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Abstract

Background: Patients with Chagas disease and segmental wall motion abnormality (SWMA) have worse prognosis
independent of left ventricular ejection fraction (LVEF). Cardiac magnetic resonance (CMR) is currently the best method
to detect SWMA and to assess fibrosis.

Obijective: To quantify fibrosis by using late gadolinium enhancement CMR in patients with Chagas disease and
preserved or minimally impaired ventricular function (> 45%), and to detect patterns of dependence between fibrosis,
SWMA and LVEF in the presence of ventricular arrhythmia.

Methods: Electrocardiogram, treadmill exercise test, Holter and CMR were carried out in 61 patients, who were divided
into three groups as follows: (1) normal electrocardiogram and CMR without SWMA; (2) abnormal electrocardiogram
and CMR without SWMA; (3) CMR with SWMA independently of electrocardiogram.

Results: The number of patients with ventricular arrhythmia in relation to the total of patients, the percentage of fibrosis,
and the LVEF were, respectively: Group 1, 4/26, 0.74% and 74.34%; Group 2, 4/16, 3.96% and 68.5%; and Group 3,
11/19, 14.07% and 55.59%. Ventricular arrhythmia was found in 31.1% of the patients. Those with and without ventricular
arrhythmia had mean LVEF of 59.87% and 70.18%, respectively, and fibrosis percentage of 11.03% and 3.01%, respectively.
Of the variables SWMA, groups, age, LVEF and fibrosis, only the latter was significant for the presence of ventricular
arrhythmia, with a cutoff point of 11.78% for fibrosis mass (p < 0.001).

Conclusion: Even in patients with Chagas disease and preserved or minimally impaired ventricular function, electrical
instability can be present. Regarding the presence of ventricular arrhythmia, fibrosis is the most important variable, its
amount being proportional to the complexity of the groups. (Arq Bras Cardiol. 2014; 102(5):456-464)
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Introduction

Chagas disease (CD) remains epidemiologically

(ventricular extrasystoles > 10/hour and/or ventricular
tachycardia) are markers of sudden death in CD*.

important', because of the high number of infected
individuals who can develop severe forms of the disease.
In Brazil, two to three million people are estimated to be
affected, one third of whom have heart disease, of whom,
two thirds are minimally impaired?.

The annual death rate is approximately 24/1,000 patients-year,
and most patients have preserved or minimally impaired left
ventricular (LV) ejection fraction (LVEF)®. Sudden death is
common in CD, can occur in any phase of that disease, and 10%
result from a first arrhythmic event. Complex cardiac arrhythmias
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Patients with CD and normal electrocardiogram (ECC) are
known to have survival rate similar to that of the general population,
and initial studies have shown that those with CD, segmental wall
motion abnormality and preserved LVEF have worse prognosis®®.

Cardiac magnetic resonance imaging (CMR) is currently the
best method to assess ventricular function” and to detect segmental
wall motion abnormalities®; by adding the delayed enhancement
technique’, it can assess myocardial fibrosis. The ability of delayed
enhancement CMR to detect abnormalities in chronic Chagas heart
disease (CCHD) has already been reported®.

Patients with CCHD and ventricular arrhythmia have a worse
prognosis, and there is no study correlating the myocardial fibrosis
detected on CMR with the severity of arrhythmias in patients with
CD and preserved or minimally impaired ventricular function.

Methods

Patients were recruited between March and December
2010 at the CD Outpatient Clinic at our hospital.
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All patients from this study provided written informed
consent, and the research protocol was approved by the
Ethics Committee of our hospital, in accordance with the
Declaration of Helsinki.

The inclusion criteria were as follows: asymptomatic
patients older than 21 years or those outside an endemic
area of CD for more than 20 years with positive serology
for CD, preserved or minimally reduced (> 45%) LVEF on
echocardiogram, who had undergone ECG, treadmill exercise
test (TET) and 24-hour Holter in the previous 12 months.

Patients with the following characteristics were excluded:
renal dysfunction (estimated creatinine clearance < 30 mL/min);
previous ablation via electrophysiological study; diabetes or more
than two risk factors for coronary artery disease; atrial fibrillation;
TET compatible with myocardial ischemia; previous myocardial
infarction; any myocardial or peripheral revascularization
procedure; contraindication to undergo CMR (permanent
pacemaker, implanted cardiac defibrillator, neurosurgical clips,
or cochlear implants).

