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Abstract. Chagas disease is an emerging infectious disease in Europe and other non-endemic areas, mainly owing to
migration from endemic areas. We aimed at investigating the value of advanced echocardiography (ECHO) and cardiac
magnetic resonance (CMR) in patients newly diagnosed with Chagas disease to compare findings with those of elec-
trocardiogram (ECG) and conventional ECHO and thus detecting cardiac abnormalities. We included consecutive pa-
tients with newly diagnosed Chagas disease and registered cardiac test results (ECG, ECHO, and CMR). We divided
ECHO parameters into three tiers: 1) left ventricular ejection fraction, regional wall motion abnormality, and left ventricular
diastolic dimension (ECHO-1); 2) other common ECHO parameters (ECHO-2); and 3) global longitudinal strain (GLS)
(ECHO-3). Cardiac magnetic resonance included global and segmental biventricular function, the presence of myocardial
fibrosis, and edema. The study comprised 100 patients from South America. The mean age was 43.9 + 0.9 years, and 66%
were women. Mean time living in Spain was 9.7 + 0.5 years. The ECG revealed > 2 abnormal findings in 47 % of patients.
ECHO-1 was abnormal in 22% of patients, ECHO-2 in 52%, and GLS in 16%. Cardiac magnetic resonance was abnormal
in 50% of cases, and in 3% of these, ECHO was normal. When ECG and conventional ECHO were taken together,
abnormalities were detected in 83% of patients. This value increased to 86% and 92% for GLS and CMR, respectively.
These findings suggest that ECG and conventional ECHO should be used routinely as standard cardiac tests for newly

diagnosed cases of Chagas disease. The value of advanced ECHO techniques and CMR is low.

INTRODUCTION

Chagas disease, also known as American trypanosomiasis,
is included in the WHO list of neglected tropical diseases.’
Chagas disease is an emerging infectious disease in Europe
and other non-endemic countries, mainly owing to migration
from endemic areas of South America.~* About 10-12 million
people could be infected around the world, with an estimated
rate of underdiagnosed cases of over 90%.3

The natural history of the disease is characterized by two
well-established phases. The acute phase (4-8 weeks) is
usually oligosymptomatic, with the disease being diagnosed
in this phase in only 1-2% of cases. Mortality is around 1%
(usually related to severe myocarditis or meningoencephalitis).
The chronic phase has two distinct clinical forms, namely, the
indeterminate form (4-10 weeks after infection), which is char-
acterized by a lack of clinical, radiological, and electrocardio-
graphic manifestations, and the chronic cardiac form, which is
defined based on abnormal electrocardiographic findings.

Chagas cardiomyopathy (CCM) constitutes the most serious
complication of the disease, affecting 20-40% of individuals
with positive serology results. Chagas cardiomyopathy causes
substantial disability and early mortality, especially among
young people.

Prompt and correct diagnosis of Chagas disease requires
specialized clinical expertise and innovative and intensified
disease management.® Traditional diagnosis of chronic CCM
has been based on ECG, chest X-ray, and echocardiography
(ECHO).57
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The objectives of this prospective study were 1) to estimate
the prevalence of anatomical and functional cardiac abnor-
malities in recently diagnosed patients before starting etio-
logical treatment and 2) to evaluate the value of traditional
cardiac tests and assess the usefulness of cardiac magnetic
resonance (CMR) for detecting cardiac involvementin patients
with Chagas disease compared with ECG and ECHO (either
conventional or advanced).

METHODS

Study design. We performed an observational, prospective
cohort study in La Paz University Hospital (Department of
Cardiology and Tropical Diseases Unit) from January 2015 to
January 2017.

