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Abstract

Cardiac Resynchronization Therapy is a treatment for
bi-ventricular asynchronism. It can be optimized by the
identification of the most effective pacing sites. The aim of
this study is to provide a helpful tool to perform this identi-
fication by the fusion of electrical and anatomical informa-
tion resulting from Electro-Anatomic Mapping (EAM) data
and Multislice Computerized Tomography (MSCT) imag-
ing. EAM data provide an approximation of the left ventri-
cle (LV) 3D-surface (Sgan). Left cardiac chambers are
segmented from MSCT imaging and surfaces are recon-
structed (Scr). In order to represent this information in a
unified framework, a three steps method is proposed: (1)
the LV is separated from the left auricle on Scr provid-
ing Sty (2) a semi-automatic rigid registration method
is applied to Sgan and Sip; (3) activation time delays
are estimated on S¢.p from the EAM data. This method re-
sults in a graphical interface offering to clinicians means
to identify abnormal electrical activity sites.

1. Introduction

Nowadays, Cardiac Resynchronization Therapy (CRT)
is accepted as a therapeutic option in heart failure patients
who remain highly symptomatic despite optimized medi-
cal treatment [1]. However, one third of the patients do
not respond to the therapy. The IMOP project (IMaging
for Optimisation of biventricular Pacing) aims for CRT
optimization using anatomical, mechanical and electrical
data which are acquired in pre, per and post-intervention.
Two complementary ways lead to the CRT biventricular
optimization: the identification of the most effective pac-
ing sites and the search for a transvenous path to access
the pacing sites. The pacing sites are myocardium regions
with abnormal mechanical or electrical activity. Clinicians
therefore need a representation of the myocardium com-

bining electrical and anatomical informations. Our goal
is to achieve it by combining Electro-Anatomic Mapping
data and Multislice Computerized Tomography imaging.

The fusion of informations is one of the most challeng-
ing task in cardiac imaging to improve diagnosis and ther-
apy. Indeed, informations provided by cardiac modalities
are very different in terms of resolution (spatial and tem-
poral) or nature (anatomical, mechanical or electrical). On
one hand, the data obtained by EAM include: (i) a 3D
surface reconstruction from points located inside the LV
chamber, (ii) anatomical landmarks and (iii) points where
the electrical activity has been measured. On the other
hand, MSCT gives the opportunity to precisely represent
the Left Ventricle (LV), the myocardium and also the coro-
nary venous network (which is significant in the search of
the transvenous path).

The proposed method for the fusion of EAM and MSCT
data relies on three steps: (1) from MSCT data: cardiac left
chambers segmentation and left ventricle separation from
other geometrical structures; (2) spatial 3D surface regis-
tration in order to get the two modalities in the same spa-
tial referential; (3) combined electrical and anatomical data
representation to give an adapted tool to clinical routine.

3D-registration methods can be divided into two groups:
methods based on geometric image features and methods
based on voxel similarity measures [2]. EAM provides
sparse data, therefore the first set of methods will be con-
sidered. The Iterative Closest Point (ICP) [3] is the most
popular algorithm for a rigid matching of two 3D surfaces.
The ICP algorithm inspired other methods for rigid [4] or
non-rigid [5] 3D surfaces registration. In this work a rigid
registration method is developed.

Several works have been proposed for the multimodal
fusion of cardiac data including EAM [6-8]. They all
first apply a rigid Landmark Registration considering ei-
ther external landmarks (fixed during the clinical routine)
or landmarks manually fixed during data processing. The



considered EAM data included geometrical specificities
(anatomical structures or external landmarks). Therefore
taking into account these informations would assure the
registration accuracy. However routine EAM does not nec-
essarily provide these structures thus the proposed semi-
automatic registration method does not rely on landmarks
of any kind.

We present in this paper a detailed description of the
data (EAM and MSCT), the registration and fusion meth-
ods before results and discussion.