Patients were classified according to ECG and CMR
findings, and distributed into three groups as follows: 1)
Group 1 - normal ECG and no segmental wall motion
abnormality on CMR; 2) Group 2 - altered ECG and no
segmental wall motion abnormality on CMR; and 3) Group 3
- segmental wall motion abnormality on CMR regardless of
ECC. The ECG was considered altered in the presence of
any incomplete or complete bundle-branch block, any type
of atrioventricular block, mono- or polymorphic ventricular
extrasystole , and nonsustained ventricular tachycardia
(NSVT). The CMR was considered altered in the presence
of any segmental wall motion abnormality.

On Holter, the following situations were considered electrical
instability: presence of ventricular extrasystoles > 30/hour;
episodes of monomorphic sustained ventricular tachycardia
(defined as ventricular rhythm with heart rate > 100 bpm and
duration > 30 seconds); and episodes of NSVT (defined as
three or more consecutive beats with duration < 30 seconds).

Regarding the TET, only the tests of patients reaching
7 MET, limit defined as a submaximal exercise level (good
correlation between the anaerobic threshold achieved and
the 7-MET load achieved), were considered for analysis'".
Two observers analyzed and compared the ECGs at
rest and during exercise (around 7 MET), identifying in
both situations the 30-second period with the greatest
number of ventricular arrhythmias and/or NSVT episodes.
Exertion-induced arrhythmias were defined as the
appearance of ventricular arrhythmias on ECG during
exercise as compared to rest, or an increase > 10% in their
incidence, and/or presence of NSVT'.

The CMR was performed in a 1.5-Tesla GE HDX scanner
(Wakeusha, Wisconsin, USA), and two pulse sequences
were acquired: the first was a cine-CMR using Steady-State
Free Precession (SSFP) in long- and short-axis projections
to measure and calculate mass, volumes, LVEF and right
ventricular ejection fraction (RVEF). The most basal slice in
the short axis was positioned right after the atrioventricular
ring, and all subsequent respiratory pauses at maximum
exhalation were acquired with 8-mm slice thickness and

2-mm slice spacing up to the LV apex. The parameters used
were: field of view (FOV) of 400 mm; matrix of 224 X 224;
20-24 lines/segment; temporal resolution < 50 ms; repetition
time (RT) = 3.9 ms, echo time (ET) = 1.5 ms; flip angle
of 50°% and NEX of 1.

Three minutes after injecting 0.3 mmol/kg of gadolinium
(Dotarem®, Guerbet), an echo-gradient sequence was
performed with inversion recovery (delayed enhancement)
in the long- and short-axis projections to investigate
myocardial fibrosis with the following parameters: FOV
of 360 mm; matrix of 224 X 192; 24 lines/segment;
ET = 2.9 ms; flip angle of 20°; 8-mm slice thickness; 2-mm
slice spacing; and NEX of 2.

Cardiac magnetic resonance postprocessing

The LV and RV measurements and calculations were
performed independently by two researchers blinded to the
patient’s groups, at a workstation dedicated to CMR, using
specific software (Report CARD®, 3.6 version, GE).

Maximum diastole and systole images were chosen on
cinematic display at maximum relaxation and maximum
contraction, respectively. Ventricular mass was calculated by
using manual tracings of endocardial and epicardial borders at
end-systole and end-diastole for each slice for both LV and RV.
Papillary muscles were excluded from volume measurements
and added to ventricular mass calculation. Such areas were
multiplied by slice thickness (8 mm + 2 mm of slice spacing)
and added to several slices to obtain end-systolic and
end-diastolic volumes, respectively. The EF was calculated as
follows: end-systolic volume subtracted from end-diastolic
volume and divided by end-diastolic volume. Each of
the 17 LV wall segments was classified as normokinetic,
hypokinetic, dyskinetic or akinetic.

The calculation of fibrosis mass was performed by using
a specific applicative of the software for semiquantitative
detection of hyperintense areas compatible with fibrosis on
short-axis delayed enhancement sequences. The researcher
was free to edit the limits of the area of fibrosis.

