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Abstract: Cine Magnetic Resonance (MR) imaging has become the method-of-choice
for the examination of the dynamic behaviour of the heart. An assessment of the left
ventricle can reveal regions of myocardial dysfunction and their severeness. The scope
of this work is a complete analysis of the left ventricular dynamics for the usage in a
clinical environment. For that purpose, endocardial and epicardial borders are auto-
matically extracted in 3D cine data in a first step. This is followed by a segmentation
of the endocardium and the myocardium into 17 segments following the recommen-
dations of the American Heart Association and the computation of common global
volumetric values (stroke volume, ejection fraction etc.) and parameters that describe
the left ventricular dynamics (wall motion, wall thickening).
A retrospective analysis of cardiac cine MR image data from 20 patients (healthy

ones, patients with abnormal wall motion, and patients who suffered an infarction) has
been done. That image data has been acquired in the clinical routine at two different
hospitals. The here presented automated approach led to a successful segmentation
and assessment of the left ventricle for all data sets. The pathological cases could be
identified easily due to their characteristic change of the motion pattern. The main
advantage of our approach is the reproducibility of the assessment results and the gain
in time for the cardiologist who has to analyse the huge amount of cine data.

Keywords. MRI, cardiac analysis, left ventricular assessment

1 Introduction

Cardiac diseases are one of the main causes-of-death in the western world1. If the coronary

arteries are lowered in diameter – so-called ‘stenoses’ – ischemic regions characterized by

an insufficient blood delivery can appear. If the occlusion of the vessel becomes complete,

the blood flow is interrupted and an infarction of the myocardium occurs.

Magnetic resonance imaging (MRI) has become the ‘gold standard’ for investigating the

heart dynamics due to its good reproducibility [Puj04]. It delivers cine data, that consists of

a series of 3D volumes covering the whole cardiac cycle. That data can be analyzed for the

purpose of extracting clinically useful information about the movement of the myocardium

– especially the left ventricle (LV) – and the therewith related change in volume. An

overview about cardiovascular MRI and its clinical application is given in ref. [Cas03].

1The World Health Organisation, http://www.who.org
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Over the years, a set of common parameters describing the LV dynamics as well as global

parameters has been established [Fra01]. Prior to the analysis step the endocardial and

epicardial borders of the LV have to be extracted. While (semi-)automatic delineation

approaches of these structures gain increasing importance, in the clinical routine this is

mostly still a manual process (Simpson method). An automation of the delineation step

can be achieved employing different methods. There are on one hand methods requir-

ing an initial manual definition of the endocardial and epicardial borders at endsystolic

and enddiastolic phase and a subsequent ‘interpolation’ of the contours for the remaining

points-in-time [Cor05]. On the other hand, a higher degree of automation can be achieved

using approaches that employ previously generated geometrical models [Mit02, Fri05] or

shape-driven segmentation [Par03]. Finally, there are methods claiming to be fully auto-

matic [Jol01]. Analyzing the temporal change of the extracted contours’ shape as well as

their displacement allows the extraction of the global parameters ejection fraction (EF),

cardiac output (CO), stroke volume (SV) , and myocardial mass (MM) as well as special

measurements like wall motion (WM) and wall thickening (WT) [Hol97, Fra01].

This work presents an automatic approach for the determination of the myocardial function

from cine MR images. The analysis is characterized by the creation of a 17-segment model

that adheres to standards published by the American Heart Association (AHA) [Cer02] and

the extraction of a set of parameters that describe the LV dynamics. Our approach has been

developed to be used in the clinical routine – a fact that requires that it has to be robust,

fast, and reproducible.

2 Method

Providing a comprehensive analysis of LV dynamics requires several computation steps:

segmentation, AHA conform analysis, and a visualization adapted to the clinical needs.

The proposed methods have been applied restrospectively to cine MRI data of patients

who have been diagnosed to be healthy, showing wall motion abnormalities, or suffered

an infarction.

