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Abstract

Hypertrophic cardiomyopathy (HCM) is a genetic dis-

ease characterized by the hypertrophy (thickening) of heart

ventricles, and the first cause of sudden cardiac death in

the young adults. The ECG is altered in the majority of

patients with HCM as a consequence of structural and

electrophysiological abnormalities although reliable risk

markers are still not available. Fifty four 12-lead Holter

recordings (32 HCM patients and 22 controls) have been

analyzed in order to obtain specific ECG based biomarkers

able to distinguish between both groups. Results showed

higher values for HCM in QRS-duration, QT interval

(QTc), T peak to T end interval corrected (Tpe) and DRest

quantifying dispersion of restitution. Also, morphological

features such as ST level, T and QRS amplitudes and ener-

gies and the first four Karhunen-Loeve transform (KLT)

coefficients were analysed. Results showed statistically

significant differences between HCM patients and controls

(p-value<0.02) in the QTc interval, ST level, energies and

the first and third KLT coefficients. DRest showed higher

values in HCM patients (0.08 versus 0.05 in controls) in

agreement with in vivo studies suggesting a correlation be-

tween increased dispersion and arrhythmic risk.

1. Introduction

Electrocardiogram (ECG) recordings using Holter mon-

itors provide a noninvasive, not-expensive and widely-used

tool to record the electrical activity over 24/48-hour peri-

ods. Given the length of the time series obtained, Holter

ECG recordings allow for the characterization of the de-

pendency of ECG-based features on heart rate.

Hypertrophic cardiomyopathy (HCM) is a genetic dis-

ease characterized by the hypertrophy (thickening) of heart

ventricles (usually the left one) and loss of the normal

alignment of the muscle cells, referred to as fiber disar-

ray. It affects 1 in 500 people and is the most common

cause of sudden cardiac death (SCD) in the under 35’s [1].

The majority of patients are asymptomatic, and the accu-

rate prediction of those at risk of such a catastrophic com-

plication is still a challenge [2]. Current risk factor assess-

ments have low sensitivity for predicting SCD and do not

achieve the prediction of other disease complications such

as heart failure (HF), atrial fibrillation and stroke, in HCM

patients [3]. HCM-induced heterogeneities in myocardial

structure such as fiber disarray may affect the propagation

of electrical excitation through the heart [4], with likely

pro-arrhythmic effects. Both activation and repolarization

[5,6] properties of the myocardium are likely to be affected

by HCM. Therefore, the goal of our study is to quantify

QRS, ST and T wave biomarkers from Holter recording

of HCM and control patients, in order to investigate their

potential for patient classification.

Rate dependent biomarkers such as restitution disper-

sion, which accounts for the spatial heterogeneity of repo-

larization when heart rate changes, has been also reported

to be an arrhythmogenic substrate and may be affected in

HCM patients [7].

2. Methods

2.1. Database

Fifty four 12-lead Holter recordings (32 HCM patients

and 22 controls) were analyzed in order to obtain specific

ECG based biomarkers able to distinguish between both

groups control and pathological HCM. Due to the fact that

significant heart rate changes were not obtained in all the

Holter recordings, DRest was computed in 19 HCM and

10 controls.

2.2. ECG biomarkers

Temporal features such as QRS-duration, the Bazzet’s

corrected QT interval (QTc) and T peak to T end inter-

val corrected as for the QT (Tpe) were computed using a

wavelet-based delineator [8]. Morphological features such

as the T wave amplitud, QRS amplitude, STT and QRS

waveforms energy (computed as the area under the wave-

forms), ST level and the correlation of the STT mean wave-

forms with the four first Karhunen-Loeve (KL) basis func-
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Figure 1. First four KLT basis functions for the ST-T

waveform.

tions derived from 200000 preprocessed and selected STT

waveforms as described in [9] as shown in Fig.1. The cor-

relations were estimated as the normalised KL coefficients

that represent the projections of the mean STT waveforms

to the four basis.

DRest, which quantifies dispersion of restitution, was

computed in the lead with higher signal-to-noise ratio. Pre-

vious studies indicate that the Tpe interval reflects spatial

heterogeneity in the repolarization time of different ven-

tricular regions [10, 11]. The DRest biomarker (proposed

and referred to as Δα in [7]) provides an estimation of

spatial dispersion in the dynamic APD restitution and is

quantified as follows:

DRest =
∂Tpe

∂RR
(1)

with Tpe and RR quantified from stable ECG segments at

two different RR intervals [7].

