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KEYWORDS Abstract Spectral CT technology is based on the acquisition of CT images with X-ray at 2

X-rays; different energy levels which makes possible to distinguish between materials with different

Computed atomic numbers using their energy-dependent attenuation, even if those materials have similar

tomography; density at conventional CT.

Emergency; This kind of technology has gained wide application due to the innumerable uses of their

Dual energy post-processing techniques, including virtual non-contrast images, iodine maps, virtual mono-
chromatic images or mixed images without increasing radiation dose.

There are several applications of spectral CT in Emergency Radiology that help in the detec-
tion, diagnosis and management of various pathologies such as differentiate haemorrhage from
the underlaying causative lesion, diagnosis of pulmonary embolisms, demarcation of abscess,
characterization of renal stones or reduction of artifacts.

The purpose of this review is to provide the emergency radiologist a brief description of the
main indications for spectral CT.
© 2022 SERAM. Published by Elsevier Espana, S.L.U. All rights reserved.

PALABRAS CLAVE TC espectral en la urgencia

Rayos X;

Tomografia Resumen La TC espectral se basa en la adquisicion de imagenes de TC con rayos X a 2 niveles
computarizada; de energia distintos, lo que hace posible la diferenciacion de los distintos materiales que pre-
Emergencia; sentan diferente nimero atomico. Esto es debido a que estos materiales presentan diferente

Energia dual

atenuacion con los distintos niveles de energia empleados, incluso aunque su atenuacion sea
similar a la de la TC convencional.

Este tipo de tecnologia se ha generalizado debido a las importantes ventajas que ofrecen
sus técnicas de posprocesado, incluyendo las imagenes sin contraste virtual, mapas de yodo,
imagenes virtuales monoenergéticas o reconstrucciones mixtas, todo ello sin aumentar la dosis
de radiacion.
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La TC espectral tiene multiples aplicaciones en la radiologia de urgencias que permiten una
mejora en la deteccion, el diagnostico y el manejo de distintas enfermedades.
El objetivo de esta revision es describir brevemente las principales indicaciones de la TC

espectral en urgencias.

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

Concept, forms of acquisition and
post-processing of CT studies with spectral
energy

Spectral CT technology enables greater differentiation of
materials than conventional CT, based on the analysis of
information from the use of X-rays with different energy
levels. There are materials that have different relative
absorption of X-rays emitted with different energy lev-
els, and this makes it possible to distinguish between
structures with similar density, but different elemental
composition.

One subtype of spectral energy is dual-energy CT, which
specifically refers to the use of two energy levels. It is
the most widely used form of spectral energy in clinical
practice’.

The attenuation of materials essentially depends on pho-
toelectric absorption and the Compton effect. Photoelectric
absorption is proportional to (Z/E)?, where Z is the atomic
number and E is the energy of the photon. As the photon
energy increases, the interaction decreases and Compton
scattering, which is practically constant for different ener-
gies, becomes dominant?. At low voltages, the photoelectric
effect predominates in elements with a high atomic number,
such as calcium or iodine, which means an increase in CT
attenuation.

Many different studies have shown that, overall, the
radiation dose in state-of-the-art spectral equipment is sim-
ilar to or even lower than conventional studies, although
it does depend on the type of CT and the anatomical
region studied®~’. Moreover, the use of virtual non-contrast
(VNC) images will make it possible to reduce the dose
in relation to protocols that include phases without
contrast.

Spectral energy can be obtained through the use of dif-
ferent technologies:

- Dual-source CT, consisting of two X-ray tubes placed per-
pendicular to each other with different kV, usually 80
and 140kV, but which can be independently adjusted
for optimal contrast. Each tube has its own detector
that works simultaneously. The advantage is essentially
that there is no temporal discrepancy, and the main lim-
itation is the small field of view of the second tube
because of having to accommodate two tubes and two
detectors within the gantry. A Somatom Definition Flash
scanner (Siemens Healthineers) was used to conduct this
study.

- CT with rapid voltage switching: a single X-ray tube is
used which switches from 80 to 140kV in less than 0.2 ms
using a single detector. It has high temporal resolution
with reduced spectral resolution due to the fact that the
voltage cannot be modulated.

- CT with twin-beam filtration: it uses a single X-ray tube
with a filter split into two parts, composed of gold and
tin, which achieves spectral separation into high- and low-
energy beams. It is less expensive and the filter can be
placed in a conventional CT. The main disadvantages are
limited spectral separation and the need for higher tube
power due to filtering of the X-ray beam®.

