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Temporal Tracking of Coronariesin Multi-dice Computed Tomography
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Abstract— A method is proposed that performs a temporal
tracking of the coronariesin multi-slice computed tomogr aphy
(MSCT) dynamic sequences. The process exploits geometric
moments and a local cylindrical approximation of the vessel to
estimate the local characteristics of the structure in each
volume and estimate its displacement along the sequence. The
research strategy is based on a region matching processto find
the location of the point in the successive volumes. A spatial
tracking is then applied to refine its location inside the vessel.
Tests have been achieved on ssmulated and real displacements
of coronary segments.

Keywords— Coronary motion, 3D Sequence Tracking,
MSCTA, 3D Geometric Moments

|. INTRODUCTION

TUDYING cardiac motion is an important issue with

potential application in both diagnostic and intartion

planning. The movement of coronaries, induced ey th
heart beating, can be exploited as an indicatthetardiac
function. The motion pattern of the vessels mag hkve an
impact on the development of atherosclerotic plddlielin
the percutaneous revascularization, the accuratiagce of
the catheter carrying a balloon or a stent, aimgldoe this
catheter at the atheromateous site while avoidinting the
plaque, with the induced risks of rupture. Motidrhe heart
can introduce large changes in the image positiothe
lesion, requiring the clinician to continuously igsdte the
position of the target. The simulation of the céthe
trajectory from pre-operative data acquired on aCVWS
system, allows then optimizing the placement ofcdideter
while securing the therapeutic gesture.
We propose in this paper a point tracking algoritton
estimate the motion of vascular segments on aaawadicle
from a volume MSCT sequence.

Point tracking along a sequence of images or votlume

is a common problem to several domains such as at@mp

vision and medical imaging. Numerous methods can be

found in the literature. Variability inter-patients

deformations of structures and non-linearity of the

movement make difficult the use of a motion modal |
Considering that the tracked point doesn't havestindt

movement from the surrounding, structure and motion

methods [3] can’t be employed. A region matchinigesce
was chosen. The contributions are the researchitpah, the
selection method, and the combination of featusesdfor

the matching process. Depending on the application,

different information can be employed for the

correspondence: artificial objects easily detected
(landmarks), color, intensity, geometry and shatje \Ve
use a combination of geometry and intensity infdroma
The geometry information is extracted modeling ligcine
vessel with a cylinder and using geometrical mos¢b}.
Researching the point in the next volume can basidened
as an optimization task. In order to avoid locairapm, one
can use exhaustive research. However with threeriions
and a maximal magnitude of movement about 1 cmZbe
voxels) the research will have a high cost. Withptibr
motion model, others possible approaches are sticha
optimization methods like simulating annealing [6t
genetic algorithm [7]. We propose an original exatimon
technique in two steps: research of a point of vbssel
favoring high intensity region, then refinement thfe
position with a spatial tracking along the vessel.

Part Il exposes the method in three steps: estmati
the local features, temporal tracking and positeEfinement
process. Part I presents the tests achievedtaidresults.
A discussion is finally provided in section V.

Il. VOXEL TRACKING PROCESS

The tracking process was performed into three gfeigsl):

1. Estimation of the local characteristics of the ebss
around the considered voxel at time t.

2. Research of a point belonging to the vessel at tirthe

( Temporal \ (¢ Position
tracking refinement
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Fig. 1: Schematic representation of the proposedhade for the
tracking of coronaries in MSCT sequences. The inacks initiated
interactively on the volum¥,, the positionP; is projected on the next
volume V.1, then the temporal tracking and position refinetreaps
allow the position to be recovered.
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investigating high intensity points situated in a surrounding region of highest intensity. These oagiare
spherical area, and combining geometric and intgnsi mainly cardiac cavities and vessels. Local feataresthen

features for the correspondence.

estimated for each small sphere centered on thetgoi

3. Adjustment of the position inside the vessel P iQ[0.N].

considering neighboring points located on the Jesse

central axis, and using the sum of squared diffexen
as a criterion.

A. Estimation of local features

The local characteristics of the structure areresged
in terms of geometry and intensity information. ¥tere
computed from the geometrical moments up to thero2d
and the histogram inside a spherical window cedtene
the point of interest. The vessel is locally modelyy a
cylinder of gravity centrd®, radiusr and orientationd,3)
in 3D space [5]. The centre of gravity is assedsau the

zero and one order centered moments. The radius is

computed using zero order moment, mean intensgigén

(1) and outsidelf) the vessel, and the size of the sphere

where the moments are computed. Mean intenditiasdl,
are estimated from a histogram computed on an d&ten
region (including the vessel and the backgroundyrad the

point P, using an expectation maximization algorithm. The

local orientation of the vessel,) is computed from the
second order centered moments.

