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The study of scroll wave dynamics in personalized models
of the left ventricle of the human heart

K. S. Ushenin∗†‡, S. F. Pravdin ∗‡, Yu. S. Alueva§, T. V. Chumarnaya ∗†,
and O. E. Solovyova ∗†‡

Abstract — This paper presents first results on the dynamics of filaments of scroll waves of myocar-
dium excitation obtained for personalized models of the left ventricle of the human heart. The paper
describes a mathematical model of the left ventricle of the human heart and its electrical activity, nu-
merical methods for the model calculation within the framework of computer implementation, and
also the method of personalization of the model according to data of ultrasound examination. We
found that regardless of the starting point of wave the filaments of wave drift along a spiral to the
attractor located near the apex of the ventricle. The attractor position was essentially different in mod-
els constructed from the data of patients without identified pathology and those for patients with an
increased left ventricular cavity.

Keywords: Spiral waves, drift of spiral waves, cardiac simulation, myocardium, personalized model-
ling.
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Computer medicine is becoming now an integral part of modern medicine. The de-
velopment of patient-oriented integrative mathematical and computational models
of physiological systems for diagnostics, analysis of disease development scenarios,
and choice of methods of their treatment is an independent, important, and urgent
problem of personalized medicine.

It is known that cardio-vascular diseases are most common among socially sig-
nificant diseases. Those are especially life-threatening and expensive to treat. Mod-
ern methods of diagnosis and visualization of the state of the cardiovascular system
allow us to obtain data related to structural changes in the heart and vessels of pa-
tients with arrhythmias and heart failure, valvular and vascular diseases. These data
can be used as input parameters for construction of personalized morphofunctional
models of the heart used to detect possible violations of electrical and mechanical
functions of the heart, prognosis of disease development and testing the methods of
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its treatment. In future, such model could be a powerful tool for making informed
decisions by a doctor in the treatment of a particular patient taking into account
factors usually ignored in traditional medical examinations where the individual
characteristics of the patient are neutralized by statistical data processing.

In this paper we demonstrate the approach to construction of personalized mod-
els of the left ventricle (LV) of the human heart on the basis of individual images of
the heart obtained in the clinic by echocardiography methods (ultrasound), magnetic
resonance imaging (MRI), or computed tomography (CT). The specific feature of
our method is the use of an analytical description of LV geometry and architecture
of its myocardial fibres within the thickness of the wall developed by the authors
in the previous work [10]. The use of analytical models of LV geometry allows us
to construct personalized models even on the base of ultrasound data, which, on
the one hand, are obtained by the most routine non-invasive and widely available
method, and, on the other hand, are most noisy and insufficiently detailed.

The pilot results of functional modelling the activity of LV within the frame-
work of personalized models are demonstrated on the example of the study of scroll
wave dynamics imitating abnormal excitation of the left ventricle accompanied by
a significant increase in the heartbeat frequency, i.e., ventricular tachycardia, due to
a spontaneous periodic activation of LV.

In our previous papers we studied the drift of scroll waves in an idealized
axisymmetric model of the left ventricle [12]. One of characteristics of a scroll wave
is a filament, i.e., the curve around which the scroll wave spins. It was found that the
scroll wave filament, as a rule, is slowly drifting in the thickness of LV wall up to
reaching the attractor which is a three-dimensional ring parallel to the plane of the
ventricle base. The filament is slowly moving in the side direction. It is known that
the geometry and anisotropy of the medium can provide some impact on the drift of
the scroll wave [2, 4].

Based on experience from the previous studies, we assumed that the drift of the
filament in a non-axisymmetric personalized model of LV anatomy may occur in a
more complex manner than in idealized symmetric models. In this paper we describe
the approach applied to modelling LV electrophysiology within the framework of
personalized anatomical models and pilot results on the dynamics of filaments of
scroll waves.

1. Methods

In order to construct a personalized model of LV electrophysiology, we need an
anatomical model describing the geometry of LV and architecture of myocardium
fibres, a system of equations describing the propagation of the action potential (AP)
in the myocardium, a computational method for its implementation, and an approach
to personalization of the model according to data of medical diagnostics. In order
to carry out effective computational experiments with the model, the used methods
have to be implemented in a high-performance software.
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Figure 1. Meridional section of LV model [8].