Patient selection. The initial sample comprised patients
older than 18 years with a confirmed diagnosis of Chagas dis-
ease according to the WHO criteria® and attended at the Tropical
Diseases Unit. We selected 175 patients with positive values in
both the immunofluorescence antibody test (over 1/32) and an
ELISA index > 1.1. Because of exclusion criteria (pregnancy,
previous treatment for Chagas disease, alcohol or drug abuse,
advanced renal failure [glomerular filtration rate < 30 mL/minute],
previous coronary or cerebrovascular disease, active non-
Chagas infection, another cardiomyopathy, and general con-
traindication for CMR imaging), we excluded 75 patients, We
finally enrolled 100 consecutive patients in the registry following a
predefined protocol. Study data were collected and managed
using the REDCap® electronic data capture tools® and hosted at
the IdiPAZ Research Institute, Madrid, Spain.

Diagnostic methods. All patients underwent a physical
examination, ECG, conventional Doppler 2D-ECHO (ECHO)
plus speckle tracking of strain, and CMR. ECG and trans-
thoracic ECHO were performed on the same day as the clinical
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examination by a board-certified cardiologist. Cardiac mag-
netic resonance was performed within 60 days of the ECHO.

The ECG result was considered abnormal and suggestive
of cardiac involvement if the test revealed two alterations
(BENEFIT study). This approach was adopted to ensure that
we had a higher risk population.®

Echocardiogram. All patients underwent standard trans-
thoracic ECHO examinations with the Philips iE33 transducer
X5-1 according to the recommendations of the American
Society of Echocardiography (ASE) and the European Asso-
ciation of Cardiovascular Imaging.*®'® Average longitudinal
strain was semiautomatically calculated using QLAB 10 3DQA
software application (Advanced Cardiac Quantification 3D
Philips Healthcare, Andover, MA).

We divided ECHO parameters into three tiers: ECHO-1 (used in
the BENEFIT study as markers of cardiac involvement), that is, left
ventricular dilatation > 55 mm, left ventricular ejection fraction
(LVEF) <50% or regional wall motion abnormalities®; ECHO-2, that
is, other abnormal 2D-ECHO parameters; and ECHO-3, that is,
advanced ECHO, global longitudinal strain (GLS) > —20.

Cardiac magnetic resonance was performed using a 1.5-T
scanner (Siemens Avanto DOT, Erlangen, Germany). The use
of non-contrast T2-weighted sequences (T2-short tau in-
version recovery [STIR]) enabled evaluation of myocardial
edema, defined as a regional myocardial increased T2 signal
compared with adjacent skeletal muscle. A TrueFISP late
gadolinium enhancement (LGE) sequence was used 10-12
minutes after contrast administration to evaluate LGE. Late
gadolinium enhancement was defined by increased signal
intensity above apparent normal myocardium from 2 to 6 SDs.
All CMR analyses were performed using the Siemens Syngo
Via VB10A_HFO04 application (Siemens AG, Munich, Ger-
many). In cases of ventricular aneurysm and subendocardial
or transmural delayed enhancement pattern on CMR, com-
puted tomography (CT) angiography was performed to ex-
clude the possibility of ischemic heart disease.

Patients were classified according to the recommendations
of the Society for Cardiovascular Magnetic Resonance and
the ASE/InterAmerican Association of Echocardiography
(ECOSIAC)/Cardiovascular Imaging Department of the Bra-
zilian Society of Cardiology (DIC-SBC)*""-12 as follows: stage
A, that is, the indeterminate form (positive serology with nor-
mal ECG, no clinical heart failure, and no heart disease in the
ECHO); stage B1, that is, asymptomatic patients with struc-
tural cardiomyopathy and abnormal ECG or ECHO but normal
left ventricle (LV) function; stage B2, that is, impaired LVEF
with no registered signs or symptoms of heart failure; stage C,
that is, LV dysfunction with current or prior heart failure; and
stage D, that is, patients with symptoms of heart failure at rest,
refractory to maximized medical therapy, New York Heart
Association functional classification IV, and who require
specialized and intensive interventions.'®

The study protocol (PI-2681) was approved by the Ethics
Committee at La Paz University Hospital. All patients signed
the informed consent document.

Statistical analysis. The normality of the variables was eval-
uated using the Levene and the Kolmogorov-Smirnov tests.
Normally distributed continuous variables were expressed as
mean + SD, and categorical variables were presented as per-
centages. A P-value < 0.05 was considered statistically signif-
icant. Continuous variables were analyzed using the general
linear model. The significance of different time points for each

continuous variable was determined using least significant dif-
ference analysis.

