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Abstract

Color Kinesis (CK) is a technique developed to display timing
and magnitude of global and regional left ventricular wall
motion (LVWM) in real time. In this study, we describe a
new method for representing CK images in polar maps to
provide an integrated and objective evaluation of LVWM. We
evaluated normal subjects and patients presenting LVWM
abnormalities on two-dimensional echocardiography to
verify the ability of this method for providing automated
identification and quantification of LV systolic dysfunction.
The results show that, although polar representation of CK
images is feasible and can provide quantitative, segmental
and global evaluation of LVWM, this image-processing tool
has shown a relatively limited ability for automated identifi-
cation of left ventricular dysfunction as compared to LVWM
analysis by experienced observers.

Keywords: Color Kinesis, Image Processing, Left Ventricular
function.

Resumo

A “color kinesis” (CK) é uma técnica que representa o tempo e a
magnitude da mobilidade global e segmentar do ventriculo esquerdo
(MSVE) em tempo real. Neste estudo descreve-se um novo método
para representar estas imagens na forma “bulls-eye” em mapas
polares que provéem uma avaliacdo integrada e objetiva da MSVE.
Foram avaliados individuos normais e em pacientes apresentando
anormalidades na MSVE no estudo ecocardiogrifico bidimensional
com o objetivo de verificar a capacidade desta técnica para identificar
e quantificar automaticamente a disfungdo ventricular. Os dados
obtidos demonstram que, embora a representagdo polar de imagens
de CK seja factivel em uma elevada proporcdo de individuos e possa
proporcionar uma avaliagdo quantitativa da MSV E mais objetiva e
menos dependente do operador, essa ferramenta de processamento de
imagens mostrou limitada capacidade para identificaciio automdtica
de disfunc¢io ventricular quando comparada com a andlise de
observadores experientes.

Palavras-chave: Color Kinesis, Fungido Ventricular Esquerda,
Processamento de Imagem.
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Introduction

In the clinical setting, the evaluation of regional left
ventricular wall motion by two-dimensional echocar-
diography is traditionally based on visual analysis of
myocardial thickening and endocardial motion. This
assessment is subjective, highly dependent on the
observer experience and the results obtained are semi-
quantitative. On the other hand, the first quantitative
methods described for left ventricular systolic function
were based on off-line manual tracing of endocardial
borders and on geometric assumptions to estimate left
ventricular volume (Assmann et al., 1990; Force et al.,
1984; Gillan et al., 1984; Ginzton et al., 1986; Moynihan
et al., 1981). These techniques are time-consuming; in
addition they remain subjective and dependent on
observer expertise.

A number of computerized methods have been
developed for automated edge detection of endocardial
borders (Buda et al., 1983; Garcia et al., 1981; Geiser et al.,
1990; Perez et al., 1992; Perez et al., 1992a; Schnittger et al.,
1984). Acoustic quantification (Perez et al., 1992; Perez
et al,, 1992a) is an automated edge detection method
incorporated into a commercially available ultrasound
system, which provides real-time, objective and re-
producible estimation of ventricular area and volume
(Chenzbraun et al., 1993; Gorcsan et al., 1993; Gorcsan
et al., 1993a; Marcus et al., 1993; Morrissey et al., 1994;
Perez et al., 1992; Perez et al., 1992a). Color kinesis is a
technique (Lang et al., 1996), based on acoustic quanti-
fication, and developed to display on-line timing and
extension of endocardial motion by creating a color
map of regional wall motion. Despite its potential for
clinical application (Husic et al., 2005; Takeuchi et al.,
2003), there are few studies analyzing the quantitative
information included into color kinesis images.

This investigation was performed to: 1) develop
a computerized method for quantifying the relative
extension of segmental systolic endocardial motion
as documented by color kinesis and for providing an
integrated and quantitative representation of global
and regional left ventricular wall motion as a polar map
or “bulls-eye” view; 2) analyze the pattern of left ven-
tricular segmental wall motion in normal subjects and
patients with left ventricular dysfunction; 3) evaluate
the ability of this image processing tool for automati-
cally identify regional left ventricular dysfunction.

