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Abstract 1. I ntroduction

Heart failure is a condition generally generated by low
contraction capacity of ventricles. However, some patients
with heart failure do not only present poor contraction, but
also ventricles are desynchronized. This deteriorates, even
more, performance of cardiac function.

Cardiac resynchronization therapy (CRT) is a well-
accepted therapy for patients with heart failure (HF), left
¥entricular (LV) systolic dysfunction, and QRS prolon-
gation. Biventricular pacing is associated with an im-

Methods. We retrospectively analysed the surface ECG Proved quality of life, increased functional capacity, re-
and QRS previous to CRT implantation in 45 consecutive duction in hospitalization for heart failure, and increased
patients with dilated (27) or ischemic (18) cardiomyopa- Survival[l,2]. Unfortunately, a significant proportion of
thy. We extracted the QRS and then processed a measurgatients (up to 30-35%) do not respond to CRT therapy
of energy of a discrete version of the Stockwell Transform. (‘non-responders”) adversely affecting the utility and cost-
This feature was used to discern non-responder patients toeffectiveness of this form of device therapy for HF[3].

CRT. There are many suggested reasons for an inadequate re-
sponse to CRT such as absence of dyssynchrony previous

Results: 10 out of 45 patients were clinically judged to the implant of the device, persistence of LV dyssyn-
as non-responders to CRT. We observed that, on averageghrony after CRT, phrenic nerve stimulation, lead dis-
non-responders presented significant lower values for this |odgement, or suboptimal programming of device.
energy measure than patients who responded favorably Recently, guidelines have made an effort to define the
to the therapy (with median values 95538 vs. 48516 for qfile of patients to implant a CRT device in order to in-
responders and non-responders, p-valud.05). Using  crease the response to this therapy and to reduce the num-
energy in the spectrum as feature to predict patients’ re- pers of non-responders. Indication of CRT relies on the
sponse, as well as mean duration of QRS complexes, out,orphology and duration of QRS. The indication with a
obtained performances for a linear least-squares classi- pigher level of evidence is for patients with a left bundle

fier were: accuracy (77.78%), sensitivity (80%), specificity pranch block and a QRS width above 130 to 150 ms. CRT
(70%). is also recommended for patients with right bundle branch
block and a QRS width above 150 ms. Nevertheless, there

proach to obtain early predictions of potential candidates 'S_St'”tr? need to |mfrc2/§_lfhe selection of patients to opti-
to CRT in patients suffering from heart failure by means of mize the response to ; )
calculating the energy of the ECG, which may open a door The present retrospective study introduces a hew mea-

to reduce and try to minimize the number of CRT treat- SUré in order to improve the prediction results of response
ments with unsuccessful results. to CRT. This measure is related with the energy of QRS

complexes of patients with heart failure before CRT im-

Aims. Cardiac Resynchronization Therapy (CRT) is an
effective treatment for heart failure patients with moderate
to severe symptoms. Unfortunately, a significant propor-
tion of patients (up to 35%) do not respond to CRT (pa-
tients called “non-responders”). This results in a large
cost-effectiveness relation for heart failure treatment. This
study aims to assess the prediction response to CRT b
means of analysing the ECG.

Conclusion: The current study presents a novel ap-
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plantation, as it is detailed in the subsequent sections.  Table 1. Distribution of patients who conformed the ret-
rospective study.

Responders Non-responders

All patients 35 10
Dilated

cardiomyopathy 24 3
Ischemic 11 7

cardiomyopathy

3.2. Measureof energy

Time-frequency transforms overcome the drawback of
providing information about how varies spectral content
along time, which cannot be addressed by Fourier anal-
ysis. This way, time-frequency analysis is optimum for
non-stationary signals (as the ECG), which have time-
dependent properties.

