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Editorial
Programmed Ventricular Stimulation in the Management of Brugada
Syndrome Patients
Mauricio Ibrahim Scanavacca

and Denise Tessariol Hachul

Instituto do Coração (Incor), São Paulo, SP – Brazil

Since 1980, the American College of Cardiology (ACC)
and the American Heart Association (AHA), by means of a
systematic methodology, have incorporated and adapted
scientific evidence into practical recommendations aiming to
improve preventive and therapeutic measures for cardiovascular
diseases. These guidelines have become the current reference
for cardiology practices and been adopted by many societies,
which adapt them according to local realities.1
In 2006, the AHA/ACC, together with the Heart
Rhythm Society (HRS), published the first guidelines for
the management of patients with ventricular arrhythmias
and prevention of sudden death (SD). In 2017, this first
document was updated by the same societies and published
in October 2018.2,3
Despite considerable advances in knowledge of risk
stratification, prevention and treatment of SD, many gaps
in its understanding still exist. Among many issues raised
by the authors of the last review, two were addressed by
an independent commission and recently published in an
additional document.4
One of the issues is the subject of the present editorial
and refers to the role of the electrophysiological study in
risk stratification of asymptomatic patients with Brugada
syndrome (BrS).
BrS was described in 1992 in individuals with structurally
normal hearts who had recovered from a cardiac arrest from
ventricular fibrillation showing a unique electrocardiographic
pattern, characterized by a right bundle-branch block with
ST-segment elevation in the right precordial leads V1 -V3.5
In the last 25 years, several clinical studies have shown
that the BrS is a genetically determined disease, affecting
one in 2,000 – 10,000 individuals with apparently normal
hearts. The risk of SD is knowingly high in patients who
had already had arrhythmic syncope or had recovered from
cardiac arrest. There is a consensus that implantation of an
automated implantable cardioverter defibrillator (ICD) is the
most effective method to prevent SD in these patients.6
On the other hand, the risk of SD is apparently low in
asymptomatic BrS patients, which makes the decision-making
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about the use of ICD in these patients difficult. Besides, most of
these patients are young and at risk of receiving inappropriate
shocks, and experience technical problems with generators
and electrodes over the years.7
Several clinical, familial, electrophysiological and genetic
aspects have been investigated in attempt to determine the risk
of SD in asymptomatic individuals with BrS, who may benefit
from an early ICD implantation. However, the discriminating
ability of these methods is still a matter of controversy.6,8
Sustained ventricular tachycardia (SVT) induced by
programmed ventricular stimulation (PVS) has been used
for many years to identify patients at risk of spontaneous
occurrence of SVT/ventricular fibrillation (VF) in patients with
structural heart diseases, who may benefit from a prophylactic
use of ICD.2,3 This approach was based on the efficacy of the
method in reproducing SVT in a laboratory setting.9
Clinical observations have revealed that the capacity of
the planned ventricular stimulation in reproducing ventricular
arrhythmias, particularly SVT, is very high in the chronic
phase of myocardial infarction, lower in non-ischemic heart
diseases, and almost absent in cardiac channelopathies.2,3,9
This distinctive behavior is explained by characteristics of the
arrhythmogenic substrate in sustained ventricular arrhythmias.
In structural heart diseases, it depends on reentries into stable
anatomic substrates, mostly represented by scars caused by
diseases. Conditions that cause dense myocardial scars with
preserved myocardial tissue channels favor the occurrence
of reproducible SVTs. In contrast, EP has low reproducibility
in conditions where these characteristics are not present.9
Therefore, the initial suggestion of using PVS for risk
stratification of SD in patients with BrS caused surprise
among traditional electrophysiologists, 10 since BrS was
until then considered a channelopathy without anatomic
substrate based on gadolinium-enhanced magnetic
resonance. Subsequent studies revealed that BrS patients
have an arrhythmogenic substrate characterized, by invasive
electrophysiological mapping, by late electrical potential,
identified predominantly in subepicardial fibers in the right
ventricular outflow tract.11
Although in some cases, these electrical features have
been associated with persistent anatomical changes,12 in
most of the cases, electrophysiologic changes are transient,
modulated or induced by hormonal, autonomic, metabolic
and drug-related conditions.6
This could explain why patients with persistent, spontaneous
type 1 Brugada electrocardiographic pattern have higher risk
of events compared with patients in whom the BrS pattern
occurs occasionally.5 The possible explanation for that is the
fact that, in the former patients, the arrhythmogenic substrate
is more extensive and stable, detectable in the ECG, and
thereby more suitable to SVT and VF in external modulation,
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whereas in the second condition, a milder substrate would
be found, and hence the possibility of malignant arrhythmias
would be lower, detected only in very special conditions.
In this case, the substrate would be only identified by analysis
of electrograms obtained from the epicardial surface or by
infusion of potent sodium-channel blockers.
In line with this hypothesis, recent studies on radiofrequency
catheter ablation of the subepicardial substrate in BrS have
shown that the induction of SVT or VF is common in patients
with spontaneous type 1 pattern; these arrhythmias became
noninducible after ablation of the arrhythmogenic substrate
with normalization of the typical pattern.11,13 The extension of
the BrS substrate at the moment of the ES could then explain
the differences in the results reported in several clinical studies
and current controversies.14
Therefore, patients with BrS recovered from cardiac arrest
or patients with persistent type 1 electrocardiographic pattern
would have a higher rate of induction of ventricular arrhythmias as
compared with those without electrocardiographic manifestations.
However, so far, there is not enough information regarding the
EKG presentation at the time of the electrophysiological study.15
The first study to use programmed ventricular stimulation for
screening of asymptomatic BrS patients for ICD implantation
involved 252 patients; 116 of them had a history of
syncope or had recovered from cardiac arrest, and 136
were asymptomatic at diagnosis. Polymorphic ventricular
tachycardia or VF were induced in 130 (51%) patients.
induction of ventricular arrhythmias was more frequent (73%)
in sympomtatic than asymptomatic (33%) patients (p = 0.0001).
Spontaneous arrhythmic event occurred in 52 individuals
(21%) in a mean follow-up of 34 ± months, 45 (39%) of
116 symptomatic patients and 7 (5%) of 136 asymptomatic
patients. On the other hand, only 1 patient in 91 (1.1%) of the
asymptomatic group presented spontaneous arrhythmic event
when the ventricular pacing was negative.15
These data were corroborated by a second study by
the same group, in which patients were followed for up to
20 years. Induction of SVT/VF in the ES had a sensitivity of
75% and specificity of 91.3% for spontaneous occurrence of
malignant arrhythmias in asymptomatic patients. Despite the
low positive predictive value (18.2%), the procedure had a
negative predictive value of 98.3%.16

Clinical studies by other authors did not reproduce
these findings, generating a debate that persists up
to the present days. The PRELUDE was a multicenter
prospective study including 273 asymptomatic patients.
During the clinical follow-up, with a median of 34 months,
there was no significant difference in the rates of events
between patients with and without induced ventricular
arrhythmias in the ES. 17 In the FINGER BrS registry
involving 654 asymptomatic patients, followed by 31.9
(14 to 54.4) months, there was a low rate of events (0.5%).
Although this rate was higher in patients with induced
ventricular arrhythmias in the ES, there was no statistical
significance in the multivariate analysis.18
In the meta-analysis by Kusumoto et al.,2 organized by
the AHA/ACC/HRS, six studies on BrS patients were selected
of a total of 236 titles retrieved from traditional databases.
To minimize possible patient overlap, the primary analysis
included five of six studies selected, with exclusion of one
study conducted in the same institution. Of 1,138 patients
included, SVT or sustained VF was induced in 390 (34.3%)
with occurrence of major arrhythmic events (SVT, VF, cardiac
MS or appropriate ICD therapy) in 13 (3.3%) patients,
compared with 12 events (1.6%) in 748 patients without
induced arrhythmia, resulting in an odds ratio (OR) of 2.3
(95%IC: 0.63-8.66; p = 0.2).
A second analysis included all six studies, with potential
data duplication. Of 1,401 patients, 481 (34.2%) had SVT or
VF induced in the ES. In patients with induced SVT/VF, there
were 23 arrhythmic events (5.0%), whereas among those
without SVT/VF induction, 14 events occurred (1.5%), resulting
in an OR of 3.3 (95%CI: 1.03–10.4; p = 0.04).
Based on these data, the 2017 AHA/ACC/HRS guidelines
issued a 2B recommendation with level of evidence B for
indication of ES to asymptomatic BrS patients, using less
aggressive ventricular stimulation protocols when performed
(up to two extrastimulation).2
In summary, these data do not establish the real role
of SVT/VF induction in asymptomatic patients with BrS,
probably due to the lack of homogeneity of samples and
methods used in the studies. These data also indicate the
need for prospective, multicenter studies involving a larger
number of patients.
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Abstract
Background: Abdominal adiposity is a risk factor for cardiovascular disease.
Objective: To determine the magnitude of the association between abdominal adiposity, according to five different
indicators, and the carotid intima-media thickness (CIMT).
Methods: Data from 8,449 participants aged 35 to 74 years from the ELSA-Brazil study were used. The effect of waist
circumference (WC), waist-to-hip ratio (WHR), conicity index (C index), lipid accumulation product (LAP) and visceral
adiposity index (VAI) on CIMT were evaluated. Data were stratified by gender and analyzed using multivariate linear and
logistic regressions. A significance level of 5% was considered.
Results: Participants with CIMT > P75 showed a higher frequency of abdominal adiposity (men >72% and women >66%)
compared to those with CIMT < P75. Abdominal adiposity was associated with the mean CIMT, mainly through WC in men
(0.04; 95%CI: 0.033; 0.058). The abdominal adiposity identified by the WC, WHR, LAP, and VAI indicators in women showed an
effect of 0.02 mm on the CIMT (WC: 0.025, 95%CI: 0.016, 0.035; WHR: 0.026, 95%CI: 0.016, 0.035; LAP: 0.024, 95%CI: 0.014;
0.034; VAI: 0.020, 95%CI: 0.010, 0.031). In the multiple logistic regression, the abdominal adiposity diagnosed by WC showed
an important effect on the CIMT in both genders (men: OR = 1.47, 95%CI: 1.22-1.77, women: OR = 1.38; 95%CI: 1.17-1.64).
Conclusion: Abdominal adiposity, identified through WC, WHR, LAP, and VAI, was associated with CIMT in both genders,
mainly for the traditional anthropometric indicator, WC. (Arq Bras Cardiol. 2019; 112(3):220-227)
Keywords: Cardiovascular Diseases; Risk Factors; Metabolism; Metabolic Syndrome; Abdominal Obesity; Atherosclerosis;
Carotid Intima-Media Thickness.

Introduction
Abdominal obesity is a traditional risk factor for
cardiovascular diseases.1 In Brazil, the prevalence of abdominal
obesity, estimated by the National Health Survey (Pesquisa
Nacional de Saúde), according to the cut-off points for waist
circumference (WC) of the World Health Organization,2 was
52.1% for women and 21.8% for men in 2013.3
Several mechanisms have attempted to explain how
abdominal adiposity becomes a risk factor for cardiovascular
disease. It is a consensus that abdominal adipose tissue has
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complex metabolic functions and produces numerous mediators
that trigger specific, dynamic and inflammatory reactions.4
Atherosclerotic lesions increase the risk for cardiovascular
diseases. The carotid intima-media thickness (CIMT) is a marker
of subclinical atherosclerosis and a predictor of myocardial
infarction and cerebrovascular accident.5 The association
between abdominal adiposity and subclinical atherosclerosis has
been documented in different populations.6,7 However, even
though the CIMT is associated with abdominal adiposity, it is
yet to be fully established how much this adiposity, measured
by different clinical and other unusual indicators, is associated
with subclinical atherosclerosis.
Studies have suggested that WC, waist-to-hip ratio
(WHR) and visceral adiposity index (VAI) may predict
subclinical atherosclerosis.6,8,9 Most studies on this subject
were performed in Europe, Asia and the United States, and
use the WC and WHR to define abdominal adiposity and
its association with cardiovascular diseases. Indicators that
provide indirect information on lipid overaccumulation and
visceral fat function associated with cardiovascular events, such
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as VAI10 and the lipid accumulation product (LAP)11, need to
be further explored. The conicity index (C index) stands out
as a discriminator of high coronary risk in Brazilian studies,
especially when a black population is being investigated.12
On the other hand, there are no studies that investigated the
effect of adiposity diagnosed by this index on CIMT.
The aim of this study was to determine the magnitude
of the association between abdominal adiposity, according
to different diagnostic indicators (WC, WHR, C Index), and
between indexes that reflect visceral adipose tissue dysfunction
(LAP and VAI) and CIMT among the participants of ELSA-Brazil.

Methods
Study design and population
The ELSA-Brasil study included in its baseline 15,105 civil
servants, aged 35-74 years, connected to six teaching and
research institutions in three Brazilian regions (South, Southeast
and Northeast). More details on the study methodology can be
found in an earlier publication.13
Interviews and collection of anthropometric and
biochemical measurements were carried out by a trained
and certified team. A more detailed publication is available
on the standardization and quality assurance procedures and
the quality of uniformization regarding the conducts adopted
in the ELSA-Brazil.14
Exclusion Criteria
In order to keep a healthy sample and to avoid biases
related to CIMT, of the 10,943 participants with a valid
image for both common carotid arteries, we excluded
569 patients who declared having cardiovascular disease,
36 with serum triglycerides > 800 mg/dL, 1,974 patients
using lipid‑lowering medication, 144 with BMI > 40 kg/m2
and 120 who underwent bariatric surgery. To avoid biases
related to abdominal fat measurement, 32 participants with
body dystrophies and abdominal hernias were excluded.
We also excluded the participants who self-declared as having
Asian and Native Brazilian ethnicity/skin color due to the small
number (297 and 136, respectively), 150 participants who did
not declare ethnicity/ skin color and 15 without information on
indicators of abdominal adiposity. The final sample consisted
of 8,449 participants (Figure 1). Some participants had more
than one condition for exclusion.
Carotid intima-media thickness (CIMT)
All the research centers collected the CIMT measurement
using a standardized method, utilizing an Aplio XG™, Toshiba
equipment, with a 7.5 MHz linear transducer. The technique
used in the study has been published elsewhere.15,16 For this
article, CIMT was defined as the mean of the mean values
of the right and left carotid arteries. The 75th percentile was
used to dichotomize this variable according to gender (male:
0.69 mm, female: 0.64 mm). The 75th percentile was based
on technical consensuses and previous studies.17
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Indicators of abdominal adiposity
Anthropometric measurements were obtained using
standardized equipment and techniques. The WC was
measured at midpoint between the inferior border of the
costal arch and the iliac crest, at the median axillary line
and at the hip circumference at the maximal protrusion
of the gluteal muscles, over the trousers of the study
clothing. These circumferences were used to calculate
the WHR. The C index was calculated using the formula:
WC(m)/0.109 x √Weight(kg)/Height(m).18
The LAP19 was calculated using gender-specific equations:
Men: WC(cm) - 65 x triglycerides(mmol/L); Women:
WC(cm) - 58 x triglycerides(mmol/L), as well as the VAI:19
Men: (WC(cm)/39.68 + (1.88 x body mass index(kg/m2))) x
(triglycerides(mmol/L)/0.81) x (1.31/HDL cholesterol(mmol/L));
Women (WC(cm)/36.58 + 1.89 x body mass index(kg/m2)) x
(triglycerides(mmol/L)/0.81) x (1.52/HDL cholesterol(mmol/L)).
The indicators were categorized in the presence and
absence of abdominal adiposity, according to the cut-off points
defined by Eickemberg et al.,20 Respectively, the following
values were used for white, brown and black individuals:
WC: men 89.9 cm; 90.2 cm and 91.7 cm; women 80.4 cm;
82.7 cm and 85.4 cm; WHR: men 0.92; 0.92 and 0.90;
women 0.82; 0.83 and 0.84; C index: men 1.24; 1.24 and
1.24; women 1,20; 1.22 and 1.19; LAP: men 29.81; 32.39
and 33.08; women 22,64; 30.27 and 27.12; VAI: men 1.74;
2.08 and 1.68; women 1.44; 2.16 and 1.65. We chose to use
the term “adiposity” instead of obesity for the five indicators,
considering that LAP and VAI reflect the function of visceral
fat, and not only the accumulation of abdominal fat, such as
WC, WHR and C index.10,11
Covariates
Ethnicity/skin color was self-attributed and categorized as
white, brown and black. The level of schooling was categorized
as complete college/university education, complete high
school and incomplete and complete elementary school.
Smoking was stratified as nonsmokers, ex-smokers, and
current smokers.
Weight and height were measured with participants
wearing the study clothing, without shoes and accessories.
A Toledo scale and a Seca stadiometer were used for the
measurements of weight and height, respectively. These
variables were used to calculate adiposity indexes.
Blood samples were collected by venipuncture after
12 hours of fasting. Triglyceride and HDL-cholesterol tests
were performed by colorimetric enzymatic and homogeneous
enzymatic colorimetric methods without precipitation,
respectively. LDL-cholesterol levels were obtained using
Friedewald’s formula. Triglycerides and HDL-cholesterol were
used to calculate the LAP and VAI.
Arterial hypertension was defined with a mean systolic blood
pressure ≥ 140 mmHg and a mean diastolic ≥ 90 mmHg; or
if the individual was undergoing antihypertensive treatment.
Blood pressure was measured three times, considering the
mean of the last two measurements for calcualtion.15
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Baseline initial sample ELSA-Brazil
n = 15105

Sample with valid images
of the carotid arteries
n = 10943

Exclusion criteria

Final sample
n = 8449

569 cardiovascular disease
36 serum triglycerides > 800 mg/dL
1974 use of lipid-lowering medication
144 body mass index > 40 Kg/m2
120 bariatric surgery
32 body dystrophies and abdominal hernias
297 Asian ethnicity/skin color
136 Brazilian Native ethnicity/skin color
150 no information on ethnicity/skin color
15 no information on abdominal adiposity

Figure 1 – Study sample selection flowchart. Note: Percentage of exclusion (sample with valid images and final sample): 23%.

Statistical analysis
A data descriptive analysis was carried out to evaluate the
distribution of participants according to the characteristics of
interest. Due to the asymmetric distribution of some variables
it was decided to show the continuous variables as median
and interquartile range. Categorical variables were expressed
as absolute and relative frequencies.
The frequency of high CIMT (≥75th percentile) and
abdominal adiposity through WC, WHR, C index, LAP and VAI
indicators were estimated. Regression coefficients and odds
ratios (OR), with their respective 95% confidence intervals,
were calculated using linear regression and multivariate logistic
analyses, respectively. Regression analyses were used to
identify the magnitude of the effect of the abdominal adiposity
presence, measured by the indicators in a categorical scale,
on the mean of the CIMT in the linear model and on the
diagnosis of high CIMT in the logistic analysis.
Due to the asymmetric distribution, CIMT values were
transformed into natural logarithm for linear regression.
For the logistic regression, the dichotomized CIMT was used in
the 75th percentile of the distribution. The main independent
variables (abdominal adiposity indicators) were introduced
separately in five models for each regression analysis (linear and
logistic) by gender. All models were adjusted for age, ethnicity/
skin color, level of schooling, smoking status, HDL-cholesterol,
LDL-cholesterol, and arterial hypertension, chosen for their
proximity to the atherosclerosis condition.21
An effect modification analysis was performed to test
the variables gender and ethnicity/skin color in all proposed
models using the maximum likelihood ratio test. No effect
modification was detected; however, we maintained
the analyses stratified by gender based on theoretical
references.5,22 A diagnostic evaluation of the multiple linear
regression models was carried out through graphic analysis of
residues, evaluation of influential points and multicollinearity.
The Hosmer-Lemeshow test, goodness-of-fit test using the
Pearson’s residuals and Deviance residues, McFadden's
Adjusted R2 and ROC curve, were used to diagnose logistic
model adjustment. A significance level of 5% was established

and the Stata 12 software (Stata Corporation, College Station,
Texas, USA) was used for the analyses.

Results
The sample characteristics are shown in Table 1. Men and
women with high CIMT had an older median age (47 and
48 years versus 57 years) and a higher frequency of abdominal
adiposity (men 71.9% to 78.4%; and women 66% to 73.1%).
The values of abdominal adiposity indicators were higher
in men and in men and women with CIMT > 75th percentile.
The men had a median CIMT of 0.59 mm (0.52-0.69), and
women of 0.56 mm (0.50-0.64) (data not shown).
In both genders, the adiposity measured by the five indicators
was associated with the mean log of CIMT. The C index showed
the smallest effect (Table 2).
According to the multivariate logistic regression analysis
(Table 3), there was an association between the diagnosis
of adiposity by WC, WHR, LAP and VAI with CIMT in both
genders. The adiposity diagnosed by WC showed a greater
effect on CIMT in both genders. According to the diagnostic
analyses of the models, there were no assumption violations,
indicating the models’ adequacy.

Discussion
Using data from the ELSA-Brasil study, associations were
observed between abdominal adiposity measurements and
CIMT, a noninvasive marker of subclinical atherosclerosis
capable of predicting cardiovascular disease.23 It has been
documented, in a study carried out in Southeast Brazil, the
definition of CIMT as the thickening of the intima-media
complex starting from 1.0mm.24 Considering this value, in
our study, the presence of abdominal adiposity diagnosed by
WC, WHR, LAP and VAI showed an important effect, with a
variation of 0.02 mm to 0.04 mm in the log of CIMT in both
genders. Polack et al.,23 using data from the Framingham
offspring cohort study, found that an annual change in CIMT
> 0.02 mm was associated with a more than two-fold risk of
cerebrovascular accident.23
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Table 1 – Baseline characteristics, according to the carotid intima-media thickness and gender. ELSA-Brazil, 2008-2010
Male
CIMT < P75

Female
CIMT ≥ P75

CIMT < P75

CIMT ≥ P75

n = 2,779

n = 958

n = 3,503

n = 1,209

48 (43-54)

57 (51-63)

47 (43-53)

57 (51-62)

White

1,562 (56.2)

545 (56.8)

2,010 (57.3)

705 (58.3)

Brown

836 (30.0)

266 (27.7)

883 (25.2)

306 (25.3)

Black

381 (13.7)

147 (15.3)

610 (17.4)

198 (16.3)

Complete College/University

1,352 (48.6)

420 (43.8)

1,976 (56.4)

613 (50.7)

Complete High School

1,049 (37.7)

310 (32.3)

1,292 (36.8)

413 (34.1)

378 (13.6)

228 (23.8)

235 (6.7)

183 (15.1)

1,588 (57.1)

366 (38.2)

2,284 (65.2)

695 (57.4)

Former smoker

811 (29.1)

404 (42.2)

803 (22.9)

334 (27.6)

Current smoker

380 (13.6)

187 (19.5)

416 (11.8)

180 (14.8)

HDL-cholesterol, median (IQR)

49 (43-57)

49 (43-57)

60 (52-71)

59 (51-70)

LDL-cholesterol, median (IQR)

130 (110-152)

138.5 (117-161)

127 (106-149)

140 (119-164)

709 (25.5)

499 (52.1)

644 (18.3)

540 (44.7)

26.0 (23.6-28.5)

27.2 (24.6-29.9)

25.3 (22.7-29.5)

27.3 (24.1-30.4)

Waist circumference

92.3 (85.5-99.4)

96.6 (89.4-104.1)

83.2 (76.5-91.4)

88.9 (81-97.3)

Waist-to-hip ratio

0.93 (0.88-0.97)

0.96 (0.92-1.00)

0.82 (0.78-0.87)

0.86 (0.81-0.91)

Conicity index

1.26 (1.21-1.30)

1.29 (1.24-1.34)

1.19 (1.14-1.25)

1.23 (1.18-1.29)

Lipid accumulation product

38.8 (22.1-65.3)

51.2 (30.4-82.2)

26.48 (15.3-44.4)

39.9 (23.4-63.3)

Visceral adiposity index

2.41 (1.47-3.95)

2.91 (1.74-4.66)

1.62 (1.06-2.61)

2.15 (1.37-3.43)

Waist circumference

1,599 (57.5)

690 (72.0)

1,939 (55.3)

884 (73.1)

Waist-to-hip ratio

1,628 (58.5)

751 (78.3)

1,744 (49.7)

847 (70.0)

Conicity index

1,740 (62.6)

738 (77.0)

1,657 (47.3)

798 (66.0)

Lipid accumulation product

1,670 (60.0)

715 (74.6)

1,834 (52.3)

865 (71.5)

Visceral adiposity index

1,774 (63.8)

708 (73.9)

1,733 (49.4)

799 (66.0)

Age, median (IQR)
Ethnicity/skin color, n (%)

Level of schooling, n (%)

Incomplete + complete Elementary School
Smoking status, n (%)
Never smoked

Arterial hypertension, n (%)
Mean BMI (IQR)
Abdominal adiposity, median (IQR)

Abdominal adiposity, n (%)

The sum of observations may differ in some variables due to data loss; CIMT: carotid intima-media thickness; P75: 75th percentile; IQR: interquartile range;
n (%): number of observations (frequency); BMI: body mass index.

Few studies have compared different indicators of
adiposity with CIMT, and the present study is the first one that
separately investigated the contribution of different indicators
of abdominal adiposity. Previous studies also carried
out with ELSA-Brazil data also evaluated the association
between traditional risk factors and CIMT.25,26 WC, WHR,
waist-to-height ratio (WHtR) and neck circumference (NC)
were included in the analysis. The latter indicator had the
strongest association with CIMT. The authors suggest that the
local effect produced by neck fat acts directly on the carotid
arteries.25,26 Our study did not include neck circumference;
however, the measures used in the study are relatively
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simple and reflect important information about the risk
of developing cardiovascular diseases, at individual and
population levels.27
Most studies that evaluated the association between
abdominal adiposity and CIMT used visceral fat measured
by imaging tests. In these studies, visceral fat was strongly
associated with CIMT,28,29 but the comparison with these
findings is limited by the different methods used to identify
abdominal and visceral fat. The association between
abdominal adiposity and subclinical atherosclerosis is
possibly related to the visceral component of abdominal
fat. The indicators evaluated in the present study are
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Table 2 – Multivariate linear regression analysis between abdominal adiposity, measured by five indicators alone, and CIMT, according to
gender. ELSA-Brazil 2008-2010
Male

Female

n = 3,737

n = 4,712

β (SE)

95%CI

β (SE)

95%CI

Waist circumference

0.045 (0.006)

0.033;0.058

0.025 (0.004)

0.016;0.035

Waist-to-hip ratio

0.032 (0.006)

0.019;0.045

0.026 (0.004)

0.016;0.035

Conicity index

0.016 (0.006)

0.003;0.029

0.011 (0.004)

0.002;0.020

Lipid accumulation product

0.030 (0.006)

0.016;0.043

0.024 (0.004)

0.014;0.034

Visceral adiposity index

0.022 (0.007)

0.007;0.037

0.020 (0.005)

0.010;0.031

The models were adjusted for age, ethnicity/skin color, level of schooling, smoking status, HDL-cholesterol, LDL-cholesterol and arterial hypertension.

Table 3 – Odds ratio and respective 95% confidence intervals for the association between abdominal adiposity, diagnosed by five indicators
alone, with CIMT, according to gender. ELSA-Brazil 2008-2010
Male

Female

n = 3,737

n = 4,712

OR (95%CI)

OR (95%CI)

Waist circumference

1.47 (1.22;1.77)

1.38 (1.17;1.64)

Waist-to-hip ratio

1.37 (1.12;1.67)

1.33 (1.13;1.57)

Conicity index

1.02 (0.83;1.24)

1.12 (0.95;1.32)

Lipid accumulation product

1.39 (1.13;1.69)

1.28 (1.08;1.53)

Visceral adiposity index

1.42 (1.13;1.77)

1.31 (1.08;1.59)

The models were adjusted for age, ethnicity/skin color, level of schooling, smoking status, HDL-cholesterol, LDL-cholesterol and arterial hypertension.

indirect measures of this component, but they show good
correlation with visceral fat and are accessible to the
overall population.27
The WC was the indicator most strongly associated with
CIMT. Similar to our data, other studies have also found an
association between WC and CIMT in healthy 45- to 65‑year‑old
Dutch adults, hospitalized Irish adults, and hospitalized subjects
aged 21-83 years in China.7,30,31 WC is described as an indicator
of abdominal adiposity with a greater capacity to predict
metabolic alterations and cardiovascular diseases, being one
of the measures that most closely approximates to visceral fat
measured by imaging tests.27
In this study, WHR also showed an important association
with CIMT between men and women. Large epidemiological
studies have described the strongest associations not only
between adiposity diagnosed by WHR and CIMT, but also with
the prevalence of myocardial infarction, incidence of coronary
artery disease, high coronary risk and coronary events.6,32,33
However , evidence shows that the gluteofemural region
consists mainly of subcutaneous adipose tissue. This tissue
does not seem to play an important role in the pathogenesis
of cardiovascular disease. By including hip measurement,
WHR reflects the effect of total adiposity as a risk factor
for atherosclerosis and other cardiovascular outcomes.32
Thus, WHR can be useful as a simple and consistent indicator
by reflecting the combination of total and abdominal adiposity.

The C index was the indicator that showed the lowest
effect of abdominal adiposity on the CIMT in this study.
No studies were found that investigated this indicator in relation
to subclinical atherosclerosis. Previous publications have
observed the association of this indicator with high coronary
risk in Brazilians from the Northeast region34 and metabolic
alterations in Indian civil servants.35 Although the C index is
not a new indicator, it remains little explored and there is no
consensus on ideal cutoff points for the Brazilian population.
As it considers weight and height, similar to the WHR, it may be
useful to demonstrate the combination of total and abdominal
adiposities on cardiovascular outcomes. One hypothesis for the
absence of association in this study is the large percentage of
participants of white ethnicity/skin color, since the performance
of this indicator as a discriminator of coronary risk works better
in black populations.34
VAI is an indicator originally proposed to identify the
distribution and function of adipose tissue, indirectly
expressing cardiovascular risk. Due to the inclusion of physical
and metabolic parameters (anthropometric measures and
biochemical tests), this indicator may reflect the altered
production of adipocytokines, increase in lipolysis and free
fatty acids in plasma.10
Evidence indicates that VAI was independently associated
with cardiovascular (OR = 2.45, 95%CI: 1.52, 3.95) and
cerebrovascular events (OR = 1.63, 95%CI: 1.06, 2.50) in
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healthy and non-obese Italians.10 The only study found that
evaluated the association between VAI and a subclinical
measure of atherosclerosis – the CAC – coronary artery calcium
score – was carried out with 33,468 Koreans with a mean
age of 42 years. Similar to the present findings, but with a
lower magnitude of association, the highest chance of having
subclinical atherosclerosis (OR = 1.26, 95%CI: 1.14, 1.38)
was shown in individuals with the highest tertile of VAI.9 It was
found in the current study that the chance of men and women
with abdominal adiposity assessed by VAI of having high CIMT
was 42% and 31%, respectively. This difference between the
studies was possibly observed due to the characteristics of the
investigated populations (healthy participants versus patients
from a Korean university hospital).9
Similar to VAI, the LAP showed an association between
the presence of abdominal adiposity and CIMT. No previous
evidence was found on the association between LAP and
subclinical atherosclerosis. The LAP was developed to reflect
combined metabolic and physical alterations, using WC and
triglycerides. Therefore, it measures lipid overaccumulation
and stands out as a cardiovascular risk factor in adults.
This indicator has been investigated in the context of metabolic
and cardiovascular diseases and mortality. An American cohort
study with approximately 5,000 subjects treated at a cardiologic
clinic between 1995-2006 showed an association between LAP
and cardiovascular mortality (HR: 1.52 95%CI: 1.27, 1.82),
adjusted for age, gender, smoking, diabetes, blood pressure,
LDL-cholesterol and HDL-cholesterol.36
However, more studies are needed, especially in Brazil,
to broaden the knowledge of less popular indicators such
as VAI and LAP. Evidence suggests that information not only
on the fatty tissue accumulated in the abdominal region is
provided through LAP and VAI, but also on fat deposition in
areas such as the liver, muscle, heart and arteries. This lipid
overaccumulation causes changes in intracellular metabolism
and contributes to the occurrence of cardiovascular disease,
including atherogenesis and death.19
In the present study the associations between adiposity
measures and CIMT were more significant for men than for
women. Women have more total body fat (and subcutaneous),
often in the legs and buttocks and, especially, before
menopause. Men tend to accumulate fat in the abdominal
region throughout life, so they are at higher risk for developing
cardiovascular outcomes,22 including atherosclerosis.
Evidence shows differences in the progression of CIMT and
adiposity due to the ethnicity/ skin color.37 The cut-off points
used in this study incorporated the differences between gender
and ethnicity/skin color20 and, perhaps because of that, no
effect modification was detected.
Through the coefficients of determination (R2), the linear
regression model variables, including each indicator alone,
explained approximately 30% of the total CIMT variability.
In our study, the models were adjusted for age, ethnicity/
skin color, level of schooling, smoking, HDL-cholesterol,
LDL‑cholesterol and arterial hypertension. The study
carried out by Santos et al.,25 using the ELSA-Brazil sample,
found coefficients of determination (R2) close to 40% when
investigating the association of risk factors with CIMT through
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the variables: blood pressure, glucose metabolism, lipid profile
and adiposity (body mass index, WC, hip circumference, WHR,
waist-to-height ratio, neck circumference). It is noteworthy
that, in addition to adiposity patterns, geographic, genetic,
environmental and behavioral characteristics are also associated
with the occurrence of atherosclerosis.
The 75 th percentile of the distribution was used to
categorize CIMT in the logistic regression analysis. Other
values for this classification might have yielded more consistent
results. However, studies show subjects with CIMT values
above the 75th percentile with a higher risk of developing
cardiovascular disorders.17,38 It is known that the atheroma
plaques may be more representative of atherosclerosis than
CIMT.39 However, our population is relatively young, and when
CIMT was dichotomized at 1.5 mm, a proposed classification
for atheroma plaque according to the international consensus,5
it showed a low frequency of participants with this condition
(4% in men and 2% in women) (data not shown).
The use of a stringent protocol for image acquisition and
quality control provided reliable and accurate data of CIMT
measurements in this study. To reduce the influence of the
evaluator, the reading of all images was centralized, and
the automated measurements were performed by software.
Although we did not adjust the models by body mass index,
we excluded subjects with class III obesity and those who
underwent bariatric surgery from the analysis, aiming to
filter the effect of abdominal adiposity without influence of
excessive total body fat.
This study has limitations. Data on menopause were not
considered. When women reach menopause they lose the
protection provided by the hormone estrogen and, as they get
older, there is a greater accumulation of abdominal fat, as well
as an increase in the occurrence of cardiovascular problems.22
The literature is clear about the effect of age on atherosclerosis.5
Although the analyzes were adjusted for age in this article, it
did not allow the observation of the effect of adiposity on CIMT
at different age groups. It is not possible to affirm causality
due to the cross-sectional design of this study; however, it
seems unlikely that arterial thickening occurs before the high
accumulation of abdominal fat. ELSA-Brazil is an occupational
cohort and generalizations for the Brazilian population are
limited, despite similarities in the prevalence indicators observed
in ELSA-Brasil and VIGITEL studies.40

Conclusion
The observed results reinforce the importance of
abdominal adiposity for the condition of subclinical
atherosclerosis. Abdominal adiposity, identified through
WC, WHR, LAP and VAI, was associated with CIMT in both
genders, with the traditional WC anthropometric indicator
standing out. WC, when compared to the other indicators,
and men, when compared to women, showed the most
significant effects.
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Atherosclerosis is the main cause of morbidity and mortality
in adults in Brazil and worldwide. Classical risk factors have
shown its causal association from randomized experimental
studies, such with cholesterol and hypertension. Other risk
factors, including abdominal adiposity, show positive
associations with atherosclerosis-related outcomes.
The ELSA-Brazil observational study1 began collecting
data in 2008 with clinical, epidemiological and laboratorial
variables of 15,105 public servants aged 35 to 74 years.
Several articles on these data have already been published
and have brought relevant information about the association
between risk factors and varied outcomes. In the present
issue, Michaela Eickemberg et al.2 present data from a
cross‑sectional study that explores different measures
of abdominal adiposity and its association with carotid
intima‑media thickness (C-IMT) measurement.
Epidemiological studies seek to find plausible associations
between risk factors and clinical outcomes or "surrogates" (here
represented by C-IMT). Associations may or may not be causal.
For an association between variables to indicate possible
causality, it is necessary that some criteria, proposed by British
statistician Austin Bradford Hill,3 be considered. They are:
a) strength of association (magnitude of effect);
b) consistency (or reproducibility);
c) specificity (one disease, one variable);
d) temporality (cause before effect);
e) biological gradient (greater exposure, more disease);
f) plausibility (known mechanism);
g) coherence (between laboratory and clinical data);
h) experiment (not always possible);
i) analogy (comparison with similar situations).
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When applying these criteria to the study in question
we have: a) the magnitude of effect of abdominal adiposity
on C-IMT is a modest one (odds ratio around 1.4); b) there
are other studies that prove this association; c) abdominal
adiposity is not the only cause of atherosclerosis; d) it is
probable that the adiposity precedes the intima-media
thickening; e) we do not have definitive evidence of a
biological gradient; f) there is biological plausibility for the
assessed association; g) coherence between laboratory and
clinical data is present; h) animal experiments have shown
that a hyperlipidemic diet directly affects the arteries; i) in
analogy with other risk factors, abdominal adiposity may
indicate more arterial adiposity.
Of all these criteria, only one is a prerequisite for
causality: temporality, that is, the cause before the effect.
As the present study has a cross-sectional design, temporality
is, by definition, excluded. Therefore, we are discussing a
non-causal association. The main conclusion of the study is
that there is a statistically significant association between the
different rates of abdominal adiposity and C-IMT, and the
simplest of these (the abdominal circumference) showed the
greatest association strength in the logistic model, adjusted for
selected confounding variables.
With these comments, we want to put into perspective the
importance of the critical analysis of observational studies.
This criticism is necessary, but we have to emphasize that
without observational studies, medical science would not
have developed so far. The knowledge of the diseases that
affect the human being was based on data from careful
observations analyzed in order to reduce the effect of statistical
and systematic biases.
The ELSA-Brazil study and its sub-studies, such as that
of Eickemberg et al.,1 fit this quality profile, which are so
necessary to science. With careful data collection and a group
of researchers committed to an excellent quality standard,
ELSA-Brazil has brought valuable information about risk
factors in a specific group of Brazilians, data that can guide
future health policies.
The causality of abdominal adiposity over atherosclerosisrelated clinical events has been recently confirmed by
mendelian randomization, an observational method of
estimating causal effects using genetic variants, such as
instrumental variables.4,5
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Elevated High-Sensitivity Troponin I in the Stabilized Phase after an
Acute Coronary Syndrome Predicts All-Cause and Cardiovascular
Mortality in a Highly Admixed Population: A 7-Year Cohort
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Abstract
Background: High-sensitivity cardiac troponin I (hs-cTnI) has played an important role in the risk stratification of patients
during the in-hospital phase of acute coronary syndrome (ACS), but few studies have determined its role as a long-term
prognostic marker in the outpatient setting.
Objective: To investigate the association between levels of hs-cTnI measured in the subacute phase after an ACS event
and long-term prognosis in a highly admixed population.
Methods: We measured levels of hs-cTnI in 525 patients 25 to 90 days after admission for an ACS event; these patients
were then divided into tertiles according to hs-cTnI levels and followed for up to 7 years. We compared all-cause and
cardiovascular mortality using Cox proportional hazards models and adopting a significance level of 5%.
Results: After a median follow-up of 51 months, patients in the highest tertile had a greater hazard ratio (HR) for all-cause
mortality after adjustment for age, sex, known cardiovascular risk factors, medication use, and demographic factors (HR: 3.84,
95% CI: 1.92-8.12). These findings persisted after further adjustment for estimated glomerular filtration rate < 60 ml/min/1.73 m2
and left ventricular ejection fraction < 0.40 (HR: 6.53, 95% CI: 2.12‑20.14). Cardiovascular mortality was significantly higher
in the highest tertile after adjustment for age and sex (HR: 5.65, 95% CI: 1.94‑16.47) and both in the first (HR: 4.90, 95% CI:
1.35‑17.82) and second models of multivariate adjustment (HR: 5.89, 95% CI: 1.08-32.27).
Conclusions: Elevated hs-cTnI levels measured in the stabilized phase after an ACS event are independent predictors of
all‑cause and cardiovascular mortality in a highly admixed population. (Arq Bras Cardiol. 2019; 112(3):230-237)
Keywords: Coronary Artery Disease / mortality; Troponin I; Prognosis; Metabolic Syndrome; Biological Variation,
Population; Risk Factors.