1.1. Anatomical model

The model of LV architecture was developed in our group previously [8, 10]. It
allows us to approximate the real shape of LV, specify the direction of fibres at each
point of the geometric body, and use the model coordinate system for construction
of a structured grid. The verification of the model was carried out on modern data
of diffusion-tensor magnetic resonance imaging (DT-MRI) in [8].

The shape of LV is given by a mapping of special coordinates of the calcula-
tion domain (γ,ψ,ϕ) to the cylindrical coordinates (ρ,ϕ,z) of the physical space
(Fig. 1). The coordinate γ ∈ [γ0,γ1] specifies the position of a point in the thickness
of the wall, i.e., γ = γ0 on the subepicardial surface, γ = γ1 on the subendocardial
surface. The coordinate ψ ∈ [0,π/2] specifies the position of a point relative to the
apex and base (analogue of latitude), i.e., ψ = 0 for the base, ψ = π/2 for the apex.
The coordinate ϕ ∈ [0,2π] is an analogue of longitude.

In some meridional sections that can be constructed on the base of clinical data
the form of LV wall is determined by the following parameters: r0,e(ϕ) is the radius
of LV on the epicardium base or equator; l0,1(ϕ) is the latitude of ψ on the equator of
the epicardium or endocardium; p(ϕ)> 1 is the parameter specifying the curvature
of the wall. The following parameters do not depend on the coordinate ϕ: the height
Z of LV, the wall thickness h of LV on the apex.

The model of architecture of the myocardium used in the study is based on the
ideas of Torrent–Guasp [18] and Streeter [15] about the patterns of fibre directions
in the ventricular myocardium. Fibres lie on spiral surfaces nested one within the
other and forming the thickness of the LV wall (Fig. 2). In special coordinates the
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(a) (b) (c) (d) (e)

Figure 2. The model of LV constructed on the basis of heart ultrasound (see Fig. 4 below,
model No. 5, the parameters γ0 = 0.1, γ1 = 0.85). Panels (a) and (b) show a certain spiral surface
in the thickness of LV and the pattern of fibres in it. Panel (c) shows several fibres passing through
a segment of transmural crossing of the wall in the middle part of the ventricle. The panels (d) and
(e) visualize the transmural rotation of fibres in the LV wall. A ‘Japanese fan’ of fibre directions is
shown (d) in the basal part of LV at the latitude level ψ = π/8 with the transmural angle ∆α1 ≈ 135◦
of rotation of fibres. Near the apex the fibres are placed mainly circularly (e), spin around the axis
and pass through the wall with a lesser angle of transmural rotation (∆α1 ≈ 80◦ on the latitude level
ψ = (7π/16)). At the center of the apex the fibres are directed practically vertically.

spiral surface equation has the form

ϕ(γ,ϕmin,ϕmax) = ϕmin + γϕmax

where ϕmax is the rotation angle of the spiral surface (it is the same for all spiral
surfaces). Different spiral surfaces forming the thickness of LV walls are specified
by variation of the angle ϕmin ∈ [0,2π).

In this model the myocardium of LV consists of fibres lying on spiral surfaces
forming the thickness of the wall.

Introduce notations for the polar system of coordinates (P;Φ), where P and Φ

are the radial and angular coordinates, respectively. Myocardium fibres are con-
structed in the model as images of chords Y = const; Y ∈ [0,1) of the semicircle
P = 1, Φ ∈ [0,π] parallel to its diameter on a fixed spiral surface. Each particular
chord is parameterized by the polar angle Φ ∈ [Φ0,Φ1], where Φ = arcsinY, Φ1 =
π−arcsinY . The mapping of a point (P;Φ) on a chord to a point on a spiral surface
is given by the formulas

γ(Φ) =
Φ

π
, ψ(P) = (1−P)

π

2
.

For example, the image of the diameter of the semicircle is the fibre beginning on
the subepicardium, descending to the zone of the apex (ψ = π/2), and then rising
up again to the base and ending on the endocardium. Images of shorter chords are
closer to the base of LV and have lesser length. An example of an LV model with
several fibres is presented in Fig. 2.