Data acquisition. All patients have been scanned in supine position using clinical 1.5 T
MR scanners (Intera Achieva resp. Gyroscan NT Intera, both Philips) in combination with

a SENSE cardiac coil. Based on scout images the orientation of the images has been defined

manually in order to acquire short-axis (SA) images. The 4D data covers the whole cardiac

cycle comprising 25 resp. 20 volume data sets (cine MRI). Each of them consists of 10
to 16 SA slices with a thickness of 5 resp. 8 mm containing the left ventricle from the

apex up beyond the plane of the mitral valves (MV). The slices represent a 256×256 pixel
matrix with a spatial resolution ranging from 1.3 to 1.6 mm.

LV segmentation. The extraction of the LV blood pool – the endocardium – is necessary

for the determination of LV volume and the endocardial border. For that purpose we

employ a method that integrates image thresholding, a priori knowledge of LV shape,

and connected component analysis. The requested user input consists of the definition

of two points – one mid-septal in the myocardium and one roughly in the center of the

484



Figure 1: The computation pipeline for LV assessment: In a first step the endocardium is extracted in
all volumes of the cineMRI data set and labeled. Then, endocardium and myocardium are segmented
following the AHA recommendations. And finally, endocardial and epicardial borders are found
employing a radial ray approach.

endocardium – in one slice of the basal/mid-cavity region of one volume of the systolic

phase. Starting from there, the segmentation runs completely automatic resulting in a

labeling of the endocardial region in all volume data sets the cine data consists of.

The different steps of the extraction are the definition of a region-of-interest and a re-

orientation of the data [Wes04], an image smoothing and thresholding by automatically

adjusting the threshold value, a masking of the image after an automatic detection of the

MV plane and of the endocardial border using a priori knowledge of LV shape, and a

connected component analysis of the volume data starting at the position of the second of

the two defined points (fig. 1). The application of this pipeline extracts the endocardium

in all phases of the cine data. In contrast to many other approaches our method does not

include the papillary muscles in the segmented area. This was a prerequisite of our clinical

partners since they want to extract the ‘true’, blood-filled volume of the LV. The long

axis of the labeled endocardium is computed automatically and afterwards divided into 16
segments (see ref. [Wes05] for more details) corresponding to the AHA recommendations

[Cer02].

LV analysis requires the detection of the endocardial as well as the epicardial border points

(with a reasonable sampling rate). Due to the fact that the papillary muscles are not in-

cluded in the segmented region, but the computation of WM and WT requires a rather

smooth endocardial border, its detection has to include a correction for the papillary mus-

cles. For this, we combine a radial ray approach for sampling the endocardial border

positions from the segmentation output, a priori knowledge about the location of the pap-

illary muscles (resp. the chordae tendineae), and the demand of a low curvature. This
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results in a modified endocardial border that follows as far as possible the boundary of the

segmented region, but that is smooth and includes the papillary muscles. The epicardial

border points are found employing a similar radial ray approach. The rays start from the

computed position of the LV long axis, go through the already detected endocardial bor-

der points, and use a gradient based stop criteria. An outlier correction combined with an

interpolation step assures a correct and smooth delineation of the epicardium (fig. 1).

Analysis of myocardial function. The output of the segmentation step consists of a la-

beled (inner) endocardium and two point sets describing the endocardial and epicardial

borders in all volumes of the cine data. A simple voxel counting and the known voxel size

allow for the computation of the LV volume for all cardiac phases. Those volumes of the

cardiac cycle that correspond to the minimum and maximum volume values are taken as

endsystolic resp. enddiastolic phases. Thus, the common global volumetric parameters EF,

CO, SV, and MM as well as the regional EF for each of the 16 segments can be computed.

The sampling points of the modified endocardial border are used to compute the WM.

There, we calculate the accumulated WM for every endocardial border point, i. e. the ab-

solute of its displacement over a whole cardiac cycle. The WT can easily be determined,

since there are always pairs of corresponding positions that define the myocardial thick-

ness. This is due to the similar sampling of endocardial and epicardial border using the

same equiangular radial rays starting at the LV axis. As a consequence of this pairwise

sampling, there is no need to generate an artificial centerline in order to define chords like

it is described in other publications [Sch04, Hol97]. The knowledge of endsystolic and

enddiastolic phase and the computation of the myocardial thickness for these two points-

in-time allow to calculate the WT using the equation WT = MTsyst

MTdiast
− 1.0 × 100%

(WT given in per cent, MTsyst and MTdiast as the end-systolic resp. end-diastolic my-

ocardial thickness).

