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To propose a prior-based multi material
decomposition consisting of multiple organ-
dependent three material decompositions for

DECT data




Common Image-Domain
Material Decompositions
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Common Image-Domain
Material Decompositions

f(r) = (fu(r), fu(r))
®
Basis material vectors:

Yom = (Yu,cM, YL.cM)
Yblood = (VH blood, YL, blood )
l'I"blood

0 CT values high energy

CT values low energy

CM: contrast media

Two material decomposition (2MD)
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CM: contrast media
Three material decomposition (3MD)
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Volume conservation constraint



Prior Work

* Multi material decomposition (MMD)
« Tessellation of multiple triangles
« “A library of material triplets”
« Each voxel is assigned to one triangle
X CM
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CM = contrast media

« Some voxels are misrepresented by the basis materials
« Every voxel is evaluated independently
» No local information is taken into account

Mendonca et al. f
A Flexible Method for Multi-Material Decomposition of Dual-Energy CT Images. IEEE TMI 33(1):99-116, 2014. dk z.



Prior Work

« Segmentation-assisted material quantification
(SAMQ):
« Thresholding of the data set into different tissue classes
« Locally adapted material decomposition
« Many basis materials: air, fat, liver/blood, CM, CaHA, ...

CT Image Segmentation

B o " (50/350)

« Naive segmentation approach - ambiguities in the decomposition

Kuchenbecker and Kachelriel et al. f
Segmentation-assisted Material Decomposition in Dual Energy Computed Tomography (DECT). RSNA 2015. dk z.



Prior Work

« Context-sensitive CT Imaging

Multi-organ  Binary mask for each anatomical structure, e. g.:
segmentation
> P -,

heart lung muscle bone fat

- Masks to allow for individual settings for each organ
« Organ-specific reconstruction

« High spatial resolution in lung and bone
* Low noise level in soft tissue

Dorn and Kachelriel et al.

Organ-Specific Context-Sensitive CT Image Reconstruction and Display. SPIE 2018.



Prior Work

« Context-sensitive CT Imaging

Multi-organ  Binary mask for each anatomical structure, e. g.:
segmentation

N . heart lung muscle bone fat

- Masks to allow for individual settings for each organ
. « Organ-specific reconstruction
« Organ-specific display

Adaptive windowing

Different window level
settings for each organ

- Bone window in bone

- Lung window in lung

-  Body window in soft
tissue

Dorn and Kachelriel et al.

Organ-Specific Context-Sensitive CT Image Reconstruction and Display. SPIE 2018.



Prior Work

« Context-sensitive CT Imaging

Multi-organ  Binary mask for each anatomical structure, e. g.:
segmentation
N ‘».;A‘v e ' .o’

heart lung muscle bone fat

- Masks to allow for individual settings for each organ
. « Organ-specific reconstruction
« Organ-specific display

Adaptive sliding thin slab

Mean intensity projection in
soft tissue (5 mm)

Maximum intensity
projection in lung (10 mm)

Dorn and Kachelriel3 et al.
Organ-Specific Context-Sensitive CT Image Reconstruction and Display. SPIE 2018.



Prior Work

Context-sensitive CT Imaging

Multi-organ  Binary mask for each anatomical structure, e. g.:
segmentatlon

heart lung muscle bone fat

- Masks to allow for individual settings for each organ
« QOrgan-specific reconstruction
« Organ-specific display
« Organ-specific DE evaluation
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Dorn and Kachelriel3 et al.
Organ-Specific Context-Sensitive CT Image Reconstruction and Display. SPIE 2018.



Prior Anatomical Knowled

* Automatic multi-organ segmentation

« Cascaded 3D fully convolutional
neural network consisting of two
successive stages

Poster Session, Wednesday
2:00 p.m.=4:20 p.m.

