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Detection of ventricular fibrillation (VF) at an early stage is being deeply studied in order

to  lower the risk of sudden death and allows the specialist to have greater reaction time to

give  the patient a good recovering therapy. Some works are focusing on detecting VF based

on  numerical analysis of time–frequency distributions, but in general the methods used do

not  provide insight into the problem. However, this study proposes a new methodology in

order  to obtain information about this problem. This work uses a supervised self-organising

map (SOM) to obtain visually information among four important groups of patients: VF

(ventricular fibrillation), VT (ventricular tachycardia), HP (healthy patients) and AHR (other

anomalous heart rates and noise). A total number of 27 variables were obtained from contin-

uous surface ECG recordings in standard databases (MIT and AHA), providing information

in  the time, frequency, and time–frequency domains. self-organising maps (SOMs), trained
with 11 of the 27 variables, were used to extract knowledge about the variable values for each

group of patients. Results show that the SOM technique allows to determine the profile of

each  group of patients, assisting in gaining a deeper understanding of this clinical problem.

Additionally, information about the most relevant variables is given by the SOM analysis.

gram (ECG), providing a fast and accurate diagnosis of VF
.  Introduction

entricular fibrillation (VF) is a cardiac arrhythmia caused by a
isorganised electrical activity of the heart [1] causing collapse
nd unconsciousness, following a serious risk of death unless
n appropriate recovering therapy is applied (typically, a high
oltage defibrillation shock) [2]. Clinical and experimental

tudies have demonstrated that the success of defibrillation is
nversely related to the time interval between the beginning
f the VF episode and the application of the electrical shock
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[3–5]. For this reason, the development of early VF detection
algorithms for monitoring systems and automatic external
defibrillators (AEDs) is being deeply studied. However, in gen-
eral, these methods do not provide insight into the problem.
For this reason, this paper proposes a new methodology in
order to obtain visual information about this problem.

Detection algorithms analyse the surface electrocardio-
.

in order to reduce the reaction time of specialist in case
of monitory systems or even supply the appropriate ther-
apy without the need of qualified personnel as in the case

erved.
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of automatic external defibrillators (AEDs) [6]. Non-invasive
detection of VF is typically based on extracting parameters
from the ECG signal in different representations such as
time, frequency, and time–frequency domains. Time-domain
methods analyse the morphology of the ECG to discrimi-
nate VF rhythms [7–10]. Frequency-domain measurements are
motivated by experimental studies supporting that VF is not
a chaotic and disorganised pathology and a certain degree
of spatio-temporal organization exists during VF [11–13].
Spectral description of the ECG has revealed important differ-
ences between normal and fibrillatory rhythms [12,14,15]. In
this context, relevant parameters of the ECG spectrum have
been used for developing VF detectors [16–18]. Concerning
time–frequency domain, useful information can be extracted
given the non-stationary nature of the VF signal, obtaining
the continuous temporal evolution of frequency values in the
ECG signal and thus, being able to detect changes leading
to pathologic rhythms. Algorithms based on time–frequency
distributions have also been proposed to detect VF episodes
[19–21], and different signal processing techniques are applied
by different authors to detect VF accurately [22–25]. An in-
depth review of different time, frequency, wavelet and other
VF detection methods is described in [26].

The combination of ECG parameters in different domains
has been suggested as a useful approach to improve detection
efficiency. In [27–29], a set of temporal and spectral features
was used as input variables of a neural network, exhibiting
better performance than other previously proposed methods.
Following this approach, other statistical learning algorithms
such as clustering methods [30], support vector machines
(SVMs) [31] or data mining procedures [32] have been explored
to enhance detection capabilities. This paper makes use of
self-organising maps, using also a set of temporal and spec-
tral features as input variables, to obtain visual information
about the faced problem.