Methods

Subjects

Color kinesis images were obtained in 23 normal
subjects (8 women, 15 men), aged 23 to 61 years (mean
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30), who were completely asymptomatic and presented
a normal two-dimensional echocardiogram, and 21
patients (4 women, 17 men) aged 24 to 79 years (mean
53) who had segmental or diffuse left ventricular
dysfunction as documented by two-dimensional echo-
cardiography. Two normal individuals were excluded
due to inadequate 2D and color kinesis image quality
caused by inappropriate acoustic window in thorax.
Patients were included considering: 1) adequate image
quality (2D and endocardium tracking by acoustic
quantification); 2) sinus rhythm; 3) presence of wall
motion abnormalities exclusively related to ischemic
or myocardial disease. All subjects who were included
in this investigation provided informed consent.
Equipment and data acquisition

This investigation was performed using a com-
mercially available ultrasound system (Philips Sonos
5500) which included the acoustic quantification and
color kinesis software packages. Images were obtained
with subjects in left lateral decubitus position, using a
2 to 4 MHz transducer. After a complete conventional
two-dimensional echocardiographic study, the acous-
tic quantification software was activated and adjusted
to obtain adequate tracking of endocardial borders.
Color kinesis images were then obtained and recorded
into an optical disk.

Acoustic quantification technique provides fra-
me-by-frame endocardial border detection based on
the comparative analysis of intensity of the received
ultrasound signal to a pre-established threshold set by
manufacturer to distinguish tissue from blood. There-
fore, received signals are classified as blood or tissue if
they had, respectively, lower or higher intensity than
the established threshold. Color kinesis represents
an on-line color encoding of endocardial excursion
throughout cardiac cycle. The variable position of the
endocardial border during cardiac cycle is tracked
and represented as different color hues, triggered
from end-diastole and displayed at 33 ms intervals. At
end-systole, the colors added during systole frame-by-
frame, result in a color overlay composed by each 33
ms display, which express the timing and magnitude
of endocardial excursion throughout systole.

CK images were obtained in two sets: 1) apical
views (longitudinal, two and four chamber); 2) pa-
raesternal short axis views (at mitral valve, papillary
muscles and apical levels). For each imaging plane, two
systolic images were obtained, stored into an optical
disk and downloaded into a personal computer where
all calculations and processing were performed. The
first of these image planes is parallel to the long axis of



the left ventricle, while the other one is perpendicular
to this axis (Figure 1).

Based on these two sets of images it was possible
to define 16 segments of the left ventricle as standar-
dized by the American Society of Echocardiography
(Schiller et al., 1989), for each imaging plane. The color
kinesis images were then used to develop a polar
representation (“bulls-eye” format) of left ventricular
systolic function including, in each imaging plane, all
16 segments documented. It is worth to note that each
ventricular segment was represented in both polar
maps, in two different planar orientations, i.e. short
axis and long axis planes (as seen in Figure 1). In the
“bulls-eye” representation of left ventricle, the more
external segments correspond to the basal portion
of ventricle while the central segments represent the
apical region of left ventricle (Figure 2).

Image segmentation and segmental analysis of en-
docardial motion

Color-encoded images were divided into segments
using custom software. In a first step, a binary image
was extracted from the original image, where col-
ored pixels were assigned as true or value “1”, while
gray scale pixels were assigned as false or value “0”.
Therefore, areas containing the color hues in the image
were separate from the black and white background.
Most of the image processing performed was based
on Boolean morphologic operations on these binary
images (Lang et al., 1996).

The centroid of left ventricular diastolic cavity,
representing the average coordinates for all points
composing this cavity was mathematically calculated
as previously reported (Lang et al., 1996). This centroid
can be described by:

Figure 1. Long axis (LAX) and short axis (SAX) echocar-
diographic imaging planes for left ventricular cavity. At
short axis views imaging was performed at basal, medium

and apical portions of left ventricle.
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where s is the area of the left ventricular chamber at
the end systole, and x, and x, are the two-dimensional
space coordinates.

In the short axis plane processing, the ventricular
segmentation was started by connecting the centroid
point to a point, manually identified, representing
the junction between the right ventricular posterior
wall endocardium and the interventricular septum.
From this line, the left ventricle was automatically
divided into six 60° segments for basal and medium
regions and four 90° segments for the apical region
(Figure 3).

