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Motivation: Angiography

Fig 1. Angiography procedure. Taken from [1].

Invasive method.

Blood vessels can’t absorb well
X-rays [2].

Low contrast imaging.

No visibility of blood vessels’
internal walls.

Requires a contrast agent.
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Motivation: Atherosclerosis
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Fig 3. Atherosclerosis disease. Taken from
High death rate [6]

Fig 2. Atherosclerosis disease [3-5].
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The objective of our project

* Quantify the phase-retrieval effect in the quality of angiographic images.
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* Compare the techniques of In-line Phase-contrast Imaging and Speckle-based
Phase-contrast Imaging.
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A brief theory review

* In-line Phase-contrast Imaging [7-11]
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* Speckle Phase-contrast Imaging [14-19]
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Fig 5. Speckle PCI. Taken from [15].
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Metodology

-
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Computational
simulations using
Geant4

« PEPI Package.
* In-line and Speckle-

based Phase-contrast
imaging for
angiography setup
design.

 Phase-retrieval.

Experimental
Images

J

In-line and Speckle-

based Phase-contrast

imaging for
angiography setup
implementation.
Inorganic Phantom:
PMMA and Organic:
Pig artery.
Phase-retrieval.

CNR and

absorbed dose

calculation

CNR calculation to
evaluate the
anglographic images
quality.

Estimate the
absorbed dose to
quantify the phase-
retrieval effect.

4 )
Comparing
techniques

o J

Study which technique

provides better quality
as a function of the
absorbed dose.
Compare experimental
and computational
results.
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Materials and Methods

In line set up

* Policromatic X-ray source with 200um 49cm 49¢m
berilium window: 28kV, 48kV, 78kV. Detector
* Photon-counting detector with silicon sensor "‘}'- mmmme
and a pixel size of 55um X 55um. ——
* Angiographic phantom made of PMMA /Pig i
Artery with artificial blood and atherosclerotic w ssom |
plaque HA—PMMA (5%—95%). Speckle set up
* (Geometric magnification 2x. — —

Detector
X ray source

« Additionally for speckle: A sand paper with

speck size of 58.5um located between the X- [gvive
48kV
ray source and the sample. TRy
55um I
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Computational Simulations

« Simulations developed in Geant4 [22] using PEPI [23].
* Monte Carlo-based: We use an X-ray spectrum (Fluence vs Energy) [24,25].
* Plaque simulated as a 1/8 of a cylinder inside other one made of PMMA.

» Sandpaper: 2.0 x 10° spheres made of silicon carbide resting on both sides of a
cellulose surface of 250um. Cross steps of 60um.
« Bvents: 2 x 10° rawy 3 x 10° flat field.

In line Simulations Speckle Simulations
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Experimental set up

PMMA Phantom Pig Artery

~ e TR 1 a4 LN

» X-ray source Hammamatsu L.6622-01. « For Speckle: Sandpaper P240.
* Medipix3RXV1 with silicon sensor detector. * C(Cross steps of 60um.
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Absorbed dose: Computational Measurement

In-line provides 1.78 times

| ‘ Dosis absorbida more absorbed dose than
Voltaje | Propagacion (&= 0.02 mGy) | Moteo (£ 0.01mGy) speckle-based. Which means
28kV 1.76 0.94 —

that one phase image retrieved
by MIST implies near 12%
more absorbed dose than one

48kV 1.59 0.90
78kV 1.29 0.75

retrieved by Paganin algorithm.

Universidad de
los Andes

Grupo de Investigacion
Altas Energias




Computational Results

Perfil de intensidad por cambio de fase Perfil de intensidad por cambio de fase
28kV M=2x 48kV M=2x
—— Datos Simulados Moteo —— Datos Simulados Moteo
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78kV M=2x

—— Datos Simulados Moteo
—— Datos Simulados Propagacion

CNR Calculation

CNR imagenes filtradas

CNR imagenes filtradas

Voltaje

Simulaciones por propagacion

Voltaje

Simulaciones por moteo

28kV
48kV
78kV

1.396 = 0.003
1.426 = 0.001

1.457 = 0.001

28kV
48kV
78kV

1.33 £ 0.04
1.29 £ 0.06
1.2+0.1
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[t is necesary to apply a Gaussian
— filter with 150 sigmas to reduce noise

in the images
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Computational Results

Figura de mérito CNR?/dosis (mGy~1)
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Figura de mérito CN R? /dosis (mGy~!)

