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1. Added diagnostic value  
• Perfusion 

• Quantification 

• Accuracy 
 

2. Lowering Dose 
• Virtual non-con (radiation) 

• Mono+ (contrast media) 
 

3. Enhanced Flexibility 
• Full range of contrast options 

• Virtual angiography on venous scans 

• Body bone-removal 



Image courtesy of Siemens Healthineers 

1. Cardiac 

 

2. Thorax and Abdomen 

 

3. Periphery 





Ruzsics, Schoepf et al, Circulation 2008 

Low kV High kV Iodine Map 

SPECT 
• Iodine maps aid in the visual 

assessment and delineation of 

hypoperfused myocardial tissue 

• Good correlation with SPECT 



MRI Iodine Map  

Short Axis View 
Iodine Map  

Four Chamber View 

• DECT allows for assessment of perfused myocardium in 

cardiac CT 
 

• Good correlation also with MRI 
 

 
Vliegenthart, Schoepf et al, AJR 2012 



De Cecco, Schoepf et al, AJR  2014 

Incremental 

diagnostic value of 

iodine maps in 

addition to 

structural CCTA 



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 



• Noise-optimized low keV virtual monoenergetic images (Mono+) 

also provide improved visualization of infarcted myocardial tissue 
 

• Adjustment of window settings is crucial 

Albrecht, Schoepf, De Cecco, EJR 2018 



• Low keV virtual monoenergetic images (Mono+) allow for 

improved visualization of late enhancement in chronic infarction 

 
Albrecht, Schoepf, De Cecco et al. EJR 2018 



Albrecht, Schoepf, De Cecco, EJR 2018 

Suggested approach for more comprehensive and accurate evaluation 

For optimal 

contrast and  

perfusion 

assessment 



• Mono+ can effectively reduce blooming artifacts in heavily 

calcified coronary arteries 

• Reduced risk for coronary stenosis overestimation 

• Higher energy levels (>100 keV) may be most useful 

Albrecht, Schoepf, De Cecco, EJR 2018 



• The same strategy works in the scenario of coronary stents 

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

• Use both low and high keV levels to fully exploit the dual-energy 

potential 

Albrecht, Schoepf, De Cecco, EJR 2018 



• Do not simply 

use the same 
window settings 

for low and 

high energies 
 

• Increase both 

window level 

and width for 
low keV Mono+ 

Width    600 HU 

Center  150 HU 

Width    1100 HU 

Center  500 HU 

Mono+ 40 keV Mono+ 100 keV 



Standard mixed Calcium subtracted 

• Severe calcifications with 

Agatston scores >1000 are a 
known limitation of standard 
coronary CTA  

 

• Dual-energy calcium subtraction 

technology effectively removes 
calcifications without affecting 
contrast-opacified lumina 

De Santis, Albrecht, Schoepf et al, Investigative Radiology 2017 



Agatston score from virtual 

non-contrast (VNC): 187 

r = 0.96 

Fuchs TA et al., Int J Cardiovasc Imaging 2014 

Agatston score from calcium 

score acquisition: 187 

VNC may obviate a 

dedicated calcium score 

acquisition 



Eid, Albrecht, Schoepf et al, AJR 2018 



• 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 



• The selective subtraction of calcium 

is also feasible 
 

• Automated bone removal allows for 

fast and accurate 3D angiography 

reconstructions 
 

• Reduced manual time-requirements 

for post-processing time 

Schulz, Vogl, Bauer et al, AJR 2012 



Dual-energy bone 

removal shows 

greater accuracy 
than attenuation-

based techniques 

MIP Standard  

bone removal 
Dual-Energy  

bone removal 

Schulz, Vogl, Bauer et al, AJR 2012 



Main applications of virtual monoenergetic imaging 

(Mono+) are: 
 

•  Contrast optimization for enhanced image quality 
 

•  Salvaging studies with poor contrast conditions – 

 more flexibility in challenging scenarios 
 

•  Potential contrast  media reduction a priori – more 

 gentle CT imaging 



60 keV 80 keV 100 keV 40 keV Standard M_0.6 
Window width 600, level 150 HU 

 

• Low keV reconstructions between 40 – 75 keV are of major interest, as 

these images provide improved contrast, contrast-to-noise ratio (CNR) 

and subjective image quality 
Albrecht, Wichmann et al, Investigative Radiology 2016 



Standard mixed arterial Standard mixed venous 

40 keV Mono+ arterial 40 keV Mono+ venous 

• Mono+ is beneficial in 

challenging scenarios (e.g., 

small i.v. access, patients 

with renal impairment, 

suboptimal scanning) 

