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Figure 1. Simulation setup 1, containing a four electrode
catheter, and patchy fibrosis with a VFr of 30%. Indicated
numbers represent dimensions in cm.

r · (�MrVm) = �(Cm
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with the bulg conductivity �M = 0.245 S/m, the trans-
membrane voltage Vm and cell-surface to volume ratio �.

�r · (�er�e) = �Im (2)

Bipolar EGMs Vbip(t) were calculated as the difference of
�e,p(t) and �e,d(t) (the potentials on the proximal and dis-
tal catheter electrode). To describe atrial cellular behavior
the Courtemanche-Ramirez-Nattel model was chosen [7].

2.2. Geometry

Simulations of catheter signals for different fibrosis
geometries (diffuse, patchy) were performed on regular
spaced grid of cubic elements with a spatial resolution
of 50µm. Each setup included a plane sheet of my-
ocardium (length: 1.1 cm, width: 0.65 cm, thickness:
0.25 cm) covered by a passive layer of endothelium and
one of two different catheter geometries. We modeled
the catheter by electrodes as areas of high conductivity
(�el = 700 S/m), separated by electrically isolating ma-
terial (�is = 10�22 S/m). Catheter diameter was 2.3 mm,
which is equivalent to 7 F. Electrode width was 1 mm and
spacing varied between 1-5 mm edge to edge (see figure 1)
.

2.3. Modeling fibrosis

We created diffuse and patchy fibrosis patterns as pre-
sented in [8]. Seed points for fibrotic elements were ran-
domly distributed. For x, y and z coordinates a uniform
distribution was assumed. For diffuse patterns we placed
a fibrotic cube of 2x2x2 voxels at each seed point. In case
of patchy fibrosis disk like elements were positioned. The
size of these disks was described by a fixed width of 2
voxels (x-direction for most cases) and two parameters (y-
and z-length) were described by Poisson distributions with
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Figure 2. Exemplary 2D views on x-y-plane of fibrotic
tissue; VFr 30 %; Right: Patchy fibrosis; Left: Diffuse
fibrosis.

�y = 900µm as suggested in [2], [3]. Related to the re-
duced tissue thickness in z-direction, �z = 300µm was
assumed. Elements were created until the set VFr was
reached (fig. 2). Fibrotic elements were treated as electri-
cally isolating and passive elements. The aim of this study
was to determine the influence of collagenous structures
on conduction velocity (CV) and EGM shape. Therefore
tissue conductivity and sodium handling was not varried as
described in other studies [3].

2.4. Comparison to CFAE database

For comparison to clinical values we extracted several
characteristic signal parameters from a database of 605
CFAE and non-fractionated bipolar signals, with a length
of 5 s each. All signals have been annotated by experienced
electrophysiologists and referred to one of four classes
ranging from CFAE 0 for non fractionated signals to CFAE
3 for continuous activity. Clinical signals are filtered by
a standard clinical bandpass filter (30-250 Hz). For a de-
tailed description of the database, see [5]. We segmented
each signal in active and inactive segments using an adap-
tive thresholding algorithm described in [9]. For each seg-
ment, the peak to peak amplitude (PPA), the number and
temporal distance of zero crossings (NZC, TZC), as well as
the number of positive maxima and their temporal distance
(NM, TM) were extracted. We used the same algorithm to
characterize the simulated EGMs.

3. Results

Patterns of diffuse and patchy fibrosis could be created
using random distributions. For each type of fibrosis global
CV was extracted and the corresponding bipolar EGM
were simulated. EGM were then analyzed for character-
istic features and compared to a clinical CFAE database.

3.1. Conduction velocity

We calculated global CV for each simulation. The re-
sults for both types of fibrosis over fibrotic VFr are shown
in figure 3. A nearly linear relationship for CV indepen-
dent of the type of fibrosis can be seen.
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