Introduction
Acute coronary syndrome (ACS) is a major driver of mortality
and the leading cause of years of life lost worldwide.1 In recent
decades, several therapeutic interventions have been proven
beneficial in the treatment of ACS, and structured strategies
for early diagnosis and appropriate treatment have been
recommended by several cardiology societies.2-5 Because of
the progress made in therapeutics for ACS, a heterogeneous
group of survivors from this condition has received long-term
follow-up from medical services. The prognosis of patients in
the stabilized phase after ACS varies widely;6 validation of
easily obtainable, low-cost prognostic markers may enhance
long-term risk stratification in this population.
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Several studies showed cardiac troponins (cTns) to be more
sensitive and specific for diagnosing myocardial infarction, and to
have greater correlation with higher mortality than the previous
reference standard, creatine kinase isoenzyme MB (CK-MB).7-11
Over the past two decades, new assays have been developed
which conferred greater sensitivity to the diagnosis of myocardial
infarction; these high-sensitivity cardiac troponins (hs-cTns)
showed greater accuracy in discriminating patients at higher risk
for death, even in those who had undetectable first-generation
cTn levels.12 More recently, the use of hs-cTnT as a prognostic
marker in the subacute phase after an ACS episode has been
studied in an European cohort of white patients.13 These findings
have not been replicated in more heterogeneous populations in
the developing world. In this single-center observational cohort,
we aimed to study the association of elevated levels of hs-cTnI
with long-term all-cause and cardiovascular mortality in a highly
admixed population in Brazil.

Methods
The Strategy of Registry of Acute Coronary Syndrome
(ERICO) study design has been described in detail
elsewhere. 14,15 In brief, ERICO is a prospective cohort
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study of ACS patients enrolled between February 2009 and
December 2013 at a community hospital in Sao Paulo, Brazil.
All patients with suspected acute coronary syndrome in the
emergency department were screened for participation in the
study. ERICO participants must fulfill diagnostic criteria for
ST elevation myocardial infarction (STEMI), non-ST elevation
myocardial infarction (NSTEMI), or unstable angina (UA);
the criteria used to define acute coronary syndromes were:14
1) Myocardial infarction (MI): presence of symptoms
consistent with cardiac ischemia within 24 hours of hospital
presentation, and troponin I levels above the 99th percentile
with a test-specific coefficient of variation < 10%.
1a) STEMI: presence of criteria for MI plus one of the
following: persistent ST segment elevation ≥ 1 mm in two
contiguous electrocardiographic leads, or the presence of a
new or presumably new left bundle branch block.
1b) NSTEMI: presence of criteria for MI, but not STEMI.
2) UA: symptoms consistent with cardiac ischemia 24 hours
prior to hospital admission, absence of MI criteria, and at least
one of the following: history of coronary heart disease; positive
coronary disease stratification test (invasive or noninvasive);
transient ST segment changes ≥ 0.5 mm in two contiguous leads,
new T-wave inversion ≥ 1 mm, and/or pseudonormalization of
previously inverted T-waves; troponin I ≥ 0.4 ng/ml; or diagnostic
concordance of two independent physicians.
During the in-hospital phase, all subjects were treated at
the discretion of the hospital staff with standard procedures,
without influence from the study. The study protocol was
approved by the Institutional Review Board addressing
research in human participants. All participants provided
written informed consent for the study.
Participants were interviewed during admission to the
hospital and provided data regarding sociodemographic
factors, medical history, and main cardiovascular risk factors
(hypertension, diabetes, obesity, dyslipidemia, smoking,
physical inactivity, cocaine use, menopause, and familial and
personal history of coronary heart disease). Three physicians
were responsible for reviewing patient information and
for validating ACS cases. According to the study protocol,
a blood sample was drawn for laboratory tests (troponin I,
MB-creatine kinase, serum glucose, total cholesterol, HDL
and LDL-cholesterol, triglycerides and total blood cell count).
At approximately 30 days after the event, participants were
invited to undergo a new on-site evaluation by a physician
to update data on cardiovascular risk stratification, current
medication use, and additional clinical data. New blood
samples were also collected. At six months after the index
event and annually thereafter, all participants were contacted
by phone to update information about their vital status,
cardiovascular history, medications and symptoms.
All participants enrolled in the ERICO study who had
blood samples collected 25 to 90 days after an ACS episode
were included in this analysis. The lower limit of this interval
was chosen to avoid confounding by the expected elevated
circulating cTn levels in the first few days after an ACS episode;
the upper limit of 90 days allows comparison with previous
studies,13,16 although there is currently no widely accepted
definition of subacute phase after ACS in the literature.
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High‑sensitivity cardiac troponin I was measured in all patients
at presentation and in the subacute phase after the event.
The assay used to measure hs-cTnI was the Advia Centaur
TnI-Ultra Assay (Siemens Medical Solutions Diagnostics,
Tarrytown, NY, USA), with the 99th percentile reference value
of 0.04 mcg/L in healthy subjects and coefficient of variance
lower than 10% at this range. Subjects were classified into
three subgroups according to hs‑cTnI tertiles in the subacute
phase after the index ACS event.
In this study, our endpoints were all-cause mortality and
cardiovascular mortality. We searched official death records on
a regular basis for information about all participants if (1) we
received information that they had died or (2) we could not
contact them at the time. Municipal and state health offices
searched their files to obtain death certificates and returned the
results of this search to the ERICO research team. Two medical
doctors reviewed these data and classified the cause of death
for deceased participants according to the information from
the death certificates. Participants were defined to have died
from a cardiovascular cause (cardiovascular mortality) if we
identified a cause of death classified in Chapter IX of the
10th version of the International Classification of Diseases
(ICD-10), entitled “Diseases of the circulatory system”, or if
we identified a cause of death classified with the ICD-10 code
R57.0 “Cardiogenic shock”.
Statistical analysis
The statistical analyses were performed with R for Mac
version 3.5.0. Categorical variables are presented as proportions
and compared using the chi-square test. To test the assumption
of normality in the distribution of continuous variables, we
used the Shapiro-Wilk test. Continuous variables with normal
distribution are presented as means (standard deviations) and
compared using one-way ANOVA. Continuous variables with
non-normal distribution are presented as medians (interquartile
intervals) and compared using the Kruskal-Wallis test.
Cumulative survival probabilities across the tertiles are presented
as Kaplan-Meier curves and compared using the log-rank test.
We built Cox proportional hazard models for all-cause
mortality and cardiovascular mortality, and presented
them as crude, age-sex adjusted, and two multivariate
models. Model 1 was adjusted for age, sex, ACS subtype,
traditional cardiovascular risk factors (hypertension, diabetes,
dyslipidemia, smoking history, and body mass index), and
medication use at the first follow-up visit (aspirin, clopidogrel,
beta blockers, angiotensin-converting enzyme inhibitors,
angiotensin II receptor blockers and statins). Model 2 was
additionally adjusted for estimated glomerular filtration rate
(GFR) < 60 ml/min/1.73 m2 and left ventricular ejection
fraction < 0.40, two variables associated with worse prognosis
in previous studies.13,17 All tests were two-sided, and p value
< 0.05 was considered significant.

Results
From February 2009 to December 2013, 1085 patients were
enrolled in the ERICO study. Blood samples were collected at
the emergency room and between 25 and 90 days after the
initial event from 525 of these participants, who were included
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in the present study (median second collection interval:
39 days after the index event; interquartile range: 33-50 days).
The initial diagnosis was STEMI in 144 (27.4%) patients, NSTEMI
in 230 (43.8%), and UA in 151 (28.8%). The mean age was 61.6
years and 60.2% were men. The main cardiovascular risk factors
found in this population were hypertension (75.5%), current
or previous smoking (66.9%), and sedentary lifestyle (69.9%).
Cutoff values for hs-cTnI among the tertiles were: < 0.012,
0.013-0.023 and > 0.023 mcg/L. Most hs-cTnI samples
collected from patients in the subacute phase after ACS were
below the 99th percentile of the method (83.8%). Patients were
followed for a median of 51 months; baseline characteristics
of the study according to hs-cTnI tertiles are shown in Table 1.
Individuals in the highest tertile were more likely to be male,
have STEMI or NSTEMI diagnoses at the index event, and
chronic kidney disease and sedentary lifestyle at baseline.
From the data collected after patient admission, lower
glomerular filtration rate (calculated according to CKD-Epi)
and lower ejection fraction estimated in echocardiography
were strongly correlated with persistently elevated levels of
hs-cTnI (p < 0.001).
Figure 1 shows the Kaplan-Meier curves for cumulative survival
according to each hs-cTnI tertile during follow-up. We found
significantly lower survival rates in individuals in the highest tertile
(p < 0.001). Analyses evaluating cardiovascular mortality as the
main outcome showed similar findings (Figure 2).
Table 2 shows the results of the Cox regression analyses.
Participants in the third tertile of troponin, using the first
tertile as the reference, presented a hazard ratio (HR) of
4.14 (95% Confidence Interval [95% CI]: 2.19-7.86) for
all‑cause mortality after adjustment for age and sex; this effect
persisted in multivariate adjustment models 1 (HR: 3.84,
95% CI: 1.92- 8.12) and 2 (HR: 6.53, 95% CI: 2.12-20.14).
For cardiovascular mortality, there were significant differences
between the first and the third tertiles after adjustment for age
and sex (HR: 5.65, 95% CI: 1.94-16.47), and both multivariate
adjustment models 1 (HR: 4.90, 95% CI: 1.35-17.82) and 2
(HR: 5.89, 95% CI: 1.08-32.27).

Discussion
In this cohort of patients with hs-cTnI levels measured 25 to
90 days after an ACS event, participants had sociodemographic
characteristics and cardiovascular comorbidities similar to
that of large international registries, like the Global Registry
of Acute Coronary Events (GRACE).18 As in this registry, our
cohort had a predominantly male population with a high
prevalence of hypertension; other cardiovascular risk factors,
such as heart failure and smoking history, were more prevalent
in our study. The most frequent ACS type in our study was
NSTEMI (41.5% of participants), which is also consistent with
the current trend in the incidence of MI,19 although contrasting
with the smaller frequency of NSTEMI in the GRACE cohort
(26% of participants).18
Medication use on the first follow-up visit was similar to the
treatment received on discharge by participants in the Brazilian
Registry on Acute Coronary Syndromes (BRACE) study, which
included hospitals of all regions of Brazil.20 When we evaluated

the percentage of patients receiving each therapeutic group,
we found clear similarities between our study and BRACE for
the use of aspirin (83.6% vs 86.0%, respectively), clopidogrel
(53.0% vs 50.1%), betablockers (64.2% vs 69.8%), ACE
inhibitors/angiotensin receptor blockers (68.3% vs 70.6%) and
statins (76.4% vs 82.7%). These data also show that adherence
to guideline-recommended therapies was still not optimal by
the time of enrollment of these participants.
Most patients in our study (83.8%) had hs-cTnI levels below
the 99th percentile during the subacute phase after an ACS
event; nevertheless, even at this range, those in the highest
tertile had a greater hazard ratio for all-cause and cardiovascular
mortality compared to the first tertile. Elevated levels of hs-cTnI
at 25 to 90 days post-ACS remained an independent risk factor
for all-cause and cardiovascular mortality after adjustment
for multiple confounders.
The mechanisms by which some patients present
persistent elevations in cardiac troponin levels are not well
established. Previous experimental studies demonstrated
the incidence of chronic myocardial injury after induced
mechanical coronary obstruction in rats; 21 accelerated
apoptosis due to chronic myocardial dysfunction has also
been shown in patients with heart failure.22 Other speculated
mechanisms include normal myocyte turnover, cellular
release of proteolytic degradation products, higher myocyte
cell wall permeability, and the formation of blebs in the
cellular walls with the presence of these proteins.23
The association between higher levels of cardiac troponins
and worse outcomes in out- of-hospital settings has been
reported by previous studies. In 2007, Eggers et al.16 analyzed
a cohort of patients with earlier-generation cardiac troponin
I (cTnI) measured at 6 weeks, 3 and 6 months after an ACS
event. Throughout this study, the subgroup of patients with
permanently elevated levels of cTnI (≥ 0.01) had a greater
probability of death during follow-up than patients with
transiently elevated or negative cTnI.16
In 2012, two studies addressed the prognostic role of
high‑sensitivity cardiac troponin T (hs-cTnT) in the stabilized
phase after a cardiac event. Ang et al.13 followed 326 patients
for a median of 30 months, after measurement of hs-cTnT
7 weeks post-ACS; after adjustment for age, ACS subtype,
hypertension, type 2 diabetes, smoking, anemia, BNP,
estimated GFR, and echocardiographic findings, hs‑cTnT
remained a strong predictor of death and AMI during
follow‑up. 1 Koenig et al. 24 studied 1050 patients for a
median of 8.1 years after an ACS event or CABG, with
hs‑cTnT levels measured approximately 43 days after the
event; patients in the highest quartile were at increased risk
for new cardiac events throughout the observation period.
One study published in 2014 also addressed the prognostic
role of hs-cTnI after an ACS episode. White et al.25 followed
7,836 patients who had suffered an ACS event; after a median
of 6 years follow-up, patients in the highest tertile were at
increased risk for CAD death and MI. Compared to our study
population, these studies followed patients with similar ages
and estimated GFR, but with lower baseline frequency of
hypertension, diabetes, and dyslipidemia.
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Table 1 – Baseline characteristics of the study population according to 25–90 day troponin tertile
Characteristic

1st tertile

2nd tertile

3rd tertile

179

171

175

< 0.012

0.012–0.023

> 0.023

UA

80 (44.9)

47 (27.5)

24 (13.7)

NSTEMI

67 (37.4)

77 (45.0)

86 (49.1)

Number of participants
25–90 day troponin range

p-value

ACS subtype (%)
< 0.001

STEMI

32 (17.9)

47 (27.5)

65 (37.1)

Age* (years)

60 (51-68)

63 (55-70)

61 (53-73)

0.05

Male gender (%)

95 (53.1)

102 (59.6)

119 (68.0)

0.02

Previous history of CHD (%)

49 (29.2)

39 (23.8)

40 (25.2)

0.51

Family history of CHD (%)

52 (36.4)

43 (31.4)

50 (38.46)

0.46

Hypertension (%)

136 (78.2)

127 (75.1)

126 (73.3)

0.56

Diabetes (%)

61 (35.7)

61 (37.2)

67 (39.6)

0.75

Dyslipidemia (%)

87 (54.4)

85 (55.6)

75 (48.4)

0.40

Heart failure (%)

27 (16.2)

36 (22.4)

39 (23.8)

0.19

Chronic kidney disease (%)

5 (3.1)

6 (4.1)

15 (10.3)

0.02

Previous stroke (%)

17 (9.9)

15 (9.1)

21 (12.1)

0.91

117 (68.8)

106 (63.5)

127 (77.4)

0.02

Current

44 (25.6)

48 (28.7)

58 (33.9)

Past

68 (39.5)

64 (38.3)

69 (40.4)

Sedentary lifestyle (%)
Smoking status (%)

Never

60 (34.9)

55 (32.9)

44 (25.7)

27.1 (24.5-30.4)

26.6 (24.2-29.4)

26.0 (23.5-29.4)

Total cholesterol* (mg/dL)

174 (145-205)

169 (139-207)

174 (141-205)

LDL cholesterol* (mg/dL)

101 (79-133)

103 (79-136)

109 (80-135)

HDL cholesterol* (mg/dL)

37 (31-44)

36 (31-44)

36 (30-44)

131 (100–190)

141 (97–192)

130 (97–181)

Body mass index*

Triglycerides* (mg/dL)

0.31
0.05

0.65

Hemoglobin* (g/dL)

14.3 (13.4-15.2)

14.1 (13.1-15.2)

14.2 (12.9-15.4)

0.84

Troponin levels on admission† (mcg/L)

1.88 (0.09–9.20)

7.03 (1.16–41.97)

16.82 (3.05–44.16)

0.32

83 (67-95)

79 (62-92)

71 (48-94)

<0.001

4 (3.5)

8 (6.6)

28 (21.9)

<0.001

155 (87.6)

143 (83.6)

134 (79.3)

0.12

Clopidogrel

92 (52.0)

100 (58.5)

82 (48.5)

0.17

Beta blocker

117 (66.1)

119 (69.6)

96 (56.8)

0.04

Statin

137 (77.4)

135 (78.9)

123 (72.8)

0.38

ACE inhibitor

120 (67.8)

108 (63.2)

94 (55.6)

0.06

10 (5.6)

15 (8.8)

6 (3.6)

0.12

Estimated GFR-CKD-Epi* (ml/min/1.73 m )
2

LVEF < 0.40 (%)
Medication at 1 follow-up (%)
st

Aspirin

Angiotensin receptor blocker

ACS: acute coronary syndrome; UA: unstable angina; NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; CHD: coronary heart disease;
LDL: low-density lipoprotein; HDL: high-density lipoproteina; GFR: glomerular filtration rate; LVEF: left ventricular ejection fraction; ACE: angiotensin-converting enzyme.

Outside the scope of ACS, several studies have also found
an association between elevated cTn levels and risk of death.
In patients with stable coronary heart disease, a greater risk
for cardiovascular mortality and incidence of heart failure
has been found in those with higher levels of hs-cTnT26-28
and hs-cTnI.29 Elevated circulating hs-cTnT was also shown
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to be independently associated with higher mortality in
outpatients with stable heart failure,30,31 and in patients
with aortic stenosis.32 Even in the general population, de
Lemos et al.33 found an association between high levels of
hs-cTnT and poorer survival in a population-based cohort
of 3546 individuals. These results suggest that persistently
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Figure 1 – Kaplan-Meier curve for all-cause mortality according to hs-cTnI tertile measured 25 to 90 days after acute coronary syndrome.

elevated levels of circulating cardiac troponins are general
markers of higher risk for death in different populations,
independently of age and comorbidities.
Some aspects of our study should be highlighted. First, it was
conducted at a community-based hospital with no in-house
cardiology staff; this type of medical care is received by many
ACS patients in Brazil, but few prognostic studies have been
published in this setting. Second, our sample size and long-term
follow-up make this one of the largest studies with prognostic
biomarkers in ACS patients in Brazil. In addition, because we
searched for the death records of all patients who could not be
contacted during follow-up, our analysis of all-cause mortality
was not significantly affected by selection bias.
This study has some limitations. As in all single-center
studies, outcomes in both groups could have been influenced
by local practices. Since coronary interventions were not
performed on-site, data regarding type of revascularization
(if any) were not accessible for most patients and could not
be accounted for in our Cox model. We also did not have
data about the proportion of patients presenting with STEMI
who received reperfusion therapy. Additionally, adherence to
guideline recommended therapies for ACS was suboptimal in
our cohort. Lastly, even though we used standardized assays
to measure all troponin levels in the subacute phase of ACS,

these were not the same assays used on admission of these
patients to the hospital; this precluded further analyses of
evolutive trends in hs-cTnI levels through time. Despite these
limitations, our findings could demonstrate an association
between elevated levels of hs-cTnI and worse outcomes in
this highly admixed population.

Conclusions
Elevated levels of hs-cTnI in the stabilized phase after an ACS
event are associated with higher all-cause and cardiovascular
mortality that is independent from comorbidities, renal
function and left ventricular ejection fraction. These findings
may potentially enhance risk stratification of post-ACS patients
in the ambulatory setting.
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Figure 2 – Kaplan-Meier curve for cardiovascular mortality according to hs-cTnI tertile measured 25 to 90 days after acute coronary syndrome.

Table 2 – Hazard ratios and respective 95% confidence intervals on crude and age-sex adjusted models, and two multivariate adjusted models
of Cox regression analysis
Crude

Age-sex adjusted

Multivariate adjusted (Model 1)

Multivariate adjusted (Model 2)

1st tertile

(reference)

1.0 (reference)

1.0 (reference)

1.0 (reference)

2 tertile

2.44 (1.23-4.81)

2.02 (1.02-4.01)

1.86 (0.86-4.05)

2.33 (0.74-7.33)

3rd tertile

4.20 (2.22-7.94)

4.14 (2.19-7.86)

3.84 (1.92-8.12)

6.53 (2.12-20.14)

(reference)

1.0 (reference)

1.0 (reference)

1.0 (reference)

All-cause mortality
nd

Cardiovascular mortality
1st tertile
2 tertile

3.77 (1.24-11.47)

2.90 (0.95-8.90)

2.66 (0.72-9.84)

1.30 (0.21-8.00)

3rd tertile

6.05 (2.08-17.57)

5.65 (1.94-16.47)

4.90 (1.35-17.82)

5.89 (1.08-32.27)

nd

Model 1: Adjusted for age, sex, ACS subtype, hypertension, diabetes, dyslipidemia, smoking history, body mass index, and medication use at first follow-up (25–90
days after ACS). Model 2: Model 1 with addition of estimated GFR < 60 ml/min/1.73 m2 and LVEF < 0.40.
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Short Editorial
Cohort Studies with Mortality Data from the Brazilian Population: a
Rising National Requirement
Thiago Veiga Jardim
Universidade Federal de Goiás - Liga de Hipertensão Arterial, Goiânia, GO – Brazil
Short Editorial related to the article: Elevated High-Sensitivity Troponin I in the Stabilized Phase after an Acute Coronary Syndrome Predicts
All-Cause and Cardiovascular Mortality in a Highly Admixed Population: A 7-Year Cohort

Cohort studies assessing mortality predictors are extremely
important to determine public health priorities and are a
central issue in clinical decision making. These studies are
particularly relevant in low-to-middle income countries
whereas resources addressed to health care are limited and can
be better managed. Nevertheless, traditionally epidemiological
studies assessing the impact of different risk factors on mortality
have historically been conducted in high-income countries.1
Results from cohort studies conducted in the developed
world have been extrapolated and widely used in developing
countries. This can be an issue given population and disease
management differences, reinforcing the need to increase
publications of long-term follow-up cohort studies with
mortality data from low-to-middle income countries.
Efforts have been made along the years by a number of
research groups in Brazil and around the world to progressively
generate mortality data from low-to-middle income countries
that are accurate, reliable and derived from well-designed
cohort studies. In this number of ABC Cardiol, Castro et al.2
published one of the many examples of these efforts.
Aiming to assess the hypothesis that elevated levels of
High‑Sensitivity Troponin I (hs-cTnI) measured 25 to 90 days
after an acute coronary syndrome (ACS) are associated with
higher all-cause and cardiovascular mortality the authors
used data from the ERICO study (Strategy of Registry of Acute
Coronary Syndrome).3,4 This prospective cohort was designed
to investigate the ACS epidemiology in Brazil and conducted
at a secondary general hospital in São Paulo. Patients who
were 35 years old or older with the acute coronary syndrome
were enrolled consecutively. Sociodemographic, medical, and
treatment data were obtained at admission, along with the blood
sample collection. After 30 days, medical history was updated,
blood and urinary samples were recollected, and additionally, a
retinography, carotid intima-media thickness, heart rate variability
and pulse-wave velocity were performed. Food frequency,
physical activity, sleep apnea and depression were evaluated
using specific questionnaires. Six months and annually after the
acute event, telephone information was collected.3,4
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Levels of hs-cTnI in 525 patients 25 to 90 days after admission
for an ACS event were measured and mortality data were
obtained in a seven years follow-up period. Patients in the highest
tertile of hs-cTnI had a greater hazard ratio (HR) for all‑cause
mortality compared to the lowest tertile, after adjustment for
age, sex, known cardiovascular risk factors, medication use,
and demographic factors (HR: 3.84, 95% CI: 1.92‑8.12).
These findings persisted after further adjustment for
estimated glomerular filtration rate < 60 ml/min/1.73m2
and left ventricular ejection fraction < 0.40 (HR: 6.53,
95% CI: 2.12-20.14). Cardiovascular mortality was significantly
higher in the highest tertile after adjustment for age and sex
(HR: 5.65, 95% CI: 1.94‑16.47) and both in the first (HR: 4.90,
95% CI: 1.35‑17.82) and second models of multivariate
adjustment (HR: 5.89, 95% CI: 1.08‑32.27). The authors
conclude that elevated levels of hs-cTnI in the stabilized phase
after an ACS event carry long-term prognostic information
that is independent of comorbidities, renal function and left
ventricular ejection fraction.
Although the findings are not completely unique as the
authors mention in the manuscript, they are unique for
the Brazilian population (a highly admixed population).
Additionally, some aspects of Castro`s study improve its
strengths. It was performed at a community hospital, without a
specific cardiologic team which is the reality of most hospitals
in Brazil. Large sample size and long-term follow-up, probably
representing one of the most important studies with prognostic
data using biomarkers in patients with ACS in our country.
Death records of all patients (either contacted or not during
follow-up) were obtained, suggesting no bias in the mortality
from all causes assessment.
The main limitation of Castro’s et al.2 study is the single centre
aspect. It was discussed in the manuscript, but some aspects of the
results should be highlighted since they minimize this limitation.
Most participants were males and had a high prevalence of
hypertension. Those sociodemographic characteristics and
cardiovascular comorbidities are similar to those of large
international records, such as the registry Global Acute coronary
events (GRACE).5 Another similarity with international trends6 is
in the frequency of ST-segment elevation myocardial infarction
(41.5% of the participants), which represented the most frequent
type of SCA in Castro`s study. Similarities were also found with the
Brazilian Registry of acute coronary syndromes (BRACE), which
included hospitals from all regions of Brazil. Medications used
in the first follow‑up visit were similar in comparison with the
treatment received at the discharge of the participants in the
BRACE registry:7 use of aspirin (83.6% vs. 86.0%, respectively),
clopidogrel (53.0% vs. 50.1%), beta-blockers (64.2% vs. 69.8%),
ACE inhibitors/angiotensin receptor blockers (68.3% vs. 70.6 %)
and statins (76.4% vs. 82.7%).
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ABC Cardiol is the most important journal dedicated
to publishing cardiovascular research generated in Brazil.
Publish national cohort studies with mortality data,

particularly cardiovascular mortality data should be a
priority. In this number, this priority was fulfilled with a
great manuscript.
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Abstract
Background: In the past two decades, a new epidemiological profile of Chagas’ disease (CD) has been registered in the Brazilian
Amazon where oral transmission has been indicated as responsible for the increase of acute cases. In the Amazonas state, five
outbreaks of acute CD have been registered since 2004. The cardiac manifestations in these cases may be characterized by
diffuse myocarditis, with alteration in the electrocardiogram (ECG) and transthoracic echocardiogram (TTE).
Objective: To perform a cardiac evaluation in autochthonous patients in the acute phase and at least one year after submitted
to treatment for acute CD and evaluate the demographic variables associated with the presence of cardiac alterations.
Methods: We evaluated patients diagnosed with acute CD through direct parasitological or serological (IgM) methods
from 2007 to 2015. These patients were treated with benznidazole and underwent ECG and TTE before and after
treatment. We assumed a confidence interval of 95% (CI 95%, p < 0.05) for all variables analyzed.
Results: We observed 63 cases of an acute CD in which oral transmission corresponded to 75%. Cardiac alterations were
found in 33% of the cases, with a greater frequency of ventricular repolarization alteration (13%), followed by pericardial
effusion (10%) and right bundle branch block and left anterior fascicular block (2%). The follow-up occurred in 48 patients
with ECG and 25 with TTE for a mean period of 15.5 ± 4.1 months after treatment. Of these, 8% presented normalization
of the cardiac alterations in ECG, 62.5% remained with the normal exams. All of the patients presented normal results in
TTE in the post-treatment period. As for the demographic variables, isolated cases presented more cardiac alterations than
outbreaks (p = 0.044) as well as cases from Central Amazonas mesoregion (p = 0.020).
Conclusions: Although cardiac alterations have not been frequent in most of the studied population, a continuous evaluation
of the clinical-epidemiological dynamics of the disease in the region is necessary in order to establish preventive measures.
(Arq Bras Cardiol. 2019; 112(3):240-246)
Keywords: Chagas Disease/epidemiology; Amazoniany Ecosystem; Trypanosoma cruzi; Chagas Cardiomiopathy/physiopathology.

Introduction
Chagas disease (CD) is an emerging infection caused by
Trypanosoma cruzi, discovered by the physician Carlos Chagas,
in 1909. He described the clinical manifestations, as well as
the morphological features of the parasite.1 It is estimated that
approximately 75 million people are at risk of acquiring the disease
and 8 million are indeed infected by the parasite worldwide.2
CD presents two clinical phases: an acute and a chronic
phase. In acute CD, nonspecific clinical symptoms may delay
early diagnosis and treatment representing a public health
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concern. In some cases, the absence of symptoms may lead to
a chronic indeterminate form or later evolving to a digestive,
cardiac or mixed form.3,4 Oral infection is more likely to cause a
symptomatic response and increase the susceptibility to higher
mortality rate and may result in unique cardiac characteristics
with the most concerning symptom of this phase being diffuse
myocarditis with alterations in the ECG and TTE results.5,6
Due to the parasite’s genetic characteristics that are
thought to be associated with the clinical manifestations of
CD, in 1998 Tibayrenc7 proposed a new classification for the
parasites’ genetic diversity. In a review in 2009, a consensus
established the division into six genotypes, named “Discrete
Typing Units” (DTUs): TcI-TVI.8
Multiple acute cases have been reported in the Brazilian
Amazon with most cases concentrated in Pará and
Amazonas,9-14 being the first cases registered in 1968 and
1980, respectively.15,16 Afterwards, micro-epidemics of acute
cases have been reported and mostly associated with the
ingestion of contaminated food, such as açaí fruits, bacaba
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fruits and meat of wild mammals.3,17,18 In the last two decades,
many new oral transmissions related acute cases have been
registered with six outbreaks in the state of Amazonas5,19-21
and T. cruzi DTU described to be related to these cases are
TcIV and Z3 (TcIII/TcIV).21,22
Although in the Brazilian Amazon region CD has been
widely studied, in the state of Amazonas there still are few data
regarding the epidemiological profile of acute CD and more
importantly, works related to the cardiac manifestations and
post-treatment follow-up are scarce in this group of patients.
For that matter, this work aimed to describe cardiac alterations
in autochthones patients who had acute CD at least one year
after submitted to treatment with benznidazole.

Methods
This was a longitudinal study of patients attended at the
Francisca Mendes University Hospital for cardiac follow-up.
All of these patients have a confirmed diagnosis of acute CD at
the Tropical Medicine Foundation Dr Heitor Vieira Dourado,
from January of 2007 to July of 2015.

For categorical variables, Fisher’s exact test was used and
the results are presented in tables of absolute and relative
frequencies followed by the corresponding p-value.
For continuous variables, normal distribution was tested using
Shapiro-Wilk normality test, if the normal distribution was
observed, an unpaired t-test (Student t-test) was executed
and results presented by mean ± SD, otherwise, the
Wilcoxon rank-sum (Mann-Whitney) test was used and the
results are presented by median and interquartile intervals.
We assumed a confidence interval of 95% (CI 95%, p < 0.05)
for all statistical tests.
Ethical consideration
This study was approved by the Research Ethics Committee
of the Universidade do Estado do Amazonas and is in
agreement with the Resolution 466/12 of the Brazilian National
Health Council (approval number 923.701/2014).

Results
Case distribution, route of transmission and T. cruzi strain

Study population
Patients were included considering the following criteria: a
positive laboratory exam, direct parasitological test (thick blood
smear or natural xenodiagnosis) or a reactive immunological essay
(IgM anti-T. cruzi) (Enzyme-linked immunoassay – ELISA and/or
indirect immunofluorescence assay– IFA) with an epidemiological
history such as being originally from the Brazilian Amazon region.
All patients were excluded if they referred any previous travel to
another Brazilian region or foreign country, did not adhere to or
had an incomplete treatment.
Procedures for data collection and treatment
Cardiological exams, standard 12-lead electrocardiogram (ECG)
and transthoracic echocardiogram (TTE), was analyzed before
treatment and at least one year after the end of treatment. In order
to obtain data of patients in pre-treatment stage, a retrospective
analysis was made of cases registered in the electronic medical
record iDoctor from 2007 to 2015 in order to access the results
of the ECG and TTE as well as demographical, epidemiological
and clinical data. During the stage of post‑treatment, a prospective
evaluation was made which included a clinical examination and
performing ECG and TTE in all patients.
The standard 12-lead ECG tracing was done using the
software Wincardio (Micromed) and the TTE was performed
following the recommendations of the American Society of
Echocardiography, using the GE, Vivid 3 equipment.
All patients underwent treatment with benznidazole
(Rochagan) 5-7 mg/kg, for 60 days according to the II
Brazilian Guidelines in Chagas Disease of 2015.23 And any
cardiac alteration in the ECG or TTE was considered for the
description as cardiac alterations in the acute phase of CD.
Statistical analysis
Clinical and epidemiological data were organized using
Excel 2016 and the analysis was done using Stata/MP 13.0.
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During the study period, 63 patients with confirmed acute
CD were evaluated, all originally from the state of Amazonas.
The diagnosis was 98% by a direct parasitological method,
thick blood smear. The median age was 29 [16-44] years old,
predominantly male (60%). Of these, 44 (70%) were part
of an outbreak that was registered from 2007 to 2015, the
other 19 (30%) cases are distributed between isolated acute
cases associated with oral transmission or classical vector
transmission. There were more registered cases of cardiac
alterations in the isolated cases reported then in the outbreaks
(48% vs. 21%, p = 0.044).
A wide distribution of acute cases is best shown in Figure
1, there can be noticed that most municipalities of the Central
Amazonas mesoregion are affected. On the other hand, the
Southwest mesoregion concentrated the higher frequency of
acute cases corresponding to 33 (53%) cases, and 31 of them
being from the outbreaks that happened in Carauari in 2011
and 2015. Cardiac alterations were present in 69% in the
Central Amazonas mesoregion which represented a statistical
significance (p = 0.020).
With regards to the strains of T. cruzi, it was possible to
isolate in 35 cases (56%) of which 22 (63%) were Z3 (TcIII/
TcIV) and 11 (31%) were TcIV and 2 (6%) TcI, both Z3 (TcIII/
TcIV) and TcIV associated with acute oral transmission from
outbreaks (Table 1).
Cardiac evaluation in Group 1 (pre-treatment)
We observed 33% of any cardiac alterations in our study
population. All 63 patients had an ECG prior to initiate the
standard treatment with benznidazole. Of these, 44 (70%)
presented normal results. Yet, abnormalities such as ventricular
repolarization alterations were common. Regarding the TTE
results, 87% presented normal parameters. (Table 2). Although
the majority of our population presented normal exams, it
is noteworthy the death of a three-month-old infant due to
severe cardiac condition.
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Figure 1 – Geographical distribution of the acute cases evaluated in the state of Amazonas. In parenthesis, the number of patients for each municipality.

Cardiac evaluation in Group 2 (post-treatment)
The follow up cardiac evaluation was done at least one
year after the end of the treatment regimen established.
It occurred in a mean period of 15.5 months. It was possible to
reevaluate 48 patients with ECG and 25 with TTE. Among the
48 patients that were evaluated with an ECG, 35 were normal
in the pre-treatment period, of the 30 (86%) continued
with normal results and 5 (14%) presented alterations in the
post‑treatment period. Thirteen patients had alterations in ECG
before treatment, 9 (69%) of them remained altered and 4
(31%) evolved to a normal ECG. Also, during the pre‑treatment
period, 4 (16%) out of the 25 patients reevaluated had
abnormalities examined in TTE and all of them evolved
completely after treatment (Table 3 and 4).

Discussion
Case distribution, route of transmission and T. cruzi strain
CD in the Brazilian Amazon Region has changed its
epidemiological profile in the past several years and most
of the cases as being acute and due to oral transmission.
A peculiarity of our region is the distance between the
municipality of the outbreaks occurrence and the state’s
capital, Manaus. Therefore, most patients are unable to travel
and get the complete cardiac follow-up.
During the period that comprised the study, 2007 to 2015,
four outbreaks of six already registered in the Amazonas
state with a total of 85 cases reported. All of them somehow
associated with oral transmission due to açaí consumption.
Most times, individuals don’t present cardiac alterations during
the acute phase, thus, it’s thought that our region presents
milder symptoms that might be associated with the T. cruzi
DTU present in the Brazilian Amazon.

