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Hi Alice, o Hi Bob.
what about your last 3 Permittivity is ok, but
EPT exam? /s conductivity is a bit high.
= JMaybe I should eat less salty..




Qualitative vs Quantitative MRI

Example of electrical conductivity mapping




EPT — What?

radio
frequency S
coil Sy N patient

Non-invasive, in vivo measurement of the
local value of the conductivity o
aradicr <3 (and, when possible, of the permittivity g)

o0l g . of biological tissues, during MRI

patient
table

scanner

Source: nationalmaglab.org



EPT — Why?

EPT for breast cancer

__tubular carcinoma (mal.) fibroadenoma (ben.)

+ Subject-specific
dosimetric assessments
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+ Optimization of
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[Park JA et al., IEEE TMI 2019] J et al., Neuroimage 2025



EPT — How?

Helmholtz EPT

J: imaginary unit
: angular frequency

L magnetic permeability

In each homogeneous tissue:

g

RF magnetic induction that stimulates

the precession of the spins
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When the magnitude is
uniform enough
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Helmholtz-EPT

2 pt HH-EPT
. _ V Bl Philips
O+ ]OE) =
° B+
JOU, D,
» Amplification of the measurement noise
. vV’ B’ B/ quadratic fitting of the
(G T ]0)8) - A measured B,* data, evaluated on a kernel
JOH, B1 of voxels around the target point

» Image artifacts at the boundary between different tissues

—> Weighted fitting, based on a reference image



Green-EPT



V’B' = jou, (c+ joe) B/ ﬁ
I

What if... ,
we pretend to have a Poisson equation? VB =G

0Q

B/ (P)=[l (¥VB' -n—B'V¥ n)ds—jou, | (c+jos)B ¥dv

Ny
B (P)=[]| (¥VB/ -n—B'V¥ -n)is- joop();(cs + joe), ij B Wdv

\‘ volume discretization
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k=1

B 'Wdv
o

k

Ny

— jou, Z(G + jms)kB;k L}/\ WYdv
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* Kernel segmented into N tissues, based on a reference image

= Linear system with N, equations and N-< N,, unknowns,
solved in the least-square sense



Results from synthetic data

SNR 300 SNR 150

Kernel size 3

Kemel size 5

with complex-valued input

Work in progress:

S
Kernel size 7

—> Green-EPT without local
homogeneity assumption

Electric conductivi

Kernel size 9
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Kermnel size 11

Ground truth




In uncertainty we trust



Helmholtz-EPT

x* = argmin||Ax — b||*

. . / \
optimal fitting measured data
coefficients

unknown fitting

point
coordinates

QR decomposition:

A=0OR—
N

upper triangular

orthogonal

lax - bI12 = IRx - @"b]* = ||(F* =)
r

coefficients
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Measurement noise

Model error



(co)Variance

H 2 Variance to be assigned to the measured data
Reduced chi-square: X2 _ t01u§t|fy the observed dispersion
' m—n (assuming the voxels are uncorrelated)
/ n coefficients
m measured data of the fitting

Law of propagation of the uncertainty

2(b) = X(x™) = 2(0)

Input data fitting conductivity

Conferences > 2023 17th European Conference... @

Metrological contributions to magnetic resonance-based The estimated uncertainty iS Converted intO a

electric properties tomography

pixel-wise index of trustworthiness

Alessandro Arduino ; Luca Zilberti  All Authors




Trustworthiness

Numerical simulation of brain MRI, at 3 T

Anatomical head model, 1 mm isotropic resolution

Two-channel, 16-leg high-pass shielded RF antenna (body coil), tuned at 128 MHz
B,* magnitude and transceive phase

Ground truth ] Results obtained @SNR =150, cubic kernel (side: 11 voxels)
oD

Raw map Trustworthiness  Post-processed map
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Synthetic reference
T1-weighted image,

Final value obtained as a spatial weighted
SNR =150

average, based on the trustworthiness.



Post-processing

Raw maps Post-processed maps

SNR 300 SNR 150 SNR o0 SNR 300

Kemel size 3
Kemel size 3

Kermel size 5
Kermnel size 5

Kemel size 9

Kernel size 9
Green-EPT reconstructions with complex-valued input
Kernel size 7
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Experimental results

(3 T Siemens Prisma MR scanner)

Sample EPT Median Conductivity (S/m)
g ‘ Mimicked characterization [coverage interval]
= ' Tissue
= : (S/m) raw post-processed
&5
T o Grey matter 0.59+0.01 0.636 0.555

[0.349,0.974] | [0.400, 0.826]

. 0.333 0.319
. . . +
diffusion might have White matter 0.29 +0.01 [0.251, 0.457]

0.258, 0.435
occurred after the preparation [ ]

Reconstruction  Trustworthiness  Postprocessing
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In vivo
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/" ...what we call disturbing causes are I
simply those parts of the true
circumstances which we do not know or
have neglected, and we endeavour in

future to take account of them. -

JCM @ B.A., 1870

Thank you for your attention
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