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2-D Cardiac MRI Images

M frames per dlice
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3-D Reconstruction:

myocardial fiber model

Use afiber based model to find the correspondence
between transversal dlices.
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3-D Reconstruction:
fiber deformation model
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Fit the model to MRI data by
constrained energy minimization @
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Prior Knowledge: myocardial anatomy
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Multiple-layer view:
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Streeter, in Handbook of Physiology Volume 1: the W > S
Cardiovascular System, American Physiological Society, 1979 Nﬂﬁg&.ﬁ‘f ¥,
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Prior Knowledge: fiber dynamics

Motion of asmall segment
a(t) da(t)

Displacement:

u(t)=a(t)-a(0) —"
p

—
—

N

N j Notations are column
da(0) vectors, ex: a(t) |
a(0) a(0)+da(0) a(t) =| a,(t)
as(t)
_ oa(t) S

) da) =5 o dal®
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Deformation Gradient Matrix

0ay (1) 03 (t) aal(t)_
_da(t) _| a0 %200 02

0a,(t) day(t) day(t)

- da, (0) 0a,(0) das(0)
aa(O) aaz(t) aaz(t) Gai,(t)

03 (0) 0a,(0) 0a3(0) |

F(t)

ou; (t)  0duy(t) Aduy(t)

au (t) 0a, (0) 0da,(0) 0as(0)
=1 + dF(t) = + =| + ou,(t) du,(t) adu,(t)
aa(O) 0a (0) 0a,(0) 0a3(0)

duz(t) Odug(t) dug(t)
0a,(0) 0a,(0) 0az(0)

Deformation gradient F(t) isa function of displacement u(t).

Electrical & Computer National f
) ENGINEERING 9 @) Rosearch Resourees




Stran

o Strain isthe displacement per unit length, and
IS written mathematically as S:%(FTF -1)

= %[0 +dF)T(1 +dF) - 1] = %[dFT + dF + dF " dF]

Ref: Y.C. Fung, A First Course in Continuum Mechanics,
3rd ed., Prentice-Hall, New Jersey, 1994

 When strainissmall, it Is approximated as
Sz%[dFTH +dF +1]-1 :%(FT+F)—I
(Note: Sissymmetric)
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Linear Strain Energy Model

e Sissymmelric, So we vectorize the entries at
upper triangle.

i S, S,H>S-= [811’ Sy 1S5 S5 Sis» Sas |
S = S,

3

o Let C describethe material properties. It can be
shown the linear strain energy is e=s Cs=g(u)

* The entire energy of the heart:

EU)= > D>eu=> >sCs

Ofibers] segments Ofibers] segments
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Constrained Energy Minimizati on§t— S

E(U,1) = y,E, (U) + y,E (U) + AE,, (U)

A I

E.(U)=2 >s'Cs | E, (U)=|it)-1t+1)

[Ifiber&] segments

e Internal energy: o External energy: pixel
continuum mechanics Intensities of fibers
governsthetibersto should be kept similar
move as smooth as aCross time.
possible.
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2-D Displacement Constraints

E(U,4) =y, B (U) + y,Eq (U) + AE,, (U)

D: 2-D displacements of the taglines
OU: picksthe entries of U corresponding to D

2-D displacement constraints: ©U=D

A . Lagrange multiplier

E(U,A) = y,E, (U) + y,E, (U) + A|®U - D|
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10 frames per dlice

256%256 ixels per image

. > Transplanted rats with

= e heterotropic working V. Sun. YL
: R hearts. Wu, K. Sato, C.
“——= > MRI scans performed . Ho, and JM.F.
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Conclusions

o TakeInto account the
myocardial fiber based

structure.
» Adopt the continuum &,
mechanics framework., o

* Implement constrained
energy minimization
algorithms.
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