We observed that only one patient was diagnosed by an
immunological assay (IgM anti-T. cruzi) while all the others
had their diagnosis confirmed by thick blood smear. This can
be related to the intense qualification of microscopists and all
health professionals working in the Malaria Laboratory at the
Tropical Medicine Foundation. Considering that most patients
arrive with febrile syndrome mostly suspected to malaria
infection, they are constantly being trained for the identification
of the protozoan Trypanosoma cruzi which allows improving
the surveillance of acute cases of CD in the state.24
In our study population, we were able to find that among
acute cases that had Trypanosoma cruzi strain identified, TcIV
was present in patients from outbreaks. This is best described
by Monteiro et al.21 Although TcI and Z3 (TcIII/TcIV) have also
been identified in humans,22 the pathogenicity of these strains
is still not well known, but it’s believed to be the cause of low
morbidity when compared to endemic areas that present other
strain of T. cruzi, TcII.25
Evaluation of cardiac alterations during the pre-treatment
and post-treatment stages
Cardiac alterations during acute phase though in small
proportion (33%) has highlighted the importance of continuous
investigation for chronic chagasic cardiopathy, as it is not
certain that treatment with benznidazole can indeed eliminate
the chance of the patient not evolving to a chronic condition
of the disease.6,26
Analyzing the demographical variables with the presence
of any cardiac alterations due to acute infection by T. cruzi,
it is possible to observe a significant statistical result for the
Central Amazonas mesoregion (p = 0.020) and the isolated
cases (p = 0.044). Although it’s possible to think that the higher
frequency of cardiopathy in the Central mesoregion might be
Arq Bras Cardiol. 2019; 112(3):240-246

242

Ortiz et al
Cardiac evaluation in acute CD

Original Article
Table 1 – Baseline characteristics of acute Chagas’ disease patients treated with benznidazol
Group
Variable

Total (n = 63)

Cardiac alterations (n = 21)

No Cardiac alterations (n = 42)

Age (y)

29 [16-44]

38 [15-44]

26.5 [17-44]

Gender
38 (60%)

14 (67%)

24 (57%)

Female

25 (40%)

7 (33%)

18 (43%)

Oral

47 (75%)

14 (67%)

33 (79%)

Vector

16 (25%)

7 (33%)

9 (21%)

Transmission

0.364†

Case

0.044†

Outbreak

44 (70%)

11 (52%)

33 (79%)

Isolated

19 (30%)

10 (48%)

9 (21%)

Central Amazonas

13 (21%)

9 (43%)

4 (10%)

North Amazonas

15 (24%)

3 (14%)

12 (29%)

Southwest Amazonas

33 (53%)

9 (43%)

24 (59%)

1 (2%)

-

1 (2%)

2 (3%)

2 (9%)

-

Origin (Mesoregion)

0.020†

T. cruzi DTU
TcI

0.694*
0.588†

Male

South Amazonas

p-value

0.355†

TcIV

11 (17%)

2 (9%)

9 (21%)

Z3 (TcIII/TcIV)

22 (35%)

9 (43%)

13 (31%)

ND

28 (44%)

8 (38%)

20 (48%)

Follow-up period (y)

15.5 ± 4.1

14 ± 4

16.4 ± 4.1

0.050**

Data are expressed as median [IQ25%-IQ75%] and mean ± SD; In parenthesis are the percentage of the total group; ND: not described; Obs.: It was not possible to
obtain the provenance of one case. *Wilcoxon rank-sum (Mann-Whitney) test. **Unpaired t-test (Student t test). † Fisher’s exact test.

due to the location of state’s capital, Manaus, the number of
cardiopathy cases in Manaus was very low (n = 4).
Also, higher frequency of cardiopathy reported in isolated
acute cases (48%) might suggest a possible association
either by oral or classical vector transmission with the strain
of the protozoan, for which TcI was already found in all
isolated cases of CD, associated to chronic CD and Chagas
cardiomyopathy.27,28 And the strain TcIV has been reported
in outbreaks.21 But this association is not possible to affirm
considering the low number of patients with identified strain
of the parasite.
During cardiac evaluation of the acute phase, most of the
patients presented normality in both ECG or TTE examination.
In the post-treatment period, we observed that most of
the patients evolved to a normal result in the cardiological
examinations. Pericardial effusion resolved very well, but
ventricular repolarization alteration remained in four patients
even after treatment. A factor that has been reported in other
follow-up examination of acute cases to be undefined due to
an unfamiliarity of a predictor parameter of cure.6,13,14
Cardiac alterations in the state of Amazonas are not
frequent, but the knowledge is still scarce regarding the whole
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transmission dynamic and possible influences in a long-term
period. Acute cases reported in the neighboring state of Pará
presented serious cardiac involvement, with three died due
to severe myocarditis, renal failure and cardiac tamponade.19
In a study carried out by Ferreira et al.29 in the Amazon region,
five cases were reported of which two were from Pará and
three from Amazonas, all of them presented reversed cardiac
alterations and no deaths. In this study, one death was registered
in a three-month-old infant, who presented a cardiogenic
shock and meningoencephalitis due vector transmission with
the presence of chagoma, a localized swelling at the site of
inoculation. This remarkable difference suggests that the clinical
manifestations and mortality is lower in the state of Amazonas,
though is unknown the reason.
Study limitations
This was a unicentric longitudinal study, with a small study
population and most of the participants living in the countryside
of the state. These factors didn’t allow a complete follow-up,
contributing to a loss of patients. Also, it was possible to obtain
the strains of the parasite only from patients that were recruited
more recently, which limited the genetic characterization.
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Table 2 – Electrocardiogram, transthoracic echocardiogram alterations of acute Chagas’ disease patients before and after treatment
Group (n = 63)

Variable

Pre-treatment

Post-treatment

Electrocardiogram

(n = 63)

(n = 48)

Ventricular reporalization alteration

8 (13%)

4 (8%)

Left anterior fascicular block

1 (2%)

1 (2%)

Right bundle branch block

1 (2%)

1 (2%)

Right bundle branch block + left anterior fascicular block

2 (3%)

2 (4%)

Low QRS voltage

2 (3%)

-

Bradycardia

-

3 (6%)

Incomplete right bundle branch block

1 (2%)

2 (4%)

Ventricular extrasystols

1 (2%)

1 (2%)

Atrial fibrillation

1 (2%)

-

Tachycardia

2 (3%)

-

Normal

44 (70%)

34 (71%)

Echocardiogram

(n = 31)

(n = 25)

Pericardial effusion

3 (10%)

-

Left ventricular dysfunction

1 (3%)

-

27 (87%)

25 (100%)

Normal

Data are expressed as frequency and in parenthesis are the corresponding percentage for each group.

Table 3 – Frequency of ECG results before and after treatment
Pre-treatment ECG

Post-treatment ECG
Normal

%

Altered

%

Total

30

62.5

5

10.4

35

Altered

4

8.3

9

18.7

13

Total

34

-

14

-

48

Normal

ECG: electrocardiogram.

Table 4 – Frequency of TTE results before and after treatment
Pre-treatment TTE

Post-treatment TTE
Normal

%

Altered

%

Total

21

86.9

0

-

21

Altered

4

13.1

0

-

4

Total

25

-

0

-

23

Normal

TTE: transthoracic echocardiogram

Conclusion
In our study, we demonstrated the presence of 33% of patient
with cardiac alterations in the acute phase of CD. Although most
of the cases were located in the Southwest mesoregion, the
higher frequency of cardiac alterations belonged to the Central
Amazonas mesoregion and isolated acute cases.
Although cardiac alterations were present in low frequency
during the pre-treatment phase, this clinical condition
suggests that there is a new epidemiological profile in the
state of Amazonas which differs with the profile present

in neighbouring states. This changing scenario might be
associated with the T. cruzi strain, but no more can be
specified. Most patients followed up in this study had a
successful outcome, however, in some of them, the cardiac
alterations persisted or even, developed afterwards.
Therefore, it is evident the need to reinforce surveillance
actions for immediate diagnosis and treatment, as well as
long-term and continuous cardiac, follow up of patients with
acute CD in order establish preventive measures and improve
the prognosis of this group of patients in our region.
Arq Bras Cardiol. 2019; 112(3):240-246
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Short Editorial
An Approach to The Acute Phase of Chagas’ Disease: The Continuing
Challenge it Presents in the 21st Century
Dário C. Sobral Filho1,2
Universidade de Pernambuco – Cardiologia,1 Recife, PE – Brazil
Memorial Coração – Cardiologia,2 Recife, PE – Brazil
Short Editorial related to the article: Cardiac Evaluation in the Acute Phase of Chagas’ Disease with Post-Treatment Evolution in Patients
Attended in the State of Amazonas, Brazil

Chagas disease, in addition to being widespread on the
American continent with around six million persons infected,
is currently present in various regions of the world as a result
of the migration of individuals with the disease.1,2
The statistics show that the incidence of acute cases has
fallen from 700,000 new cases in 1990 to the current estimate
of 29,000 – 30,000 per year by vector-borne transmission,
plus 8,000 other cases by other modes such as transfusion and
the digestive tract, owing to ingestion of food contaminated
by Trypanosoma cruzi,2 as described by Ortiz et al.3 in their
publication in this journal, in which they report 63 cases
of cases of the acute form of Chagas disease in the state of
Amazonas over a period of eight years, with oral transmission
in 75% of the patients.
Despite the significant annual fall in its incidence and
prevalence in the Americas, Chagas disease remains a serious
public health problem, causing the death of approximately
12,000 persons per year. It also has a high socioeconomic
cost, recently estimated at 500 million dollars in Latin
America, with an annual loss of 770,00 life-years (adjusted)
per premature death or loss of productive years resulting
from physical disability.4
The slow progression of laboratory methods of diagnosis
and of the development of new, more efficacious drugs, better
tolerated by the patient, as well as the precarious nature of public
health policies aimed at the extinction of the disease cause it to
be classified as a “neglected disease”.1,2,5,6 It is estimated that only
1% of the patients infected with T cruzi receive the appropriate
diagnosis and treatment every year.2
The article by Ortiz et al.3 draws attention to some important
facts: the first of these is the increased incidence of acute cases
by oral transmission in the Amazon region, where acute cases
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in isolation or during an outbreak have been recorded in
familial micro-epidemics by oral transmission through food
contaminated by triatomine or their stools. Other authors
have highlighted the regional nature of the epidemic,1,7-10
noting that this form of transmission of the disease is much
more effective than the vector mode of transmission.
The other aspect emphasized by those authors is the less
aggressive effect of the disease on the heart, with a high
percentage of the patients in their sample without any signs
of myocarditis when assessed by electrocardiography (70%
normal) and transthoracic echocardiography (87% normal).
Despite the debatable limitations of these two methods for
the detection of myocarditis, it is likely that peculiar regional
features can account for these findings.
From the genotyping studies of T. cruzi, Ortiz et al.3 suggest
that the lower prevalence of cardiac disorders in their patients
may be related to the T. cruzi lineage known as TcIV found
in outbreak patients, whose pathogenicity, albeit poorly
understood, may have a lower morbidity when compared
with the TcII lineage found in other endemic areas.11
The application of new knowledge of genetics and
longitudinal studies designed to test this hypothesis is likely
to produce important information for the management
of these patients.
Lastly, the findings of Ortiz et al.3 on the treatment
of the acute phase of the treatment of Chagas disease
with Benznidazole deserve to be emphasized.
However, information on this subject is scanty, being based
on nonrandomized studies with insufficient numbers of
patients and observation time. Although the definition of the
criteria for a cure remains controversial, there is currently
a consensus that treatment with Benznidazole should be
carried out in the acute forms of the disease and that the
patient is likely to benefit in the long term.1,2,10,12
The small size of the sample, the relatively short period
of follow-up and the adoption of substitute outcomes in
the evaluation of the results are limitations occurring with
some frequency in the publications on this subject and
these considerations also apply to the study by Ortiz et al.3
Nonetheless the information presented is significant and may
provide new information for improving the diagnosis and
treatment of Chagas disease.

Sobral Filho
The acute phase of chagas’ disease: the continuing challenge

Short Editorial
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Echocardiographic Correlation between Right Ventricular Function
and Left Atrial Volume
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Abstract
Background: Few reports exist on the relationship of the left ventricular diastolic dysfunction (LVDD) with its most
important features including enlargement of the left atrium and left ventricular hypertrophy (LVH), and with the right
ventricular (RV) function.
Objective: To determine the correlation between the left atrial size and the RV function and dimensions in patients
with and without LVDD and LVH.
Methods: Fifty patients were included, 25 (40% men) of them with LVDD, aged 67.1 ± 10.6 years (study group) and 25
without LVDD (52% men) aged 49.9 ± 16.3 years (control group). Patients underwent transthoracic echocardiography
with evaluation of the left atrial size and volume (LAV), LVDD, LVH, and RV function and dimensions. P-values < 0.05 were
considered statistically significant.
Results: LAV > 34 mL/m² and left atrial size > 40 mm were associated with lower absolute values of tricuspid annular
plane systolic excursion (TAPSE) and RV lateral S’ (p ≤ 0.001, Pearson’s correlation coefficient -0.4 and -0.38, respectively)
in the study group. Patients in the study group showed higher incidence of LVH (p = 0.02) and greater left atrial diameter
(p = 0.03) compared with the control group. In addition, greater left atrial diameter (p = 0.02) and LAV (p = 0.01) values
were found in patients with LVDD grade II compared with LVDD grade I.
Conclusions: The present study determined, for the first time, the correlation of left atrial enlargement with progressive
RV dysfunction in patients with LVDD. (Arq Bras Cardiol. 2019; 112(3):249-257)
Keywords: Ventricular Dysfunction Right; Atrial Function/Physiology; Echocardiography/Methods; Blood Pressure; Heart
Failure; Stroke Volume.

Introduction
Morphological and functional interdependence between
the two ventricles may be explained by three mechanisms:
(1) increase in right ventricular (RV) end-diastolic pressure in
response to an increase in the left ventricular (LV) volume;
(2) increased LV filling pressure inducing mechanical stress of
the muscle fibers common to both ventricles; and (3) humoral
factors, including catecholamines, that may regulate ventricular
hypertrophy in response to pressure overload of one of the
ventricles.1-4 The function and dimensions of the right ventricle
are directly associated with the LV function. Dilatation of the
right ventricle and reduction of its contractile strength is usually
found in advanced stages of LV dysfunction, reinforcing the
close relationship between the two ventricles.5-7 It is known that
in heart failure patients with reduced LV ejection fraction both

Mailing Address: Liz Andréa Villela Baroncini •
Rua Buenos Aires, 764, apt. 601. Postal Code 80250-070, Batel, Curitiba,
PR – Brazil
E-mail: lizavb@cardiol.br, lizandreabaroncini@hotmail.com
Manuscript received February 25, 2018, revised manuscript May 25, 2018,
accepted July 23, 2018

DOI: 10.5935/abc.20190042

249

ventricular dynamic and pressures are altered, affecting the size
and function of other cardiac chambers. However, few reports
exist about the relationship between heart failure with preserved
LV ejection fraction and increased RV dimensions with reduced
systolic function fraction.4 Also, there are few reports on LV
diastolic dysfunction and related findings, such as enlargement
of the left atrium (LA), LV hypertrophy (LVH), and their influence
on systolic function and RV volume. The LA seems to reflect LV
diastolic dysfunction (LVDD), since the parietal tension caused by
increased filling pressures leads to dilation of the atrial chamber.4
In addition, there are no studies specifically evaluating the
influence of LA size and LA volume on diameter and function of
the right ventricle. Therefore, the aim of the present study was to
evaluate the correlation of left atrial volume (LAV) and left atrial
diameter with the presence of LVH and RV function and diameter
in patients with and without LVDD.

Methods
Patients
This was a cross-sectional cohort study. We studied
a convenience sample of 50 consecutive outpatients
that underwent transthoracic echocardiogram (TTE) with
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quantification of LV diastolic function, left atrial diameter
and LAV, and RV systolic function and diameter at public
healthcare centers. Patients on both sexes, aged older than
18 years, and of any ethnicity, referred for TTE by assistant
physicians for any cause were selected. Exclusion criteria
were presence of global (ejection fraction < 52% for men
and < 54% for women) or segmental LV systolic dysfunction,
infiltrative diseases, pericardial diseases, chronic obstructive
pulmonary disease, asthma, moderate-to-severe valve diseases
with hemodynamic repercussion, interatrial or interventricular
septal defects, conditions that impaired the analysis of
LV diastolic function (valve diseases with hemodynamic
repercussion, atrial fibrillation at the electrocardiogram,
definite pacemaker), presence of complete left or right
bundle‑branch block at the electrocardiogram and patients
with LV diastolic dysfunction grade III. The following clinical
data were collected: age, sex, weight, height, body mass index,
presence of systemic arterial hypertension (SAH), diabetes
mellitus (DM), coronary artery disease (CAD), smoking status
(current or former smokers) and dyslipidemia. SAH, DM,
dyslipidemia and smoking status were either collected
from patients’ medical records or self‑reported by patients.
The diagnosis of SAH was defined by systolic and diastolic
blood pressure ≥ 140 mmHg and 90 mmHg, respectively, on
two or more occasions, or use of anti‑hypertensive drugs;8 and
DM diagnosis was confirmed by: (1) symptoms of polyuria,
polydipsia, weight loss and casual (at any time of day, regardless
of the time since last meal) glucose > 200 mg/dL; and
(4) glycated hemoglobin A1c ≥ 6.5% or use of hypoglycemiant
agents or insulin.9 Dyslipidemia was defined according to the
V Brazilian Guidelines on Dyslipidemias and Prevention of
Atherosclerosis10 criteria – total cholesterol > 200 mg/dL, high
density lipoprotein cholesterol (HDL) < 40 mg/dL for men and
< 50 for women, low density lipoprotein cholesterol (LDL)
> 160 mg/dL, triglycerides > 150 mg/dL or use of lipid lowering
drugs. The presence of CAD was confirmed by data from the
medical records including: non-fatal myocardial infarction and
surgical or percutaneous myocardial revascularization.
All patients signed the informed consent form in duplicate
and kept one of the copies. The study was approved by the
local ethics committee.
Echocardiographic assessment
Echocardiographic assessments with harmonic imaging
were performed using the IE33TM (Phillips), EnvisorTM (Phillips)
and VividTM (GE) equipment. The tests were conducted by
two echocardiographers experienced in TTE. The following
parameters were collected for analysis: LV diastolic function
(normal, grade I and grade II), presence of concentric or
eccentric LVH, LAV, and RV systolic function measurements.
Linear dimensions of the left atrial size were visualized from
a parasternal long-axis window with two-dimensional and
M-mode views. LAV was estimated using apical four- and
two‑chamber views, according to current recommendations.5-8
Only highly related variables were used for the LV diastolic
function analysis to avoid false positive results - the peak early
filling (E wave) and late diastolic filling (A wave) velocities
(the E/A ratio) <0.8; tissue Doppler imaging measured from
the septal or lateral annulus (e’ velocities) (septal < 7 cm/s

and lateral < 10 cm/s); average E/e’ ratio > 14; LAV index
obtained from four- and two-chamber views > 34 mL/m2; and
peak tricuspid regurgitation velocity > 2.8m/s. Classification of
diastolic dysfunction was based on the analysis of the transmitral
flow. A diastolic dysfunction grade I was defined as an E/A ratio
< 0.8 and an E-wave < 50 cm/s, and dysfunction grade III
defined as an E/A ratio >2. In case of an E/A ratio < 0.8 and
E-wave velocity > 50 cm/s, or an E/A ratio between 0.8 and
2, other parameters were used for the evaluation: velocity of
mitral regurgitation, LAV, and E/e’ ratio, according to current
guidelines.11 LVH was categorized into concentric (increased LV
mass index and increased relative wall thickness) and eccentric
(increased LV mass index and normal relative wall thickness),
according to relative wall thickness (normal < 0.42) and indexed
LV mass (normal < 95 mg/m² for women and < 115 mg/m²
for men), according to current recommendations.5 Diameter of
the right ventricle was measured in the parasternal long-axis
window between the RV anterior wall and the interventricular
septum in the ventriculo-aortic junction.5-7 Two parameters
were considered in the systolic function analysis: tricuspid
annular plane systolic excursion (TAPSE) with M-mode (normal
> 16 mm) and lateral S’ wave velocity by tissue Doppler
imaging (normal > 9.5 cm).5-7 Patients were then divided
into two groups: individuals with normal LV diastolic function
(n = 25) (control group) and individuals with LVDD grade I
and II (n = 25) (study group).
Statistical analysis
Quantitative variables were described as mean and standard
deviation, median and interquartile ranges. Categorical variables
were described as frequency and percentages. The Student’s t-test
was used for two-group comparisons of quantitative variables, and
the Fisher’s exact test used for categorical variables. Associations
between variables were determined using the Pearson correlation
coefficient. Normality of distribution of quantitative variables was
tested by the Kolmogorov-Smirnov test. P-values < 0.05 were
considered statistically significant. All data were analyzed using
the IBM SPSS Statistics software v.20.0 (Armonk, NY).

Results
Mean age of the control group was 49.9 ± 16.3 years
and 52% of the individuals were men. Mean age of the study
group was 67.1 ± 10.6 years (p < 0.001), 40% were men.
A higher prevalence of SAH was seen in the study group
than in the control group. Other clinical characteristics of
participants are described in Table 1. The following variables
showed normal distribution: TAPSE, lateral S’ velocity, RV
diastolic diameter, left atrial size and LAV. A higher incidence
of LVH (concentric and eccentric) and a higher left atrial
diameter were observed in the study group compared with
the control group; no other differences were found between
the groups (Tables 2 and 3). Considering the study group,
patients with LVDD grade II showed significantly greater left
atrial diameter and LAV compared with those with LVDD
grade I, with no significant changes in the other parameters
(Table 4). The type of LVH (concentric or eccentric) had no
effect on the LA or other echocardiographic parameters
(Table 4). There was a significant correlation of TAPSE and
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Table 1 – Baseline characteristics of the study population
Variable
Age (years)
Sex
SAH
DM
Dyslipidemia
CAD
Smoking

Classification

Group
Control (n = 25)

Study (n = 25)

Mean ± DP

49.9 ± 16.3

67.1 ± 10.6

Male

13 (52%)

10 (40%)

Female

12 (48%)

15 (60%)

No

17 (68%)

5 (20%)

Yes

8 (32%)

20 (80%)

No

23 (92%)

18 (72%)

Yes

2 (8%)

7 (28%)

No

21 (84%)

18 (72%)

Yes

4 (16%)

7 (28%)

No

25 (100%)

23 (92%)

Yes

0 (0)

2 (8%)

No

22 (88%)

21 (84%)

Yes

3 (12%)

4 (16%)

p-value*
< 0.001
0.571
0.001
0.138
0.496
0.490
1

Results expressed as mean ± standard deviation (SD) or frequency and percentage. * Student’s t-test for independent samples (age); Fisher’s exact test (categorical
variables); p < 0.05. SAH: systemic arterial hypertension; DM: diabetes mellitus; CAD: coronary artery disease

Table 2 – Baseline echocardiographic parameters in the study group and the control group
Variable
RV TAPSE (mm)
RV lateral S' (cm/s)
RVDD (mm)
Left atrial size (mm)
Left atrial volume (ml/m²)

Group

n

Mean ± standard deviation

Control

25

22.3 ± 2.0

Study

25

21.2 ± 2.6

Control

25

13.7 ± 1.8

Study

25

13.2 ± 1.7

Control

25

20.9 ± 2.7

Study

25

22.0 ± 3.2

Control

25

33.5 ± 5.1

Study

25

37.3 ± 5.5

Control

25

29.2 ± 5.5

Study

25

30.3 ± 6.7

p-value*
0.103
0.295
0.219
0.016
0.508

* Student’s t-test for independent samples, p < 0.05; RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion with M-mode; RVDD: right ventricular
diastolic diameter.

lateral S’ of the right ventricle with LAV and size. A LAV
> 34 mL/m2 and left atrial size > 40 mm were associated with
lower absolute values of TAPSE and RV lateral S’ (p ≤ 0.001,
r= -0.4 and -0.38, respectively). There was a strong positive
correlation of TAPSE with RV lateral S’ (r = 0.70, p < 0.001),
and of LAV and left atrial size (r = 0.89, p < 0.01) (Tables 5
and 6, Figures 1 and 2).

Discussion
The role of the LAV as a sensitive index that reflects
the severity of LV diastolic function and that provides
prognostic information in many heart diseases has been
well documented. 4 However, its possible effect on RV
performance still requires research. The present study
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demonstrated a significative inverse correlation of LAV and
left atrial size with absolute values of TAPSE and RV lateral
S’ in patients with LVDD.
In a similar study by Torii et al.,12 239 patients with atrial
fibrillation (AF) were compared with 281 individuals with sinus
rhythm; AF patients showed lower TAPSE values regardless
of age, sex, heart rate, LV ejection fraction and tricuspid
regurgitation velocity. No correlations were made with LAV
or left atrial size. Since we did not include patients with AF, it
is possible to infer that an enlarged LA, per se, affects TAPSE
and RV lateral S’ only. It is known that left atrial enlargement
does not occur uniformly due to physical limitations imposed
by the sternum and spine, which can also affect dilatation
and motion of the other cardiac chambers.4 TAPSE reflects
not only the shortening of RV free wall, but also the traction
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Table 3 – Between-group comparison of baseline echocardiographic parameters in the study group and control group
Variable

Classification
Normal

LVDD

Group
Control (n = 25)

LVH
RV TAPSE (mm)
RV lateral S' (cm/s)
RVDD (mm)
Left atrial size (mm)
LAV (ml/m2)

p-value*

25 (100%)

Grade I

21 (84%)

Grade II
LVH

Study (n = 25)

4 (16%)

Normal

25 (100%)

19 (76%)

Concentric (c)

0 (0)

5 (20%)

Eccentric (e)

0 (0)

1 (4%)

Normal

25 (100%)

19 (76%)

Hypertrophy (c/e)

0 (0)

6 (34%)

Normal (> 16)

25 (100%)

25 (100%)

Altered (≤ 16)

0 (0)

0 (0)

Normal (> 9.5)

25 (100%)

25 (100%)

Altered (≤ 9.5)

0 (0)

0 (0)
25 (100%)

Normal (16 a 30)

25 (100%)

Altered (< 16 or > 30)

0 (0)

0 (0)

Normal (< 40)

23 (92%)

16 (64%)

Altered (≥ 40)

2 (8%)

9 (36%)

Normal (< 34)

20 (80%)

18 (72%)

Altered (≥ 34)

5 (20%)

7 (28%)

-

0.022
1
1
1
0.037
0.742

Results expressed as frequency and percentage. Fisher’s exact test (categorical variables); p < 0.05. LVDD: left ventricular diastolic dysfunction; LVH: left ventricular
hypertrophy; RV: right ventricular TAPSE: tricuspid annular plane systolic excursion with M-mode; RVDD: right ventricular diastolic diameter; LAV: left atrial volume

of the right ventricle resulting from LV contraction and effects
of heart translation in the chest.13 Left atrial enlargement due
to pressure and volume overload causes structural changes in
the other chambers, including concomitant tricuspid annulus
dilation, increased mobility of the tricuspid leaflets and
tricuspid regurgitation.14,15 One hypothesis is that tricuspid
annular dilatation, as a consequence of enlarged LA, could
change TAPSE and lateral S’ due to displacement of mitral
annulus. This would result in RV remodeling and affect RV
longitudinal shortening, as the site used for TAPSE and S’
measurements is the lateral insertion site of the tricuspid
valve. However, we cannot rule out the possibility that such
changes in cardiac chambers induced by the enlargement of
the LA could also affect the ultrasonic angle beam, leading
to changes in tissue Doppler imaging results. One interesting
finding was that although the linear dimension of the LA was
greater in the study group than in controls, LAV was practically
normal in both groups. It is known that this linear measure of
the LA has low accuracy and reproducibility due to technical
limitations including the angle of the ultrasound beam, and
the left atrial irregular geometry.4
It is also worth pointing out that the reference values for LAV
are derived from international studies involving individuals
with higher height; no study involving LAV measurements
in a large Brazilian population has been performed so far.16
However, even small changes in the LAV caused changes in
both TAPSE and RV lateral S’ values.

Due to the strict exclusion criteria, no signs of RV
dysfunction were expected in either study or control group.
This was confirmed by the normal values of TAPSE and
lateral S’ of the right ventricle in all participants. In the
study by Bruhl et al.17 evaluating 51 healthy individuals,
with no past history of cardiac disease, found that TAPSE,
mitral annular plane of systolic excursion (MAPSE), and
tissue Doppler imaging measurements of the right and left
ventricles were stable across age, gender, and body surface
area. These findings illustrate the ventricular relationship
and systolic interdependence. RV size and function correlate
with the symptoms and physical capacity of patients with
many clinical conditions. An accurate echocardiographic
assessment of the right ventricle allows early detection of
cardiac diseases, improves risk stratification and may indicate
the right moment to start drug therapy.18,19 Zakir et al.,20
addressed, appropriately and in detail, the correlation of
LV diastolic function with RV systolic dysfunction, based on
the invasive measurement of the pulmonary venous system.
LV diastolic dysfunction causes an increase in left atrial filling
pressure, which can be transmitted backwards, leading to
pulmonary arterial hypertension and RV pressure overload.
According to Simon et al.21 the first stage of RV dysfunction
is pulmonary hypertension, which causes RV hypertrophy
and ultimately right systolic dysfunction. However, in the
present study, even patients with LVDD grade II showed
normal TAPSE and RV lateral S’. In addition, difficulties
in the analysis of the RV function may also result from RV
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Table 4 – Echocardiographic parameters in the study group by left ventricular diastolic dysfunction grade and presence of concentric (c) and
eccentric (e) left ventricular hypertrophy
Variable
RV TAPSE (mm)
RV S' (cm/s)
RVDD (mm)
Left atrial (mm)
LAV (ml/m²)
Variable
RV TAPSE (mm)
RV S' (cm/s)
RVDD (mm)
Left atrial (mm)
LAV (ml/m2)

LVDD

n

Mean ± standard deviation

Grade I

21

21.2 ± 2.5

Grade II

4

21.5 ± 3.5

Grade I

21

13.2 ± 1.7

Grade II

4

12.8 ± 1.7

Grade I

21

21.5 ± 3.2

Grade II

4

24.5 ± 1.9

p-value*
0.832
0.604
0.085

Grade I

21

35.9 ± 4.6

Grade II

4

44.5 ± 4.4

Grau I

21

29.0 ± 5.5

Grau II

4

37.5 ± 8.9

0.017

LVH

n

Mean ± standard deviation

p-value*

Normal

19

20.8 ± 2.5

0.176

LVH (c/e)

6

22.5 ± 2.8

Normal

19

13.1 ± 1.7

LVH (c/e)

6

13.5 ± 1.8

Normal

19

21.5 ± 3.3

LVH (c/e)

6

23.5 ± 2.8

Normal

19

36.3 ± 5.2

LVH (c/e)

6

40.5 ± 6.0

Normal

19

29.7 ± 6.2

0.002

0.580
0.185
0.104
0.413

*Student’s t-test for independent variables, p < 0.05. RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion with M-mode; RVDD: right ventricular
diastolic diameter; LA: left atrium; LAV: left atrial volume

geometric and the complex correlation of the right ventricle
with the LV septum. This could lead to delayed diagnosis of
RV systolic dysfunction, which is generally detected in severe
disease states. Therefore, serial analysis of the LAV and of
TAPSE and lateral S’ of the right ventricle in patients with
LVDD or heart failure with preserved ejection fraction may
provide initial evidence of deterioration of the RV function.
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The other findings of the study were in accordance with
literature data. In our study group, LVDD patients were older,
showed higher incidence of LVH and greater left atrial size, and
higher prevalence of SAH when compared with the control
group.22-24 Patients with altered diastolic function had larger
LA, which was positively associated with the degree of diastolic
dysfunction. This is in line with the study by El Aouar et al.16

group that should be sequentially interpreted considering
the clinical conditions of each patient. Thus, subtle changes
in the variables used for RV function analysis in our study,
as well as their correlation with left atrial enlargement can
serve as a basis for future studies in this field. It is pertinent to
consider the use of the speckle tracking technique (strain [ε]
and strain rate [SR or s-1]) for assessment of the RV function
in future studies. The ε and s-1 indexes evaluate regional and
global myocardial deformation with advantages over the use
of the strain measure obtained from tissue Doppler, especially
a lower variability within and between observers. The use of
two-dimensional speckle tracking echocardiography allows
the analysis of longitudinal, circumferential and radial strain,
with not influence of the angle.27

Regarding the high prevalence of SAH in the study group,
it is well known that SAH can cause not only LVH but also
RV hypertrophy25,26 that, in turn, was not assessed in our
study. The fact that we did not find significant differences
in echocardiographic measures between the groups can be
explain by the strict exclusion criteria; it also reflects the fact
that the analysis and referral values of echocardiographic
parameters used in the assessment of the RV function is a
matter of considerable debate in the literature, with wide
variability within and between observers.6,7 In this sense,
there is not a gold standard method, but rather a set of

Finally, this study has important limitations that should be
considered: (1) the small number of the sample; studies involving
larger sample sizes would be needed to confirm our findings;
(2) the groups were not perfectly matched, especially in terms
of age; (3) the lack of adequate or precise information about
the time of hypertensive disease and its treatment, as well as on
medications used by the patients; and (4) we did not analyze
the variables tricuspid annulus diameter and right atrial volume,
which could provide more information on the RV remodeling.
In addition, patients with LVDD was composed of older
individuals compared with the control group. This may have
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Table 5 – Echocardiographic parameters in the study group by left atrial size (mm) and left atrial volume (mL/m2)
Variable
RV TAPSE (mm)
RV lateral S' (cm/s)
RVDD (mm)
LAV (ml/m²)
Variable
RV TAPSE (mm)
RV lateral S' (cm/s)
RVDD (mm)
Left atrial size (mm)

Left atrial size

n

Mean ± standard deviation

Normal (< 40)

16

21.9 ± 2.4

Altered (≥ 40)

9

20.1 ± 2.6

Normal (< 40)

16

13.6 ± 1.8

Altered (≥ 40)

9

12.4 ± 1.2

Normal (< 40)

16

21.7 ± 3.2

Altered (≥ 40)

9

22.4 ± 3.3

Normal (< 40)

16

26.8 ± 3.8

p-value*
0.103
0.111
0.584

Altered (≥ 40)

9

36.7 ± 6.2

< 0.001

LAV

n

Mean ± standard deviation

p-value*

Normal (< 34)

18

22.2±2.4

Altered (≥ 34)

7

18.9 ± 0.9

Normal (< 34)

18

13.7 ± 1.7

Altered (≥ 34)

7

11.9 ± 0.7

Normal (< 34)

18

21.7 ± 3.3

Altered (≥ 34)

7

22.6 ± 3.2

Normal (< 34)

18

34.7 ± 3.6

Altered (≥34)

7

43.9 ± 4.0

< 0.001
0.001
0.565
< 0.001

*Student’s t-test for independent samples, p < 0.05. RV: right ventricular TAPSE: tricuspid annular plane systolic excursion with M-mode; RVDD: right ventricular
diastolic diameter; LAV: left atrial volume.

Table 6 – Correlations between quantitative variables in the study group
Variables

n

Pearson’s correlation coefficient

p-value

Age × RV TAPSE

25

–0.22

0.281

Age × RV lateral S'

25

–0.42

0.035

Age × RVDD

25

0.04

0.866

Age × left atrial size

25

0.31

0.134

Age × LAV

25

0.40

0.050

RV TAPSE × RV lateral S'

25

0.70

< 0.001

RV TAPSE × RVDD

25

0.33

0.106

RV TAPSE × left atrial size

25

-0.33

0.107

RV TAPSE × LAV

25

-0.40

0.047

RV lateral S' × RVDD

25

0.40

0.051

S' lateral VD × left atrial size

25

-0.26

0.216

RV lateral S' × LAV

25

–0.38

0.063

RVDD × left atrial size

25

0.30

0.149

RVDD × LAV

25

0.23

0.271

Left atrial size × LAV

25

0.89

< 0.001

TAPSE: tricuspid annular plane systolic excursion with M-mode; RVDD: right ventricular diastolic diameter; LAV: left atrial volume.

influenced the results, particularly the LAV. Also, the prevalence
of SAH increases with age and differently in men and women.28,29
Although the study group and the control group were not
perfectly matched, the proportion of men and women was not
different between the groups; yet, we did not find any significant
difference between men and women in the study variables.

Conclusions
The present study determined, for the first time, a
correlation of the increase in LAV with progressive RV
functional changes in patients with LVDD. However, further
studies are needed to confirm these findings.
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Figure 1 – Correlation between right ventricular tricuspid annular plane systolic excursion (RV TAPSE) and left atrial volume (LAV) (left panel; p < 0.001), and between
lateral S’ of the right ventricle and LAV (right panel; p < 0.001). RV: right ventricular; LA: left atrium; SE: standard error; SD: standard deviation; Student’s t-test for
independent samples; p < 0.05.
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Figure 2 – Correlation between right ventricular tricuspid annular plane systolic excursion (RV TAPSE) and right ventricular S’ lateral.

Author contributions
Conception and design of the research, acquisition of
data and analysis and interpretation of the data: Baroncini
LAV, Borges LJL, Camarozano AC, Carmo DC, Darwich RZ,
Fortunato Junior JÁ; statistical analysis: Baroncini LAV; writing
of the manuscript: Baroncini LAV, Darwich RZ, Fortunato Junior
JÁ; critical revision of the manuscript for intellectual content:
Baroncini LAV, Borges LJL, Camarozano AC, Carmo DC.
Potential Conflict of Interest
No potential conflict of interest relevant to this article
was reported.

255

Arq Bras Cardiol. 2019; 112(3):249-257

Sources of Funding
There were no external funding sources for this study.
Study Association
This study is not associated with any thesis or dissertation work.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of the
Universidade Positivo under the protocol number 2331223.
All the procedures in this study were in accordance with the
1975 Helsinki Declaration, updated in 2013. Informed consent
was obtained from all participants included in the study.

Baroncini et al
Right ventricle and left atrial volume

Original Article
References
1.

Zile MR, Brutsaer DL. New concepts in diastolic dysfunction and diastolic
heart failure: part I: diagnosis, prognosis, and measurement of diastolic
function. Circulation. 2002;105(11):1387-93.

2.

Hogg K, Swedberg K, McMurray J. Heart failure with preserved left
ventricular systolic function; epidemiology, clinical characteristics, and
prognosis. J Am Coll Cardiol. 2004;43(3):317-27.

3.

Paullus WJ, Tschöpe C, Sanderson JE, Rusconi C, Flachskamp FA,
Rademakers FE, et al. How to diagnose diastolic heart failure: a
consensus statement on the diagnosis of heart failure with normal left
ventricular ejection fraction by the Heart Failure and Echocardiography
Associations of the European Society of Cardiology. Eur Heart J. 2007
;28(20):2539-50.

4.

Sousa ACS. Left atrial volume as an index of diastolic function. Arq Bras
Cardiol. 2006;86(3):e27-e33.

5.

Lang RM, Badano LP, Mor-Avi V Afilalo J, Armstrong A, Ernande L, et al..
Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. J Am Soc Echocardiogr.
2015;28(1):1-39.e14.

6.

Jurcut R, Giusca S, La Gerche A, Vasile S, Ginghina C, Voigt JU. The
echocardiographic assessment of the right ventricle: what to do in 2010?
Eur J Echocardiogr. 2010;11(2):81-96.

7.

Rudski LG, , Lai WW, Afilalo J, Hua L, Handschumacher MD, Chandrasekaran
K, et al. Diretrizes para avaliação ecocardiográfica do coração direito em
adultos: um informe da Sociedade Americana de Ecocardiografia. J Am Soc
Echocardiogr. 2010;23:685-713.

8.

James PA, Oparil S, Carter BL, 2014 Evidence-based guideline for the
management of high blood pressure in adults : report from the panel
members appointed to the Eight Joint National Committee (JNC 8). JAMA.
2014;311(5):507-20.

9.

Standards of medical care in diabetes – 2015: summary of revisons. Diabetes
Care. 2015; 38(Supp1):S4.

10. Xavier HT, Izar MC, Faria Neto JR Assad M. H., Rocha V. Z., Sposito A. C., et
al. V Diretriz Brasileira de Dislipidemias e Prevenção de Aterosclerose. Arq
Bras Cardiol. 2013;101(4 Suppl 1):1-22.
11. Nagueh SF, Smiseth AO, Appleton CP Byrd BF 3rd, Dokainish H, Edvardsen
T, et al. Recommendations for the evaluation of left ventricular diastolic
function by echocardiography: an update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging. 2016;17(12):1321-60.