 

• Whenever a poor contrast is 
encountered, Mono+ can 

increase the iodine signal 

 

 



W1800 L600 

Mono+ 40 keV Linearly-blended 

• CTA of a patient after liver transplantation 
 

• Mono+ at 40 keV allow enhanced depiction of extravasated contrast 

material from the coeliac trunc 
Martin, Albrecht, JVIR 2017 



AUC 

 

0.817 

 

0.775 0.963 

Mixed 
70 keV 

Mono 

40keV 

Mono+ 

Incremental diagnostic value 

for Mono+ at 40 keV for the 

detection of active arterial 

bleeding 
 

Martin, Albrecht, Vogl et al, JVIR 2017 

Diagnostic Accuracy 
(P < 0.001) 



 

• In a nutshell: low keV Mono+ may be helpful for every scnerio where an 

increased contrast is needed to highlight certain structures – for 

instance, penetrating ulcers, aortic aneurysms and tiny arteries 
 

• Or to highlight hyper- or hypoperfused organs (for instance, 

inflammation vs infarction) 

Linearly-blended Mono+ 40 keV 

Enhanced endoleak 
visualization in a patient 

after endovascular 

aortic repair 

Martin, Albrecht, Wichmann et al, European Journal of Radiology 2017 



Monoenergetic 40 keV 
from venous scan 

Standard 
venous 

Standard 
arterial 

• Monoenergetic 40 keV 

images derived from 

venous acquisition allow 
for arterial assessment of 

SMA stenosis 

 

• Additional ‚Virtual CT 
angiography‘ 

 

• However: not a 
substitute 

Hickethier, Byrtus, Doerner et al, EJR 2018 



Eid, Albrecht, Schoepf et al, AJR 2018 



Zopfs, Lennartz, Neuhaus et al, EJR 2018 

Venous 
Monoenergetic  

40 keV 

Venous  
Standard  

• Evaluation of the internal carotid and superficial 

temporal artery becomes feasible on venous 

acquisitions 

 
• Perception and assessment of the carotid artery 

within an atherosclerotic stenosis may be not 

impaired compared to true CTA 

 

• Potentially comparable measurements in stenosis 

quantification 



 

Mono+ 40 keV showed comparable image quality at lower iodine dose 

compared to the standard approach 

CT angiography was 

performed with lower 

concentration  
(iopromide 270 vs 370) 

Zhao, Li, Zhang et al, European Radiology 2018 



• Assessment of active bleeding in patient with acute subarachnoid 

hemorrhage 
 

• Perfusion maps and Mono+ 40 keV MIP images facilitate rapidly ruling-out 

active bleeding 

Standard non-con Standard CTA Perfusion map Mono+ Thick MIP 



Zopfs, Lennartz, Neuhaus et al, EJR 2018 

Venous 
Monoenergetic  

40 keV 

Venous  
Standard  

• Evaluation of the internal carotid and superficial 

temporal artery becomes feasible on venous 

acquisitions 

 
• Perception and assessment of the carotid artery 

within an atherosclerotic stenosis were not impaired 

compared to true CTA 

 

• Potentially comparable measurements in stenosis 

quantification 



Mannil, Ramachandran, Winklhofer, Investigative Radiology 2017 

  

Standard  

• Dual-energy 

calcium 

subtraction may 

overcome 
blooming 

artifacts and 

overestimation of 

carotid artery 

stenosis  

 

• ≠ bone removal!   

Calcium substraction 
  

DSA 



Mono+ 80 keV 

Mono+ 130 keV 

Standard mixed 

• Monoenergetic images 

facilitate assessment of  

     in-stent restenosis 

 

• 80 keV provide greatest 

diagnostic confidence 

 

• Additional 130 keV 

reconstructions show the 

lowest blooming artifacts 

Mangold, Schoepf, Wichmann et al , European Radiology 2016 



• Mono+ reconstructions 

at 40 keV improve 

contrast in CTA of the 

lower extremity 

 

• Enhanced image 

quality and diagnostic 
accuracy for 

significant stenosis 

detection 

Standard   Mono+  
40 keV Standard   Mono+  

40 keV 

Wichmann, Vogl, Schoepf et al, Investigative Radiology 2016 
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1. Added diagnostic value  
• Perfusion 

• Quantification 

• Accuracy 
 

2. Lowering Dose 
• Virtual non-con (radiation) 

• Mono+ (contrast media) 
 

3. Enhanced Flexibility 
• Full range of contrast options 

• Virtual angiography on venous scans 

• Body bone-removal 




