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Abstract
The aim of this study is a preliminary investigation into
the application of our novel Symmetric Projection Attractor Reconstruction (SPAR) method to the electrocardiogram (ECG) signals of individuals treated with the cardioactive drug dofetilide. We show that our SPAR technique correlates with standard assessment, and is also able
to discriminate gender from the ECG response to dofetilide
more accurately than the standard metrics.

1.

Introduction

Dofetilide is an antiarrhythmic medication prescribed to
patients with atrial fibrillation and flutter [1]. However, its
effect on specific potassium channels may prolong repolarisation, increasing the risk of the potentially fatal torsades
de pointes [2]. Furthermore, dofetilide is more frequently
associated with torsades de pointes or a need to discontinue in females than males, although this is not reflected
in standard prescribing guidelines and the complete biological mechanisms underlying this are not clear [3].
The electrocardiogram (ECG) is a key tool for monitoring patients taking dofetilide, with the identification of particular points on the ECG wave [4], being the mainstay of
analysis. However, such techniques excludes the wealth of
information in the waveform profile. Our Symmetric Projection Attractor Reconstruction (SPAR) method is a novel
approach that generates a two-dimensional image from all
of the data, facilitating quantification of different aspects
of ECG morphology. SPAR analysis has been applied
to various approximately periodic cardiovascular signals
[5–7], where it has been shown to supplement standard assessment. We have also previously demonstrated that the
SPAR method can discriminate gender in young healthy
adults more successfully than existing measures [8].
This study provides a preliminary investigation of the
nature of the SPAR images in response to the administration of dofetilide, and compares this with the changes observed in standard ECG metrics.
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The SPAR method

Symmetric Projection Attractor Reconstruction (SPAR)
aims to provide a means of visualising and quantifying the
morphology of any approximately periodic signal. The
complexity of the ECG and the difficulty in identifying
specific points accurately and without bias make ECG an
ideal signal for analysis with this technique. The SPAR
method using 3 points has been described previously [7],
and is extended to a higher number of points in [9].
For an ECG time series x(t) we apply the approach of
Takens’ delay coordinate embedding [10]. We place n ≥ 3
points at equal distances of τ apart on the signal, where τ is
chosen to be 1/n of the average cycle length (cardiac cycle
duration) of the ECG. Thus n points generate n time series
as xi (t) = x(t−(i−1)τ ) for i = 1, . . . , n to give us an object bounded in n-dimensional phase space. To obtain an
output that is both visually informative and where change
is easily quantified, we then generate a two-dimensional
projection (v, w) that has symmetric properties. We add a
density to provide information about areas visited more or
less frequently, and call this final image our ‘attractor’.
Figure 1 illustrates an embedding with n = 3 points.
The attractor of a normal Lead II signal, as shown in Fig.
1(iv), has three long arms, each corresponding to the traverse of a given R peak by one of the embedded points x1 ,
x2 or x3 . The higher densities seen on these arms near the
centre are a result of the T wave, and the shape of the arms
is largely determined by the duration of the QT interval.

3.

Methods

3.1.

Clinical dataset and data processing

Records for 22 individuals (19 to 35 years, 11 female)
were taken from the Physionet ecgrdvq database [11]. The
original study [2] was a five treatment crossover trial, but
we only required the 2,112 Lead II ECG recordings associated with placebo and dofetilide. Baseline ECG recordings
were taken prior to treatment, and 15 subsequent triplicate
recordings were made at fixed timepoints over 24 hours.
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Figure 1. SPAR for an ECG signal embedded with n = 3 points. From left to right: (i) ECG with n = 3 points
generating time series x1 , x2 , x3 , (ii) Object in three-dimensional phase space, (iii) Two-dimensional projection of the
three-dimensional object with three-fold symmetry, (iv) Attractor with density. Illustration adapted from [8] Figure 1.
The ECG signals were short and of good quality. Data
was normalised to give an R peak height of 1 from the
isoelectric line. No additional filtering or data selection
was applied in order to demonstrate that SPAR is a robust
method. The SPAR method was used to embed the ECGs
with n = 3, . . . , 8 points, generating 12 two-dimensional
attractors. We extracted two measures from each attractor
to quantify the density distribution of each projection.
To provide a comparison to a standard approach to ECG
analysis, we took the measures provided with the original
study; six interval measures RR, PR, QRS, QTc, J-Tpeak c,
Tpeak -Tend (taking QTc by Fridericia’s correction and JTpeak c as J-Tpeak /RR0.58 ), and five repolarisation measures;
early and late repolarisation durations, T wave amplitude,
T wave symmetry and flatness [12].
Assessing the impact of dofetilide requires the change
from baseline to be considered. Therefore, we derived a
new set of metrics by taking the difference of all absolute
measures from the individual’s average baseline values,
and then applying placebo-correction by timepoint. This
new set of metrics is denoted by 44.

