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Electrocardiographic Ventricular Repolarization
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Systolic Dysfunction

GIL F. SALLES,* CLAUDIA R.L. CARDOSO,* SERGIO S. XAVIER,*-t
ANDREA S. SOUSA,*t and ALEJANDRO HASSLOCHER-MORENO*
From *Department of Internal Medicine, Clementino Fraga Filho University Hospital, Federal University
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SALLES, G.F, T AL.: Electrocardiographic Ventricular Repolarization Parameters in Chronic Chagas’
Disease as Predictors of Asymptomatic Left Ventricular Systolic Dysfunction. Electrocardiographic re-
polarization parameters are potential markers of arrhythmogenic risk and have not been evaluated in
Chagas’ disease. The aim of this report was to investigate their associations with LV systolic function as-
sessed by two-dimensional echocardiography. In a cross-sectional study involving 738 adult outpatients
in the chronic phase of Chagas’ disease, maximal QTc and T wave peak-to-end (TpTe) intervals, and QT,
QTapex (QTa), JT and TpTe interval dispersions, and variation coefficients were measured and calculated
from 12-lead standard ECGs. Clinical, radiological, ECG, and echocardiographic data were recorded. In
bivariate statistical analysis, all repolarization parameters were significantly increased in patients with
moderate or severe LV systolic dysfunction, and these patients showed more clinical, radiologic, and ECG
abnormalities. Receiver operating characteristic curve analysis demonstrated that isolatedly QTd had the
best predictive performance for LV dysfunction, with an 80% specificity and 67% sensitivity for values
>60 ms in the subgroup of chagasic patients with abnormal ECGs and no heart failure. Multivariate lo-
gistic regression selected, as the best predictive model for LV dysfunction in this subgroup of patients, the
presence of cardiomegaly on chest X ray (OR 14.06, 95% CI, 5.54-35.71), QTd > 60 ms (OR 9.35, 95% CI,
4.01-21.81), male gender (OR 7.70, 95% CI, 2.98-19.91) and the presence of frequent premature ventric-
ular contractions (PVCs) on ECG (OR 4.06, 95% CI, 1.65-9.97). This model showed 90% specificity and
71% sensitivity. In conclusion, QTd was associated to LV systolic function and could be used to predict
asymptomatic dysfunction in chronic Chagas’ disease. The presence of cardiomegaly, frequent PVCs, and
male sex refined LV function stratification in these patients. (PACE 2003; 26:1326-1335)

Chagas’ disease, QT intervals, QT dispersion, systolic dysfunction, ventricular repolarization,
electrocardiology

Introduction to represent a noninvasive measurement of ven-
tricular repolarization inhomogeneity and a poten-

Chagas’ heart disease remains an important I 108¢ an
tial marker of arrhythmogenic risk. Within the last

public health problem in Latin American coun-

tries, where it is estimated that nearly 20 million
are infected and 25-30% will develop symptoms
of congestive heart failure, ventricular arrhyth-
mias, or thromboembolism.! It is the leading cause
of cardiovascular death in endemic areas? from
sudden arrhythmic or progressive heart failure.
Since the original description of Day et al.,?
QT dispersion (QTd), defined as the greatest in-
terlead variability of QT intervals, is presumed
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decade, various repolarization parameters have
been evaluated in several clinical conditions like
long QT syndromes,* coronary artery disease,’®
heart failure of different etiologies,”® other car-
diopathies,® and in primary noncardiac diseases
like diabetes mellitus'® or in population-based
studies,!! with rather inconsistent results.?
Although Chagas’ heart disease, because of its
main characteristics (a chronically evolving my-
ocarditis with fibrosis, hypertrophy, and dilata-
tion, accompanying autonomic dysfunction, and
a high prevalence of serious ventricular arrhyth-
mias and sudden arrhythmic death),! seems a per-
fect candidate for assessment of ventricular repo-
larization dispersion parameters; however, such a
study has never been reported. As left ventricular
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(LV) systolic function has been demonstrated to
be one of the most important prognostic factors in
Chagas’ cardiopathy,*~17 the aim of the present
study was to investigate the associations be-
tween several electrocardiographic (ECG) repolar-
ization parameters and two-dimensional echocar-
diographically assessed LV function in a large
group of patients in the chronic phase of Chagas’
disease.