15. Utsunomiya H, Itabashi Y, Mihara H, Berdejo J, Kobayashi S, Siegel RJ, et
al. Functional tricuspid regurgitation caused by chronic atrial fibrillation:
A real-time 3-dimensional transesophageal echocardiography study. Circ
Cardiovasc Imaging. 2017;10(1):pii: e004897.
16. El Aouar LMM, Mayerfreud D, Magalhães P, Rodrigues SL, Baldo MP, Brasil
Y, et al. Relationship between left atrial volume and diastolic dysfunction in
500 Brazilian patients. Arq Bras Cardiol. 2013;101(1):52-8.
17. Bruhl SR, Chahal M, Khouri S. A novel approach to standard techniques in
the assessment and quantification of the interventricular systolic relationship.
Cardiovasc Ultrasound. 2011 Dec 20;9:42.
18. Kossaify A. Echocardiographic assessment of right ventricle, from the
conventional approach to speckle tracking and three-dimensional imaging,
and insights into the “right-way” to explore the forgotten chamber. Clin Med
Insights: Cardiol. 2015 Jul 5;9:65-75.
19. Kjaergaard J, Iversen KK, Akkan D, Møller JE, Køber LV, Torp-Pedersen C, et al.
Predictors of right ventricular function as measured by tricuspid anular plane
systolic excursion in heart failure. Cardiovasc Ultrasound. 2009 Nov 4; 7:51.
20. Zakir R, Al-Dehneh A, Maher J, Saric M, Berkowitz R. Right ventricular failure
in patients with preserved ejection fraction and diastolic dysfunction: an
underrecognized clinical entity. Congest Heart Fail. 2007;13(3): 164-9.
21. Simon M, Pinsky MR. Right ventricular dysfunction and failure in chronic
pressure overload. Cardiol Res Pract. 2011 Mar 23;2011:568095.
22. Vasan RS, Larson MG, Benjamin EJ, Evans JC, Reiss CK, Levy D. Congestive
heart failure in subjects with normal versus reduced left ventricular ejection
fraction: prevalence and mortality in a population-based cohort. J Am Coll
Cardiol. 1999;33(7):1948-55.
23. Fischer M, Baessler A, Hense HW, Hengstenberg C, Muscholl M, Holmer
S,et al.. Prevalence of left ventricular diastolic dysfunction in the community.
Results from a Doppler echocardiographic-based survey of a population
sample. Eur Heart J. 2003;24(4):320-8.
24. Masoud FA, Havranek EP, Smith G, Fish RH, Steiner JF, Ordin DL, et al..
Gender, age, and heart failure with preserved left ventricular systolic
function. J Am Coll Cardiol. 2003;41(2):217-23.
25. Gottdiener JS, Gay JA, Maron BJ, Fletcher RD. Increased right ventricular
wall thickness in left ventricular pressure overload: echocardiographic
determination of hypertrophic response of the nonstressed ventricle. J Am
Coll Cardiol. 1985;6(3):550-5.
26. Silva RP, Amodeo C, Ramires JAF. O ventrículo direito e a hipertensão
arterial: aspectos ecocardiográficos. Arq Bras Cardiol. 2002;79(3):313-8.

12. Torii Y, Kusunose K, Yamada H, Nishio S, Hirata Y, Amano R, et al.
Comparison of tricuspid annular plane systolic excursion in patients with
atrial fibrillation versus sinus rhythm. Am J Cardiol. 2016; 117(2):226-32.

27. Almeida ALC, Gjesdal O, Mewton N, Choi EY, Teixido-Tura G, Yoneyama
K,et al.. Speckel-Tracking pela ecocardiografia bidimensional – aplicações
clínicas. Rev Bras Ecocardiogr Imagem Cardiovasc. 2013;26(1):38-49.

13. Lakatos B, Tősér Z, Tokodi M, Doronina A, Kosztin A, Muraru D, et al.
Quantification of the relative contribution of the different ventricular wall
motion components to right ventricular ejection fraction: the ReVISION
method. Cardiovascular Ultrasound. 2017;15(1):8.

28. Zabalgoitia M, Rahman SN, Haley WE, Mercado R, Yunis C, Lucas C, et al..
Comparison in systemic hypertension of left ventricular mass and geometry
with systolic and diastolic function in patients <65 to > or =65 years of age.
Am J Cardiol. 1998;82(5):604-8.

14. Katsi V, Raftopoulos L, Aggeli C, Vlasseros I, Felekos I, Tousoulis D, et
al. Tricuspid regurgitation after successful mitral valve surgery. Interact
Cardiovasc Thorac Surg. 2012;15(1):102-8.

29. Sant’Anna MP, Mello RJ, Montenegro LT, Araújo MM. Left and right
ventricular hypertrophy at autopsy of hypertensive individuals. Rev Assoc
Med Bras. 201258(1):41-7.

Arq Bras Cardiol. 2019; 112(3):249-257

256

Baroncini et al
Right ventricle and left atrial volume

Original Article

This is an open-access article distributed under the terms of the Creative Commons Attribution License

257

Arq Bras Cardiol. 2019; 112(3):249-257

Short Editorial
Let’s Look Right during Diastolic Dysfunction Evaluation?
Murilo Foppa1,2 and Angela Barreto Santiago Santos1,2
Hospital de Clinicas de Porto Alegre,1 Porto Alegre, RS – Brazil
Universisade Federal do Rio Grande do Sul,2 Porto Alegre, RS – Brazil

Nearly half of heart failure patients have preserved
ejection fraction (HFPEF).1 HFPEF is traditionally attributed
to an increased left ventricular end-diastolic filling pressure
(Pd2), triggered by structural, metabolic and functional
mechanisms. Echocardiography permits to identify HFPEF
signs as diastolic dysfunction (DD),2 enlarged left atrium,
and more subtle abnormalities of systolic function detected
by global longitudinal strain. 3,4 Right ventricular (RV)
abnormalities and pulmonary hypertension are also identified
by echocardiography and are frequently seen in HFPEF.5
However, there are controversies if the abnormalities seen
in right cardiac chambers are a consequence of left-sided
abnormalities or if they correspond to a direct effect over
left and right chambers simultaneously, caused by the same
mechanisms, such as diffuse subendocardial fibrosis and
subclinical systolic dysfunction.
In this journal, Baroncini et al.6 sought to bring more
evidence to fill this knowledge gap. The authors compared
two small samples of individuals with and without DD
(25 subjects in each group) and found no significant
changes in RV function between the groups measured by
tricuspid annular plane excursion (TAPSE) or RV free wall
systolic velocity (s’). The secondary analysis highlighted
by the authors showed that in the subgroup with DD, the
7 individuals with a dilated left atrium presented worse RV
function parameters compared to the other patients with DD
(n = 18). These results could suggest that RV abnormalities
would be present only in those already with a chronic
increase in left atrial pressure identified by its dilatation.
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However, this specific finding in one subgroup is very likely
to have occurred by chance. In addition to the recognized
caveats of a posteriori findings, there are other reported findings
that weaken the consistency of the biological plausibility of
the association described. There was no significant correlation
when measurements of the left atrium and right ventricle
were analyzed continuously (unlike the article title), neither
there was any relevant association identified in the analyzes
that included the group of supposedly normal controls.
Another important issue is the impossibility of the study, as
performed, to adequately adjust for the intricate relationships
between confounding variables. This is evident when we
analyze the relationships between age, diastolic function, left
atrial size and diastolic function in the study.
Alterations in RV function at early stages of DD has already
been studied, when the effects of pulmonary circulation on
RV have not yet been observed. Brand et al.7 studying 438
women (BNP = 34.4 ± 31.6 pg/ml, Pulmonary artery systolic
pressure = 21.8 ± 6.2 mmHg) showed the group with DD
(n = 152) had worse RV systolic function compared to the
group without DD (n = 286), either by conventional measures
such as TAPSE, S', and fractional area change, or by newer
methods such as global and free wall RV strain. It is noteworthy
that the group with DD had no echocardiographic signs of
increased left ventricular filling pressures, RV dilatation, or
pulmonary hypertension, reinforcing the physiopathological
concept that the occurrence of RV dysfunction is independent
of the pressure overload in this cavity.
The advances in HFPEF knowledge is indisputable,
demonstrating the global cardiac, pulmonary, and multisystemic
involvement in the syndrome, beyond that of DD. This was
largely achieved with the help of noninvasive imaging and
is likely to help in the identification of treatment targets and
prevention strategies. On the other hand, despite its universal
clinical use, the independent diagnostic and prognostic role
of any imaging biomarker used individually is still a matter of
debate, due to their complex interconnections. Considering
this, it is paramount the proper discernment between
associations, causality, and clinical utility of any biomarker,
particularly in the echocardiographic evaluation of DD.
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Abstract
Background: Ideal Cardiovascular (CV) Health is characterized by four ideal lifestyle parameters and absence of
cardiovascular risk factors. The prevalence of ideal CV health in the Amazon Basin and the influence of job strain on
CV health in this setting are uncertain.
Objective: To evaluate the prevalence of ideal CV health and its relationship with job strain in a secluded area from a
developing country.
Methods: Job strain was evaluated in 478 employees from an university in the Amazon Basin by a questionnaire that
classified participants as passive, active, low or high strain, according to the demand-control model. CV health was
evaluated using the American Heart Association 7 health factors (diet, physical activity, body mass index (BMI), smoking,
hypertension, diabetes and hypercholesterolemia). Participants were classified as having ideal, intermediate or poor CV
health. The level of significance was set at p < 0.05.
Results: The mean age was 44.3 ± 12 years, 65% were men, and 35% were faculty. No participant fulfilled the criteria for
ideal CV health. Intermediate CV health was found in 44 (9%) and poor in 434 (91%) individuals. Considering low strain
as a reference group, individuals classified as high strain, active and passive had a non-significant (p > 0.05) increase
in the chances of having poor CV health. When adjusting for possible confounders, high job strain was associated with
poor BMI (> 30 kg/m2), (OR 2.11, 95%CI 1.06-4.22; p = 0.034) and poor diet (OR 2.31, 95% CI 1.29-4.13; p = 0.005).
Conclusion: Job strain was not associated with cardiovascular health, but high job strain was related to obesity and poor
diet. Given the high prevalence of poor CV health and lack of participants with ideal CV health, policies focusing on health
education and lifestyle interventions are paramount to this population. (Arq Bras Cardiol. 2019; 112(3):260-268)
Keywords: Cardiovascular Diseases/epidemiology; Risk Factors; Prevention and Control; Amazonian Ecosystem;
Stress,Psychological; Obesity; Eating Disorders.

Introduction
Cardiovascular diseases (CVD) remain the leading cause of
death in both the developed and developing world.1-3 In order to
combat CVD, the American Heart Association (AHA) launched
the 2020 impact goal and the Ideal Cardiovascular Health
initiative.4 Ideal Cardiovascular (CV) Health is defined as the
presence of both ideal health behaviors (nonsmoking, body mass
index (BMI) < 25 kg/m2, physical activity at goal levels, and pursuit
of a diet consistent with current guideline recommendations) and
ideal health factors (untreated total cholesterol < 200 mg/dL,
untreated blood pressure < 120/80 mmHg, and fasting blood
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glucose < 100 mg/dL). Subjects in ideal status have a lower
incidence of CVD and an increased life expectancy when
compared with those in poor status.4–6
CV health seems to be influenced by workplace conditions.7,8
In a study by Karasek et al.,8 high job strain was associated with
higher chances of having CV disease.8 The authors proposed
that demand and control at the workplace influence health
status. Control is defined as how much leeway in decision
making the employee has and how much intellectual skills
are required when working. Demand is the intellectual
pressure that can be either quantitative, for example, time and
velocity to work, or qualitative, defined as conflicts between
contradictory demands.7
Although few studies in this regard have been performed
in developed countries, the relationship between job strain
and CV health is not completely known in the setting of
a developing country. Using the above framework, we
hypothesized that ideal CV health has low prevalence in the
Amazon Basin. Furthermore, we believe that job strain is
associated with a higher prevalence of poor CV health.
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Objective
The aim of this study is to evaluate the prevalence of ideal
CV health and its relationship with job strain in a secluded
area from a developing country.

Methods
The study was performed between 2012 and 2013 in Rio
Branco, Brazil. All 759 employees at the Federal University of
Acre were invited to participate. Employees received a call or
email to setup an appointment with two trained researchers.
A total of 478 employees accepted to participate, including
166(35%) faculty professionals and 312(65%) non-faculty staff.
A questionnaire was used to collect information regarding
demographics, CV behavior and risk factors. Weight, height,
waist circumference and blood pressure were measured
twice at different appointments. The average of the two
measurements was considered the final value. We excluded
those subjects who declined to sign an informed consent.
Twenty-seven participants with missing data regarding job
strain were not included in the comparisons among CV
health factors and job strain. This study was approved by the
Institutional Review Board at the Federal University of Acre.
We used the validated Portuguese-language adapted Job
Content Questionnaire based in Robert Karesek theoric model
to assess job strain.9 It is composed of 6 questions to evaluate
control, 5 questions to assess demand, and 6 questions to assess
social support. Each question was composed of 4 possible
answers ranging from 1 (strongly disagree) to 4 (strongly agree).
We defined as having high demand those participants with
scores above the 50th percentile on the Portuguese-language
adapted Job Content Questionnaire; low control when
below the 50th percentile; High job strain was defined as the
combination of high demand and low control; low job strain as
low demand and high control; active as high demand and high
control; passive as low demand and low control.
This study selected seven health indicators proposed by the
AHA as markers of CV health. These seven parameters include
four lifestyle variables (smoking, physical activity, diet, and BMI)
and three CV risk factors (diabetes, hypercholesterolemia, and
high blood pressure). Smoking status was classified as never
smoker, former smoker and current smoker. Ideal physical
activity was defined by more than 150 minutes/week of
moderate intensity exercise, any physical activity lower than
150 minutes/week as intermediate and no physical exercise
as poor. BMI was calculated as body weight in kilograms
divided by the square of body height in meters (kg/m2).
Values lower than 25 were considered ideal, between 25
and 29.9 intermediate, and greater than 30 were considered
poor. Diabetes and hypercholesterolemia were self-reported
in a questionnaire as yes or no responses. Blood pressure was
obtained by trained researchers. High blood pressure was
defined as a measured value greater than 140/90 mmHg or
self-reported high blood pressure in use of anti-hypertensive
medication or not. Systolic blood pressure between 120 and
139 or diastolic blood pressure between 80 and 89 were
classified as intermediate. Blood pressure < 120/80 was
considered ideal. According to the AHA, an ideal diet pattern
was defined as consumption of 4 portions or more of fruits
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and/or vegetables per day, less than 1 liter of sugar-sweetened
beverages per week and more than two 3.5-oz servings per
week of fresh fish. We used a food frequency questionnaire
previously validated in a Brazilian cohort.10 Sodium and
fiber-rich whole grains consumption couldn’t be accessed by
the questionnaire. Individuals were classified as having ideal
CV health (ideal lifestyle and absence of CV risk factors),
poor (when any of the seven factors was evaluated as poor)
or intermediate (participants who did not belong to ideal or
poor CV health group).
The covariates used for data analysis were age, gender,
income, education level and occupation, which were
self‑reported in a questionnaire. Income was measured in
US dollars and subjects were split in two categories, more
or less than $20,000/year. Occupation was classified as
teaching and non-teaching staff. We modeled education as
a dichotomous variable with subjects classified as college or
more or high school or less. Low social support was considered
for those participants bellow 50th percentile on the adapted
Job Content Questionnaire.
Statistical analysis
The study was designed to detect a difference in the
proportion of poor CV health of 15% between high strain (85%)
and low strain (70%). Considering a power set at 0.8, an alpha
level of 0.05, we estimated a sample size of at least 121 patients
per group and a total of 424 participants. We planned including
478 individuals, allowing for non-respondents or incomplete
responses up to 12% of participants.
Categorical data was reported as percent frequencies
and compared by chi-squared test. Continuous normally
distributed variables were displayed as mean and standard
deviation, and continuous non-normally distributed variables
were displayed as median and 25th and 75th percentiles.
Significant pairwise comparisons were adjusted for multiple
testing using Bonferroni correction and are shown only
for variables in which a significant global difference was
detected using one-way ANOVA or Kruskal–Wallis tests.
The association between job strain and CV health was
assessed using multivariable logistic regression using the
low strain group as reference. We also used multivariable
logistic regression to assess the association between job
strain and CV risk factors. We built two models for analyses;
the crude analyses without any covariate and the adjusted
analyses, which controlled for age, sex, education, income,
and occupation. Exposures included high job strain and
also high demand and low control, separately. All statistical
analyses were performed with STATA version 13.1 (Stata
Corp., College Station, TX, USA). P‑values < 0.05 were
considered statistically significant.

Results
Participants had a mean age of 44.3 ± 12 years, and 65%
were men; In terms of job strain, the most prevalent group
was low job strain with 144 (32%) individuals. A total of 86
(19%) participants were found to have high job strain, 93 (21%)
were considered active, and 128 (28%) were considered to
have passive work. Teaching professionals were less likely to
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be among the high strain job group. No significant differences
were found between high strain and low strain group in terms
of age, sex, and income. Passive participants were more
likely to be older and low educated than low strain subjects.
Active participants had higher income and were more likely
to be professors than low strain participants (Table 1).
Ideal CV health was not found in this sample. Intermediate
CV health was found in 44 (9%) and poor in 434 (91%)
individuals. Poor physical activity (53%) and poor diet (55%)
were the factors with the highest prevalence among the
participants. Poor BMI was found in 22% of participants,
smoking in 7%, hypertension in 36%, hypercholesterolemia
in 26%, and diabetes in 7% (Figure 1). Most participants had
one to three CV health factors classified as poor (Table 2).
Considering the outcome CV health and low strain
as reference group for comparisons, we found that high
strain, active and passive individuals have a non-significant
increase in the chances of having poor CV health (Table 3
and Figure 2). Either high demand or low control category

when analyzed separately or combined was not associated
with poor CV health (Table 3). Individually, the active group
had a trend to increase the odds of poor physical activity
(OR 1.67, 95% CI 0.96-2.92; p = 0.07). High job strain
increased the chance of poor diet by 2.3-fold in comparison
with the low strain group (p = 0.005). Similarly, high job
strain was associated with poor BMI (> 30 kg/m2), OR 2.11,
95%CI 1.06-4.22; p = 0.034. We did not find an association
between job strain and poor smoking, high blood pressure,
hypercholesterolemia, or diabetes (Table 4). When demand
and control categories were analyzed separately, low control
was associated with poor diet. (Table 5)

Discussion
This study included 451 from an academic center and,
to our knowledge, it is the first to describe the prevalence
of CV health and explore a possible relationship with job
strain in the Amazon Basin. Our main finding was a high
prevalence of poor CV health with no individuals in ideal

Table 1 – Characteristics of subjects according to job strain (active, passive, low strain, high strain)
Parameters
Age (years)

Low strain

Active

Passive

High Strain

n = 144 (32%)

n = 93 (21%)

n = 128 (28%)

n = 86 (19%)

42.9 ± 11.9

43.6 ± 10.7

46.7 ± 13.2†

42.8 ± 13.3

Gender - male n (%)

94 (65)

56 (60)

82 (64)

55 (64)

Income - > $20.000/yr n (%)

57 (42)

62 (67)*

42 (35)

31 (37)

Highly educated n (%)

112 (78)

82 (88)

63 (49)

Occupation- professor n (%)

63 (44)

65 (70)*

10 (8) †

18 (21) ‡

Low social support N (%)

66 (40)

59 (66) *

39 (31)

56 (66) ‡

†

64 (76)

Smoking n (%)
Poor

8 (6)

7 (8)

9 (7)

8 (9)

Intermediate

31 (22)

14 (15)

42 (33)

11 (13)

Ideal

105 (73)

72 (77)

77 (60)

67 (78)

Hypercholesterolemia n (%)

34 (24)

24 (26)

39 (30)

17 (20)

Poor

66 (46)

53 (57)

73 (57)

46 (54)

Intermediate

38 (26)

21 (23)

31 (24)

21 (24)

Ideal

40 (28)

19 (20)

24 (19)

19 (22)

Poor

71 (49)

45 (48)

72 (56)

58 (67) ‡

Intermediate

38 (26)

32 (34)

36 (28)

17 (20)

Ideal

35 (24)

16 (17)

20 (16)

11 (13)

8 (6)

6 (6)

11 (9)

5 (6)

Poor

51 (35)

28 (30)

48 (38)

32 (37)

Intermediate

72 (50)

50 (54)

70 (55)

49 (57)

Physical activity n (%)

Diet n (%)

Diabetes n (%)
High blood pressure n (%)

Ideal
Body mass index (kg/m2)

21 (15)

15 (16)

10 (8)

5 (6)

26.5 ± 3.8

26.4 ± 4.2

27.3 ± 4.6

27.5 ± 5.0

*p < 0.05 active vs. low strain; †p < 0.05 passive vs. low strain; ‡p < 0.05 high strain vs low strain.
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Figure 1 – Stacked bars showing the prevalence of cardiovascular risk factors. BMI: Body mass index (kg/m2).

Table 2 – Distribution (count) of poor cardiovascular health factors according to job strain*
Number of poor CV factors

Low strain n = 144(32%)

Active n = 93(21%)

Passive n = 128(28%)

High Strain n = 86(19%)

0

16 (11)

9 (10)

12 (9)

6 (7)

1

52 (36)

31 (33)

27 (21)

18 (21)

2

37 (26)

23 (25)

35 27)

27 (31)

3

29 (20)

17 (18)

35 (27)

25 (29)

4

5 (4)

9 (10)

13 (10)

8 (9)

5

3 (2)

4 (4)

4 (3)

2 (2)

6

2 (1)

0

2 (2)

0

0

0

0

0

1.8

2

2.2

2.2

7
Mean of poor CV factors (n)

p >0.05 for all group comparisons. CV: cardiovascular.

CV health. High job strain was associated with a poor
diet and obesity. These findings highlight the influence of
workplace condition in CV health of employees and the
need to implement policies to improve their health.
We found no individuals in our sample that would be
classified as having ideal CV health as defined by the AHA
guideline. More than 90% were classified as having poor
CV health. Surprisingly, these findings are worse than those
from studies in developed countries. In a United States
community‑based study with 1933 individuals, only one
individual fulfilled criteria for ideal CV health. In the same
study, 17% had intermediate CV health, and 83% had poor
CV health.11 We would expect a better CV health profile
in our population since we recruited employees from an
academic center with wide access to health information,
particularly given the presence of nutrition, medicine and
other health‑related disciplines on campus. Furthermore, our
sampled population was approximately 10 years younger than
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the population of other similar studies.11,12 In an Asian study,
the prevalence of ideal CV health was 0.2%, intermediate
21% and poor 79% among hospital workers.13 Comparing this
sample with the current study participants, the main difference
of CV parameters can be explained by better blood pressure
control and low index of overweight and obesity in the Asian
population. Importantly, this worse scenario found in our
sample could not be explained by differences in methodology
among studies because we used similar definitions for CV
health factors as defined by the AHA.4
In regards to the difference in job strain and CV health,
no relationship between job strain and poor CV health was
demonstrated. Previous studios with larger sample size than
our study demonstrated that job strain was associated with CV
health scores or established CV disease.14 The current study
included 451 participants which limits the power to find small
differences. Moreover, socio-cultural differences between
this study sample and other studies mainly from developing
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Table 3 – Association between job demand, control, or strain with poor cardiovascular health
Poor Cardiovascular Health (Crude)

Poor Cardiovascular Health (Adjusted*)

n (%)

Odds Ratio (95% CI)

p

Odds Ratio (95% CI)

p

High demand

180 (40)

1.24 (0.64-2.39)

0.52

1.49 (0.76-2.94)

0.24

Low Control

229 (49)

1.29 (0.69-2.40)

0.43

1.09 (0.54-2.20)

0.81

Isolated parameters

Combined parameters
Low strain

144 (32)

Ref

-

Ref

-

Active

93 (21)

1.17 (0.49-2.76)

0.73

1.21 (0.49-2.97)

0.68

Passive

128 (28)

1.21 (0.55-2.66)

0.64

0.91 (0.38-2.18)

0.84

High strain

86 (19)

1.67 (0.63-4.44)

0.31

1.79 (0.65-4.92)

0.26

CI: confidence interval; *Adjusted for age, sex, income, education and profession.

100
90

89

93

91

Percentage

80

60

40

20
11
0

Low strain

10

Active
Poor

9

Passive

7
High strain

Intermediate

Figure 2 – Bar graph with percentages of intermediate and poor cardiovascular health according to tob strain categories are low strain (low demand and high control),
active (high demand and high control), passive (low demand and low control), and high strain (high demand and low control). Ideal cardiovascular health is not
represented because none individual was in this group.

countries might influence to change the impact of job strain in
CV health. Other authors explored individual CV health factors
and found association between high job strain and physical
inactivity,15,16 diabetes, smoking and obesity.16
In the current study, diet pattern was associated with
job strain, perhaps due to the fact that people with higher
demand and lower control usually have less time to prepare
or buy healthy food. We also found an association between
job strain and obesity, which may be a consequence of a
poor diet; it is reasonable to hypothesize that a poor diet is
a mediator factor for the association between job strain and
obesity. However, we did not found mediator effect for this
association (data not shown). In addition, the control‑demand
model was built to evaluate psychosocial factors that affect
mental health.7 Participants with job strain are more prone
to have eating disorders resulting in weight gain, which
may explain our findings. In our questionnaires, we did not

explore mental health disorders to add on this discussion.
In the current study, physical inactivity was not associated with
job strain, which is different from a previous publication that
found it as the only risk factor associated with job strain.15
Our data showed a trend towards worse CV health factors and
job strain, albeit without statistical significance. This is likely
due to the lack of sample power given the relatively small
sample size. In addition, it is also possible that the busiest
and healthiest employees may have declined to participate in
the study, introducing a bias towards the null. On the other
hand, job stress might determine less influence in CV health
in an academic environment in the Amazon region because
employees would work in a less competitive behavior.
This study has some limitations. Data on diabetes and
hypercholesterolemia were self-reported, which could
introduce misclassification bias. On the other hand, self‑reported
questionnaires have low sensitivity for detecting these
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Table 4 – Odds ratio for cardiovascular health factors according job demand, job control and job strain
n (%)

Crude Odds Ratio (95% CI)

p

Adjusted Odds Ratio (95% CI)*

p

Poor physical activity
Low strain

66 (46)

Ref

-

Ref

-

Active

53 (57)

1.57 (0.93-2.65)

0.09

1.67 (0.96-2.92)

0.07

Passive

73 (57)

1.57 (0.97-2.53)

0.066

1.19 (0.70-2.04)

0.52

High strain

46 (53)

1.36 (0.80-2.32)

0.26

1.40 (0.80-2.46)

0.24

Low strain

71 (49)

Ref

-

Ref

-

Active

45 (48)

0.96 (0.57-1.62)

0.89

0.95 (0.55-1.65)

0.86

Passive

72 (56)

1.32 (0.82-2.13)

0.25

1.38 (0.81-2.35)

0.24

High strain

58 (67)

2.13 (1.22-3.18)

0.008

2.31 (1.29-4.13)

0.005

Poor diet

BMI > 30 kg/m2
Low strain

22 (15)

Ref

-

Ref

-

Active

21 (23)

1.62 (0.83-3.15)

0.16

1.75 (0.86-3.53)

0.12

Passive

34 (26)

2.01 (1.10-3.65)

0.023

1.83 (0.94-3.57)

0.07

High strain

23 (27)

2.02 (1.05-3.91)

0.036

2.11 (1.06-4.22)

0.034

Smoking
Low strain

8 (6)

Ref

-

Ref

-

Active

7 (8)

1.38 (0.48-3.95)

0.55

1.65 (0.53-5.11)

0.39

Passive

9 (7)

1.29 (0.48-3.44)

0.62

1.01 (0.34-3.04)

0.98

High strain

8 (9)

1.74 (0.63 (4.83)

0.29

2.06 (0.69-6.12)

0.19

Low strain

51 (35)

Ref

-

Ref

-

Active

28 (30)

0.79 (0.45-1.37)

0.4

0.82 (0.44-1.51)

0.53

Passive

48 (38)

1.09 (0.67-1.79)

0.72

0.72 (0.41-1.28)

0.27

High strain

32 (37)

1.08 (0.62-1.88)

0.78

0.93 (0.51-1.71)

0.82

High blood pressure

Dyslipidemia
Low strain

34 (24)

Ref

-

Ref

-

Active

24 (26)

1.13 (0.62-2.06)

0.7

1.23 (0.64-2.36)

0.53

Passive

38 (31)

1.42 (0.83-2.43)

0.2

0.92 (0.50-1.69)

0.78

High strain

17 (19)

0.80 (0.41-1.53)

0.5

0.72 (0.36-1.45)

0.35

8 (6)

Ref

-

Ref

-

Active

6 (6)

1.17 (0.39-3.49)

0.78

1.05 (0.33-3.30)

0.94

Passive

11 (9)

1.60 (0.62-4.11)

0.33

1.20 (0.42-3.49)

0.73

High strain

5 (6)

1.05 (0.33-3.32)

0.93

1.07 (0.32-3.56)

0.91

Diabetes
Low strain

CI: confidence interval; BMI: body mass index; *Adjusted for age, sex, income, education and profession.

diseases17 and the prevalence of CV risk factors may have
been underestimated, which increases the concern regarding
the burden of CVD among employees at the University.
Importantly, this need to be addressed at a larger scale, as it
may reflect a high prevalence of cardiovascular risk factors in
Rio Branco, the Brazilian capital with the highest prevalence
of obesity.18 However, the prevalence of these cardiovascular
factors in our study was similar to data on cardiovascular risk
factors reported in the literature.18-20 The food questionnaire

265

Arq Bras Cardiol. 2019; 112(3):260-268

used couldn’t capture sodium and fiber-rich whole grains
consumption, which limited the food related factors to only
three items of the diet guideline proposed by the AHA.4
Furthermore, some employees declined to respond the
questionnaire, which could introduce bias, as employees who
declined to fill out the survey could have different characteristics
such as higher strain jobs and lower education compared
to employees who filled out the survey. We considered that
the current study sample is significant, since most part of
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Table 5 – Association between job demand or job control with cardiovascular health factors
Demand

Control

n (%)

Adjusted Odds Ratio (95% CI)

p

n (%)

Adjusted Odds Ratio (95% CI)*

p

Low demand

99 (39)

Ref

-

High control

121 (49)

Ref

-

High demand

141 (59)

1.34 (0.90-1.98)

0.15

Low control

126 (51)

1.03 (0.68-1.56)

0.88

Poor physical activity

Poor diet
Low demand

160 (61)

Ref

-

High control

123 (47)

Ref

-

High demand

103 (39)

1.21 (0.82-1.80)

0.34

Low control

140 (53)

1.70 (1.12-2.58)

0.012

Low demand

45 (44)

Ref

-

High control

59 (58)

Ref

-

High demand

58 (56)

1.49 (0.93-2.41)

0.1

Low control

43 (42)

1.50 (0.91-2.49)

0.12

BMI > 30 kg/m2

Smoking
Low demand

18 (55)

Ref

-

High control

18 (54)

Ref

-

High demand

15 (45)

1.98 (0.91-4.29)

0.085

Low control

15 (45)

1.17 (0.52-2.65)

0.71

Hypertension
Low demand

31 (61)

Ref

-

High control

17 (32)

Ref

-

High demand

20 (39)

0.70 (0.37-1.35)

0.29

Low control

36 (68)

0.78 (0.38-1.60)

0.5

Low demand

74 (64)

Ref

-

High control

62 (52)

Ref

-

High demand

42 (36)

1.00 (0.62-1.59)

0.99

Low control

58 (48)

0.83 (0.51-1.34)

0.44

Dyslipidemia

Diabetes
Low demand

19 (63)

Ref

-

High control

14 (44)

Ref

-

High demand

11 (37)

1.01 (0.19-1.16)

0.98

Low control

18 (56)

1.21 (0.52-2.79)

0.66

CI: confidence interval; BMI: body mass index; *Adjusted for age, sex, income, education and profession.

employees responded the questionnaire (still representative of
our community as most people invited to participate responded
to the questionnaire). Moreover, unmeasured and residual
confounding of the relationship between change job stress and
CV health could not be completely addressed by multivariate
modeling. Finally, as the design of the study is cross-sectional,
only associations can be established. A further study with a
longitudinal design would explore causality between job strain
and CV health factors.

Conclusion
The findings of high prevalence of poor CV health
provide important information to public health officials in
middle‑income countries. Furthermore, a trend to worse
CV health in high strain jobs is of interest as these factors
could potentially worsen overtime with poor working
conditions in developing countries. Strategies for promoting
healthy behaviors such as healthier foods offered on
campus restaurants, fitness projects, education campaigns,

in conjunction with good primary care on campus could
potentially have a great impact on life expectancy and
improved CV health in this population.
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Short Editorial
Job Stress and Cardiovascular Health: Is There a Connection?
Fernando Henpin Yue Cesena
Hospital Israelita Albert Einstein, São Paulo, SP – Brazil
Short Editorial related to the article: Ideal Cardiovascular Health and Job Strain: A Cross-Sectional Study from the Amazon Basin

The relationship between psychological stress and
cardiovascular (CV) disease has been studied for a long time.
In particular, the link between job stress and CV outcomes
has been a matter of debate. While there are data supporting
that job stress increases CV risk, some experts believe that this
association is not truly relevant or the results may be biased.1
There are many plausible mechanisms by which job
stress may increase the likelihood of CV events, including
augmentation of autonomic tonus and predisposition to
risk behaviors, such as physical inactivity, unhealthy diet,
and smoking.2
In this context, the study by Muniz e al.3 published in this
issue of Arquivos Brasileiros de Cardiologia is very welcome.
The authors sought to investigate, in a cross-sectional study,
the prevalence of ideal CV health and the influence of job
stress on CV health among 478 employees from a university
in Rio Branco, Acre, Brazil.
CV health was determined by a standard method
proposed by the American Heart Association, 4 which
considers variables related to lifestyle and traditional risk
factors. Job stress was assessed by the classic model proposed
by Karasek,5 which is the method most frequently used in
similar studies. According to this model, high job strain occurs
when there is a high psychological demand associated with
low control over the demands.
Three main aspects of the study by Muniz et al.3 can
be highlighted.
First, it is always good and enriching to see scientific data
from a remote place, underrepresented in the cardiological
literature, being reported in a medical journal.
Second, and this is alarming, the vast majority of individuals
(91%) were considered to have poor CV health, and no one
had ideal CV health.3 One can say that criteria for ideal CV
health are too stringent. It can also be said that CV health
was not properly evaluated (for instance, information on high
blood cholesterol and diabetes was self-reported). Also, the
study has limited external validation, as it recruited employees
from a single university (65% men), not really representing
the general population. Even though, the overall poor CV
health reported in this study surpassed the expectations, as
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the authors pointed out.3 This finding is, per se, a headline to
be carefully interpreted by the general population, healthcare
providers, and health authorities.
Third, the study brings some insights into the relationship
between work stress and CV health. The authors report an
association between job strain and poor CV health that did
not reach statistical significance. However, high job strain was
related to obesity and poor diet.3
It must be acknowledged, as the authors do, that
cross‑sectional studies can only establish an association
and not causality. Therefore, the present study has limited
ability to add relevant contribution to the knowledge about
the causal relationship between job stress and CV disease.
This issue is better assessed by prospective cohort studies, once
randomized controlled trials with job stress as an intervention
are not feasible or ethical. In this regard, although many cohort
studies failed to find a positive association between work stress
and coronary heart disease (CHD),2 many other studies and
meta-analyses did find a significant relationship between job
strain and CV outcomes,1,6 as well as with diabetes, smoking,
physical inactivity, and obesity.7,8
For instance, Kivimäki et al. reported that job strain
increased the risk of CHD by 23% in a meta-analysis including
almost 200,000 individuals from published and unpublished
studies, an attempt to avoid publication bias.6
Long working hours (≥ 55 hours a week), a pattern
frequently correlated with job stress, were also shown to
increase the risk of CHD by 1.12-fold and the risk of stroke
by 1.21-fold in a large meta-analysis.9
Therefore, it seems reasonable to accept job strain as a risk
factor for CV disease or, at least, a factor that may increase
the risk of CV events by exacerbating traditional risk factors
or by facilitating an unhealthy lifestyle.
Efforts should be made to deepen knowledge in this field.
Future research should focus on the nuances of the relationship
between job stress and CV health. Identifying types and
patterns of work more closely related to CV disease may
reveal targets for preventive interventions, that can be tested
in clinical trials or implemented in the workplace.
The study by Muniz et al.3 has the merit of shedding
light on a relevant, frequently underappreciated aspect of
CV prevention. In the contemporary world characterized
by a highly competitive professional environment, job
stress is very prevalent and its relevance increases in times
of economic crisis. Both employers and employees should
be aware of the potential unhealthy consequences of job
strain. Healthcare providers should address this issue when
talking with patients about lifestyle and CV prevention.
Health authorities should not neglect this topic. The ultimate
goal is to reduce the burden of job stress on CV disease.

Cesena
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Abstract
Background: The diagnosis, treatment and control of arterial hypertension are fundamental for a reduction in cardiovascular
outcomes, especially in the elderly. In Brazil, there are few studies that specifically identified these rates in the elderly population.
Objective: To verify rates of prevalence, treatment and control of hypertension in elderly people living in the urban area
of a Brazilian capital city.
Methods: A cross-sectional, population-based, randomized, cluster-based study with 912 non-institutionalized elderly
individuals (≥ 60 years), living in urban areas in the city of Goiania, Midwest Brazil. Predictor variables were: age,
gender, socioeconomic and lifestyle aspects. Blood pressure measurements were performed at home; patients were
considered as having arterial hypertension when SBP and/or DBP ≥ 140/90 mmHg or when using antihypertensive
drugs (dependent variable). Rates of hypertension treatment and control were evaluated. Variable association analyses
were performed by multivariate logistic regression and level of significance was set at 5%.
Results: The prevalence of arterial hypertension was 74.9%, being higher (78.6%) in men (OR 1.4, 95% CI: 1.04-1.92);
the treatment rate was 72.6%, with higher rates being observed in smokers (OR 2.06, 95% CI: 1.28-3.33). The rate of
hypertension control was 50.8%,being higher in women (OR 1.57, 95% CI: 1.19-2.08).
Conclusion: The prevalence rates were high. Treatment and control rates were low and associated with gender, age and
lifestyle, indicating the need for early and individual interventions. (Arq Bras Cardiol. 2019; 112(3):271-278)
Keywords: Hypertension/epidemiology; Hypertension/prevention and control; Prevalence; Aging; Blood Pressure;
Cross-Sectional Studies.