3. Results and discussion

Fig.2 shows the box plots for the different temporal in-

dices Tpe, QTc intervals and QRS duration for each of the

eight recorded leads. Tpe interval as well as QRS duration

were slightly longer in HCM patients than in controls but

no statistically significant differences were found.

As an example in V3, Tpe interval was 99 ± 14 ms in

HCM versus 93 ± 8 ms in control, and, QRS duration was

92 ± 13 ms versus 88 ± 13ms. However, QTc interval,

also longer in HCM patients (440ms versus 414ms in con-

trols) showed statistically significant differences between

HCM patients and controls, p-value<0.02.

DRest (see Fig. 3) showed a tendency to higher val-

ues in HCM patients (0.08 ± 0.04 versus 0.05 ± 0.03 in

controls), in agreement with in vivo studies suggesting a

correlation between increased dispersion and arrhythmic
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Figure 3. Boxplot representing DRest values for control

(C) and HCM (P).
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Figure 4. Boxplot representing different morphological

features ST level, T wave and QRS complex amplitudes

and T wave and QRS complex energies for control (C) and

HCM (P).

risk. However, no statistically significant differences were

found.

Regarding the analysed morphological features (see

Fig.5), ST level showed statistically significant differences

(< 0.02) just in V1 showing a higher mean value of 97 ±

15 μV in HCM versus 36 ± 27 μV in control. This is in

agreement with some studies that have found non ischemic

ST elevation in apical HCM patients in the precordial leads

[12].

The amplitude of the T wave did not show statistically

significant differences in this database, although negative

giant T waves in precordial leads have been observed in

HCM patients [13]. However, the energy of the STT wave-

forms showed significant differences between both groups

in V1. Higher values were found in HCM (11 ± 12) than

in controls (6 ± 4).

Regarding the QRS amplitude, slightly higher QRS

complexes were found in HCM as reported in other co-

horts [13]. In the same line, mean QRS energy in HCM

(77 ± 50 in arbitrary units) was about two fold the value

in control (42 ± 47). Statistically significant differences

(p-value< 0.01) were found in leads V2 and V3.

With respect to the STT KLT coefficients, most of the

STT waveforms showed the highest correlations with the

first STT KL basis, obtaining a higher value in the first STT

KLT coefficient than in the remaining three. Moreover,
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Figure 2. Boxplots showing the different temporal indices Tpe, QTc intervals and QRS duration for each of the eight

recorded leads for control (C) and pathological HCM (P).
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Figure 5. Boxplot representing the normalised projections

of the mean STT waveform of lead V6 to the four STT

KLT basis functions for control (C) and HCM (P).

first KL basis accounts for most of the STT complex in

control but not in HCM in which lower value in the first

STT KLT coefficients and a higher variability was found

(0.6 ± 0.2 in V6 in control versus 0.2 ± 0.5 in HCM).

Statistically significant differences (p-value< 0.01) were

found in the first STT KLT coefficient in leads I, II, V2,

V5 and V6. Also, statistically significant differences (p-

value< 0.01) between control and HCM were found in

the third STT KLT coefficient in leads I, II, V3-6. These

third coefficients were negative for the control subjects and

close to zero for HCM patients.

4. Conclusions

Holter recordings obtained from 32 HCM and 22 con-

trol subjects were analyzed to quantify temporal and mor-

phological activation and repolarization features. DRest

showed higher values in HCM than in controls, although

no significant differences were found. Morphological fea-

tures such as the STT KLT coefficients achieve statistically

significant differences between HCM and control. Repo-

larization or conduction abnormalities represented by the

Tpe , QTc interval and QRS duration do not appear to be

specific to characterize HCM patients.
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based st-t indexes in recordings from human subjects with

induced myocardial ischemia. Comput Biomed Res Aug

1998;31(4):271–92.

[10] Yan GX, Antzelevitch C. Cellular basis for the normal

t wave and the electrocardiographic manifestations of the

long-qt syndrome. Circulation Nov 1998;98(18):1928–36.

[11] Opthof T, Coronel R, Wilms-Schopman FJG, Plotnikov

AN, Shlapakova IN, Danilo Jr P, Rosen MR, Janse MJ. Dis-

persion of repolarization in canine ventricle and the electro-
cardiographic t wave: Tp-e interval does not reflect trans-

mural dispersion. Heart Rhythm Mar 2007;4(3):341–8.
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