Fibres in the model begin at the subendocardium layer of the wall, go through
the thickness of wall in the direction from the base to the apex, and end on the
subepicardial layer. Drawing the transmural line connecting the endocardium and
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the epicardium in an arbitrary region of the LV wall, the tangents to fibres are rotated
relative to this line by some angle forming, as was noted by D. Streeter, some kind
of a ‘Japanese fan’ [15] (Fig. 2d). This angle is called the rotation angle of fibres
and is an important characteristic of the ventricle model (following [11], we denote
it by ∆α1). In was shown is several papers that the rotation angle of fibres in the
wall of human LV is approximately equal to 135◦ [5, 15]. According to modern
experimental data, the rotation angle of fibres is a variable value highly dependent on
the type of animal, for example, for the dog it equals 145◦, for the pig it approaches
180◦ [13]. Data for human LV were presented in [17], which gives the mean of
196.2◦ and the standard deviation of 73.2◦.

Within the framework of our anatomical model, the rotation angle of fibres ∆α1
is determined by the parameters γ0 ∈ [0,1], γ1 ∈ [0,1], γ0 < γ1 (see [8, 10]). The
reduction of γ1 − γ0 causes a decrease in ∆α1. The maximal value of γ1 − γ0 =
1−0 = 1 corresponds to the model with the largest rotation angle of fibres equal to
180◦. The construction of an asymmetric LV model of the human heart on the basis
of DT-MRI data [8] showed that the best approximation of direction of fibres in the
thickness of the wall is attained for the values of parameters γ0 = 0.05, γ1 = 0.98.
These values were used to construct personalized LV models. In this case the range
of values of the rotation angle of fibres ∆α1 in the basal region of LV is from 162◦
to 167◦ for different models (see Table 1), which falls within the range of observed
values from [17]. In addition, we have taken such values of the model parameters
γ0 = 0.1, γ1 = 0.85 when the rotation angle of fibres ∆α1 in our personalized models
was close to 135◦ [15]. The calculations were done for models with both sets of
parameters γ0, γ1, and the results were qualitatively similar (see Section 3 below).

Using several meridional sections of the models constructed on these formulas,
we have to reconstruct the three-dimensional LV geometry. It can be done by inter-
polation of each of the seven model parameters (d0,de,r0,re, l0, l1, p) between the
sections using periodic cubic splines with respect to the coordinate ϕ . A personal-
ized model of LV geometry can be constructed on the base of 4 and more meridional
sections. In this paper we used 4 sections of LV obtained according to the data of
echocardiographic examination (ultrasound) of the heart.

The main advantage of our approach to modelling the architecture of LV is the
possibility of continuous variation of parameters and specification of the direction
of fibres based on geometrical characteristics of LV and two variable parameters
γ0,γ1.

1.2. Electrophysiological model

In order to calculate the electrical activity of LV, in this paper we used the following
mono-domain description of the three-dimensional myocardial tissue on the base of
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phenomenological model of the myocardium of Aliev–Panfilov [1]:

u̇ =−ku(u−a)(u−1)−uv+∇ · (D∇u)
v̇ = η(u)(8u− v)

η(u) =

{
0.1, u < a
1, u > a

where variable u describes the variation of the membrane potential in the myocar-
dium and variable v is a dimensionless characteristic of conductivity of the cell
membrane for transmembrane ion currents.

The simulation of the anisotropy of the myocardial medium relative to the be-
haviour of the electric signal uses a uni-axial diffusion tensor D with the ratio of 9
to 1 for diffusion coefficients along and across the fibres of the myocardium. Due
to this fact, the speed of excitation wave propagation in the myocardial tissue is 3
times greater along the fibres than across, which corresponds to experimental data.
The values of the model parameters k = 8, a = 0.03 were fixed for all experiments
described below.

The boundary condition of the electrodiffusion problem is that the electric cur-
rent through the boundary of the calculation domain equals zero. The initial condi-
tions providing the appearance of a scroll wave of excitation in the myocardium are
described below in Section 1.5.