Non-normally distributed variables are presented as median
and interquartile range, and groups were compared using the
Wilcoxon rank-sum test. The ¥ test or Fisher’s exact test was
used when appropriate to compare the categorical variables.
All analyses were performed using SPSS 21.0 (IBM Corp.,
Armonk, NY).

RESULTS

We included 100 consecutive South American patients
(66% women; mean age, 43.9 + 0.9 years). Bolivia was the
country of origin of 97% of cases, and patients had lived in
Spain for 9.7 + 0.5 years. A family history of Chagas disease
was found in 20% of cases.

Symptoms were recorded in 58% of patients, with chest
pain and palpitations being the most frequent (Table 1). In the
asymptomatic patients, 28 (67 %) presented an abnormal ECG
result, 33 (79%) had ECHO abnormalities, and 22 (52%) had
CMR abnormalities.

Diagnostic methods. The ECG result was normal in 37 % of
patients (95% Cl: 27-47), 16% presented an abnormality, and
47% fulfilled the ECG BENEFIT criteria for Chagas cardiac
involvement (Table 2, Figure 1). The most frequent abnor-
malities were right bundle branch block (36%) and sinus bra-
dycardia below 50 bpm (35%). No patients were taking
concomitant beta-blockers or other drugs that could interfere
with cardiac rhythm. Despite normal ECG in 37 % of patients, 9
(24%) presented ECHO-1, 27 (72%) ECHO-2, and 18 (48%)
CMR abnormalities.

Echocardiogram. ECHO-1: Twenty-two patients (95% CI:
14-30) fulfilled the BENEFIT criteria for cardiac involvement.
ECHO-2: In 69% of patients, other 2D ECHO abnormalities
were identified. ECHO-3: 16% of patients presented a
GLS > -20 (Table 2, Figure 1).

Cardiac magnetic resonance. In 50% of patients (95% CI:
40-60), CMR revealed at least one abnormality. The most
common abnormalities were an increase in left ventricular
end-systolic volume, which was higherin men, and alterations
of LV regional contractility in the middle and lower apical

TaBLE 1

Main demographic characteristics and clinical symptoms after di-
agnosis of Chagas disease

Demographic (mean, SD, %)

Age (years) 43.9+0.9
Men 34/100 (34%)
Residence in Spain (years) 9.73 £0.47

Family history of sudden death 25/100 (25%)
Family history of Chagas disease 20/100 (20%)
Hypertension 7/100 (7%)
(
(

Diabetes 5/100 (5%)

Hypercholesterolemia 14/100 (14%)
Symptoms

Global 58/100 (58%)

Chest pain 25/100 (25%)

Palpitations 25/100 (25%)

NYHA*

Class Il 15/100 (15%)

Class I 1/100 (1%)
Pre-syncope 7/100 (7%)
Syncope 2/100 (2%)
Symptomatic heart failure 16/100 (16%)
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TaBLE 2
Cardiac tests after diagnosis of Chagas disease

