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Abstract. In this paper, we present a new approach for segmentation of
left and right ventricles from cardiac MR images. A two-level-set formu-
lation is proposed which is the extension of distance regularized level set
evolution (DRLSE) model in [1], with the 0-level set and k-level set rep-
resenting the endocardium and epicardium, respectively. The extraction
of endocardium and epicardium is obtained as a result of the interac-
tive curve evolution of the 0 and k level sets derived from the proposed
variational level set formulation. The initialization of the proposed two-
level-set DRLSE model is generated by performing the original DRLSE
from roughly located endocardium. Experimental results have demon-
strated the effectiveness of the proposed two-level-set DRLSE model.

1 Introduction

Currently, cardiovascular disease is becoming one of the leading causes to death.
Cine-magnetic resonance imaging (cine-MRI) is an important modality which
contains accurate information for non-invasively diagnosing and treating cardiac
disease. To quantify cardiac function through ventricle volumes, masses, and cav-
ity ejection function (EF), segmentation of left (LV) and right (RV) ventricles
from cine-MRI is crucial for physicians and radiologists [2–4]. Manual segmenta-
tion of LV and RV which requires delineation slice by slice is a time consuming
and error-prone task. Although various automatic segmentation techniques have
been proposed to segment the cardiac structure, the LV and RV segmentation
is still an open problem because of the poor image contrast across the desired
ventricle boundaries [5,6].

Active contour models and level set methods have been widely implemented
to segment different biological structures from medical images [7–10]. Several
desirable advantages exist for active contour models over other classical image
segmentation methods, such as thresholding, edge detection and region grow.
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Firstly, active contour models have capable to achieve sub-pixel accuracy of
object boundaries. Second, these models can be easily formulated in a princi-
pled energy minimization framework and facilitate incorporation of various prior
knowledge, such as shape or intensity distribution, for robust image segmentation
[11,12]. Third, active contour models can provide smooth and closed contours
as segmentation outcomes, which are essential for segmenting most of the bio-
logical structures and can be readily used for further applications, such as shape
analysis and recognition [13].

In order to segment the inner and outer contours of both ventricles from
cine-MRI, we propose a two-level-set approach, which based on the strengths
from DRLSE in [1]. In this new method, endocardial and epicardial contours
are mathematically represented by two specified level contours of a level set
function. Biventricular segmentation is expressed as an optimization problem of
the level set function such that both level set contours best capture the biological
structures of epicardium and endocardium.

This paper is further structured as follows: Sect. 2 describes the details of
proposed algorithm, Sect. 3 proposes a two-step approach for segmentation of
left and right ventricles and Sect. 4 presents the implementation details as well
as segmentation results, which is followed by the concluding remarks in Sect. 5.

2 Two-Level-Set Approach

2.1 Anatomical Knowledge for Left and Right Ventricle
Segmentation

First, we take account of the anatomy of the both ventricles in the formulation of
proposed model. Endocardium is the innermost contour of the ventricle, which
is a smooth membrane of endothelial cells that lines the cavities of the heart
and the valves [14]. Myocardium is a thick layer of cardiac muscle which is
responsible for the contraction and relaxation of the ventricles and atria, and
this layer is composed almost completely of cardiomyocytes [3]. The outside of
the myocardium is covered with a thin layer called the epicardium, which consists
mostly of connective tissue and fat [3,14].

Based on several informative observations of the cardiac anatomy, the desired
segmentation outputs should fulfill the following two criteria: firstly the endocar-
dial and epicardial contours should be smooth contours and secondly the interval
between endocardial and epicardial contours should vary smoothly. In particular,
the first criterion will be introduced to smooth the epicardial and endocardial
contours individually, while the second criterion will be introduced to provide
an interaction between the two contours such that the distance between them is
gradually varying.

