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® Single row detector helical CT

o Multipte row detector helical €T
-—Four section/rotation scanners

--Scanners with >4 sections/rotation
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- ¢ Relationship between pitch, dose,
— noiseandsectionthickness
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~ TheProblem
¢ Resolution >51p/mm

* Acquisition time <<1 s (stops physiologic
motion)

Butin 2D images of 3D anatomy

—* Tissues are superimposed
- * Poor contrast resolution due to high
-~ scatter acceptance by imagereceptor




Ultimate Goal: 3D Radiography

* Resolution as good as conventional
radiography in all planes
* High contrast sensitivity (no scatter)

~— eCanCTgetusthere?

Basic dataacquisitionin CT
——~_ ___— X-ray Tube

— Pixel valueis measure of
corresponding volume
element (voxel)

—— + Depth dimensionof voxetequaltosection———
~ thickness (2-10pm)
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* Method for acquiring and reconstructing an
image of a thin cross-section of an object

* Based on measurementsofx-ray
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— many differentprojections

Gantry
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® Scan plane resolution is ~1-2 Ip/mm
® Poor z-axis resolution

- Section thickness ranges 1 to 10 mm
- Volumes under-sampled with abutted slices

® Inter-scan delay due to stop-start action necessary
for table translation and cable unwinding
® Section-to-section misregistration due to variation




® “Step-like” contours
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Projection data

Power supply

continuously through
gantry while data are
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Helical Singlte=Section-Mode

Helical Trajectory

Translation

—Interpolation using samples from single ro

— % Largetissue volumes scanned in shorttimes
* Inter-scan delay eliminated
* Arbitrary section position within scanned

volume permits over-sampling without
increased dose

® Z axis resolution improved by over-sampling
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— Ttechnology Advances
* Interpolation algorithms

- Projection data is no longer
in a cross-sectional plane

* Kalender WA, et.al. Radiology, 176(1

Helical Pitch

* Large volume scan in short duration is limited
* Near isotropic resolution only over small volume
® Poor utilization of X-ray tube

—* Multiple row detector CT (MDCT) offers
ith effici -




Multiple Row Detector Helical CT (MDCT)

e Single row of
_ detectors replaced

- Single multi-element module

Uniform-Element-Arrays

—Acquilion, Toshiba Medical Systems
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ube Collimator

_—TCollimated Slice

Collimator
T-Row Detector

8-Row Detector

Single row detector CT Scanner Multiple row detector CT scanner

*Mahesh M, RadioGraphics, 22: 949-962, 2002

form-Element-Arrays

20-mm

: — —
e R RE AR RE AT
- e GE

< 20 mm >

D s

Phitips

< 20mm

S 1AL AT




How are detector elements used in MD
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Detector Configuration: For4-x2.5mm

X-ray Tube

Collimator

Detector

< 20 mm >
witching Art;ty

—Interpolationusing samples of ALL detectorrings
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X-ray Tube

Focal Spot

o) -ray-Beam
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MDCT:Detector Configurations

——*GE LightSpeed - GEMedicadl S)terns—————— ———— —————————
*Volume Zoom, SiemensMedieal

~ The Detector’s Evol




DAS channets: Four versus Eight volution: 4 vs 16 sections per rotation
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GE Medical Systems

Detector Evolution: 4 vs. 16 sections per rotation
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Image Reconstruction:
Key Problem is Cone Angle

Ilm‘-/@(ﬂ‘eaﬂ@l'e * In MDCT, widening
N b_eam .ape_rture in-z-
fan angle direction increases
cone angle, that
results in significant
cone beam artifacts

Detector Array

4-section 8-sect
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4X1mm; pitch 1.5 (6) 8mm, pitch 1.5(12) 1251mm, pitch 1.5(18)
12mm/sec 24 mml/s 36 mm/s

Cone Beam Reconstructio
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N - Number of active DAS channels
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TS ¢ Advanced Single Slice
Rebinning (ASSR)
* Adaptive Multlple Plane

Kohler T, et al., Medical Physics, 29 (1)1 51-64, 2002

Table Speed Detector Detector

mmirotn combt

D

Pata for four-section MBET—




Detector Pitch 6
Beam Pitch 1.5

Beam Pitch vs. Volume Coverage

— Beam Pitchvs.Dose

: il =
decrease of radiation doseto patient
* However in some MDCT scanner, image
noise is maintained constant by varying
tube current (“effectivemAs™), resulting-in
patient dose independent of pitch*

- *Mahesh M, etal.,, AJR, 177: 12731275, 2001
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— BeamPitch————
® Beam Pitch >1 implies extended imaging and

reduced patient dose with lower axial resolution

—  DoseinHelicalCT variesas:

~ Doseyy - —(mAshotation)

High Power X-ray Tubes
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* In helical CT, Z-axis resolution and scan
volume place huge demands on tube

* Several technical advances have been

X=ray tubes used for spirat CT

* Metal envelopes with ceramic insulators
= il :
—_® Spiral groove bearings improve heat

* No longer the limitations for studies
demanding higher speed-and-larger
volume coverage
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— X-ray tubes used for Spiral €T

* Larger anode disks allow higher tube currents

* Anodes of graphite based body with tungsten-
rhenium or tungsten-zircon-molybdenum*
—layer deposited by sintering or chemicalor
-

X=ray tube usedin Spiral CT

200 mm

* Halve the section width, increases noise by O2
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* For SDCT, noise is independent of pitch for
constant mAs and section width

* However on most MDCT scanners, system

Section and Beam Collimation

* SDCT: Both are same, influences z-axis
coverage per gantry rotation

collimation divided by er of active

tfect] . icl

Measure of slice sensitivity profile at FWHM

Affected by beam collimation, pitch and

interpolation algorithm

In SDCT user selects section thickness, but true

width of reconstructed section is influenced by

pitch and interpolation algorithm (180° vs. 360°)

* In MDCT user selects beam collimation in

—affected by pitch, interpolation algorithm & Z-filter
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Effective Section Thickness

Section Thickness

E - Slice Sensitivity Profiles:
—conventional scanning-but—conventional-and spira
it : : : e

broadens effective
section thickness

® Structures outside
nominal section
thickness will
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®* Compared to SDCT

- Acquisition of same region in shorter scan time or
larger region in same scan time

- Thinner slices yielding higher z-axis resolution

® Increased coverage per rotation
~ _ Bettertubeutilizaton

~ - Greatercoverage perbreathhold

Speed of Volume Acquisition

Section
Region Distance Thickness Total scan time (sec

£0.5 see secan pite -5 for 4-section MDCT
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s Cone-beamreconstruction-algorithmsfor-16,
40-and-64 row detectors-areavailable

¢ Extended z-axis coverage to cover most

organs in one or two gantry rotations should
be possible with large area detectors or flat

-~ Ppaneldetectors
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CT Timeline

Slip+ing technology
one second g

Sub-seconsscan

- Conelusions———————

— ¢ CT technology has evolved to tevel where ——

large 3D volumes can beimaged with:
- isotropic resofution

- acquisitions independent of most physiologic
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