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Abstract

In this study the slopes of the QRS complex are evalu-
ated for determination of the degree of myocardial dam-
age in chronic chagasic patients. Previous studies have
demonstrated the ability of the slope indices to reflect al-
terations in the conduction velocity of the cardiac impulse.
Results obtained in the present study show that chronic
chagasic patients have significantly flatter QRS slopes as
compared to healthy subjects. Not only that but the ex-
tent of slope lessening turns out to be proportional to the
degree of myocardial damage caused by the disease. Addi-
tionally, when incorporating the slope indices into a clas-
sification analysis together with other indices indicative of
the presence of ventricular late potentials obtained from
high resolution electrocardiography, results show that the
percentages of correct classification increase up to 62.5%,
which means eight points above the percentages obtained
prior to incorporation of the slope indices. It can be con-
cluded that QRS slopes have great potential for assessing
the degree of severity associated with Chagas’ disease.

1. Introduction

Chagas’ disease is an infectious illness caused by the
parasite Tripanosoma cruzi, which is transmitted to hu-
mans trough the feces of a bug called Triatoma infestans.
The World Health Organization (WHO) estimates that 16
to 18 million people in Latin American countries are al-
ready infected by the disease and other 100 million people
are at risk of being infected [1].

In general terms, two different stages of Chagas’ disease
can be distinguished. The first stage, called acute phase,
appears shortly after the parasitical infection and it is oc-
casionally manifested by high temperature, inflammations,
and heart rate acceleration. Following this phase, which
lasts for 1 or 2 months, there is an undetermined latent pe-
riod. After that, some patients go into a chronic phase,
which is characterized by alterations in the cardiovascular
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system, normally associated to the so-called Chagas’ car-
diomyopathy. This type of cardiomyopathy produces mal-
functioning in the propagation of the electrical impulse as
well as destruction of cardiac fibers. In areas where the
illness is endemic, Chagas’ cardiomyopathy represents the
first cause of cardiovascular death [2].

In order to optimize treatment for chronic chagasic pa-
tients, it is essential to make use of an effective diagno-
sis tool able to determine the existence of cardiac injury
and, if positive, its magnitude. Clinical diagnosis is usu-
ally based on tests such as chest x-rays, echocardiogram,
or electrocardiogram (ECG), which can be either Holter
ECG or conventional rest ECG. The use of high-resolution
electrocardiography (HRECG) has been reported in the lit-
erature as a useful tool for clinical assessment of Chagas’
disease [3,4]. Specifically, the presence of ventricular late
potentials (VLP) has been detected in chronic chagasic pa-
tients using high-resolution ECGs. VLP, which are usu-
ally measured on temporally averaged beats, are very low-
amplitude high-frequency signals found within the termi-
nal part of the QRS complex and the beginning of the ST
segment.

Since Chagas’ cardiomyopathy frequently leads to alter-
ations in the heart’s electrical conduction, in this study we
propose the evaluation of QRS slopes for determination of
the degree of myocardial damage associated with the dis-
ease. In the literature, the standard method used to iden-
tify conduction defects is the estimation of the QRS high-
frequency content (150-250 Hz). However, it has been
recently shown that QRS slopes represent more robust
indices, with enhanced performance in situations where
high-frequency QRS indices were traditionally used, such
as for ischemia monitoring [5]. In the present study, we hy-
pothesize that chagasic patients have less steep slopes as
compared to healthy subjects, and the factor of lessening
is directly related to the degree of myocardial injury. The
ability of the proposed slope indices will be assessed in
high-resolution recordings of individuals for which a clas-
sification is already available from a set of conventional
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clinical tests.

2. Study population

The study population is composed of 107 individuals
from the Chagas database recorded at Simén Bolivar Uni-
versity (Venezuela) [4]. For each individual, a continuous
10-minute HRECG was recorded using orthogonal XYZ
lead configuration. All the recordings were digitized with
a sampling frequency of 1 kHz and amplitude resolution of
16 bits.