Figure 1. X-ray of patient undergoing CRT by pacemaker There are several time-frequency transforms, with dif-
stimuating both ventricles (right and left). ferent properties. The main drawback of most of them is
how they deal with the uncertainty principle, which states
that it is not possible to provide good time and frequency
2 Materials resolution simultaneously once the size of the time win-
dow is fixed. One of the most popular transforms which

45 patients with heart failure who were undergone CRT Provides globally referenced phase and progressive reso-
and who were optimal candidates to be responders to CRTUtion (i.e. good frequency resolution at low frequencies
conformed the population of this retrospective study. Sur- @nd good time resolution at high frequencies) is the Stock-
face ECG was acquired in a tertiary center (Hospital Uni- Well Transform. Progressive resolution is obtained by a
versitari i Politdcnic La Fe, Valencia). Duration of ECG frequency-adaptative size of window, as itis detailed in its
segments was 5 seconds, which is a common duration foranalytical expression [6, 7]:

6 x 2 printout displays [4].

Patients had dilated (27) or ischemic (18) cardiomy- o0 .
opathy. An increase in left ventricular ejection fraction  (Sf)(7,v) = |V|/ go(v(t —7))e > f(t) dt, (1)
(LVEF) of 5% or more was used in this study as an ob- e
jective measure of cardiac structural improvement. Thus, where g, denotes a Gaussian window. It can be seen as
patients were considered as responders when left ventricy STET where the window length varies depending on the
ular ejection fraction (LVEF) increased by5% and New  frequency. However, the main disadvantage of this trans-
York Heart Association class by1 after three months of  form is related to its very high computational cost and
CRT implantation. According to these guidelines, 35 out memory requirements. Fortunately, an efficient fast and
of 45 patients were clinically judged as responders to CRT. non.redundant implementation based on a dyadic scheme

Details about population of the dataset are included in was described in 2010 [8], which is known as General

Table 1. Fourier-family Transform (GFT).
In the present study we have used the efficient imple-
3. Methods mentation (GFT) in order to estimate a measure of the en-
ergy of the QRS complexes. Thus, we have defined this
3.1. Signal Preprocessing measure ag:
Baseline and powerline interference were first removed w=5 Zzié\’*l |GFT (t,w)|?
from the surface ECG signals. In particular, baseline wan- bE= Z 2 @)
w=2 ¢

der was reduced by means of cubic splines [5]. Then, we
proceeded to delineate the ECG in order to detect onsetwwhere GF'T are the coefficients of the efficient imple-
and endset of QRS complexes. mentation of the Stockwell Transform for each QRS com-



plex, B is the number of frequency bands of the time- included in this subgroup (only 3). More analysis and en-
frequency spacey. denotes the central frequency of each larged datasets would be necessary in order to provide a

frequency band, ang¥ is the number of time windows for
each frequency bandFE has been obtained by dividing

complete analysis.

by w? according to [9] (Proposition 3.4, with parameters Table 2. Mean features: measure of energy (Eq. 2 and

a=2,=1).

QRS duration for the cohort of patients under study before

The final feature used to predict response is the averageCRT implantation. * denotes statistical significance: p-
of the energy measurements for all QRS complex for eachvalue <0.05 for Wilcoxon test.

patient: (Zﬁj Ex)/n, wheren denotes the number of
QRS complexes for each ECG signal.

4, Results

As above-said, our dataset consisted of 45 electrocardio-
grams of patients suffering heart failure who were optimal
candidates to CRT response. In order to obtain an estima-
tion of the response, we found a linear separator by means
of solving the least-squares problem.

Performances obtained were global accuracy (i.e. pro-
portion of correctly classified patients), sensitivity and
specificity (proportion of responders and non-responders

Measure of QRS duration
enery QRS (ms)
Responders 95538 225
Dilated 73927 228+
cardiomyopathy
Ischemic 76130 222
cardiomyopathy
Non-responders 48516* 180
Dilated 40256 148
cardiomyopathy
Ischemic 31768+ 104

cardiomyopathy

correctly classified, respectively according to clinical
data):

Table 3. Classification results for the dataset once linear

TP+TN o -
ACC = TP FP T TN TN (3) leastsquares fitting has been applied.
TP Accuracy Sensitivity  Specificity
Sensitivity = ————— 4) All patients 77.78% 80% 70%
TP+FN Dilated
) 77.78% 79.17% 66.67%
TN cardlomyopathy
Specificity = s (5) ::Sa(:rr(]j(ie(;Tr]r;(;/opathy 77.78%  81.82%  71.43%

whereT P (true positives) was the number of responders
who were classified as respondefsy (true negatives)
was the number of non-responders who were classified as ROC curve
non-responderd; P andF' N were the non-responders and 1 ‘ ‘
responders who were erroneously estimated as responde
or non-responders, respectively. 0.8l

Table 2 depicts the features of the cohort of patients un-
der study, whereas Table 3 shows performances after ap _
plying linear least-squares fitting. Results are also detailed S 0.6
for those patients with dilated or ischemic cardiomyopathy. '§
In addition, Figure 2 depicts the Region of Convergence 304
curve for the classification results.

