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Abstract: Problem statement: Myocardial motion is important information for phgians in diagnosing
cardiac abnormalities. The motion vector of myo@drdan be computed using optical flow technique,
which then can be further analyzed based on itsnihadg and angle. In practice, physicians are not
concern about the angle of vector itself, but amrarinterested on whether a segment is moving ¢o th
center or notApproach: Therefore, in this study we propose a relative arodirection with respect to the
center of the cardiac cavity, called radial direefiwhich is more useful for diagnosis. The radia¢ction

is computed as the difference between the angbptidal flow at a point of interest and the angévieen

the point and the cavity center. Because of thiécdlfy in performing analysis based solely on widual
vectors, it is helpful to visualize and extract tireerall trend by representing motion vectors bgirth
angular distributionResults: This method has been tested on clinical echocaraiitty sequences and has
been shown to be successful in providing a radiaécton profile of every segment for each
echocardiographic frame. A comparison between tirenal angular distribution and the proposed radial
direction profile was also presente@onclusion: The proposed profile was shown to be successful in
providing the pattern of segmental motion whicleésier for physician to analyze the myocardial aroti
compared with the normal angular distribution adl @& more invariant to segment locations.

Key words. Echocardiography images, myocardial motion, radiedction, segmental profile, segmental
motion, Parasternal Short Axis view (PSAX), SingkRhoton Emission Computed
Tomography (SPECT), cardiovascular disease, Lefittilar (LV)

INTRODUCTION Tomography (SPECT), Magnetic Resonance Imaging

(MRI) and ultrasound imaging. The use of computed

In 2004, cardiovascular disease caused 17.1 milliotomography and magnetic resonance imaging on the
deaths, which corresponded to 29% of the globahdea Left Ventricular (LV) motion analysis has been
for that year as reported by the World Healthsuccessful because both modalities generate reliativ

Organization (2010). From these data, 7.2 millieedd npoise-free images (Liet al., 2006; Sundaet al., 2009).

because of coronary heart disease, while the res W However, they have a number of drawbacks such as

affected by stroke. Coronary heart disease, which linvasive, radiation and problems with device

also known as “heart attack,” occurs when theranis ortability. In order to overcome these problems, a
interruption of blood supply to the heart musctecadn P ' ) : P T
be detected early by observing abnormality in theultrasound scanning method was introduced; it is a

motion of the left ventricular. Realizing the impmce ~ Promising tool that has proven to be useful in many
of this motion, many researchers have focused en thelinical applications. Furthermore, many researsher
estimation, quantification and interpretation ofdiac ~ have been attracted on the use of echo images to
motion. analyze myocardial motion using block matching
In medical practice, a physician observes the lefimethod, 3 dimensional model and non-rigid regismat
ventricular motion by means of three main imaging(Boukerroui et al., 2003; Papademetriet al., 2001;
modalities: Single Photon Emission ComputedLedesma-Carbayet al., 2005). Other popular methods
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for myocardial motion estimation have been basethen In clinical practice, a cardiologist does not only
computation of optical flow (Veronesi al., 2006; Duan need to observe the magnitude of myocardial motion,
et al., 2006; Riyadet al., 2011). but also the direction of its motion to ensure an

Current research on the cardiac motion of echgffective LV ejection fraction. Instead of the werct
images is mainly focused on the improvement of theangle itself, in this article we propose a relatmetion
accuracy of the motion estimation as there haven beedirection with respect to the center of cavity, ledl
difficulties in the detection of motion using radial direction, which is more useful for diagrsosi
echocardiography images. On the other handPecause this will enable the physician to infer thbea
quantification of the computed motion will be very Ségment is moving to the center or not more clearly
useful for physicians to interpret the cardiac motior | "€ rest of this study describes the method ofcapti
making a clinical decision. Few publications repant  flOW used, the computation of optical flow angledan

guantification and interpretation of computed motin radial direction {:md finally we present the compaui
echo images. Ledesma-Carbagal. (2005) computed of direction p_roﬁlt_a of _opt|cal flow using its argland
the mean displacement vector and the mean str:’;\ﬁ)lr()p()S(EOI radial direction method.