Out of the total 107 individuals of the study population,
96 are patients with positive serology for Tripanosoma
cruzi, classified in 3 groups according to the evolution of
Chagas’ cardiomyopathy (Groups I, II, and III). The other
11 individuals are healthy subjects with negative serology
taken as a control group (Group 0). The four analyzed
groups are described in detail next:

e Group 0: 11 healthy subjects, mean age 33.6 £+ 10.9
years, 9 males, 2 females.

e Group I: 41 chagasic patients, mean age 41.4 + 8.1
years, 21 males, 20 females. They show no evidence
of myocardial damage in either echocardiogram, conven-
tional 12-lead ECG or Holter ECG.

o Group II: 39 chagasic patients, mean age 45.8 £+ 8.8
years, 19 males, 20 females. They present normal echocar-
diogram, but they show some evidence of weak or mod-
erate myocardial damage in either conventional or Holter
ECG.

o Group III: 16 chagasic patients, mean age 53.6 = 9.3
years, 9 males, 7 females. They have reduced ejection frac-
tion, severe myocardial damage in conventional ECG and
premature ventricular contractions or episodes of ventric-
ular tachycardia in Holter ECG.

3. Methods

3.1. HRECG

3.1.1. QRS slopes

In this work, evaluation of QRS slopes is performed for
all of the HRECG recordings of the database described
in Section 2. For each recording, let’s denote z;(n),
n = 0,..., N, the i-th beat of lead X, where i runs froms
0 to I (being I the total number of beats in the record-
ing). Analogously, let’s denote y;(n) and z;(n) the i-
th beats of leads Y and Z, respectively. QRS slopes are
measured on temporally averaged signals Z(n), g(n), and
zZ(n), n = 0,..., N, which are calculated as the average
of all normal beats ¢ = 0, ..., I of the recording. Ectopic
and grossly noisy beats are excluded of the averaging pro-
cess. The averaging is performed following the standard
recommendations described in [6].
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A three-step process is applied to compute the upward
QRS slope, ays, and the downward QRS slope, avs, of each
averaged beat T(n), 7(n), and Z(n). In the first step, de-
lineation is performed using a wavelet-based technique [7]
that determines the temporal locations of Q, R, and S wave
peaks, which are denoted by n,, ng, and ns, respectively
[5]. The second step identifies the time instant n,, associ-
ated with maximum slope of the ECG signal (i.e., global
maximum of its derivative) between n, and n,. Anal-
ogously, the time instant n, corresponding to minimum
slope of the ECG signal between n; and ns is identified.
As a final step, a line is fitted in the least squares sense to
the ECG signal in a window of 15 ms around n, and the
slope of that line is defined as a.ys. In the same manner, cyy
is defined as the slope of a line fitted in a 15-ms window
around np.

3.1.2. Ventricular late potentials

Other temporal indices defined to detect the presence of
VLP in HRECG recordings are also evaluated in this work.
Previous studies in the literature have shown the ability
of those indices to determine the severity of Chagas’ car-
diomyopathy [8]. Consequently, the purpose of our study
is to investigate the benefits of using such indices in con-
junction with the QRS slopes.

Computation of VLP indices considers filtered leads X,
Y, and Z using a bi-directional 4th-order Butterworth filter
with passband between 40 and 250 Hz. The filtered signals
are denoted by x; ¢(n), y;,r(n).and z; ¢(n). The indices
QRSD, RMS40, and LAS40, which are described next, re-
quire temporal signal averaging (beats Ty(n), g¢(n), and
Zf(n)) as well as calculation of the vector magnitude de-

\/E?(n) +73(n) +z3(n).