Self-organising maps (SOMs) are one of the most pop-
ular visualization tool nowadays [33]. This neural model is
used to find and visualize patterns in N-dimensional data
sets. Classical approaches represent the data in two and three
dimensions, but when the dimension number is greater than
three, it is very complicated to represent the obtained data
without establishing any type of restriction as fixing certain
set of variables and representing the rest. Such a restriction
leads to a partial representation of the information and could
hide relevant information. Nevertheless, SOM allow to visu-
alize the data in all the dimensions without any restriction
and find patterns in data sets with high dimensionality, main-
taining topographical relationships between the original and
output spaces. If two patterns are close to each other in the
original space, they will also be close in the output space. This
paper proposes the use of a supervised SOM to obtain visual
information about four important groups of patients: VF (ven-
tricular fibrillation), VT (ventricular tachycardia), HP (healthy
patients) and AHR (anomalous heart rates and noise). More-
over, SOM is used to extract knowledge about the variable
values and the profile for each group of patients, assisting in
gaining a deeper understanding of this clinical problem.
The rest of this paper is organised as follows. The details
of the SOM algorithm are described in Section 2. The super-
vised approach of the SOM algorithm used in this work is
Fig. 1 – Self-organising map  scheme.

described in Section 2.2. The aspects related to the dataset
used to extract the conclusions are described in Section 3. In
Section 4 the results obtained with the data set are presented.
Finally, Section 5 summarizes the conclusions of the present
work.

2.  Self  organising  map  (SOM)

2.1.  Classical  approach

The Self-organising map  (SOM) is a neural network proposed
by Kohonen in [34] and, since then, it has been analysed
and employed extensively. A recent overview can be found
in [35,36]. The SOM and its variants have been employed very
often in a wide variety of domains, such as financial [37], med-
ical [38], engineering applications [39,40] and even in the field
of animal sciences [41–43]. In an SOM, neurons are arranged
in two layers (Fig. 1): an input layer formed by N neurons (one
neuron for each input variable) and an output layer where
information is processed. This second layer is arranged in
a regular low-dimensional grid, usually, a two-dimensional
structure.

The number of neurons may vary from a few dozens up
to several thousands. Each neuron is represented by an N-
dimensional weight vector m = [m1, . . .,  mN], where N is equal
to the dimension of the input vector. The key of the SOM  work-
ing principle is to keep a neighbourhood relation between
the original space of the N-dimensional data and the regu-
lar low-dimensional grid. In the case presented in this paper,
this means that similar patient behaviour (as described by the
observed variables) are placed in close areas in the mentioned
low dimensional grid.

In the SOM design, the main choices are related to the
selection of the map  type (hexagonal or rectangular grid,
which indicates the topology or neighbourhood relation) and
the number of neurons (this will define the size of the low-
dimensional grid). These choices depend on the number of
patterns considered, number of variables defining these pat-
terns and, finally, the existing data dispersion [44].

The next step is to obtain the associated coefficients for
each neuron, called synaptic weights. For this purpose, a
learning algorithm is used. The first step in this algorithm is
the weight initialization. Once the initial values of synaptic

weights have been selected, the next step is to get them closer
to the optimum values by means of an iterative procedure. In
each training step, one sample vector x from the input data set
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Fig. 2 – Updating the best matching unit (BMU) and its
neighbours towards the input sample marked with x. The
solid and dashed lines correspond to the situation before
a
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nd after updating, respectively.

s chosen randomly and the distances between it and all the
eight vectors of the SOM are calculated using some distance
easure. The neuron whose weight vector is closest to the

nput vector x is called the best-matching unit (BMU), denoted
ere by c:

x − mc‖ = min
i

{‖x − mi‖} (1)

here || || is the distance measure, typically Euclidean dis-
ance.

After finding the BMU,  the weight vectors of the SOM are
pdated so that the BMU  is moved closer to the input vec-
or in the input space. The topological neighbours of the BMU
re treated similarly. This adaptation procedure stretches the
MU  and its topological neighbours towards the sample vector
s shown in Fig. 2.

The SOM update rule for the weight vector of unit i is:

i(t + 1) = mi(t) + ˛(t)hci(t)[x(t) − mi(t)], (2)

here t denotes time. The x(t) is an input vector randomly
rawn from the input data set at time t, hci(t) the neighbour-
ood kernel around the winner unit c and ˛(t) the learning rate
t time t.