2.2 Edge Based Segmentation of LV and RV Using Two Distance
Regularized Level Sets

We formulate the segmentation of both ventricles as an problem of seeking an
optimal level set function such that its 0-level and k-level contours best fit the



Edge Based Segmentation 207

epicardial and endocardial contours respectively. What is more, according to the
anatomical properties of endocardium and epicardium, as discussed in Sect. 2.1,
the two-level-set function should satisfy the following two properties: first, the
0-level and k-level contours are smooth; and second, the distance between the 0-
level and k-level contours is smoothly changing. For the above considerations, we
propose a variational framework with an energy functional in the following form:

F(φ) = L(φ) + A(φ) + Rp(φ) (1)

where L(φ) is an energy functional defined from edge-based image information,
such that it is minimized when the 0-level and k-level contours of the function
φ are on the endocardium and epicardium; A(φ) is weighted area term and
introduced to speed up the motion of the 0-level and k-level contour in the
level set evolution process, which is necessary when the initial contour is placed
far away from the desired object boundaries. Energy Rp(φ) is the double-well
potential defined in [1],

Rp(φ) = μ

∫
p(|�φ|)dx (2)

In this paper, we let the level set function φ take positive values inside the
0-level contour C0 and negative values outside C0.

The energy L(φ) is defined by,

L(φ) =
∫

g[λ1δ(φ) + λ2δ(φ − k)] |�φ| dx (3)

where g is an edge indicator function, which is defined as,

g � 1
1 + |�Gσ ∗ I| . (4)

The above defined energy L(φ) computes the line integral of the function g
along the 0-level and k-level contours. Obviously, this energy is minimized when
the 0-level and k-level contours of the level set function φ are located on desired
object boundaries, where the function g takes smaller values than other non-edge
locations. The weighted area term is defined by,

A(φ) = α0

∫
gH(−φ)x + αk

∫
gH(−φ + k)dx (5)

The minimization of the energy Ag is achieved by shrinking and expanding
the 0-level and k-level contours, depending on the sign of α0 and αk of the
banded region between the 0-level and k-level contour when they arrive at object
boundaries where take larger values.

2.3 Energy Minimization

With the energy terms including L(φ), A(φ) and Rp(φ) defined above, we pro-
pose to minimize the following energy functional:

F(φ) = L(φ) + A(φ) + Rp(φ). (6)
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This energy functional can be minimized by alternately minimizing F with
respect to each of its variables. The energy minimization process starts with
an initialization of the level set function φ and the smooth function α. We min-
imise the function F with respect to φ applying gradient flow method and get,

∂φ

∂t
= − ∂E

∂φ

= div

(
g

�φ

|�φ|
)

[λ1δ(φ) + λ2δ(φ − k)]

+ ∂g[δ(φ − k) − δ(φ)] + μdiv(dp |�φ|�φ)

(7)

where dp is the double-well potential defined in [1].

3 Application of Proposed Method to Segmentation
of Left and Right Ventricles

In this section, we describe a two-step approach for segmentation of LV and
RV. In the first step, we use the DRLSE to perform a preliminary segmentation
of LV and RV to roughly locate the endocardial contours of the LV and RV.
The level set function obtained in the first step is used as the initial level set
function of the proposed level set evolution in the second step, with the 0-level
and k-level contours representing the initial endocardial and epicardial contours,
respectively. The final endocardial and epicardial contours of LV and RV is then
obtained as the result of the level set evolution in the proposed model. The
details of this two-step approach are described below.

3.1 Roughly Locate Endocardial Contours of LV and RV Using
DRLSE

In the first step, we use distance regularized level set evolution (DRLSE) model
to obtain a preliminary segmentation of left and right ventricles, which is then
applied to define the initial level set function for the distance regularized two-
level-set model described in Sect. 2. We put two square blocks inside LV and RV
as the initialization of DRLSE. Then, the final zero level contour in DRLSE is
evolved to capture the inner contours of both LV and RV.

3.2 Extraction of Both Endocardial and Epicardial Contours Using
Proposed Model

The second step of our method aims to accurately capture both the endocardial
contours as well as the epicardial contours of both LV and RV at the same time,
based on the previously initialized results. With the above two-level-set represen-
tation of endocardial and epicardial contours, we implement the mathematical
model discussed in Sect. 2 to accurately segment left and right ventricles from
cine-MRI based on previously initialized contours from DRLSE method.
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4 Experimental Results

In this section, we will demonstrate the implementation details as well as the
segmentation results of the proposed two-step approach with the application
to segment ventricles from cardiac cine-MRI data, where the data are obtained
from MICCAI 2012 right ventricle segmentation challenge.