Patients and Methods
Patients

The study included 814 patients attending
the Chagas’ disease outpatient clinic of Evandro
Chagas Hospital (Oswaldo Cruz Foundation, Rio
de Janeiro, Brazil) from January 1989 to Decem-
ber 1999. All patients had at least two positive
anti-frypanossoma cruzi serological reactions by
three distinct techniques (indirect hemaglutina-
tion, indirect immunofluorescence, and enzyme
linked immunosorbent assay). All were submit-
ted to a thorough clinical examination by the
same physician on their first visit, with special
attention to signs and symptoms of cardiovascu-
lar disease: syncope or near-syncope, palpitations,
thoracic pain, and heart failure (diagnosed by
Framingham criteria'®). Patients with evidence
of other cardiopathies, serum electrolyte potas-
sium or calcium abnormalities, use of any antiar-
rhythmic drug, or severe renal dysfunction were
excluded. The presence of systemic arterial hy-
pertension was not an exclusion criterion unless
there was LV hypertrophy on echocardiogram. The
study complies with the Declaration of Helsinki,
the local ethics committee approved its protocol
and all patients gave written, informed consent.

ECG and Repolarization Parameters

Standard resting 12-lead ECGs were recorded
at 25 mm/s paper speed and 10 mm/mV ampli-
tude on the same day of the first medical inter-
view. ECG exclusion criteria were the impossibil-
ity of measuring the intervals in at least eight leads
and four precordial leads (n =51), atrial fibrillation
(n=05), artificially paced rhythm (n=13), total or
2:1 second atrioventricular (AV) block (n = 3), and
poor recording quality (n=4), leaving a total of
738 patients with measured ECGs. Two indepen-
dent observers with no knowledge of the clinical
or echocardiographic data performed ECG analysis
and measurements. ECG abnormalities were clas-
sified according to the modified Minnesota code
for Chagas’ disease.!® The presence of supraven-
tricular premature contractions, monomorphic,
nonrepetitive, and rare (<10% of all cycles) pre-
mature ventricular contractions (PVCs), nonspe-
cific ST-T wave abnormalities, asymptomatic si-
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nus bradycardia, and incomplete intraventricular
conduction disturbances were not considered al-
terations that defined chagasic heart disease.'® For
repolarization parameter measurements, the ECGs
were digitized in a flatbed scanner, 100% ampli-
fied (corresponding to 50 mm/s paper speed) and
manually measured on screen with a commercial
image software (resolution 0.25 mm). QRS dura-
tion, QT apex (QTa), and total QT intervals were
measured in each lead and JT and Tpeak-to-Tend
(TpTe) intervals calculated. The end of the T wave
was defined as the visual return to the TP base-
line; when U waves were present, the QT was
measured to the nadir between T and U waves.
When the end of the QRS complex was difficult
to define, it was considered at the intersection of
the S wave with the isoelectric baseline. When-
ever the offset of the QRS or T wave could not
be identified, the lead was discarded from analy-
sis. The extrasystolic and postextrasystolic cycles
were also excluded. The precedent RR interval to
the measured cycle was used to calculate the heart
rate-corrected QT (QTc) interval using Bazzet’s for-
mula.?? Whenever possible three consecutive cy-
cles were measured and the mean values approxi-
mated to the nearest 5 ms. Maximal QTc (QTcmax)
and TpTe (TpTemax) intervals were recorded. In-
terval dispersions were defined for QT (QTd), QTa
(QTad), JT (JTd), and TpTe (TpTed) as the differ-
ence between maximum and minimum values ob-
tained in any of the 12 leads. QTd was also ad-
justed to the number of measured leads (adjQTd)
according to the formula: adjQTd = QTd/(number
of measured leads)'/?, previously described.?! No
attempt was made to correct any dispersion mea-
surement for heart rate, as it has been consistently
showed that QTd is not cycle length dependent.??
Variation coefficient for each interval (QT-VC, QTa-
VG, JT-VC, and TpTe-VC) was calculated accord-
ing to the formula: VC=(SD/mean) x 100. Forty-
five randomly chosen ECGs were analyzed again at
least 6 months after the first measurement to assess
reproducibility.