The neighbourhood kernel is a non-increasing function
f time and of the distance of unit i from the winner unit
. It defines the region of influence that the input sam-
le has in the SOM. The training is usually performed in
wo phases. In the first phase, relatively large initial learn-
ng rate and neighbourhood radius are used. In the second
hase, both learning rate and the neighbourhood radius are
mall from the beginning. This procedure corresponds to
tart tuning the SOM approximately to the same space as

he input data an then fine-tuning the map  in the second
hase.

Once the map  training is finished, the visualization
f the two-dimensional map  named “components plane”
 o m e d i c i n e 1 1 1 ( 2 0 1 3 ) 269–279 271

provides qualitative information about how the input vari-
ables are related to each other for the data set used to train
the map.

2.2.  Supervised  SOM

In the present paper, it is decided to apply a supervised SOM
because a supervised problem is faced, that is, each pattern
is associated with a class, so it is essential to obtain results
according to that information. Therefore, it is interesting to
use a supervised SOM that provides information about the
class in the training.

The supervised SOM algorithm creates, initializes and
trains a supervised SOM. It constructs the training data by
adding M (number of classes) columns to the original data
based on the class information. Therefore, the dimension of
vectors after the process is N + M (dimension of the input
vectors +number of different classes). In each input vector,
one of the new components has value ‘1’ (if the input vector
belongs to the class corresponding with the new compo-
nent), and others ‘0’ (if it does not belong to this class). After
this, the classical approach presented in Section 2.1 is car-
ried out. Then, the class of each map  unit is determined by
taking the maximum over these added components, and a
label is given accordingly. Finally, the extra components are
removed. In this work, instead of labelling a map  with the
labels provided by the algorithm, a colored “Hits map” is
presented. The next section explains in detail this kind of
map.

2.3.  Hits  map

A “Hits map” represents the response of the given data on
self-organising maps. Traditionally the response is shown on
the map  by showing the BMU [35], so the map  presented has
the same size that the components plane of the SOM. “Hits
map” are markers showing how many  times each map  unit,
or neuron, was the BMU  for each input register so that the
distribution of the best matching units for a given data set is
represented. Fig. 3 shows an example of a conventional “Hits
map”, where each neuron is represented by an hexagon on
the map  grid. The colored area inside each hexagon is propor-
tional to the number of input patterns which are more  similar
to this neuron. This gives a quantitative idea of the patients
belonging to each neuron. Moreover, multiple “hits” can be
drawn in different colors. This makes possible to compare the
different patterns associated to each class by the distribution
of their “hits” on the map.  As we will see in Section 4, these
maps provide more  information than those obtained by simple
labelling.

3.  Data  set
This section details the characteristics of the dataset used in
this study and the parameteres extracted from the ECG sig-
nals.
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Fig. 3 – Example of a conventional “Hits map”, where each
neuron is represented by an hexagon on the map  grid. The
colored area inside each hexagon is proportional to the
number of input patterns which are more  similar to this
neuron.
3.1.  ECG  data

ECG signals were collected from the AHA Arrhythmia
Database1 (8200 series) and the MIT-BIH Malignant Ventri-
cular Arrhythmia database2 where a single ECG channel is
used. A total of 29 patient recordings were analysed, each
containing an average of 30 min  of continuous ECG, from
which approximately 100 min  corresponded to VF. For each
record, non-overlapping 128 sample length segments sam-
pled at 125 Hz were used, giving a 1.024 s of continuous time
window segment for the analysis. In total 57,908 observations
were obtained. Before parameter calculation, a general sig-
nal pre-processing was done, firstly subtracting the mean ECG
signal value, and secondly, low-pass filtering with cutoff fre-
quency of 40 Hz to remove the electrical network interference
and other high frequency components not relevant for the
analysis.