- CT with layer detector: it has a single tube with poly-
chromatic spectrum and a detector with two layers of
different materials. Low energies are detected in the first
layer of the detector and those energies capable of passing
through it are detected in the deeper layer. As spec-
tral separation is performed at the detector level, there
is perfect temporal and spatial resolution with a larger
field of view than dual-source CT, but with lower spectral
resolution® 0,

- CT with sequential acquisition: two consecutive scans
modifying the tube voltage. This was the first technolog-
ical approach to dual energy. One limitation is that the
different energy levels are not acquired at the same time,
so the study takes longer and there may be changes in the
arrangement of the different anatomical structures®'".

- Photon-counting CT: multi-energy images are obtained
using a photon-counting detector, which quantifies small
photon interactions to subsequently transform them into
electrical energy, proportional to the magnitude of the
incident ray. This electrical energy is analysed and clas-
sified into different bands based on specific energy
thresholds®.

There are various ways of post-processing the images
obtained with dual energy with different clinical applica-
tions (Table 1). The types of post-processing are common
to all technologies, but their names vary depending on the
technology used and the manufacturer.

- Mean reconstructions: images with an appearance similar
to those obtained with a CT performed at 120kV. They
are obtained by combining the source images acquired at
80kV and at 140kV, which can also be viewed indepen-
dently.

- The maps of specific materials are obtained by detecting
or estimating the basic materials (the most common are
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Table 1  Spectral CT applications.

Algorithm

Clinical applications

Based on the Material differentiation
material

Subtraction of materials

Differentiation of nephrolithiasis according to the atomic number

Differentiation between contrast and haemorrhage, since both have similar

attenuation values

Virtual non-contrast imaging: identifies and removes iodine from voxels,
avoiding having to perform a non-contrast phase

Virtual non-calcium imaging: identifies and removes calcium from bone to
assess the bone marrow

Removal of bone on CT angiography: identification and removal of bone,
allowing better visualisation of the vessels with contrast

Removal of calcified atherosclerotic plaque: better visualisation of the vessel
lumen in the maximum intensity projection

Detection of iodine

Differentiation between a solid nodule and a haemorrhagic cyst in dense
kidney lesions

Differentiation between soft and tumour thrombus
Identification of bowel ischaemia

Detection of active bleeding

Differentiation of bowel content from iodine extravasation

Fat/iron quantification
Based on the

energy Low-keV VMI

Quantitative evaluation of fatty liver disease and haemochromatosis
Enhance the presence of iodinated contrast

Detection of cholesterol gallstones

High keV VMI

Reduction of metal artefacts

Detection of pulmonary thromboembolism

Lot maps

Demonstration of inflammatory activity

Detection of cholesterol gallstones

VMI: virtual monoenergetic images; Z¢: effective atomic number.

water and iodine) to later make a representation of their
distribution.

The subtracted iodine/water can be presented as pure
maps or superimposed on grey-scale images, enabling a
qualitative and quantitative analysis of the presence of
these substances.

Decomposition of the value of any voxel in the contri-
bution of each of its components allows materials to
be subtracted. Removal of iodine produces VNC images
similar to CT without contrast administration. Calcium
removal provides virtual non-calcium images (VNCa).
Virtual monoenergetic images (VMI) allow the HU of
each tissue to be simulated at a single energy level,
which can range from 40 to 200keV. The use of images
with low kilovoltage highlights structures that contain
iodine, while in those with high kilovoltage the pres-
ence of iodine is attenuated and metal artefacts are
reduced'? 3.

Z effective (Zerr) number maps make it possible to obtain
colour images based on the atomic number of the mate-
rials. In enhanced masses it aids the diagnosis, and in
kidney stones a low atomic number helps guide uric acid
calculation' 3,

X-map: this is a virtual map of grey matter that can
differentiate between cerebral parenchyma and water,
facilitating the detection of cerebral oedema’®"’.

Other widely-used reconstructions, such as fat fraction
mapping or quantitative iron mapping, have fewer appli-
cations in medical emergencies.

Applications of spectral CT in emergency
radiology

General applications

Potentiation of the effect of iodinated contrast

Spectral energy makes it possible to increase vascular
enhancement by increasing iodine attenuation in low-keV
VMI reconstructions. This means that a smaller volume of
contrast can be used, and we can assess small-lumen ves-
sels and improve the diagnostic quality of poorly opacified
studies'®.

