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Abstract. One of the major concerns in cardiac imaging is finding an
efficient method for the deformation analysis in the left ventricle of the
heart (LV ). This paper deals with the results of using a regional analysis
of left ventricular of the heart applied on MRI data. Our analysis consists
of segmenting 3D objects modeling the myocardium of the LV into 17
regions according to the AHA (American Heart Association) standard.
Curvature variation was calculated using the Hotelling MT2 two samples
difference metric for the global objects and their different 17 regions
during 25 instants of the cardiac cycle. It has been validated with real
MRI data. Experimental results demonstrate the great robustness and
efficiency of our method to detect pathological regions of myocardium.
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1 Introduction

Coronary Artery Disease (CAD) involves the narrowing of the coronary arteries
that supply the heart tissue with oxygen and nutrients due to plaque built up
along the inner walls of the arteries of the heart. It is the most common cause of
heart attacks. The diagnosis of CAD is based on the determination of the site,
the extent and the severity of the pathology. In this context, there have been
several contributions to determine precisely the location and the extent of steno-
sis in case of CAD. Among these methods we cite superquadric model [14, 10],
baseline surface [11], regional volumes evolution [12], quadric fitting methods [1],
three-dimensional active mesh models [13] and regional curvature analysis [20].
We note that using curvature values to analyse the LV deformation is one of the
most used methods for 2D and 3D images. Several methods used curvatures, we
cite Friboulet et al. [21], were they have calculated the curvature distribution on
the left ventricle surface using an iterative relaxation scheme. Curvature distri-
bution values is displayed by voxel. From this visualization they have evaluated
the structural stability of the curvature characteristics with the left ventricle
deformation. Clarysse et al. [22] have used regional approach based on curva-
ture values in order to analyze specific areas of the endocardium. They have
combined geometrical and spacial information in order to reach spatiotemporal
analysis and automatic recognition of deformable surfaces. In a previous work
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[3, 4], we used curvature values to detect pathology extent in data obtained from
myocardial scintigraphy imaging techniques. The work presented in this paper
consists of using curvature values and the modified Hotelling T2 metric (MT2)
to accurately localize and quantify deformations in LV for data obtained from
MRI techniques. Our approach was tested on six patients. Each patient had 25
3D object showing its evolution of the different instants between diastole and
systole. The paper is organized as follows. First the proposed method and its
different steps are detailed. Then, the database which used to validate our ap-
proach are presented. After that, the obtained results are discussed. Finally the
main conclusions and suggests directions for future works are proposed.

2 Method

The aim of this work is to study the myocardium movement during the cardiac
cycle. More precisely, we want to detect regions with pathological behavior. The
first step is to study the global variation of the myocardium to know its status:
whether it is pathological or not. The second step is to divide the 3D object that
modeling the myocardium. We adopt the AHA standard because it allows an
adequate sampling.

2.1 Partitioning of LV surfaces into 17 regional segments

AHA standard recommends a division into 17 regions as described in figure 1.
The myocardium is divided into four sections in the long axis, namely the basal,
middle cavity, apical and apex regions. The apical part is then geometrically
divided into four regions. Each part of the basal and middle cavity is also geo-
metrically divided into six regions.

2.2 Triangular mesh generation

Since the curvature computing requires the use of polygonal surface mesh, a
triangulating surface process is applied for every resulted region after applying
the AHA division. For the triangulation, we adopt the Delaunay triangulation
method. According to the Delaunay definition, the triangle circumcircle formed
by three points from the original set is empty if it contains no other vertices than
its own. Replacing the circles circumscribed by spheres, it is possible to extend
the definition to three dimensions.

2.3 Curvature computation and modified Hotelling MT2 metric

In this work, we use the MT2 two-sample group difference metric for the my-
ocardium global and regional analysis. The MT2 metric provides an extent for
differences between SPHARM descriptors values at stress and rest. It is very
effective for the computation of two group differences. In [6] authors have used
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Fig. 1. (a) Standardized international nomenclature for the LV and correspondence
on the mesh, (b) LV regions of interest.

the MT2 metric for statistical shape analysis using spherical wavelet shape rep-
resentation. Given a group i with ni samples, we designate by µi the mean and
by Σi the covariance of a 3D feature. The MT2 for two groups 1 and 2 is given
by equation 1.