The accuracy of the diameter is directly correlatéth
the size and the position of the spherical windsgdito
compute the geometrical moments. The window haseto
centered on the central axis of the vessel ansiits fitted
the diameter of the vessel. To adjust the posiéind the
size of the sphere, we use an iterative multirgsmiu
algorithm [5], which alternatively moves the sphtowards
its centre of gravity, estimates the vessel radiug adjust
the size of the sphere until convergence of themspradius
on the vessel size.

B. Temporal tracking

Temporal tracking is initiated interactively, sdleg a
point of a vessdP,,; on the volume/; in the sequence. The
iterative multiresolution algorithm is applied tdjast this
position on the central axis and to estimate atelyrdahe
local characteristics of the vessel. The positfonamed?..

Tracking the poinf; along the dynamic 3D sequence

means researching its positionBu{, Pu. ...) in the
successive volumesd/{1, Vo ...). No prior knowledge of

the movement was available, except that the maximumM$”, M{?

movement between two successive volumes is abaut 1
[8][9]. The positionP; in the volumeV,,; is researched
inside a spherical area centered on the previosiiqoP;,
with a 1 cm radius. This space is then divided Mtsmall

spheres with a radiusequal to the vessel radius estimated

at the previous poir®; on the volumeV,. The positions of
the spheres are chosen to optimize the coveree gfigd).

We apply afterwards, on each sphere, the iterativ

multiresolution algorithm. Each sphere moves towatte

e

The matching between the referent region centered o
P, in the volumeV, and each region centered dﬁ'ﬂis
performed using 3 characteristics: the second order
momentsv,, the local histogranhist and the estimated
radius of the vessel. We compute a distance, ,, for
each region i:

D! 0.5

L+l —

D, (MO (R). MY (R.))

M2(1)

0.5
+

De (MP (R), M@ (R.,))’
amz(z)

o (rR)=r(RL))

L b, (hist(R), his{ B,))’

hist

+

Where Dg is the Euclidean distancmMzm, Oy @
and q,, are normalization coefficienty{” designates
the second order momentdly;;, Mig; and My, and
M{? designatedooz, Mozo andMage Among the candidates
P.,. the point with the lower value ob, ,is selected as
potential candidate (namey, ). We split in two groups the
second order moments because, considering sewrds p
on a vessel, theirs standard deviations differZjig

Mo11 M002

0
-100 0 100 100 200 300
M101 M020
1

Number of points
»

-100 0 100 100 200 300

M110 M200
10 10

0 [
=100 0 100 100 200 300 240 260 280 300 320 340
Moments value computed inside the spheres

Fig. 2. For each sphere represented on the in&gesecond order
moments were computed. The graphics on the le&epte for each
second order moment, the distribution of the poifite standard
deviations for M011/M101/M110 and M002/M020/M200¥eli.

The Euclidean distances for the four featunas”,
M{?, hist andr are computed for each candidate point
P.,. The candidates are then ordering in ascendingrord
for each feature. Thus, four ranks are assigne@ath
candidate. The values of coefficieats, Byt Oy O
and q, are, respectively, the mean Eucﬁidean ciistances for
, I andhist, computed on the 20 regions having
the lowest sum of the four ranks. We choose thst £0
points because they are, in general, located ondssel.

C. Refinement inside the vessel

The estimated poim,, is assumed to be located on
the vessel but not necessarily at the exact posificspatial
tracking process is thus applied on the vessetfioe the
point position. It is performed from the polfa];1 on a
distance of 20 voxels along the vessel, in eachosipp
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direction. The extracted point®! , jO[-20..20] are
then located on the vessel central axis with a mari
distance fromP%, =P, equal to 8 mm. The sum of
squared differences computed on a 1 cm side cubieis
used to select the most likely position of the YoRg; in

the volumeV,,;.

The spatial tracking uses the estimated directiomhe
vessel ¢,B) computed from the second order moments. At
each iteration, the spatial tracking process mduesard
along this direction. To maintain the position be wessel
central axis, the iterative multiresolution algbnt is
applied. However, to avoid gaps along the vesdad, t
displacement is constrained inside a perpendiqlare to
the direction ¢,B) of the vessel with the distance 1 voxel
from the previous extracted point. Loops and reslers
detections are also performed at each progresspn s

lll. RESULTS

The algorithm was tested on dynamic cardiac
sequences acquired on a GE LightSpeed system with 6

Fig.3: Tracking process applied on a point of tledt lanterior
descending artery situated 2.5 cm away from theclefonary artery
origin. a. Position of the voxé, in the volumeV,. b. Projection of the
position P, in the volumeVi.1, the research area is centered on this
point. c. Positions and size of the small spher@stained in the
research area, once the iterative multiresolutigordhm was applied.
The orange asterisk indicate the selected pqiplt d. Refinement

detectors rings. These sequences include 10 volumesProcess. Points extracted with the spatialtracbh'ugessare indicated

reconstructed from slices acquired every 10% ofctreliac

cycle and on several cycles. There are approxima&e0

slices per volume, with 512x512 pixels per slicheT
resolution is about 0.4x0.4 ninper pixel. A preliminary
interpolation was performed to make the datasetsopic.

