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Abstract 3D Reconstruction

IVUS Segmentatio

Coronary artery disease is a leading cause
of death in the industrialized world. By
building a spatially accurate 3D model
of the vasculature using image data, and
of the disease using plaque characteriza-
tion derived from analysis of the ultra-
sound signal, hemodynamic simulation of
the vasculature, and enzymatic biomark-
ers measured by the physicians collecting
the image data, we aim to build a model
with which to accurately predict the devel-
opment and progression of atherosclerotic
plaque.

Perform robust automated segmen-

tation of Intravascular Ultrasound
(IVUS) data sets

Geometrically register the IVUS
data with angiograms for spatially
accurate reconstruction

Perform computational fluid dy-
namic (CFD) analysis on the re-
construction to assess hemodynamic
factors in plaque development

Develop a model for inclusion of ar-
terial branches in the CFD simula-
tion that accurately depicts their im-
pact on plaque development

Develop and train a classifier on var-
ious clinical and demographic pa-
rameters that can make meaningful
predictions about the progression of
CVD on a 1 year timescale
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e Uses optimal surface detection
adaptation of graph cut methods
presented by Li, Wu, Chen, and
Sonka[2].

e A cost function is derived from a
combination of an active contour es-
timate (computed in 2-D, frame-by-
frame) and local neighborhood in-
formation (computed in 3-D, with a
spherical kernel)[3].

e Graph search produces a result that
is optimal with respect to the cost
function (though also at the mercy of
the cost function).

Surface Cost = 0

Branch Modelling

e Arteries do not in practice conform
to the straight tube model of fluid
flow: they have branches as they
grow narrower to feed dispersed tis-
sues throughout an area.

Most existing CFD models of arte-
rial hemodynamics ignore branch-
ing both to simplify the model and
because of difficulty in obtaining the
relevant data to add to the model.

We aim to augment the model by
segmenting the branches separately
from the rest of the vessel, determin-
ing their diameter and orientation,
and grafting them onto the recon-
struction.
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e Computed by registering the seg-
mented IVUS with a biplanar an-
giogram to derive spatially accurate
represenation of vessel.

e Can be used to infer morphologic
parameters of the coronary artery,
such as plaque cross sectional sur-
face area and vessel curvature.

o Curvature index parameter is the pro-
jection of the curvature of the cen-
terline of the vessel onto the vessel
wall at each point. This provides in-
formation about the bending of the
vessel wall relative to the bending ot
the vessel as a whole. This features
prominently in the CFD analysis in
terms of analysing vessel wall shear
stress and its impact upon plaque
development.

CFD Analysis

e Points from 3D reconstruction are
used to compose a triangular mesh.

Surface normals are computed, ends
of mesh are capped, and interior is
further elaborated into a finite el-
ement volume within which fluid
flow can be simulated and com-

puted.

Branches are grafted onto the mesh
using a nearest neighbor approach
at the junctions.

Subsequent run by the CFD solver
computes wall shear stress through-
out the vessel allowing for detailed
analysis of plaque growth and de-
velopment.