1.3. Numerical method

The problem of electrodiffusion is calculated with the use of the finite difference
method (FDM) applied to the grid model of LV constructed in special coordinates
(γ,ψ,ϕ). The size of the grid is determined for each anatomical model separately
and is transformed to physical coordinates by the mapping described in Subsec-
tion 1.1. Some nodes of the uniform grid are excluded because this grid is rather
nonuniform in the physical space. The difference scheme for calculation of the
reaction-diffusion equation with the use of Euler’s method for ODE and also the
methodology of construction and sparsening the grid were described in more detail
in [9, 11].

The model of Aliev–Panfilov uses a dimensionless time variable, in this paper
the unit of model time is taken equal to 36 ms. In this case the duration of the action
potential (AP) generated by one cell in the model is equal to 290 ms, which is in
accordance with the normal duration of AP in cells of human ventricle. The solution
of the problem was performed with the time step dt = 0.00166 of model time and
with a spatial step not exceeding 1 mm in the physical space.

1.4. Implementation of the model

The calculation software was implemented in C language (C99) with the use of
OpenMP technology and Intel Composer 2015. The Python language was used for
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the processing of results of numerical simulation. The ParaView package and the
matplotlib module of Python were used for data visualization. The technical imple-
mentation of the project is described in more detail in [14].

1.5. Protocol of computational experiments

The initiation of the excitation scroll wave was done by specification of two adjacent
domains of LV with different values of the membrane potential and conductivity,
i.e., the domain of initial excitation with values of membrane potential exceeding
the threshold level of initiation of AP (u = 1, v = 0) and the domain with the initial
block of conduction, i.e., with a low conductivity of the medium (u = 0, v = k).
Other domains of LV have initial conditions providing a normal conduction of the
excitation (u = 0, v = 0). The domains of initialization of the wave were placed
longitudinally from the base of LV to a given height in the direction to the apex,
which determines the initial zone of scroll wave filament formation either in the
middle part of the LV wall (latitude ψ = 0.2π), or closer to the apex (ψ = 0.4π).
In this case the zones of initial activation were placed at one of six different meridi-
ans positioned at the angular distance π/3 from each other. The calculations were
performed for not less than 20 seconds relative to units of model time.

2. Personalization of the model on the basis of clinical data

An important characteristic of the LV anatomy model is the number of its degrees
of freedom in the case of LV approximation. Our model can be constructed on the
basis of several meridional sections where the following parameters are specified:

• the radius r0 from the axis to the epicardium and the LV wall thickness d0 on
the base;

• the radius re from the axis to the epicardium and the LV wall thickness de on
the equator;

• the latitude ψ of the equator on the epicardium l0 and endocardium l1;

• the parameter p characterizing the curvature of the contour of LV.

The common parameters for all sections are the height Z of the longitudinal axis
and the width h of the LV apex. In each cross-section of the model, the outer LV
contour is associated with the three parameters (r0, re, l0), the three parameters (d0,
de, l1) are associated with the inner contour. The curvature parameter p relates to
both contours of LV. For example, the model constructed on the basis of ultrasound
data from 4 cross-sections has 30 degrees of freedom for description of LV geometry
and the additional variability related to the position of the apex in the plane of LV
base.

Anonymized clinical data for construction of personalized models of human car-
diac left ventricle were provided by the Sverdlovsk regional clinical hospital No. 1,
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(a) (b)

(c) (d)

Figure 3. Echocardiographic image of the heart in the two-chamber and four-chamber positions with
the superimposed pattern of the LV contour (a, c) and the three-dimensional anatomy model (b, d).

Ekaterinburg. The clinical data included the diagnosis of patients and the data of
their echocardiographic examinations carried out on the unit of Phillips IE33 ultra-
sound system.

