BM d biomedical
diagnostics

www.bmdresearch.nl

S

FREQUENCY BASED STRAIN ESTIMATION AND CLINICAL

RESEARCH TooL USING OPTIC FLOW FOR TMRI

Filatova O.G., Kause H.B., Duits R., Bruurmijn L.C.M., Fuster A.,

Marquering H.A., Florack L.M.J. and Van Assen H.C.

Introduction

For patients who require an aortic valve replacement,
but have a high operative risk, the Transcatheter Aortic
Valve Implantation technique has recently become avail-
able. Imaging, often including tagging magnetic resonance
imaging (tMRI), is performed to assess the patient-specific
situation and to verify the success of valve implantation. To
assess functional success, we propose a method to esti-
mate cardiac left ventricular deformation from tMRI based
on local tag frequency estimation and which will be incor-
porated in a software tool being developed at TU/e.

Methodology
Frequency assessed deformation estimation (FADE)

Figure 1 illustrates the mapping of an infinitesimal vector
&, (represented by the arrow) in configuration V;, into &,
in configuration V;, by the deformation gradient tensor F.
The transformation of the frequency covectors w; and ws
(dashed lines) is also induced by F (namely, F~1).
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Figure 1: Transformation between configurations Vi, and V.

The numerical implementation consists of the steps:

1. Calculate the Gabor trans-
form for all tag directions,
from 1 to A, using a Gaus-

\\“;H ' sian kernel.
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2. Determine the local fre-
quency w with highest in-
tensity in the Gabor do-
main, excluding a pri-
ori unreachable areas lim-
ited by physical muscle
deformation.

3. Compute the deforma-
tion tensor F relative to
reference time tg.

4. Calculate the strain ten-
sor, and its components
E.., E..and E,,.
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Software tool

To specify the requirements for the software tool, scientists
and clinicians were interviewed, see Fig. 2 (left). The basic
plug-in framework including an optical flow plug-in has been
implemented in C++ using ITK, dTK, Qt and Eigen, and is
up and running, see Fig. 2 (right).
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Figure 2: Problem and development overview (left) and screenshot of the
tMRI workspace (right).

Results

Tracking errors obtained for phantom data are smaller for
our method than for HARP, 0.32 £ 0.14 px versus 0.53 +0.07
px. For strain results on volunteer and patient data see
Fig. 3.

Figure 3: Short-axis view of the left ventricle for four tag directions. Com-
ponents of the Lagrangian strain tensor, Ecc, Err and E.,, in end systole
obtained with local frequency extraction (left). Linearised strains E.. and
E,.- obtained with HARP [1] (right). Top: volunteer, bottom: patient data.

Discussion

FADE does not require knowledge of material motion or tag

line extraction. It exploits frequency instead of amplitude

information, and so is robust to tag fading. Moreover, it uses

the full form of the strain tensor, instead of linearised strain.

The method is shown to be applicable to grid and stripe tag

patterns. ) ) )

A stand-alone tMRI analysis software tool will provide the

possibility to perform more clinically oriented research re-

garding cardiac function in the context of therapy selection,

planning, and evaluation.
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