Introduction
Despite the easy diagnosis and available treatments,
arterial hypertension (AH) is still an underdiagnosed disease,
with low control rates.1,2 Information on the prevalence,
knowledge of diagnosis, treatment and control among the
elderly is scarce in developing countries, even though they
are acknowledged as necessary for the monitoring and
development of effective strategies for AH control.2
In Brazil, starting from the 1970s, there was a change in
the population’s demographic profile, going from a mostly
rural society with large families and young individuals to
a mainly urban society, and with a larger proportion of
elderly individuals.3
The prevalence of AH increases as the analyzed age group
changes. In Brazil, the National Health Survey showed a 44.4%
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prevalence of AH in individuals aged 60 to 64 years; 52.7%
from 65 to 74 years and 55.5% for those aged 75 years or
older.4 A study carried out in Tibet identified a progressive
increase in this rate, with a 19% variation in the 40-year age
range and 78.1% in the 70-year age range.5 On the other
hand, the rates of knowledge of diagnosis, treatment and
control were low.6
It can be observed that in the Brazilian elderly
population, little has been analyzed beyond the prevalence
data.7-10 Brazilian population surveys carried out in the
last 20 years, considering the adult population aged
> 20 years, showed a prevalence of AH varying from 28.5%
in the Southeast region11 to up to 53.2% in the Northern
region of the country. 12 In this latter study, the rate of
knowledge of the diagnosis was 63.1% and the treatment
rate was 85.4%,12 albeit not specifically among the elderly.
No population-based studies that analyzed all these rates
in the elderly population in Brazil have been identified
and this lack of information has been a barrier to the
development of public health policies for this population.
The aim of this study was to analyze the prevalence,
treatment and control of AH and the association with life
habits among the elderly, living in the urban area of a capital
city in Midwest Brazil.
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Methods
This is a cross-sectional population-based study, carried
out through a household survey and randomized cluster
sampling, from the matrix project “Situação de saúde da
população idosa do município de Goiânia-GO” (Health Status
of the Elderly Population of the Municipality of Goiânia-GO),
linked to the Rede de Vigilância à Saúde do Idoso (REVISI)
(Health Surveillance Network of the Elderly) in the State of
Goiás. The methodological and sample calculation details
were described in previous publications.13,14
This study was developed by Universidade Federal de
Goiás, the Municipal Health Secretariat of Goiânia and State
Health Secretariat of the state of Goiás, through REVISI,
after being approved by the Research Ethics Committee of
Universidade Federal de Goiás (Protocol number 050/2009),
in agreement with the Declaration of Helsinki.
An epidemiological survey was carried out, with the
participation of people aged 60 and over, living in their
homes and in the urban area of Goiânia. The sample was
calculated considering the elderly population as 7% of the
total 1,249,645 inhabitants, based on the year 2007,15 an
estimated frequency of 30% (lowest expected frequency
among the variables investigated in the matrix project), a
95% confidence interval (CI), a 5% significance level, and 5%
absolute precision. To the calculated sample (n = 823), 11%
were added to compensate for losses, and 934 elderly were
assessed. Of the total of 934 questionnaires, 22 were excluded
due to data inconsistency, and the final sample consisted of
912 elderly individuals.
The study area was defined based on census sectors (CS).
The sample units were the households and the elderly in
elementary observation units. Firstly, the CS were identified
using the Basic Urban Digital Map of Goiânia as the basic
layer. The sampling process was based on the maps of blocks
and allotments of the selected regions and was carried out in
multiple stages starting from the identification of CS defined
by the Instituto Brasileiro de Geografia e Estatística (IBGE Brazilian Institute of Geography and Statistics).16 A total of
56 CS were selected, with an estimate of reaching, on average,
17 elderly individuals in each CS.
The data were collected from residents who were at home
at the time of the interviewer’s visit and who accepted to
participate in the study by signing the Free and Informed
Consent Form. If, during data collection, two consecutive
households with elderly residents were identified, the second
house was excluded to minimize the conglomerate and
neighborhood effect. The following inclusion criteria were
considered in the study: age older than 60 years and being
a resident of the household. Elderly individuals who were
at the household at the time of the interview but were not
residents or were unable to answer for any reason (dementia,
unconsciousness) were excluded. In those cases, that household
was disregarded, and the next house was considered.
The interviews were carried out by researchers
properly trained to apply the study forms and also for the
standardization of the procedures to be performed in data
collection. The interviews were carried out from November
2009 to April 2010, considering the baseline for the Rede de

Vigilância à Saúde do Idoso (Health Surveillance Network of
the Elderly) in the capital city. Further details on the method
can be verified in a previous publication.17
At the time of data collection, information were obtained on
age, gender, socioeconomic status (level of schooling, marital
status and family income), modifiable risk factors (physical
activity, smoking, alcohol consumption) and information on
AH treatment. Blood pressure (BP) levels were also measured.
BP was measured using an OMRON automatic device,
model HEM-705CP, following the protocol of the Brazilian
Guidelines.18 Three measurements were performed in the
same arm with the person in the sitting position, following a
3-to-5 minute interval, using the last two measurements for
the calculation of the mean value, providing the difference
between them was not greater than 4 mmHg. This was done
to reduce data dispersion. It is worth noting that appropriate
cuff sizes were used according to the arm circumference,
using adequate sizes (standard, obese, pediatric) that covered
two-thirds of arm extension.18
To identify AH prevalence, the elderly were considered
hypertensive if they, during data collection, had systolic pressure
values ≥ 140 mmHg or diastolic pressure ≥ 90 mmHg, or if
they reported regular use of antihypertensive drugs, regardless
of the BP value at the time of the interview.18
All patients who reported antihypertensive medication use
at the time of data collection and who were able to show the
prescription, or the medication boxes to be verified, were
considered as undergoing treatment for AH.
The individual was considered to have controlled BP when
he/she reported AH treatment and the mean BP value was
lower than 140/90 mmHg.
Smoking status was classified into three groups: ex-smokers,
regardless of the time since they had stopped smoking,
non-smokers, for those who never smoked, and smokers.
Alcohol consumption was identified according to the elderly
individual’s response into two groups: those who reported
consuming alcohol, even occasionally, and those who reported
not consuming it at all. Individuals who reported regular
physical activity (three or more times a week) were classified
as non-sedentary, and those who practiced physical activity
less than three times a week or did not practice any physical
activity were classified as sedentary.
Statistical analysis
The quantitative variables were shown with their means
and medians, standard deviations and 95%CI; the categorical
variables were shown, according to their frequencies,
as absolute numbers and percentages. The analysis of
the normal distribution of data was performed using the
Kolmogorov-Smirnov test.
The software SPSS-IBM version 23 was used to analyze
the data, and the odds ratios, AH prevalence, treatment and
control rates were calculated, with 95%CI. The chi‑square
test was used to analyze the association between AH and
categorical variables, and the Mann Whitney-U test of
independent samples was used to analyze the association
between non-parametric, continuous quantitative variables.
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Multiple logistic regression analysis was used to estimate
the independent effect of variables on outcomes such as AH
prevalence, treatment and disease control. The variables that
showed a p value < 0.20 in the bivariate analysis were tested
in the multiple logistic regression models. All statistical tests
were performed considering a level of significance of 5%.

lower rates (67.6%) being observed in men when compared
to women (75.9%) (Table 2).
Among those who received treatment for the disease, 252
(50.8%) showed BP control (SBP/DBP < 140/90mmHg), also
with a difference between genders; the control rates were
higher among those aged 60 to 70 years (Table 2).
As for alcohol consumption, there was an association with
the control rate, with lower control rates being observed
among those who consumed alcohol (Table 2).

Results
Of the 912 elderly, 683 (74.9%) were hypertensive, of
which 72.6% were treated for AH and, among the treated
ones, 50.8% had controlled BP (Figure 1).

The multiple logistic regression analysis showed there was
a significant association between the prevalence rate and the
male gender, with a higher probability of AH (OR = 1.39,
95%CI 1.04‑1.92). Current smoker was associeted with the
treatment rate (OR = 2.06, 95%CI: 1.28-3.33). Female gender
(OR = 1.57, 1.19-2.08) and alcohol consumption (OR = 1.41,
95%CI 1.00-1.99) were associated with the control rate (Table 3).

Of the total sample (n = 912), 62.1% were females.
The mean age was 71.5 years (SD ± 8.3), and the median
age was 70 years (Table 1).
The AH prevalence was 74.9% (n = 683), of which 431
elderly individuals were identified as having BP ≥140 and/or
90 mmHg, whereas 252 elderly individuals had BP values
within the normal range but used hypertensive medication.
There was a difference in prevalence between genders, being
39.8% in men and 60.2% in women.

Discussion
The present study analyzed the prevalence, treatment
and control rates of AH in a representative sample of the
urban elderly population in the city of Goiânia, Brazil.
The prevalence of AH was 74.9%, higher than observed in
the country’s adult population shown by other studies carried
out in different regions.8,11,12,19-21 The prevalence of AH in
individuals aged between 50 and 70 years is approximately
6 to 8-fold higher than that in young adults, aged between 18
and 29 years,19-22 consistent with 16 studies carried out in the
country between 1989 and 2007, which reported prevalence
rates of AH higher than 60% in the elderly population.10

The prevalence of isolated systolic hypertension (ISH) was
29.2% in total, with no difference between genders, being
significantly higher in the age group of 70 to 80 years (112;
42.1%) when compared with the age group of 60 to 70 years
(94; 35.3%), with a prevalence ratio of 1.75 (95%CI: 1.38–2.20).
Lifestyle-related variables, such as smoking status, alcohol
consumption, overweight/obesity, sedentary lifestyle, level of
schooling, income and marital status showed no association
with AH prevalence (Table 2).

Similar prevalence rates were also shown in a study
carried out in Poland, with lower values being observed in
men (69.9%; 95%CI: 65.2–74.2) than in women (80.2%,
95%CI: 75.7–84.1), at the age range of 80 years old or older.
The prevalence for Polish individuals older than 65 years
(BP140/90 mmHg) was 78.2% (95%CI: 76.44–79.8) in women

Of the 431 individuals who were identified as having
altered BP levels, 187 (43.4%) were unaware of the probable
AH diagnosis and were not being treated for the disease.
Of the 683 patients considered hypertensive, 496 (72.6%)
reported regular use of antihypertensive medication, with

Total sample
n = 912 (100%)

Normotensive
n = 229 (25.2%)

Hypertensive
n = 683 (74.9%)

Undergoing treatment
n = 496 (72.7%)

No pressure control
n = 244 (49.2%)

No treatment
n = 187 (27.3%)

With pressure control
n = 252 (50.8%)

Figure 1 – Flowchart of the assessed sample identifying normotensive and hypertensive participants; those undergoing treatment and the ones without treatment for
hypertension; and with and without pressure control. Goiânia, Goiás, 2010.
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Table 1 – General characteristics of elderly individuals according to the arterial hypertension status. Goiânia, Goiás, Brazil, 2010
Variables

Hypertensive n = 683

Non-hypertensive n = 229

Median
(Interquartile range)

Median
(Interquartile range)

Total n = 912
p

Median
(Interquartile range)

Age (years)

70.0 (64.0 – 77.0)

70.0 (66.0 – 77.5)

0.275**

70.0 (65.0 – 77.0)

SBP (mmHg)

144.0 (126.0 – 158.0)

124.0 (114.0 – 132.5)

< 0.001**

136.5 (123.0 – 152.0)

DBP(mmHg)

81.0 (73.0 – 89.0)

73.0 (66.5 – 79.4)

< 0.001**

79.4 (70.0 – 87.0)

n(%)

n(%)

Gender

n(%)
0,043

Male

272 (39.8)

74 (32.3)

Female

411 (60.2)

155 (67.7)

Age range

†

346 (37.9)
566 (62.1)
0.906†

60 |-- 70

335 (49.0)

106 (46.3)

441 (48.4)

70 |-- 80

222 (32.5)

79 (34.5)

301 (33.0)

80 |-- 90

110 (16.1)

38 (16.6)

148 (16.2)

16 (2.3)

6 (2.6)

90 +
Marital status
Married

22 (2.4)
0.730

330 (48.3)

†

118 (51.5)

448 (49.1)

Single

69 (10.1)

19 (8.3)

88 (9.6)

Widowed

220 (32.2)

73 (31.9)

293 (32.1)

Divorced

61 (8.9)

19 (8.3)

Level of schooling
Illiterate

80 (8.8)
0.831†

107 (15.7)

34 (14.8)

141 (15.5)

34 (5.0)

10 (4.4)

44 (4.8)

Complete/incomplete Elementary School

324 (47.4)

106 (46.3)

430 (47.1)

Complete/incomplete High School

144 (21.1)

50 (21.8)

194 (21.3)

67 (9.8)

24 (10.5)

Never attended school/Can read

Complete/incomplete College/University
Income (in MW*)

91 (10.0)
0.173†

< 1MW

210 (30.8)

54 (23.6)

264 (29.0)

1MW |--- 2MW

284 (41.6)

110 (48.0)

394 (43.2)

2MW|--- 4MW

118 (17.3)

43 (18.8)

161 (17.7)

4MW +

70 (10.3)

22 (9.6)

Smoker

92 (10.1)
0.240

†

Yes

73 (10.7)

16 (7.0)

89 (9.8)

No

368 (54.1)

132 (57.9)

500 (55.1)

Ex-smoker

239 (35.1)

80 (35.1)

Alcoholism

319 (35.1)
0.243

†

Yes

147 (21.8)

38 (16.7)

185 (20.5)

No

459 (68.0)

162 (71.4)

621 968.8)

Ex-alcoholic

69 (10.2)

27 (11.9)

Physical activity

96 (10.6)
0.374

†

Yes

206 (30.2)

73 (31.9)

279 (30.6)

No

466 (68.2)

155 (67.7)

621 (68.1)

11 (1.6)

1 (0.4)

12 (1.3)

Did not answer

*MW: minimum wage (value R$ 510.00 - year 2010); † Chi-Square Test; **Mann Whitney U-test of independent samples.
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Table 2 – Hypertension prevalence, treatment and control in elderly individuals from a Brazilian capital city. Goiânia, Goiás, 2010
Variables

Prevalence rate
(n = 683) (95%CI)

Treatment rate
(n = 496) (95%CI)

Control rate
(n = 252) (95%CI)

Total

74.9 (69.2 – 75.9)

72.6 (69.2 – 75.9)

50.8 (44.8 – 53.6)

Male

78.6 (74.1 – 82.7)

67.6 (61.9 – 73.0)

44.0 (37.0 – 51.3)

Female

72.6 (68.8 – 76.2)

75.9 (71.6 – 79.9)

54.8 (49.2 – 60.3)

0.043

0.018

0.020

60 |-- 70

76.0 (71.8 – 79.8)

74.9 (70.1 – 79.4)

57.8 (51.6 – 63.8)

70 |-- 80

73.8 (68.6 – 78.5)

68.9 (62.6 – 74.8)

39.2 (31.7 – 47.1)

80 |-- 90

74.3 (66.8 – 80.9)

70.9 (61.9 – 78.8)

51.3 (40.2 – 62.2)

90 +

72.7 (51.7 – 88.1)

87.5 (64.5 – 97.8)

50.0 (25.1 – 74.9)

0,906

0,224

0,004

Married

73.7 (69.4 – 77.6)

73.6 (68.7 – 78.2)

51.4 (45.2 – 57.7)

Single

78.4 (68.9 – 86.1)

72.5 (61.1 – 82.0)

50.0 (36.3 – 63.7)

Widowed

75.1 (69.9 – 79.8)

70.9 (64.6 – 76.6)

46.8 (39.1 – 54.6)

Divorced

76.3 (66.0 – 84.6)

72.1 (59.9 – 82.3)

63.6 (48.7 – 76.8)

0.730

0.803

0.364

Illiterate

75.9 (68.3 – 82.4)

68.2 (59.0 – 76.5)

46.6 (35.4 – 58.0)

Never attended school/Can read

77.3 (63.2 – 87.8)

55.9 (39.1 – 71.8)

31.6 (13.9 – 54.5)

Complete/incomplete Elementary School

75.3 (71.1 – 79.2)

73.8 (68.8 – 78.3)

53.6 (47.2 – 59.8)

Complete/incomplete High School

74.2 (67.7 – 80.0)

74.3 (66.7 – 80.9)

50.5 (41.0 – 59.9)

Complete/incomplete College/University

73.6 (63.9 – 81.9)

79.1 (68.2 – 87.6)

54.7 (41.2 – 67.7)

0.986

0.104

0.359

< 1 SMW

79.5 (74.4 – 84.1)

74.3 (68.1 – 79.8)

55.8 (47.9 – 63.4)

1MW |--- 2MW

72.1 (67.5 – 76.3)

72.9 (67.5 – 77.8)

44.9 (38.2 – 51.8)

2 MW|--- 4MW

73.3 (66.1 – 79.7)

70.3 (61.6 – 78.1)

51.8 (41.1 – 62.4)

4MW +

76.1 (66.6 – 83.6)

71.4 (60.1 – 81.1)

58.0 (44.1 – 71.0)

p value

0.173

0.883

0.141

Gender

p value
Age range (years)

p value
Marital status

p value
Level of schooling

p value
Income (in MW)

Smoker
Yes

82.0 (73.0 – 89.0)

84.9 (75.3 – 91.8)

46.8 (34.6 – 59.2)

No

73.6 (69.6 – 77.3)

72.8 (68.11 – 77.2)

51.5 (45.5 – 57.4)

Ex-smoker

74.9 (69.9 – 79.4)

68.6 (62.5 – 74.3)

51.8 (44.2 – 59.4)

0.240

0.024

0.773

Yes

79.5 (73.2 – 84.8)

75.5 (68.1 – 81.9)

38.7 (30.2 – 48.0)

No

73.9 (70.4 – 77.2)

71.2 (67.0 – 75.2)

53.2 (47.8 – 58.6)

Ex-alcoholic

71.9 (62.3 – 80.2)

73.9 (62.6 – 83.2)

58.8 (45.0 – 71.7)

0.243

0.577

0.014

Yes

73.8 (68.4 – 78.7)

75.2 (69.0 – 80.8)

51.0 (43.1 – 58.8)

No

75.0 (71.5 – 78.3)

71.2 (67.0 – 75.2)

50.6 (45.2 – 56.0)

0.374

0.285

0.940

p value
Alcoholism

p value
Physical activity

p value
MW: minimum wage (value R $ 510.00 - year 2010).
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Table 3 – Multivariate logistic regression analysis of the factors associated with the analyzed rates
Variables

Adjusted Odds Ratio (95%CI)

Wald test

p value

1.01 (0.99 – 1.02)

0.25

0.614

4.16

0.041

Prevalence of arterial hypertension
Age (years)
Gender
Female
Male

1
1.39 (1.04 – 1.92)

Income (in MW)
< 1MW

1

1MW |--- 2MW

0.79 (0.45 – 1.4)

0.64

0.423

2 MW|--- 4MW

1.17 (0.69 -- 2.00)

0.34

0.559

4MW +

1.12 (1.00 – 1.02)

0.25

0.614

1,00 (0,99 – 1,02)

0,11

0,740

0.66

0.417

2.06 (1.28 – 3.33)

3.22

0.003

0.99 (0.97 – 1.00)

2.30

0.130

9.93

0.002

3.88

0.049

Treatment rate
Age (years)
Gender
Female
Male

1
1.12 (0.85 – 1.47)

Smoker
Non/ex-smoker
Yes

1

Control rate
Age (years)
Gender
Male
Female

1
1.57 (1.19 – 2.08)

Alcohol consumption
Yes

1

No

1.41 (1.00 – 1.99)
Other studies carried out with the elderly found a greater proportion of women undergoing treatment.

and 70.1% (95%CI 68.2–71.8) in men,22 in opposition to our
study, where women showed lower rates. The difference in AH
prevalence between genders has been previously described
in several studies carried out in different countries, as well
as the association with age.23-26 Until the age of 60 years, the
proportion of hypertensive women is lower because they
rely on the hormonal protection of estrogens, whereas it is
predicted that these rates will be equal between men and
women after the latter go through menopause.24
Similarly, our study showed that ISH had higher prevalence
rates among those aged 70 years and older, with no difference
between genders, which contrasts with the Polish study that
found higher ISH rates in men older than 85 years.22
The treatment rate found in our study was higher among
women and showed no association with the different age
groups. Other studies carried out with the elderly found
a greater proportion of women undergoing treatment.

Treatment is related to the access to health services, as well as
the level of knowledge of AH diagnosis and the prevalence.28,29
In our country, the identification of these rates, whether among
the general population or in specific age groups, comes from
population‑based surveys or specific studies under certain
conditions, such as implemented programs.30 The difficulty of
having access to and receiving care at health services do not
allow the opportunity for diagnosis and treatment. This is even
more serious when it is related to elderly individuals with AH
who are unaware of their diagnosis.
The blood pressure control rates found in our study
among those who received treatment for AH were low and
significantly lower in men. According to data from the PURE
study, which analyzed data from 17 countries representing five
continents, AH treatment and control rates in South American
countries were lower than those found in our study, even when
considering the specific age range of the elderly.2
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Despite the efforts of health professionals at all levels, blood
pressure control rates worldwide are only reasonable. Canada has
a rate of 64.6%,31 Switzerland has 59.4%,32 the United States has
57%33 and England, 37%.34 In Brazil, these rates vary between
22.5% in the North region11 and 24.2% in the Midwest.20
Ignoring a high BP rate is a risk to one’s cardiovascular and
renal health, as it increases the chances of life-threatening
complications, and the higher the BP, the greater the risk of
consequences for the heart and blood vessels in the major organs,
such as the brain and kidneys, regardless of the age range.29

Conclusions
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Short Editorial
The Challenges of Controlling Arterial Hypertension in the Elderly
Marcus Vinicius Bolivar Malachias1,2
Faculdade de Ciências Médicas de Minas Gerais da Fundação Educacional Lucas Machado,1 Belo Horizonte, MG – Brazil
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Short Editorial related to the article: Hypertension Prevalence, Treatment and Control in Older Adults in a Brazilian Capital City

This issue of the “Archives” brings the study “Hypertension
Prevalence, Treatment and Control in Older Adults in a
Brazilian Capital City”, by Souza ALL et al.,1 disclosing data
about this important cardiovascular risk factor in Goiânia,
state of Goiás, Brazil, depicting the situation in our coutry.1
In this mini-editorial, we review the epidemiology of arterial
hypertension (AH) in Brazil and worldwide.
AH is the leading preventable cause of premature death.2
A report by the US Institute of Medicine considers AH as
a neglected disease, because it is often overlooked by the
population and underestimated by the medical community.3
Although AH is relatively easy to prevent, simple to diagnose
and considerably less expensive to treat, it remains one of the
most important causes of death.4 More than 50% of deaths
from coronary artery disease and cerebrovascular accidents
in the US occur in individuals with AH.5
A survey concluded that the estimated global prevalence
of AH is increasing.6 Globally, 31.1% of the adult population
had AH in 2010. The prevalence of AH is higher in lowand middle-income countries (31.5%) when compared to
high‑income countries (28.5%).6 From 2000 to 2010, the
AH prevalence in high-income countries decreased by 2.6%,
and awareness, treatment and control substantially improved.
However, in low- and middle-income countries, there was an
increase in prevalence of 7.7%.6
However, a more recent analysis showed that the overall
prevalence of age-standardized AH was 24.1% in men and
20.1% in women by 2015.7 The worldwide number of adults
with AH increased from 594 million in 1975 to 1.13 billion in
2015, increasing mainly in low- and middle-income countries.7
In relation to the elderly population, the International
Mobility In Aging Study (IMIAS) showed that the prevalence
of AH ranged from 53.4% to 83.5% in five assessed cities:
Kingston (Canada), Saint-Hyacinthe (Canada), Tirana (Albania),
Manizales (Colombia) and Natal (Brazil).8 More than 2/3 of
the hypertensive participants were aware of the diagnosis
(of 67.3% in Saint-Hyacinthe to 85.4% in Tirana), especially
among women.8 Although more than 80% of the patients
were receiving treatment, the control rates were low: 37.6%
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in Manizales; 29.5% in Kingston; 26.5% in Saint-Hyacinthe;
24% in Tirana and 22% in Natal, with the Brazilian city showing
the least effective disease control.8
Currently, Canada has the world's best rates of AH control,
estimated at 68% of the affected population.9 That country
has achieved a dramatic reduction regarding the lack of
diagnosis knowledge (43% in 1991 versus 17% in 2013), with
the percentage of patients being treated increasing from 34%
to 80% in the same period.9
The US has shown better AH control in women than in men
(55.3% versus 38.0% in 2009-2012); as well as among Whites
compared to Blacks and Hispanics (41.3% versus 31.1% and
23.6%).10 In that country, there is a better AH control among
the elderly than in young individuals (50.5%, in adults aged
60 to 70 years, versus 34.4% in patients aged 18 to 39 years in
2011-2012).11,12 As for the population aged 75 years or older,
there was a slight decline in control (46%), which continues
to decline from 80 years onward (39.8%).12
In Brazil, data from the “Surveillance System for Risk and
Protective Factors for Chronic Diseases by Telephone Survey
(Vigitel)” (2006 to 2014), indicate that self-reported AH in adults
living in capitals ranged from 23% to 25%.13,14 Among adults
aged 60 to 64 years, the prevalence was 44.4%; in those aged
65 to 74 years, 52.7%; and from 75 years onward, 55%.13
The rates of knowledge (22% to 77%), treatment (11.4% to
77.5%) and control (10.1% to 35.5%) varied widely, depending
on the assessed population.15 Data from VIGITEL 2017, related
to 2016, showed that 60.9% of adults aged 65 years and older
reported the diagnosis of AH in a telephone survey.16
The first Brazilian Registry of AH reveals encouraging data,
demonstrating a significant improvement in AH control in the
country, when considering the population treated in referral
centers.17 Based on the population treated in 45 centers
distributed throughout all Brazilian regions, with a mean age
of 61 years, blood pressure (BP) control was observed below
140/90 mmHg in 59.6% of the patients, considering the
stabilization of BP in all visits, and 60.6% when considering
the measurements in the one-year follow-up consultation.17
Such rates, however, do not reflect the overall situation of AH
control in the country.
In the article by Souza ALL et al.,1 published in this
issue, the total prevalence of AH in the assessed elderly was
74.9%, being higher among men (78.6%). The treatment
rate was 72.6% and the percentage of AH control was
50.8%, being higher among women. 1 These data show
that, although there is still need for improvement, there
has been an important increase in the rates of diagnosis,
knowledge, treatment and control of AH in our country,
especially among the elderly population.
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Departamento de Vigilância de Doenças e Agravos não Transmissíveis e
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Role of Myocardial Fibrosis in Hypertrophic Cardiomyopathy:
A Systematic Review and Updated Meta-Analysis of Risk Markers
for Sudden Death
Marcelo Imbroinise Bittencourt, Samária Ali Cader, Denizar Vianna Araújo, Ana Luiza Ferreira Salles, Felipe Neves
de Albuquerque, Pedro Pimenta de Mello Spineti, Denilson Campos de Albuquerque, Ricardo Mourilhe-Rocha
Hospital Universitário Pedro Ernesto da Universidade do Estado do Rio de Janeiro, Rio de Janeiro, RJ – Brazil

Abstract
Background: Hypertrophic cardiomyopathy (HCM) is associated with sudden death (SD). Myocardial fibrosis is
reportedly correlated with SD.
Objective: We performed a systematic review with meta-analysis, updating the risk markers (RMs) in HCM emphasizing
myocardial fibrosis.
Methods: We reviewed HCM studies that addressed severe arrhythmic outcomes and the certain RMs: SD family history,
severe ventricular hypertrophy, unexplained syncope, non-sustained ventricular tachycardia (NSVT) on 24-hour Holter
monitoring, abnormal blood pressure response to exercise (ABPRE), myocardial fibrosis and left ventricular outflow
tract obstruction (LVOTO) in the MEDLINE, LILACS, and SciELO databases. We used relative risks (RRs) as an effect
measure and random models for the analysis. The level of significance was set at p < 0.05.
Results: Twenty-one studies were selected (14,901 patients aged 45 ± 16 years; men, 62.8%). Myocardial fibrosis was the
major RISK MARKER (RR, 3.43; 95% CI, 1.95-6.03). The other RMs, except for LVOTO, were also predictors: SD family
history (RR, 1.75; 95% CI, 1.39-2.20), severe ventricular hypertrophy (RR, 1.86; 95% CI, 1.26-2.74), unexplained syncope
(RR, 2.27; 95% CI, 1.69-3.07), NSVT (RR, 2.79; 95% CI, 2.29‑3.41), and ABPRE (RR, 1.53; 95% CI, 1.12-2.08).
Conclusions: We confirmed the association of myocardial fibrosis and other RMs with severe arrhythmic outcomes
in HCM and emphasize the need for new prediction models in managing these patients. (Arq Bras Cardiol. 2019;
112(3):281-289)
Keywords: Cardiomyopathy, Hypertrophic, Familial;Endomyocardial Fibrosis; Risk Factors; Death, Sudden,Cardiac;
Review; Meta-Analsis.

Introduction
Hypertrophic cardiomyopathy (HCM) is an autosomal
dominant disease characterized by ventricular hypertrophy in
the absence of other conditions that cause heart overload.1-3
It is the most common genetic disease, with a prevalence
rate estimated at 1:500, affecting both men and women.
Its presentation can vary from asymptomatic to more severe
complications, such as sudden death (SD), which has an
incidence rate of 1% per year. HCM is mainly responsible for
SD in young and competitive athletes.5-7 There is a discussion
regarding how we should stratify SD and indicate implantable
cardioverter-defibrillator (ICD) for the purpose of primary
prevention of this disease. Strategies have been proposed
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to identify these patients, and classic risk markers (RMs),
such as family history of SD, severe ventricular hypertrophy,
unexplained syncope, non-sustained ventricular tachycardia
(NSVT) on 24‑hour Holter monitoring, and abnormal blood
pressure response to exercise (ABPRE), have been evaluated in
several clinical studies.13 As such, the pathophysiology of SD in
HCM is not fully understood. Some factors seem to be involved,
including the development of myocardial fibrosis. Studies that
investigated myocardial fibrosis using magnetic resonance
imaging (MRI) have shown correlations with severe outcomes.
In a recent study, Chan et al.14 found that a percentage of fibrosis
> 15% of the left ventricular mass was associated with a twofold
increase in the risk of SD in patients considered initially at low
risk.1 However, the detection of myocardial fibrosis using cardiac
MRI continues to generate discussions among experts and is now
considered only a risk modifier, as evidenced by the American
College of Cardiology Foundation / American Heart Association
Task Force on Practice Guidelines.1 The reassessment of RMs,
considering the presence of myocardial fibrosis, is fundamental
to improve risk stratification. We performed a systematic review
and meta-analysis of observational studies that examined RMs in
HCM, emphasizing the presence of fibrosis using cardiac MRI,
to evaluate their statistical power in predicting SD.
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Methods

Data extraction

Study design
Systematic review with meta-analysis of observational
studies of the natural history of HCM that reported RMs of
SD and severe arrhythmic outcomes.
Search strategy
The search used 3 databases - MEDLINE, LILACS and SciELO
- contemplating prospective or retrospective studies conducted
between 1980 and 2016, which analyzed the natural history
of patients with HCM, regardless of sex or ethnicity. We used
the PRISMA statement checklist to conduct the systematic
review and meta-analysis. The detailed research adapted for
each database was conducted using the following keywords of
Medical Subject Heading (MeSH) and DECS: Cardiomyopathy,
Hypertrophic, Familial [MeSH] OR "Cardiomyopathy,
Hypertrophic" [Mesh] OR "cardiomyopathies" [MeSH] OR
cardiomyopathy [MEASURE] OR "risk factors" [MeSH] Death
[Text Word] OR "defibrillators, implantable" [MeSH] OR
"cardioverter defibrillator, implantable" [Text Word]. Only the
articles published in English, Portuguese, and Spanish were
considered for the full-text review.
Selection criteria
We have included only observational studies (prospective
or retrospective cohorts) that had a severe arrhythmic outcome
equivalent to SD. The studies that also analyzed at least one
of the following RMs were included: a) family history of SD,
b) severe left ventricular hypertrophy, c) unexplained syncope,
d) NSVT on 24-hour Holter monitoring, e) ABPRE, f) presence
of left ventricular outflow tract obstruction (LVOTO), and
g) presence of myocardial fibrosis on cardiac MRI. The exclusion
criteria were (1) studies that were case reports or review
articles, (2) studies that did not meet the previously described
inclusion criteria, and (3) duplicate studies.
Definitions
The studies included in our meta-analysis often used
variable concepts, but fit the definitions listed in Table 1.

The eligibility (using inclusion and exclusion criteria) of
each study was systematically analyzed by two reviewers
(MIB and SAC), initially by reading the titles and abstracts.
Selected articles were read and analyzed in full to assess their
eligibility and methodological quality; all references were
revised to identify additional studies. Differences in opinion
between the two main reviewers were independently
resolved by a third reviewer (DV). After this phase, the data
were extracted. The information collected from each study
included study design, number of patients, demographic
data, follow-up, RMs for SD, and severe arrhythmic
outcomes. Authors were contacted when any additional
information was needed. There was no time restriction for
the severe arrhythmic outcomes.
Statistical analysis
The statistical analysis used relative risks (RRs) as a measure
of effect with 95% confidence intervals (CIs). The meta-analysis
was performed using the DerSimonian and Laird method in
case of heterogeneity and the Mantel-Haenszel method in
case of homogeneity. The heterogeneity was analyzed using
Cochran’s Q and I2 Higgins/Thompson tests. The risk of bias
was tested using funnel plots and Egger’s linear regression test.
The software used for the analysis was R 3.4.1. The level of
significance was set at p < 0.05.
Ethical and legal aspects
The study protocol was submitted to the Medical Ethics
Committee of Pedro Ernesto University Hospital and received
a final opinion on November 14, 2013.

Results
Search results
The search strategy identified 809 potentially relevant
articles (Figure 1). After reading the titles and abstracts, 123
remained for the eligibility analysis. After detailed evaluation,
103 articles were excluded, and 1 article was added after
reviewing the references. Thus, 21 observational studies

Table 1 – Definitions of outcomes and risk markers used in the meta-analysis
Severe arrhythmic outcomes
Family history of SD
Severe left ventricular hypertrophy

SD, aborted SD, documented sustained ventricular tachycardia, or appropriate shock in patients with ICD
Family history of SD in the first-degree relatives of patients
Ventricular thickness > 30 mm measured using echocardiography in any left ventricular segment

Unexplained syncope

A history of unexplained and transient loss of consciousness with spontaneous recovery

NSVT on 24-hour Holter monitoring

≥ 3 consecutive ventricular extrasystoles with heart rates of ≥ 120 bpm for < 30 seconds

LVOTO

Peak gradient of ≥ 30 mmHg in the left ventricular outflow tract detected on echocardiography

ABPRE

Increased (< 20 mmHg) or decreased (> 10 mmHg) systolic blood pressure with peak exercise

Myocardial fibrosis

Detection of late enhancement on MRI with gadolinium

SD: sudden death; ICD: implantable cardioverter-defibrillator; NSVT: non-sustained ventricular tachycardia; LVOTO: left ventricular outflow tract obstruction;
ABPRE: abnormal blood pressure response to exercise; MRI: magnetic resonance imaging.
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Number of articles
excluding
duplicates = 809
Excluded by the title and according to
inclusion and exclusion criteria = 411
Number of articles
for reading the
abstract = 398

Number of articles
for reading in
full text = 123

Number of articles
elegible for
the analysis = 20
Additional article identified
through review
of references = 1

Excluded by the abstract and
according to inclusion and exclusion
criteria = 275

Excluded after full-text reading and
according to inclusion and exclusion
criteria and after assessment of
methodological quality = 102

Number of articles
used in the
meta-analysis = 21

Figure 1 – Flowchart of the systematic review.

were selected, including 14 prospective and 7 retrospective
studies, comprising 14,901 patients (age, 45 ± 16 years;
62.8% males).11-14,17-33 The main characteristics of the included
studies are shown in Table 2.
Myocardial fibrosis
The systematic review selected 5 articles that correlated
the presence of fibrosis on cardiac MRI with severe
arrhythmic outcomes. One of them was excluded from the
meta-analysis because all the patients who had events had
myocardial fibrosis using the MRI, making it impossible to
calculate the measure of effect.24 Among the four remaining
studies involving 2549 patients, the presence of fibrosis was
correlated with events equivalent to SD in two studies;14,29
however, this only occurred in the univariate analysis of the
other two.32,33 In the meta-analysis, we found a significant
probability of severe arrhythmic outcomes in the presence of
this variable (RR, 3.43; 95% CI, 1.95-6.03). We highlighted
the absence of heterogeneity in the Forest plot and the RR,
which was the highest among all the other markers evaluated
(Figures 2A and 3). The funnel plot for myocardial fibrosis is
shown in figure 2B.
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– 10064 patients; RR, 2.27; 95% CI, 1.69-3.07); NSVT on
24‑hour Holter monitoring (14 studies – 9421 patients;
RR, 2.79; 95% CI, 2.29-3.41); and ABPRE (6 studies –
3061 patients; RR, 1.53; 95% CI, 1.12-2.08).
In our analysis, the only RISK MARKER that showed no
correlation with serious arrhythmic outcomes was LVOTO
(5 studies – 4762 patients; RR, 1.72; 95% CI, 0.97-3.02).
This may have been influenced by the small number of studies
involved in the combined analysis. It should be emphasized
that the inclusion of this marker in the stratification of SD has
always been a matter of debate.
When we evaluated the heterogeneity in all the RMs, we
observed that only severe left ventricular hypertrophy was
significant (I2 = 75%, p < 0.01), although we emphasize that
the random effect model used in the meta-analysis already
had mitigated this aspect. The Egger´s test also points to a
publication bias for this RISK MARKER (p = 0.002)
We did not observe any publication bias by Egger's test or
by the funnel plot for the other classic RMs.
Based on these results, it seems plausible that all classic RMs
can still be used in SD stratification in HCM, except for LVOTO.

Meta-analysis of classic RMs

Discussion

As shown in Figure 3, the following classic RMs demonstrated
an association with the outcomes studied: family history of SD
(13 studies – 9815 patients; RR, 1.75; 95% CI, 1.39‑2.20);
severe left ventricular hypertrophy (11 studies – 5501 patients;
RR, 1.86; 95% CI, 1.26-2.74); unexplained syncope (12 studies

The evaluation of patients with HCM may include multiple
complementary examinations in an attempt to predict SD.
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This systematic review and meta-analysis shows the
importance of a broad approach in SD risk stratification in
patients with HCM, including myocardial fibrosis assessment.
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Table 2 – Characteristics of the observational studies involving RMs of SD in HCM
Author / year of
publication

Country

Elliott et al. 200617
Elliott et al. 200018
Gimeno et al. 2009

Follow-up
(months)

Severe arrhythmic
outcomes

60.4

61

54

64.9

43.2

22

N. of patients

Age (years)

% males

UK ;1988-2002

917

43

UK; 1988-1998

368

37

UK; 1988 – 2004

1380

42

61.8

54

NI

Kofflard et al. 200319

Netherlands; 1970-1999

225

41

57.7

96

20

Kofflard et al. 199320

Netherlands; 1970-1990

113

38

53.09

87.6

9

Maron B et al. 200721

Multicentric; 1983-2005

383

41

62.9

44.4

51

Maron M et al. 200322

USA and Italy; 1983- 2001

1101

45

59.4

75.6

71

Michaelides et al. 200923

Greece; 1999-2001

81

42

70.3

63.6

8

Monserrat et al. 2003

13

UK; 1988-2000

531

39

60.8

70

32

Rubinshtein et al. 201024

USA; 2001-2007

424

55

59.1

43

8

Spirito et al. 2009

25

USA and Italy; 1983-2005

1511

46

61.3

67.2

74

Spirito et al. 200011

USA and Italy; 1983-1997

480

47

60

78

23

Syska et al. 2010

Poland; 1996-2006

12

78

36.4

47.4

55.2

13

Chan et al. 201414

USA and Italy: 2001-2010

1293

46

63

39.6

37

Spirito et al. 2014

26

Multicentric; 1990-2009

653

44.4

70.5

63.6

24

Magnusson et al. 201628

Sweden; 1995-2002

237

52

69.2

64.8

77

Klopotowski et al. 2015

27

Poland; 2008-2013

328

45

58.5

37

14

Mahony et al. 201430

Multicentric

3675

48

63.9

68.4

198

Debonmaire et al. 201531

Netherlands and Belgium

195

52

61

68.4

26

Ismail et al. 201432

UK; 2000-2011

711

55

70.4

42

22

UK; 2000-2006

217

53.2

70.5

37.2

12

O´Hanlon et al. 2010

33

29

RMs: risk markers; SD: sudden death; HCM: hypertrophic cardiomyopathy; UK: United Kingdom; USA: United States of America; NI: Not informed.