In order to construct personalized anatomical models of LV, we used echocar-
diographic images of LV in the end-diastole in the standard two- and four-chamber
apical heart projections (Fig. 3). The construction of models was carried out by an
expert specialist with the use of our software. The procedure of image processing
consisted in overlaying a cross-section pattern of the anatomical model with the
echocardiographic image on the screen of computer monitor and selection of the
above model coefficients to achieve the best visual approximation of the epicardial
and endocardial contours of the cross-section of LV model to the original projection
image of LV. The procedure for selection of coefficients was repeated for each of the
two halves of the LV image relative to a given axis for two ultrasound positions of
the heart (Fig. 3). After processing LV cross-sections, the parameters Z and h of the
model were averaged over all measured sections. This procedure took from 3 to 7
minutes for each ultrasound position of LV. Further, the software automatically ap-
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plied the interpolation by cubic splines on the angle ϕ for each model parameter to
obtain a three-dimensional body and calculated the direction of fibres as described
above (see also [8]).

This method of constructing models of LV was previously verified against the
data of DT-MRI in [8] for human and canine hearts, as well as in [6] for the human
heart. The model showed a good approximation of the LV wall and direction vector
of fibres in most regions of the wall. It was also shown in [6] that the mean value
of the angle between fibre directions in the model and in experimental data is equal
to 25◦ and this value practically does not increase with decreasing the number of
projections of LV involved in the construction of the model from eight to four.

A significant limitation of the approach used in this paper is the visual expert
assessment of the quality of approximation of echocardiographic data by the model.
This approach is less complex in implementation compared to the known automatic
methods of determination of image boundaries, but errors of the expert may affect
the simulation results. In further work we plan to study the sensitivity of the model
and the variability of results depending on the peculiarities of image processing.

The pilot simulation results for the electrical activity of the myocardium in per-
sonalized LV models presented in this paper were obtained based on images of
LV for five patients without identified heart pathologies and also for patients with
the diagnosis of dilated cardiomyopathy (DCMP) and ischemic heart disease (IHD)
with the syndrome of weakness of sinus node. The geometrical parameters of LV of
these patients are presented in Table 1. The patients with pathologies present a sig-
nificant increase in linear dimensions and end-diastolic volume of LV. In addition,
in the case of myocardial pathologies the shape of LV often becomes more rounded
and the sphericity index (the ratio of lengths of the short and long axes) increases,
which, for example, is observed for the patient No. 7 with IHD. The patient No. 6
with DCMP has the ratio of thickness of LV wall at the apex to the wall thickness
at the middle or basal levels significantly less compared with other patients. The
values of LV shape parameters in the personalized anatomical models are presented
in Tables 1 and 2. A comparative view of longitudinal sections of these models is
presented in Fig. 4.

3. Results

According to the protocol of computational experiments described above, we car-
ried out two series of experiments with different parameters determining the rotation
angle of fibres in the LV wall (see Section 1.1). Each series consisted of 84 experi-
ments, namely, 12 experiments with different zones of the wave initiation for each
of 7 presented anatomical models. The first series of experiments (see rows I in
Table 1) was performed for the models constructed with the parameters γ0 = 0.05,
γ1 = 0.98 taken from [8]. For these models the rotation angle of fibres in the basal
part of the ventricle (for ψ = π/8) is equal to 165◦ in average. The second series of
experiments (see rows II in Table 1) was performed for the models constructed with
the parameters γ0 = 0.1, γ1 = 0.85 and in this case the rotation angle of fibres in the
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1 2 3 4 5 6 7

Figure 4. Cross-sections constructed for personalized models. Top row represents cross-sections of
LV model corresponding to the image of four-chamber position. Bottom row represents cross-sections
of the model for two-chamber position. Patients 1–5 are without detected pathologies. Patient 6 has
the diagnosis of dilated cardiomyopathy. Patient 7 has the diagnosis of ischemic heart disease with the
syndrome of weakness of sinus node.

(a) (b) (c)

Figure 5. Illustration of the concept of wave drift to attractor (a). Lines indicate movement paths,
the ring corresponds to the domain of attractor, circles show possible domains of wave initiation. The
domain of circular attractor of the excitation scroll wave obtained in computational experiments is
shown for model No. 4 of LV with the normal geometry (b) and for pathologically changed geometry
No. 7 (c). The scale in subfigures (b) and (c) is coordinated.

basal part of the ventricle is 135◦ in average, which is closer to data from [15] for
the human LV. In Tables 1 and 2 below we present all the parameters and charac-
teristics of the constructed LV models and also the results of numerical experiments
obtained for those values of the parameters γ0, γ1. We note that in all considered per-
sonalized models the rotation angle of fibres fall into the range of experimentally
observed values [17].