Data visualization. The computed dynamic parameters WM, WT, and regional EF are

displayed in 17-segment bull’s-eye displays [Cer02]. The segments are colored by map-

ping the calculated values through a ‘red-to-blue’ look-up table that employs the known

normal values for LV parameters [Bal99] to HSV color space. In order to combine these

values with their corresponding endocardial positions in 3D space a mesh is generated.

The usage of triangle strips guarantees best performance and an accurate correlation be-

tween the parameters and the vertices of the model. The myocardial function parameters

are color-coded and mapped to this model employing the same color look-up table as for

the generation of the bull’s-eye display. In addition, the averaged values for every segment

over time are displayed in a x-y plot (fig. 2, 3, and 4).

3 Results

The LV assessment approach could be successfully tested with all 20 data sets. The ex-
traction of the endocardium requested in 9 cases a manual correction of the automatically
determined threshold value. After the succeeded extraction of the endocardium, the LV

analysis (including the endocardial and epicardial border detection) run autonomously and
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Figure 2: Assessment results for a healthy patient: WM and WT are shown. The values in the
bull’s-eye displays are rather homogeneously distributed. The curves’ extrema coincide and run
quite parallel.

satisfying for all patients.

The analysis results that have been obtained employing the above described approach have

been evaluated by comparing them with the diagnosis information that has been provided

by cardiologists. The diagnosis contained information about the location (segment) of

a cardiac dysfunction and the type of pathology (scar, akinetic/hypokinetic motion etc.).

That comparison showed that regions where our approach detected an abnormal motion

pattern resp. a lowered pumping activity of the heart exactly corresponded to segments

where the cardiologists had diagnosed a pathology (fig. 3, 4). By contrast, for healthy pa-

tients our analysis tool presented a homogeneous motion pattern indicating that the heart’s

activity was normal for these cases (fig. 2).

Besides these tests regarding the accuracy and robustness of our assessment technique

we also measured the time that was necessary for producing the analysis results. Here,

our approach demonstrated its main advantage for a clinical usage: the complete analysis

including the initial endocardial extraction could be done in less than 3 minutes. After
this time, the essential information, that our approach had extracted as automatically as

possible from 200 slices and more and 20 points in time, could be presented in a concise,
convenient, and clinical useful way.

4 Discussion

The improving image quality in MRI comes along with an increasing amount of data

that has to be analyzed. The here presented approach enables the cardiologist to handle

this data mass in an automatic manner by providing a comprehensive analysis of cardiac

MRI data combined with an adequate visualization method for presenting the analysis

results in an AHA [Cer02] conform manner. To the knowledge of the authors there has

no comparably automatic and comprehensive analysis method published yet. Existing
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Figure 3: WT for a patient with akinetic and hypokinetic regions: They can easily be recognized by
their typical coloring (arrows). Following the diagnosis, the regions with abnormal motion patterns
are located in the anterior and anteroseptal segments of the mid-cavity region and the anteroseptal
and inferior segments of the basal region. The curves do not have a common maximum, and they
are not parallel any longer.

approaches are often limited to only some aspects of cardiac analysis or less automated

[Puj04, Cor05, Hol97].

An automated LV assessment method has to be robust and reliable in order to be used in a

clinical environment. The evaluation of data from 20 patients fulfilled that condition. The
motion pattern computed from the cine MRI data for healthy patients had no distinctive

feature, whereas the analysis results for patients with a diagnosed cardiac dysfunction pre-

sented regions with lowered mobility resp. activity of the myocardium. Furthermore, the

analysis of clinical MRI data for infarction patients showed a strong coincidence between

our analysis results and the known location of scar tissue.

The here presented left ventricular assessment approach uses clinical relevant cine MRI

data. Thus, our approach can easily be integrated into the clinical routine, also due to its

high degree of automation and its capability to provide analysis results for pathological

cases, whose segmentation is more difficult than for healthy patients. Being an automated

approach, it reduces the intra-observer and inter-observer variability and provides repro-

ducibles results – representing a prerequisite for a clinical usage. Currently, an extended

clinical evaluation together with our clinical partners is conducted. This evaluation also

aims on the comparison of our approach with a commercial LV assessment tool that is

integrated in the ViewForum software (Philips).
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Figure 4: The assessment results for a patient who suffered an infarction show an accentuated region
of low mobility in the basal inferolateral segment (arrow). Also the corresponding curves have
an abnormal run (arrow) (left). A visualization of the functional parameters (that are mapped to
the endocardial mesh) makes it easy to localize the region of lower mobility (darker region) in 3D
space (right). A visual comparison with a special imaging technique (delayed enhancement imaging
[Jud05]) revealed that this region corresponds to the scar location.

