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294 HU 141 HU

C = 50 HU, W = 600 HU

80 kV 140 kV Sn

60 HU 53 HU

-105 HU -103 HU

Kalender WA et al. Radiology 164:419-423, 1987 



Dual-Source-CT (since 2005)

Siemens SOMATOM Force
3rd generation 

dual source cone-beam spiral CT

Turbo Flash, 70 kV, 0.55 mSv
63 ms temporal resolution

143 ms scan time

CCTA courtesy of Stephan Achenbach, Erlangen, Germany



Standard CT image

Calcium density image Soft tissue density image

Kalender et al. Radiology 164:419-423, 1987 

1980ies: The First Clinical DECT 
Product Implementation



Dual Energy whole body CTA: 100/140 Sn kV @ 0.6 mm

Courtesy of Friedrich-Alexander University Erlangen-Nürnberg

Single DECT 

scan

DE bone removal

Virtual non-contrast 
and iodine image

Examples
(Slide Courtesy of Siemens Healthcare)



Monoenergetic Imaging
(mono+ = noise reduction with frequency split)

Courtesy of Prof. Michael Lell, Friedrich-Alexander University Erlangen-Nürnberg



DECT
and Pseudo Monochromatic Imaging

Pseudo monochromatic imaging is a linear combination
of DECT fL and fH:
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Kuchenbecker, Faby, Sawall, Lell, Kachelrieß. Dual energy CT: How well can 
pseudo-monochromatic imaging reduce metal artifacts? Med. Phys. 42(2), 2015



Dual Energy Metal Artifact Reduction
(linear combination plus noise reduction with mono+)

Courtesy of Prof. Michael Lell, Friedrich-Alexander University Erlangen-Nürnberg

50 keV 80 keV 160 keV



C = 0 HU, W = 800 HU

z = -792 mmz = -723 mm

fL = f0

(E = 67 keV)

fH = f1

(E = 93 keV)

f1.55

(E = 154 keV)

f2.00

(E = --- keV)
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a= 1.43,
E = 128 keV

a= 1.61, E = 176 keV

Original DEMAR iMAR1 (FSNMAR2)

Patient 1
100 kV

140 kV Sn

Patient 2
100 kV

140 kV Sn

Patient 3
100 kV

DEMAR
not applicable since this is 
a single energy CT scan.

1Iterative metal artifact reduction (iMAR) is the Siemens product implementation of FSNMAR.
2Frequency split normalized metal artifact reduction: Meyer, Kachelrieß. MedPhys 39(4), 2012.



DECT Technology

ÅIn the clinic:
ïMultiple scans at different spectra mid-range

ïDual source CT (DSCT), generations 2, and 3 high-end

ïFast tube voltage switching high-end

ïDual layer sandwich detectors high-end

ïSplit filter mid-range

ïPhoton-counting CT high-end



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

Siemens Somatom Force

Tin prefilter



Effect of the Prefilter: Without Sn

Spectra as seen after having passed a 32 cm water layer.



Effect of the Prefilter: With 0.4 mm Sn

Spectra as seen after having passed a 32 cm water layer.



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

GE Discovery CT750 HD

Tube voltage 
alternates about 
1000 times per 

second.

With the introduction of the GE Quantix 160 tube (around 2018), that includes microsecond tube current control by an electron extracting dual 
flat emitter, that is free of the traditional constraints of thermionic emission, the TVS can be regarded of being as almost rectangular shape.



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

GE Discovery CT750 HD

Tube voltage 
alternates about 
1000 times per 

second.

With the introduction of the GE Quantix 160 tube (around 2018), that includes microsecond tube current control by an electron extracting dual 
flat emitter, that is free of the traditional constraints of thermionic emission, the TVS can be regarded of being as almost rectangular shape.



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

GE Discovery CT750 HD

Tube voltage 
alternates about 
1000 times per 

second.

With the introduction of the GE Quantix 160 tube (around 2018), that includes microsecond tube current control by an electron extracting dual 
flat emitter, that is free of the traditional constraints of thermionic emission, the TVS can be regarded of being as almost rectangular shape.



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

GE Discovery CT750 HD

Tube voltage 
alternates about 
1000 times per 

second.

With the introduction of the GE Quantix 160 tube (around 2018), that includes microsecond tube current control by an electron extracting dual 
flat emitter, that is free of the traditional constraints of thermionic emission, the TVS can be regarded of being as almost rectangular shape.



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

ïDual layer (sandwich) detector (Philips)

Philips IQon

Top layer acts as a prefilter 
for the bottom layer. 



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

ïDual layer (sandwich) detector (Philips)

ïSplit filter (Siemens)

Siemens 
Definition Edge 

TwinBeam

0.6 mm Sn
Al

0.05 mm Au

Siemens X.Cite: 0.7 mm Sn and 0.07 mm Au

K-edges: Sn = 29 keV, Au = 81 keV



DECT Technology

ÅDECT approaches in the clinic:
ïDual source DECT (Siemens)

ïFast tube voltage switching (Canon, GE)

ïDual layer (sandwich) detector (Philips)

ïSplit filter (Siemens)

ïPhoton counting detector, multiple energy bins

Siemens Naeotom Alpha



80 kV / 140 kV

Used in
Å Siemensó 1st generation DSCT



80 kV / 140 kV

Spectra as seen after having passed a 32 cm water layer.

