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FBP Iterative
Reconstruction Reconstruction
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courtesy of University of Erlangen, Germany

FBP Iterative
Reconstruction Reconstruction

courtesy of Mayo Clinic Rochester, MN

FBP Iterative
Reconstruction Reconstruction

Low Dose CT @ 338 DLP, 1.8 mSv

Images courtesy of Dr de Mey and Dr Nieboer, UZ Brusst
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NPS vs dose

Nonlinearity

NPS (Veo) Normalized NPS (Veo)
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Normalized NPS (A

Li, Tang, and Chen, “Statistical Model Based Iterative Reconstruction (MBIR) in clinical CT
systems: Experimental assessment of noise performance,” Med. Phys. (2014)

NPS peak frequency vs dose
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Li, Tang, and Chen, “Statistical Model Based Iterative Reconstruction (MBIR) in clinical CT
systems: Experimental assessment of noise performance,” Med. Phys. (2014)

Resolution’s joint dependence on contrast and dose

PSF width (mm)

100%

" 50%

Dose




7/21/2014

&
an=c,a- E}%g Y




7/21/2014

GE MBIR Dose Reduction Potential

GE MBIR Dose Reduction Potential
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Task-Based Detectability

Extended to quadratic PL image reconstruction

Line Pair
Detection Task

Detectability Map
d'(xy)

G.Gang etal. Med Phys 41 (2014)

Justification of Assumptions:
Local Stationarity and Linearity

% difference between Fourier
and spatial domain calculation of d’ Cylinde Ellipse Thorax

) Ellipse phantom ®
[cR6)

- Similar levels of d’ computed via Fourier
and spatial domain approach (-5-15%
agreement)

- Applicable to various objects and imaging
tasks.

- Local Fourier metrology applicable to
quadratic PL reconstruction, gives a useful
framework for system design and
optimization.

G. Gang et al. Med Phys 41 (2014)

Estimability index (e’): prediction of the
quantification precision capturing the interaction
between the imaging system, the segmentation
software, and the lesion

Dﬂ TTEX(u,v,w; C, ) W, W) dudvdw]Z
[ITIvRS v ;M) -+ N (v )] W (01, w)f dudvdw
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Noise Resolution Tumor characteristics
3D Noise power spectrum 3D Task transfer .
(NPS) function (TTF) 3D Tesk function (Wi
L OO I BED System resolution Size, shape, and conirast of
floise: with respect to the. the nodule being quantified
contrast of the
Internal noise (N) object and image

Inconsistency of the noise

A
quantiication software due ik Z,
10 placement of random e
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LUNGMAN, i . LungVCAR
Kyoto Kagaku, Japan

GE Healthcar&
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sDiameters matching population con

e Depthseonsistent with cone angles

MP
section

120 mm

185 mm

230 mm

300 mm

370 mm

Water
equivalent

112 mm

177 mm

220 mm

290 mm

355 mm

Age

15

12
21
12
21
20

Abdomen
Perce|

16

19

95

50

95

12
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Design: Size
Adult representation percentages

MP 3.0 Water si: Abdomen
section equivalent M 13

120 mm 112 mm

185 mm 177 mm = = - = 25 75
230 mm 220 mm 0.4 9 0.06 14 - =
300 mm 290 mm 27.1 61 14 48 - =
370 mm 355 mm 80 90.3 60 87 -

Design: Resolution, HU, noise

Representation of abnormality-relevant HUs
Sizes large enough for resolution sampling

¢ Maximum margin for individual assessment
¢ Iso-radius resolution properties

* Matching uniform section for noise assessment

Non-Stationary Noise and Resolution

The Local NPS and MTF
NPS MTF

Noise and resolution model for Penalized Likelihood (PL) model-based reconstruction.*
Predictive framework for NPS, MTF, and detectability index (d’) enables task-based design and
optimization of new systems using iterative reconstruction.

*Fessler et al. IEEE-TIP (1996)
G. Gang et al. Med Phys 41 (2014)
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Bone
950 HU
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Task Optimal technique % dose reduction
(wrt 120 kVp FBP)

No lodine 80/100 kVp with IRIS 36%

With lodine 80 kVp with IRIS 40%

Feature with no iodine

u
Eff dose (m:
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GE Kernels

Sharpness

Siemens Kernels

RMSD (mm?)

Solomon, Samei, Med Phys, 2012
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