Statistical analysis

The statistical analysis comprised a nonparametric
classification tree and survival curves. The nonparametric
classification tree method is based on a decision rule
approach, implemented with a theory of conditional
inference procedures and selection of variables. The node
of the classification tree has a p value that corresponds
to the log-rank test. The classification tree is aimed at
reducing the impurity degree by finding the point that
provides greater homogeneity (higher probability of
purity) inside a node and greater heterogeneity between
nodes. Then, a log-linear model is used to select the most
significant variables and to confirm the results obtained
by using a regression tree. The 5% significance level was
adopted for the entire study.

The presence of ventricular arrhythmias was considered
a categorical variable according to ECG, Holter and/or
TET findings.
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Interobserver analysis was performed using the survival
analytical technique proposed by Luiz et al™ to assess the
reliability of the quantitative measures of EF, LV mass and
myocardial fibrosis. That method uses Kaplan-Meier curves
without data censoring, in which the failures occur in the
absolute difference between the values attributed to the
observers. Another improved method proposed by Llorca
and Delgado-Rodriguez' was also used. It considers two
groups of different real values rather than global differences.
The equivalence of functions of the two observers obtained
through Llorca’s method was evaluated by using Tarone-Ware
test, a nonparametric weighted log-rank statistic.

Then the explanation coefficient matrix was performed
to measure the predictive capacity of a continuous variable
to predict another, and the following were assessed: age;
LVEF; RVEF; fibrosis; and LV mass. The R software was used
for data analysis.

Results

Sixty-one patients (23 men) participated in the study.
Two women did not undergo the post-contrast phase (delayed
enhancement) as follows: one due to difficulty in the venous
access and another due to history of allergy to gadolinium;
they, however, underwent the noncontrast phase (cine-CMR).
The patients’ mean age was 62.32 = 10.43 years. The body
mass index of the population studied was 26.02. Four patients
showed segmental wall motion abnormality with no ECG
abnormalities, being then considered Group 3. Table 1 shows
the number of patients with fibrosis in the three groups.

Figure 1 shows the number of patients with segmental
wall motion abnormality and fibrosis in each LV wall segment
according to the CMR findings. Segmental wall motion
abnormality was detected in 19 patients (31.1%). Abnormality

Table 1 - General data

Mean age 62.32 years
BMI 26.02 kg/m?
Group 1 BMI 26.56 kg/m?
Group 2 BMI 25.29 kg/m?
Group 3 BMI 25.24 kg/m?
Number of patients with fibrosis 27 (45.8%)
Group 1 (normal ECG and no SWMA on CMR) 26 (42.6%)
Group 2 (abnormal ECG and no SWMA on CMR) 16 (26.2%)
Group 3 (SWMA on CMR) 19 (31.1%)
Ventricular arrhythmia (TET or Holter) 19 (31.1%)
Patients with fibrosis in Group 1 5(19.2%)

Patients with fibrosis in Group 2 7 (43.7%)

Patients with fibrosis in Group 3 15 (78.9%)
Patients with fibrosis and ventricular arrhythmia 13 (68.4%)

BMI: body mass index; ECG: electrocardiogram; CMR: cardiac magnetic
resonance imaging; SWMA: segmental wall motion abnormality; TET: treadmill
exercise test.
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was identified in 113 wall segments (10.89% of the
1,037 possible segments), and the segments most frequently
affected were: infero-apical (9.7%); infero-lateral-medial
(10.6%); basal (7.9%); and LV apex (9.7%).

On CMR, fibrosis was detected in 27 patients (45.8%)
(Figure 1), the mean amount of fibrosis being 15.02 g.
Detectable myocardial fibrosis was observed in 87 segments
(8.67% of the 1,003 possible segments), the infero-lateral-basal
LV wall segment being the most often affected (19.5%).

Electrical instability was detected on Holter or TET in
19 patients (32%), and Graph 1 shows the presence of
fibrosis or segmental wall motion abnormality in that group
of patients. Of the patients with electrical instability, 78.9%
had segmental wall motion abnormality and/or fibrosis on
CMR. Of the 42 patients without electrical instability, only
14 patients had myocardial fibrosis and 8 had segmental
wall motion abnormality.