For the long axis image, a distal pointlocated at the
most distant color pixel from centroid was identified.
After this, two other points were manually marked in
the image, identifying the external limits of the mitral
valve ring. These two points were important to exclude
the color overlay reflecting the mitral valve excursion
from the calculations of left ventricular systolic func-
tion. Ventricular segmentation considered the distal
point located at apical region and the two points at
mitral valve ring. All these points were connected to
the centroid and the ventricular chamber was divided
into 6 segments with equivalent angles (Figure 4).

Figure 2. Left ventricular segments in color kinesis image,
at basal short axis view, with the correspondent location
at polar map display.

Figure 3. Segmentation on short axis view, respectively,

from right to left, at basal, medium and apical portions
of left ventricle.
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Figure 4. Segmentation on long axis view, respectively,

from right to left, at apical two and four chamber, and
longitudinal apical views. On longitudinal apical view,
apical segments were not considered for quantification
(identified as 0 on figure) because this region was divided
in only four segments. Note that the angles between seg-
ments 4-1, 6-3 and 5-2 are manually selected as starting
points for segmentation process.

For each segment, the fractional area change was
then calculated as follows:

FAC = M ?)
d

where A is the total area of the segment at the end

diastole (corresponding to the total pixel count, includ-

ing all color pixels and those identified as blood), and

A_is the total area of the segment at the end systole

(corresponding to color pixels area).

Semi-quantitative analysis of segmental

wall motion

To compare with the results of the automated detection
of regional wall motion abnormalities, two experien-
ced observers analyzed left ventricular wall motion
from two-dimensional images in normal subjects
and patients using the following score: 1-normal;
2-mild hypokinesia; 3-moderate hypokinesia; 4-severe
hypokinesia; 5-akinesia and 6-dyskinesia. When a
discordant analysis between the two observers occur-
red, the wall motion score was defined by consensus
reached by both observers.

Results

Color kinesis images with adequate quality of segmen-
tal wall motion evaluation in normal subjects were
obtained in 21 out 23 volunteers (91%). A “bulls-eye”
representation of segmental wall motion documented
in anormal subject, in short axis views, is shown in Fig-
ure 5, while Figure 6 shows the polar representation for
the long axis views in a patient studied. Mean values
(= standard deviation) of fractional area shortening in
normal subjects obtained in short and long axis views
are represented in Figure 7. These data have shown a
distribution consistent with normality as documented
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by the Kolmogorov-Smirnov test. Fractional area short-
ening values were larger and more homogeneous in
paraesternal short axis than in apical views, for each
segment. In apical views, lower values of fractional
area shortening were observed in apical segments as
a result, at least in part, of the relative larger size of
this region on the segmentation accomplished by the
image-processing tool. This limitation did not occur
on the short axis view. In addition, reduced values
of fractional area shortening documented in apical
segments could be related to inadequate tracking of
endocardial borders in apical views.

Another relevant aspect of the quantitative analysis
of the segmental wall motion, as documented by color
kinesis technique, concerns to the large dispersion of
fractional area change values observed in the normal
group: standard deviations documented in this popu-
lation were relatively high when compared to the mean
values obtained, as we can see in Figure 7.

In this investigation, we considered, in patients
with left ventricular dysfunction as evaluated by two-
dimensional echocardiography, as proposed by Lang
et al. (1996), the mean value of fractional area shorte-
ning minus one standard deviation as the lower limit
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Figure 5. “Bulls-eye” representation of regional fractio-

nal area change (FAC) at the short axis views, of a normal
subject. FAC values are shown numerically (right panel)
and by a quantitative color display (left panel).
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Figure 6. "Bulls-eye” representation of regional fractio-

nal area change (FAC) at the long axis views, of a patient
presenting left ventricular systolic dysfunction. FAC values
are shown numerically (right panel) and by a quantitative
color display (left panel).
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Figure 7. Mean values (+ standard deviation) for fractional area change in normal volunteers studied for short (right

panel) and long axis (left panel) views.

of normal for regional wall motion, in each of 16 left
ventricular segments. Each individual value of frac-
tional area shortening was automatically identified as
normal or abnormal considering this definition. Then,
these values were compared, segment-by-segment,
with the semi-quantitative consensual evaluation of
experienced observers. From the total of 336 evaluated
segments, concordance between automated grading of
ventricular function performed by the imaging pro-
cessing tool and expert quantification of wall motion
was only 63.8% in long axis views and 70.8% in short
axis plane. When we considered, in this comparative
analysis, only the segments located at papillary level,
in the short axis view, the same segments evaluated by
Lang et al. (1996), this agreement increased to 80.8%.
When only the apical four-chamber plane was con-
sidered, the agreement between the two techniques
was 75.3%.