Fibrillatory rhythms are characterized by an absence of
regularity in the ECG signal due to the creation of mul-
tiple independent re-entry activation circuits in the heart
tissue, avoiding the correct transmission of the sinus acti-
vation pulse. This disorganised contraction of the ventricle
fails to effectively eject blood from the ventricle, provoking
a heart collapse. Figs. 4 and 5 show the time, frequency and
time–frequency results for an analysed ECG window segment
in a normal sinus and a fibrillatory rhythm, respectively.
1 http://ecri.org (American Heart Association ECG Database).
2 http://physionet.org.
 b i o m e d i c i n e 1 1 1 ( 2 0 1 3 ) 269–279

3.2.  Time–frequency  domain  parameters

Each window segment was processed to obtain a set of tempo-
ral (t), spectral (f) and time–frequency (tf) domain parameters.
Before parameter calculation in the tf distribution, a denois-
ing is done, consisting on removing all components less
than 10% of the maximum spectral density value. These low
value components are formed by noise or small interference
terms (time–frequency distributions generate the so-called
interference terms) [45] and they do not add useful informa-
tion.

Parameters are obtained from the Pseudo Wigner-Ville
(PWV) time–frequency distribution as previously described in
[21,32], only two out of twenty-seven parameters come from
the temporal signal, the rest are obtained from the PWV  dis-
tribution.

In order to characterize and differentiate fibrillatory
episodes from other cardiac rhythms, two spectral bands
of interest were defined [14] in the tf domain. Since most
of the energy components of fibrillatory episodes reside in
the low frequencies band, we defined a low frequency band
(2–14 Hz) called BALO. A high frequency band (BAHI, 14–28 Hz)
was also considered, mainly containing energy components
for non-VF rhythms. Based on the PWV  distribution and the
defined frequency bands, a number of temporal, spectral, and
time–frequency parameters have been obtained (see Table 1).
The chosen parameters provide different information about
power spectral distribution along time, duration of signifi-
cant frequency bands (those containing sinus or fibrillatory
rhythms), and in general, all information leading to different
measures from ECG rhythms that could provide useful infor-
mation depending on the patient’s pathology. The selection
of relevant time–frequency parameters is very important for
a sucessful further analysis and was carefully chosen after
data analysis. A detailed description of the parameters can
be found in [32,46,47].

Parameterization of ECG signal segments results in an
input data set to the SOM consisting of L = 57, 908 obser-
vations each containing 27 features. Each observation was
labeled into four groups according to different rhythms, which
appeared with different prior probabilities: HP (p1 = 40.25%), for
healthy patients; VT (p2 = 8.84%), for ventricular tachycardia
(VT) including their variants (regular VT, polymorphic VT or
“torsade de pointes”); VF (p3 = 10.66%), for VF signal and flutter;
and AHR (p4 = 40.25%), comprising the rest of cardiac rhythms.

4.  Results

This section presents the results obtained with the data set
put forward in Section 3. In order to explore different possibil-
ities and results, three analysis were performed. This section
is divided into three subsections which detail the different
experiments carried out and their results.

The first problem found in this work is the large number
of variables as discussed in Section 3, some of which may be

redundant. Therefore, a feature selection must be carried out.
In a previous work [46], it is proposed the use of nonpara-
metric bootstrap resampling technique using the same type
of data as in the present work to provide a criterion for feature
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Fig. 4 – Normal sinus rhythm in the surface ECG. Temporal signal (top) and its associated frequency (left) and PWV
t
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ime–frequency representations.

election (11 features were selected). After selecting the vari-
bles pointed out in [46], the training of several SOM was

arried out. For the training, different options of the tuning
arameters of the SOM algorithm were tested, combining
ll the possibilities (Weight Initialization, Neighbourhood

ig. 5 – Ventricular fibrillation rhythm in the surface ECG. Tempo
ime–frequency representations.
Function and Type of Training). Moreover, the random ini-
tialization was fulfilled 100 times for each combination of

parameters. Regarding the size of the map,  the total train-
ing time, the learning rate and the neighbourhood radius,
the default number of these parameters that SOM toolbox

ral signal (top) and its associated frequency (left) and PWV
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Table 1 – Obtained time–frequency parameters (mean ± sd), where the “t” and “tf” in the “Domain” column refers to
temporal and time–frequency domains.