2. Data acquisition and proposed method
2.1. Data acquisition

2.1.1. Multislice Computerized Tomography
data

The MSCT database was acquired with a Multi-Slice
Computerized Tomography scanner (General Electric
Healthcare LightSpeed VCT 64-slice Scanner) providing
reconstructed volumes by ECG post-synchronization. The
segmentation of the left endocardium is realized using a
fuzzy connectedness algorithm [9, 10]. Using marching
cubes [11], a 3D surface (refered as Sc) containing the
LV, but also the left auricle (LA) and the beginning of the
aorta is reconstructed.

2.1.2. Electro-anatomic mapping

EAM is used by clinicians for measuring electrical ac-
tivities in real time in the cardiac chamber. In this study,
the EnSite System (Endocardial Solutions, St. Jude Medi-
cal, Inc.) is used. The data acquisition is divided into three
stages:

Anatomical landmarks. Anatomical landmarks like the
apex and the aorta are spoted. These landmarks provide
some spatial reference points which help clinicians but are
not reliable for exact positions.

3D Model. The probe runs through the LV and from its
position (localized by three steady magnetic fields), a 3D
surface of the chamber (3D Model) is reconstructed. We
will refer to this surface as Sgaps.

Activation time delays mapping. A probe is placed in
the LV, localized using the 3D Model. For every measure-
ment point, the probe records the electrical activity. A peak
on the signal denotes the beginning of the electrical acti-
vation. The activation time delays are then defined by the
difference between the instants of the peaks detected on the
measurement and on a reference signal (e.g. ECG or local
electrical activity in the auricle). Let Prajs be the set of
the n measurement points of the EAM, §; the delay value
of p; € Ppay with ¢ = 1,...,n. The representation in
3D space of measured times provides the activation time

delays mapping (figure 1). Several maps are available, de-
pending on the stimulation applied to the myocardium (LV,
Right Ventricle, biventricular stimulation or none) during
the acquisition process.

2.2. Method

In this paragraph the method used for the EAM data and
Scr surface fusion is detailed. The first step is the auto-
matic research of the long axis and the apex on both sur-
faces and the cut off of the LV from undesired geometric
structures on Scp providing S, Then, S;; and Sganm
surfaces are registered. Finally, S¢., is used to map the
activation time delays from the EAM.

2.2.1. Apex, long axis definition and LV ex-
traction from S 7

In order to register both surfaces, the apex and the long
axis are searched for on both surfaces.

Automatic selection of the apex. For each surface Sx
(where X is either C'T" or EAM), an algorithm returns
the couple of points (M, M') separated by the largest Eu-
clidean distance. One of those points is supposed to be
the apex. On the EAM, one of the anatomic landmarks
given by the clinician localize the apical region. There-
fore, on Sg Ay the point M or M’ which is the nearest to
this landmark is considered as the apex. During the MSCT
acquisition process, the Z-axis is oriented from the head of
the patient to his feet, thus for Sc we consider as the apex
the point of (M, M") with the greatest Z value.

Figure 1. EAM surface and EAM measurement points
representation. Activation time delays in ms.

Automatic estimation of the long axis. Once the apex is
determined for Sx, we choose the centroid of Sy as the
second point defining and orienting the long axis.

Left ventricle extraction. The input mesh Sc is the re-
sult of the segmentation and surface reconstruction applied
to the MSCT images. However the segmentation method
extracts not only the LV but also the left auricle and the
beginning of the aorta. Since EAM data represent only the
LV, the extraction of the LV from Sc is necessary. It is
based on the search of the mitral plane and its use to cut the
input mesh. A plane, normal to the long axis and at a dis-
tance h from the apex is used to slice the mesh, providing
a closed 2D-contour which area is computed (A(h)). The



mitral valve narrowing is resulting in a distinct local min-
imum of A(h) (around 52% of maximum height on figure
2). After smoothing this function (mean value on a moving
window), the local minimum following the first maximum,
starting from the apex is taken as the value of h defining
the mitral plane. Figure 2 illustrates the LV extraction pro-
cess. As the LV is extracted (giving S¢,), the long axis is
refined by the apex and the centroid of S¢...