Discussion

The image-processing tool developed in this study
was based on end-systolic color kinesis images, which
provide complete spatial and temporal information
regarding systolic endocardial excursion in a same
image. Quantitative representation of segmental left
ventricular motion by polar maps using color kinesis
images has been shown feasible, in addition to provide
simultaneous quantification of global and regional sys-
tolic ventricular function, using a 16 segment model.
Previous studies (Koch et al., 1999; Lang et al., 1996;
Prater, 1997) have used only the papillary level of left
ventricular short axis view and the four chamber view,
evaluating, in each plane, only 6 segments, while in the
representation proposed in the current investigation,
each polar map includes all 16 segments as standard-
ized by the American Society of Echocardiography.
Therefore, the proposed “bulls-eye” representation
of segmental wall motion allows a simple and direct
anatomic association with coronary artery distribu-

tion, as well as a more extensive and global quantitative
documentation of systolic left ventricular function.
From the clinical point of view, this approach could be
considered as an advantage considering that cardiolo-
gists are already familiar with “bulls-eye” maps that
are often used for representing myocardial perfusion
during nuclear medicine studies.

The computational procedures necessary to com-
plete each study can be accomplished in a relatively
short time, of approximately 15 min, starting from
the image acquisition. In addition, it is important to
mention that color kinesis images of enough quality
for segmental wall motion evaluation were obtained
for 91% of the normal volunteers evaluated.

The fractional area shortening documented in the
normal group evaluated have shown a more homo-
geneous distribution in the left ventricular segments
of short axis views as compared to those observed in
the long axis plane. The magnitude of fractional area
shortening was larger in the short axis views than in
long axis views. Comparing the apical segments do-
cumented in long axis views to the medium and basal
segments, it was possible to verify a smaller fractional
area shortening in apical region. This observation is
probably related to the relatively larger size of the
apical segments determined by the segmentation me-
thod used or to poor tracking of endocardial borders
in this view.

The ability of the image-processing tool described
in this study for providing automated detection of
wall motion abnormality, as compared to expert semi-
quantitative evaluation of left ventricular function, was
not quite good. Considering the lower limit of normal
as the mean value of fractional area shortening in any
specific segment minus one standard deviation, as
previously suggested (Lang et al., 1996), for the 336
evaluated segments, agreement between automated
grading of ventricular function performed by ima-
ging processing tool and expert quantification of wall
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motion was only 63.8% in long axis views and 70.8%
in short axis plane. When only the segments located
at papillary muscle level, in the short axis view were
considered, the agreement between the automated
and expert evaluation increased to 80.8%. When only
the apical four-chamber plane was considered, the
agreement between the two techniques was 75.3%.
Therefore, when the same segments were considered
the results of the current investigation and those
reported by Lang ef al. (1996) were similar. Probably,
this limited ability for automated detection of wall
motion abnormality is related to the larger degree of
dispersion of the values of fractional regional area
shortening, verified in the normal individuals. It is
possible that technological development already in
progress, allowing, at the same time, improvement in
image spatial resolution and larger frame rates (tem-
poral resolution) during color kinesis will reduce that
dispersion and enhance the capacity of discrimination
by this method.

In conclusion, the proposed “bulls-eye” repre-
sentation of CK images is quite feasible in a large
proportion of subjects and can provide quantitative,
semi-automated, segmental and global evaluation
of LVWM. However, this image-processing tool has
shown a relatively reduced capability for providing
automated quantitative identification of left ventri-
cular dysfunction when compared to experienced
observers’ semi-quantitative wall motion analysis. This
limited ability is probably related to the larger degree
of dispersion of the values of fractional regional area
shortening, verified in the normal individuals.