On the signal v(n) the three indices defined to detect
VLP are computed based on identification of time instants
n, and n, corresponding to beginning and end of the QRS
complex [6]:

fined as: v(n)

QRSD = n, — n, (1)
1 & i 40
n =n, — ms
RMS40 = 2 T
(nn pog (n)> {n "
)
LAS40 = n, — argmax{n|v(n) > 40uV'}. 3)

3.2.  Clinical analysis

The proposed QRS slope indices a5 and oy are com-
pared between the groups of individuals described in Sec-
tion 2, with the objective of determining whether the prob-
ability distributions of the four groups are significantly dif-
ferent. For the statistical comparison, the nonparametric
Mann-Whitney U test is used.



Table 1. P-values from Mann-Whitney U test in the com-
parison of groups using indices ays and avps.

Index Ovsl 0vsII 0vs III IvsIl 1vs I 1T vs 11T
aus 0.130  <0.001 <0.001 <0.001 <0.001 0.124
aps 0.031 <0.001 <0.001 0.0015 <0.001 0.385

Additionally, a discriminant analysis is performed to as-
sess the capability of the QRS slope indices for classifica-
tion of chagasic patients in groups I to III. In that analysis,
the indices ays, aps, QRSD, RMS40, and LAS40 are con-
sidered as independent variables and their performance is
evaluated grouping them in subsets of variable length run-
ning from 1 to 5.

4. Results

4.1. QRS slopes and myocardial damage

Evaluation of the two QRS slopes, a5 and ayys, on signal
averaged beats shows that their mean values are very dif-
ferent for the four analyzed groups of individuals. Out of
the three recorded leads, the largest differences are found
inlead Y.

Figure 1 shows two bar graphics with the values of /s
and aps measured in lead Y. In each graphic mean + stan-
dard error of the mean, separately calculated for the four
groups, is presented. It can be observed that both QRS
slopes become flatter as the degree of myocardial damage
increases.
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Figure 1. Mean and standard error of the mean (SEM)
for the indices a5 and s in each of the analyzed groups
(O,LII, and III), expressed in pV/ms.

Application of the Mann-Whitney U test for separation
of group means leads to the p-values shown in Table 1 for
ays and aps.  According to those results, it can be con-
cluded that, when comparing any of two groups of indi-
viduals, the distributions of QRS slope values turn out to
be substantially different. The significance of the statisti-
cal tests is noticeably high in all cases, except when con-
fronting groups 0 and I (where only a5 leads to significant
results), and when confronting groups II and III (where
neither a5 nor a,g are significant).

Figure 2 presents an example of the above described re-
sults. Four averaged beats are shown, each one extracted
from a HRECG recording of an individual of one of the
four analyzed groups. The fitted lines used to compute
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Table 2. P-values from Mann-Whitney U test in the com-
parison of groups using QRSD, RMS40, and LAS40.

Index Ovsl 0vsII 0vs III Tvs Il 1vsIII 1T vs 11T
QRSD 0.822 0.241 <0.001 0.055 <0.001 0.006
LAS40 0.094 0.005 <0.001 0.015 <0.001 0.143
RMS40  0.364 0.012 <0.001 0.012 <0.001 0.080

ays and apg are superimposed on each one of the aver-
aged beats. It is apparent that both the upward and the
downward strokes of the QRS complex are steeper for the
healthy subject of Group 0 than for the chagasic patients.
Moreover, the more the severity of Chagas’ disease, the
more noticeable become those differences.

Cr oI

Figure 2. Examples of QRS slopes evaluation for indi-
viduals belonging to the 4 analyzed groups (0,LII, and
I1I)

4.2. VLP and myocardial damage

Figure 3 presents mean & standard error of the mean
for the VLP indices described in Section 3.1.2. It can be
appreciated that QRSD and LAS40 increase along with
the extent of myocardial damage caused by Chagas dis-
ease, while RMS40 decreases. The p-values obtained from
Mann-Whitney U test for separation of groups 0, I, I, and
III, using the VLP indices is shown in Table 2.
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Figure 3. Mean and standard error of the mean (SEM)
for the indices QRSD, RMS40, and LAS40 in each of the
analyzed groups (0,LII, and III), expressed in ms, ms and
uV, respectively.