Acknowledgements

We thank the Division of Cardiology, Pneumology and Angiology, Department of Internal

Medicine III, University of Heidelberg for providing us the MRI data sets. This work has

been funded by the Klaus Tschira Stiftung gGmbH, research grant 00.097/2.2005.

References

[Bal99] P. Balzer et al. Regional Assessment of Wall Curvature and Wall Stress in Left Ventricle
With Magnetic Resonance Imaging. Am J Physiol, 277:901–910, 1999.

[Cas03] E. Castillo, MD et al. Regional Myocardial Function: Advances in MR Imaging and
Analysis. Radiographics, (23):127–140, 2003.

[Cer02] M. D. Cerqueira et al. Standardized Myocardial Segmentation and Nomenclature for To-
mographic Imaging of the Heart. Circulation 105:539-542, AHA, Inc., 2002.

[Cor05] C. Corsi et al. Improved Quantification of Left Ventricular Volumes and Mass Based on
Endocardial and Epicardial Surface Detection From Cardiac MR Images Using Level Set
Models. J Cardiovasc Magn Reson, 7(3):595–602, 2005.

[Fra01] A. F. Frangi et al. Three-Dimensional Modeling for Functional Analysis of Cardiac Im-
ages: A Review. IEEE Trans Med Imaging, 20(1):2–25, January 2001.

[Fri05] K. D. Fritscher et al. Automatic Cardiac 4D Segmentation Using Level Sets. In A.F.
Frangi, editor, Proc. of FIMH, volume 3504 of LNCS, pages 113–122. Springer, 2005.

489



[Hol97] E. R. Holman et al. Detection and quantification of dysfunctional myocardium bymagnetic
resonance imaging: A new three-dimensional method for quantitative wall-thickening
analysis. Circulation 95:924–931, AHA, Inc., 1997.

[Jol01] M.-P. Jolly et al. Segmentation of the Left Ventricle in Cardiac MR Images. In 8th Int.
Conf. on Comp. Vision, volume 1 of Proc. of IEEE, pages 501–508, 2001.

[Jud05] R. M. Judd et al. Technology Insight: Assessment of Myocardial Viability by Delayed-
Enhancement Magnetic Resonance Imaging. Nat Clin Pract Cardiovasc Med, 2(3):150–
158, March 2005.

[Mit02] S. C. Mitchell et al. 3-D Active Appearance Models: Segmentation of Cardiac MR and
Ultrasound Images. IEEE Trans Med Imaging, 21(9):1167–1178, September 2002.

[Par03] N. Paragios. A Level Set Approach for Shape-Driven Segmentation and Tracking of the
Left Ventricle. IEEE Trans Med Imaging, 22(6):773–776, June 2003.

[Puj04] S. Pujadas et al. MR Imaging Assessment of Cardiac Function. J Magn Reson Imaging,
19(6):789–799, June 2004.

[Sch04] J. D. Schuijf et al. Quantification of Myocardial Infarct Size and Transmurality by
Contrast-enhanced Magnetic Resonance Imaging in Men. Am J Cardiol, 94(3):284–288,
August 2004.

[Wes04] S. Wesarg et al. AHA conform visualization of conventionally acquired cardiac CT data
using the toolkits itk and vtk. In H.U. Lemke, editor, Computer Assisted Radiology and
Surgery, volume ICS 1268 of Proc. of the 18th CARS 2004, pages 1096–1101. Elsevier,
2004.

[Wes05] S. Wesarg. AHA conform analysis of myocardial function using and extending the toolkits
ITK and VTK. In H.U. Lemke, editor, Computer Assisted Radiology and Surgery, Proc.
of the 19th CARS 2005, pages 44–49. Elsevier, 2005.

490