Radiological Examination

Chest X rays on posteroanterior and left lateral
views with contrasted esophagus were obtained on
the same day, and cardiomegaly was defined as a
cardiothoracic index > 0.5, properly measured by
an independent observer unaware of other patient
data.

Echocardiography

Comprehensive two-dimensional echocardio-
graphy was performed on all patients within
1 week of first examination by the same ob-
server, without knowledge of clinical or ECG data.
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Systolic and diastolic LV dimensions were mea-
sured according to the recommendations of the
American Society of Echocardiography.?® Global
systolic LV function was evaluated objectively by
calculating ejection fraction on M-mode with the
Teicholz and Kreulen method?* and subjectively
on two-dimensional echocardiography, being clas-
sified as normal, slight, moderate, or severely com-
promised.?® Patients considered having moderate
or severe LV systolic dysfunction presented an
ejection fraction <0.45, besides two-dimensional
classification.

Statistical Analysis

All statistics were carried out by using the
STATA statistical package. Continuous data were
described as means and standard deviations. Re-
producibility of repolarization measurements was
evaluated by intraclass variation coefficients and
by the graphic method of Bland and Altman.2®
Associations between LV systolic dysfunction and
other variables, including repolarization param-
eters, were tested bivariately by nonparamet-
ric Mann-Whitney U test, chi-square test, or
Spearman’s rank coefficient of correlation, when
appropriated. Individual predictive performance
of repolarization parameters for the presence of
moderate or severe LV systolic dysfunction was as-
sessed by receiver operating characteristic (ROC)
curve analysis, describing areas under curve with
their 95% confidence intervals (95% CI) and com-
paring them to an area of 0.5 under nonparamet-
ric assumptions. Finally, a multivariate regressive
analysis using logistic models was fitted in a back-
ward stepwise procedure with moderate or severe
LV dysfunction as the dependent variable. All clin-
ical, ECG, and radiological variables were submit-
ted to the logistic models. Different models were
constructed for all patients and for those with ab-
normal ECGs, excluding or including those with
clinical overt heart failure. Odds ratio (OR) and
95% CI were calculated for each independent pre-
dictive variable. The quality of the model fitnesses
was evaluated by their sensitivity and specificity
using cut values, which maximized them. A two-
tailed P value <0.05 was considered statistically
significant.

Results
Baseline Characteristics

Table Ishows the baseline characteristics of all
738 patients for whom repolarization parameters
were obtained, and of subgroups with and with-
out moderate or severe LV systolic dysfunction.
As all variation coefficients of ECG intervals were
intimately associated with their respective inter-
val dispersions, only the results of QT-VC were
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presented. Patients with systolic dysfunction had
significantly increased repolarization parameters,
and a greater prevalence of symptoms, radiological
cardiomegaly, and ECG abnormalities.

Reproducibility of Repolarization
Parameter Measurements

Intraclass variation coefficient for ECG inter-
vals ranged from 0.75 (for TpTe interval) to 0.99
(for QT and QTa intervals), all statistically signifi-
cant (P < 0.001). For dispersions it varied from 0.75
(for QTd) to 0.84 (for JTd), also statistically sig-
nificant at P < 0.001. Figure 1 shows the graphic
method of Bland and Altman applied to intraob-
server QTd reproducibility. The mean difference
was 1.74 ms (SD 7.39 ms, range —15-5 ms), corre-
sponding to a mean relative error of 11%.

