventional CT, reaching values
of 81% with the use of iodine maps and 100% with 40 keV
monoenergetic images.“

In adrenal adenomas, a decrease in attenuation due to
the presence of intracellular lipids was identified between
140kV and 80kV. Fifty percent of adenomas had a decrease
in attenuation at 80kV, while metastatic lesions had an
increase in attenuation at 80kV. With a decrease in atten-
uation at 80kVp as an indicator of adenoma, dual-energy
CT had a sensitivity of 50% with a specificity of 100% (PPV
100%). 4’

In patients with fatty liver disease, it is possible to
analyse or quantify the liver fat fraction.*>*® Patel et al*
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6.6 mg/ml iodine (117%)
CM: 127 HU A

2.9 mg/ml iodine (64%)
CM: 53 HU

Figure 9 lodine map in kidney tumours. A) Patient with
tumour in the lower pole with high contrast uptake (6.6 mg/mL;
equivalent to 117% with respect to the aorta), corresponding
to a clear cell renal cell carcinoma. B) Patient with lesion in
the upper pole of the left kidney with more moderate contrast
uptake (2.9 mg/mL, which corresponds to 64% with respect to
the aorta), with pathology result of oncocytoma. The iodine
map also enables us to see a hepatic lesion (cholangiocarci-
noma) and a tumour thrombus in the portal vein; the thrombus
showing contrast uptake.

calculated the liver fat fraction (mg/mL) in virtual non-
contrast images, obtaining a sensitivity of 90% and specificity
of 61% with a threshold of 1027mg/mL. Hyodo et al®
reported values similar to MR spectroscopy, using a mul-
timaterial decomposition algorithm (water, fat, iodine) in
acquisitions with iodinated contrast. Similar results have
been published more recently where they calculated the
fat fraction in multiphasic contrast-enhanced studies with
accuracy of more than 95%.4-48

Dual energy can also be used to calculate the liver iron
fraction in haemochromatosis and haemosiderosis. The iron
fraction can be obtained by calculating the variation in
liver HU between the low and high kV data, between the
data from the low and high energy virtual monochromatic
images, and through three-material decomposition algo-
rithms which enable iron to be differentiated from other
materials (including fat), as well as quantifying the virtual
iron content (VIC). It obtains sensitivity and specificity val-
ues similar to those obtained with the MRI T2* mapping
technique.®®

In the last ten years, several studies have investigated the
role of contrast-enhanced CT in the diagnosis and evaluation
of liver fibrosis. As a result, measurement of the extracellu-
lar volume fraction obtained from equilibrium liver CT has
been proposed as a potential biomarker for liver fibrosis
stratification. Bottari et al* found this value to be higher
in patients with cirrhosis than in the control group, with sig-
nificant differences (p <0.05). This method has the intrinsic
advantage of not requiring liver CT measurements without
contrast, so it does not deviate from routine multiphase liver
CT protocols.

Musculoskeletal studies

Monosodium urate crystal deposits (gout) can be identified
in joints and tendons and differentiated from joint disease
caused by calcium pyrophosphate crystal deposition. In the

same way we quantify liver iron, we can find iron deposits
in the synovium for the diagnosis of pigmented villonodular
synovitis.*’

Another advantage is identifying bone marrow oedema by
differentiation and subtraction of fatty marrow and bone,
along with obtaining *‘virtual non-calcium’’ images (similar
to iodine subtraction in ‘‘virtual non-contrast’’ imaging). It
can therefore show oedema in fractures, making it useful
in vertebral fractures to identify whether or not they are
acute, or in any other fracture where the solution of con-
tinuity in the cortical bone is subtle in the morphological
images, as occurs in stress or insufficiency fractures.™

In investigations of myeloma, dual-energy CT can poten-
tially assess typical myeloma lesions and may even be able
to find active myeloma lesions.>"->? It may also be helpful in
patients with bone metastases, where the use of monoen-
ergetic images (low energy 40 or 50keV) differentiates the
metastases better by increasing tissue contrast.”

Cardiovascular studies

Cardiac stress studies (adenosine) performed with dual
energy increase the sensitivity for coronary lesions
with haemodynamically significant stenosis when assessing
myocardial perfusion defects in the affected vascular ter-
ritory, reaching a sensitivity of 77% and specificity of 94%,
correlating with cardiac MRI (r=0.6; p <0.05).%*

Acquisitions made at three minutes can determine late
contrast uptake to differentiate between scarring related
to old infarction and scar fibrosis due to other causes, and
may even enable quantification of the extracellular volume
of the myocardium as in T1-mapping studies carried out in
MR|_54~57

In vascular studies the amount of contrast can be
reduced, an important factor in patients with renal
impairment, obtaining low-energy monoenergetic images.
Non-contrast acquisition can be eliminated in scans of the
aorta (and vascular scans in general), as the VNC image is
obtained automatically, with this being particularly impor-
tant in acute aortic syndromes or in vascular stent leaks.>®

Silicone breast implants

Dual-energy CT may be a simple and readily available tech-
nique for evaluating rupture of silicone breast implants. The
photoelectric effect of silicon (Z = 14) is used, showing high
contrast in low kilovoltage monoenergetic images. Silicone
maps can be made, assessing intra- and extracapsular rup-
ture zones, as well as the association with the infiltration of
the substance into the lymph nodes®®® (Fig. 10).

Conclusions

To sum up, dual-energy CT scanning enables differentia-
tion of elements with high HU values such as calcium or
iodine, which would overlap on a conventional CT. By sub-
tracting the known element, we can obtain iodine maps,
VNC, virtual non-calcium or bone marrow oedema images.
The amount of iodine that enhances a lesion can be quan-
tified and elements can be quantitatively differentiated by
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Figure 10

Rupture of right breast prosthesis. Dual energy CT scan without IV contrast (silicon map) as a consequence of photo-

electric effect on silica material (Z=14). A) Coronal plane showing silicon material outside the prosthesis (extracapsular rupture).
B) Sagittal plane showing the rupture zones (arrows), both superior and inferior. C) Lymph node involvement due to accumulation

of silicon related to the rupture (arrows).

their Zss value. Other elements can also be differentiated,
such as fat in fatty liver disease and adrenal adenomas. Dual-
energy CT also enables the amount of iron to be quantified in
patients with liver iron overload in a similar way to MRI. The
photoelectric effect of certain substances such as silicone
can be used to search for ruptured breast implants.

The dual energy technique is based on the difference in
HU obtained for each material in the high and low energy
data, with the option of obtaining virtual images at different
monochromatic energies. These images make use of the pho-
toelectric effect to differentiate materials with high atomic
number by showing higher image contrast, or the Compton
scatter effect to reduce beam hardening artifacts and metal
artifacts.
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