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L S Project Overview

» Patient often miscentered within bore of a
CT system

* Increased dose and loss in image quality
 Fluence field modulation strategies

Goal Bowtie filters
To achieve dynamic x-ray beam positioning in

low-dose CT acquisitions and quantitative "
performance assessment for arbitrary patient 4\\HH!\1\1\lHNMM\_INMMWMM!mm,
positioning in emergency medicine ——

applications Multiple aperture device (MAD)

Toth et. al., Med. Phys., 2007
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L NS Paper Selection

Gies, M., Kalender, W. A., Wolf, H., Suess, C. and Madsen, M. T.
(1999), Dose reduction in CT by anatomically adapted tube current
modulation. |. Simulation studies. Med. Phys., 26: 2235-2247.

doi:10.1118/1.598779.
» Describes techniques for dose reduction
« Methods for modeling and measuring dose and noise
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) JOHNS HOPKINS Introduction

Goal

Show that attenuation-based -
@)
(b)
©

current modulation system can
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reduction without loss of image
quality

Dose reduction methods

» Lowering tube current

« Adapt tube current to x-ray
attenuation with projection
angle

in fact yield significant dose
» Sinusoidal modulation
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Pixel noise variance
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. . . _  Total number of quanta
Pixel noise variance with per scan limited

control parameter « *Investin high-
attenuation projections

lead to high noise for
, low-attenuation
1— projections
P N (Z 4; a) (2 Aa) * Noise more
0 homogeneous but
higher noise
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‘Hip Phantom’

Methods

16cm x 36¢cm oval
PMMA

‘Abdomen Phantom’
20cm x 30cm oval
water

(a)

5.

100 150 200 250 300 350
Angle of Rotation in degrees

AlAl Lab

‘Shouldef Phantom’
14cm x 40cm ellipse
water

‘Quality Phantom’
20cm diameter
water
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) JOHNS HOPKINS

M EDICINE

100 150 200 250
Angle of Rotation in degrees



=X
L RS Method

Simulations

» Constant attenuation coefficient u

« 120 kVp

 Measure nose reduction as the amount
of total scan dose that could be reduced
without losing image quality
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1. Compute attenuation- 2. Compute attenuation
weighted path length of central ray

u- L(e) A(p) = etL@®

4. Compute pixel noise for 3. Compute current modulation function

modulation function No(fl)i) —ANm w(¢p)
* W(¢) = Amin M(l + COSZ¢)

1
=N z(’M(‘PJ . w(g) = A(P)”

[
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G JOHNS HOPKINS Results: Noise Reduction

Pixel noise variance with oo\
control parameter «a

minimal noise with sinusoidal current modulation at: 0.64
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0.2t constant axis difference - 0.2+ increasing axis diference
la-bl=const b = const.
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(a Lateral diameter in cm (b) Lateral diameter in cm

Potential for noise reduction depends on object shape

A eﬂdmin
H = max _ — eﬂ(dmax_dmin)
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N JoHNS HOPKINS Results: Noise Structure

AlAl Lab

Pixel noise highest with
streaky structure

« SD=16.3 HU - -
Lowest noise
e a=05

& =

Pixel noise becomes (b)
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more isotropic as «
increases

e a=1

« SD=15.5HU
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Pros Cons
« Detailed discussion of « Only focused on central
noise and dose ray
calculations « Seems to suggest that
* Developed a framework flat fluence is not the
for dose and noise best way to minimize
assessment for different noise
objects * Results obtained

through simulations
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Relevance & Takeaways

* Detailed discussion of noise and dose
measurements

* Optimizing fluence profile to minimize noise and
dose
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