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Calcium	highlighted	in	red,	iodine	highlighted	in	blue	

Iodine	(Z	=	53)	
Xenon	(Z	=	54)	
Barium	(Z	=	56)	
	
Calcium	(Z	=	20)	

Photoelectric	effect	
Peaks	at	Z	=	55.	

Image	from	[1].	
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Dual-Energy	CT	Review	

The	mixed	image	I	from	two	images	IL	and	IH	

I = ILwL + IHwH 

weigh@ng	factors	wL	and	wH,	where	wL + wH = 1.	

One	more	factor	to	consider	for	op@miza@on.	

Formula	from	[2].	
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Vendor	Technologies	

•  Single-source,	single-energy	(Philips)	
– kV	filtering	via	layered	detectors	

•  Single-source,	dual-energy	(GE)	
– Rapid	kV	switching	

•  Dual-source,	dual-energy	(Siemens)	
•  Others…	

kVp	Filtering	(“Sandwich	Detector”)	

Single-source,	single-energy	
Philips	

Low	kV	 High	kV	

Strengths	 Weaknesses	

•  Simultaneous	
data	acquisi@on	

•  Rela@vely	high	
overlap	of	the	
spectra	

•  Noise	level	of	
simultaneous	
projec@ons	can	
differ	



3/19/17	

4	

Noise	Matching	

Low	kV	 High	kV	

Fast	kVp	Switching	

Single-source,	dual-energy	
GE	

Strengths	 Weaknesses	

•  Can	adjust	mAs	
for	each	
projec@on	

•  Rela@vely	high	
overlap	of	the	
spectra	

•  Adjacent	
projec@ons	
slightly	offset	

Dual-Source	

Dual-source,	dual-energy	
Siemens	

Strengths	 Weaknesses	

•  Independent	
op@miza@on	of	
tube	current	
and	filtra@on	

•  Rela@vely	low	
overlap	of	the	
spectra	

•  95	degree	phase	
ship	between	
low-	and	high-
energy	images	

•  Scaqer	from	
one	tube	in	the	
other	detectors	

Siemens	SOMATOM	Force	

Tin	filter	on	one	
tube	increases	
spectral	
separa@on	
between	the	low-	
and	high-energy	
beams	

Image	from	[3].	
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Image	Quality	of	DE	Scans	

ACR	Phantom	Tests:	
•  Low-Contrast	Performance	
•  Spa@al	Resolu@on	
•  CT	Number	Accuracy	
•  Ar@fact	Evalua@on	
•  CT	Number	Uniformity	
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Image	Quality	of	DE	Scans	

Procedure:	
1.  Select	SE	protocol	
2.  Record	displayed	CTDIvol	
3.  Scan	ACR	phantom	
4.  Select	DE	protocol	
5.  Match	CTDIvol	from	SE	protocol	
6.  Scan	the	ACR	phantom	

Image	Quality	of	DE	Scans	

Single-Energy	
120	kVp	

Adult	Abdomen	

Dual-Energy	
90/150Sn	kVp	

Image	Quality	of	DE	Scans	
Single-Energy	

120	kVp	
Dual-Energy	
90/150Sn	kVp	

Adult	Abdomen	(Dose	Class	1)	
Material	 Mean	(HU)	 Difference	(HU)	 Tolerance	(HU)	

Single-Energy	 Dual-Energy	 |DE-SE|	 Min	 Max	
Water	 1.06	 0.76	 0.30	 -7	 7	

Polyethylene	 -93.96	 -94.32	 0.36	 -107	 -84	
Bone	 925.76	 917.31	 8.39	 850	 970	
Acrilyc	 130.02	 128.14	 1.88	 110	 135	
Air	 -995.34	 -992.92	 2.42	 -1005	 -970	

Image	Quality	of	DE	Scans	
Single-Energy	

120	kVp	
Dual-Energy	
90/150Sn	kVp	
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Dosimetry	
ACR	CT	Accredita/on	Program	Tes/ng	Instruc/ons	

	
	
	

ExaminaBon	 Pass/Fail	Criteria	
CTDIvol	(mGy)	

Reference	Levels	
CTDIvol	(mGy)	

Adult	Head	 80	 75	

Adult	Abdomen	 30	 25	

Pediatric	Head	 40	 35	

Pediatric	Abdomen	 20	 15	

Joint	Commission	Requirements	
	

“…each	protocol	tested	[must	be]	within	20	percent	of	the	CTDIvol	
displayed	on	the	CT	console.”	

Siemens	SOMATOM	Force	

Number	of	acquired	slices:	384	(2	x	192)	

–  Two	detector	arrays,	each	with	96	detectors	and	a	flying	
focal	spot	

Rota@on	@me:	up	to	0.25	s	

kV	sevngs:	70-150	kV,	in	steps	of	10	

–  100	and	150	kV	with	@n	filter	

Max	scan	speed:	737	mm/s	w.	Turbo	Flash	

Dosimetry	
Siemens	tubes	are	offset	in	z-direc@on	

	

Cannot	measure	CTDIvol	using	clinical	protocol	
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Dosimetry	

CTDIw = 1/3 CTDI100,center + 2/3 CTDI 100,edge 

CTDIvol = 
N x T 

x CTDIw 
I 

2	 3	 4	 5	 …	 93	 94	1	 95	

0.6	mm	
(T)	

96	

96	Data	Channels	
(N)	

z-axis	

Dosimetry	

CalculaBon	 Scanner	

1.  kVp	
2.  mA	
3.  Rota@on	

Time	(s)	
4.  Z-axis	

collima@on	
(mm)	

5.  #	of	data	
channels	
used	

6.  Table	
Increment	/	
Speed	

?	

Dosimetry	

CalculaBon	 Scanner	

1.  kVp	
2.  mA	
3.  Rota@on	

Time	(s)	
4.  Z-axis	

collima@on	
(mm)	

5.  #	of	data	
channels	
used	

6.  Table	
Increment	/	
Speed	

1.  kVp	
2.  Eff.	mAs	
3.  Rota@on	

Time	(s)	
4.  Z-axis	

collima@on	
(mm)	

5.  #	of	data	
channels	
used	

6.  Pitch	

Need	two	separate	calcula@ons!	
	
Should	add	up	to	about	

Dosimetry	

mA = 
Effective mAs x Pitch 

Rotation Time (s) 

= 
190 x 1.2 

= 456 
0.5 
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Dosimetry	

I = Pitch x N x T 
= 1.2 x 96 x 0.6 
= 69.12 mm/rot 

Dosimetry	

Dosimetry	

Tube	A:	 	2.6	mGy	 Tube	B:	 	3.9	mGy	

Total: 	6.5	mGy	
Display: 	6.42	mGy	

Dosimetry	

mA = 
Effective mAs x Pitch 

Rotation Time (s) 

= 
150 x 1.9 

0.25 

= 1140 mA 

Dual-source	scanners	provide	even	further	challenges…	
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Dosimetry	

OpBon	1:	
Half	the	mA,	twice	the	@me	
Same	mAs	

OpBon	2:	
Half	the	mA,	same	@me	
Double	the	mR	measurements	

OpBon	3:	
Half	the	mA,	same	@me	
Take	two	mR	measurements	
and	sum	them	

Thank	You!	
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