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Clinical CT

Image courtesy by Siemens Healthcare



Fixed C-Arm CT

e.g. floor -mounted Artis Zeego or ceiling - mounted Artis Zee, Siemens Healthcare,
Forchheim,  Germany

Image courtesy by Siemens Healthcare dkfz.



C-Arm with Image Intensifier C-Arm with Flat Detector

Ziehm Vision R
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Mobile C-Arm CT
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e.g. Vision RFD 3D, Ziehm Imaging GmbH, NiUrnberg, Germany

Image courtesy by Ziehm Imaging



Dental Volume Tomography (DVT)

e.g. Orthophos XG 3D, Sirona Dental Systems GmbH, Bensheim, Germany

Image courtesy by Sirona Dental dkuc



CBCT Guidance for Radiation Therapy

e.g. TrueBeam, Varian Medical Systems, Palo Alto, CA, USA
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Micro CT for Preclinical Research

e.g. TomoScope , CTImaging , Erlangen, Germany
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Industrial CT
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e.g . TomoScope HV 500, Werth Messtechnik, Giel3en, Germany

dkfz.



dkfz.



Detector Technology
Clinical CT Detector Flat Detector

A Absorption efficiency
A Afterglow

A Dynamic range
A Cross-talk

A

Framerate
A Scatter grid



Siemens 2Q©®6=384-slice
dual source cone-beam spiral CT(2013)
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: _’k < 525 views (1050 readings) per rotation in 0.25 s
180 views per rotation in 300 s 2068 (920+640) two-byte channels per view
23 160 positions per view 1,200 MB/s data transfer rate
384 B/s data transfer rate up to 4 GB rawdata, 2 GB volume size typical
113 kB data size



Siemens 2Q©®6=384-slice
dual source cone-beam spiral CT(2013)

EMI parallel beam scanner (1972)
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525 views (1050 readings) per rotation in 0.25 s

180 views per rotation in 300 s 2063 (920+640) two-byte channels per view
23 160 positions per view 1,200 MB/s data transfer rate
384 B/s data transfer rate up to 4 GB rawdata, 2 GB volume size typical

113 kB data size






Canon Aquilion ONE Genesis GE Revolution Apex

Siemens Naeotom Alpha
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What does CT Measure? I

4

A X-rays are generated in an x-ray tube. [ B
A The polychromatic radiation is attenuated éi\ A

in the patient. X-ray photon attenuation is e~ \4
dominated by the photo and the Compton effect.

A Detectors measure the x-ray intensity after the rays
have passed through the patient along several lines L.

A The log intensity is the so-called x-ray transform:

q(L) = —1In IL) = — ln/dE w(E)e_/dLM(rj 2

A Often, the follwing monochromatic approximation is used:

a(L) ~ p(L) = / ALu(r, Eug)



Anode

Wedge filter
Additional filters

Bow-tie filter

Detector

Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner. dkfz
o

Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).
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Offset-corrected image (40 kV, 1.39 mA, 23 ms, Ziéh;m Ima '.‘



120 kV + O mm water
with and without prefilter

— NO prefilter
- Prefilter




120 kV + 320 mm water
with and without prefilter

— NO prefilter
- Prefilter



Removable Prefilters in Use Today.

A0O. 4 mm Sn for Siemensod, Somat
go.Now, go.Up and go.all

A06mmSnforSi emens 6 SForcem Edgawlus,
go.Top and Definition Edge

A04mmand 0.7mmSnforSi emensd SXocitelat o

A°05mm Au for Canonods Addiiiohi o

A°1mmCu for topogr ams Revalutign ( !
Apex systems
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Bow-tie filter
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Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner. dkfz
o

Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).



Anode

Wedge filter
Additional filters

Bow-tie filter

Detector

Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner. dkfz
o

Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).



Narrow Cone Wide Cone

High Tube Power Low Tube Power

/7

e at the same spat |
Onset of target melting (rule of thumb)!: 1 W/pm

1 D.E. Grider, A. Writh, and P.K. Ausburn. Electron Beam Melting in

Microfocus X-Ray Tubes. J. Phys. D: Appl. Phys 19:2281-2292, 1986



CT-value/ HU
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Fan-Beam Geometry
(transaxial / In-plane / x-y-plane)

detector

In the order of 1000 detector channels
are available per detector row.