Used in
Å Siemensó 1st generation DSCT



80 kV / 140 kV Sinrect kV-Switching
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Spectra as seen after having passed a 32 cm water layer.

Used in
Å GEós fast tube voltage switching CT



80 kV / 140 kV Sn0.4 mm

Spectra as seen after having passed a 32 cm water layer.

Used in
Å Siemensó 2nd generation DSCT



100 kV / 140 kV Sn0.4 mm

Spectra as seen after having passed a 32 cm water layer.

Used in
Å Siemensó 2nd generation DSCT



90 kV / 150 kV Sn0.6 mm

Spectra as seen after having passed a 32 cm water layer.

Used in
Å Siemensó 3rd generation DSCT



140 kV YAG / GOS

Spectra as seen after having passed a 32 cm water layer.

Used in
Å Philipsó sandwich detector CT



Split filter 120 kV (Au+Sn)

Spectra as seen after having passed a 32 cm water layer.

Used in
Å Siemensó split filter DSCT



Photon Counting 140 kV
2 Bins Perfect

Spectra as seen after having passed a 32 cm water layer.



Photon Counting 140 kV
2 Bins Realistic

Spectra as seen after having passed a 32 cm water layer.



Photon Counting 140 kV
4 Bins Realistic

Spectra as seen after having passed a 32 cm water layer.



Material Mixtures

ÅIn volumetric mixtures the linear attenuation 
coefficient mixes linearly with the volumetric fraction 

ÅSince the sum of the weighting factors equals one 
the CT-value mixes accordingly:



CT140

CT80

Uric acid/water mixture
with different ratios

Calcium/water mixture
with different ratios

Image-Based
Classification of Materials

Measured data can be classified into
calcium/water mixtures and uric acid/water mixtures.

Pure calcium and pure uric acid

Measured bone and uric acid



wIodine

wBone wWater

Image-Based Decomposition
(Three Materials)

ɛ140

ɛ100

ɛ= wWaterÅɛWater + wBoneÅɛBone + wIodineÅɛIodine

100%
Bone

100%
Water

100%
Iodine

wWater + wBone + wIodine = 1

º150 HU

º
1

3
0
0

0
0
 H

U

wWater, wBone, wIodine²0



ÅTwo water-iodine mixtures of unknown mixing ratio

ÅTheir relative contrast is independent of the mixing 
ratio

ÅHence, it can be used to calibrate DECT. 

Material Mixtures

In monochromatic scans or in rawdata-based preprocessed DECT data!



Decomposition Increases Noise
100 kV

140 kV

VNC

Iodine

C = 0 HU, W = 700 HU



Denoising is Mandatory!
VNC denoised

Iodine denoised

VNC

Iodine



Simple Denoising Example

ÅAssume CT images with air = 0 and water = 1

ÅMix image:

ÅWater image:

ÅIodine overlay:

ÅDenoised images:

ïLow pass  LP = (1 2 2 2 2 2 1) / 12, for example (pixel size dependent)

ïHigh pass HP = 1- LP

Macovski et al. ñMeasurement-Dependent Filtering: A Novel Approach to Improved SNRò IEEE TMI MI-2(3): 122-127, 1983



Mix Image

VNC

Iodine

0.5 HP(Mix) 

LP(Iodine) Iodine, denoised 

VNC, denoised

C = 0 HU, W = 500 HU for the low, high and VNC images. C = 0 mg/mL, W = 27.6 mg/mL for the iodine images.

100 kV

140 kV Sn



Mix Image

VNC

Iodine

0.5 HP(Mix) 

LP(Iodine) Iodine, denoised 

VNC, denoised

C = 0 HU, W = 500 HU for the low, high and VNC images. C = 0 mg/mL, W = 27.6 mg/mL for the iodine images.

100 kV

140 kV Sn

Input Materials LP/HP Output
lin. comb. filter lin. comb.



Why is Subtraction Potentially Better? 
(in case of no motion)

ÅW = soft tissue (water) signal, X = iodine signal

ÅAssume same noise N, e.g. 50 HU,  in both measurements M1 and M2

ïVar M1 = Var M2 = N2 regardless of whether iodine is present or not

ÅDECT

ïMeasurement 1 (high kV): M1 = W + 0.25 X

ïMeasurement 2 (low kV): M2 = W + 0.5 X

ïEstimated iodine: 4 (M2 ïM1) Variance = 16 (Var M2 + Var M1) = 32 N2

ïEstimated soft tissue:         2 M1ïM2 Variance = 4 Var M1 + Var M2 = 5 N2

ÅSubtraction
ïMeasurement 1 (native): M1 = W

ïMeasurement 2 (enhanced): M2 = W + 0.5 X

ïEstimated iodine: 2 (M2 ïM1) Variance = 4 (Var M2 + Var M1) = 8 N2

ïEstimated soft tissue:         M1 Variance = Var M1 = N2

This simple example assumes iodine to contribute half as much to the gray value for the 
high kV scan as for the low kV scan. Dose is assumed to be the same in both scenarios.

VNC and iodine noise (standard deviation) 
in DECT is about twice as high as in subtraction imaging.


