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Background Dual Energy (CT) imaging 

ñNot a very new techniqueò 

Example: Dual Energy x-ray imaging  

for bone removal 



Short physics background  

Attenuation of photons in tissues 

ÅAttenuation of photons depends on: 

ïMaterial  

(iodine vs. bone vs. soft tissue) 

ïEnergy of photons  

(e.g. different kV setting of scanner) 

ÅAt diagnostic energies: 

ïCompton effect (propertional to ɟe)
 

ïPhotoelectric effect (propertional to Z) 

 

ÅDual Energy approach 

ïTwo unknowns & two measurements 

(scans) => solve for different materials 

 

 

 

- K-edge of iodine (33 keV) 

- Difference in slopes for different 

tissues/materials 

Wang et al,  

Med Phys 2011  

Fornaro et al,  

Insights Imaging 2011 



DECT analysis approaches 

Generally two types of analyses/parameterization of ɛeff 
(for Zeff < 20 and in diagnostic energy range) 

 

ÅElectron density (ɟe) and  
effective atomic number (Zeff): 

 

ÅBasis materials decomposition: 

 

ïTwo materials decomposition 
Åone typically chosen as ówaterô (e.g. óComptonô like) 

Åone typically chosen as óiodineô (e.g. óPhoto-electric effectô like) 



Example of iodine quantification/separation 

Dual Energy CT data can be visualized as: 

Morphological: Equivalent 120 kVp image (weighted sum) at same dose (not shown) 

A) virtual mono energetic images  B) contrast material only image, C) Virtual non contrast image (water like) 

 



Imaging technology for Dual Energy CT 

Å Several technologies available for DECT imaging 

ïRotate-Rotate DECT 

ÅSimple approach with two sequential helical CT scans at different kVp 

ïDual Source ï Dual Detector approach (Siemens) 

ïRapid kV switching (GE)  

ïDual-layer detector technology (Philips) 

ïSingle Source ï sequential rotations with different kVp (Toshiba) 

 

N.B. Dose burden (ALARA): typically the imaging dose is split over the two 

energies leading into a imaging dose-neutral approach for most applications. 



Dual Source - Dual Detector 
Siemens Definition Force CT 

 

 

Rapid kV switching tube 
GE Revolution GSI CT* 

 

Current State-of-the-Art CT scanners (two examples) 

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

nl/products/categorieen/computer_tomografie/discovery_ct750_fr

eedom/spectral_imaging 



Imaging Equipment for Dual Energy CT 

Manufacturer and model name Technology of DECT acquisition kVp ranges for DECT 
  

Siemens Definition Force, Definition Flash1 Dual Source - Dual Detector 70-150 kVp 

GE Revolution GSI2 Single Source ς Rapid kV switching 80 and 140 kVp 

Philips IQon CT3 Single Source ς Multi-layered detector 120 and 140 kVp 

Toshiba Acquilion One Vision4 Single Source ς Sequential gantry rotations at different 

kVp 

80 and 135 kVp  

Siemens Definition Edge5 

  

Single Source ς Split beam filter at target  with single 

ŘŜǘŜŎǘƻǊ όΨTwinBeamΩύ 

  

120 kVp  

(with additional Au and Sn 

filters to create two spectra) 

Ψ{ǘŀƴŘŀǊŘ /¢ ǎŎŀƴƴŜǊǎΩ  

(e.g. Siemens Definition) 

Single Source ς two successive spiral scans at different 

ƪ±Ǉ ύόΨǊƻǘŀǘŜ-rotate DECT) 

Standard available (80-140) 

1 http://www.healthcare.siemens.com/computed-tomography/dual-source-ct/somatom-force/technical-specifications 
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.toshiba-medical.eu/eu/product-solutions/computed-tomography/aquilion-one-vision-edition-overview/ 
5 http://www.healthcare.siemens.com/computed-tomography/single-source-ct/somatom-definition-edge/technical-specifications 



Applications of DECT imaging for Radiotherapy 

Å Improved image quality 

ïTumour staging and delineation 

ïTumour characterization: towards functional imaging 

ïNormal tissue characterization 

ïMetal artifact reduction techniques based on DECT 

 

Å Improved dose calculations 

ïBrachytherapy 

ïExternal beam therapy - Photons 

ïProton therapy 

 



Improved image quality 

Mono-energetic reconstructions 

ÅMono-energetic reconstructions allow to reconstruct the images at any 

given óvirtualô keV setting of a CT scan 

ÅSelection of keV to reach óoptimal contrastô 



Example of atelectasis 

Standard CT vs. Dual Energy CT based mono-energetic CT 

Standard planning CT delineation 

based on FDG-PET/CT 

 

Dual Energy CT based 

Mono-energetic reconstruction 



Tumour staging and delineation 

Head and neck primary SCC 

Linear blend of high 

and low kVp scan 40 keV 60 keV 80 keV 100 keV 

Less noise More contrast 

Wichmann et al, Inv Radiol 2014 