For all considered personalized models with a normal and abnormal LV geo-
metry, and also for all methods of initiation of the scroll wave, we observed a drift
of the wave filament in the direction of the attractor which settles in a region close
to the apex of LV (see the scheme of wave drift in Fig. 5a). The attractor was a
three-dimensional ring (see examples in Figs. 5a, 5b, and 5c) with the minimal and
maximal values of ψ presented in Table 1 (recall that in the apex region coordinate
ψ is close to 90◦). After reaching the attractor, the filament continues its slow drift
around the axis of LV.

The position (latitude ψ) of the middle line of the scroll wave filament attractor
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Table 2.
Complete list of parameters of personalized anatomic models used in the study. Parameters for series
I and II are separated by a vertical line.

No. Common No. of r0 re d0 de l0 le p
parameters section (mm) (mm) (mm) (mm)

1

h = 5.4(mm) 1 14.8 21.6 6.1 5.8 0.572 0.638 1.414
Z = 84.55(mm) 2 38.3 41.1 8.5 7.5 0.227 0.195 1.878
γ0 = 0.05 | 0.1 3 43.2 36.2 6.5 4.5 0.410 0.358 1.039
γ1 = 0.98 | 0.85 4 14.3 20.2 8.1 7.3 0.755 0.839 1.652

2

h = 5.34(mm) 1 20.3 24.1 6.1 5.8 0.546 0.612 1.679
Z = 79.18(mm) 2 35.9 38 7.8 7.7 0.299 0.338 1.585
γ0 = 0.05 | 0.1 3 35.7 31.7 6.1 5.3 0.540 0.527 1.136
γ1 = 0.98 | 0.85 4 13.6 20.0 7.3 5.9 0.742 0.833 1.359

3

h = 5.02(mm) 1 6.9 15.7 5.8 5.2 0.813 0.904 1.370
Z = 69.44(mm) 2 32.8 37.4 5.4 5.7 0.312 0.325 1.765
γ0 = 0.05 | 0.1 3 32.5 32.1 6.1 5.0 0.403 0.351 1.468
γ1 = 0.98 | 0.85 4 12.2 17.8 6.5 5.3 0.742 0.813 1.250

4

h = 5.45(mm) 1 19.3 21.1 5.9 6.0 0.253 0.358 1.954
Z = 71.66(mm) 2 34.8 34.2 6.4 5.8 0.291 0.310 1.484
γ0 = 0.05 | 0.1 3 33.5 33.2 6.2 5.2 0.334 0.306 1.401
γ1 = 0.98 | 0.85 4 17.3 21.8 6.5 5.6 0.439 0.468 1.756

5

h = 5.73(mm) 1 21.3 28.0 6.7 6.2 0.377 0.415 1.650
Z = 72.72(mm) 2 24.0 28.7 6.6 6.7 0.377 0.377 1.690
γ0 = 0.05 | 0.1 3 26.9 29.7 6.9 6.6 0.181 0.172 1.710
γ1 = 0.98 | 0.85 4 19.9 24.5 7.9 6.8 0.506 0.535 2.163

6

h = 4.38(mm) 1 45.7 56.8 6.5 6.2 0.403 0.429 1.785
Z = 95.15(mm) 2 51.9 60.2 7.9 9.7 0.403 0.306 1.203
γ0 = 0.05 | 0.1 3 20.7 35.3 10.2 7.6 0.227 0.253 1.757
γ1 = 0.98 | 0.85 4 21.5 30.3 9.3 9.6 0.612 0.612 1.675