References

Assmann, PE.,, Slager, CJ.,, van der Borden, S.G., Dreysse,
ST, Tijssen, ].G.P, Sutherland, G.R., Roelandt, J.R. (1990),
“Quantitative echocardiographic analysis of global and
regional left ventricular function: a problem revisited”,
Journal of the American Society of Echocardiography, v. 3,
n. 6, p. 478-487.

Buda, AJ., Delp, EJ., Meyer, C.R,, Jenkins, ].M., Smith, D.N.,
Bookstein, F.L., Pitt, B. (1983), “Automatic computer pro-
cessing of digital 2-dimensional echocardiogram”, The
American Journal of Cardiology, v. 52, n. 3, p. 384-389.

Chenzbraun, A, Pinto, FJ., Popylisen, S., Schnittger, L., Popp,
R.L. (1993), “Comparison of acoustic quantification and
Doppler echocardiography in assessment of left ventricu-
lar variables”, British Heart Journal, v. 70, n. 5, p. 448-456.

Force, T.,, Bloomfield, P., O’Boyle, J.E., Khuri, S.F,, Josa, M.,
Parisi, A.F. (1984), “Quantitative two-dimensional echo-
cardiographic analysis of regional wall motion in patients
with perioperative myocardial infarction”, Circulation
Journal, v. 70, n. 2, p. 233-241.

Garcia, E., Gueret, P, Bennett, M., Corday, E., Zwehl, W.,

Revista Brasileira de Engenharia Biomédica /v. 22 /n. 1

Brazilian Journal of Biomedical Engineering /v. 22 /n. 1

Meerbaum, S., Corday, S., Swan, H.J.C., Berman, D.
(1981), “Real time computerization of two-dimensional
echocardiography”, American Heart Journal, v. 101, n. 6,
p- 783-792.

Geiser, E.A., Conetta, D.A., Limacher, M.C., Stockton, V.O.,
Oliver, L.H., Jones, B. (1990), “A second-generation com-
puter-based edge detection algorithm for short-axis, two-
dimensional echocardiographic images: accuracy and
improvement in interobserver variability”, Journal of the
American Society of Echocardiography, v. 3, n. 2, p. 79-90.

Gillan, L.D., Hogan, R.D., Foale, R.A., Franklin Jr., T.D., New-
ell, ].B,, Guyer, D.E, Weyman, A E. (1984), “A comparison
of quantitative echocardiographic methods for delineat-
ing infarct-induced abnormal wall motion”, Circulation
Journal, v. 70, n. 1, p. 113-122.

Ginzton, L.E., Conant, R, Brizendine, M., Thigpen, T., Laks,
M.M. (1986), “Quantitative analysis of segmental wall
motion during maximal upright dynamic exercise:
variability in normal adults”, Circulation Journal, v. 73,
n. 2, p. 268-275.

Gorcsan, J. I1I, Lazar, ].M., Schulman, D.S., Follansbee, W.P.
(1993), “Comparison of left ventricular function by
echocardiographic automated border detection and by
radionuclide ejection fraction”, The American Journal of
Cardiology, v. 72, n. 11, p. 810-815.

Gorcsan, J. III, Morita, S., Mandarino, W.A., Deneault, L.G.,
Kawai, A., Kormos, R.L., Griffith, B.P.,, Pinsky, M.R.
(1993a), “Two-dimensional echocardiographic auto-
mated border detection accurately reflects changes in
left ventricular volume”, Journal of the American Society
of Echocardiography, v. 6, n. 5, p. 482-489.

Husic, M., Norager, B., Egstrup, K.E., Moller, ].E. (2005), “Use-
fulness of left ventricular diastolic wall motion abnormal-
ity as an early predictor of left ventricular dilation after
a first acute myocardial infarction”, The American Journal
of Cardiology, v. 96, n. 9, p. 1186-1189.

Koch, R, Lang, RM., Garcia, M.]., Weinert, L., Bednarz, J.,
Korcarz, C., Coughlan, B., Spiegel, A., Kaji, E., Spencer,
K.T.,,Mor-Avi, V. (1999), “Objective evaluation of regional
left ventricular wall motion during dobutamine stress
echocardiographic studies using segmental analysis of
color kinesis images”, Journal of the American College of
Cardiology, v. 34, n. 2, p. 409-419.

