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\Mu| || Fluence-modulated proton CT (FMpCT)
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Aim: to achieve arbitrary image noise targets with FMpCT
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Standard reconstruction
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Monte Carlo model:
Giacometti et. al. (2017), Med. Phys, 44, 3
Dickmann et. al. (2019), PMB, in press
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Efficiency of light production reduces for
high-LET radiation!
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T Projection noise contributions n"m

* Noise in projection is independent of WEPL.
* For homogeneous phantom, noise is dominated by energy straggling.
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Prediction of image noise contributions in proton
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Simple fluence field optimization:
beams intersecting ROI

Drawbacks:

* Only convex shapes
* No absolute noise prescription

Dedes et. al. (2017), PMB, 62, 6026
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Standard forward projection = line integrals

> > backprojection
| : line integrals
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- negative backprojection
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initial forward enforce
projection ~ positivity

add delta to
projection stack

variance
reconstruction

forward project calculate
difference difference to
volume prescription

Enforcement of positivity in every
iteration

Forward projection of difference to noise
prescription

Analogous to algebraic reconstruction
technique (ART)
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Results: ROl intersection vs. optimization
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* Imaging dose outside of the ROl can be

1e
/e
! ;

. 1,6
considerably decreased. 13 =
. . . . 14 - '
 Imaging dose inside the ROl increases. 122 D DN 1;'/20
. . 1,2 4 ! ’
* Mean imaging dose tends to decrease. 1,04 RS 1,07
> 1 0,93
Lg 0,85
<~ 0,8 0,72
b
]
T 0,6
0,4
0,2
0
constant constant convex convex beam beam
fluence noise shape shape shape shape
(bowtie) (binary) (binary)

B outside M mean Minside

-



we || Conclusions [
LMU| |iieserse A

* Proton CT image noise depends on object’s heterogeneity
— Fluence should be adapated accordingly
— Dose comparisons to x-ray CT on homogeneous objects are not necessarily fair

* Noise levels can be predicted using Monte Carlo simulations and variance
reconstruction.

* Fluence-modulated proton CT (FMpCT) can achieve prescribed image noise.

* Inhomogeneous image quality is meaningful for frequent imaging in the context
of particle therapy.

* An iterative variance optimization allows to calculate FMpCT plans.

* Dose reductions are considerable and depend on the object and prescription
ROI.
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Anthropomorphic phantoms

C/W =1.1/0.5 C/W =0.0015/0.0030

w
@ . 3¢
ol {4
g g\
o %
Q@
[®)]
oy
@
: LU
ie]
©
e
-100 0 100 0.0 12 24
position / mm %5
July 22,2019 Jannis Dickmann 28
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* Include imaging dose in optimization
 Study noise characteristic of other/future scanner designs
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