It can be observed that non-responders present signifi-
cantly lower values of the proposed energy measurement 0.2
than responders. Indeed, the subgroup of patients with
ischemic cardiomyopathy is the one that presents better 0 : : : :
performances (Table 3) with significant differences (Ta- 0 0.2 J(?.—AfSpecifi(?i.t?/ 0.8 1

ble 2). Those patients who presented dilated cardiomy-
opathy were the ones who presented lower specificity re-Figure 2. ROC curve for the linear least-squares classifi-
sults. However, these results should be carefully consid-cer. Area Under the ROC curve is 0.75

ered due to the small number of non-responder patients



5. Conclusions

In this paper we have presented a retrospective studyf4]
that points to an energy measurement of QRS as a com-
plementary feature to QRS duration in order to predict re-
sponse to CRT in those patients with heart failure. Re- [5]
sults have shown that this feature is significantly smaller
for non-responders to CRT, and it is also significantly
smaller for patients who had ischemic cardiomyopathy.
Future work will focus on improving results and enlarge
the dataset.
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7
Acknowledgements )

This work was supported by Generalitat Valenciana un-
der grant Prometeoll/2013/013, and by MINECO under [g]
grant MTM2013-43540-P.

References

[1] Bristow M, Saxon L, Boehmer J, Krueger S, Kass D, Marco [9]
TD. Comparison of Medical Therapy, Pacing and Defibrilla-
tion in Heart Failure (COMPANION) investigators. Cardiac
resynchronization therapy with or without an implantable de-
fibrillator in advanced chronic heart failure. New Eng J Med
2004,350:2140-2150.

Cleland J, Daubert J, Erdmann E, Freemantle N, Gras D
Kappenberger L, et al. For the Cardiac resynchronization
study (CARE-HF) investigators. The effect of cardiac resyn-
chronization on morbidity and mortality in heart failure. New
Eng J Med 2005;352:1539-1549.

(2]

resynchronization therapy. Curr Opin Cardiol 2006;21:20—
26.

Ortigosa N, Giménez V. Raw data extraction from electro-
cardiograms with portable document format. Comput Meth
Programs Biomed January 2014;113(1):284—-289.

C. R. Meyer and H. N. Keiser. Electrocardiogram baseline
noise estimation and removal using cubic splines and state-
space computation techniques. Comput Biomed Res 1977;
10:459-470.

Stockwell R, Mansinha L, R.P.Lowe. Localization of the
complex spectrum: The S transform. IEEE Trans Signal Pro-
cess April 1996;44(4):998-1001.

Stockwell RG. Why use the S-transform?  In Pseudo-
Differential Operators: Partial Differential Equations and
Time-Frequency Analysis, volume 52 of Fields Institute
Communications. AMS, 2007; 279-309.

Brown R, Lauzon M, Frayne R. A General Description
of Linear Time-Frequency Transforms and Formulation of
a Fast, Invertible Transform That Samples the Continuous
S-Transform Spectrum Nonredundantly. IEEE Trans Signal
Process January 2010;58(1):281—-290.

Boggiatto P, Fernandez C, Galbis A. A Group Representa-
tion Related to the Stockwell Transform. Indiana University
Mathematics Journal 2009;58(5):2277—2296.

Address for correspondence:

' Nuria Ortigosa

I.U. Matematica Pura y Aplicada,

Universitat Politecnica de Valencia

Camino de Vera s/n, 46022 Valencia (Spain)

[3] Birnie D, Tang A. The problem of nonresponse to cardiac nuorar@upvnet.upv.es



	218-415