Reduction of artefacts

Metals produce partial or complete attenuation of low-
energy X-rays, causing hardening artefacts. VMI with high
keV avoid contamination deriving from attenuated rays that
do not reach the detector, thereby causing artefacts, but
entail a loss of contrast resolution between the different
tissues'®.

Head and neck

Detection of lesions

VMI help to detect low-density images or haemorrhages on
non-contrast CT, although the energy level depends on the
location of the lesion. Lesions which are hypodense in white
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matter or hyperdense in grey matter are best detected at
low keV??,

Furthermore, X maps increase the sensitivity to detect
oedema induced by acute cerebral ischaemia, allowing
early detection of ischaemic changes and aiding selec-
tion of patients who are candidates for mechanical
thrombectomy’¢.

Post-traumatic haemorrhage

An increase in density on CT can be caused by calcium or
blood. The use of YNCa maps helps increase diagnostic cer-
tainty. Bone subtraction techniques enable small subdural
haemorrhages or peripheral contusions to be identified by
removing adjacent dense bone?'.

Spontaneous bleeding

Spontaneous intraparenchymal haemorrhages may be sec-
ondary to underlying lesions (vascular, neoplastic or
infectious).

The use of intravenous (IV) contrast-enhanced spectral
CT enables identification of any underlying lesion within an
intraparenchymal haematoma by detecting areas of iodine
uptake (Fig. 1A)"%22,

Post-thrombectomy

In follow-up after mechanical thrombectomy, a common
finding is increased attenuation in the ischaemic territory,
which may be secondary to extravasation of contrast due to
disruption of the blood-brain barrier or haemorrhagic trans-
formation.

Dual energy makes it possible to determine the origin of
the hyperdensity with high sensitivity and specificity. If the
origin is haemorrhagic, only hyperdensity persists on VNC
maps, while contrast retention only remains visible on iodine
maps?:. The overall analysis of both maps will make it pos-
sible to quantify each component in the event that there is
a mixture of the two (Fig. 1B and C).

Venous thrombosis

As it is not enhanced by contrast, the thrombus is not rep-
resented on the iodine map, but low-keV VMI increase the
difference in density between the thrombus and the opaci-
fied sinus, increasing sensitivity?*.

Cervical spine abscesses

Spectral energy enables more accurate delineation of the
extent of the collection and adjacent inflammation by using
Zess maps and low-keV VMI. In addition, demonstration of
proximity to vascular structures may be beneficial to prevent
bleeding in case of the need for surgical drainage'.

Chest

Pulmonary thromboembolism

The use of Z. and iodine maps increases the sensitivity for
the detection of pulmonary thromboembolism, as it allows
the simultaneous study of arterial filling defects, which
would be shown in a different colour, and areas of hypop-
erfusion, visible as triangular-shaped iodine uptake defects
in the parenchyma. This is particularly relevant in the diag-

nosis of small peripheral emboli which, without treatment,
could evolve into pulmonary hypertension?.

In cases of non-occlusive pulmonary embolism, iodine
maps can demonstrate normal lung perfusion distal to partial
filling defects (Fig. 2).

Abdomen

Detection of active bleeding

This principle is applicable to any anatomical region.
Spectral energy makes it possible to dispense with the
non-contrast phase, as VNC reconstructions are available,
and so reduces radiation dose and acquisition time. lodine
maps and VMI at low keV help to detect small volumes
of extravasated contrast, increasing the sensitivity for the
detection of active bleeding, with greater precision when
determining the origin, which can be masked by the pres-
ence of adjacent dense clots (Fig. 3A)%.

Assessment of contrast enhancement

Differentiating clots from an underlying neoplastic lesion.
As in spontaneous cerebral haemorrhages, in other anatom-
ical regions the presence of blood makes it difficult to
detect underlying contrast-enhancing lesions, as both are
hyperdense and have similar attenuation values. Analysis of
the iodine maps and VMI at low keV makes it possible to
differentiate between each component (Fig. 3B). Wunder-
lich syndrome or frank haematuria secondary to a bladder
tumour are examples of its utility'.