4.1 Parameters Selection

In first step, we set the parameters for the DRLSE model with Δt = 1, μ = 0.2,
and λ = 10. In the second step, we numerically solve the level set evolution
equation of proposed model presented in Eq. 1 by following a standard finite
difference scheme proposed in [1]. The details of the selected parameters for the
proposed model are disclosed in the following. The time step Δt used in the
approximation of temporal derivative is set to Δt = 0.1 in our implementation.
For the datasets used in this chapter, we set the other parameters α0 = −3, αk =
−3, ρ = 3, μ = 1, ω = 0.5, λ1 = 0.002, λ2 = 0.05, and ν1 = 0.001 × 255 × 255,
ν2 = 0.001 × 255 × 255. The choice of the level k = 140.

4.2 Segmentation Results

Results for MICCAI 2012 Right Ventricle Segmentation Challenge.
Our two-step approach has been tested on the dataset of MICCAI 2012 right
ventricle segmentation challenge (http://www.litislab.eu/rvsc), and this two-
step approach has already showed the promising capability over other existing
segmentation algorithms.

Figure 1 shows the illustrative segmentation results of both left and right ven-
tricles from a selected patient cine-MRI using proposed method after applying
DRLSE initialization, where each of these figures corresponds to one of the mid-
dle steps within iteration (iterates from left to right and from top to bottom).
It is easy to find out the output of the proposed segmentation model (as shown
in the bottom right figure in Fig. 1) has capable to accurately capture both the
endocardial and epicardial contours, even in presence of the intensity inhomo-
geneity and image noises. Figure 2 shows the results and ground truth of the
subject named P15 in the training set. We choose two slices at end-diastole and
end-systole and we can reach promising results through our proposed method.

Table 1 shows evaluation results for MICCAI 2012 right ventricle segmen-
tation challenge of our method with others. We use Dice metric (DSC) and
Hausdorff distance (HD) assess the RV segmentation results. DSC is a measure
of the overlap of two regions and is defined by

DSC =
2 × |A ∩ B|
|A| + |B| (8)

http://www.litislab.eu/rvsc
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Fig. 1. Process of implementing Distance Regularized Two-Level-Set model to segment
both LV and RV from a selected patient’s cine-MRI. Note, the iteration starts from
left to right and from top to bottom.

Fig. 2. Results of our method (right column) and ground truth (middle column) for
the images (left column) at end-diastole shown in (a) and end-systole in (b). Each row
shows one of two slices in the images from one case.

where | ∗ | is the area of region ∗. Hausdorff distance provides a symmetric
distance measure of the maximal discrepancy between two labeled contours,
which is defined as,

HD(A,B) = max

(
max
a∈A

(min
b∈B

d(a, b)),max
b∈B

(min
a∈A

d(a, b))
)

(9)

where d(a, b) donates Euclidean distance. From Table 1, our proposed method
shows promising results comparing to the other three methods.
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Table 1. Right ventricle segmentation results of different methods for 2012 RV
MICCAI test1 data sets

[15] [16] [17] Our method

ED ES ED ES ED ES ED ES

En DM 0.83(0.17) 0.72(0.27) 0.86(0.11) 0.69(0.25) 0.88(0.11) 0.77(0.18) 0.90(0.15) 0.82(0.23)

HD 9.77(7.88) 11.41(10.49) 7.70(3.74) 11.16(5.53) 7.69(6.03) 10.71(7.69) 7.51(5.47) 10.50(8.03)

Ep DM 0.86(0.13) 0.77(0.23) 0.88(0.08) 0.77(0.17) 0.90(0.08) 0.82(0,13) 0.89(0.21) 0.83(1.57)

HD 10.23(7.22) 11.81(9.46) 7.93(3.72) 11.72(5.44) 8.02(5.96) 11.52(7.70) 9.36(8.19) 12.58(9.03)

5 Conclusions

In this paper, we present the development of a new segmentation framework
for left and right ventricles from cardiac MR short-axis images. This framework
contains two key steps: firstly we apply the DRLSE method as initialization
of endocardial contour and then we use the two-level-set model to accurately
capture both endocardial and epicardial contours for LV and RV, simultaneously.
Moreover, this proposed approach based on the strengths from the distance
regularized level set evolution (DRLSE) method in [1]. Experimental results
have demonstrated the effectiveness of this proposed two-step level set approach
for segmenting cardiac left and right ventricles from cine-MRI.
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