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lodine (Z=53)
Xenon (Z = 54)
Barium (Z = 56)

Calcium (Z = 20)

Photoelectric effect
Peaks at Z=55.

highlighted in red, highlighted in blue
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Dual-Energy CT Review Learning Objectives

The mixed image I from two images I, and I

2. Dual-Energy Technologies

I = Lywy, + Tywy
weighting factors w; and wy, where w; + wy

One more factor to consider for optimization.

Formula from [2].
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Vendor Technologies kVp Filtering (“Sandwich Detector”)

Single-source, single-energy (Philips) Low kv High kv

— kV filtering via layered detectors Single-source, single-energy

. Phili
Single-source, dual-energy (GE) ps
— Rapid kV switching
Dual-source, dual-energy (Siemens) - Simultaneous  + Relatively high

data acquisition overlap of the
Others... spectra
* Noise level of
simultaneous
projections can
differ
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Noise Matching

Low kV High kv
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Dual-Source

Dual-source, dual-energy
NEINERN

* Independent * 95 degree phase
optimization of shift between
tube current low- and high-
and filtration energy images
Relatively low Scatter from
overlap of the one tube in the
spectra other detectors
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Fast kVp Switching

Single-source, dual-energy
(€]3

¢ CanadjustmAs + Relatively high
for each overlap of the
projection spectra
Adjacent
projections
slightly offset
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Siemens SOMATOM Force

— 80 kVp and factory filtation; E = 61.9 keV.

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

— 100 kVp and factory filration; £ =71.9 keV
140 kVp and factory filration; E = 90.5 keV.
— 140 kVp and filration with 0.4-mm tin; £ = 100.9 keV

Detector Area (keV/mm?)
° ° °

Relative Energy Detected per Unit
°

8'0 ﬂI)O |£0 I,‘O
Energy (keV)
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3. Annual Testing
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ACR Annual Testing Requirements

Low-Contrast Performance

Spatial Resolution

CT Number Accuracy

Artifact Evaluation

CT Number Uniformity

Dosimetry

Gray Level Performance of CT Acquisition Display Monitors
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ACR Annual Testing Requirements

Review of Clinical Protocols

Scout Prescription and Alignment Light Accuracy
Image Thickness — Axial Mode

Table Travel Accuracy

Radiation Beam Width

Low-Contrast Performance

Spatial Resolution

CT Number Accuracy

Artifact Evaluation

CT Number Uniformity

Dosimetry

Gray Level Performance of CT Acquisition Display Monitors
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ACR Annual Testing Requirements

Low-Contrast Performance

Spatial Resolution

CT Number Accuracy Image Quality

Artifact Evaluation

CT Number Uniformity

Dosimetry

Gray Level Performance of CT Acquisition Display Monitors
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ACR Annual Testing Requirements

Low-Contrast Performance

Spatial Resolution

CT Number Accuracy Image Quality
Artifact Evaluation

CT Number Uniformity

Dosimetry
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Image Quality of DE Scans

ACR Phantom Tests:
Low-Contrast Performance
Spatial Resolution
CT Number Accuracy
Artifact Evaluation
CT Number Uniformity
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Image Quality of DE Scans Image Quality of DE Scans

Adult Abdomen
Procedure:

1. Select SE protocol Sinflz%_ir\‘/?gy 937;"5;;: ﬁyp
Record displayed CTDI,,
Scan ACR phantom
Select DE protocol
Match CTDI,,

Scan the ACR phantom

from SE protocol
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Image Quality of DE Scans Image Quality of DE Scans

Single-Energy Dual-Energy i
Single-Energy Dual-Energy
120 kv,
P 90/150Sn kVp 120 kVp 90/150Sn kVp

& &
= e
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Adult Abdomen (Dose Class 1)
Mean (HU) Difference (HU) Tolerance (HU)
Single-Energy Dual-Energy oE-se| Min Max
Water 106 076 030 a 7
Polyethylene 3.9 9432 036 107 kY
Bone 92576 91731 839 850 970
Acritye 13002 12814 188 110 135
Ar 995,34 99292 242 1005970

Material
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ACR CT Accreditation Program Testing Instructions

Adult Head
Adult Abdomen

3. Annual Testing Pediatrc Head

Pediatric Abdomen

Joint Commission Requirements

B. Dosimetry “...each protocol tested [must be] within 20 percent of the CTDIvol
displayed on the CT console.”
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Siemens SOMATOM Force Dosimetry

Siemens tubes are offset in z-direction
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Dosimetry
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Dosimetry

Need two separate calculations!
Should add up to about

U m P MR
Rotation
T R ST ) Time (s)
Organ cheracteistc Abdomen X
CTowsl G2t EEWEY) Z-axis
collimation
(mm)
1) . #ofdata
Lenguage € channels
AP used
Table
Increment /
Speed
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Dosimetry

jon Dos
TAB ey 0 move between dat eiry cls e colurn rared Moasurot
oy Phantom (32:m diameter PNWA Phanfor) Messursd

5l (3 Tabl Incrament i)

ol (1) Table Speed (o) = ()

Rotation

- Time (s)
[Voasurement | (n2) . Z-axis
collimation
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Measurement 1 (m) # of data
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Dosimetry

Ag
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Dosimetry Dosimetry

Radiation Dosimetry (Adult Abdomen)

TS oy o move bstween data sy ol
s = - [CTO1 Body Phantom (32-cm diametar PMA Phantom)
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Dosimetry

Dosimety (Adut Abdomen)
1 4200 e st oy ot i oo s s,

Dosimetry

Fastaion Dosimatry (Adult Abdomer)

CAREBose4D) « CARE kY g =1Acq 192608 mm
Picn
Bitly
Scan Fov 469 mm

D G

S darocaic. Avdomen

Tows ey e moyon

e

Rotavon

AREDose:D -

Er s

Crgen eharacaéc Abaom

Tows ey iy

Tube A: 2.6 mGy Tube B: 3.9 mGy

Tota 6.5 mGy

Display: 6.42 mGy
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[Radiation Dosimatry (Adult Body)
n deta sy ols i the coumn

o Option 1:
s s s Half the mA, twice the time
Same mAs

Option 2:
Half the mA, same time
Double the mR measurements

' sz )
Lo e Option 3

Half the mA, same time

5 Take two mR measurements
Sl CTOTET - s and sum them
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