tensor of each segment from computed myocardial q di . . . h
motion. Both features showed significant differece Understanding LV motion: For imaging purpose, the

between normal and abnormal cardiac motionAmerican Heart Association has released four stahda

However, the presented features did not provide Yiews for my ocardial segmentation and nomenclature
complete segmental profile of cardiac motion in aOne of them is Parasternal Short Axis view (PSAX) a
temporal observation. In another proposed methodshown in Fig. 1. In this view, there are six segtaef
Duanet al. (2006) developed a four-dimensional opticalthe myocardium which are associated with the
flow frame-work to track the endocardial surfacengs distribution of three main coronary arteries. Formal
real-time 3 dimensional ultrasound. Some featisash  cardiac function, the myocardial segments move idwa
as flow magnitude, radial displacement, circumféaén to the cavity center with uniform displacement from
displacement,  thickening,  circumferential ~ andend diastole to end-systole (Anderson, 2007).
longitudinal stretch and twist, were computed to

provide dynamic measurement of cardiac motion. The MATERIALSAND METHODS

extracted information was mostly used to visuatiza-
time 3 dimensional cardiac motion rather than teecte

cardiac abnormality. The extraction of myocardial motion property

based on optical flow involves several steps. Taey
preprocessing stage, estimation of myocardial motio
Mid-anterior-septum using optical flow, computation of angle and radial
direction and generating the angular distributioofie.
We start with taking two consecutive images of

Mid-seplun/ . Mid-anterior echocardiography sequences. Since it is well-known
N that echocardiography images contain speckle naise,
' G quasi Gaussian-Discrete Cosine Transform filter
adopted from (Riyadgt al., 2009) is then applied to
improve the image quality. Subsequently, we maguall
select the cavity center and initial points on
endocardium and then apply B-spline to generateroth
points along the endocardium.
After the creation of myocardium boundary, optical

Mid-inferior .-

.‘ o X
RRIERS

Mid-posterior flows for every pixel along the endocardial bourydar
were computed. A statistical averaging approach is
Left anterior descending distribution implemented to remove outlier data along the bognda
Right coronoary artery distribution and to generate a smoother boundary optical flow
BES Circumflex distribution vectors. To assist with the interpretation of mylar

motion, we propose a radial direction distributifom
each myocardial segment, instead of a single angula
Fig. 1: A standardized PSAX view for an distribution of flow vector for all the segmentshel
echocardiography image radial direction distribution represents a directfattern
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of segmental myocardial with respect to the casityter an example of computed optical flow before andrafte

in such a way that cardiologist can directly kndwe t the smoothing process, respectively.

direction in which a segment moves with respedh&

centre of the cavity. The rest of this section dbes the  Determining radial direction: The two parameters of

method used to generate smoothendocardial opkis@l f a motion vector are its magnitude and angle. Tlove

and determine radial direction profile. magnitude represents the displacement of a pixel fo
two consecutive frames, while the vector angletss i

Generating smooth endocardial optical flow: We  direction in terms of the axial (u) and the ordife)

computed the optical flow between two consecutive®@MPonent. The vector andleis computed using:
frames using Horn-Schunck’s method. This method was

selected because of its simplicity, low computifiget 6, =atan2(y ,y (6)

and suitability for estimation of small displacemeho

compute optical flow, the intensity of the objest i In  mathematics, the two-arguments function

assumed constant. This can be represented as: atan2(y, x) is a variant of the arctangen functishich
calculates an angle (in radians) between the pesi

I(X, Y, t) = [(X+3X, y+dy, t+5t) 1) axis and a point given by coordinate (x, y). Foliogy

the standard mathematical convention, atan2 fumctio

The intensity constraint can be approximated using®Sults angles  that increase counter-clockwise.

