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Abstract. Atrial fibrillation (AF), the most common arrhythmia, has been identified as a ma-
jor cause of stroke. The current standard in interventional treatment of AF is the pulmonary
vein isolation (PVI). PVI is guided by fluoroscopy or non-fluoroscopic electro-anatomic map-
ping systems (EAMS). Either classic point-to-point radio-frequency (RF) catheter ablation or
so-called single-shot-devices like cryo-balloons are used to achieve electrical isolation of the
pulmonary veins and the left atrium (LA). Fluoroscopy-based systems render overlay images
from pre-operative 3-D data sets which are then merged with fluoroscopic imaging, thereby
adding detailed 3-D information to conventional fluoroscopy. EAMS provide tracking and
visualization of RF catheters by means of electro-magnetic tracking. Unfortunately, current
navigation systems, fluoroscopy-based or EAMS, do not provide tools to localize and visu-
alize single-shot-devices like cryo-balloon catheters in 3-D. We present a prototype software
for fluoroscopy-guided ablation procedures that is capable of superimposing 3-D datasets as
well as reconstructing cyro-balloon catheters in 3-D. The 3-D cyro-balloon reconstruction was
evaluated on 9 clinical data sets, yielding a reprojected 2-D error of 1.72 mm + 1.02 mm
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1 INTRODUCTION

Atrial Fibrillation (AF), affecting approximately 2 % of the population, is the most common
arrhythmia and a leading cause of stroke [1,2]. The current standard in interventional treatment
of AF is the Isolation of the Pulmonary Veins (PVI) [3]. By use of radiofrequency (RF) or cryo
catheters, arrhythmogenic substrate located in the pulmonary veins (PVs) is electrically isolated
from the left atrium (LA) [4]. PVIis performed under monoplane or biplane fluoroscopic guid-
ance, additionally assisted by non-fluoroscopic electroanatomic mapping systems (EAMS) [5].
EAMS provide visualization and tracking of standard RF catheters, whereas cryo-balloon abla-
tion catheters are not supported. Preprocedural cross-sectional imaging (MRI, CT) or rotational
angiography is performed to evaluate LA and PV anatomy.



Augmented fluoroscopy, using a perspectively forward projected overlay representation of
3-D objects onto live fluoroscopic images, has become a useful tool for navigation when per-
forming ablation procedures [4-9]. A new software (Siemens AG, Forchheim, Germany) fa-
cilitates the superimposition of MRI, CT and C-arm CT data sets onto biplane fluoroscopy.
Catheters, visualized in fluoroscopy, are captured by the software, reconstructed and integrated
into the preprocedurally acquired 3D-dataset. Thereby the software provides guidance not only
for RF but also for cryo-ballon catheter ablation. In our approach, the cryo-balloon catheter is
modeled as a sphere in 3-D. Methods to reconstruct ellipsoids either require three views [10]
or additional 3-D information [11]. A method for sphere reconstruction has already been pro-
posed in [12], but it turns out to be rather sensitive to noise [13]. The method presented by
Kleinoeder et al. [13] to reconstruct a cryo-balloon catheter from two views was proven to be
more robust. It is well suited to compute a 3-D model even in the presence of noise. Used as
part of a fluoroscopic overlay image for augmented fluoroscopy applications, the reprojection
of a reconstructed cyro-balloon was evaluated on 9 data sets.

2 SPHERE RECONSTRUCTION

The reconstruction process consists of two steps [12]. In the first step, the 2-D input data is pro-
cessed and in the second step, the 3-D catheter model is generated. As input, manually selected
2-D points on the boundary of the balloon-catheter in both views are needed, see Figure 1 for an
example of a single view. These points are denoted as p4 ;, pp,; € R? with i, € N for imag-
ing plane A and imaging plane B. The points hold image coordinates of plane Ap; = (u,v)?
and plane B pp j = (u,v)” with u,v, € R. Two-dimensional ellipses are fitted to these points
according to [14]. The ellipse parameters are given in matrix notation as C 4, Cp € R3*3, The
2-D points have to fulfill the following equations

pLCaba; = 0 (1)
p5,Cebs; = 0 )

with p4; = (pas,1)T and Pr,; = (PB,js 1)T'. Using these implicit ellipse parameters, 3-D
cones Q 4, Qp € R**4 can be calculated by incorporating the projection matrices P 4, Pp €
R3*4 [15-18]
Qa = PLC,.P, 3)
Qs = PLCpPs. 4

For simplicity, we restrict ourselves to the calculation for plane A only. The calculation for
plane B is analogous. The 3-D cones mentioned above have the following structure

_( Qs aa
QA - ( a£ LA ) (5)

with the left upper diagonal sub-matrix Q 4 € R3%3 the vector a4y € R? and the scalar value
4 € R[12]. To align an arbitrary cone with the coordinate system, we have to find a transfor-

mation
([ Ra ta

with the rotation R4 € R3*3 and the translation t 4 € R3. The transformed cone Q 4 € R4
is then given by [12] A
Qa4 =ThHQaT4. @)

