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Background Dual Energy (CT) imaging
NNot a very new techni

1973, British Journal of Radiology, 46, 1016-1022

Computerized transverse axial scanning (tomography): Example' Dual Energgwmagmg
Part I. Description of system for bone removal

G. N. Hounsfield
Central Research Laboratories of EMI Limited, Hayes, Middlesex
(Received February, 1973 and in revised form July, 1973)

DETERMINATION OF ATOMIC NUMBER OF MATERIAL

It is possible to use the machine for determining
approximately the atomic number of the material
within the slice. Two pictures are taken of the same
slice, one at 100 kV and the other at 140 kV. If the
scale of one picture is adjusted so that the values of
normal tissue are the same on both pictures, then
the picture containing material with a high atomic 3
number will have higher values at the corresponding
place on the 100 kV picture. One picture can then
be subtracted from the other by the computer so
that areas containing high atomic numbers can be
enhanced. (In practice a contrast medium, sodium
iothalamate containing 420 mg of atomic iodine
per millilitre (Conray 420) can be readily detected
at a concentration of one part in 1,000 by the
machine.) For example, tests carried out to date have
shown that iodine (Z=53) can be readily distinguish-
ed from calcium (Z=20). The scope of this tech-
nique is under further investigation at present,
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Short physics background
Attenuation of photons in tissues

A Attenuatioof photonslependsn:

.- . Total X-ray Attenuation
[ Material P00 Fornaret al, e iR
(iodine vs. bone vs. soft tissue) | Insights Imaging 2011 Sy
i Energy gdhotons | —— Water
(e.g. different kV setting of scanne g ol
A At diagnostic energies: < A
i Comptoeffectgropertiond} ) I'*
I Photoelectreffectgropertiontd 2) W
— S — | small differen i o
A Dual Energy approach T e T
I Two unknowns & two measurements - K-edge of iodine (83\)
(scans) => solve for different materials - Difference slopes for different
L — tissues/materials b,
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DECT analysis approaches

Generally two types of analyses/parameteriggtion of
(forZ < 20 and in diagnostic energy range)

A Electron densify)(and b o a2, Br ()
effective atomic numigy:( "“° | E~ T
A Basis materials decomposi u,,=p, m[%] + 1—ml){%] ,
I Two materials decomposition
Aone typically chosen as Owat
Aone typically choesleenctarsi co ieofdfie
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Dual Energy CT data can be visualized as:
Morphological: Equivalent 120 kVp image (weighted sum) a{rsatrsbaose
A) virtual mono energetic images B) contrast mataage@)lyirtualon contrashage (water like)

75keV Monochromatic MD lodine MD Water

T.R.C. Johnson et al. (eds.), Dual Energy CT in Clinical Practice, Medical Radiology, D>
DOI: 10.1007/174_2010_35 © Springer-Verlag Berlin Heidelberg 2011 i [E—
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Imaging technology for Dual Energy CT

A Several technologies available for DECT imaging

I RotateRotate DECT
A Simple approach with two sequential helical CT scans at different kVy

I Dual SourdeDual Detector approach (Siemens)

I Rapid kV switching (GE)

I Duallayer detector technology (Philips)

I Single Sour@¢esequential rotations with different kVp (Toshiba)

N.B. Dose burden (ALARA): typically the imaging dose is split over th
energies leading into a imagingn@dasal approach for most applications

Research Institute Growth & Development b
G Ilo LD d Universiteit Maastricht
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Current StateFtheArt CT scanners (two examples)

Dual SourcedDual Detector

Rapid kV switching tube
Siemens Definitieorce CT GE Revolution GSI CT*

C.N. De Cecco et al. (eds.), Dual Energy CT in Oncology,
DOI 10.1007/978-3-319-19563-6_1

X-Ray Spectrum
140 kv

Slow Motion

Moy — [ p— i e R . SO e

Time

80 kv,

Intensity

Energy

* http://www3.gehealthcare.nl/nl-

Gllo D Research Institute Growth & Development

nl/products/categorieen/computer_tomografie/discovery ct750_fr
eedom/spectral_imaging b
d Universiteit Maastricht



' ‘
o

Imaging Equipment for Dual Energy CT

Manufacturer and modehame

Technology of DECAcquisition

kVp ranges foDECT

Siemens Definition Force, DefinitioRlash

Dual Source DualDetector

70-150 kVp

GE RevolutiorGSt

Single Source RapidkV switching

80 and 140 kVvp

PhilipslQonCT

Single Source Multi-layereddetector

120 and 140 kVp

ToshibaAcquilionOneVisiont

Single Source Sequentiabantry rotations at different
kVp

80 and 135 kVp

Siemens DefinitiorEdgeé

Single Source Splitbeam filter at target with single

~ A s oA =

120 kVp
(with additional Au and Sn

filters to create two spectra)

WiGFYRINREQC &O0IYyY

(e.g. Siemen®efinition)

9

Single Source two successive spiral scans at different
1 £ L) 0 écteBEATY S

Standardavailable (8€140)

1http://www.healthcare.siemens.com/computechography/duasourcect/somatorfforce/technicakpecifications

2 http://www3.gehealthcare.com/en/products/categories/computed _tomography/revolution_hd

3 http://www.healthcare.philips.com/main/clinicalspecialities/radiology/solutions/IQon.html

4 http://www.toshibamedical.eu/eu/producolutions/computetbmography/aquilioronevision-edition-overview

5 http://www.healthcare.siemens.com/computechography/singlsourcect/somatomrdefinition-edge/technicaspecifications
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Applications of DECT imaging for Radiotherapy

A Improved image quality
I Tumoustaging and delineation
I Tumoucharacterization: towards functional imaging
I Normal tissue characterization
I Metal artifact reduction techniques based on DECT

A Improved dose calculations
I Brachytherapy
I External beam therapyotons
I Proton therapy

Research Institute Growth & Development b
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Improved image quality
Moneenergetic reconstructions

A Moneenergeticeconstructioaiowtoreconstruthe images ahy
givero v i keVsettand af a CT scan

A SelectionfkeVtoreachbptimat ont r ast 0

40 keV 60 keV 80 keV 100 keV 120 keV
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Example of atelectasis
Standard CT vs. Dual Energy CT basednaayeiic CT

Standard planningd&lineation  Dual Energy @#&sed
basecbn FDC—PET/CT Moneenergeticeconstruction
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Tumoustaging and delineation
Head and neck prinfa@C

More contrast Lessnoise
Lineablendf high <€ >
andlowkVpscan 60keV 80keV 100keV
// \\‘ N
TABLE 2. Results of Subjective Image Analysis
Image Series Overall Image Quality Delineation of Lesion Image Sharpness Image Noise
M_0.3 3.81 (2-5) [0.394] 3.77 (2-5) [0.451] 3.79 (3-4) [0.585] 4.02 (3-5) [0.518]

40 keV 1.91 (1-3) [0.498] 2.08 (1-4) [0.307] 2.23 (1-4) [0.658] 2.03 (1-3) [0.402]
[ 60 kev 422 (3-5) [0.411] 4.35 (3-5) [0.459] 3.81 (3-5) [0.517] 4.12 (3-5) [0.363] |

80 keV 3.44 (2-5) [0.381] 2.89 (1-4) [0.301] 3.46 (3-4) [0.279] 431 (3-5) [0.728]

100 keV 3.03 (1-4) [0.328] 2.15 (1-4) [0.411] 3.44 (2-5) [0.599] 4.34 (4-5) [0.679]

Data are mean (range) [k] based on ratings from both observers.
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