# Variable Domain HP AHR VT VF

1 VR t (8.2 ± 6.7) · 10+0 (6.0 ± 5.0) · 10+0 (1.6 ± 3.4) · 10+0 (1.5 ± 1.1) · 10+0

2 ratiovar t (1.6 ± 0.5) · 10+0 (1.8 ± 0.5) · 10+0 (2.5 ± 0.6) · 10+0 (2.7 ± 0.4) · 10+0

3 pmxfrec f (5.5 ± 3.2) · 10+0 (4.0 ± 2.5) · 10+0 (2.8 ± 2.0) · 10+0 (2.6 ± 1.2) · 10+0

4 maximfrec f (2.2 ± 0.8) · 10+1 (2.0 ± 0.7) · 10+1 (1.5 ± 0.8) · 10+1 (1.4 ± 0.5) · 10+1

5 minimfrec f (7.3 ± 4.9) · 10−1 (6.3 ± 3.8) · 10−1 (6.4 ± 3.5) · 10−1 (6.9 ± 3.6) · 10−1

6 tsnz tf (1.1 ± 0.6) · 10+3 (1.1 ± 0.6) · 10+3 (1.6 ± 0.5) · 10+3 (1.5 ± 0.4) · 10+3

7 tsnzl f (6.4 ± 3.1) · 10+2 (6.8 ± 3.0) · 10+2 (1.2 ± 3.1) · 10+2 (1.2 ± 3.0) · 10+2

8 qtl f (0.6 ± 1.0) · 10−1 (6.5 ± 1.0) · 10−1 (7.7 ± 1.1) · 10−1 (8.1 ± 1.1) · 10−1

9 tsnzh f (2.0 ± 2.3) · 10+2 (1.8 ± 2.2) · 10+2 (1.5 ± 2.1) · 10+2 (1.2 ± 1.7) · 10+2

10 qth f (1.8 ± 1.0) · 10−1 (1.5 ± 0.9) · 10−1 (0.8 ± 0.9) · 10−1 (0.6 ± 0.7) · 10−1

11 mdl8 t (9.1 ± 4.1) · 10+1 (8.6 ± 3.8) · 10+1 (6.8 ± 3.5) · 10+1 (6.1 ± 2.4) · 10+1

12 vdl8 t (9.7 ± 4.2) · 10+1 (8.7 ± 3.8) · 10+1 (4.9 ± 2.8) · 10+1 (4.5 ± 2.0) · 10+1

13 te tf (0.6 ± 1.0) · 10+9 (0.2 ± 5.1) · 10+10 (0.1 ± 2.0) · 10+11 (1.2 ± 1.9) · 10+9

14 tel f (4.8 ± 7.0) · 10+8 (0.1 ± 2.6) · 10+10 (0.7 ± 9.3) · 10+10 (1.1 ± 1.5) · 10+9

15 qtel f (7.1 ± 1.1) · 10−1 (7.3 ± 1.1) · 10−1 (8.3 ± 1.0) · 10−1 (0.9 ± 1.0) · 10−1

16 teh f (0.8 ± 1.2) · 10+8 (0.4 ± 18 .) ·10+9 (0.3 ± 7.3) · 10+10 (0.3 ± 1.2) · 10+8

17 qteh f (1.7 ± 1.2) · 10−1 (1.1 ± 0.8) · 10−1 (0.5 ± 0.7) · 10−1 (0.3 ± 0.5) · 10−1

18 ct8 t (3.7 ± 1.6) · 10+0 (3.9 ± 1.5) · 10+0 (6.3 ± 1.3) · 10+0 (6.2 ± 1.3) · 10+0

19 tmy tf (1.5 ± 0.7) · 10+2 (1.5 ± 0.6) · 10+2 (2.9 ± 1.2) · 10+2 (2.7 ± 1.3) · 10+3