Considering the left upper 3 x 3 sub-matrix of Q A

RYQ4RA
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Figure 1: (a) The original fluoroscopic image during a regular atrial fibrillation procedure using a cryo-
balloon catheter. (b) The manually selected points of the balloon-catheter are superimposed onto the live
fluoroscopic image (orange).

the rotation matrix R 4 is given by the matrix of eigenvectors of Q.. The translation can then
be computed by

ta=-Q,'aa. (8)

Given the rotation and translation, the central rays r 4, r g € R3 for both cones can be calculated
and intersected by the method presented in [15] to find the center of the reconstructed sphere
w,. € R3. To calculate the radius of the reconstructed sphere, each cone is intersected with a
3-D plane parallel to the imaging plane at the position of the calculated center w,.. This method
is part of the 3-D ellipse reconstruction method presented in [17, 18]. The intersection of a 3-D
cone with a 3-D plane yields an ellipse in 3-D, especially in our case. The 3-D points of the
ellipse lie on the sphere. Each point is now used to calculate the radius as described in [12].
The mean of all calculated radii yields the spheres’ radius resulting from one cone. Averaging
the radius results for both cones results the spheres’ final radius.

3 EVALUATION AND RESULTS

For evaluation of our method, 9 clinical biplane sequences from 3 different patients were avail-
able. Our data was acquired on an Artis zee biplane C-arm X-ray system (Siemens AG, Health-
care Sector, Forchheim, Germany). The study was approved by the institutional Ethics Commit-
tee and the Bavarian State Board of physicians. Patients gave informed consent to the procedure
and analysis of clinical data. The cryo-balloon catheters were manually outlined in the 2-D im-
ages. We posed no restriction upon the user, i.e., the cyro-balloons were selected as they were
visible. Even though our reconstruction method assumes a circle in 2-D, the 2-D input was not
restricted to be circular shaped. In most cases, the cryo-balloon is visible as an elliptical shaped
structure. To calculate the error of our reconstruction method, we computed the 2-D distance
between the manually selected points and the forward projected 3-D sphere into the imaging
planes. Our method yielded a 2-D error of 1.72 mm + 1.02 mm. The results are shown in
Figure 2.

4 DISCUSSION AND CONCLUSIONS

During the course of this work, we found our sphere reconstruction method from two views
robust and easy to use. The 2-D errors are, at least to a certain amount, due to the fact, that
the cyro-balloon is not a perfect sphere. Our reconstruction method is designed to reconstruct a
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Figure 2: Projection of the reconstructed sphere yielded an average 2-D reconstruction error of
1.72 mm £ 1.02 mm.
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Figure 3: Upper left and right section: —30°/60° biplane fluoroscopic views, superimposed MRI derived
LA-model, reconstructed 28 mm Cryo Balloon at right superior PV and reconstructed circular mapping
catheter at left superior PV. Lower left section: Transversal MRI sectional view with visualized Balloon.
Lower right section: Anterior view on LA-model including reconstructed catheters.

sphere, whereas in some cases, an ellipsoid in 3-D would be better. Unfortunately, an ellipsoid
reconstruction from two views is ambiguous. Nevertheless, the proposed method is likely to be
helpful during cryo-balloon catheter ablation procedures as it provides visual feedback to the
physician, see Fig. 4 for an example. The overlay together with a segmented left atrium is shown
in Fig. 3. In addition to that, previous balloon positions could be stored, in particular when
multiple freezing treatments are applied to the same pulmonary vein, to improve the guidance
and efficiency of the procedure. Using the 3-D visualization of our method, the physician could
visually assess the fit of the cryo-balloon to the pulmonary vein, see Fig. 5. We expect that the
use of our approach will further improve the safety and efficacy of this treatment option.
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Figure 4: (a) Biplane fluoroscopic sequence. (b) The same sequence with 2-D input points. (c) Recon-
structed 3-D cyro-balloon overlayed onto fluoroscopic images.



Figure 5: 3-D visualization of a reconstructed cryo-balloon.

Superimposition of MRI-datasets on biplane fluoroscopic imaging and sphere reconstruc-
tion is helpful to guide cryo PVL. In contrast to EAMS, the developed software supports navi-
gation and documentation of cryo-balloon ablation procedures. Compared to conventional flu-
oroscopy, augmented fluoroscopy can improve orientation and catheter navigation in cryo PVI
procedures. This novel imaging technology offers the capability to reduce fluoroscopy time, as
reported by studies using monoplane CT-derived fluoroscopy overlay techniques [6]. Whereas
current commercially available 3-D overlay systems may only process CT datasets, this new
software features the handling of MRI datasets, too. The possibility of using MRI instead of
CT for LA visualization additionally decreases radiation exposure for the patient.
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