» Koray tub
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field of measurement

(FOM) and object
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In the order of 1000 projections
with 1000 channels are acquired
per detector slice and rotation.




Data Completeness

; . ; : Y
Each object point must be viewed by an angular interval of
180° or more. Otherwise image reconstruction is not possible.




Axial Geometry (z-Direction)

- Today:
<1998: M=1 1998: M=4 2002: M=16 2006: M=64  up to M=320



focal spot

focal spot
CBCT Geometry
FOM
FOM /
/
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Detector: 10001 1000 to 4000x4000 elements, typically dkfz.



CBCT Geometry




CT Equipment Technology




Canon Aquilion ONE Vision GE Revolution CT Philips 1Qon Spectral CT Siemens Naeotom Alpha

V- \ ‘"

In-pl ane resolution: 0.2 e O
Nominal slice thickness: S= 0. 2 ¢é 1.5 mm
Tube (max. values): 120 kW, 150 kV, 1300 mA
Effective tube current: mAs4= 10 mAs é 1000 1
Rotation time: T,,,= 0. 25 é 0.5 s
Simultaneously acquired slices:M= 16 e 320
Table increment per rotation:d= 1 € 183 mm
Scan speed: up to 73 cm/s
Temporal resolution: 50 é&

Canon Megacool Vi PE ) Philips'iMRC



Very Fast Scanning:
no Sedation, no Motion Artifacts

Procedure:
Transcatheter aortic
valve implantation (TAVI)

Patient age: 80 years

Tube voltage: 80 kV
Current: 340 ref mAs/rot

Rotation time: 0.25 s
Pitch: 3.2
Slice thickness: 0.75 mm
Scan length: 557 mm
Scan time: 0.76 s
Scan speed: 737 mm/s

Kernel : B40
Recon: ADMIRE 3

CTDlvol: 2.7 mGy
DLP: 162 mGy@m
Effective dose: 2.3 mSv

Case information Axial slices, C =0 HU, W = 1500 HU Volume rendering



Demands on the Mechanical Design

A Continuous data acquisition ( s pi ral , fl uor c

A Able to withstand very fast rotation
I Centrifugal acceleration at 550 mm with 0.5s:a= 9g
I with0.4s:a=14¢g
T with 0.3s:a=25¢g
T with 0.2s:a=55¢

A Mechanical accuracy better than 0.1 mm
A Compact and robust design

A Short installation times

A Long service intervals

A Low cost



air bearing

non-contacting
power transmission

non-contacting
data transmission

direct drive

Data courtesy of Schleifring GmbH, Furstenfeldbruck, Germany




Courtesy of Schleifring GmbH, Firstenfeldbruck, Germany dkfz.



Demands on X-Ray Sources

A Tube voltages from 70 to 150 kV in steps of 10 kV

A High instantaneous power levels (typ. 50 to 120 kW)

A High tube currents at low kV (good for lodine contrast)
A High continuous power levels (typ. > 5 kW)

A High cooling rates (typ. about 25 kW ° 1 MHU/min*)

A High tube current variation (low inertia)

A Must withstand centrifugal forces
I Centrifugal acceleration at 550 mm with 0.5s:a= 9¢g
| with0.4s:a=14¢
T with 0.3s:a=25¢g
T with 0.2s:a=55¢g
A Compact and robust design

A Long service intervals
i Ball bearings cannot be lubricated and wear out early
I Liquid bearings to be preferred (also due to good heat conduction)

* 1 MHU = & MJ dikfz.




Tube Technology

conventional tube high performance tube
(rotating anode, helical wire emitter) (rotating cathode, anode + envelope, flat emitter)

cooling oil cooling oil

cathode

\C-E

Anode at high cathode anode Anode at low
temperature -- temperature
(>> 1000 °C) (<< 1000 °C)

Radiative ¢ — e Conductive
cooling (© T#4) cooling(™ T)
Is dominant / Is dominant

Photo courtesy of Siemens

rtesy of GE



Magnetic focussing using
double quadropole and dipole

Cathode with flat emitter

Electron trap

-
Cathode  Electron beam Electron catcher
z £ | _
e e N
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e e ~Stator (rotation