Relation Between Repolarization
Parameters and LV Function

Table II shows simple linear correlations be-
tween repolarization parameters and echocardio-
graphic measurements of LV function. All param-
eters were significantly, though modestly, related
to echocardiographic variables and stronger as-
sociations were found for QTd (and its corre-
lated adjQTd) than for other parameters. Table III
shows the areas under ROC curves and their 95%
CI of repolarization parameters for prediction of
echocardiographic moderate or severe LV systolic
dysfunction in all patients and in those with ECG
abnormalities. All areas were significantly differ-
ent (P <0.001) from the diagonal, and greatest for
QTd and adjQTd. Figure 2 shows the ROC curves
of QTd for prediction of moderate or severe LV dys-
function in both groups. In isolation, a QTd > 60
ms had a sensitivity and specificity of 67% and
89%, respectively, for prediction of moderate or
severe LV dysfunction in all patients, and of 67%
and 80% in patients with abnormal ECGs, both ex-
cluding patients with clinical overt heart failure.
For comparison, the presence of cardiomegaly on
chest X ray had a sensitivity of 55% and 59% and
a specificity of 90% and 89%, respectively, for the
same subgroups of patients (thus a slightly better
specificity but a worse sensitivity than QTd).

Logistic Regressive Analysis for Prediction
of LV Dysfunction

Tables IV and V show the best predictive logis-
tic models for echocardiographically diagnosed LV
systolic dysfunction in all subjects and in patients
with abnormal ECGs, including or not those with
clinical heart failure. All models selected QTd as
an independent predictor. Other selected variables
were cardiomegaly on chest X ray, frequent PVCs
on ECG, male sex, and clinical heart failure in
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Table I.

Baseline Characteristics of all Chagas’ Disease Patients and Those with and Without Moderate or Severe Left Ventricular
Systolic Dysfunction

All Patients
(n=738)

Patients Without LV
Systolic Dysfunction

(n=629)

Patients with LV
Systolic Dysfunction

(n=109)

Clinical variables

Age, years 46.33 (11.65) 45.75 (11.65) 49.71 (11.13)*
Male sex 46.2% 44.4% 56.9%*
Syncope 3.9% 1.4% 18.3%*
Heart failure 9.8% 1.7% 56.0%*
Thoracic pain 13.4% 11.8% 22.9%"
Palpitation 22.6% 19.6% 40.4%*
Arterial hypertension 23.0% 24.2% 16.5%
Diabetes mellitus 2.4% 2.4% 2.8%
Radiologic variables
Cardiomegaly 17.2% 9.5% 61.5%*
Electrocardiographic variables
Abnormal ECG 54.6% 47.2% 97.2%*
Isolated RBBB 14.1% 15.1% 8.3%
Isolated LAFB 3.5% 2.5% 9.2%"
RBBB + LAFB 24.3% 20.0% 48.6%*
LBBB 3.3% 1.6% 12.8%*
EIA 3.7% 1.3% 17.4%*
Ischemia 7.7% 51% 22.9%*
PVCs 14.5% 8.7% 47.7%*

Heart rate, beats/min
Echocardiographic variables

69.26 (11.92)

68.92 (11.19)

71.20 (15.35)

Diastolic LV, mm 52.75 (7.36) 50.56 (4.55) 65.18 (7.91)*
Systolic LV, mm 35.42 (9.78) 32.08 (4.78) 54.37 (9.28)*
LV ejection fraction % 61.09 (14.10) 65.89 (7.68) 33.97 (11.05)*
LV aneurysm 15.0% 8.3% 54 1%*
ECG repolarization parameters

QTc max, ms~1/2 441.54 (37.49) 434.81 (32.32) 480.37 (41.59)*
TpTe max, ms 101.27 (15.00) 99.61 (13.45) 110.83 (19.37)*
QTd, ms 52.23 (17.08) 48.61 (13.09) 73.12 (21.86)*
QT-VC 4.49 (1.24) 4.27 (1.03) 5.76 (1.54)*
adjQTd, ms 16.56 (5.72) 15.30 (4.18) 23.82 (7.68)*
JTd, ms 59.40 (19.89) 56.67 (17.29) 74.54 (26.28)*
QTad, ms 49.28 (20.07) 45.83 (16.27) 69.17 (27.21)*
TpTed, ms 50.76 (14.94) 48.82 (13.45) 61.93 (18.00)*