Obviously, this has several effects, including economic
burdening. Thus, knowing how to select the more important
RMs is essential. Although primary prevention has been
the object of research in several studies in the last decades,
attempting to predict which patients with HCM have a higher
risk of SD remains challenging. Therefore, systematic reviews
and meta-analyses of such a controversial topic becomes
important. The presence of the RMs studied here may define
the need for ICD placement, considering that it is the only
safe and effective tool in preventing SD.36 Some RMs have
been reported to be more relevant, such as family history of
SD, which was highlighted in the study by Dimitrow et al.,10
however, its low positive predictive values is a limitation.
In the event of syncope, it is only indicative of the risk when
unexplained. Thus, all RMs have their limitations.
Strategies using the sum of classic RMs were not feasible.
In the multicenter registry performed by Maron et al.8 in
patients with HCM who were treated with ICD placement, it
was observed that 35% who received an appropriate shock
had only 1 RM. These data were reinforced by a recent
meta‑analysis of patients with HCM and ICD who had 1.8 RISK
MARKERS for SD on average, with a rate of 3.3% appropriate
shocks per year. We also emphasize that the analysis did not
include studies that had myocardial fibrosis as an RM.

Among the more recently studied markers aiming to
establish correlations with an increased risk of SD in HCM,
the most important was myocardial fibrosis. The mechanism
suggested for this predisposition is that the presence of
myocardial fibrosis could be a substrate for ventricular
reentry areas. A classic study demonstrated that this finding
correlates with the presence of NSVT in the 24-hour Holter
monitoring. Shiozaki et al.39 in a recent national experience
with 26 patients with HCM and ICD, assessed myocardial
fibrosis by another method, the contrast-enhanced computed
tomography, and found a higher rate of appropriate shocks in
patients who had a fibrosis mass ≥ 18 g. Most of the studies
that evaluated myocardial fibrosis in this population used
cardiac MRI, and these were the experiences we analyzed
with the focus on outcomes associated with MS.
Putting the results into context, this meta-analysis
of observational studies reports a statistically significant
association between myocardial fibrosis detected on cardiac
MRI and outcomes equivalent to SD. Although we have
assessed few articles, this is the most important finding in this
study, showing the highest RR among all RMs studied with
a very reliable CI. And even if the funnel plot has revealed
discrete asymmetry suggesting a publication bias for myocardial
fibrosis, it is important to note that the small number of articles
does not allow one to conclude this assertion.
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Figure 2 – A. Forest plot of myocardial fibrosis and relative risk of the severe arrhythmic outcomes. B. Funnel plot of myocardial fibrosis to evaluate for publication bias.
TE: estimated treatment effect; seTE: standard error of treatment estimate; RR: relative risk; 95%CI: 95% confidence interval.

A meta-analysis published by Briasoulis et al.,40 addressing
only myocardial fibrosis, found similar results. However, one
article used in the analyses did not allow a precise calculation
of an effect measure because the group without fibrosis did
not have any event.24 Our option was to remove it, because
we understood this would compromise the statistical analysis.
It stands out that this meta-analysis included the article of
Klopotowski et al.29 with 328 patients and updated other RMs.
We consider that this finding is of much clinical relevance,
as the latest guidelines on the subject do not address
the presence of fibrosis as an RM. In its latest document
regarding the disease, the European Society of Cardiology
based the indication of ICD placement on using a risk
calculator (HCM‑Risk SCD) created to provide more accurate
stratifications.2 Based on a cohort, the derived model used the
parameters of age, maximum ventricular thickness, LVOTO,
left atrial diameter, family history of SD, presence of NSVT, and
unexplained syncope.30 Subsequent studies showed conflicting
results regarding the calculator., Perhaps, the fact that it does
not assess fibrosis may be a limitation.
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Regarding the other findings, we observed that all classic
RMs correlated with the occurrence of the outcomes studied,
except for LVOTO. In contrast to what has been observed
in a previously published meta-analysis, our findings do not
indicate that LVOTO may be associated with severe arrhythmic
outcomes. This was probably because of the smaller number
of patients used in our analysis and the inclusion of two
recent studies of which results do not indicate the association
between this marker and SD.
The methods that investigated possible publication bias only
found significant result for severe left ventricular hypertrophy.
However, the clinical relevance of this risk marker has already
been documented in several studies and emphasized in the
last guidelines.1,2,11,18,43
The limitations of our study include: (1) the inclusion
and exclusion criteria, diagnostic methods, and definitions
varied discreetly among the different studies; (2) the data of
the patients from the same institution may have overlapped,
although this did not occur in most of the analyses; (3) the
absence of randomized trials may also be considered a relative
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Figure 3 – Forest plot of the risk markers and the relative risk of severe arrhythmic outcomes: A: unexplained syncope; B: severe ventricular hypertrophy; C: family history
of sudden death; D: non-sustained ventricular tachycardia; E: abnormal blood pressure response to exercise; F: left ventricular outflow tract obstruction. TE: estimated
treatment effect; seTE: standard error of treatment estimate; RR: relative risk; 95%CI: 95% confidence interval.

limitation, but it is important to remember that the systematic
review with meta-analysis has the capacity of minimizing this
problem, bringing information from observational studies to a
higher level of evidence; (4) myocardial fibrosis was analyzed
in a few studies and in a binary manner, not quantitatively,
although the latter has been gaining attention in recent
publications.14 Although the study of Chan et al.,14 which was
used in this meta-analysis, provided quantitative information,
we used only the RR for the presence or absence of fibrosis.14
Another relevant issue for discussion, although not addressed
in this study, which can be considered a limitation, is the cost
of cardiac MRI. No cost-effectiveness analysis aimed at the
investigation of fibrosis using MRI in patients with HCM has
been conducted yet.

Despite these limitations, we rely on the findings of our
study because of its methodology, consistency of results
(absence of heterogeneity in most analyses), and especially
the close and well-known association between myocardial
fibrosis and arrhythmias. And with the purpose of studying
this association, it is important to emphasize that we
chose to include only studies that evaluated outcomes
equivalent to SD.

Conclusions
In summary, although it is very difficult to make clinical
decisions of great relevance to patients based solely on
information from observational studies, it is important to
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Figure 3 – Forest plot of the risk markers and the relative risk of severe arrhythmic outcomes: A: unexplained syncope; B: severe ventricular hypertrophy; C: family history
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weigh the risks and benefits of ICDs with patients and their
families. Nevertheless, this meta-analysis of observational
studies emphasizes the importance of cardiac MRI in the
detection of myocardial fibrosis for the risk stratification of
SD in HCM and confirms the role of traditional RMs, with
a doubtful role for LVOTO. Thus, new clinical prediction
models using myocardial fibrosis should be considered
as a primary prevention strategy for SD in these patients
in the future.
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Myocardial Fibrosis in Hypertrophic Cardiomyopathy: What Remains
to be Proven?
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Short Editorial related to the article: Role of Myocardial Fibrosis in Hypertrophic Cardiomyopathy: A Systematic Review and Updated MetaAnalysis of Risk Markers for Sudden Death

Hypertrophic cardiomyopathy (HCM) is a complex
and well-characterized disease. Its prevalence in the
general population is 1 in 500 individuals, with some data
suggesting an even higher prevalence when using associated
genetic criteria.1 This means that, based on a conservative
estimate, cities such as Goiânia-GO or Recife-PE have
approximately more than 3,000 individuals with the
disease, a figure that can be as high as 25,000 individuals
in a large city such as São Paulo.
Although HCM is perceived as a rare and usually very
severe disease, related to dramatic episodes of sudden death
(SD) in young individuals and athletes, it is a disease with low
mortality. Due to advances in the diagnosis, treatment and
prevention of SD, current estimates indicate a mortality rate
of 0.5% a year, similar to that found in the general population,
with most patients with the disease being asymptomatic
or minimally symptomatic.2 In this scenario, the correct
identification of subgroups of individuals with a higher risk
of unfavorable outcome and, therefore, a greater chance of
benefit when submitted to specific therapeutic strategies, such
as the use of implantable cardioverter defibrillators (ICD), is
of utmost importance.
However, HCM is an extremely challenging disease, with
variable clinical presentations and an often unpredictable
natural history. SD, its most devastating clinical manifestation,
occurs most often in previously healthy individuals and
unaccompanied by preceding symptoms. Several clinical
markers derived from observational studies were organized
into risk stratification models, giving origin to the algorithms
adopted by the American and European Cardiology Societies.3,4
However, the use of such tools has several limitations.
The scarcity of randomized studies makes recommendations
be based primarily on registries, retrospective or prospective
small-scale studies. The accuracy of these models for SD
prediction according to validation analyses was moderate
(area under the ROC curve ranging from 0.60 to 0.69),
with low specificity and positive predictive value and
sub‑optimal performance when used at the individual level.
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Moreover, individual traditional risk markers have low
sensitivity and specificity, and their absence does not safely rule
out the chance of SD.5 Therefore, the current risk stratification
tools in HCM are imperfect and imprecise, making research
on new risk markers a crucial matter.
Cardiac magnetic resonance (CMR) imaging allows the
precise identification of areas of myocardial replacement
fibrosis through the late enhancement technique.6,7 Analyses of
prevalence and the distribution pattern of late enhancement
in HCM have been widely described. There is a large body
of evidence showing that the arrhythmogenic mechanism
that would lead to SD in HCM patients is directly related to
myocardial fibrosis and, similarly, several studies in patients
with HCM evaluated by magnetic resonance showed a worse
prognosis in those with late enhancement such as arrhthmias,
heart failure, SD, cardiac death and death from any cause.8
In the present article of this issue,9 the authors presented a
systematic review and meta-analysis that included 21 studies
evaluating the association of risk markers with the occurrence
of SD. The authors demonstrated a strong correlation between
the presence of myocardial fibrosis detected by CMR and
the occurrence of arrhythmic outcomes, with a clearly
higher relative risk when compared to the other identified
risk markers (RR: 3.43; 95%CI: 1.95–6.03). This result is in
accordance with another meta-analysis evaluating HCM and
myocardial fibrosis, totaling 1,063 patients (mean follow-up of
43 ± 14 months), in which the presence of late enhancement
in these patients resulted in a 9-fold higher chance of
ventricular fibrillation / tachycardia and a 3.3-fold higher
chance of SD.10 These results suggest that late enhancement
may be very useful as a high-risk prognostic marker.
About this subject, it should be noted that some
considerations are important. Myocardial fibrosis detected
by CMR is very common in HCM and is observed in
approximately 2/3 of the patients.8 Therefore, its presence
alone does not allow adequate selection of patients
candidates for ICD.
Recently, studies have been published establishing a positive
and linear association between late enhancement extent and
worse prognosis, with the presence of more than 15% of
myocardial fibrosis mass, giving a roughly 2-fold higher chance
of SD when compared to individuals without late enhancement,
regardless of other risk markers.11,12 However, this approach
also has significant limitations. First, there is no universal
standardization of the late enhancement quantification
technique, leading to the great heterogeneity of results
(currently, the most often used techniques are the 6 standard
deviation method, the full-with half maximum technique and
the Rayleigh Curve Method).8
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Moreover, there is still some controversy over whether
late enhancement provides clinically relevant incremental
information to traditional risk factors, mostly because of the
small number of primary outcomes observed in the studies.
Additionally, there are no large-scale prospective studies
evaluating the late enhancement quantification incorporated
into the ACC/AHA and European Cardiology Society
algorithms for the prediction of SD in HCM.
CMR is an extremely valuable tool in the evaluation of HCM
and its application for diagnostic purposes has been very well
established. Similarly, the evaluation of myocardial fibrosis by

the late enhancement technique is a strong prognostic marker
of the disease and will probably have a great impact as a risk
stratification tool.
Nevertheless, according to the main guidelines on HCM,
currently the clinical use of the technique for primary
prophylaxis of SD is restricted to ambiguous cases, when the ICD
indication is uncertain when using the traditional algorithms.3,4
Therefore, to take one step further and for myocardial fibrosis
screening to be formally incorporated into the risk stratification
routine in HCM, some gaps still need to be addressed.
I think it is a matter of time!
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Abstract
Background: The choice of a mechanical (MP) or biological prosthesis (BP) for patients with valvular heart disease
undergoing replacement is still not a consensus.
Objective: We aimed to determine the clinical outcomes of MP or BP placement in those patients.
Methods: We conducted a systematic review and meta-analysis of randomized controlled trials (RCTs) that compared
biological prostheses and mechanical prostheses in patients with valvular heart diseases and assessed the outcomes. RCTs
were searched in the MEDLINE, EMBASE, LILACS, CENTRAL, SCOPUS and Web of Science (from inception to November
2014) databases. Meta-analyses were performed using inverse variance with random effects models. The GRADE system
was used to rate the quality of the evidence. A P-value lower than 0.05 was considered significant.
Results: A total of four RCTs were included in the meta-analyses (1,528 patients) with follow up ranging from 2 to 20 years.
Three used old generation mechanical and biological prostheses, and one used contemporary prostheses. No significant
difference in mortality was found between BP and MP patients (risk ratio (RR = 1.07; 95% CI 0.99-1.15). The risk of bleeding
was significantly lower in BP patients than MP patients (RR = 0.64; 95% CI 0.52-0.78); however, reoperations were significantly
more frequent in BP patients (RR = 3.60; 95% CI 2.44-5.32). There were no statistically significant differences between BP and
MP patients with respect to systemic arterial embolisms and infective endocarditis (RR = 0.93; 95% CI 0.66-1.31, RR = 1.21;
CI95% 0.78-1.88, respectively). Results in the trials with modern and old prostheses were similar.
Conclusions: The mortality rate and the risk of thromboembolic events and endocarditis were similar between BP and
MP patients. The risk of bleeding was approximately one third lower for BP patients than for MP patients, while the risk
of reoperations was more than three times higher for BP patients. (Arq Bras Cardiol. 2019; 112(3):292-301)
Keywords: Heart Valve Prosthesis; Bioprosthesis; Metal-on-Metal Joint Prosthesis; Heart Valve Prosthesis Implantation/
trends; Review.

Introduction
In the early 1960's, valve replacement surgery using
prostheses completely changed the natural history of patients
with valvular heart disease. Approximately 90,000 valve
prostheses are implanted in the United States, and 280,000
are implanted worldwide each year.1 Currently, the total
number of biological valve prosthesis implants surpasses that
of mechanical prosthesis implants.2-4
The factors that seem to affect the increased use of
biological prostheses include advances in their construction,
leading to increased durability, and the fact that they
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do not require permanent use of oral anticoagulants. 5
However, biological prostheses still present an increased risk of
structural deterioration and the need for reoperation, although
the surgical risk involved in reoperation has decreased
substantially in recent years.6 Furthermore, in the event of a
stenosis disorder, patients with aortic bioprosthesis impairment
can be treated with a catheter-implanted prosthesis.7
A systematic review of randomized trials published in
2000 comparing mechanical and biological valve prostheses
suggested that no difference in mortality existed between
the two implant types.8 There was, however, less risk of
reoperation with mechanical prostheses but increased risk
of bleeding compared to biological prostheses. There are
no recent systematic reviews comparing the performance of
biological valve prostheses with that of mechanical prostheses.
Since the publication of the last review, further randomized
studies may have been published that better reflect progress
in prosthesis development, surgical techniques and clinical
treatments during that time period. The objective of the
present systematic review of randomized studies was to
compare the effect of biological valve prosthesis use with
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that of mechanical prosthesis use in terms of mortality,
reoperations, the incidence of thromboembolic events,
bleeding, and endocarditis.

Methods
Search strategy and sources
The literature search included the following electronic
databases: MEDLINE/PubMed, (from 1950 to 04 November
2014), CENTRAL/Cochrane Library, EMBASE/Elsevier (from
1966 to November 4, 2014), SCOPUS/Elsevier (from 1960 to
November 4 2014), Web of Science/Thomson Reuters (from
1898 to November 4, 2014), and LILACS/BVS (from 1980
to November 4, 2014), without language and publication
date restrictions. Previous systematic reviews and guidelines
were consulted to identify and include relevant studies.
Other sources were also consulted to identify relevant studies
including Clinicaltrials.gov, conference abstracts; lists of text
references related to the topic; review articles; and information
letters concerning unpublished or incomplete studies.
The search strategies were developed by defining
descriptors, synonyms and the use of Boolean logical operators
(AND, OR, and AND NOT) for each database (MeSH/Medline,
Emtree/Embase, and DeCs/BVS).9 The MeSH/Medline subject
descriptors were sensitised by the strategy of adding "entry
terms" (synonyms). In Medline, the Cochrane Handbook
Filter10 was used, which has high sensitivity for recovery of
indexed randomized controlled trials (RCTs).
Study Selection
We included randomized trials in any language that
compared native valve replacement with the biological and
mechanical prosthesis, regardless of the follow-up period.
Observational studies, studies with children or patients under
18 years of age, and studies with patients who required tricuspid
valve replacement were excluded. The study eligibility evaluation
process consisted of two steps, both performed independently
by pairs of reviewers. The first author (ATK) participated in all
pairs. The first step consisted of screening articles by reading the
title and abstract. In this step, the article was selected for the next
step if at least one of the reviewers deemed the article eligible.
In the second step, the full article texts were evaluated and
selected based on an eligibility form. The final eligibility of the
article was decided by agreement between the reviewers or by
the judgment of a third reviewer in the event of a disagreement.
In the case of multiple publications of the same study, we
considered the manuscript reporting the longest follow-up.
Data extraction and risk of bias
For the data extraction process, we developed a standard
form with the clinical information of each patient, including
gender, age, functional class, affected valve, type of
implanted prosthesis, follow-up period, and methodological
characteristics, for further evaluation of evidence quality.
An assessment of the risk of bias of the included studies
was based on an evaluation of the following domains: random
sequence generation, allocation concealment, blinding of
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outcome assessors, and incomplete outcome data. Blinding of
patients and the healthcare team regarding the prosthesis type
was not feasible, and these items were therefore not evaluated.
We generated a descriptive table to compare the selected
studies by classifying the risk of bias as low, moderate, high, or
unclear for each risk of bias domain.
Outcomes
The outcomes measured included total mortality, defined as
death from any cause; embolic events, defined as a systemic
embolism; bleeding events (of any magnitude); new surgery,
defined as the need to replace the prosthesis implanted in
the initial procedure; and episodes of infectious endocarditis.
Data synthesis and analysis
We determined the risk ratios (RRs) and their respective
95% confidence intervals (CIs) for binary outcomes of each
trial. Meta-analyses were performed with random effects
models using inverse variance. Subgroup analyses were
conducted based on the position of valve replacement (aortic,
mitral or combined aortic-mitral).
Most trials did not report the number of events, only
probabilities of events and their standard errors. Thus we
calculated the variance of the logarithm of the RR with the
formula used by Kassai et al.8
SE21 SE22
+ 2
p21
p2
Where:
p1 = the probability of an event for a mechanical heart valve
p2 = the probability of an event for a bioprosthesis
SE1 = standard error of p1
SE2 = standard error of p2
We assessed the statistical heterogeneity across trials or
subgroups using Cochrane’s chi-squared test. The Higgins
inconsistency test (I2) was used to quantify the percentage
of the variability in the effect estimates that was due to
heterogeneity rather than by chance;11 we considered values
of I2 ≤ 25% as low heterogeneity and values ≥ 50% as high
heterogeneity. We conducted these analyses using Review
Manager Version 5.2 software (Cochrane IMS, Oxford, UK).
A p-value lower than 0.05 was considered significant.
Quality of evidence assessment
We assessed the confidence in the estimates of effect (quality
of evidence) using the GRADE (Grades of Recommendation,
Assessment, Development, and Evaluation) system.12

Results
Characteristics of included studies
The electronic database search resulted in 7,725 citations
(Figure 1). After evaluation of the articles, we identified four original
studies including 1,528 patients in total. The clinical characteristics
of the four included studies are presented in Table 1.
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Identification

Original Article

References identified
using electronic
database search
(n = 7,725)

References identified
by manual search
of other sources
(n = 2)

Selection

References after
duplicate removal
(n = 6,383)

Screening by title
and abstract
(n = 6,383)

Excluded references
(n = 6,364)

Complete articles
analysed
(n = 19)

Inclusion

Eligibility

Complete articles
excluded from analysis
and reasons (n = 15)
• 3 Not randomised
• 6 Without comparison
between biological and
mechanical valve
• 6 Multiple publication

Included studies
(n = 4)
1,528 participants

Figure 1 – Study search and selection processes.

Vallejo et al.13 randomized 110 mitral valve replacement
candidates, from 1975 to 1979, into one of three groups:
Angell-Shiley porcine bioprosthesis, Björk-Shiley mechanical
prosthesis, and Lillehei-Kaster mechanical prosthesis.
The mean follow-up time was approximately two years.13

bovine pericardial prostheses were used in the bioprosthesis
group. In the group allocated to mechanical prostheses,
Carbomedics or St. Jude double disc prostheses were used.
The mean follow-up time was 8.8 years.

The Veterans Affairs Cooperative Study randomized
575 patients between 1977 and 1982.14-17 This study included
men who received a Hancock first generation porcine
bioprosthesis or Björk-Shiley mechanical single spherical
60 degrees disc prosthesis. Most patients (70%) underwent aortic
valve replacement. The mean follow-up time was 15 years.

Risk of Bias

Bloomfield et al randomized 533 patients of both genders
to receive either a mechanical Byork-Schiley 60 degrees
spherical tilting disk or a porcine bioprosthetic valve. Between
1975 and 1977 the patients assigned to a bioprosthesis
received a Hancock prosthesis and after January 1977 to 1979
such patients received a Carpentier- Edwards prosthesis.18-20
Approximately half of the patients underwent aortic valve
replacement, and half underwent mitral valve replacement.
The mean follow-up time was 20 years.
Stassano et al.21 randomized 310 patients, who required
aortic valve replacement between 1995 and 2003, into
a biological prosthesis group and a mechanical prosthesis
group.21 Carpentier-Edwards porcine or Carpentier-Edwards

Characteristics related to the risk of bias of the studies are
presented in Table 2. None of the studies described how the
random list was generated. The trials were at low risk of bias
for all the other domains including allocation concealment,
blinding of outcome assessors, and incomplete outcome
data. None of the studies used blinding of patients and health
professionals, which is not feasible in this scenario.
Clinical outcomes
There was no statistically significant difference in the risk of
death between biological or mechanical prosthesis, although
most of the confidence interval favours the latter (RR = 1.07;
95% CI 0.99-1.15) (Figure 2). In addition, mortality was
similar in the subgroups of patients receiving prostheses in the
aortic or mitral positions or in both positions simultaneously.
The effect estimates from different studies were reasonably
homogeneous (I² = 22%).
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Table 1 – Characteristics of included studies
Trials

Vallejo

Veterans Affairs
(Hammermeister)

Edinburgh
(Oxenham,
Bloomfield)

Stassano

Year of
publication

Total
randomised

1981

2000

2003

2009

110

575

533

310

Type of
valves

Number
Randomised

Patients Characteristics

Local of prosthesis
implantation

Follow-up (m/y)

Bioprosthesis:
Angell-Shiley

38

7% NYHA II; 27% NYHA III; 4%
NYHA IV
66% Male, Mean age: 39.7 ± 11 .2

MVR

Mean
24.13 ±11.16 m

Mechanical
prosthesis *:
Bjork-Shiley

35

7% NYHA II; 24% NYHA III;
4% NYHA IV
69% Male, 40.7 ± 11.3

MVR

Mean
31.61 ± 13.02 m

Lillehei-Kaster

37

4% NYHA II; 30% NYHA III;
3% NYHA IV
76% Male, 41.9 ± 10.4

MVR

Mean
30.4 ± 15.9 m

Bioprosthesis:
Hancock
porcine

289

100% Male

67% AVR;
33% MVR

Maximum 18 y

Mechanical
prosthesis:
Bjork-Shiley

286

100% Male

69% AVR;
31% MVR

Maximum 18 y

Bioprosthesis:
Hancock
porcine
CarpentierEdwards

107
159

53% NYHA III or IV AF †
76% Female mitral valve

38% AVR,
50% MVR,
12% AVR+MVR

Mean
20.4 y

Mechanical
prosthesis:
Bjork-Shiley

267

57% NYHA III or IV
74% Female mitral valve

41% AVR,
48% MVR,
11% AVR+MVR

Mean
20.4 y

Bioprosthesis:
CarpentierEdwards SAV

93

CarpentierEdwards
Pericardial

62

100% AVR

Mean
106 ± 28 m

Mechanical
prosthesis: St.
Jude Medical

107

Carbomedics

48

75.5% NYHA III or IV
Male 50.3%
Age 63.5 ± 3.9

76,8% NYHA III or IV
Male 42,5%
Age 64.0 ± 7.6

*Tilting disc valve. 37.8% previous surgery in mitral valve with LK (p < 0.005); † 67% Bioprosthesis in atrial fibrillation.
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The need for reoperation was more frequent among
patients who received biological prostheses than among those
who received mechanical prostheses (RR = 3.60; 95% CI
2.44-5.32; I2 = 0%). The effect was similar in patients who
received prostheses in the aortic or mitral position or both
simultaneously (Figure 3).

There were no significant differences in the risk of
endocarditis (RR = 1.21, 95% CI 0.78-1.88; I2 = 4%) or
systemic arterial embolism (RR = 0.93, 95% CI 0.66-1.31;
I2 = 31%) between the group that received bioprostheses
and the group that received mechanical prostheses (Figure 4).

The risk of bleeding was lower in patients treated with
biological prostheses than in those treated with mechanical
prostheses (RR = 0.64; 95% CI 0.52-0.78; I2 = 0%). There was a
trend toward a distinct effect between the subgroups according
to the position of the implant, but that was not statistically
significant (P for subgroup differences = 0.09) (Figure 3).
It should be noted that the definitions of bleeding were not
equal across studies. Vallejo et al.13 considered only bleeding
that required hospitalisation or that was a direct cause of death.13
In their study, Bloomfield et al.20 included all major (65%) and
minor bleeding.20 The Veterans Affairs study included clinically
important bleeding.17 Stassano et al.21 made no reference to
the magnitude of the bleeding.21

Discussion

Arq Bras Cardiol. 2019; 112(3):292-301

This systematic review and meta-analysis of randomized
studies involving patients requiring cardiac valve replacement
revealed similar mortality between patients who underwent
implantation of biological prostheses and those who
underwent implantation of mechanical prostheses. There were
also no differences regarding the risk of thromboembolism and
endocarditis. However, the risk of bleeding was approximately
one third lower among patients treated with biological
prostheses than in those treated with mechanical prostheses.
In contrast, the need for reoperation among patients treated
with bioprostheses was more than three times greater that of
patients treated with mechanical prostheses.
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Table 2 – Risk of bias in included studies
Vallejo 1981

Veterans 2000

Edinburgh 2003

Stassano 2009

Unclear

Unclear

Unclear

Unclear

Allocation concealment

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Blinding of outcome assessors

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Complete outcome data

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Random sequence generation

Risk Ratio
Study or Subgroup
Weight
IV, Random, 95% CI
1.1.1 Aortic valve
0.96 [0.80, 1.15]
Edinburgh 2003
14.4%
Stassano 2009
5.0%
1.13 [0.81, 1.58]
26.6%
1.20 [1.07, 1.34]
Veterans Affairs 2000
1.10 [0.94, 1.28]
Subtotal (95 CI)
46.0%
Heterogeneity: Tau2 = 0.01; Chi2 = 4.09, df = 2 (p = 0.13); I2 = 51%
Test for overall effect: Z = 1.17 (p = 0.24)

Risk Ratio
IV, Random, 95% CI

1.1.2 Mitral valve
1.05 [0.92, 1.20]
23.2%
Edinburgh 2003
0.83 [0.37, 1.84]
0.9%
Vallejo 1981
0.98 [0.85, 1.12]
21.2%
Veterans Affairs 2000
1.01 [0.92, 1.11]
45.3%
Subtotal (95 CI)
Heterogeneity: Tau2 = 0.00; Chi2 = 0.85, df = 2 (p = 0.65); I2 = 0%
Test for overall effect: Z = 0.26 (p = 0.79)
1.1.3 Mitral + aortic valve
Edinburgh 2003
Subtotal (95 CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.21 (p = 0.23)

8.7%
8.7%

1.16 [0.91, 1.49]
1.16 [0.91, 1.49]

100.0%
1.07 [0.99, 1.15]
Total (95 CI)
Heterogeneity: Tau2 = 0.00; Chi2 = 7.73, df = 6 (p = 0.26); I2 = 22%
0.1 0.2
0.5
Test for overall effect: Z = 1.67 (p = 0.10)
Favours biological
Test for subgroup differences: Chi2 = 1.55, df = 2 (p = 0.46); I2 = 0%

1

2
5
10
Favours mechanical

Figure 2 – Forest plot showing the effects of biological versus mechanical prostheses on mortality.

Currently, the decision between a biological and
mechanical prosthesis is based on medical assessment and
patient preference. The following are important factors in this
decision: biological and chronological age, life expectancy,
and absolute or relative contraindications to the use of oral
anticoagulants after surgery, e.g., comorbidities or intense
sport activity. The 2014 American Guidelines22 recommend a
mechanical prosthesis for mitral or aortic valve implantation in
patients less than 60 years old who have no contraindication
to the use of oral anticoagulants (recommendation IIa,
evidence level B); a bioprosthesis is recommended for those
aged over 70 years, and biological or mechanical prostheses
are recommended for patients between 60 and 70 years
of age (both with recommendation IIa and evidence level
B).22 The 2012 European directive recommends the use of
a mechanical prosthesis in patients less than 60 years old
in the aortic position and in those under 65 in the mitral
position (recommendation IIa, evidence level C).23 Therefore,
there is currently no exact recommendation for the choice
of prosthesis in the 60-70 year age range, and there is no
solid evidence upon which the choice of one prosthesis over
another can be made. Thus, variability in preferences will likely

occur among patients, in special for those aged between 60
and 70 years, and the data from this systematic review should
be useful to inform the decision.24
Randomized studies to assess treatments for valvular
heart disease pose unique clinical challenges in cardiology
for several reasons. First, the disease is of relatively
low prevalence. Second, comparing surgical complex
interventions in randomized controlled trials is difficult.
Third, important clinical endpoints are assessed only after
decades of follow-up. Fourth, continuing advances in
prosthetic heart valve technology make follow-up a moving
target because long-term data by definition are available
only for older prostheses. Newer tissue and mechanical
prostheses afford superior hemodynamics compared with
their older counterparts, and data suggest that durability and
patient mortality are superior with newer compared with
older bioprostheses. In parallel, the mechanical prosthesis
has also evolved. Nevertheless, important advances have
been made through the results of randomized trials in equally
challenging fields in cardiology, for instance, assessment of
CABG vs medical treatment or percutaneous treatment.
It is in the public interest, both in health and financial terms,
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A Need for Reoperation
Risk Ratio
Study or Subgroup
Weight
IV, Random, 95% CI
1.5.1 Aortic valve
Edinburgh 2003
13.3%
7.59 [3.26, 17.71]
Stassano 2009
14.6%
3.74 [1.71, 8.20]
Veterans Affairs 2000
17.1%
2.90 [1.47, 5.71]
Subtotal (95% CI)
44.9%
4.17 [2.41, 7.21]
2
2
2
Heterogeneity: Tau = 0.08; Chi = 3.09, df = 2 (p = 0.21); I = 35%
Test for overall effect: Z = 5.09 (p < 0.00001)

Risk Ratio
IV, Random, 95% CI

1.5.2 Mitral valve
Edinburgh 2003
19.4%
5.79 [3.19, 10.50]
Vallejo 1981
1.9%
1.89 [0.12, 29.46]
Veterans Affairs 2000
20.3%
2.00 [1.14, 3.52]
Subtotal (95% CI)
41.7%
3.21 [1.30, 7.92]
Heterogeneity: Tau2 = 0.38; Chi2 = 6.60, df = 2 (p = 0.04); I2 = 70%
Test for overall effect: Z = 2.53 (p = 0.01)
1.5.3 Mitral + aortic valve
Edinburgh 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.50 (p = 0.01)
Total (95 CI)

13.4%
13.4%

2.93 [1.26, 6.80]
2.93 [1.26, 6.80]

100.0%

3.60 [2.44, 5.32]

Heterogeneity: Tau2 = 0.11; Chi2 = 10.41, df = 6 (p = 0.11); I2 = 42%
Test for overall effect: Z = 6.46 (p = 0.00001)
Test for subgroup differences: Chi2 = 0.56, df = 2 (p = 0.76); I2 = 0%

0.1 0.2
0.5
Favours biological

1

2
5
10
Favours mechanical

B Bleeding
Study or Subgroup
1.2.1 Aortic valve
Edinburgh 2003
Stassano 2009
Veterans Affairs 2000
Subtotal (95% CI)

Weight

Risk Ratio
IV, Random, 95% CI

11.4%
6.8%
46.2%
64.4%

0.69 [0.38, 1.28]
0.49 [0.22, 1.08]
0.59 [0.43, 0.80]
0.59 [0.46, 0.77]

Risk Ratio
IV, Random, 95% CI

Heterogeneity: Tau2 = 0.00; Chi2 = 0.48, df = 2 (p = 0.79); I2 = 0%
Test for overall effect: Z = 3.98 (p < 0.0001)
1.2.2 Mitral valve
Edinburgh 2003
Vallejo 1981
Veterans Affairs 2000
Subtotal (95% CI)

10.1%
1.6%
20.1%
31.8%

0.70 [0.37, 1.34]
0.95 [0.18, 4.94]
0.58 [0.37, 0.93]
0.63 [0.44, 0.91]

Heterogeneity: Tau2 = 0.00; Chi2 = 0.44, df = 2 (p = 0.80); I2 = 0%
Test for overall effect: Z = 2.44 (p = 0.01)
1.2.3 Mitral + aortic valve
Edinburgh 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.29 (p = 0.20)

3.8%
3.8%

2.01 [0.70, 5.80]
2.01 [0.70, 5.80]

Total (95 CI)
100.0%
0.64 [0.52, 0.78]
Heterogeneity: Tau2 = 0.00; Chi2 = 5.74, df = 6 (p = 0.45); I2 = 0%
Test for overall effect: Z = 4.32 (p < 0.0001)
Test for subgroup differences: Chi2 = 4.82, df = 2 (p = 0.09); I2 = 58.5%

0.1 0.2
0.5
1
2
5
10
Favours biological
Favours mechanical

Figure 3 – Forest plots showing the effects of biological versus mechanical prostheses on a need for reoperation (A) and risk of bleeding (B).

to have access to high-quality data to inform decisions
regarding the use of health technologies. Therefore, more
and better trials comparing technologies for patients with
valvular heart disease are needed and feasible. Funding for
those trials might be provided by the prosthesis industry had
the regulatory environment enforced formal comparative
testing, as is currently done with drugs. Alternatively, public
funding agencies might support these trials.
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Evidence Applicability
Bleeding was more common in the mechanical prosthesis
group than in the biological prosthesis group. However, the
studies included in the present review were conducted at
a time predating the International Normalised Ratio (INR)
and the International Sensitivity Index (ISI). The INR was
introduced in the 1980s, and the ISI was introduced in the
1990s. It is possible that with the improved anticoagulation
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A Systemic arterial embolism

Risk Ratio
Study or Subgroup
Weight
IV, Random, 95% CI
1.3.1 Aortic valve
Edinburgh 2003
16.7%
1.63 [0.84, 3.19]
Stassano 2009
6.4%
0.44 [0.13, 1.54]
Veterans Affairs 2000
18.6%
1.00 [0.54, 1.85]
Subtotal (95% CI)
41.7%
1.05 [0.58, 1.91]
2
2
2
Heterogeneity: Tau = 0.12; Chi = 3.46, df = 2 (p = 0.18); I = 42%
Test for overall effect: Z = 0.16 (p = 0.87)

Risk Ratio
IV, Random, 95% CI

1.3.2 Mitral valve
Edinburgh 2003
26.3%
0.60 [0.38, 0.94]
Vallejo 1981
11.3%
0.87 [0.36, 2.12]
Veterans Affairs 2000
15.7%
1.22 [0.60, 2.47]
Subtotal (95% CI)
53.2%
0.80 [0.51, 1.25]
2
2
2
Heterogeneity: Tau = 0.05; Chi = 2.94, df = 2 (p = 0.23); I = 32%
Test for overall effect: Z = 0.99 (p = 0.32)
1.3.3 Mitral + aortic valve
Edinburgh 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.47 (p = 0.64)
Total (95 CI)

5.1%
5.1%

1.41 [0.34, 5.80]
1.41 [0.34, 5.80]

100.0%

0.93 [0.66, 1.31]

Heterogeneity: Tau2 = 0.06; Chi2 = 8.69, df = 6 (p = 0.19); I2 = 31%
Test for overall effect: Z = 0.41 (p = 0.68)
Test for subgroup differences: Chi2 = 0.92, df = 2 (p = 0.63); I2 = 0%

0.1 0.2
0.5 1
2
5
10
Favours biological Favours mechanical

B Endocarditis
Risk Ratio
Study or Subgroup
Weight
IV, Random, 95% CI
1.4.1 Aortic valve
Edinburgh 2003
1.05 [0.18, 6.06]
6.2%
Stassano 2009
0.63 [0.30, 1.32]
32.1%
Veterans Affairs 2000
2.14 [0.91, 5.07]
24.3%
Subtotal (95% CI)
1.11 [0.46, 2.67]
62.6%
Heterogeneity: Tau2 = 0.32; Chi2 = 4.45, df = 2 (p = 0.11); I2 = 55%
Test for overall effect: Z = 0.24 (p = 0.81)

Risk Ratio
IV, Random, 95% CI

1.4.2 Mitral valve
Edinburgh 2003
8.6%
1.64 [0.37, 7.23]
Vallejo 1981
2.2%
0.32 [0.02, 6.14]
Veterans Affairs 2000
21.6%
1.55 [0.62, 3.87]
Subtotal (95% CI)
32.4%
1.42 [0.67, 3.01]
Heterogeneity: Tau2 = 0.00; Chi2 = 1.06, df = 2 (p = 0.59); I2 = 0%
Test for overall effect: Z = 0.91 (p = 0.36)
1.4.3 Mitral + aortic valve
Edinburgh 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.75 (p = 0.45)
Total (95 CI)

5.0%
5.0%

2.12 [0.30, 14.94]
2.12 [0.30, 14.94]

100.0%

1.21 [0.78, 1.88]

Heterogeneity: Tau2 = 0.01; Chi2 = 6.23, df = 6 (p = 0.40); I2 = 4%
Test for overall effect: Z = 0.85 (p = 0.40)
Test for subgroup differences: Chi2 = 0.41, df = 2 (p = 0.82); I2 = 0%

0.1 0.2 0.5 1
2
5 10
Favours biological Favours mechanical

Figure 4 – Forest plots showing the effects of biological versus mechanical prostheses on the risk of systemic arterial embolism (A) and the risk of endocarditis (B).

monitoring processes currently available, the difference in
the risk of bleeding for patients treated with mechanical
versus biological prostheses may be lower than that found
in this review.
In our systematic review, three of the four trials considered
used the first generation biological prostheses and single disc
mechanical prostheses.13,17,20 Although uncontrolled studies
suggest that second and third generation biological prostheses
have greater durability,24 in the study by Stassano et al.,21 which
included both modern biological and modern mechanical
prostheses, the increased risk of reoperation was similar to
that observed in the other trials.