The algorithm was tested on the main branches m@ineoy

arteries: right coronary, left circumflex, left anbr

descending, first and second diagonals. The gregbrity

of the vessels were affected with atherosclerodciw
means no regular shapes, calcifications and stérits.

results are presented on maximum intensity prajesti
(MIP).

A first stage aimed to evaluate the behavior of the
algorithm with a simulated displacement of the cttites.
We applied thus a spatial translation of growingymtude
up to 12 mm, on several of the volumes of each exgpi
These tests were promising since the algorithm jpeton
recover the vessel for motion magnitude over 1 cm.

with black dots and the red star indicatesfthal positionP,.;.

RS
WS

0%
90%

The method was then tested on real sequences .(Fig.3 Fig. 4: Temporal tracking of a voxel located on direumflex artery

and 4.). A series of tests was achieved to sehectdatures
to be used in the matching process. We had to tstec
combination of features giving the best results @gno
geometrical moments up to order 2, histogram, backgl
and vessel intensity, vessel radius and direcfldre tests
were first achieved on 10 points of one sequencethen
the best combination was tested on the others segae
We found the best results for the combination: sdaurder
moments, histogram and rayon with 91% successnsigai
72% using only second order moments for example.

The whole method (temporal tracking and adjustment
process) was applied to assess the trajectorigwiofs of

situated 1.5 cm away from the left coronary artmigin. Results are
shown on MIP images. The star indicates the posiiothe pointP;
found on the volum&,, the lozenge indicates the previous position of
the pointP.4, and the asterisk the position of the point olstaiithout

position refinement proceséﬂ.

of the points, when the point moves away from ttigio of
the artery, the magnitude of the movement increabeis
observation is coherent with physiology because Iéfie
anterior artery starts from the aorta and then doesrds
the apex which is fixed. The greatest motion amgéts
concern thus the proximal segment of the artery.

We also observed the trajectories of a point for

different patients. The displacement curve for anfpo

coronary arteries. For one of the sequences, thgcated on the left anterior descending for foutigmas is
d|sp|§cements of several po|nt§ |oca_ted along e | presented on Fig.6. Despite significant interpatien
anterior descending artery are given Fig.5. Exéepone  \griapility, the movement directions are similar dan
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different stages in the cardiac cycle are apparBme. first
rapid motion corresponds to ventricular systole.teAf
around 40% phase, the movements are due to diastole

Global displacement (mm)

o

0 20 40 60 80 100
Cardiac phase (%)

Fig.5. Movement of five points located along thdt lanterior

descending artery. a. The diamond, star, squarele cand triangle
show the position of the points on a MIP computadt® 0% phase
volume, the lines show the trajectory projectedaximl plan. The
distance between points is about 1cm. b. Globaglatement of the 5
points. The markers on the curves correspond torthgker use to
localize the point on the MIP a..The line withouanker is the mean
displacement.
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Fig. 6: Displacement of a point of the left anteritescending artery
for 4 patients. The point is located about 2 cnrmfribe origin of the
left coronary artery. The curve without marker iket mean
displacement. a.b.c. Decomposition of the displagrimto three 1-D
displacements: left/right, post/anterior and irdgSuperior. d. 3-D

displacemers.
IV. DISCUSSION

The difficulty comes from both the characteristifs
the images and the structural complexity of thenecdhe
images are spatially anisotropic (a linear intesfioh
between slices needs to be applied), not corredtethg
the reconstruction in term of motion artifacts (Big50%
phase). The scene includes different structureh ag
myocardium, cavities, venous and arterial treeschviare

very close together and have similar intensitidge Vessels
are thin and affected by atherosclerosis. Thanksato
meticulous choice of the features used for the
correspondence and an efficient research stratéduy,
method overcomes mostly these problems, except wieen
damages induced by motion artifacts are excesdite.
method takes advantage of the vessel pathologidget,

in the case of atherosclerosis, vessels are netastgpight

or regular, so it becomes easier to distinguishwéen
neighboring points in a vessel.

V. CONCLUSION

We have proposed a method to track coronaries in

dynamic volume sequences in MSCT. It copes with the
major problems encountered in this imagery modalitye
results are coherent with other studies on coronawtjion,
performed on biplane angiography [8][9]. The futwerk
will be to accelerate the process, taking advantsgthe
knowledge acquired from the observation of dispiaeets
curves obtained.
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