*P <0.001, *P < 0.01, *P < 0.05 for comparisons between groups with and without LV systolic dysfunction. Values are mean (SD) or
frequency percentiles. adjQTd = adjusted QTd; ECG = electrocardiogram; EIA = electrically inactive area; JTd =JT dispersion;

LAFB = left anterior fascicular block; LBBB = left bundle branch block; LV = left ventricular; PVC = premature ventricular contraction;
QTad = QTa dispersion; QTcpax = maximum corrected QT interval; QTd = QT dispersion; QT-VC = QT variation coefficient;

RBBB = right bundle branch block; TpTemax = maximum T wave peak-to-end interval; TpTed =T wave peak-to-end interval dispersion.

the analysis where this characteristic was not ex-
cluded. The presence of left bundle branch block
and electrically inactive areas on the ECG were
also selected once. The general sensitivity and
specificity of the predictive models ranged from
71 to 85% and 90 to 93%, respectively. No other
repolarization parameter could substitute QTd in

PACE, Vol. 26

the models with equivalent performance or add
predictive information to the models.

Discussion
The aim of the study was to report ECG ven-
tricular repolarization parameters in patients with
chronic Chagas’ disease and their association with
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Figure 1. Graphic method of Bland and Altman for assessing reproducibility of intraobserver QT

dispersion measurement.

LV systolic function. Its main findings were that
all repolarization parameters were increased in pa-
tients with LV systolic dysfunction, and that QTd
was an independent predictor of asymptomatic
moderate or severe systolic dysfunction echocar-

Table Il.

Spearman’s Rank Coefficient of Correlation Between
Repolarization Parameters and Echocardiographic
Measurements of Left Ventricular Function

Diastolic LV Systolic LV

LVEF Diameter Diameter
QTcmax —0.33* 0.22* 0.29*
TpTemax -0.17* 0.15* 0.18*
QTd —0.34* 0.33* 0.35%
QT-vC —0.30* 0.26* 0.29*
AdjQTd -0.37* 0.34* 0.37*
JTd —0.22* 0.22* 0.22*
QTad —0.30* 0.33* 0.34%
TpTed —0.24* 0.21* 0.23*

*P <0.001. AdjQTd = adjusted QTd; JTd = JT dispersion;

LV = left ventricular; LVEF = left ventricular ejection fraction;
QTad = QTa dispersion; QTcmax = maximum corrected QT
interval; QTd = QT dispersion; QT-VC = QT variation coefficient;
TpTemax =maximum T wave peak-to-end interval; TpTed=T
wave peak-to-end interval dispersion.
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diographically established. The presence of car-
diomegaly on chest X ray, frequent PVCs on ECG,
and male sex improved LV function stratification
in these patients, irrespective of the presence or
absence of clinical overt heart failure.

It has been consistently demonstrated that,
as with other cardiopathies, LV systolic function
is the main prognostic factor in Chagas’ heart
disease,'*"17 emphasizing the importance of its
noninvasive stratification. Unfortunately, in most
Chagas’ disease endemic areas, two-dimensional
echocardiographic examination is not available at
all, and the prediction of LV dysfunction must rest
on clinical, radiological, and ECG grounds, point-
ing out the relevance of this study’s findings.

Although it has been demonstrated that even
Chagas’ disease patients with normal ECGs can
have subtle minor LV wall-motion abnormali-
ties when adequately investigated by echocardio-
graphy,?” radionuclide ventriculography,?® or an-
giography,?® confirming the presence of Chagas’
cardiomyopathy; their outcome is identical to non-
chagasic individuals, that is, chagasic patients
with normal ECGs have an uniformly good prog-
nosis.>17:39 In addition, as shown in the patients
in the present study, a normal ECG virtually ex-
cludes the possibility of moderate or severe LV sys-
tolic dysfunction (in fact only three patients had
normal ECGs and LV systolic impairment, corre-
sponding to a negative predictive value of 99%).