Venous thrombosis

lodine maps and quantification, as well as the assessment of
the VMI at low keV, make it possible to detect the presence
of contrast in tumour thrombi, a fundamental criterion for
their differentiation from soft thrombi?’. In patients with
hepatocellular carcinoma, an iodine quantification greater
than 0.9 mg/mL differentiates between the two lesions with
high sensitivity and specificity?®.

Bowel ischaemia

Bowel ischaemia is caused by decreased or absent blood
flow in a loop?®. The most specific sign is the absence of
or decrease in enhancement of the bowel wall, which may
go unnoticed in the initial phases of a conventional CT. Both
iodine maps and low-keV VMI facilitate early detection of
low mural uptake, either by visual qualitative analysis or
by absolute (calculation of the iodine density in the hypop-
erfused loop) and relative (comparing the iodine densities
of the hypoperfused loop and the normal loop) quantita-
tive analysis, more suitable because it is not influenced by
haemodynamic factors (Fig. 4A)%°.

In this context, the presence of mural hyperdensity may
mean haemorrhage or hypervascularisation due to reper-
fusion. The distinction can be made by analysing the VNC
images®°.

Inflammatory bowel disease

Analysis of a spectral CT performed in the portal phase with
low-keV VMI makes it possible to increase the differences
in attenuation between inflamed and normal loops, while
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Figure 1

A) Secondary haemorrhage. Non-contrast CT with left temporal haematoma (green circle) (1). Mean CT with IV contrast

showing a slight increase in density (2). lodine map confirming an underlying neoplastic lesion as the source of bleeding (3). B)
Haemorrhagic transformation. Mean CT in a patient undergoing mechanical thrombectomy with subacute ischaemic lesion in the left
basal ganglia with two hyperdense areas in the lentiform nucleus (blue circle) (1). The virtual non-contrast map shows hyperdensity
in the lentiform nucleus, so it can be ruled out that it is contrast, in fact corresponding to bleeding foci (2). The iodine map does
not show contrast enhancements (3). C) Contrast retention. Mean CT with right temporal/parietal hyperdensity (red circle) (1).
Virtual non-contrast CT does not show hyperdensities (2). The iodine map shows a temporal/parietal uptake representing contrast

retention (3).

the iodine and Z.s maps quantify the difference in iodine
uptake, relevant when establishing disease activity'.

Pancreatic disease

CT is the modality of choice in patients with pancreatitis
who require an imaging technique for assessment. The use
of iodine maps increases sensitivity for detecting glandular
inflammation, as the iodine density significantly decreases
(less than 2.1 mg/mL) compared to the normal pancreas,
while non-perfused necrotic areas can also be distinguished.

Low-keV VMI provide better definition of complex collections
and make it easier to detect vascular complications such as
thrombosis or pseudoaneurysms (Fig. 4B)>'.

As in other organs such as the liver or spleen, low-keV VMI
make it easier to detect small lacerations, which are difficult
to identify in the pancreas because acquisition is usually in
the venous phase and not in the late arterial phase’"32.

Small pancreatic tumours can also be difficult to distin-
guish on conventional CT. Low-keV VMI, Z. or iodine maps
allow a better definition of pancreatic hypo- or hypervascu-
lar lesions, facilitating the detection and diagnosis of cancer.
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Figure 2

Pulmonary thromboembolism. CT angiogram of the pulmonary arteries with suspected filling defect in the subsegmental

artery (white arrow) (1). lodine map showing a peripheral perfusion defect consistent with the thrombus (white arrow) (2). lodine
map associated with effective atomic number (Zeff) map showing the different composition of the thrombosed artery (white arrow)

3).

Figure 3

A) Active bleeding. Abdominal CT in the arterial phase showing hyperdensity in the descending colon (red arrow),

which could correspond to active bleeding (1). In the mean portal phase there is no evident increase in contrast extravasation (red
arrow), which makes the diagnosis of active bleeding suspect (2). The virtual non-contrast reconstruction shows disappearance of
the hyperdensity (red arrow) (3). The iodine map shows that the hyperdensity corresponds to extravasated contrast. The findings
of the virtual non-contrast map and the iodine map mean the diagnosis of active bleeding can be made with certainty (4). B)
Neoplastic lesion with an adjacent clot. Abdominal CT in mean portal phase. Extensive occupation of the bladder by a high-density
material (1). lodine map shows a solid contrast-enhancing lesion (yellow arrow) attached to the right posterior wall of the bladder
in association with a neoplasia. The other dense areas correspond to a voluminous clot (2). Low-keV VMI, where we enhanced the

contrast uptake areas of the neoplasia (yellow arrow) (3).