« Automatic segmentation of liver,
kidneys and spleen

« Thresholding of remaining voxels into
following structures: lung, muscles,
fat, bone and vasculature

FRIEDRICH-ALEXANDER
UNIVERSITAT _
ERLANGEN-NURNBERG

Towards Automatic Abdominal Multi-Organ
Segmentation in Dual Energy CT using Cascaded 3D
Fully Convolutional Network

ging Chen', Holger Roth
Lell®, Marc

Infroduction
- Use dual energy informaion to improve ssgmentation accuracy
- First study about automatic multi-organ segmentation on du;

computed tomography (DECT) images using deep leaming

Based on 3 cascaded 30 full utional network (FCN) [1]

Material and Methods

Pt 1 Cancaded msbes o srhiacters bor DECT st argn sspmrdabon

Image fusion in the preprocessing bassd on linear weightng
Tae = @~ J + (1—0) - Tpgn
> to merge the images of different energes
Binary mask generation based on thresholding
o undersampie the background for the high ciass imbalance problem

caded end-to-end network (Figure 1):
- St alculation of the region f the interest (ROI)
> to further undersample the background and oversampie the minor

alculation of the final class probability

Voxel-wise class balancing
- Weighted vo -entropy loss using softmax class
probabites py -
()

Figrs 2 Erataion i et 2

Conclusion

~ DECT ascuracy with optimal  is higher than SECT ja =0 anda = 1).

- Multi-organ segmentation on DECT using deep leaming is promising and
robust.

+ Data sampling using manifold leaming improw

~ Image fusion factor o afects the

+ The optimal a is organ-differen
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Prior-Based Multi Material
Decomposition (PBMMD)

« Multi material decomposition

« Adjust the basis materials to the organ of interest exploiting
the prior information

* Perform for each organ a three material decomposition (3MD)




Prior-Based Multi Material
Decomposition (PBMMD)

« Assuming each voxel is a compound of three basis materials that
are known a-priori.

« Assuming the mixture is volume preserving, meaning that all
volume fractions sum up to one (volume conservation constraint):

fr(r) Y1 Yn, 2 YL, 3 fi(r)
fa(r) | =Y 1 ¥Yu 2 Yu 3| | fo(r)
1 1 1 1 f3(7)

« Each volume fraction has to satisfy the condition (positivity
constraint)

fi(r) =20

Direct inversion of the LSE with noise compensating projections

O’Donnell et al. Material decomposition in an arbitrary number of dimensions using noise compensating dkf
Le

projection. Biomed. Phys. Eng Express 2018



Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space

CI.\/I CaHA : liver:
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Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space
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Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space

Cl.\/l CaHA liver: lung: soft tissue:
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Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space
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Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space
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Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space
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Prior-Based Multi Material
Decomposition (PBMMD)

« Basis materials are adapted to the organ of interest
« Overlapping triangles in the DE space

CI.\/I CaHA Organ Basis material library
fL A > material 1 material 2 material 3
lung air blood mg(c)i?;r?gk/l)
liver fat liver tissue CM
bone fat CM CaHA
muscles fat soft tissue CM
fatty tissue fat blood CM
vasculature blood CM CaHA
lfif’]'deg‘s’ fat blood CM

-2>We assign one basis material triplet to each voxel



Basis Materials Simulation

— Fat, soft tissue, liver tissue, blood and air are preset as tabulated in
the literature (EPDL)

(_l_[ blood liver tizcs):]:[e CM cg:)t:]ceal air fat
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Results
Example Patient |

C=60HU, W =400HU_
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C=0.01,W= 0.02

Denoising of the input images (CM: 370 mg/mL, CaHA: 500 mg/mL) dk‘fz.



Results
Example Patient Il

~.C = 60 HU, W = 400 HU
150 kV Sn
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Denoising of the input images (CM: 370 mg/mL, CaHA: 500 mg/mL) dk‘fz.



Results

15 mg/mL

* lodine quantification
* Location-dependent mass 0.8 mg/mL

concentration of any material o

. ;
7(7’) — V = Foosis © Dibact 7.9 mg/mf.
: 53 Tl
 Mass concentration of iodine he ,/mLf . "g
‘&3\ T 3mg/mL
/Yiodine(r) — fCM - 370 mg/mL 1.5 mg/mL

0 mg/mL




Results

Mixed image VNC image Color overlay of iodine map

fVNC(T) — fmix (T) —w- 7iodine(r)
w: conversion factor mg/mL in HU



ROI| Evaluation and Material Scores
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Conclusions

It can be advantageous to perform DECT material
decomposition in an organ-specific manner.
— Location information enhance the decomposition results

« PBMMD is able to decompose DE data in more than 3
basis materials.

« DE data are decomposed into their material
compounds according to the anatomical region they
belong to.

« Patient-specific calibration of the basis materials
might improve the decomposition accuracy.
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