20 curve f (1.4 ± 1.7) · 10−1 (1.7 ± 1.7) · 10−1 (− 1.0 ± 2.8) · 10−1 (− 1.8 ± 3.0) · 10−1

21 nareas tf (1.4 ± 0.7) · 10+0 (1.4 ± 0.9) · 10+0 (2.0 ± 0.9) · 10+0 (1.8 ± 0.8) · 10+0

22 lfrec f (9.9 ± 4.5) · 10+0 (8.0 ± 3.1) · 10+0 (6.1 ± 4.2) · 10+0 (5.0 ± 1.5) · 10+0

23 maxfrec f (1.3 ± 0.5) · 10+1 (1.0 ± 0.4) · 10+1 (0.8 ± 0.5) · 10+1 (0.7 ± 0.2) · 10+1

24 minfrec f (2.6 ± 1.6) · 10+0 (2.2 ± 1.4) · 10+0 (1.9 ± 0.9) · 10+0 (2.0 ± 0.8) · 10+0

25 ltmp t (1.5 ± 1.1) · 10+1 (1.7 ± 1.3) · 10+1 (3.4 ± 2.1) · 10+1 (3.5 ± 2.2) · 10+1

26 dispersion tf (2.1 ± 4.6) · 10+0 (1.9 ± 4.6) · 10+0 (5.9 ± 7.7) · 10+0 (5.8 ± 7.8) · 10+0

27 area tf (1.3 ± 1.1) · 10+2 (1.3 ± 1.0) · 10+2 (1.9 ± 1.4) · 10+2 (1.7 ± 1.1) · 10+2

 carr
Fig. 6 – Methodology

documentation considers the most appropriate was selected3.
These values are 5

√
n, where n is the number of training sam-

ples for the number or neurons. For the total training time
(or, the number of samples presented to the SOM) the default
value is 10 times the number of map  units. Learning rate
begins from 0.5 in the first phase, and from 0.05 in the second
phase. Neighbourhood radius starts from max(map size)/4 and
goes down  to one fourth of that (unless this would be less than
1). On second phase, neighbourhood radius starts from where
it stopped in first phase, and goes down  to 1. The length of
second phase is 4 times that of the first phase.

Finally, it was selected the SOM that showed the mini-
mum topographic error [48], which measures the topology
preservation between the original space and the final space.
To summarize, Fig. 6 shows the methodology carried out in
this study. The first step after recording the ECG is the seg-
mentation of the signals, giving a 1.024 s of continuous time

window segment for the analysis. In total 57,908 observa-
tions were obtained. After segmentation, a pre-processing of
each observation is done, which consists of mean subtraction

3 http://www.cis.hut.fi/somtoolbox/documentation/somalg.shtml
ied out in this study.

and low-pass filtering. Afterwards, the parameter extraction
is done by processing each window segment to obtain a set
of temporal (t), spectral (f) and time–frequency (tf) domain
parameters. After that, a feature selection is carried out,
obtaining the final data set to train the SOM. This set consists
of a matrix with 57,908 observations (rows) and 11 variables
(columns). The last steps are the SOM training, and visualiza-
tion by means of the components plane (before that it will be
represented the hits map  in order to compare the different
patterns associated to each class by the distribution of their
“hits” on the map).

4.1.  Supervised  SOM  training

In this section the four pathology groups (VF, VT, HP and AHR)
are included separately in the training. Once the map  train-
ing is finished, the visualization of the two-dimensional map
provides qualitative information about the input variables
relationships for the data set used to train the map.  Before

visualizing the SOM components map,  the “Hits map” is rep-
resented in order to get spatial information about the classes
in the map  (Fig. 7), that is, where each patient (corresponding
to each class) is placed in the map.

dx.doi.org/10.1016/j.cmpb.2013.02.011
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Fig. 7 – “Hits map” obtained from the training with four
groups of patients. VF is represented in red, VT in black, HP
in green and AHR in blue. (For interpretation of the
references to color in this figure legend, the reader is
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conditions (without taking into account noise, only to obtain
visual information between the differences in healthy and
non-healthy patients) is of interest in order to profile patients

Fig. 8 – “Hits map” obtained from the training with three
groups of patients. VFVT is represented in red, HP in green
eferred to the web version of this article.)