the 1st order Taylor series expansion sincest)edy owever, since the optical flow computation uses
andst are within small value. as shown below: clockwise convention, the vector angle of optidaim
' 0, also follows the clockwise convention as shown in

Fig. 3. The atan2 function produces results inrérge
I(x +8,y+3,,t+at) = (-m, m] that can be convert to [0xR by adding # to
ol al a (2) negative value of;.
'(X’y’t)J’a*XéxJ'@éyJ“a& In clinical diagnoses, the physician usually does
not use the vector direction to analyze the mydaard
o . ) motion. The direction of the vector with respecthe
Simplifying Eq. 1 and 2, the basic constraintie t  center of the cavity is more useful information dese

optical flow equation can be articulated as: the physician observes whether a segment movéto t
center of the cavity or not. Therefore, in thisdstuwe
Ldx +1,dy+1dt=0orlu+l v+l =0 3) introduce a new motion property, which is callediah

direction defined as the direction of a motion wect
, . with respect to the center of the cavity as illatgd in
Horn-Schunck’s  method introduces  global i "3 The radial direction of a point of interest {x
smoothness error F and brightness constancy error y;) is the difference between the angle of opticaifat
(Ec) defined as (Horn and Schuck, 1981): the point of interestdf) and the angle between the point
and the cavity centef), or defined as:

R CRCIEC RN

_ 2 where, the anglé2 can be calculated by the following
EC—JJ(qu+ vy +Ot+) dxdy (5) equation:
In terms of motion estimation, pixels should not 8, =atan2(y. - y .% - x) (8
have abrupt changes in magnitude and directiohedf t
vector flow compared with the adjacent pixels. @ert The Eq. 7 produces radial direction values in the

points in the neighborhood that have obviouslyrange (-2, 2r). To make the value simpler and more
different magnitudes or directions can be consdl@® jnformative, we normalize this value using the

errors due to miscomputation of optical flow. To following rules:
smooth the variation of the vectors in a neighbotho
we apply statistical averaging to remove the outlzta _
along the boundary. The outlier data on the neighgo % if -m<@,<m
points are successively removed and replaced by thg=)%:+2t  if-2n<8,<-m ©)
average of neighboring vectors. Figure 2a and lwsho  |8,-2t if m>8,22r
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(b)

physician will be able to quickly recognize theedition

to which a segment moves.

RESULTS

Smoothed endocardial optical flow: Our proposed
method was tested with a set of clinical
echocardiography data, which were previously reetrd
by a physician. The data were acquired on a pareste
short axis standard view using a Siemens Acuson
Sequoia scanner with a 25 frame rate. Manual
interpretations on the recorded data have been also
performed by two cardiologists to provide manual
diagnosis on the myocardial motion. At the ends thi
manual diagnosis will be used to validate the tesul
obtained by the proposed method. Figure 4 shows an
example of four frames of ten consecutive sequeates
PSAX view echocardiography images. We then
computed the optical flow vectors of two conseaitiv
images (frames 2 and 3) and applied the proposed
method to these optical flow vectors.

In the Materials and Methods, we have seen that
smooth and correct directions were obtained for the

Fig. 2: Example of boundary vectors on a segment (aPixels located on the endocardium, whereas many

before and (b) after the smoothing process

Gptical flow °
ptical flow [x, v,
vy o)

Cavity center
(xc. ¥c)

Myocardium

Fig. 3: Radial direction of an optical flow

therefore the radial direction angte will be in the

incorrect optical flow vectors occurred inside the
myocardium. For this reason, we should extract only
the optical flow vectors on the endocardium to jfev
the myocardial motion profile precisely. Prior to
extracting the endocardial features, we have to
manually select a few points distributed along the
boundary of the cavity and then generate othertpoin
along the boundary using the B-spline algorithm as
shown in Fig. 5a and b, respectively. In the néags,
the vector flows on the boundary were obtained by
averaging 5x5 neighboring vector flows along the
boundary and then smoothed as shown in Fig. 5c.