ECG normal (none of the following)
ECG BENEFIT criteria > 2 of the following
Sinus bradycardia (< 50 bpm)
First degree AV block (PR interval > 220 msc)
Atrial fibrillation
Low QRS voltage
Right bundle branch block
Left bundle branch block
Left anterior fascicular block
Left posterior fascicular block
Primary ST changes
Abnormal Q waves
Ventricular premature beats
ECG BENEFIT criteria > 1 of the following
Second to third degree AV block
Cardiac pacemaker
Ventricular tachycardia
ECHO normal (none of the following)
ECHO-1: BENEFIT criteria > 1 of the following
LVEDD > 55 mm
LVEF < 50%
Regional wall motion abnormalities
ECHO-2: other ECHO abnormalities > 1 following
LVEDV (men > 74 mL/m?)
LVEDV (women > 61 mL/m?)
LVESV (men > 31 mL/m?)
LVESV (women > 24 mL/m?)
TAPSE (< 18 mm)
DTl tricuspid (< 9.5 cm/second)
E/E’ lateral (> 14 cm/second)
E lateral (< 10 cm/second)
E medial (< 7 cm/second)
Left atrial volume (> 32 mL/m?)
LV aneurysm
RV aneurysm
ECHO-3: GLS > -20
Cardiac magnetic resonance normal (none of the following)
LVEDV (men > 97 mL/m?)
LVEDV (women > 95 mL/m?)
LVESV (men > 34 mL/m?)
LVESV (women > 35 mL/m?)
LVEF (< 50%)
LV mass (> 78 g/m?)
RVEDV (men > 111 mL/m?)
RVEDV (women > 118 mL/m?)
RVESV (men > 48 mL/m?)
RVESV (women > 54 mL/m?)
RVEF (< 49%)
Segmental wall motion abnormalities
LV aneurysm
RV aneurysm
Perfusion defects
Hyperintensity in T2-STIR (myocardial edema)
Late myocardial enhancement
Segments with late subendocardial enhancement (n)
Segments with transmural enhancement (n)
Segments with subepicardial enhancement (n)
Segments with midwall enhancement (n)

37/100 (37%) (95% Cl: 27-47)
47/100 (47%)
35/100 (35%)
4/100 (4%)
1/100 (1%)
15/100 (15%)
36/100 (36%)
1/100 (1%)
26/100 (26%)
0/100
0/100
5/100 (5%)
9/100 (9%)
0/100
0/100
0/100
0/100
14/100 (14%) (95% CI: 7-14)
22/100 (22%)
6/97 (6.2%)
5/100 (5%)
17/96 (17.7%)
69/100 (69%)
6/33 (18.2%)
21/66 (31.8%)
6/32 (18.7%)
12/65 (18.4%)
7/97 (7.2%)
3/95 (3.2%)
4/98 (4.1%)
34/96 (35.4%)
20/96 (20.8%)
23/94 (24.4%)
2/96 (2%)
1/96 (1%)
14/86 (16.3%)
50/100 (50%) (95% CI: 40-60)
4/34 (11.7%)
8/64 (12.5%)
14/34 (41.2%)
13/64 (20.2%)
4/98 (4.1%)
18/95 (18.9%)
2/33 (6.1%)
1/64 (1.5%)
2/33 (6.1%)
0/64
3/97 (3.1%)
11/100 (119%)
1/100 (1%)
1/100 (1%)
3/100 (3%)
16/100 (16%)
15/98 (15.3%)
2
9
5
28

AV = atrioventricular; DTl = Doppler tissue imaging; GLS = global longitudinal strain; LV = left ventricle; LVEDD = left ventricular end diastolic diameter; LVEDV = left ventricular end-diastolic
volume; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; PR = time from the onset of the P wave to the start of the QRS complex; QRS = combination of the Q
wave, R wave and S wave in ECG; RV =right ventricle; RVEDV = right ventricular end-diastolic volume; RVEF = right ventricular ejection fraction; RVESV =right ventricular end-systolic volume; ST =
segment in ECG that connects the QRS complex and the T wave; TAPSE = tricuspid annular plane systolic excursion.

*No patients registered with NYHA Class | or IV.

segments. There was significant concordance between vol-
umes and LVEF measured by ECO and CMR (r = 0.591, P <
0.0001). Myocardial edema was detected in 16% of cases (12%
in the LV, 8% in the right ventricle, and 4% in both ventricles).
Late gadolinium enhancement (suggestive of myocardial fi-
brosis) was detected in 15% of patients. This was heteroge-
neously distributed, with more frequent intramyocardial and

apical and inferior intramyocardial predominance (Table 2,
Figure 1).

Computed tomography scans were performed in 13 pa-
tients with late enhancement (nine transmural, two sub-
endocardial, and two with a ventricular aneurysmin ECHO and
CMR). No significant epicardial coronary artery disease was
detected.
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Cardiac abnormalities in Chagas disease
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FiGure 1.