Lang, R.M., Vignon, P, Weinert, L., Bednarz, J., Korcarz,
C., Sandelski, J., Koch, R., Prater, D., Mor-Avi, V. (1996),
“Echocardiographic quantification of regional left
ventricular wall motion with color kinesis”, Circulation
Journal, v. 93, n. 10, p. 1877-1885.

Marcus, R.H., Bednarz, J.,, Coulden, R., Shroff, S., Lipton,
M., Lang, R M. (1993), “Ultrasonic backscatter system
for automated on-line endocardial boundary detection:
evaluation by ultrafast computed tomography”, Journal of
the American College of Cardiology, v. 22, n. 3, p. 839-847.

Morrissey, R.L., Siu, S.C., Guerrero, J.L., Newell, ].B., Wey-
man, A.E., Picard, M.H. (1994), “Automated assessment
of ventricular volume and function by echocardiography:
validation of automated border detection”, Journal of the
American Society of Echocardiography, v. 7, n. 2, p. 107-115.

Moynihan, PF, Parisi, A.F, Feldman, C.L. (1981), “Quantita-
tive detection of regional left ventricular contraction



Quantitati lysis of
L.0. Murta Junior, E.E.S. Ruiz, A. Pazin Filho, A. Schmidt, 0.C. Almeida Filho, M.V. Simées, J.A. Marin-Neto, B.C. Maciel

| left ventricular wall motion

Schiller, N.B., Shah, PM., Crawford, M., DeMaria, A., De-
vereux, R., Feigenbaum, H., Gutgesell, H., Reichek, N.,
Sahn, D,, Schnittger, I, Silverman, N.H., Tajik, A J. (1989),

abnormalities by two-dimensional echocardiography. I.
Analysis of methods”, Circulation, v. 63, n. 4, p. 752-760.
Perez, ].E., Waggoner, A.D., Barzilai, B, Melton Jr., H.E., Miller,

J.G., Sobel, B.E. (1992), “On-line assessment of ventricular
function by automatic boundary detection and ultrasonic
backscatter imaging”, Journal of the American College of
Cardiology, v. 19, n. 2, p. 313-320.

Perez, J.E., Klein, S.C., Prater, D.M., Fraser, C.E., Cardona,

H., Waggoner, A.D., Holland, M.R., Miller, ].G., Sobel,
B.E. (1992a), “Automated, on-line quantification of left
ventricular dimensions and function by echocardiogra-
phy with backscatter imaging and lateral gain compen-
sation”, The American Journal of Cardiology, v. 70, n. 13,
p- 1200-1205.

Prater, D.M. (1997), “The Fundamental of Acoustic Quantifica-

tion and Color Kinesis Technology”, In: Echocardiography
and Cardiovascular Function: Tools for the Next Decade,
Eds.: J.E. Perez, ] M. Lang, V. Mor-Avi, Boston: Kluwer
Academic Publishers, p. 1-9.

“Recommendations for quantitation of the left ventricle
by two-dimensional echocardiography. American So-
ciety of Echocardiography committee on standards,
subcommittee on quantitation of two-dimensional
echocardiograms”, Journal of the American Society of Echo-
cardiography, v. 2, n. 5, p. 358-367.

Schnittger, 1., Fitzgerald, PJ., Gordon, E.P,, Alderman, E.L.,

Popp, R.L. (1984), “Computerized quantitative analysis of
left ventricular wall motion by two-dimensional echocar-
diography”, Circulation Journal, v. 70, n. 2, p. 242-254.

Takeuchi, M., Yoshitani, H.,, Miyazaki, C., Haruki, N., Otani, S.,

Sakamoto, K., Yoshikawa, J. (2003), “Color kinesis during
contrast-enhanced dobutamine stress echocardiography:
feasibility and applicability”, Circulation Journal, v. 67,
n. 1, p. 49-53.

Revista Brasileira de Engenharia Biomédica /v. 22 /n. 1

Brazilian Journal of Biomedical Engineering /v. 22/ n. 1

11