7

h = 5.46(mm) 1 45.7 56.8 6.5 6.2 0.403 0.429 1.785
Z = 97.59(mm) 2 25.9 40.8 6.9 5.4 0.358 0.390 2.171
γ0 = 0.05 | 0.1 3 20.7 35.3 10.2 7.6 0.227 0.253 1.757
γ1 = 0.98 | 0.85 4 34.0 46.5 7.8 6.8 0.384 0.436 1.718
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is at a larger distance from the apex in LV models for patients without cardiac patho-
logy in comparison to those with heart disease, see Fig. 5, and also the minimal
distance from the filament to the apex in LV models in Table 1, for models with the
normal geometry of LV the distance from the apex is greater than for LV models
with a pathologically changed geometry. In this case the simulation results are not
qualitatively different in both series of experiments, although in the models with
large rotation angle of fibres for γ0 = 0.05,γ1 = 0.98 the attractors were located by
2–7 mm higher than in the models with γ0 = 0.1,γ1 = 0.85 (see the results for series
I and II in Table 1).

It is interesting to note that from the viewpoint of the theory of spiral waves, in
the isotropic case the scroll wave filament must drift to the domain with the smallest
thickness of the excitable body [3, 19], i.e., in the models considered here to the
region of LV apex. However, due to the anisotropy and a complex shape of the
ventricle, the filament is settled in all models at some distance from the apex, and
the distance was larger in models with a normal LV geometry.

It was also shown earlier on axisymmetric models that the position of the at-
tractor may differ from predictions of the theory and can be settled even in the do-
main with a greater wall thickness depending on the ratio of wall thicknesses on the
base and on the apex of the ventricle and on characteristics of its shape, for example,
in the case of its greater sphericity [11]. In addition, it was shown that the drift of
the filament can depend on the curvature of the LV wall and the anisotropy of the
medium [4]. The pilot results obtained here require further more detailed analysis.

The architecture of fibres in the LV apex region is significantly more difficult
than in the middle and basal areas of the wall. The DT-MRI data possess a big
variability in directions of fibres, although the measurement error in this area can
be relatively large. In our models the angle of transmural rotation of fibres near the
apex (ψ = 7π/16) was about 60◦ in pathological cases and about 80◦ in normal
ones, and a predominantly circular arrangement of fibres was observed, whereas
just in the area of apex (ψ > 87◦) the fibres go almost perpendicular to the LV wall
(see Fig. 2e). This behaviour of fibres can lead to a sharp curvature of the front of a
scroll wave and even create preconditions for the wave break-up, which corresponds
to a ventricle fibrillation in the real heart.

An unstable behaviour of the scroll wave was detected previously in axisym-
metric models of LV for some geometrical parameters of LV and parameters of the
cellular model contributing to the growth of the filament and its drift to the thickened
apex of the heart [12]. Therefore, the settlement of a filament sufficiently close to
the apex in LV models with a pathologically changed shape can contribute to an
increased risk of fibrillation.

4. Conclusions

In this work we first used the method developed in our group for construction of
personalized models of LV using its images obtained in echocardiographic exam-
ination. Our approach using the analytic model of the LV shape and directions of
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fibres allows us to carry out a three-dimensional reconstruction of LV reflecting its
individual characteristics even for small amount of information (only 2 flat meridi-
onal sections) and not very high quality of images obtained from echocardiographic
images.

We do not describe here all possible peculiarities of behaviour of scroll waves
on personalized models of LV with typical variations of its form observed in the
case of some of other pathology. This is a subject of further statistical analysis re-
quiring data processing on representative groups of patients with different types
of geometrical and functional LV remodelling, as well as calculations using differ-
ent protocols. In addition, we also plan to conduct a study of the dynamics of scroll
waves using personalized models of LV geometry and more detailed ionic models of
cellular activity (see, e.g., ten Tusscher et al. [16] and the Ekaterinburg–Oxford [7]).

Thus, in this paper we have found that the dynamics of scroll waves within
personalized LV models is sensitive to peculiarities of the individual heart geometry.
An enlargement of the LV cavity volume is typical for heart diseases as well as a
change in the ratio of wall thicknesses at the base and apex, the curvature of the
wall, and sphericity of LV shape, and also the rotation angle of fibres in different
regions of the wall, especially near the apex. Such remodelling of LV can generate
its substrate independent of other factors increasing the probability of arrhythmias.
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