3 40 S0 60 70 680 %0
wmum height (0 = Apex, 100 = Maimum hsight)

(a) (b)

Figure 2. LV extraction by calculating A(h) and defining
the mitral plane. (a) A(h) starting from the apex (b = 0)
to maximum height (h = 100). (b) Definition of the mitral
plane.

2.2.2. Surface registration

The proposed method described here considers a priori
knowledge on the heart geometry. First Spaps is regis-
tered on S, using the location of the apex and the LV
long axis, giving S%4,,- Then we apply a rotation to
S’ 4 around the long axis.

In order to evaluate the rotation value 6 (see figure
3) an interface allowing the user to choose 0 by a 3D-
visualization of the registration process was developed
(figure 4 (a) and (b)). Clinicians are able to visually local-
ize the aorta on S 4ns. Hence 0 can be selected manually
according to this interface.

2.2.3. Projection of electrical data

The purpose of the fusion step is to represent the acti-
vation time delays on S¢... For each point of S¢.,, the
activation time delay has to be estimated. As represented
on figure 1, activation time delays maps are not continu-
ous. Thus the following process is chosen to project the
activation time delays on S¢..

For Mcr € Sgop, let us:
1. Centre an open ball B of radius r given by the needed
precision:

NeB<& ||MCT7V|| <r
2. Determine the measurement points of the EAM con-
tained in the open ball: ¥ = Pg A N B.

For N; € E, let §; be its activation time delay and let
1

a; = .
" IMcrd;)|

3. Calculate A (M¢r) the estimated value of the activa-

tion time delay:

2 ) a; 6;
A(Mcr) = % ()]
NieE %

Figure 3. Rotation of S%; 4, around the long axis by an
angle 6.

3. Results and discussion

We applied these registration and fusion methods to
databases provided by the IMOP project. Indeed, several
patients have been selected in this clinical protocole on
whom EAM and MSCT acquisitions have been realized.
The different steps of the proposed method are illustrated
on figure 4.

We opt for representing the activation time delays map
on the MSCT-surface. Our Graphical User Interface (GUI)
shows the two surfaces after the registration of apex and
long axis. The final step of the registration process is real-
ized by using a value slider to choose the rotation angle to
apply to Sy 45, and visualize the result of the transforma-
tion.

The GUI allows the user to interact with the surfaces in
3D, choose between the different stimulation types (LV,
biventricular, sinusal...) and display the corresponding
map. Figures 4 (c), (d), (e) and (f) show the resulting
3D maps for two different stimulations (LV and sinusal)
and for two patients. The color map goes from red for
smallest values of delay, to blue for greatest values. Con-
sequently, the regions that have early electrical activity are
red-colored. For instance, considering LV stimulation (fig-
ures 4 (c) and (e)), we have a red (early activation) region
on the antero-septal wall and considering the opposite wall
(lateral wall), the color turns blue (late activation).

4. Conclusion

A registration method and 3D anatomical and electrical
maps have been introduced and applied to the left ventri-
cle in EAM and MSCT imaging. A semi-automatic reg-
istration method for two reconstructed 3D surfaces from
EAM and MSCT imaging as well as an automatic method
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Figure 4. Results of the fusion of activation time delays
on the CT-surface for two different patients. First patient:
(a) Initial position before rotation. (b) S 4,, and S¢ af-
ter interactively choosing 6. EAM activation time delays
mapped on S, after LV extraction: (c) for LV stimula-
tion, (d) for sinusal stimulation. (e) and (f) same as (c) and
(d) for the second patient. Activation time delays in color
(ms).

to extract the LV from the MSCT reconstructed surface
were developed. It provides the clinician with 3D anatom-
ical and electrical maps with the anatomical precision of
MSCT imaging. For CRT optimization, the localization
of the most delayed sites is possible, providing power-
full means for a better detection and localization of pacing
sites.

Further works will aim to apply automatic registration
method to other EAM data, to combine other modalities
from the same patients (MRI for instance), to take into ac-
count mechanical considerations, and also to incorporate
the venous coronary network.
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