3.2.

Machine learning: SVM

Our previous study [8] showed that the SPAR method
provides high accuracy in discriminating gender from the
ECG. We therefore considered whether a gender difference
could be distinguished from the changes seen after dosing
with dofetilide. A linear support vector machine (SVM)
was applied [13], taking each individual as the validation
set in turn, giving an average cross-validated classification
accuracy. Four different feature groupings were taken from
the 44 metrics: Intervals, Intervals + Repolarisation,
Attractor, All of above. Feature reduction was achieved
through a forward feature selection algorithm [14] over 20
runs per feature group, and optimising for the feature set
providing the highest accuracy.

4.

Results

4.1.

Response to dofetilide

The original study showed that dofetilide prolonged the
QTc interval, with equal prolongation of its J-Tpeak c and
Tpeak -Tend components [2]. Since the shape of the attractor
arms reflects the QT duration, it would be expected that
changes in the attractor are closely correlated to changes
in QT. This is indeed the case, and the mean 3 point attractor metric 44r3 has a high correlation of 0.95 with the
mean 44QTc by timepoint over the first 8 hours, and a
correlation of 0.91 over 24 hours. Figure 2 illustrates this.

4.2.

Higher n embedding

Previous SPAR studies [5–8] have utilised an n = 3
point embedding. However, the complexity of ECG merits
an embedding in more points to aid the discrimination of
certain features. The optimum embedding is dependent on
both the problem and the individual, hence the use of attractors embedded with n = 3, . . . , 8 points for this study.
Figure 3 illustrates that generating attractors with multiple points concurrently provides more information about
the complex ECG signal. The ECG signals for an individual at baseline and 2.5 hours post-dose clearly show a QT
prolongation and a reduced T wave amplitude. It can be
shown, for example, that the combination of information
from the 3 point attractor and 5 point attractor indicate that
the QT prolongation is accompanied by a change in the T
wave morphology.

4.3.

Gender basis to response

We applied a linear SVM to the 44 metrics from the attractor and the original study, considering the trajectory of
change in the period from treatment to each of four timepoints, as shown in Table 1.
It was possible to distinguish gender correctly from the
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Figure 2. A high correlation is observed between the mean 44QTc (blue) and attractor 44r3 (red) metrics over 8 hours
after treatment (bars indicate the standard error for each metric at the timepoint.)

Figure 3. An individual’s ECG signals at baseline and 2.5 hours, with 3 (centre) and 5 (right) point embedded attractors.
change in the first 0.5 hour post-dose in at least 18 of
the 22 individuals. The best result of 95.5% (21/22) was
achieved with a combination of SPAR, interval and repolarisation features. By 2.5 hours (the mean time for peak
serum concentration of dofetilide), 100.0% accuracy was
observed for the combined features, although the SPAR
features alone (95.5%) performed better than the interval
or repolarisation features (81.8%). For the trajectory over 4
hours, an accuracy of 100.0% was achieved with only 4 attractor metrics. This 100.0% accuracy continued for SPAR
features over the 24 hour period, whereas accuracy for interval and repolarisation features fell to 72.7% (16/22).
We then considered the various features selected in the
classification. Interestingly, for interval measures, changes
in the PR interval were key for timepoints up to 4 hours.
We would not expect the PR interval to change in response
to dofetilide [1], but the specific question of gender discrimination from such data has not been previously considered; further work on this is required. The T wave
amplitude, flatness and asymmetry metrics were included

when the repolarisation features were added. SPAR features utilised in the classification were spread across all
embeddings. At 24 hours, 100.0% classification could be
achieved with measures from only 4, 6 and 7 point embeddings. Throughout, misclassification impacted both male
and female records approximately equally.

5.

Discussion and Conclusions

In this study we have demonstrated the application
of multi-point attractors generated by the SPAR method
to the analysis of ECG signals following treatment with
dofetilide. We observed that the ECG attractor provides
metrics that correlate to changes in the QTc interval, and
allows us to discriminate a difference in gender response.
The determination of the interval and repolarisation
measures in the original study required considerable processing and human verification [2, 12]. In comparison, the
SPAR method is much simpler to apply. The original study
also utilised multiple leads of the ECG, whereas we only
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Table 1. Cross-validated accuracy for gender classification
from the trajectory of 44 metrics at four timepoints. The
minimum number of features required from each grouping
to achieve the result is indicated by (n).
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