Concordance and discordance in relation to other studies
We found a single meta-analysis that included three
trials comparing old generation biological and mechanical
prostheses, which was published by Kassai et al.13 15 years ago.
In the current review, we identified an additional study21 that
compared modern prostheses. In addition, the randomized
studies of the Veterans Affairs group14 and the Edinburgh
group18 presented new publications with extended follow-up
periods of 15 and 20 years, respectively.17,20 Our results, as
well as adding an additional study, reflect long-term follow‑up,
which is fundamental for better characterising the clinical
progress of patients undergoing prosthetic valve implantation.
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Table 3 – Assessment of the quality of evidence and summary of findings
Quality assessment
No of studies (No.
of participants)

Summary of findings

Study
limitations

Inconsistency

Indirectness

Imprecision

Publication bias

Relative risk (95% CI)

Quality

No serious
limitations

No serious
inconsistency

Direct

No serious
imprecision

Unlikely

1.07 (0.99, 1.15)

⊕⊕⊕⊕ HIGH

No serious
limitations

No serious
inconsistency

Direct

No serious
imprecision

Unlikely

3.60 (2.44, 5.32)

⊕⊕⊕⊕ HIGH

No serious
limitations

No serious
inconsistency

Direct

No serious
imprecision

Unlikely

0.64 (0.52, 0.78)

⊕⊕⊕⊕ HIGH

No serious
limitations

No serious
inconsistency

Direct

Imprecision†

Unlikely

0.93 (0.66, 1.31)

⊕⊕⊕O
MODERATE

No serious
limitations

No serious
inconsistency

Direct

Imprecision*

Unlikely

1.21 (0.78, 1.88)

⊕⊕⊕O
MODERATE

Mortality
4 (1,535)
Reoperation
4 (1,535)
Bleeding
4 (1,535)
Embolism
4 (1,535
Endocarditis
4 (1,535)

* Effect estimate compatible with either no effect or harm; † Effect estimate compatible with either substantial benefit or harm.

Indeed a number of observational studies have shown the
extended durability of biological prostheses, with a decrease in
mortality of reoperation.5 In parallel, use of biological prostheses
has increased substantially.6 However, the evidence provided by
observational studies is weak due to the high risk of selection bias.
Conversely, observational studies have also suggested increased
mortality with biological prosthesis for mitral valve replacement.
Our results showed a nonsignificant trend towards increased
mortality with biological valves irrespective of position.
Quality of evidence (GRADE)
The included randomized studies present a low risk of bias
and directly evaluate whether differences in clinical outcomes
exist between biological and mechanical prostheses. Reporting
bias is also unlikely. Regarding the mortality, reoperation and
bleeding outcomes, the estimated effect of biological versus
mechanical prostheses exhibited good precision and absence
of serious inconsistency. We, therefore, consider that the
evidence is of high quality (Table 3). For the systemic arterial
embolism and endocarditis outcomes, although there was no
serious inconsistency, the estimated effect is imprecise (i.e., the
95% CI is compatible with an unfavourable outcome of both
the bioprosthesis and the mechanical prosthesis).
Strengths and weaknesses
Our systematic review has strengths and limitations.
The development of the search strategy may be cited as a
strength, as it was very sensitive and offered little likelihood
of not identifying any relevant evidence. The main databases
were searched along with unpublished evidence sources,
and a manual evidence search was performed. All systematic
review procedures were directed by guidelines and literature
specific to this type of study, including all methodological
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characteristics necessary for proper execution of the review.10
The included trials conducted extended follow-up of patients
(from 2 to 20 years), allowing adequate evaluation of the
effect of biological versus mechanical prostheses in clinical
outcomes, particularly those with late incidence of outcomes
such as the need for reoperation.
With regard to limiting factors, the inherent limitations
of systematic reviews should be considered, such as slight
differences in the populations of trial studies. For example,
patients with a small aortic annulus were excluded in the
Bloomfield study,20 those with a small mitral annulus or
significant coronary artery disease were excluded from the
Veterans study,17 and patients with aortic valve lesions were
excluded from Vallejo's study.13
A major weakness of our systematic review is the age of
available trials. Three of the 4 trials included are old and
used first generation biological prostheses and single-disk
mechanical prostheses. As both prostheses and ancillary care
have evolved, it is possible that the results we have observed
would not be currently applicable. Indeed a number of
observational studies have shown the higher durability of
biological prostheses and a trend towards its use in younger
patients.6 However, the evidence provided by observational
studies is weak due to the high risk of selection bias.
Furthermore, the results of the randomized trial by Stassano et
al.21 comparing modern biological to mechanical prosthesis are
completely consistent with those of previous trials. In special,
there was an important increase in the need of reoperation
and a decreased risk of bleeding with biological prostheses.
Thus, although more evidence from new trials comparing
biological to mechanical is urgently needed, the best available
evidence does not support the increasing preference for
biological prostheses.
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Conclusion
Our systematic review of randomized studies, which
evaluated the outcomes of patients who randomly received
biological and mechanical valve prostheses, showed that
although there are no differences in mortality, there is a
significant increase in the risk of new valve replacement surgery
when opting for biological prostheses.
In contrast, the risk of bleeding is lower with bioprostheses.
There were no differences in mortality, the risk of endocarditis
or systemic embolism between the two prosthesis types.
Although three of the four trials included in our meta-analysis
used old generation biological and mechanical prostheses, the
trial which evaluated currently used prostheses for aortic valve
replacement showed the same results. Nevertheless, evidence
to inform the choice between currently available prostheses
is very limited and mostly based on observational studies.
Randomized comparisons are utterly necessary.
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Short Editorial
How to Choose the Right Valve Prosthesis for My Patient?
Roney Orismar Sampaio
Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo, São Paulo, SP – Brazil
Short Editorial related to the article: Comparison of Biological and Mechanical Prostheses for Heart Valve Surgery: A Systematic Review of
Randomized Controlled Trials

The manuscript: “Comparison of Biological and
Mechanical Prostheses for Heart Valve Surgery: Systematic
Review of Randomized Controlled Trials” 1 addresses a
controversial issue. The authors conducted a meta-analysis
of randomized trials involving long-term follow-up of
patients requiring cardiac valve replacement revealing similar
mortality among patients who underwent implantation of
biological prostheses and those who underwent implantation
of mechanical prosthesis. There were no significant
differences in the risk of thromboembolism and endocarditis.
However, the risk of bleeding was approximately one-third
lower among patients treated with biological prostheses
than those treated with mechanical prostheses. In contrast,
the need for reoperation among patients treated with
bioprostheses was at least three times greater than that of
patients treated with mechanical prostheses.
The authors selected “randomized” trials to avoid
evaluation bias. The trial is interesting, as it seeks to be faithful
to randomized evaluations, which are very unusual in the
literature on valve diseases, especially at the time when the
trials were conducted.
The choice of the valve prosthesis that is most appropriate for
our patients should consider classic factors such as age (young
adults: most likely, mechanical prosthesis/elderly: biological
prosthesis), sex (women of childbearing age: most likely,
biological prosthesis), number of previous cardiac surgeries
(two or more surgeries: mechanical prostheses are the preferred
ones), need for permanent anticoagulation (mechanical
prostheses), social and educational factors (difficulty in accepting
or controlling anticoagulation and/or contraindication to
anticoagulation: biological prostheses), and, more importantly,
the patient’s preference should be respected.2
Considering the age factor alone, the guidelines on
valve diseases have recommended choosing mechanical
prostheses for younger patients, that is, under the age of
50 (AHA/ACC/ESC) and biological prostheses for patients
older than 65‑70.3,4 However, the best prosthesis for those
between 50 and 70 years of age remains controversial.3-5
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Recent evaluations have demonstrated a potentially longer
durability of the most modern biological prostheses and a
worldwide tendency to choose this prosthesis for increasingly
younger. From the decade of 1990 to 2013, there was a
three to four-fold increase in the implantation of biological
prostheses in both aortic and mitral positions.6 New medical
techniques, such as the possibility of implanting a prosthesis
in another prosthesis (valve-in-valve), 7 has also been
promising, to avoid the use of mechanical prostheses and
mandatory anticoagulation and their known risks, that is,
bleeding and/or thromboembolic events.
The study by Takeshi et al.1 found that “both prostheses
have similar late mortality.” However, we know that these
findings may have occurred due to evaluation bias due
to inadequate follow-up time in most randomized or
observational trials.8,9 Besides, valve prostheses evaluated
in these studies are mostly outdated or even not available
for purchase. The information is “historical,” but continuous
evaluation is still required to identify the actual durability of
the prostheses, which vary greatly. The structural deterioration
of biological prostheses correlates with the age of implant, so
in 15 years’ time, 50% of the prostheses implanted at the age
of 20 will have structural deterioration, dropping to 30% if
implanted at 40 and 10% if after 70.3
The relevance of this study is that it calls attention to
an underdiscussed topic. Biological prostheses with the
latest technology may last longer, compromising the main
reason for using mechanical prostheses, which is to prevent
further cardiac surgeries. However, the same can occur with
mechanical prostheses with a better technological profile,
thus reducing the need for anticoagulation with high INR
values. It is also known that compliant patients, with excellent
anticoagulation monitoring, have reduced bleeding or
thromboembolic events.
Endoprostheses implanted by catheter have contributed
to changes in this scenario, and we believe that the trend
of implanting biological prostheses in increasingly younger
patients should become usual in the near future.
In conclusion, it seems reasonable to admit the choice
of biological prostheses in patients who do not need
permanent anticoagulation, aged over 60-65 years, for
women who wish to get pregnant and patients with
difficulty in monitoring or with contraindication to
anticoagulation. On the other hand, mechanical prostheses
should be reserved for younger patients, chronic users
of anticoagulants and patients with multiple surgeries.
Note that the final decision should be the patient’s, after
detailed explanation of the benefits and drawbacks of each
prosthesis, by their clinical cardiologist and surgeon.
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Abstract
The effect of third and second-generation type of betablocker on substrate oxidation especially during high-intensity
exercises are scarce.
The objective of the study is to explore differences of
beta-blocker regimens (vasodilating vs. non-vasodilating
beta-blockers) for substrate oxidation during in high-intensity
intermittent exercise (HIIE) in chronic heart failure and
reduced ejection fraction (HFrEF).
Eighteen CHF males (58.8 ± 9 years), 8 under use of
β1 specific beta-blockers+alfa 1-blocker and 10 using β1
non‑specific beta-blockers, were randomly assigned to
4 different HIIE, in a cross-over design. The 4 protocols were:
30 seconds (A and B) or 90 seconds (C and D) at 100% peak
power output, with passive (A and C) or active recovery (50% of
PPO; B and D). Energy expenditure (EE; kcal/min), quantitative
carbohydrate (CHO) and lipid oxidation (g/min) and qualitative
(%) contribution were calculated. Two-way ANOVA and
Bonferroni post-hoc test were used (p-value ≤ 0.05) to compare
CHO and lipid oxidation at rest and at 10min.
Total exercise time or EE did not show differences for
beta‑blocker use. The type of beta-blocker use showed impact
in CHO (%) and lipid (g/min and %) for rest and 10 min, but
absolute contribution of CHO (g/min) was different just at 10min
(Interaction p = 0.029). Higher CHO oxidation was found in
vasodilating beta-blockers when comparing to non-vasodilating.
According to our pilot data, there is an effect of beta‑blocker
type on substrate oxidation during HIIE, but no influence on
EE or exercise total time in HFrEF patients.

Introduction
To reduce sympathetic nervous system activation and
improve myocardium contractility, morbidity and mortality,

Keywords
Heart Failure, Adrenergic beta-Antagonists; Stroke Volume,
Chemical Oxidation, Exercise.
Mailing Address: Paula Aver Bretanha Ribeiro •
Cardiovascular Prevention and Rehabilitation Centre (ÉPIC), 5055 St Zotique
East, Montreal, Quebec, H1T1N6, Canada
E-mail: paulaabribeiro@gmail.com
Manuscript received January 27, 2018, revised manuscript April 26, 2018,
accepted August 15, 2018

DOI: 10.5935/abc.20190039

most of the chronic heart failure (CHF) patients are under
beta-blocker use.1 Besides all benefits, there is some evidence
showing reduced glycemic control, weight gain, insulin
secretion inhibition and resistance and dyslipidemia in resting
states in patients under beta-blocker regimen.2,3 Also, it was
showed that the use of beta blockers could remodel substrate
use during moderate-intensity continuous exercise.4
The third generation of beta-blockers, described as
vasodilating β- blockers (i.e. β non-selective + α-1 blocker),
seem to have a beneficial effect comparing to previous ones
(β –selective). Because of its lack of effect on α1- adrenergic
receptors, non-vasodilating beta blockers can induce
vasoconstriction, reducing blood flow and glucose uptake at
muscular level.2,3 But when comparisons between carvedilol
vs. metoprolol were made concerning NYHA no changes were
found.5 However, there is a lack of evidence of comparison
of the type of beta-blocker during exercise, especially during
high-intensity exercises (i. e. vasodilating vs. non-vasodilating).
Regarding exercise intensity, there is an increasing
use of high-intensity interval training programs in cardiac
rehabilitation sites. Enough evidence is provided about the
superior benefits of this modality for maximal oxygen uptake
(VO2max) and quality of life when compared to moderate
continuous training.6 However, still a lack of evidence about
different high-intensity interval exercise (HIIE) prescriptions
in terms of optimal intensity, duration of bouts, recovery
time and type (passive or active).7 Also, not enough evidence
about substrate utilization in cardiac rehabilitation context,
especially what concerns to medication use.4,8 We believe
that vasodilating beta-blockers could especially influence
carbohydrate (CHO) oxidation, and this may reflect in total
time of exercise session.
Therefore, for this study, we compared substrate oxidation,
energy expenditure (EE) and total time of HIIE protocols
performed by CHF with reduced left ejection fraction (HFrEF),
under two different beta-blocker regimens (vasodilating
vs. non-vasodilating).

Methods
Participants
Twenty stable HFrEF were recruited from the heart failure
ambulatory at the Montreal Heart Institute. This is a sub-study,
inclusion criteria and exclusion criteria have been detailed
in the previous publication,7 and clinical information was
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obtained from medical records. The study was performed in a
cross-over design, all patients participated in the same exercise
sessions in random order (generated by randomizer.org), and
every single session being separated by one week (5 weeks
for complete protocol). No changes in medication were made
during the evaluations. The protocol was accepted by the
Ethics Committee of the Montreal Heart Institute (08‑1023),
all procedures in agreement with Helsinki declaration and
written informed consent was obtained from all patients.
Maximal cardiopulmonary exercise test
Maximal cardiopulmonary exercise testing was performed
according to previously published methodology.7-9 In short,
the maximal exercise protocol was performed on a cycle
ergometer (Ergoline 800S, Bitz, Germany), speed was settled at
60 RPM, and the power was increased by 10 W every minute
until exhaustion. Gas exchanges variables were measured
breath by breath during testing and then averaged every 15s.
Peak power output (PPO) was defined as the power output
reached the last fully completed stage. Electrocardiographic
activity was monitored continuously using an 8-lead ECG
(Marquette, Missouri, USA).
HIIE sessions
The exercise sessions were based on previously published
methodology in patients with HFrEF.7 HIIE protocols were all
prescribed at 100% PPO, based on CPET and differed in interval
duration (30 seconds for protocols A and B vs 90 seconds for
protocols C and D) and type of recovery (active recovery at 50%
of PPO for protocols B and D vs passive recovery [0% of PPO]
for protocols A and C). The exercise time and recovery were
designed as 1:1 ratio. Each patient exercised for a maximal time
of 30 min or until exhaustion due to fatigue, dyspnea, dizziness,
or inability to maintain pedal cadence at 60 rpm.7
Substrate oxidation and energy expenditure calculation
EE was calculated using Weir equation.10 Substrate oxidation
(CHO and lipid) was calculated from gas exchange using
the Frayn equation 11 (in g/min) and with a respiratory
exchange ratio values (in %) using a table of non-protein
respiratory quotient.12
Statistical analysis
Results are expressed as mean ± SD for clinical
characteristics and described as n (%) for beta blocker regimen
(Table 1). This is an exploratory analysis from our previous
studies,7-9 all HIIE sessions that lasted more than 10 min of
exercise were included. The substrates were compared in two
time-points: rest and end of 10 min, both averages of 3 min
measurements. EE (Kcal/min; EE), CHO and lipid oxidation,
in g/min and total contribution (%), were compared during
HIIE protocols using a two-way ANOVA for beta‑blocker
type and time factors. The Bonferroni post‑hoc test with
a p value ≤ 0.05 was used. Student`s t-test was used to
compare the exercise total time between types of beta-blocker.
All analyses were performed using IBM SPSS Statistics software,
version 21 and Statview.
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Results
The patients’ characteristics are described in Table 1,
two patients were excluded for this analysis because did
not achieve the minimum of 10 min exercise. Both groups
were similar for clinical characteristics, except for systolic
and diastolic blood pressures. Total exercise time was not
different between the beta-blockers types (non-vasodilating
group = 1377 ± 505 s; vasodilating group = 1371 ± 503 s;
p = 0.962). Also, no differences were found for EE for
group or interaction (group p = 0.203; time p < 000.1 and
interaction p = 0.867). Differences in CHO (mg/min*Kg-1
and %; p =0.012 and p = 0.0006) and lipids (mg/min*Kg-1
and %; p = 0.0017 and p = 0.0083) were found for group
and time analysis, and interaction was found just for CHO
(mg/min*Kg-1; p = 0.03) (Figure 1).

Discussion
Our results showed a different effect on substrate
oxidation depending on the type of beta-blocker generation.
We believe that the decision of beta-blocker use can benefit
the substrate oxidation during exercise and can be chosen
accordingly with patients’ necessity. Because of their effect
on alfa1 – adrenergic receptors, vasodilating beta-blockers
like carvedilol could benefit CHO oxidation, as shown in
our results for absolute and relative values, comparing to
non‑vasodilation beta-blockers. Because these blocking agents
can have a different effect on the circulatory and respiratory
systems, previously they were known to potentially reduce
exercise capacity in heart failure patients.13 Recent evidence
has shown some improvement, with a different combination of
drugs, vasodilating beta-blockers demonstrated positive effect
increasing insulin sensitivity comparing to non-vasodilating
ones14 and probably remodelling substrate oxidation.
According to literature, HIIE requires greater energetic
demand from the muscular system,15 and therefore should
be accompanied by higher CHO oxidation. The increasing
use of HIIE in a clinical context is due to its superiority
compared to continuous exercise training to improve VO2peak,
with similar effects on left ventricular function, safety and
exercise compliance.6,16 In our previous work,9 we showed
substrate oxidation differences between HIIE protocols, and
the individual variances lead us to explore the potential
muscle metabolism differences that could be related to betablocker use. Also, there is still little data available on substrate
oxidation and the effect of pharmacological agents in heart
failure patients,3 especially during high-intensity exercise, so
we believe we are providing interesting initial data to raise
interest on the subject.
The major limitation of our study is the sample size,
but we believe appropriate for a pilot study to encourage
further investigation. Also, because of the lack of a
placebo group, we cannot investigate the actual effect
of beta‑blocker on substrate oxidation, but differences
between different regimens. Since more than 90% of our
HFrEF patients are under some beta-block medication,
we did not consider the possibility to suspend or change
patients’ medication.
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Table 1 – Baseline Clinical Characteristics according to the type of beta-blocker class
Clinical Variables

Beta-blocker class
Non-vasodilating n = 10

Vasodilating n = 8

Age (years)

59.3 ± 9.8

58.0 ± 8.5

BMI (kg/m2)

30.0 ± 4.0

28.0 ± 3.7

LVEF (%)

29 ± 7

27 ± 6

SBD (mmHg)

129 ± 20

108 ± 17*

DBP (mmHg)

75 ± 10

61 ± 15*

NYHA functional class
I

1 (10%)

4 (50%)

II

9 (90%)

3 (37.5%)

III

0

1 (12.5%)

Ischemic heart disease

6 (60%)

4 (50%)

Idiopathic dilated cardiomyopathy

4 (40%)

4 (50%)

Diabetes mellitus

1 (10%)

3 (37.5%)

Hypertension

6 (60%)

4 (50%)

10 (100%)

8 (100%)

Digoxin

2 (20%)

4 (50%)

Furosemide

8 (80%)

6 (75%)

Spironolactone

4 (40%)

4 (50%)

Etiology of heart failure

Medical history

Medications
ACE inhibitors or ARBs

Devices
ICD

7 (70%)

6 (75%)

CRT

1 (10%)

3(37.5%)

108 ± 33

110 ± 31

1598 ± 507

1478 ± 422

63 ± 13

59 ± 12

17.3 ± 4.6

18.3 ± 4.6

Maximal exercise variables
Peak power output (Watts)
VO2peak (L/min)
VO2peak (% predicted)
VO2peak (mL/min/kg)

Values are presented as means ± SDs, or numbers of patients (percentages). BMI: body mass index; LVEF: left ventricle ejection fraction; SBP: systolic blood
pressure; DBP: diastolic blood pressure; ACE: angiotensin-converting enzyme; ARBs: angiotensin II receptor blockers; ICD: implantable cardioverter-defibrillator;
CRT: cardiac resynchronization therapy; VO2: oxygen uptake; VO2peak: peak oxygen uptake. * p < 0.05.

Conclusion

Author contributions

In short, according to our pilot data, carvedilol seems to
facilitate CHO oxidation during HIIE and should be considered
when possible, for patients under high-intensity exercise
programs. However, how the use of different beta-blockers
agents (ex: vasodilating) could impact muscle metabolism
during various acute and chronic exercise training programs
in these patients need to be better explored.
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CHO oxydation (mg/min*kg–1)

A

25
22.5

*

20
17.5
15

Meto+Biso
Carvedilol

12.5
10
7.5
5
2.5
0

B

Lipids oxydation (mg/min*kg–1)

A: p = 0.012
B: p = < 0.001
C: p = 0.029

4

Rest
A: p = 0.017
B: p = 0.005
C: p = 0.122

8-10 min – Exercise

*

3.5
3
2.5

*
Meto+Biso
Carvedilol

2
1.5
1
0.5
0

Rest

8-10 min – Exercise

Figure 1 – A) Carbohydrate oxidation by group at rest and 8-10 minutes high-intensity interval exercise. B) Lipids oxidation by groups at rest and 8-10 minutes highintensity interval exercise. *p < 0.05 for groups; ANOVA p value results: A: group; B: time; C: interaction.
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Early Detection and Monitoring of Cancer Chemotherapy-Related Left
Ventricular Dysfunction by Imaging Methods
Mario Luiz Ribeiro, Antonio José Lagoeiro Jorge, Marcelo Souto Nacif, Wolney de Andrade Martins
Universidade Federal Fluminense, Niterói, RJ – Brazil

Introduction
Cancer has been the second leading cause of death in
Brazil since 2006, and it is predicted to surpass cardiovascular
disease (CVD) as the leading cause of death between 2020
and 2025.1 Cancer and CVD have risk factors in common,
such as obesity, sedentarism, arterial hypertension, tobacco
use, diabetes mellitus, advanced age, and dietary pattern.
The co-prevalence of cancer and CVD is therefore elevated.
The diagnosis and prevention of both diseases may be
carried out in an integrated manner.2 Oncological treatment
with chemotherapy (CT) has led to an increase in survival,
but it has also led to the risk of cardiotoxicity (CTX), the
incidence of asymptomatic ventricular dysfunction or even
cardiomyopathy.3 Early diagnosis of CTX is important, given
that the sooner this myocardial event is diagnosed, the higher
the chances of recovering systolic function.4
The objective of monitoring left ventricular (LV) function
during cancer treatment is to detect cardiac dysfunction
during the subclinical phase, rather than when a symptomatic
patient already has reduced ejection fraction. The groups of
chemotherapeutic medications that most frequently cause
myocardial aggression are anthracyclines (ANT), widely used in
the treatment of solid tumors and hematological malignancies,
and monoclonal antibodies, the typical example of which is
trastuzumab (TZU).5,6 The CTX of ANT was initially described
as dose-cumulative, irreversible, and caused by mitochondrial
injury. In contrast, TZU-related CTX, which is not dose
dependent, is irreversible and does not cause mitochondrial
injury. In both aggressions, however, the possibility of reverse
remodeling and recovery of ventricular function has been
reported. Case series of patients undergoing treatment with
ANT reported an incidence of 15% to 17% of some degree of
decrease in LV ejection fraction (LVEF), calculated by Simpson’s
method, and 2% to 3% of severe heart failure (HF).7 More
recent case series, however, have related lower incidences.
There are different definitions used for the diagnosis of
ventricular dysfunction related to cancer treatment, which
are extrapolated from diverse clinical situations and which
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have little specific validation. Currently, one of the most used
definitions is as a decrease in LVEF of more than 10% of the
baseline value, to values below the cutoff of 53%, with or
without symptoms, it being necessary to repeat the exam 2 or
3 weeks after the initial measurement.8 According to Zamorano
et al.9 this lower limit for LVEF normality is 50%, also with
a 10% reduction. Other definitions quantify a decrease in
LVEF of more than 10% to LVEF below 55%, in asymptomatic
patients, or a decrease of more than 5% to LVEF below 55%
in symptomatic patients.10 Initially, endomyocardial biopsy
was the gold standard used for cardiotoxicity, but its invasive
character and risk of complications led to its progressive
replacement by imaging methods. Various techniques have
been proposed as tools for diagnosis and prognosis of CTX
associated with CT, with emphasis on serum biomarkers,
conventional echocardiography, two-dimensional strain
echocardiography, radionuclide ventriculography (RNV), and
cardiac magnetic resonance imaging (CMRI). The objective of
this review is to present clinicians with the main advantages
and disadvantages of different imaging methods for diagnosing
and monitoring chemotherapy-related left ventricular
dysfunction, regarding critical analysis, accuracy, limitations,
and clinical perspectives.

Methods
This review followed adaptations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) methodology principles. The bibliographic search
included the databases MEDLINE, SciELO, and LILACS.
The descriptors used were cardiotoxicity; left ventricular
dysfunction; antineoplastics; anthracyclines; diagnostic
techniques and procedures; echocardiography; Doppler
echocardiography; two-dimensional/three-dimensional/
contrast echocardiography; scintigraphy; nuclear medicine;
computed tomography; magnetic resonance. The reference
lists of the articles found in the electronic search were
also consulted and relevant articles were, thus, identified.
The objective was to answer the question which is the
most appropriate imaging method for the early detection
of ventricular dysfunction in patients submitted to cancer
CT within the context of clinical practice. Two independent
researchers independently analyzed all abstracts. The review
considered original articles with the following study designs:
clinical trial, cohort, case-control, meta-analysis, and reviews
that had expert consensus; considering articles published in
the period between January 1998 and June 2017, whose
full texts were available in English, Spanish, or Portuguese.
The studies were selected in accordance with the following
criteria: (a) the underlying disease was cancer, with a diagnosis
confirmed by histopathology; (b) treatment included CT with
ANT, TZU, or other known myocardial depressants; and
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(c) diagnostic methods such as echocardiography, computed
tomography, nuclear medicine, or magnetic resonance imaging
were used. The following were excluded: case reports, articles
with other types of oncological therapy, and duplicate articles.
Two hundred and twenty-one abstracts in the databases
fulfilled the search criteria, and 162 articles were excluded.
Hereafter, we will critically analyze each of the methods,
highlighting their advantages, disadvantages, and clinical
applicability regarding the detection of CT-induced CTX.
A summary of this analysis is given in Table 1.
Two-dimensional echocardiography
Two-dimensional echocardiography (2D ECHO) with
Doppler is the method most frequently used before, during,
and after CT, given that it is not invasive; it does not use
ionizing radiation; it is highly available and cost-effective.
It evaluates systolic and diastolic function, cardiac valves,
and the pericardium, thus offering an analysis of diverse
manifestations of CTX.11 The quantification of LVEF is the
most accepted for measuring LV systolic function, and it
is an important parameter in the algorithm for monitoring
CT-induced CTX, capable of diagnosis and prognosis of
clinical results, supporting the decision to continue or stop
antineoplastic therapy.8 It is important that this measure be
accurate, with minimal temporal variability. However, LVEF
measured by 2D ECHO has an elevated temporal variability,
approximately 10% [9,1%–11,8%], and in order to be able
to detect a 10% alteration in LVEF safely, the measure should
have a lower temporal variability. It is thus possible to affirm
that LVEF measured by 2D ECHO is less reliable.12
Reduced LVEF following CT is considered a late finding that
may indicate irreversible myocardial aggression and impede
evolution with adequate therapy. Diastolic dysfunction may
precede and predict late systolic dysfunction; however, no
parameter of diastolic function has definitively shown to be
predictive of CTX, and the studies are conflicting.13-17

The right ventricle (RV) is commonly affected by CT, in
an early manner, with a higher number of affected segments
than the LV, predominantly in the interventricular septum.18
Its routine evaluation should follow the recommendations set
forth by Lang et al.19 In this manner, the quantification of RV
systolic and diastolic function would be important for serial
monitoring, but there is a significant technical difficulty which
restricts its routine use in clinical practice.
In summary, a disadvantage of 2D ECHO is the elevated
intra- and inter-examiner variability that compromises the
method’s reproducibility.
Three-dimensional echocardiography
Unlike 2D ECHO, the evaluation of LVEF volumes by
3D ECHO is not based on geometrical suppositions; it is
not affected by shortened views,20 and it is quantified by an
automated edge-tracking algorithm.21 Studies with CMRI have
shown that evaluations of LVEF and LV volumes by 3D ECHO
have better accuracy and reproducibility,22,23 as well as lower
temporal variability for serial monitoring of LVEF.12
The study by Walker et al.23 evaluated the accuracy of
measuring LVEF with 2D ECHO, RNV, and 3D ECHO with
relation to CMRI, in patients who used Doxorubicin (DOX)
and TZU. The left ventricle final diastolic volume (LVFDV)
showed a modest correlation between 2D ECHO and CMRI
(r = 0.64 baseline, r = 0.69 at 12 months); the correlation
of LVFDV between 3D ECHO and CMRI was shown to be
stronger (r = 0.87 baseline; r = 0.95 at 12 months); LVEF
measured by 2D ECHO had a weak correlation with CMRI
(r = 0.31 baseline, r = 0.42 at 12 months). Both 3D ECHO and
RNV showed a strong correlation when comapred with CMRI
(r = 0.91 baseline, r = 0.90 at 12 months). When compared
with RNV, the serial measurement of LVEF via 3D ECHO was
shown to be more viable, accurate, and reproducible for serial
LVEF monitoring in these patients.

Table 1 – Advantages, disadvantages, and applicability of imaging methods for detecting chemotherapy-related cardiotoxicity
Method

Advantages

Disadvantages

Applicability

• Available
• Allows for serial repetition
• Evaluates anatomy and function

• High variability
• Late detection of alterations

• Screening exam
• Established diagnosis of disease

• Improves accuracy with respect to 2D ECHO

• Higher cost
• Longer exam time

• Allows for accurate evaluation with
simpler, more accessible technology

• Accuracy and reproducibility close to that of CMRI

• Low availability

• Accurate detection

• Detects subclinical dysfunction

• Low availability
• Depends on
echocardiographic window

• Initial screening of patients who will
need monitoring

RNV

• Excellent accuracy and reproducibility

• Low availability
• Does not evaluate other structures,
such as valves, pericardium

• In doubts regarding ECHO
measurements of LVEF
• Inadequate ECHO image quality

CMRI

• Gold standard for evaluating volumes and LVEF
• Allows for diagnosis of other etiologies of cardiomyopathy
• Allows for tissue characterization

• Low availability
• Long exam time
• Cost

• In etiological doubts
• In doubts regarding ECHO
measurements of LVEF

2D ECHO
2D ECHO +
Simpson +
Contrast
3D ECHO
2D STE

2D ECHO: two-dimensional echocardiography; 3D ECHO: three-dimensional echocardiography; 2D STE: ecocardiograma bidimensional com strain; RNV: radionuclide
ventriculography; CMRI: cardiac magnetic resonance imaging; LVEF: left ventricular ejection fraction
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Echocardiography is the method of choice for serial
evaluation of patients undergoing CT, considering availability,
cost, and risk. Accurate LVEF calculation should be carried
out with the best available method in the echocardiography
laboratory, ideally 3D ECHO. In the event that 2D ECHO
is used, Simpson’s is the preferred method.8 When utilizing
2D ECHO, contrast should be associated to improve the
accuracy and reproducibility of the measurements of
LVEF and volumes.24
Myocardial two-dimensional strain echocardiography
Two-dimensional speckle tracking echocardiography
(2D STE) is an accurate technique, which is easy to perform
and which has good reproducibility. It measures myocardial
deformation through strain and strain rate in the three
spatial planes, i.e. longitudinal, circumferential, and radial.
Left ventricular systolic global longitudinal strain (LVGLS)
has an intra- and inter-observer variability of 4.9% to 8.6%,
which is lower than the that of the measurement of LVEF.25
Its prognostic value is incremental to LVEF for the prediction of
all-cause mortality in the general population.26 Strain and strain
rate are attributed to have the capacity to detect subclinical LV
dysfunction and cardiac dysfunction related to CT, especially
with the use of ANT and TZU.
In the study by Charbonnel et al.,27 LVGLS measured
before treatment and after low doses (150 mg/m²) of ANT
was shown to be a predictor of alterations in LVEF 12 months
after the initial dose; CTX occurred in 6 of the 86 patients
(7.0%). Pre‑CT evaluation of LVGLS was observed to have a
predictor value with an area under the ROC curve of 0.76,
with a predictor threshold of (-)19.95% for LVGLS; in the
evaluation with low doses, LVGLS provided incremental
predictive information on CTX with an area under the ROC
curve of 0.82, for a predictor threshold of (-)17.45% for LVGLS.
The study by Mousavi et al.28 demonstrated that LVGLS
was a strong predictor of symptomatic HF in pre-CT
evaluation of patients undergoing CT with ANT. Age and
LVGLS were also predictors of all-cause mortality. LVGLS
greater than (-)16% was associated with a 4.7-fold increase
in the occurrence of symptomatic HF.
Our cardio-oncology research group studied pre-CT LVGLS
as a predictor of LV dysfunction and found data (yet to be
published) similar to those of the above-cited authors.27,28
In 52 patients with breast cancer undergoing CT with ANT,
who were studied 1 week before CT and after the complete
cycle, a significant decrease in LVGLS occurred, which was not
accompanied by a decrease of more than 10% in LVEF, which
suggests that LVGLS is more sensitive than LVEF in detecting
alterations in systolic function.17
In patients with non-Hodgkin's lymphoma, followed for 6
months, there was a significant reduction in LVGLS and an
increase in cardiac troponin T (cTnT); LVEF, however, remained
within reference values. When alterations in LVGLS and cTnT
were included in the multivariate analysis, only the decrease
in LVGLS between the baseline and the third cycle of CT was
an independent predictor of CTX; there was, however, no
long-term follow-up to determine the clinical relevance of
these findings in predicting late cardiac events.29
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Sawaya et al.30 followed 43 patients with breast cancer
treated with ANT and TZU, performing 2D STE and measuring
biomarkers at baseline and at 3 and 6 months. High-sensitivity
cardiac troponin I (hsTnI) and LVGLS were early markers of
subsequent decreases in LVEF. Patients who presented neither
a decrease of more than 10% in LVGLS nor an elevation
in hsTnI during the third month had a 3% probability of
a decreased LVEF in the sixth month. Patients who had a
decrease of more than 10% in LVGLS and/or an elevation
in hsTnI presented a risk of CTX during the sixth month
9 times greater than those without either of these alterations.
The authors infer that the presence of these markers does not
mandate the suspension of CT but rather alerts that there is
a necessity for closer cardiac monitoring, earlier initiation of
“cardioprotective” measures, or the use of alternative, less
cardiotoxic therapies.30
Sawaya et al.31 followed 81 patients treated with ANT,
taxanes, and TZU, 26 of which developed CTX, 5 with
symptoms of HF. LVGLS and hsTnI were predictors of CTX,
and LVGLS greater than (-)19% was present in all of those who
developed symptoms of HF.
According to Negishi et al.32 a relative reduction in LVGLS
of more than 11%, with respect to the pre-CT exam, is the
best predictor of CTX. In the absence of a pre-CT exam, LVGLS
greater than (-)20,5% would also be a predictor of CTX, albeit,
with a lower area under the ROC curve (0.67); they thus
suggest using relative reduction rather than absolute value.
Forty-two patients with ANT and TZU regimes were
followed for 12 months, and 10 of them developed CTX.
LVGLS, left ventricular systolic global radial strain (GRS), and
S’ detected a pre-clinical reduction in the third month, and all
10 who developed CTX had a reduction in LVEF at 6 months.33
Even though there is a consensus regarding the need
for cardiac function monitoring via non-invasive imaging
after exposure to CT, the method to be utilized and the
monitoring time have yet to be defined. Evidence suggests
that a reduction in LVGLS precedes a decrease in LVEF;
however, long-term follow-up is necessary to determine the
clinical relevance of these findings.
Radionuclide ventriculography
RNV was the first scintigraphic method for serial evaluation
of LVEF in patients undergoing CT.34,35 Its advantages include
excellent accuracy, an estimated intra- and inter-variability
of less than 5%, independence from LV geometry, and
the possibility of being performed in patients with large
body surfaces.36,37 Gated single-photon emission computed
tomography (SPECT) has currently been used to measure LVEF;
nevertheless, the American Society of Nuclear Cardiology
recommends that serial monitoring be performed by RNV
as a Class I indication, whereas the gated blood-pool SPECT
technique is a Class IIb indication.36 Limitations to the routine
use of nuclear imaging include patients with arrhythmias;
incompleteness of information on the right ventricle, the atria,
the valves, and the pericardium; repeated exposure to ionizing
radiation; and higher costs compared to echocardiography.
In 2016, the American Society of Clinical Oncology published
guidelines on the prevention and monitoring of cardiac
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dysfunction in adult cancer patients, recommending the use of
RNV or CMRI in cases where echocardiography is not available
or technically feasible, for example, in cases with inadequate
ultrasound windows.38 In addition to evaluating systolic
function, RNV has demonstrated value in following diastolic
function in patients exposed to cardiotoxic medications.
Radionuclide ventriculography versus echocardiography
RNV was more sensitive than echocardiography in
detecting early decreases in LVEF.39,40 However, in these
small studies, there was a high incidence of CTX (over 48%)
without long-term follow-up. This limitation did not allow for
correlations to be drawn with HF incidence. In a study of breast
cancer patients who received ANT and TZU, measurements
of LVEF by 3D ECHO and RNV were comparable, with
CMRI used as a reference.23 A document titled “American
Society of Echocardiography Expert Consensus Statement for
Multimodality Imaging Evaluation of Adult Patients During and
After Cancer Therapy”8 recommends the use of 2D ECHO or
3D ECHO for evaluating LVEF before, during, and after CT.
In the case of inadequate image quality, the use of CMRI is
recommended; RNV is not mentioned as a routine method.
The specific availability of each service certainly interferes with
the choice of method. There are currently new scintigraphic
methods with other markers of early myocardial injury,35
which are capable of subclinically detecting LV dysfunction
and which could predict the development of subsequent LV
dysfunction or HF, such as sympathetic neural imaging with
the 123I-meta-iodobenzylguanidine (123I-mIBG) technique,
imaging of cell death (111In-antimiosina), targeted therapy
imaging (111In-TZU), and molecular metabolic imaging of PET.
All of these techniques have yet to be clinically validated for
use in this CTX situation.
Studies with the adrenergic marker of neuronal integrity
I-mIBG carried out in patients using ANT demonstrated that
scintigraphy with mIBG is capable of identifying patients with
a higher risk of CTX with great accuracy.41
123

Cardiac magnetic resonance imaging
Functional evaluation (cine MR and tagging/strain)
CMRI is the gold standard evaluation of LVEF volumes, using
the technique of cine MR with quantification by Simpson’s
method. Its routine utilization is limited by availability and
cost.42,43 In addition to accurately evaluating left and right
ventricular function, CMRI can identify other probable
causes associated with cardiomyopathy, such as myocardial
invasion of the tumor, amyloidosis, sarcoidosis, myocarditis,
and atherosclerotic coronary disease. CMRI should always
be considered the first step before endomyocardial biopsy.8
Draft et al.44 detected subclinical abnormalities in geometry
and ventricular function, such as a significant increase in
final systolic volume, decreased LVEF and increased average
circumferential strain in patients receiving low to moderate
doses of anthracyclines. These markers are not usual criteria
for CTX and the relation with prediction of future events is
unknown. Armstrong et al.45 also detected subclinical cardiac
dysfuntion using CMRI, analyzing LVEF and LV volume.