The “Hits map” shows pathology groups with different col-
rs (corresponding to each class) instead of directly labelling
he map  with the labels provided by the algorithm, as men-
ioned previously. This map  provides more  information than
imply labelling because in each neuron (each hexagon on the
ap  grid) we  have information about all classes presented in

 neuron instead of representing only the predominant class
y a color.

Fig. 7 shows that the classes labelled as VF (patients who
uffer from ventricular fibrillation) and VT (patients who suf-
er from ventricular tachycardia) are very similar since they are
ompletely overlapped. This is due to the fact that, in many
ases, VT is an early stage of VF and thus, the pathologies
an be considered as very similar in case of pathology profil-
ng although the clinical recovering therapy for VT and VF is
ot the same. However, VT could be considered as the begin-
ing of VF and thus, it was decided to join both classes in
ne to be able to extract knowledge, and to visually identify
hich variables are important to obtain differences between
ealthy patients and patients with ventricular fibrillation or
entricular tachycardia. For this reason another experiment
as evaluated taking into account only VF and VT. However,

oth classes were overlapped even in this analysis. Due to
he experiment did not provide relevant information it is not
ncluded in this paper.
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4.2.  Supervised  SOM  training  merging  VF  and  VT
classes

In this section, the results corresponding to the map  using
supervised training for three groups of patients are presented.
These three groups correspond to: patients with ventricular
fibrillation or ventricular tachycardia (VFVT as the merging of
VF and VT classes), healthy patients (HP) and anomalous heart
rates and noise (AHR).

Fig. 8 shows the “Hits map” obtained from the training with
these three groups of patients. It shows that AHR class (which
included both anomalous heart rates and noise) spreads over
the HP class (represented in green), which is not critical. That
is, it would be a problem that other heart rates or noise
would be overlapped with ventricular fibrillation or ventricu-
lar tachycardia because, in this case, it would not be possible
to profile the diseases of interest (VF and VT). In this work, it is
of great interest profiling patients with ventricular fibrillation
or ventricular tachycardia pathology versus healthy patients
using visual information of the variables in order to observe
differences between both groups. Therefore, the AHR class
is not determinative to profile healthy patients versus those
suffering VF or VT. Moreover, to carry out the study in ideal
and AHR in blue. (For interpretation of the references to
color in this figure legend, the reader is referred to the web
version of this article.)
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suffering from VF and VT versus healthy patients. Due to these
facts, further analysis is done drawing the patterns belonging
to this class.

4.3.  Supervised  SOM  training  merging  VF  and  VT
classes  without  AHR  class

This section presents the results corresponding to the map
using supervised training with two groups of patients (ideal
condition), as mentioned previously. These two groups cor-
respond to: patients who suffer ventricular fibrillation or
ventricular tachycardia (VFVT) and healthy patients (HP).

Fig. 9 represents “Hits map” obtained from the training with
the two above-mentioned groups of patients. Fig. 9 shows that
HP class (represented in green) and VFVT class (represented in
red) are clearly distinguishable. In general terms, the patients
who  suffer from some ventricular fibrillation or ventricular
tachycardia (VFVT) are located at the bottom of the map,
whereas the healthy patients (HP) are located at the top of

the map.  Therefore, there exist differences in the behavioural
profile of each group of patients. To analyse the profiles of

Fig. 9 – “Hits map” obtained from the training with two
groups of patients. VFVT is represented in red, and HP in
green. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of
this article.)
 b i o m e d i c i n e 1 1 1 ( 2 0 1 3 ) 269–279

each group of patients, the components plane obtained after
training the SOM (Fig. 10) must be examined.