Voltaje | Propagacion Moteo Propagacion filtrada Moteo filtrada
28kV | 1.1854-0.003 0.34+0.1 1.107 £ 0.003 0.9540.06
48kV | 1.3114+0.002 | 0.1240.05 1.279 +0.002 0.92+0.08
78kV | 1.548 0.003 | 0.03 4-0.02 1.646 +0.003 1.0+0.1
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In-line provides more visibility per
dose absorbed than speckle.
25% at 28kV
42% at 48kV
55% at 78kV
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Experimental results: PMMA Phantom

Perfil de intensidad por cambio de fase
28kV M=2x

—— Datos Experimentales Moteo

Perfil de intensidad por cambio de fase
48kV M=2x

—— Datos Experimentales Moteo

Perfil de intensidad por cambio de fase
78kV M=2x

—— Datos Experimentales Moteo

CNR Calculation

CNR
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CNR imagenes filtradas

Voltaje

Imagenes por moteo

28kV
48kV
78kV

0.8=x0.1
1.16 = 0.08
1.17 = 0.06
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Experimental results: PMMA Phantom

Figura de mérito CNR?/dosis (mGy 1)
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® Imagenes de fase simuladas por moteo

Applying a Gaussian filter is

completely necesary for speckle to

be a competitive technique

Figura de mérito CN R? /dosis (mGy~")

Voltaje | Propagacion Moteo Moteo filtrada
28kV 0.34 4+ 0.02 0.1+0.1 0.4+0.1
48kV 0.45 4+ 0.02 0.240.1 0.8 0.1
78kV 1.07 = 0.03 0.3x0.2 0.9=x0.1
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At 48 kV speckle provides 77.8%
more visibility per absorbed dose
than in-line
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Experimenta

results: Pig Artery

Imagen de fase recuperada 1.0 Imagen de fase recuperada 1.0 Imagen de fase recuperada 1.0
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Experimental results: Pig Artery

Perfil de intensidad por cambio de fase Perfil de intensidad por cambio de fase Perfil de intensidad por cambio de fase
28kV M=2x 48kV M=2x 78kV M=2x
: ’ g —
Pixel Pixel Pixel
CNR Calculation
CNR imagenes filtradas CNR imagenes filtradas
Voltaje | Imagenes por moteo Voltaje | Imagenes por propagacion
28kV 134 28kV 19.05 = 0.05
48kV 8+ 2 48kV 31.51 = 0.04
78kV 8+ 1 78kV 38.74 = 0.04

Gaussian filter applied.
We can see the plaque-blood
interface near pixel 200.

The presence of artifacts
in the speckle images
affects the CNR regions
and therefore decreases
with energy.
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Conclusions

* One phase image retrieved with MIST provides 12% more absorbed dose than one retrieved
with Paganin algorithm. This means the main difference between techniques is CNR
calculated on the atherosclerotic plaque.

« Statistical fluctuations is the major weakness of the speckle-based method.

* [tis neecsary to implement a Gaussian filter to reduce noise in the retrieved images.

* As the phase recovery algorithms were implemented, the technique that offers the best image
quality as a function of its dose is In-line PCI.
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Future work

We must make more precise measurements of the incident and absorbed radiation by the

phantom at an experimental level, using technologies such as TIMEPIX detector and
NOMEX dosimeter.

Our results are highly dependent on the phase retrieval algorithm, we suggest employing
other algorithms such as Beltran (in-line) and UMPA or XSV'T (speckle-based).

We must explore the utility of Dark-field imaging in angiography.
The 6/p ratio of blood has a maximum between 35keV and 40keV. It would be desirable to

use an effective energy on the source near these energies to obtain a better visibility and in
consecuece better image quality.
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Result analysis: CNR and Dose

T AT | S laca — ‘Ssan re
We calculate CNR as CNR = |-L g

T sangre

AFE

Absorbed dose by a material is - AM
(D] = J/kg =Gy

_ CONR?

Dosis

To compare both tecniques we use F

Experimentally we tried to measure kerma in air with NOMEX dosimeter

Medida Experimental Medida Computacional
kerma por segundo (+0,001 pGy/s) kerma
Voltaje | Ausencia de lija | Presencia de lija | Cociente Voltaje | Ausencia de lija (£0.2 u(y) | Presencia de lija (0.1 uGy) | Cociente
28kV 0.160 0.120 1.33 28kV 58.9 31.2 1.88
48kV 0.421 0.329 1.28 48kV 22.8 29.4 1.79
78kV 0.815 0.780 1.04 78kV 42.4 24.4 1.74

NOMEX measurements are not accurate — We studied dose computationally — Absorbed dose
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Photoelectric and Compton Effect Cross-sections
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Fig 6. Relative importance between the
effects that involve X-ray photons. Taken
from [26].
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Fig 7. Cross-sections of the radiation-matter interactions.
Taken from [27].

In our project the Photoelectric Effect domains
over others in the energy range used

~T7 keV

Universidad de

Grupo de Investigacidn
los Andes

Altas Energias




§/p ratio as a function of energy

Cociente 6/B para distintos materiales en funcién de la energia

3000 - —— Aorta
—— PMMA
Polietileno
2500~ —— Polipropileno
Silicona
_ PVC ) .
2000 PMMA is the most physically
@ oo suitable material to simulate
W
blood vessels.
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0 -
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§/B ratio of aorta and blood

Cociente §/B de la Aorta y la Sangre Cociente entre los 6/8 de la Aorta y la Sangre

——- porta 1.6 -
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While it appears that the 6/ ratio is the same for
blood and aorta, they differ subtly. This is sufficient to
vV 1dentify each material in a phase image. inveidat de) o destigzcitn




Dark-field images
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Due to the high attenuation
of blood, darkfield images
do not provide any
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Phase images:
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Phase images: Experimental images
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Phase-images: Filtered speckle-based images
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IX

Phase-images: Filtered speckle-based images
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NR Calculation:

Regiones de célculo de CNR
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