Cholecystitis

Although ultrasound is the most sensitive technique in the
assessment of gallbladder disease, CT is also common in cer-
tain cases. Portal phase spectral CT enables quantitative
analysis of gallbladder wall enhancement with high sensitiv-
ity. Low-energy VMI and iodine maps are useful for detecting
wall hyperenhancement in acute cholecystitis or low uptake
and focal areas of non-enhancement associated with necro-
sis in gangrenous cholecystitis (Fig. 5).

Pyelonephritis and renal infarction

Pyelonephritis and renal infarction can have a similar clinical
presentation, and both are identified as hypodense images
on portal-phase CT. The VMI show better delimitation of the
lesions, while the iodine and Z.¢ maps quantify the presence
of iodine, which is decreased in pyelonephritis and absent
in renal infarction'®.
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Figure 4 A) Bowel ischaemia. Abdomen CT in mean portal phase in the coronal plane showing marked low uptake of the bowel
loops on the left flank with free fluid (1). The same image with virtual monoenergetic reconstructions at low keV where the low
uptake is more evident (2). The iodine map shows a much lower iodine density in loops with low uptake (0.7 mg/mL) than in non-
diseased loops (4.1 mg/mL) (3). B) Acute pancreatitis. Oedema of the pancreas and extensive peripancreatic inflammatory changes
(1). The iodine map identifies an area of poor enhancement in the tail of pancreas (blue circle), findings consistent with necrosis in
the context of acute necrotising pancreatitis (2).

Figure 5 Gangrenous cholecystitis. Abdomen CT in portal phase showing diffuse thickening of the gallbladder wall with cholelithi-
asis and peri-vesicular oedema (blue circle) in association with acute cholecystitis (1). lodine map showing areas of decreased uptake
of the gallbladder wall (blue arrows) secondary to necrosis associated with gangrenous cholecystitis (2). Low-keV VMI where patchy
areas are best identified without contrast (blue arrows) (3). Surgical specimen where necrotic patchy areas can be seen (4).

Detection and characterisation of lithiasis
Nephrolithiasis. CT is the most sensitive test for detect-
ing kidney stones, their size and location, as well as
complications such as dilation of the excretory tract and
renal or peri-renal oedema.

Spectral CT makes it possible to characterise calculi
based on their composition with a sensitivity of 90-100
%. Uric acid stones attenuate high-energy radiation more
due to the presence of elements with low atomic number,
while calcium oxalate or calcium phosphate stones atten-
uate lower-energy radiation more because they are made

up of elements with higher atomic number. VNC reconstruc-
tions facilitate the detection of nephrolithiasis in abdominal
studies performed with IV contrast, and ureteral or blad-
der lithiasis when the excretory tract is opacified with
contrast'’.

Cholelithiasis and choledocholithiasis

Detection of gallstones on CT depends on the composition
and size of the stone. Cholesterol gallstones have a density
similar to bile and are not detectable on conventional CT,
but they can be detected using spectral energy.
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Table 2

Limitations of spectral CT.

When does it happen?

What causes it?

What happens?

Possible solution

During the acquisition

During the
post-processing

During the
visualisation

High body mass index

Patient position in
the gantry

Placement of the
arms

Contrast medium
density

Inadequate temporal
resolution

Low-energy photon
counting

Inadequate selection
of threshold

Inadequate window

Noise

Inadequate decomposition
of materials

Photon starvation artefact

Lack of spectral information
as outside the field of view

Beam-hardening artefact

Significant increase in
contrast density in
low-kilovoltage images
Blooming

Inadequate iodine
suppression on virtual
non-contrast images
Spectral bias: on CT based
on the X-ray source, there
is a time lag for obtaining
each voxel with dual energy
Hyperdense foci on iodine
maps

False urate deposits

False positives/negatives
Inadequate separation of
materials

Increased noise

Blooming in low-kilovoltage
images

False enhancement
Visualisation of iodine in
subcutaneous fat or air

Maximum weight limit: 118—127 kg
Transverse diameter limit: 38—46 cm
Change in acquisition variables. In
dual-source CT: increase the
low-kilovoltage beam from 80 to 100 kVp
In dual-source CT the maximum field of
view is 26—35.5cm. Proper placement in
the gantry according to the anatomical
area to be studied