Rotating anode

O Liquid bearing
+—Anode

]

et ] {
. L?I ¥V§ i L Tube
) : L Housing
I | -

Deflection coils Water cooling

iMRCMourtesy of Philips Medical Systems GmbH, Hamburg, Germany
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~Stator (rotation)

Liguid bearings

. _ Afnspiralo groov
e e beatiig A e.g. 10 ym GalnSn
&\:i/ ; P Aada A good heat conductivity
A nearly wear-free
| & e M A low vibration
| & . | L1ube A low noise
,M,.,,m.*j Lwrm-»-j ‘e Housing _
| | Graphite to store heat
Deflection coils Water cooling

Courtesy of Philips Medical Systems GmbH, Hamburg, Germany




Liquid metal bearing

Courtesy of Canon Medical Systems, USA



Performix HDw (GE) IMRC (Philips) Straton (Siemens) Vectron (Siemens)




Straton vs. Vectron at all k\V/

Power

100-150 kV

Vectron (Siemens, 2014)

4s 65S 30s40s

Exposure Time



Tube Voltage 80 kV

Power

104 KW Vectron (Siemens)

C=0HU, W =700 HU

|
w
~
=

MegaCool Vi (Canon) ; |

64 kW :
Perférmix HD (GE [ I

55 kW
I b
A [ Straton (Sigmens) I \

|
Perfofmix HDW (GE) ;
|

1s 4s 10s PAORS 40 s -
Exposure Time



Tube Voltage 120 kV

Vectron:(Siemens
Performix HD (GE)

C=0HU, W =700 HU

Performix HDw (GE)j

—— o o . o . e . ey . . .

1s 4s 10 s 20s 40 s

Exposure Time




Naeotom Alpha (Vectron): Std vs. UHR

Maximum available

tube power
| 100 kV, 120 kV, 140 kV
120 kW
100 kV Sn and 140 kV Sn
curves are i_dentic_al to_those
100 kw4 without tin prefiltration.
30 kwd 70 kV
60 kW

UHR 70 kV, 90 kV, 120 kV, 140 kV

: : : : Seeh
3s 6s 9s 30s duration




Narrow Cone Wide Cone

High Tube Power Low Tube Power

e at the same spat |
Onset of target melting (rule of thumb)!: 1 W/pm

1 D.E. Grider, A. Writh, and P.K. Ausburn. Electron Beam Melting in

Microfocus X-Ray Tubes. J. Phys. D: Appl. Phys 19:2281-2292, 1986
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Straton Tube




aFFS and zFFS

A The flying focal spot (FFS) can be used to improve
the in-plane (lateral) sampling as well as the through-
plane (longitudinal) sampling.
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Anode as viewed from the isocenter
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Rows vs. Slices

—
—
= |

=

FOM

4 Rows 6 Rows 1 Rows 4 Rows
4 Slices 4 Slices 4 Slices 8 Slices

M =1C4 M =1C4 M =404 M =2




CT Detectors

A CT started with scintillation detectors with
photomultiplier tubes excited by caesium iodide (Csl)
crystals.

A These were replaced during the 1980s by ion chambers
containing high-pressure xenon gas.

A These were replaced during the late 1990s by
scintillation detectors with photodiodes excited by
gadolinium oxysulfide (GOS, Gadox) crystal ceramics.

A These are being replaced since 2021 by direct
converting energy-selective photon counting detectors
based on cadmium telluride (CdTe) or cadmium zinc
telluride (CZT) semiconductor technology.



Xenon Chambers

A High pressure inert gas (typ. xenon, about 25Q0° Pa)
A Each pair of tungsten plates forms a detector cell

A Bias voltage (around 500 V) set to be below the avalange
effect to ensure a linear relationship between the x-ray
Intensity and the signal.

A If set properly, the amount of
lonization is proportional to the

energy of the absorbed x-ray | Cathts
photons. |
A Pros 2 @ | e
i Low cost ° ;

I No radiation damage
I Small scatter acceptance angle

\
© \,\ Pressure vessel

A Cons o Current signal i T S
i Difficult to have 2D arrays ™

I Low quantum efficiency even if the cells are as deep as 10 cm,
around 60% or 70% (compared to 99% of solid state detectors,
whose geometrical efficiency is 80%)