PACE, Vol. 26
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Table lIl.

Areas Under ROC Curves of Repolarization Parameters
for Prediction of Moderate or Severe LV Systolic

Dysfunction
Patients with
All Patients Abnormal

(n=738) ECGs (n =408)

Area 95% CI Area 95% CI
QTcmax 0.81 0.76-0.85* 0.72 0.66-0.77*
TpTemax 0.68 0.62-0.73* 0.64 0.58-0.71*
QTd 0.87 0.83-0.91* 0.80 0.75-0.85*
QT-VC 0.80 0.75-0.85* 0.74 0.68-0.80*
AdjQTd 0.89 0.85-0.92* 0.82 0.77-0.87*
JTd 0.73 0.68-0.78* 0.67 0.61-0.72*
QTad 0.78 0.73-0.83* 0.73 0.67-0.79*
TpTed 0.73 0.67-0.78* 0.68 0.63-0.74*

P values refer to comparisons with the null hypothesis that area
=0.5. *P <0.001. AdjQTd = adjusted QTd; Cl = confidence
interval; ECG = electrocardiogram; JTd = JT dispersion; LV = left
ventricular; QTad = QTa dispersion; QTcmax = maximum
corrected QT interval; QTd = QT dispersion; QT-VC =QT
variation coefficient; ROC = receiver operating characteristic;
TpTemax =maximum T wave peak-to-end interval; TpTed=T
wave peak-to-end interval dispersion.

However, Chagas’ disease patients with clinical
overt congestive heart failure have the worst
prognosis, with survival rates <50% after 3
years.'#16.17:30 Thusg, the subgroup of patients in
which it is most relevant to stratify LV systolic
function is that with abnormal ECGs and no clini-
cal heart failure. In this particular group, the pre-
dictive logistic model, which included the QTd,
the presence of cardiomegaly on chest X-ray, PVCs
on ECG, and male sex, had a sensitivity of 71% and
a specificity of 90%, constituting a relatively sim-
ple, noninvasive, inexpensive, and readily avail-
able (in endemic areas) way of assessing the pos-
sibility of asymptomatic LV dysfunction.

To simplify the clinical use of this predictive
model, the authors propose a scoring system based
on the logistic regression coefficients, ranging from
zero to seven points (Fig. 3). A score greater than
three points had the same predictive performance
of the logistic model. The area under the score
ROC curve for prediction of LV systolic dysfunc-
tion was 0.88, therefore showing a good clinical
relevance. For practical applications, the authors
suggest that all Chagas’ disease patients on first
medical workup have a complete clinical exami-
nation and an ECG. Those with overt decompen-
sated heart failure who have obvious LV dysfunc-
tion should be treated accordingly, and those with
normal ECGs should be considered without LV sys-
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Figure 2. Receiver operating characteristic curves of QT
interval dispersion for prediction of moderate or severe
left ventricular systolic dysfunction in all Chagas’ dis-
ease patients (top) and in those with abnormal electro-
cardiograms (bottom).

tolic impairment and only be followed with annual
ECGs. Those patients without clinical decompen-
sated heart failure and with abnormal ECGs should
have their QT intervals measured and QTd calcu-
lated. If the QTd is <60 ms, they should be con-
sidered low risk for the presence of moderate or
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Table IV.

