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Aim
PCCT can distinguish more than two materials.
Is it good to use two contrast agents, X and Y, simultaneously?

1 I

What is to be preferred? e e,
— A single scan such as WXY BelE i
— Two or even three scans, such as WX+WY or W+WX+WY

Assumption: Zero motion
Task: Material decomposition

low energy high energy VNC (W only) lodine map (X only)

p— -

Material
decomposition



Why Is Subtraction Potentially Better?

(In case of no motion)

W = soft tissue (water) signal, X =iodine signal
Assume same noise N, e.g. 50 HU, in both measurements M, and M,
— Var M; = Var M, = N2 regardless of whether iodine is present or not

DECT
— Measurement 1 (high kV): M; =W+ 0.25 X
— Measurement 2 (low kV): M, =W+ 0.5 X

— Estimated iodine: 4 (M, = M,) Variance = 16 (Var M, + Var M) = 32 N?
— Estimated soft tissue: 2M; - M, Variance = 4 Var M; + Var M, =5 N?
« Subtraction
— Measurement 1 (native): M; =W
— Measurement 2 (enhanced): M, =W + 0.5 X
— Estimated iodine: 2 (M, —M,) Variance = 4 (Var M, + Var M;) = 8 N?
— Estimated soft tissue: \ Variance = Var M; = N?

VNC and iodine noise (standard deviation) in DECT
are about twice as high as in subtraction imaging.

This toy example assumes iodine to contribute half as much to the gray value for the high kV scan as for the low kV scan.

Dose is assumed to be the same in both scenarios.



Simulations only Materials dmav, o el oy

 Emitted spectra o f 0 mees b

— Tube current I, no TCM

— Tube voltage U, from 70 kV to 150 kV

— 0,1, 2 or 3mm Cu patient-specific prefilter (PSP)?!
64723 — Tucker spectrum filtered by 1 mm Al + 0.9 mm Ti

parameter
comblnatlons< ° Three phantom SlzeS
(heres=20r3) | o Detected spectra

Spectral response A(

719keV [ |

40 60 80
small medium large Detected energy E'/ keV

OO0
BI00
< I

for S scans.

— Photon-counting detector, 1.6 mm CdTe PC b3
— Realistic spectral response? o
— Up to B =4 energy bins =
q — Threshold positions T, € {20, 33, 50, 61, 65, 70, 81, 91_, 100, 120} keV
| Gd Yb Hf W Au BI
* Dose = CTDl;, ., = x(U)-l f1(r)
Optimized image domain material decomposition3 g()=w"-| :

- H,0, |, Gd, Yb, Hf, W, Au, B fB(7)

1Using a 2 mm Cu prefilter approximately corresponds to 0.6 mm Sn or to 0.5 mm Ag.

2S. Faby, M. KachelrieR et al. Med. Phys 43(7) 3945-3960, July 2016.
3S. Fabv. M. Kachelri |. Med. Ph 2(7):4349-4366. Julvy 2015.



W+WX vs. WX+WX with B = 1 for X = lodine

200 mm, real Scenario 1 Scenario 2 Scenario 3
X=Iodine 80/140 kV, no PSP | 70/150 kV, PSP opt., PSP
s ey — WH+WX 311 HU, 0 HU 366 HU, 0 HU 370 HU, 0 HU
27.8, 6.07, 6.51 25.9, 6.58, 7.05 | 33.8, 8.43, 9.04
preferanly tobe . — WX+WX 311 HU, 203 HU 366 HU, 88 HU | 370 HU, 89 HU
implementations, but then won' have PSF 8.11, 2.11, 2.26 19.1, 5.00, 5.34 | 21.1, 5.72, 6.09
Penalty 11.7, 8.25, 8.31 1.84, 1.73, 1.74 | 2.56, 2.17, 2.20
400 mm, real Scenario 1 Scenario 2 Scenario 3
X=Iodine 80/140 kV, no PSP | 70/150 kV, PSP opt., PSP
W+WX 269 HU, 0 HU 323 HU, 0 HU 328 HU, 0 HU
3.73, 0.67, 0.72 3.93, 0.77, 0.82 | 4.27, 0.89, 0.96
WX+WX 269 HU, 161 HU 323 HU, 79 HU | 328 HU, 79 HU
1.26, 0.27, 0.29 2.82, 0.58, 0.62 | 3.19, 0.67, 0.72

All images reconstructed at same spatial resolution. X = lodine. Triples are SNRDs of W, X, and SNRD,,. PSP = patient-specific prefilter.