Abnormal cardiac findings using different diagnostic techniques. ECG: BENEFIT criteria; Echocardiography (ECHO)-1: BENEFIT

criteria; ECHO-2: any other conventional 2D-echo Doppler abnormal finding; ECHO-3: abnormal global longitudinal strain; cardiac magnetic
resonance (CMR): any abnormal finding in CMR imaging. This figure appears in color at www.ajtmh.org.

Combined use of diagnostic methods. At least one abnor-
mality was detected using several complementary exploratory
methods (ECG; ECHO-1, 2, and 3; and CMR) in 92% of pa-
tients. The exploratory combination that most dramatically
increased the ability to detect a cardiac abnormality was ECG
with acomplete conventional 2D-ECHO (ECHO-2). Addition of
GLS or CMR slightly increased the number of patients with
cardiac abnormalities (Figure 2).

When patients were staged according to ASE/ECOSIAC/
DIC-SBC recommendations, 47 % of patients were classified

as stage A, 37% as stage B1, 5% as stage C, and 1% as stage
C (Table 3). Eleven patients were not included in this classifi-
cation, as they had normal systolic function despite having
symptoms of heart failure.

DISCUSSION

Despite our initial expectations of finding few cardiac ab-
normalities in patients newly diagnosed with Chagas disease,
92% of patients presented abnormalities in ECG, ECHO, or

Cardiac abnormalities in Chagas disease
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Ficure 2. Combining diagnostic techniques increased the number of patients presenting some abnormal findings. ECG: BENEFIT criteria.
Echocardiography (ECHO)-1: BENEFIT criteria; ECHO-2: any other abnormal finding in conventional 2D-echo Doppler; ECHO-3: abnormal global
longitudinal strain; cardiac magnetic resonance (CMR): any abnormal finding in CMR imaging. This figure appears in color at www.ajtmh.org.
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TaBLE 3

Number of patients according to the AES/ECOSIAC/DIC-SBC grades/
stages of Chagas cardiomyopathy

AES Grading n (%)

ASE/ECOSIAC - A 47 (47%)
ASE/ECOSIAC - B1 37 (37%)
ASE/ECOSIAC - B2 0
ASE/ECOSIAC - C 5 (5%)
ASE/ECOSIAC - D 0

ASE = American Society of Echocardiography; DIC-SBC = Cardiovascular Imaging
Department of the Brazilian Society of Cardiology; ECOSIAC = InterAmerican Association of
Echocardiography.

CMR. This finding contrasts with the findings of previous
studies, where the prevalence of CCM was lower, ranging
from 20% to 30%.% There are several explanations for this.
First, in the other studies, prevalence was based on clinical
ECG and X-ray results, which are less sensitive than ECHO
and CMR. Second, more than half of the patients in our study
were symptomatic at diagnosis and had probably been in-
fected many years before traveling to Spain from Chagas-
endemic areas. Furthermore, considering the accepted ECG
and ECHO abnormalities recommended in the BENEFIT trial,®
61% fulfilled the criteria for Chagas cardiac disease.

ECG abnormalities were more common in our study than
those reported in other epidemiological studies, '*'® although
in many cases, these findings are not specific to Chagas
disease. In addition, a normal ECG result is rarely recorded in
patients with severe LV dysfunction.*'*1® Despite the low
specificity of ECG, it is important to note that this technique is
almost universally available.

Stage, A
Indeterminate

Stage B1
Abnormal ECG and ECHO
but Normal LVF

Positive serology
Normal ECG
Normal anatomy

The basic ECHO criteria recommended in the BENEFIT trial
were found in a relatively low number of patients (22%), with
only two patients presenting LV aneurysm. Nevertheless, the
frequency of abnormal echocardiograms increased to 74%
when other conventional 2D-ECHO parameters were taken
into consideration. Although GLS > -20, an advanced ECHO
parameter, is related to ventricular arrhythmia,17 we only
recorded it in three patients. As reported elsewhere,*'8 ECHO
abnormalities have been related to various outcomes, in-
cluding symptomatic heart failure and mortality.