Logistic Regression Models for Prediction of Moderate or Severe Left Ventricular Systolic Dysfunction in all Chagas’
Disease Patients Including or Not Those with Clinical Heart Failure

All Chagas’ Disease Patients (n =738)

Patients Without Clinical Heart Failure (n = 666)

Variable Odds Ratio 95% ClI Variable Odds Ratio 95% CI
Heart failure (y/n) 29.42 11.66-74.20* QTd > 60 ms (y/n) 15.47 6.85-34.97*
QTd > 60 ms (y/n) 13.22 6.37-27.42* Cardiomegaly (y/n) 9.98 4.22-23.60*
Cardiomegaly (y/n) 10.10 4.67-21.84* Sex (male) 6.86 2.81-16.73*
PVCs (y/n) 5.74 2.56-12.85* PVCs (y/n) 6.89 2.78-17.11%
Sex (male) 4.91 2.27-10.63* LBBB (y/n) 418 1.04-16.75*
EIA (y/n) 8.29 2.10-32.69"

LBBB (y/n) 4.45 1.14-17.44*

Sensitivity 85% (cut value: 0.2) Sensitivity 85% (cut value: 0.1)

Specificity 93% Specificity 90%

y/n means present versus absent. *P <0.001, P < 0.01, ¥*P < 0.05. EIA = electrically inactive area; LBBB = left bundle branch block;

PVC = premature ventricular contraction; QTd = QT dispersion.

severe LV systolic dysfunction and thus be fol-
lowed semestrally (a QTd < 60 ms has a nega-
tive predictive value of 94% for detection of LV
malfunction). If the QTd is >60 ms, a chest X ray
should be performed and the stratification scor-
ing system applied. If the score is greater than
three points, the probability of asymptomatic LV
systolic impairment is significant and the patient
should be treated with an angiotensin-converting
enzyme inhibitor and/or a 8-blocker, and followed
closely. In the patients in the present study, this
approach would result in only 20 (2.7%) patients
with echocardiographically proven moderate or

severe LV systolic dysfunction not receiving treat-
ment, and 22 (3%) patients without LV impair-
ment would be treated unnecessarily. It is clear
that these numbers depend on the prevalence of LV
dysfunction on the studied population. Although
our patients constitute an urban cohort of Chagas’
disease, the prevalence of LV systolic impairment
(15%) is similar to that reported in endemic ar-
eas,3! suggesting that the current results could be
generalized to the entire Chagas’ disease popula-
tion. More studies evaluating QTd in other Chagas’
disease cohorts, specially from endemic areas, are
needed to confirm the clinical use of this approach.

Table V.

Logistic Regression Models for Prediction of Moderate or Severe Left Ventricular Systolic Dysfunction in Chagas’ Disease
Patients with Abnormal ECGs Including or not Those with Clinical Heart Failure

All Patients With Abnormal ECGs (n =403)

Patients with Abnormal ECGs and Without Clinical
Heart Failure (n =333)

Variable Odds Ratio 95% ClI Variable Odds Ratio 95% ClI
Heart failure (y/n) 25.87 9.78-68.42* Cardiomegaly (y/n) 14.06 5.54-35.71*
Cardiomegaly (y/n) 12.42 5.49-28.12* QTd > 60 ms (y/n) 9.35 4.01-21.81*
QTd > 60 ms (y/n) 7.97 3.78-16.81* Gender (male) 7.70 2.98-19.91*
Sex (male) 5.47 2.41-12.42* PVCs (y/n) 4.06 1.65-9.97%
PVCs (y/n) 3.53 1.59-7.83"

EIA (y/n) 415 1.13-15.22%

Sensitivity 84% (cut value: 0.3) Sensitivity 71% (cut value: 0.25)

Specificity 91%

Specificity 90%

*P <0.001, P < 0.01, *P < 0.05. Cl = confidence interval; ECG = electrocardiogram; EIA = electrically inactive area; PVC =

premature ventricular contraction; QTd = QT dispersion.
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SCORE
QTd>60ms  Absent 0
present 2
Cardiomegaly absent 0
present 2
Gender female 0
male 2

Frequent PVCs absent 0
present 1

100%-

90%-
S 80%]
=
)
3 70%
g 60%-
§ S0% 32,40%
'§ 40%- i
E 3o 22,20%
Z  20%]
2 10%

o\ 2 3 4 5 6\7
Stratification score risk

Number of 117 127 27 37 15 10
Patients
% 351 381 81 111 4.5 3.1

Figure 3. Simple scoring system for risk stratification of
left ventricular systolic dysfunction in Chagas’ disease
patients with abnormal electrocardiograms and no overt
heart failure (top) and the prevalence of left ventricular
dysfunction for each summed score point (bottom).