Fig. 10 shows that there are three important variables when
differentiating between healthy patients and those suffering
from ventricular fibrillation or ventricular tachycardia. These
variables are qtel, ct8 and curve,  described as:

• qtel: percentage of the total spectral density contained in
the BALO band. In case of a VFVT, the main spectral density
is located in the BALO band.

• ct8: the time axis of the PWV  distribution is divided into
eight window subsegments. Then, for every subsegment,
the energy in the BALO band is measured. The ct8 corre-
sponds to the number of subsegments that contain at least
half of the spectral density if the total density of the band
would be equally distributed along the time axis.

• curve:  a vector containing the number of non-zero terms at
every frequency bin of spectral resolution in the BALO and
BAHI bands is computed and the curvature of the parabolic
approximation of the vector is obtained. This value gives
information about distribution of frequency terms along
time. In case of HP, frequency distribution is not regular
due to the QRS existence (high frequency terms are dom-
inant) and the curvature is higher, which is contrary to the
existence of an VFVT rhythm where frequency distribution
is spread along all analysed frequencies and the parabolic
approximation curvature is lower.

This is due to the fact that the values of these variables
undergo significant changes in the area where the patients
suffering from ventricular fibrillation or ventricular tachycar-
dia are located (bottom of the map) with respect to the area
in which healthy patients are situated (top of the map). In
case of patients who suffer from VF or VT the qtel and ct8

variables take higher values (see areas with frame in Fig. 10),
whereas the curve variable takes lower values. This is con-
trary to healthy patients, showing lower values in the rest of
the map  to the variables qtel and ct8 (except in the upper
right area of qtel map) and higher values in the rest of map  for
the curve variable. The importance of these variables is due
to the fact that VF and VT pathologies are very irregular both
in time and frequency. Concerning qtel, the non-existence
of a front wave in the heart avoids the blood being pumped
from the heart (QRS absence) in case of VF and all spectral
density components are mainly located in the BALO band. A
similar reason arises in case of ct8 due to the fact that distri-
bution of density components along time is more  regular in VF
than in case of ECG existence (healthy patients) where specific
time instants concentrate most of the spectral density. Thus,
eventhough the variables use both domains, qtel and ct8

provide relevant information related to frequency domain and
time domain respectively. Finally, curve provides a combined
information for both domains, showing that, due to special
characteristics of VF, an adequate discrimination algorithm
requires the usage of different domains.
Other training results obtained in Sections 4.1 and 4.2 show
the same behaviour with regard to the qtel, ct8 and curve

variables, being the most important to separate between
patients who suffer from VF or VT and healthy patients.
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Fig. 10 – “Components plane” obtained from the

.  Conclusions

his paper proposes the use of a supervised self-organising
ap  (SOM) to extract qualitative information about how the

nput variables are related to each other about four groups of
atients: VF, VT, HP and AHR. In order to address the problem,
hree different trainings were carried out. Firstly, a supervised
raining considering all classes. It was noted that VF and VT
lasses were very similar (they were placed in the same loca-
ion of the map) since, in many  cases, VT is an early stage of VF
nd thus, the pathologies can be considered as very similar in
ase of pathology profiling. For this reason, it was decided to
erge these two classes since it does not entail an extremely

elevant fact for visual analysis of the problem.
Finally, after noting that the AHR class did not provide

elevant information to the problem, and with the aim of car-
ying out a final study only with the classes corresponding
o patients who suffer ventricular fibrillation or ventricular
achycardia (VFVT) and healthy patients (HP), it was decided

o draw the patterns corresponding to this class. Thus, the
nalysis was targeted to visual distinction between healthy
atients and those suffering from ventricular fibrillation or
entricular tachycardia using the components map obtained
ing with two groups of patients (VFVT and HP).

after training the SOM. It was observed a clear visual separa-
tion, resulting that the most relevant variables were qtel, ct8

and curve.  This analysis also showed that it was possible to
perform a profile of patients suffering from ventricular fibril-
lation or ventricular tachycardia and other corresponding to
healthy patients.
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