Cardiac magnetic resonance imaging enables better as-
sessment of cardiac anatomy and biventricular function than
ECHO, thus making this a very specific technique for appro-
priately characterizing CCM.*'°22 The cardiac abnormalities
we detected in 50% of the CMR studies included late myo-
cardial enhancement (suspected of being related to malignant
arrhythmias and sudden cardiac death), right ventricular
dysfunction, and myocardial edema (suggestive of the per-
sistence of inflammatory processes in the myocardium as
described in previous studies).?®

The addition of conventional echocardiogram to ECG, as in
our cohort, significantly increases the number of patients with
cardiac abnormalities. Likewise, the use of more advanced
and complex ECHO techniques (GLS) or CMR does not sig-
nificantly increase sensitivity for detecting cardiac abnormal-
ities. In this sense, although advanced ECHO and CMR
imaging enable more precise characterization of cardiac in-
volvement in patients with Chagas disease, these techniques
are expensive and not available throughout the world. Con-
sequently, they should be reserved for special cases and

Chagas’ Disease Cardiomyopathy

and function
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some LV anatomic or
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Ficure 3. Progressive myocardial injury and left ventricular dysfunction and evidence-based treatment recommended in clinical practice
guidelines. Both American Society of Echocardiography/InterAmerican Association of Echocardiography stages (blue boxes). HF = clinical heart
failure; HFrEF/HFmrEF/HFpEF = heart failure with reduced, mid-range; LV = left ventricle; LVD = left ventricular dysfunction; LVF = left ventricular
function, and preserved ejection fraction, respectively. This figure appears in color at www.ajtmh.org.
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research purposes. Accordingly, ECG and simple 2D-ECHO
imaging should be recommended as standard techniques in
all patients newly diagnosed with Chagas disease.

Most patients with abnormal findings were classified as
defined by the ASE grading system. Whether treatment for
these earlier forms should be initiated remains an important
question. In the BENEFIT trial, trypanocidal therapy with
benznidazole in patients with established Chagas disease
significantly reduced detection of the parasite in serum but
failed to improve clinical outcomes.® Although ASE grading
shows disease progression, it does not enable identification of
groups with asymptomatic LV dysfunction, as previously ex-
plored in clinical trials. Therefore, we propose an alternative
classification that could better adjust to the recommendations
of the European Society of Cardiology and American Heart
Association/American College of Cardiology guidelines forthe
treatment of LV dysfunction and heart failure (Figure 3),
namely, recommending treatment only in patients with heart
failure or LVEF < 40%. Further clinical research is needed to
explore the benefit of treatments in patients with any abnor-
mality of LV dysfunction and preserved LVEF (e.g., > 40%).

Our study has several limitations that may affect in-
terpretation of the results. First, patient selection was biased,
in that we performed the tests in a very specific tropical dis-
ease unit, with more than half of the patients symptomatic at
diagnosis. Second, the small sample numbers do not enable
us to reliably determine the prevalence of less frequent man-
ifestations such as myocardial edema, ventricular tachycar-
dia, complete atrioventricular block, and heart failure. Third,
during the study time period, available ECHO software appli-
cation did not allow us to analyze other speckle-tracking pa-
rameters as the global radial or circumferential left ventricular
strain or global right ventricular longitudinal strain. Further-
more, sensitive biomarkers of myocardial damage or dys-
function, such as troponins and N-terminal pro brain
natriuretic peptide, were not routinely determined in all pa-
tients yet may have reinforced the results obtained by ECG
and ECHO.**

In conclusion, our data show that the prevalence of cardiac
involvement in patients newly diagnosed with Chagas disease
may range from 61% to 92% depending on whether we use
the conventional criteria or new imaging techniques such as
advanced ECHO and CMR. ECG and conventional ECHO
should be recommended as the standard diagnostic tech-
niques in all new cases of Chagas disease. Advanced ECHO
(GLS) and CMR do not significantly increase the number of
cases with cardiac abnormalities to justify routine use. Further
studies are needed to determine the prognostic value of these
findings.
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