Graph 2 shows the amount of fibrosis and the LVEF in
each group.

The presence of ventricular arrhythmia in the groups
was as follows: four patients in Group 1; four patients in
Group 2; and 11 patients in Group 3.

Regarding interobserver agreement to detect ventricular
arrhythmias at rest and during exertion, a kappa of 0.87 was
obtained [95% confidence interval (95% Cl): 0.72-0.92).
Kappa for intraobserver agreement was 0.93 (95% Cl: 0.74-0.99).

The interobserver disagreement by using Llorca’s method
showed that the variables LVEF RVEF and mass were not
significant (0.4 and 0.09 respectively; p = 0.5). Only the variable
‘percentage of fibrosis’ showed significance (p = 0.007) up to
6% of the absolute value of the difference of the result, after
which there was no difference.

The categorical analyses of the presence of segmental
wall motion abnormality and detection of fibrosis had an
interobserver kappa of 0.96. The variables used in the first
classification tree (Figure 2) were: segmental wall motion
abnormality on CMR; groups (1, 2 and 3); age; LVEF;
ventricular arrhythmia; and myocardial fibrosis. Myocardial
fibrosis was the only significant variable in the classification
tree for the presence of ventricular arrhythmia, with a cutoff
point of 11.78% for fibrosis mass (p < 0.001). In addition to
segmental wall motion abnormality on CMR and myocardial
fibrosis, the second classification tree considered the
interactions of those variables with the groups (1, 2 and 3).
Group 3 gathered the majority of patients with ventricular
arrhythmia (p < 0.001) (Figure 3).

The explanation coefficient matrix was built (Figure 4),
enabling R? calculation of the variables analyzed without
using a response variable (ventricular arrhythmia, in the case),
and showing that LVEF was inversely proportional to fibrosis
(R* = -0.37), while LVEF and RVEF were proportional to each
other (R? = 0.30).

Discussion

This study shows objectively that, even in patients with CD
and preserved or minimally impaired LV function, electrical
instability can occur. It was demonstrated by the presence of
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Figure 1 - Representation of the 17 left ventricular wall segments. (A) The figure in each segment indicates the number of patients with segmental wall motion
abnormality. The grey color represents the segments most frequently affected by segmental wall motion abnormality. (B) Number of patients with fibrosis in each left
ventricular wall segment. The grey color represents the segments most frequently affected by fibrosis.

® No electrical instability

Only fibrosis

9 (47.3%)

4 (21%)
4 (21%)

Y 2 (105%)

B Fibrosis and segmental wall motion abnormality

Neither fibrosis nor segmental wall motion abnormality

B Only segmental wall motion abnormality

Graph 1 - Ventricular arrhythmia on Holter or treadmill exercise test and presence of fibrosis.

exertion-induced or spontaneous ventricular arrhythmias in
one third of the patients (32%). In addition, a good inverse
correlation between LVEF and fibrosis (R? = -0.37) was
identified, because of the 19 patients with electrical instability,

15 (79%) had segmental wall motion abnormality. Moreover,
by using logistic regression and tree classification, myocardial
fibrosis was identified as the most significant variable for the
presence of arrhythmia ventricular. The advantage of the
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Graph 2 - Ejection fraction and amount of fibrosis in the different groups. LVEF: left ventricular ejection fraction.
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Figure 2 - Classification tree showing that fibrosis is the most significant variable for the presence of ventricular arrhythmia, with a cutoff point of 11.78%.

classification tree is that, in addition to identifying the most
relevant variable, it calculates the cutoff point (11.78% for
fibrosis mass). In the group with fibrosis > 11.78%, only two

Arq Bras Cardiol. 2014; 102(5):456-464

patients had no ventricular arrhythmia (p < 0.001), which
might mean that patients with a greater percentage of fibrosis
have an increased risk for frequent ventricular arrhythmia.
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Figure 3 - Classification tree per group, showing that the group with segmental wall motion abnormality (Group 3) had the majority of patients with ventricular arrhythmia.

According to Myerburg et al'®, three factors are required for
electrical sudden death: arrhythmogenic substrate; triggering
events; and functional changes. Fibrosis plays a relevant role
in the first factor. In patients with CD, those three factors
can be clearly identified: the arrhythmogenic substrate is
represented by the myocardial fibrosis and inflammation; the
triggering events, by the frequent ventricular extrasystoles; and
the functional changes, by the autonomous nervous system
physiological changes.