T2 = (µ1 − µ2)T (Σ1
1

n1
−Σ2

1

n2
)−1(µ1 − µ2) (1)

As descriptors, we use Gaussian and Mean curvature values. Curvature provides
information to describe how a surface changes its shape locally. Given a point
P on a surface M , we call V p, the normal vector and W the tangent vector
belonging to TpM which is the tangent space (figure 2). The curve can be
defined as the intersection of M with the plan spanned by the normal vector
and W [23]. This plane is given by:

(t, s) 7→ p+ tvp + sw

The curvature of such a curve Cw is the normal curvature Kw of M in the
direction W . Then Cw is given implicitly by:

f(p+ tvp + sw) = 0 ∀t, s

With f is the regular map .
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Fig. 2. (a) Normal curvature of a point on a surface, (b) Directions of the principal
curvatures of cylinder (radius R).

Kw =< W,Tpv ·W > (2)

Where < ., . > denotes the standard inner product and Tpv is the Weingarten
map [23]. The principal curvatures Kmin and Kmax (see figure 2) are the ex-
treme normal curvature Kw relative to the principal curvature directions Wmin

and Wmax. The gaussian curvature KG is defined as the product of principal
curvature as described in equation 3.

KG = Kmin ∗Kmax (3)

The mean curvature KM is the arithmetic mean of principal curvatures (equa-
tion 4).

KM =
Kmin +Kmax

2
(4)

3 Experimental results

3.1 Database structure

Our database is composed of 150 3D objects outcome of cardiac MRI imaging
techniques of six patients. These objects are obtained after a delineation of a set
of 2D image sequences. Such a set is used to construct a 3D triangular meshes.
Each patient has 25 objects for different 25 instants of cardiac cycle. Figure 3
shows an example of these objects at instants T1, T7 and T25. We note that
T1 is the beginning of diastole, T7 is the end of diastole and the beginning of
systole and T25 is the instant of end systole.
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Fig. 3. Rendered surfaces of the myocardium at T1 : beginning of diastole, T7 : end
of diastole and the beginning of systole and T25 : end systole.

3.2 Results and discussion

Firstly, we compute the curvature values of every point in the 25 objects of
each patient. The Hotelling MT2 values is then calculated between each two
successive instants : we calculate the curvature values variation between T1 and
T2, then between T2 and T3 up to T24 and T25. Values are then presented in
six curves as shown in figure 4.

Fig. 4. Global variation of curvature values at 25 instants

This different curves are used to specify the pathological state of the different
patients. We noticed that, for patient 1, 2 and 6, the variation of curvature values
is lower than other patients. During several instants the myocardium of these
patients has not moved well and it had a reduced kinetic. Thus, our approach
may be an efficient way for characterizing the myocardium disease severity. We
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will see later that the regional analysis can provide more significant information
about the disease extent of these patients.

Afterwards, we proceeded to the analysis of regional LV deformation. First,
each 25 object modeling myocardium of every six patient are divided into 17
regions according to AHA standards. For each region, we proceed by calculating
separately its curvatures values after applying the triangulation process. After
that, we compute for every region the Hotelling measure between different cur-
vature values. The obtained results are reported in Figure 5. We are interested
in patients 1, 2 and 6. As shown, the regional curves of these patients show a
lot of regions with low curvature values variation. This proves that these regions
have not a good kinetic. Contractility of regions are low when its MT2 values are
not high. More precisely, these regions indicates the poorly irrigated territories
of the heart and allows to have a precise location of the ischemia. These results
may refine the diagnosis, experts may revise their initial diagnosis based on sim-
ple visualization by providing objective arguments. Indeed, our measurements
could qualify the site as well as the disease extent.

Fig. 5. Average of regional variation of curvature curvature values

4 Conclusion

The present work is aimed at offering a global and regional analysis of the LV
in order to refine the diagnosis and specify the ischemic territory. Our approach
was tested on 150 3D objects outcome of cardiac MRI imaging techniques of six
patients. We used the Hotelling metric MT2 computation for curvature values
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variation at the vertices of the triangulation of 3D objects modeling the my-
ocardium. In order to progress to a regional analysis, we carried out, a division
into 17 regions according to the AHA standard. This method provides a good
agreement between the global and regional analysis. These results need to be
well oriented by enriching the database and getting supplementing information
about the studied patients.
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