Arms placed above or below the
shoulders according to the region to be
studied: head-neck/chest-abdomen
Reducing the concentration of the oral
or intravenous contrast administered

Increase tube rotation speed

Adequate reconstruction filter
Appropriate selection of attenuation
threshold

Adequate selection of the material
decomposition threshold taking into
account the disease to be studied and
tube voltage

Adjustment of the voltage pairs
predefined by the manufacturer based
on clinical experience: 80/140 or
100/140kVp

Window level and width should be
adjusted using fat, air and fluid as a
model

The attenuation curve of fat is inverse to that of iodine,
so cholesterol gallstones are hypoattenuating in low-keV VMI
and hyperattenuating in high keV VMI. Calcified stones are
best detected on VNC reconstructions.

Zesr maps enable differentiation of the calculus from the
surrounding fluid in the case of gallstone ileus'%¢.

Incidental lesions

Spectral energy makes it possible to characterise incidental
lesions, which very often cannot be characterised in a single-
phase scan.

This is common with adrenal nodules. VNC reconstruc-
tions allow their density to be determined; as this may be
slightly higher than in true non-contrast scans, there is a
risk of classifying more lesions as indeterminate. However,
the diagnosis of adenoma can be made with certainty using

a threshold below 10 HU?**. The finding of dense renal cysts
is also common; absence of uptake can be demonstrated on
the iodine maps.

This avoids the need to repeat tests, with the consequent
reduction in healthcare costs and radiation dose.

Musculoskeletal system

Acute fractures

The oedema or haemorrhage in the bone marrow that
accompanies acute fractures is not identifiable on conven-
tional CT because the cancellous bone obscures visualisation
of the marrow. With spectral CT we can perform VNCa,
which subtracts the cancellous bone, so we can then anal-
yse the bone marrow density and attenuation will be higher
if there is oedema or haemorrhage. This application makes
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it possible to diagnose subtle fractures or date the age of a
vertebral compression fracture'2¢,

Uric acid deposits

The same principle that enables the composition of
nephrolithiasis to be characterised in abdominal scans can
be applied to other fields, such as the detection of uric acid
deposits in musculoskeletal studies, making it possible to
diagnose gouty arthritis'.

Limitations

As well as the limitations inherent in each type of acquisi-
tion technology, spectral CT generates a larger number of
images, which then require more interpretation time and
greater storage capacity in PACS.

Conducting studies with dual energy does not increase
room occupation time, but the systematic review of the
different reconstructions increases the workload for the
radiologist.

In addition, dual energy produces a series of artefacts
(Table 2) that have to be recognised and corrected by the
radiologist to avoid diagnostic errors.

Practical recommendations

As it is still a relatively recent and expensive technology, the
availability of this equipment tends to be limited, hence not
all urgent studies can be performed using spectral CT.

At our hospital, at present, we use dual-energy CT for all
scans that would require a non-contrast phase (mesenteric
ischaemia, suspected active bleeding and gastrointestinal
bleeding), those where we need assessment of organ perfu-
sion (pulmonary thromboembolism, pancreatitis, suspected
gangrenous cholecystitis on ultrasound), contrast studies
in spontaneous cerebral haemorrhages, follow-up after
mechanical thrombectomy, for nephrolithiasis not visualised
on ultrasound needing characterisation, and for peripheral
vascular studies. The study of these patients always includes
a review of the VNC reconstructions, VMI and iodine maps.
The use of other reconstructions is less common (Zes maps,
VNCa), reserved only for specific cases and depending on the
disease studied.

We automatically send the high- and low-kV source
images to the PACS, as well as the mean reconstructions
that would allow the study to be visualised without the
need for post-processing. Recovery of the source images
from the specific workstations means we can defer any post-
processing. The rest of the post-processed images, as well
as the most representative images of the disease findings
identified, are sent to the PACS at the discretion of the
radiologist**.

Conclusion

Although the concept of spectral power is not recent, tech-
nological advances and greater availability have made it
possible to expand its use in emergency scans. There are
now multiple applications of spectral CT in the detection,
diagnosis and management of different acute diseases, a list

of indications that continues to grow with the consequent
improvement in diagnostics.

Acronyms

VMI: virtual monoenergetic images.
VNC: virtual non-contrast.
VNCa: virtual non-calcium.
Zess maps: effective atomic number maps.
PACS: Picture Archiving and Communication System.
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