
DUAL-LAYER SPECTRAL-CT:
REAL CLINICAL ADVANTAGES 



SPECTRAL TECHNOLOGY
Two layers of detectors

 Top layer: yttrium-based garnet scintillator; 
selectively absorbs low-energy photons;

 Bottom layer: gadolinium oxysulphide;   
selectively absorbs high energy photons;

Attached to each layer, a photodiode converts 
light into an analogue electrical signal and an 
application-specific integrated circuit converts it 
into digital signal. 

The fasted gantry rotation time is 270 milliseconds 



Technique of image generation: data from the two layers is utilised to generate 
photoelectric and Compton scatter basis pairs. Linear combination gives virtual 
monoenergetic images, material decomposition gives iodine-density, virtual non-
contrast and effective atomic number-based images.  

SPECTRAL TECHNOLOGY



IMAGE GENERATION



IMAGE GENERATION

Image type

Spectral images

 Iodine density images (a) 

 Virtual non-contrast images (b)

 Effective atomic number (c) 

 Virtual monoenergetic (d)  

 Uric acid pair images

a b c

d d



CLINICAL UTILITY

  Enhanced visualisation of vascular contrast;

  Artefact reduction;

  Material decomposition;

  Radiation dose reduction;



CLINICAL UTILITY

Enhanced visualisation of vascular contrast

VMI (Virtual Monoenergetic Images) reconstructions at lower energies 
(40-70 keV): to enhance the visualisation of intravascular contrast:

 suboptimal enhanced vascular studies;
 vascular studies with low contrast dose;
 improve the visualisation of several lesions. 120 kVp; 20ml c.m.

40 keV VMI 20ml c.m.



CLINICAL UTILITY
Artefact reduction 

 Retrospectively generated high-energy VMI can be used to reduce/eliminate incidentally 
encountered metallic artefacts (metals with low atomic number – stainless steel, 
aluminium); 

 Beam hardening artefacts caused by the polyenergetic nature of the X-ray energy can be 
minimised/eliminated by using the high-energy VMI

120 kVp 100 keV VMI

 Calcium blooming is an important artefact in vascular imaging with overestimation of 
stenosis and inappropriate classification of the lesion



CLINICAL UTILITY
Material decomposition

 Z-effective images 
     Colour-coded based on the effective atomic number of tissues 

 Iodine maps 
    Iodine-containing pixels are assigned values equal to the concentration of the iodine in each pixel; 
     pixel containing no iodine appear dark 

 Calcium-uric acid images 
    a uric acid image displays only uric acid pixels with original HU values while all others apperas dark



CLINICAL UTILITY – BODY 
Liver

Improve detection 
of liver lesions 

Low KeV VMI   

50 keV 



CLINICAL UTILITY – BODY 

Conventional image VNC imageIodine density image

Liver

Iodine selective images -  Post treatment evaluation for HCC following radiofrequency ablation, 
microwave ablation, TACE, radioembolization and antiangiogenic therapy 



CLINICAL UTILITY – BODY 

Detection of noncalcified gallstonesLow KeV VMI -  

Gallostones

50 keV 



CLINICAL UTILITY – BODY 
Gallostones



Pancreas

Monoenergetic images at 40 keV 

CLINICAL UTILITY – BODY 



Pancreas
CLINICAL UTILITY – BODY 



Kidney
CLINICAL UTILITY – BODY 

VNC

Iodine map



Pulmonary embolism

CLINICAL UTILITY – BODY 



CLINICAL UTILITY – BODY 
Node



CLINICAL UTILITY – BODY 

Bone



CLINICAL UTILITY

Radiation dose reduction

Virtual non contrast images Axial 120 KVp routine 
diagnostic image

True non-contrast image



SPECTRAL-CT IQON



SPECTRAL-CT IQON



SPECTRAL-CT IQON
REAL CLINICAL ADVANTAGES AND CHANGES IN RADIOLOGICAL ACTIVITY

 Elimination of the requirement to prospectively select patients who need dual energy CT.

 Spectral data are available for all patients imaged with spectral-CT without a change in 
clinical workflow. 

 Acquisition phase similar to conventional CT, reconstruction phase different: more prolonged 
time but significant improvement of information for radiologists.

 Possibilty to reduce radiation dose: no pre-contrast acquisition.

 Possibility to reduce contrast medium amount in diabetiic, nephrophatic patients.

 Possibilty to avoid diagnostic insights with PET-CT or MRI: more information, less examinations.

 Using Z-effective images traditional greyscale-based diagnostic tool may become a 
colorscale-based technique similar to color-Doppler.



 Spectral CT provides a wide range of body applications: 
    enhance the information content available in CT imaging

 These technique can be applied in multiple ways to add 
clinical value in the diagnosis and management of our 
patients

 Spectral CT can reduce a traditional gap with MRI and 
PET-CT. 

CONCLUSIONS
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