Ventricular arrhythmia in CD is associated with
ventricular dysfunction, and patients with ventricular
dysfunction and complex ventricular arrhythmias have
worse prognosis. The presence of ventricular electrical
instability in patients with preserved LVEF and segmental
wall motion abnormality is little studied.

It is possible that the 19.2% of Group 1 patients who had
myocardial fibrosis detectable on CMR could be in an initial
phase of CCHD, especially because four of them had ventricular
arrhythmia. According to pathological studies'®", the initial
process is myocarditis with fibrosis, which can progress to
segmental wall motion abnormality and ventricular dysfunction.

Our population is considered of low risk according to
any prognostic score. Nevertheless, 45.7% of them have
myocardial fibrosis detectable on CMR. The presence and

amount of fibrosis were higher in Group 3 patients. That group
also had more patients with ventricular arrhythmia, which
could indirectly mean a higher arrhythmogenic potential.

Prospective studies on CCHD using CMR are scarce.
Recently, Regueiro et al'é, in a descriptive study, have shown
the association of ECG changes (with segmental wall motion
abnormality) with the increase in fibrosis mass and right and
left ventricular dysfunctions. Mello et al'®, assessing patients
with CCHD on CMR, have shown that transmural fibrosis
in more than two LV myocardial segments was more often
associated with ventricular tachycardia.

In the present study, the segments most often affected by
fibrosis were also those with more segmental wall motion
abnormalities. This suggests a topographical relationship
between sympathetic denervation, fibrosis and hypokinesia.
The temporal relationship between those variables can help
to understand the pathophysiological process and should be
the object of future studies.

It is worth noting the reliability of the imaging test.
Echocardiography is examiner-dependent and its interobserver
variability is a well-known limitation. The CMR is known for its
high reproducibility. In this study, the interobserver variability
was < 5% for LVEF and RVEF, thus, not significant (p = 0.5
and 0.4, respectively). The percentage of fibrosis mass showed

Arq Bras Cardiol. 2014; 102(5):456-464
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Figure 4 - Correlation matrix (values as R?). The more oval the tracing, the better the correlation. LV: left ventricular; LVEF: left ventricular ejection fraction; RVEF: right

ventricular ejection fraction.

a statistical difference of 6%; however, a variability of such
magnitude, regarding the small mean fibrosis amount found
(15.02 g), can be of little clinical and scientific relevance,
because, considering the standard deviation, it would be
15.02g = 0.9 g. In addition, if regarded as categorical variable,
it would have an excellent correlation (kappa = 0.96).

Study limitations

The patients in this study have not undergone coronary
cineangiography to exclude coronary arterial disease as the
cause of myocardial fibrosis. However, patients with diabetes
and two or more risk factors for coronary arterial disease were
excluded, thus reducing that probability. In addition, no patients
with abnormalities suggestive of coronary arterial disease on TET
or CMR were identified. Recently, Carvalho et al*”have shown a
small prevalence of coronary arterial disease in patients with CD.

Most episodes of sudden death occur between the ages
of 20 and 50 years in men. This differs from our population,

Arq Bras Cardiol. 2014; 102(5):456-464

mainly comprised by women with a mean age of 63 years, a
fact that can underestimate prognostic events. Nevertheless,
in that low-risk group, there was significant substrate for the
presence of arrhythmias (segmental wall motion abnormality
and presence of myocardial fibrosis).

The definition of ventricular arrhythmia includes the
presence of frequent ventricular extrasystoles > 30/h,
which can be considered of little clinical relevance.
However, this study was aimed at assessing the triggering
mechanism of early ventricular instability (fibrosis and
segmental wall motion abnormality), rather than the
immediate clinical impact.

Conclusions

On CMR, both myocardial fibrosis and segmental wall
motion abnormality were associated with ventricular
arrhythmia in patients with CCHD.
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Even in patients with CCHD and preserved or minimally
impaired ventricular function, the arrhythmogenic substrate
can be present. Myocardial fibrosis detected on CMR is the
most important variable associated with ventricular arrhythmia.
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