4.3. Classification of chagasic patients

Since the proposed QRS slope indices, as well as the
VLP indices, have shown to be significantly different, in
mean, in the four analyzed groups, their use is considered
for a classification analysis, with the purpose of identifying
the progression of the disease in each patient.

Table 3 presents the results obtained from the classifica-
tion analysis, using different combinations of indices. The
percentages of correct classification for each of the three
patient groups, as well as the total number of individuals



Table 3. Percentages of correct classification derived from
the discriminant analysis, using combinations of indices.

Combination of indices

Classification rate

Gr.l Gr.Il Gr.III Global
RMS40 550 250 87.5 479
aus 80.0  20.0 75.0 54.2
aps 60.0 15.0 87.5 45.8
QRSD-LAS40 85.0 15.0 62.5 52.1
QRSD-aws 80.0  60.0 425 60.4
QRSD-LAS40-RMS40  80.0  20.0 62.5 52.1
QRSD-RMS40-arys 80.0 45.0 62.5 62.5

correctly classified, have been specified. From Table 3 it
can observed that the consideration of the QRS slopes into
the analysis improves the classification rates. In particu-
lar, when classification is performed by means of a unique
variable, the best of the QRS-based indices for VLP detec-
tion (described in Section 3.1.2) leads to a global classi-
fication rate of 47.9%, while s reaches a global rate of
54.2%. When two variables are used in the analysis, the
greatest classification percentage using indices from the
set {QRSD, RMS40, LAS40} is attained with the com-
bination QRSD-LAS40 (52.1%). The consideration of the
index a5 together with any of the indices of that combina-
tion makes the classification percentage increase by around
8%, reaching 60.4% with the pair of variables QRSD-q .
If groups of three variables are considered, the combina-
tion of ays with RMS40 and QRSD augments the correct
classification rate up to 62.5%. The inclusion of a higher
number of variables in the discriminant analysis does not
improve the attained classification percentage.

5. Discussion and conclusions

In this work the slopes of the QRS complex, ays and ayps,
have been evaluated on HRECG recordings of healthy sub-
jects and chronic chagasic patients with different degrees
of myocardial damage. The proposed indices have been
compared with other indices defined to detect VLP [8].

Results described in Section 4.1 have corroborated our
initial hypothesis, showing that both the upward and the
downward slope of the QRS complex are less steep in
chronic chagasic patients, and there is a close link between
the extent of slope attenuation and the degree of cardiac
injury caused by the disease. The physiological basis that
supports the above described results could be related to the
fact that most chronic chagasic patients present defects in
the propagation of the cardiac electrical impulse. In [5] we
provided evidence that QRS slopes are able to reflect de-
lays in the conduction velocity, which could well explain
the results found for patients affected by Chagas’ disease.

Furthermore, the present study has shown that QRS
slope indices (ays and aps) represent an additional value
for classification of chronic chagasic patients when they
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are taken together with other indices used for VLP detec-
tion (QRSD, RMS40, LAS40). As stated in Section 4.3,

the combination of variables QRSD-RMS40-a. s provides
a percentage of correct classification of 62.5%, which is
8% above the classification rate obtained before incorpo-
rating the slope indices into the analysis. The fact that the
optimum combination for performing the classification in-
cludes the upward slope o5 in conjunction with the indices
QRSD and RMS40 suggests that the information provided
by the QRS slopes (in particular, o) is complementary to
that provided by the other two QRS-based indices. Even
though QRSD is to a certain extent related to the slopes,
there are QRS changes that can be reflected by the slopes
but not by QRSD, since definition of the slope indices gath-
ers information from the amplitude as well as from the du-
ration of the QRS complex. On the other hand, the index
RMS40 is associated with the energy of the final portion
of the QRS complex, which does not directly influence the
evaluation of QRS slopes.
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