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1. Iodine Maps and Perfusion 

 

2. Virtual Monoenergetic (Mono+) 

 

3. Virtual-non Contrast 
 

4. Automated Bone Removal 

 

5. Gout and Renal Stones 

 

6. Virtual Non-Calcium 





• Dual-energy CT acquisition with 2 

tubes at low and high kV allows for 

material-selective imaging 
 

• Visualization of pulmonary iodine 

distribution 
 

• Automated segmentation of lung 
tissue 
 

• Iodine maps visualize lung 
perfusion defects in addition to 
standard MPR and MIP 

Albrecht, Zhang, Schoepf, AJR 2016 



Leithner, Albrecht, Schoepf et al, Investigative Radiology 2017 

 
• Dual-energy CTPA allows for lung perfusion assessment similar to 

pulmonary scintigraphy 

 
 



• Iodine maps may be helpful 

in indicating weather vessel 

occlusion leads to perfusion 

defects 
 

• Perfusion deficits are 

typically wedge-shaped 

(but not exclusively) 
 

• Information beyond 

structural CTPA without 

additional radiation dose 
 

 

 

 

Henzler, Schoepf et al, JCCT 



Automated Quantification of pulmonary perfused blood volume 

Meinel, Schoepf et al, Investigative Radiology, 2013  Automated  

lung segmentation  

Quantitative volumetric data 

 of perfused lung tissue 



Albrecht, Schoepf, De Cecco, EJR 2018 

• Besides mere measurements based on 

density (HU), dual-energy CT allows for 

quantification of iodine uptake  
 

• Iodine uptake in mg/ mL directly 

indicates perfusion 

LAD  
occlusion 

1.2 mg/ ml in infarction 

vs normal 3.2 mg/ ml 



Odisio et al, Radiol Clin N Am 2018 

Case 1 – malignant pleural lesion 

Uptake of  

1.6 mg/ ml 

indicates 

malignancy 

Mixed image 

Iodine map 

Mixed image Iodine map PET-CT 

Case 2 – Response to chemoradiation therapy 

Uncertain viability 

without true 

unenhanced phase 

0.0 mg/ ml 

iodine uptake 

indicating no 

residual viability 

Low FDG uptake 

(SUV max = 3.5  

vs pre-therapy = 20)  

From morphology towards metabolism 





Grant et al, Investigative Radiology 2014 

• Advanced monoenergetic algorithm (Mono+) uses a frequency-split 

technique  
 

• Mono+ has no noise limitations at low keV levels unlike traditional Mono 
 

• Increased contrast from the low kV image set is combined with reduced 

noise from high-kV images 



Kalisz, Albrecht, Schoepf,  Rajiah et al, Radiographics 2017 

40 keV 

180 keV 160 keV 140 keV 120 keV 

60 keV 80 keV 100 keV 

• Noize-optimized virtual monoenergetic imaging (Mono+) can be reconstructed 
at any energy level between 40 and 190 keV 

• 40 keV = close to the iodine k-edge = greatest attenuation 

• Potential to reduce contrast dose 



CTPA studies with low attenuation do occur in daily practice 

Meier et al. Clin Radiol, 2015 

Standard linearly-blended images 
 

Poor contrast – Maybe segmental embolism? 

Mono+ 40 keV 
 

Excellent contrast – No embolism 



Albrecht, Schoepf AJR, 2016 

• Case: Incidental embolism on a 

venous chest CT scan for staging 

purposes 
 

• Retrospective reconstruction of 40 

keV Mono+ increases the luminal 

attenuation to levels nearly as high 

as at CTPA, facilitating the 

assessment of emboli and 

delineation of arterial thrombi 

(arrowhead)  
 

• No additional radiation or contrast 

media administration 



 

• Mono+ allows for 

diagnostic opacification 

• Iodine maps may further 

enhance diagnostic 

confidence 

Poor contrast CTPA Mono+ 40 keV Iodine maps 



Standard mixed 

Standard mixed arterial Standard mixed venous 

Hypervascular lesions with venous wash-out 

Arterial VMI+ 40 keV Iodine map 

• VMI+ facilitates the delineation and detection of hypervascular 

liver lesions (HCC) 

• Perfusion maps further aid in lesion characterization 

 



Standard mixed Mono+ 50 keV 

• Low keV VMI+ reconstructions allow improved assessment of 

hypovascular liver lesions 
 

• Better visualization of colorectal liver metastases and greater sensitivity 



Standard mixed Mono+ 55 keV Mono+ 40 keV 

In nephrogenic phase images, the Mono+ algorithm enhances the 
conspicuity of hypodense renal cell carcinomas 

Martin, Albrecht, EJR 2017 



• Higher keV Mono+ reconstructions (>100 keV) are helpful in reducing 

blooming artifacts 

• Improved stent visualization for the assessment of in-stent restenosis 

• Both low and high keV levels should be used to fully exploit the dual-

energy potential 
Albrecht, Schoepf, De Cecco, EJR 2018 



Standard mixed Mono+ 190 keV 

• High-keV monoenergetic reconstructions effectively reduce 

metal artifacts in case of metal foreign bodies 
• Improved assessment of screw-bone interface 





• Dual-energy CT allows for material 

differentation: for instance, calcium vs 

iodine 
 

• Virtual non-contrast (VNC) images may 

obviate the need for a routine 

unenhanced image acquisition – 

potential for substantial lower 

radiation dose 
 

• However, in doubt go for a true non-

contrast acquisition! 



VNC shows a similar image impression and reliable HU measurements 

True non-con Virtual non-con (VNC) 

(from portal-venous scan) 

Biphasic CT with a single image acquisition 

Virtual non-con (VNC) 

(from arterial scan) 

Courtesy of Carlo N. De Cecco, MUSC 



Chae et al, J Thorac Imaging 

Contrast-enhanced True non-contrast VNC 

True and virtual non-con images show  

equivalent image quality in the majority of cases 





• Material-differentiation allows for 

selective subtraction of calcium 
 

• Automated bone removal allows for fast 

and accurate 3D angiography 

reconstructions 
 

• Reduced manual time-requirements for 

post-processing time 



Dual-energy bone 

removal shows 

greater accuracy 
than staattenuation-

based techniques 

MIP Standard  
bone removal 

Dual-Energy  
bone removal 

Schulz, Vogl, Bauer et al, AJR 2012 





 
 
 

 

 

 

 
 

• DECT allows for the material-selective imaging of uric acid crystals 
adjacent to erosive lesions 

• Predictive value and indicator for gout activity 

• More reliable diagnosis for discrimination of gouty vs erosive/ 

activated arthritis 



 
 

• Color-coded dual-energy analysis of renal stones 

• Uric acid in red, calcium oxalate in blue 

• Added information to guide therapy 

Kaza, Platt, Abdominal Imaging 2012 





CT MRI TIRM DE VNCa 

Quelle: Prof Bauer 

Mixed MRT T2 TIRM VNCa 

• Virtual non-calcium (VNCa) images visualize bone bruise in acute vertebral 

fractures and show good correlation with T2 weighted MRI sequences 

Kaup, Albrecht, Bauer et al, Radiology, 2016  

Image courtesy of Ralf W. Bauer 




