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The use of MRI for guidance Iin external beam radiotherapy must face the issue of spatial distortions, which may hinder accurate

geometrical characterization.
dependent effects simulated in a digital anthropomorphic CT/MRI phantom.

Susceptibility measurements Simulation of susceptibility

In this contribution, susceptibility values y, for different tissue types were measured, and tissue

Tissue dependent effects

(SQUID) Induced magnetic field changes

Susceptibility caused magnetic field
alterations are determined by Itera-
tively solving the Laplace equation
V(uv oy) = 042,

SQUID measurements of tissue vol-

ume susceptibilities (yy In Sl units) at

1 bar and a physiological temperature

range (309.5 K — 313.5 K).

Yy are:

* mainly temperature independent

* subject to high intra-tissue variabllity

* without clear dependence on mag-
netic field strength (exception: lung
with ferromagnetic hysteresis/order-
INg)

volume susceptibility Xyasa function of temperature
lungat0.35T,1.5Tand 3.0 T

Validation with well known geome-
tries.

RMS error between analytical and
numerical solutions at a 1012 con-
vergence tolerance: < 0.35 ppm,
guaranteed accuracy of B, In MRI
scanner <1 ppm.

volume susceptibility Xy as a function of temperature
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Results for a paramagnetic sphere:

riation of numerical B-field
at y=64

ppm-va magnetic field alterations in ppm
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In thorax phantom

« Simulation of susceptibility effects
using the determined susceptibilities
and literature values*> for bone,
blood, fat, water and air.

« The ppm-differences range from
/.68 ppm to 4.36 ppm at 1.5 T,
corresponding to 1.15 mm maximal
distortion at a gradient strength of

mT
10 —.

Relatively constant magnetic field
changes within the same tissues,
peaks at tissue boundaries:

coronal slice through CoMBAT phantom
ppm-variations of static magnetic field
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Implementation in program for MRI guidance simulation (CoMBAT)

The CoMBAT program?® can be used to simulate a MR image acquisition for a
human thorax model.

The calculated B-field alterations are translated into a deformation field using the
gradient in the direction of the static magnetic field. This allows a quantification of
the expected deformation levels in areas of interest.

The MR images created with the CoMBAT program3 are warped with the
deformation fields.

An overlay of distorted and undistorted MR Image allows a visualization of the
susceptibility effects on image accuracy.

Conclusion Outlook

1. Susceptibility effects can be larger than B, effects.

2. The previous approximation of body tissue y, with the y, of
water underestimates the y, induced distortions, especially
pronounced at tissue boundaries. MRI guidance relies on
the tracking of affected regions (e.g. the lung diaphragm).

The y, of body tissues differ substantially. Through the
determination of y, for different tissue types, a more
realistic representation of distortions and error estimation Is
feasible.

A phantom study d
static field Inhom
currently ongoing. |
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Overlay of undistorted and distorted simulated MR image of the thorax phantom. Areas of
agreement are shown in grayscale, areas of disagreement are highlighted in green and pink.
Left: axial cut, right coronal cut.

ealing with magnetic field alterations due to
ogeneities and gradient nonlinearities Is
t will allow a comprehensive simulation of all

major effects in spatial distortion for MRI guidance.

Left: distortion phantom
used for MR image acquisi-
tion, center: sagittal slice
for MR image (TrueFisp
sequence), right: axial slice
(FLASH sequence)
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