Distribution of radial direction: To illustrate the mid-
anterior-septum (upper center segment) of Fig.tie,
zoomed image of the motion vectors and their angle
distribution are shown in Fig. 6a and c, respebtive
This angle distribution shows that these vectorgeha
dominant directions in the interval 70-90°. Thenslard
vector angle convention follows a clockwise direnti
orientation where 0, 90, 180 and 270° indicateritlet,
down, left and up direction, respectively. Accoglito

range (O,t). The 0 means that the optical flow vector this convention, a segment with the dominant dioast
direction is towards the cavity center whereas the in the interval 70-90° moves downward to the center

indicates the opposite direction.

Similarly, Fig. 6d shows an angle distribution bt

To facilitate the interpretation of myocardial mid-posterior (lower center segment) in Fig. 6beTh

motion, we generated the distribution of radiakdtion

dominant direction is in the interval 250-290° aibd

for every segment for each frame. This distributionindicates that part of the segment moves upwartti¢o
shows the pattern of direction in such a way that aenter.
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Mid-anterior-septum
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Fig. 4: Four frames of cardiac motion from endsttite
to end-systole: (a) 1st, (b) 4th, (c) 7th and (d)
10th frame T 120 2% 60
150 30 150 = 30
180 y 0 180 v 0
(e) ®

Fig. 6: Example of the usefulness of providing the
distribution of radial direction compared with
the vector angle distribution for the mid-
anterior-septum (first column) and mid-posterior
(second column) segment: (a) and (b) the
zoomed image of the motion vectors, (c) and (d)
the vector angle distribution and (e) and (f) the
radial direction distribution

DISCUSSION

These two examples in Fig. 6a-c and b-d show that
although the value of dominant directions is laygel
different, both segments move towards the center. |
other words, because the location of mid-anterior-
segment is on the upper center of myocardial, gfg/si
should remember that it will move towards the cente
only if the angle direction is nearby 90°. For thél-
posterior which is on the lower center segment, it
moves towards the center if the dominant direct®n
about 270°. To enable such an inference to be mtade,
is necessary for the physician to remember theeang|
convention and also the parts of the cardiac segmen
that are being referred to. Hence, it is not easy t
correlate the angle distribution and the centezedad
motion for a particular cardiac segment.

Fig. 5: (a) Selected cavity center and initial peion If we evaluate the distributions of motion vector
The 2nd frame; (b) continuous points along thebased on radial direction Fig. 6e and f, they @rsiez
boundary and (c) a smoothed vector flow using dor a physician to analyze myocardial motion indte&
statistical approach the angle of the vector flow itself. These figustmw
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that both segments which move towards the center ha Duan, Q., E.D. Angelini, O. Gerard, K.D. Costa and

a same dominant angle, i.e., in the interval 0° 30

Physicians do not need to remember the angle
convention and also the location of the segment of

interest. They just to know a simple conventiort tha
0° radial direction means the vector moves to #mer
of the cavity whereas a 180° radial direction methas
the vector is moving to the opposite direction lo¢ t
cavity center. We conclude that the radial directi®

more invariant to the segment location becauseave h

considered the vector location with respect tocenater
in the computation of the radial direction. Additadly,
using this orientation, the pattern of segmentationo

direction can be simply obtained by considering the

dominant value of the radial direction distribution

CONCLUSION

A new myocardial segmental motion property

based on radial direction has been described.rddial

direction is computed by considering the angle of

optical flow at a point of interest and the norraable
between the point and the cavity center. The indiai

radial direction along the boundary is then used to

generate a radial direction profile for every myrolcal

segment of each frame. The result shows that tfialra

direction profile is easier for physician to anaythe
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