Although it has been recognized that QTd
is increased in heart failure and LV dysfunction
of various etiologies,”® few studies reported di-
rect relations between ventricular repolarization
dispersion measurements and LV systolic func-
tion®7+32:33 or extension of damaged myocardium,®
as found in the present study. This aspect should
raise some conjectures. First, the mechanical over-
load associated with LV systolic dysfunction can
alter myocardial electrophysiological properties
and increase repolarization abnormalities and in-
homogeneity.?*%° Second, it has been demon-
strated that in Chagas’ disease patients, a greater
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prevalence of several ECG abnormalities, like
PVCs, complete bundle branch blocks, electri-
cally inactive areas, atrial fibrillation and total
AV block implied a greater extension of compro-
mised myocardium and hence worse LV systolic
function.?®37 So, it is reasonable to speculate that
greater global ventricular repolarization abnormal-
ities, reflected by increased ECG parameters of
repolarization as suggested by Kors et al.,?® can
parallel greater ECG alterations and thus LV dys-
function. Finally, ECG ventricular repolarization
parameters can follow the development and pro-
gression of cardiac autonomic dysfunction, as
demonstrated in primary®® or diabetic*® dysau-
tonomia. Chagas’ disease patients have long been
considered natural models for studying cardiac
autonomic function,*! since their autonomic im-
pairments are generally precocious and parallel
the progression of myocarditis and hence of ven-
tricular damage and dysfunction.*? This point
needs to be addressed in future studies involv-
ing Chagas’ disease and ventricular repolarization
measurements.

In this study several ECG ventricular re-
polarization parameters were measured and all
showed associations with echocardiographic mea-
surements of LV function. Meanwhile, QTd and
its correlated adjQTd and QT-VC showed the best
predictive performance. So the authors do not rec-
ommend using ventricular repolarization param-
eters in Chagas’ disease other than QTd for LV
function stratification. Calculating QT-VC and ad-
justing QTd to the number of measured leads also
did not improve QTd predictive performance, so
the authors suggest that they should not be used
as well. The maximum Tpeak-to-Tend (TpTe max)
interval has been reported recently as a new indi-
cator of transmural dispersion of repolarization,*?
and confirmed in a clinical report as a potential
marker of arrhythmogenicity risk.** In this study
this interval showed a predictive performance for
LV dysfunction worse than that of QTd and maxi-
mum QTc interval in chagasic patients with abnor-
mal ECGs. Further prospective, long-term follow-
up studies are needed to determine if it will
become a predictor of arrhythmic events and sud-
den death in Chagas’ disease.

Study Limitations

The main limitation of the present study is its
cross-sectional design with its well-known draw-
backs, like the survival effect, for instance. The
most serious patients with greater myocardium
damage and worse LV function possibly did not
survive long enough to be included. So, the present
findings may not be applied to this particular
subgroup of seriously ill, generally in-hospital,
chagasic patients. In addition, the proposed
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approach to stratify the risk of asymptomatic LV
systolic impairment could not be applied to those
patients that present with conditions that preclude
the measurement of QTd, like atrial fibrillation,
artificially paced rhythm, advanced AV block, or
in those ECGs in which the QT interval in at
least eight leads (including four precordial ones)
could not be measured. In the present study these
patients correspond to nearly 10% of the whole
group of patients. Another limitation is inherent
to repolarization parameter measurements with
its known lack of standardization and poor re-
producibility. The intraobserver reproducibility is
similar to the best-reported indexes,'? and surely
did not affect the results.

Conclusions

The present study demonstrated that ECG ven-
tricular repolarization parameters were associated
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