Conclusions on
WHWX vs. WX+WX with B = 1 for X = lodine

« If no PSPs are available there is an enormous dose penalty of doing
WX+WX:
— roughly 8x dose penalty if only 80 kV to 140 kV but no PSPs are available.
— roughly 2x dose penalty if 70 kV, 150 kV and PSPs are available.

 The findings are valid across all patient sizes.

DSCT: Fast TVS: Split filter: Sandwich detector:
PSP available PSP impossible PSP impossible PSP impossible
(penalty ~ 2) (penalty ~ 8) (penalty > 8) (penalty > 8)

Today‘s DECT

realizations: \ 5 ' 7 /
- ,:,o" W, ” x-ui/f{."
eSS -

PSP = patient-specific prefilter

:




X=lodine plus Another Contrast Agent Y

400 mm, real

Y =Gadolinium

Y=Hafnium

Y =Bismuth

WXY
W4+WXY
WXY+WXY
WX+WXY
WY+WXY
WX+WY
W4+WX+WY
W+WX+WXY
W4+WY+WXY
W4+WXY+WXY
WX+WXY4+WY
WX+WX4+WXY
WY+WY+WXY

0.74, 0.25, 0.17, 0.20
2.02, 0.41, 0.33, 0.38
1.69, 0.42, 0.29, 0.36
1.75, 0.49, 0.48, 0.51
1.80, 0.52, 0.43, 0.49
2.09, 0.35, 0.44, 0.41
4.46, 0.73, 0.72, 0.78
3.14, 0.72, 0.72, 0.77
3.79, 0.74, 0.74, 0.79
2.26, 0.42. 0.34, 0.39
3.06, 0.75, 0.75, 0.80
2.72, 0.61, 0.65, 0.67
2.67, 0.64, 0.54, 0.61

1.40, 0.38, 0.27, 0.33
2.67, 0.48, 0.43, 0.48
1.54, 0.51, 0.31, 0.39
1.90, 0.33, 0.80, 0.48
1.57, 0.73, 0.29, 0.43
2.11, 0.35, 0.45, 0.41
4.28. 0.73, 0.73, 0.79
3.59, 0.77, 0.76, 0.82
3.98, 0.77, 0.76, 0.82
3.12, 0.61, 0.57, 0.63
3.52, 0.72, 0.71, 0.77
2.80, 0.61, 0.73, 0.69
1.73, 0.74, 0.37, 0.50

0.89, 0.25, 0.24, 0.26
2.37, 0.34, 0.39, 0.38
1.58, 0.43, 0.31, 0.37
2.13, 0.38, 0.62, 0.48
1.39, 0.74, 0.26, 0.41
2.13, 0.36, 0.36, 0.38
4.40, 0.66, 0.63, 0.69
3.85, 0.69, 0.67, 0.73
4.29, 0.64, 0.63, 0.68
3.48, 0.48, 0.45, 0.49
3.61, 0.73, 0.71, 0.77
2.79, 0.58, 0.58, 0.62
1.57, 0.62, 0.31, 0.41

—_ = O N F NN =W W

WXY penalty
WXY+WXY penalty

(0.80/0.20)* = 15.5
(0.80/0.36)% = 5.05

(0.82/0.33)% = 6.28
(0.82/0.39)% = 4.52

(0.77/0.26)* = 8.91
(0.77/0.37)% = 4.37

Highlighted (white) are those scan strategies that come with an SNRD,,; dose penalty of at most 20%. Quadruples are SNRDs of W, X, Y, and SNRD,;. dku.



Conclusions

* Investing into motion correction and multi-scan strategies would be
highly beneficial:

— Reduces patient dose by at least 50% for the one-agent task.

— Reduces patient dose by more than 90% for the two-agent task.
e Limitation:
— Simulation study only
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