No study of CMRI to date has demonstrated that alterations
in myocardial function indexes after CT with ANT were
predictors of subsequent CTX or HF. An ongoing observational
study is assessing whether LV function measured by CMRI in
patients using ANT, with or without TZU, will be able to predict
a decrease in LVEF in 24 months.46
According to Plana et al.,8 CMRI should be used to confirm
alterations in LVEF reported by other techniques or when there
is a conflict between measurements from different techniques.
This is only justified in the event that there is a plan to modify
or interrupt CT. It is of little interest to use CMRI for diastolic
function analysis due to the fact that its accuracy is similar to
that of echocardiography.47,48
There are few studies on the evaluation of myocardial
strain by CMRI for evaluating CT-related CTX. In the trial
by Draft et al.,44 there was an early increase in midwall
circumferential strain, after a month of therapy with ANT,
associated with subclinical abnormality in ventricular function,
demonstrated by a decrease in LVEF evaluated by CMRI.
It is necessary to determine if these markers are associated
with cardiovascular events in survivors of cancer.
Tissue characterization (myocardial enhancement/T1
mapping/T2 mapping)
Myocardial tissue characterization of CTX dates back to
the 1980s, when necropsy and biopsy studies revealed that
myocardial inflammation and cardiomyocyte edema are early
findings of CTX, which occur prior to reduced myocardial
function, as opposed to myocardial fibrosis, which is a late
finding.49,50 In addition to its functional evaluation, CMRI is
capable of performing morphological and tissue evaluation in
a qualitative (visual) and quantitative manner, as percentage
of muscle affected.51 Myocardial interstitial injuries may or
may not be reversible, depending on different factors which
include the degree of interstitial fibrosis. In this manner, CMRI
is able to establish the differential diagnosis between reactive,
infiltrative, and scar fibrosis.52
It is possible to evaluate CTX on the tissue level with early
and late enhancement techniques.52 The main disadvantage
is that, in the large majority of subclinical disease cases, there
is no visually detectable fibrosis to be quantified and this
technique is negative.
T1 mapping has been validated for detection of interstitial
fibrosis not detected by late enhancement techniques, and the
results are informed through the quantification of myocardial
relaxation time in milliseconds.53 During postcontrast, the
lower the myocardial T1, the higher the degree of interstitial
fibrosis. T1 mapping has shown to be an independent
predictor of CTX in patients treated with ANT who were
followed for a period of 3 years.54 Extracellular volume (ECV)
fraction which indicates the expansion of interstitial space
corrected by hematocrit was also a strong imaging biomarker.54
T2 mapping is responsible for the quantification of
cardiomyocyte edema, and it assists in the characterization
of acute, subacute, or chronic damage.55 The results of T2
mapping are also represented by time in milliseconds. A study
with 9 patients who received ANT showed that average T2
values > 59 ms were associated with CTX.56
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Myocardial tissue characterization by CMRI may detect
early myocardial injury during CT and identify subclinical
myocardial alterations in cancer survivors; however,
prospective studies are needed to confirm this hypothesis.
The cost-effectiveness of using CMRI in comparison with other
sequential follow-up techniques for patients undergoing CT
still needs to be quantified.
Cardiac computed tomography (coronary
angiotomography)
Coronary angiotomography is a method with growing
clinical applicability that uses low doses of radiation (1–2 mSv)
and iodinated contrast (50 mL).57 In addition to its classical
indications, it is possible to quantify the volumes and ejection
fractions of both ventricles.58 After the study by Nacif et al.,59
the use of angiotomography for the quantification of
myocardial interstitial fibrosis via the quantification of VEC
may be of great clinical utility. VEC values greater than 35%
are associated with interstitial fibrosis.
Rational approach strategy for early detection of CTX
In Figure 1, we propose a flowchart showing the rational
approach for patients undergoing CT. This algorithm is based on
a review of the literature and the authors’ expertise. It thus lacks
validation in randomized controlled clinical trials. This approach
should be adapted to the reality of each service’s supply and
demand conditions.8 Faced with a cancer patient, the following
steps are recommended: (a) integrated actions, shared by
cardiologists and oncologists, within a multidisciplinary team;

Symptoms?

(b) clinical evaluation of estimated global cardiovascular
risk, previous diseases, previous chemo- or radiotherapy
and, when indicated, specific intervention prior to CT;
(c) within the institution’s limitations, consider two-dimensional
echocardiography with measurements of strain. (d) In the event
that baseline cardiac evaluation is not available for all patients,
prioritize those with high risks of CTX, such as those with CVD
or cardiovascular risk factors; LV systolic dysfunction; over
65 years of age; a regimen with doses of ANT (DOX) greater
than 350 mg/m²; or combination CT (Figure 1).
If one the following is detected in a patient being
monitored: LVEF < 53%, LVGLS below the lower limit
of normality, or elevated troponins, in the absence of
symptoms, the cardiologist should be consulted and
the risk-benefit ratio related of CT discussed with the
oncologist. Whether to continue or not is, however, the
oncologist’s decision. The healthcare flowcharts depend on
the cardiotoxic potential of the CT regimen. In accordance
with documents by the American and European societies
of echocardiography, patients with cumulative doses below
240 mg/m² of DOX should repeat the cardiac evaluation
at the conclusion of the CT regimen and 6 months later.8
In patients with doses above 240 mg/m² there should
be a new evaluation before each additional 50 mg/m²
cycle. In patients receiving TZU, there should, ideally,
be an echocardiogram every 3 months.8 Owing to the
unavailability of data, in patients undergoing therapy with
vascular endothelial growth factor inhibitors, evaluation
with echocardiography 1 month after the initial dose and,
subsequently, every 3 months, is recommended.8

CLINICAL EVALUATION (anamnesis + physical exam + ECG)
Risk factors?
Prior disease?
Cardiotoxic potential of previous or proposed treatment?

LOW RISK

INTERMEDIATE or HIGH RISK

• Few risk factors or diseases
• Normal clinical exam
• Normal ECG
• CT with low cardiotoxic potential
• Absence of prior CT or RT

• Presence of risk factors or diseases
• Abnormal clinical exam
• Abnormal ECG
• CT with considerable cardiotoxic potential
• Prior CT or RT

Pre-CT 2D ECHO with with strain
In the event of doubts or poor image quality: RNV or CMRI

Normal ECHO and
normal strain

Normal ECHO
and ↓ strain

Altered
ECHO

Normal ECHO
and normal strain

Normal ECHO
and ↓ strain

Altered exam
image

Clinical
follow-up

Clinical follow-up and
2D-ECHO at the
end of treatment

Individualized
follow-up and
evaluation

Clinical follow-up and
2D-ECHO at the
end of treatment

Clinical follow-up
and 2D-ECHO
in the middle and at
the end of treatment

Individualized
follow-up and
evaluation

Figure 1 – Proposal for cardiovascular monitoring of patients undergoing chemotherapy based on information in the literature and authors’ expertise. ECG:
electrocardiogram; CT: chemotherapy; RT: radiation therapy; 2D-ECHO: two-dimensional echocardiography; RNV: radionuclide ventriculography; CMRI: cardiac
magnetic resonance imaging; ECHO: echocardiography.
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Subclinical detection of left ventricular dysfunction
To date, there is no evidence regarding the treatment of
asymptomatic patients with preserved LVEF and alterations
exclusively in strain. However, the rationale for measuring
strain is based on the possibility of frequently monitoring
patients at risk and, as soon as a decrease in LVEF is detected,
initiating therapy and obtaining reverse remodeling.
For the purpose of detecting subclinical dysfunction,
baseline LVGLS is the marker for comparison of post-CT
measurements. A relative reduction of more than 15%
can confirm the dysfunction. This altered value should be
confirmed by a new exam 2 or 3 weeks later. Elevated TnI with
or without alterations in LVGLS is also considered a marker
of myocardial injury; there are, however, multiple causes of
elevations in TnI, as well as doubts regarding its prognostic
value for ventricular dysfunction. Whenever the need for
suspending CT is considered in asymptomatic patients, it is
necessary to measure LVEF using a more accurate method,
such as RNV or CMRI.8
There are no studies with safe levels of evidence
demonstrating the benefits of pharmacological
“cardioprotective” treatment in patients undergoing CT.
When considering the hypothesis of continuing CT
notwithstanding alternations in LV function, echocardiographic
re-evaluation is necessary before the new cycle, with the
awareness that the risk of CTX will progressively increase.
Additional imaging exams are not necessary for patients who
have concomitant risk factors, in the presence of normal GLS or
troponins during CT and 6 months after the last CT with ANT.
Following completion of the therapeutic regimen, there should
be annual clinical cardiovascular examination and the use of
cardiac imaging in accordance with the services available.8

Conclusions
Monitoring LVEF by 2D ECHO is the most executable
strategy for detecting CT-related cardiovascular disease
in large groups of patients; this method should, however,
be considered in the context of its numerous limitations.

3D ECHO is the method of choice when considering accuracy
together with availability, limitations regarding repetition, and
ease of execution. When this is not available, the addition of
contrast to 2D ECHO should be encouraged, seeing that this
increases accuracy. LVGLS is the best parameter of myocardial
deformation for subclinical detection of LV dysfunction;
however, there is no solid evidence showing the benefits of
initiating early “cardioprotective” therapy based on its results.
RNV has a high diagnostic accuracy for ventricular dysfunction
and may be an alternative in the event of doubts regarding
echocardiography. CMRI assists in differential diagnoses with
other causes of cardiomyopathies.
The decision to interrupt or continue a chemotherapeutic
regimen is clinical, joint, and multidisciplinary, and it is based
on the risk-benefit ratio for each patient.
Randomized controlled clinical trials with long-term
follow-up are necessary to determine whether early detection
of cardiac dysfunction is a predictor of LVEF reduction and,
above all, HF and major cardiovascular events.
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Viewpoint
Medical Societies and Public Universities
Charles Mady
Instituto do Coração – Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (HC-FMUSP), São Paulo, SP – Brazil

Medical societies are important and strong institutions in
our country. We can take as an example the Brazilian Society
of Cardiology (Sociedade Brasileira de Cardiologia, SBC), of
which most of those reading this text are members. I have
never done corporate politics, but I follow it with interest.
I am impressed by the determination observed in the fierce
disputes between competitors at election time.
These groups, which always include members of university
faculties, spend a lot of energy to achieve command positions.
Such is the game, which often drifts into tortuous paths.
Therefore, the human resources of societies and universities
have much in common, since they promote scientific and
didactic activities, educating professionals all over the country,
using both the face-to-face and the media modalities.
The quality of the received information is directly
proportional to that of the universities and their members.
Thus, societies must have great interest in the intellectual
evolution of our universities. Therefore, some questions
should be asked: Are there constructive undertakings for the
improvement of public universities by societies? Are these
energies, after the elections are finished, used in their benefit?
If they are not, what are the plans for greater interaction
between these two universes? Would these projects be helpful
in alleviating the steady decline in the quality of academies?
The reasons for this decline are well known and financial
bankruptcy is undoubtedly the primary cause of this decline.
There are other, perhaps more serious causes for this crisis
in academies, of which approach is hampered by powerful
corporations. These are turning education and health into
big businesses; Their power has an enormous influence in the
absence of the political will to fight them. Could we, as members
of a society, have well-defined and constructive positions, when
trying to collaborate with the authorities regarding the referral
of alleged solutions? How do societies associate with the public
power? Is there any interest in this relationship?
In the university scenario, this situation has a deep impact
on human resources, leading to disbelief and hopelessness
of employees at all levels, even though there are highly
qualified and productive professionals who are often
undervalued because they are not accepted by the members
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of the current power systems. This hopelessness is the most
destructive feeling, the greatest poison for the productivity
of our institutions. The escape of brains, both to the private
sector and to other countries, makes this evil equation an
even worse one. No wonder our young people have so little
interest in academic life.
To make things even more complicated, career plans
are attacked by corporatism, physiologism, and nepotism.
Important political facts collaborate very much to keep
high‑level teachers away from our teaching centers. It is sad
to see individuals who have dedicated decades of their lives,
with exemplary university careers, being neglected, greatly
diminishing their dedication to teaching, research, and
extended education.
This political side is an important cause of the intellectual
decline of human resources. Many brilliant careers have
been interrupted by this malignant association of factors.
We, therefore, have the perfect recipe for decadence.
Is there a solution or solutions? I believe there are, with
the political will that creates changes in the current cultural
pattern. Many opinions should be voiced and challenged
through serious and healthy dialogues. These are my thoughts:
On the academic side, teachers must and should be
involved, humanly and professionally, with their institutions.
Being a teacher is different from simply working as one.
Being a teacher must and should be the primary mission in
their professional life. They must fully meet the needs of their
institutions, thus creating no conflicts of interest.
Teachers must and should be appraised periodically on
their merits, which should be the key factor for reaching the
top of their careers. There should be more Full Professors,
who would be impartially chosen among active, institutional
teachers with heterogeneous profiles, thus reducing the risk
of the formation of dominant oligarchies. They should take
the university to the civil society, removing it from its crystal
dome, while bringing a productive society to the university,
as healthy associations for both. As an idea, medical societies
could play an important role in this matter.
Teachers should distance themselves from the utilitarian
thinking. One should keep in mind the balance between
personal and institutional achievements. Unfortunately, personal
conveniences predominate, to the detriment of the entity
advancement. This manner of thinking has become a cultural
issue that has deep roots. If my institution prospers, I prosper.
Cicero said: “Each one must, in all matters, have only
one objective, that is to conform his own interest with the
general interest”.
Genevan Rousseau offered the same lesson, just like many
other thinkers. These ideas have been with the human being for
a long time. Medical societies would benefit. There would be
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an increase in the quality indexes of didactic and dissemination
activities. The question remains, which I believe would be
difficult to answer today: is it possible for medical societies
to contribute to public universities? If so, which would these
contributions be? What could be the participation of societies
in future university reformations?1
It is an effort that requires a dialogue between all who
participate in these two universes. There are highly qualified
human resources to carry out this task. There will be much
disagreement, but this is the way to build something
solid. This text does not intend to propose ideas, only
to propose the dialogue. When the latter is present, the
results appear. All sectors of this country are in need of
healthy reformations, as are our societies and universities.
I believe this approach could leave a magnificent legacy
for the future, for our successors.
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Clinicoradiological Correlation
Case 2 / 2019 – Complete Atrioventricular Septal Defect, with Down
Syndrome, without Pulmonary Hypertension and Natural History at
33 Years of Age
Edmar Atik, Alessandra Costa Barreto, Maria Angélica Binotto
Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo, São Paulo, SP – Brazil

Clinical data
The patient has developed no symptoms since birth, when
heart disease was diagnosed by the presence of heart murmur
in the presence of physical elements of Down syndrome.
The patient is currently able to walk approximately 30 minutes
daily without showing signs of fatigue and accompanies
other individuals normally. The patient uses enalapril and
levothyroxine for hypothyroidism.
Physical examination: good overall status, eupneic,
acyanotic, normal pulses in the 4 limbs. Weight: 41 kg,
Height: 131 cm, MBP in the right upper limb: 110 x 60 mmHg,
HR: 93 bpm, Sat O2: 97%.
Precordium: non-palpable ictus cordis, without systolic
impulses. Accentuated and constant split second heart sound.
Moderate intensity holosystolic murmur at the left lower sternal
border and ejection murmur at the high border. Non-palpable
liver and lungs clear to auscultation.
Complementary examinations
Electrocardiogram: Sinus rhythm, with no signs of cavitary
overload and/or conduction disturbances, with a narrow QRS
of 0.87 ms (AQRS = -10º), positive T-wave at V1 (AT = 0º),
and normal P-wave (AP = 30º) (Figure 1).
Chest X-ray: Slightly enlarged cardiac silhouette due to
double atrium arch and left ventricular arch (CTI = 0.50).
Normal pulmonary vascular network (Figure 1).
Echocardiogram: Atrioventricular and ventriculoarterial
connections concordant with ostium primum-type atrial
septal defect measuring 10 mm in diameter and inflow
tract ventricular septal defect measuring 15 mm, with an
effective 7-mm orifice by interposition of valve tissue,
with interventricular pressure gradient of 78 mmHg .
Single atrioventricular valve with two orifices, of which the
right one measured 23 mm and the left, 30 mm. There was
left valve regurgitation caused by cleft, resulting in left atrial
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increase. Regurgitation on the right was discreet. The right
ventricular systolic pressure was 39 mmHg. The cavities
had the following dimensions: RV = 16, LV = 54, LA = 45,
Ao = 25, PAs = 17 mm (Figure 2).
Clinical diagnosis: Complete atrioventricular
septal defect, with discrete repercussion caused by left
atrioventricular valve regurgitation and small manifestation
due to left-to-right blood shunting in atrioventricular position
with Down's syndrome, in the presence of the natural history
of the disease up to adulthood.
Clinical reasoning: There were clinical elements that
offered a diagnostic indication of acyanogenic congenital
heart disease with a slight clinical repercussion, such as
atrial septal defect (ASD) and ventricular septal defect
(VSD), in the presence of characteristic auscultation.
The electrocardiogram did not show any cavitary overload
and the chest X-ray showed a slight preponderant
enlargement of the left cavities. The echocardiogram
highlighted the diagnostic elements of the defect.
Differential diagnosis: Other acyanogenic cardiopathies
such as ASD and / or VSD should be remembered in this
context. Regurgitation of the valve on the left could also raise
doubts regarding the diagnosis of the partial atrioventricular
septal defect.
Clinical conduct: Considering the pulmonary and systemic
flow balance over time, with no signs of hypoxemia and / or
heart failure and in the presence of good physical tolerance,
an expectant conduct was considered.
Comments: It is known that the complete atrioventricular
septal defect has an unfavorable evolution, with signs of heart
failure after the reduction of the pulmonary vascular resistance
at a few days of life, in addition to progressive pulmonary
vascular disease from a few months until the end of the first
year of life. Thus, the need for early surgical intervention,
in the first months of life, when there is a good long-term
postoperative evolution.1
It can be affirmed that cases with an atrioventricular
septal defect with discrete repercussion, of which evolution
remains asymptomatic until adult life, are rarely seen. In
this condition, the patients do not require early surgical
intervention. Therefore, it is important to emphasize that
these patients need a stringent and thorough evaluation,
aiming to determine the best conduct for the infant, whether
expectant or a surgical intervention. However, it is a difficult
decision to make, since we have not found in the literature
similar reports to the case described herein.

Atik et al
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Figure 1 – Chest radiography showing the slightly enlarged cardiac silhouette with normal pulmonary vascular network, pulmonary and systemic flow balance.
Electrocardiogram shows normal without overload or conduction disturbances.

Figure 2 – Echocardiogram showing in the 4-chamber apical plane, the increase in the left atrium due to the discrete regurgitation of the left atrioventricular
valve caused by a cleft in C. The other cavities are normal due to closure of the inflow tract interventricular septal defect and the interatrial septal defect by
valvular tissues, in A, B and D.
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Case Report
Chronic Aortic Dissection and Pregnancy: Clinical Case Report
Giulia de Miranda Taglialegna, Leila Katz, Larissa Mayara Aristóteles de Albuquerque, Milena Máximo de Freitas,
Alexandre Jorge Gomes de Lucena, Melania Maria Ramos de Amorim
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Introduction
Aortic complications during pregnancy can occur in
women without risk factors, but they are more often
associated with collagen diseases (Marfan and Ehlers-Danlos
syndromes) and structural cardiac malformations (aortic
coarctation and bivalve aortic valve).1,2 Approximately half
of these events occur during pregnancy in women under
40 years of age, particularly in the third trimester, or in the
postpartum period.3 It is an extremely rare event, accounting
for 0.1% to 0.4% of all aortic dissections, affecting 5.5
(95% CI: 4.0 - 7.8) women per 1 million during pregnancy
and puerperium.1,4,5 It is believed that the physiological
hemodynamic changes during pregnancy, structural changes
determined by compression of the gravid uterus and the
hormonal action can aggravate this aortic pathology.1,6
The most commonly used classifications are based on the
affected anatomical portion. The Stanford group considers:
type A (dissection involving ascending aorta) and type B
(descending aorta only).7 Depending on the duration of
symptoms until the clinical presentation, aortic dissection
can be classified as chronic, if it occurs two weeks or more
after symptom onset.6
We present herein a case of Stanford type B chronic aortic
dissection in a patient at the 36th week of pregnancy and
discuss the particularities of the diagnosis and management
of the potentially severe maternal and fetal complications.

Case Report
A 35-year-old single pregnant woman, of mixed-race, who
had six prior pregnancies with five normal deliveries, at the
36th week of pregnancy, originally from the municipality of
Damião, state of Paraíba, Brazil, was referred from Campina
Grande, Paraíba, to the intensive care unit (ICU) of IMIP after
undergoing an obstetric ultrasonography (USG) that disclosed
significant abdominal aorta dilatation. She reported a history
of suggestive lancinating abdominal pain approximately
one year ago (three months before the diagnosis of
pregnancy). She arrived at the Service asymptomatic,
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receiving α-Methyldopa 750 mg/day, propranolol 40 mg/day,
furosemide 40 mg/day and ASA 100 mg/day.
At the physical examination she was conscious, eupneic,
acyanotic, afebrile, with normal skin color, blood pressure
(BP) of 100x68 mmHg and heart rate (HR) of 84 beats per
minute (bpm). Respiratory auscultation showed no alterations
and cardiac auscultation showed regular rhythm, normal heart
sounds and no murmurs. She had depressible ++ / ++++
edema in the lower limbs; (below the 2.5th percentile for
gestational age), physiological tonus, with fetal movements,
fetal heart rate of 132 bpm and absence of visceromegaly.
Computed tomography (CT) of the chest and abdomen
performed on the first day of hospitalization identified aortic
dissection from the aortic arch to the abdominal aorta at the
level of the renal arteries (Figures 1 and 2). She underwent an
obstetric USG showing a single, live fetus, with estimated weight
of 2.316 g, amniotic fluid index of 6 cm, normal umbilical artery
Doppler, and gestational age of 35 weeks and 5 days.
She remained asymptomatic until the third day of
hospitalization, when she developed lower abdominal pain
and uterine dynamics (three contractions in ten minutes), BP
of 160x100 mmHg during contractions, and thus, a cesarean
section was indicated. The procedure was performed under
spinal anesthesia, with the cardiology and vascular surgical
teams on alert, without complications, when bilateral tubal
ligation was also performed. The newborn was a female,
weighing 2.475 g, with an APGAR score of 8/9.
At the postpartum, she was initially followed in the obstetric
ICU and remained stable on propranolol 40 mg/day and
amlodipine 5 mg/day, with adequate blood pressure control.
She underwent an echocardiogram (2nd postoperative day)
that showed a 52% ejection fraction, dissection of the aorta
with false‑lumen flow, and discrete aortic, mitral and tricuspid
regurgitation. The heart chambers showed normal dimensions.
On the 5th postoperative day after the cesarean section, she was
submitted to a thoracic endoprosthesis implantation without
complications. On the 3rd postoperative day after the implantation
the patient developed a fever, of which origin was not determined
and ceased after the use of vancomycin, piperacillin and
tazobactam for 7 days, enoxaparin and prednisone. She was
discharged from the 35th postoperative day after the cesarean
section and 28th postoperative day after the aortic endoprosthesis
implantation, on propranolol 120 mg/day, amlodipine 10 mg/day,
losartan 100 mg/day and digoxin 0.125 mg/day and referred to
cardiology outpatient follow-up.

Discussion
Aortic dissection during pregnancy is considered a
potentially devastating clinical calamity for mother and
conceptus.2 Maternal mortality for acute Stanford type A and
B dissection corresponds to 21% and 23%, with fetal death
rates of 10.3% and 35%, respectively.2 High rates are related
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Figure 1 – Computed tomography illustrating type B dissection.

Figure 2 – Computed tomography in axial view showing the dissection extending to the origin of the renal arteries.

to vessel rupture, pericardial tamponade, heart failure, and
ischemia of vital organs such as the brain, kidneys, and
spinal cord.3

dissections, is frequently underestimated and attributed to the
physiological changes that occur during pregnancy, causing a
delay in the diagnosis.6

When the presentation is acute, the dissection symptoms
are typical: sudden onset of thoracic, abdominal, or back pain,
of the lancinating type.3 The oligosymptomatic picture, such
as that presented by the patient, which is typical of chronic

Despite the known risk of ionizing radiation for the
conceptus, it is known that this is small, and in these cases the
benefit of performing a CT overcomes the risk. The USG was
important initially for the identification of the aortic dilatation.
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The CT allowed the diagnostic confirmation, as well as a better
detailing of the dissection extent and involvement of the
aortic vascular branches, fundamental data for the dissection
classification and therapeutic planning.3
The decision about clinical management only or the
need for surgical intervention before or after the pregnancy
interruption should consider the risk of rupture, type of
dissection and fetal viability.3,8
Delamination in the descending aorta characterized the
dissection as type B and clinical treatment was chosen during
the pregnancy, followed by the implantation of a thoracic
endoprosthesis in the immediate postpartum.3,8,9 The maternal
hemodynamic stability and the strict monitoring of the aortic
pathology and fetal vitality allowed this conduct in our service.
Beta-blockers are the first-line drug therapy, as they reduce
both HR and BP and, consequently, the shear forces in the
aorta, thus limiting the extent of the dissection and reducing
the risk of rupture or damage to target-organs.9 They can be
used with relative safety during pregnancy (Propranolol is a
Class C drug by the Food and Drug Administration - FDA).3,8,9
The pregnancy interruption prior to the dissection repair
offered a greater chance of survival to this conceptus, since
the reported rates of morbidity and mortality may reach 30%
and 9%, respectively, during the repair procedures.3,8
The type of delivery in patients with heart disease is
controversial. A normal delivery results in less bleeding,
faster recovery, and decreases the risk of postoperative
complications. In the absence of acute dissection, normal
delivery can be performed with an aortic diameter < 40 mm
in cases of Marfan Syndrome, with a cesarean section being
indicated above this reference value.3,8 The carrying out
of the delivery should include interventions to reduce
aortic wall stress, strict blood pressure control, adequate
analgesia, and instrumental delivery when indicated.3,8 The
patient’s aorta had a maximum diameter of approximately
five centimeters, which supported the choice of delivery
route by the team. Bilateral tubal ligation was appropriately

indicated as a definitive contraceptive method and was
based on the high risk of maternal death in the event of a
new pregnancy.8
The great diversity of cases and the small number of cases
reported in the literature do not allow establishing guidelines
for the management of aortic dissection during pregnancy.
Multidisciplinary management and individualized treatment
aim to provide survival opportunities for the mother and
fetus, considering maternal hemodynamic stability, fetal
viability and the best opportunity for surgical intervention,
when indicated.
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Letter to the Editor
Do Not Treat Children with Statins
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In their meta-analysis Radaelli et al. conclude that statin
treatment is efficient in lowering lipids in children with familial
hypercholesterolemia (FH) and suggest that long-term trials
should be performed to establish long-term safety.1 We would
warn against their recommendation for several reasons.

Statins; Hydroxymethylglutaryl CoA Reductase; Inhibitors;
Hypercholesterolemia Type II/genetics; Children; Meta-analysis.

As we have shown in a recent paper,2 there is much evidence
that high LDL-cholesterol (LDL-C) is not the cause of premature
coronary heart disease in FH; it is most likely inborn abnormal
coagulation factors, and only a small minority among those
with FH inherits these factors. On average, people with FH
live just as long as other people because high LDL-C protects
against cancer and infectious diseases.2 Furthermore, to treat
children with statins may ultimately cause them harm because
cholesterol is necessary for the developing brain and is an
essential precursor for metabolic co-factors and hormones,
including vitamin D and all sex steroids.
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Finally, it is becoming well-known that the number of
adverse effects from statin treatment is much larger and much
more serious than reported in the trial reports.3,4 Hence, there
is justifiable concern that long-term treatment of children with
FH will cause them more harm than benefit.
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Reply
We thank Ravnskov et al.1 for the letter, which enables
the discussion of a relevant issue and concern in clinical
practice for the treatment of children and adolescents with
dyslipidemia, especially in long term. The reason for the
development of our meta-analysis was based on the use of
statins to treat children with secondary dyslipidemia which, to
our understanding, is not based on solid evidence. This was the
main objective of our meta-analysis, i.e., to identify supporting
evidence for this practice, rather than to conduct a review of
studies on children with familial hypercholesterolemia.
We searched for evidence for treatment of children with
statins on PubMed, EMBASE, Bireme, Web of Science,

Cochrane Library, SciELO and LILACS databases from
inception to February 2016. Of a total of 16,793 potentially
relevant citations retrieved from the electronic databases, no
randomized clinical trial met the inclusion criteria.1
Although we cited studies on familial hypercholesterolemia
in the discussion section, we neither reviewed these studies,
nor produced any clinical recommendations for this condition.
Our only comment to the letter is the fact, the discussion
section of our meta-analysis may have been misinterpreted,
as it does not support a recommendation for clinical practice
and was not written with such intention. We are thankful for
the opportunity to make this clear.2
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Letter to the Editor
We can affirm that there is not sufficient evidence to
treat children with dyslipidemia with statins, even those
with familial hypercholesterolemia, particularly regarding
the long-term safety of this practice. In our opinion, this
is a matter of great concern, since we did not find any
long‑term study, or any study describing potential long-term
side-effects of early intervention on cholesterol reduction
or delay in the appearance of cardiovascular events.
In the article, we reported that “children with serious lipid
abnormalities due to genetic disorders may meet the criteria
for drug therapy with the statins commonly used in adults”
(my emphasis). This is not a recommendation and does not
exhaust the subject.

We reiterate our conclusion that, before prescribing statins
to children with secondary dyslipidemia, studies should be
performed to determine whether these drugs can reduce overall
and long-term morbidity and mortality, which, again, was the
main objective of our study. We believe that Ravnskov et al.
make important contributions to this issue, by adding recent
data about causal mechanisms of familial hypercholesterolemia,
and concerns about the risk of long‑term use of statins in this
condition. This is corroborated by the studies published in
2018 cited by the authors. Thus, we agree with the authors in
suggesting caution in the long-term use of drugs in pediatric
patients with chronic conditions.
Graciane Radaelli
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1. Presentation and Introduction
Movement is a part of daily life for humans, who must get
from one place to another, pick up and carry things, relate to
others or simply move for the pleasure of moving. Caspersen
et al.’s,1 classic definition (1985) will be used in this Update,
in which all body movement produced by the skeletal muscles
that results in energy expenditure is considered physical
activity. Physical exercise can be conceptualized as a special
type of physical activity that is planned, structured and
repetitive, whose ultimate or intermediate goal is to maintain
or improve health, physical conditioning, body aesthetics or
performance in competition.1
Although sports are often associated with leisure, they can
also be a person’s main activity: individuals can characterize
themselves as professional athletes when it becomes their
means of livelihood or an important source of income.
Recently, the concept of athlete was formally defined as
someone who simultaneously meets the following four criteria:
(a) trains to improve sports performance or results; (b) actively
participates in sports competitions; (c) is formally recognized
at a local, regional or national level; (d) regards competition as
a main activity (way of life) or as a focus of personal interest,
devoting several hours to training every day or most days,
exceeding the time allocated to other professional or leisure
activities.2 Those who exercise regularly and but only compete
occasionally, such as in marathons or other mass sports events,
should be called amateur athletes.2 Thus, although primarily
directed to professional athletes, many aspects covered in this
Update also apply to amateurs and some apply to non-athletes
who exercise regularly.
These updated guidelines for sports and exercise cardiology
will address the following topics: pre-participation screening,
structural and non-structural heart diseases, genetic aspects
of these pathologies, valvular disease, the hearts of female
athletes, as well as basic life support for athletes. Some topics
in the 2013 Guidelines3 will be covered in future publications
or can be consulted in other specific Guidelines.
In summary, this document serves as a de facto update for
this field of knowledge and can be applied in clinical practice.

2. Pre-Participation Screening
2.1. Introduction
Clinical pre-participation screening (PPS) for sports
activities should be understood as a standardized systematic
medical evaluation that can cover a broad population of
professional and amateur athletes before participating
in regular moderate-to-intense exercise. Its purpose is
to identify cardiovascular diseases that are incompatible
with certain types of exercise. The main objective of this
screening, which is conducted prior to initiating training and
periodically afterwards, is the prevention of cardiovascular
diseases and the early detection of diseases that cause sudden
cardiac death (SD). This can be achieved by temporarily
or permanently suspending the exercise or by treating the
potentially fatal conditions that it could trigger. The American

Heart Association,4 the European Society of Cardiology5
and the Brazilian Society of Exercise and Sports Medicine3
recommend PPS for all professional athletes. PPS can also
be recommended for correctly prescribing moderate-to-high
intensity exercise for non-professionals.
Corrado et al.6 demonstrated the importance of PPS for
preventing SD. Over a 26-year period during which PPS
was introduced as a federal law in Italy (1979-2004), the
incidence of SD in screened athletes was reduced by 89%:
from 3.6 per 100,000 person-years in 1979-1980 to 0.4 per
100,000 person-years in 2003-2004. At present, one of the
main issues in PPS is cost-effectiveness. Some societies, such
as the American Heart Association, advocate screening with
only a questionnaire and a physical examination, believing
that the financial and psychological costs associated with
false positive results in complementary examinations, such as
electrocardiograms (ECG), do not justify the potential benefits.4
However, the European Society of Cardiology and numerous
sporting associations (e.g., FIFA, the NBA), support the use of
resting ECG, since it has been shown to affect the incidence
of SD among athletes.7,8
Although we do not have randomized studies comparing
the two models of evaluation, we suggest that PPS for
professional athletes should include 12-lead resting ECG,
since, first, it helps guarantee their safety and, second, the
investments involved in their training.9-11 These issues will be
addressed in this document, which aims to establish norms
for PPS in our country.
For didactic purposes, as well as due to clinical,
physiological, and epidemiological differences, we have
chosen to divide PPS candidates into two groups: amateur
athletes and professional athletes. When considering various
aspects of exercise, such as intensity, training frequency and
volume, a zone of intersection will always exist between
these groups. Nevertheless, the medical evaluator’s good
judgment and individual experience will be fundamental
in choosing a way forward in these cases. In light of such
divisions, it is of fundamental importance to understand the
distinction this Guideline determines between amateur and
professional athletes:
Amateurs: adults who participate in regular, moderateto-high intensity sports activities who occasionally compete,
although without professional ties to the sport.
Professionals:2
• Individuals who train to improve their sports performance
• Individuals who actively participate in competitions
• Individuals who train and compete as their main activity
or as a focus of personal interest. They devote a number of
hours on most days to training, exceeding the time spent
in other professional or leisure activities.
However, professional athletes can also be classified
according to age:
• Young athletes – 12 to 17 years.
• Adult athletes – 18 to 35 years.
• Master athletes – 35 years or older.
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2.2. Anamnesis and Physical Examination
Ideally, all candidates for moderate-to-high intensity
exercise should undergo PPS, which can identify risk factors
and signs and symptoms suggestive of cardiovascular,
pulmonary, metabolic or locomotor disorders. 12-14 In
anamnesis, issues related to exercise, including family history
of disease or sports-related cardiovascular events, should be
prioritized. However, a detailed investigation of family history
with respect to heart disease or other SD-related diseases
must be performed. To do this, adequate knowledge of
these medical conditions and a cardiological approach are
important.10,15,16
In PPS it should be considered that cardiac adaptations
to physical exercise are frequency, intensity, and duration
dependent and vary among different sports and training
systems, as well as among individuals.17 Due to the latter
aspect, different adaptations can be found in individuals
involved in similar physical activities. It should be pointed
out that the modifications involved in what is referred to as
“athlete’s heart syndrome” should initially be considered
as normal physiological adaptations to exercise, of a
transient nature and without negative repercussions on an
individual’s health.18
The Physical Activity Readiness Questionnaire can be
applied systematically during anamnesis. This questionnaire,
developed in Canada, should be combined with basic
questions asked by a physician (Table 1) about cases of SD or
inherited heart diseases, family history of sickle cell disease
or other hemoglobinopathies, as well as the patient’s origin.
Determining the patient’s origin is important, since certain
regions have endemic diseases, such Chagas’ disease, or
have a higher prevalence of congenital diseases, such as the
Veneto region of Italy, where there is a higher prevalence
of arrhythmogenic right ventricular dysplasia (ARVD). 19,20
Particular care should be taken when obtaining information
about licit or illicit drug use that could be considered as doping

or that could be harmful to health (i.e., which could cause
SD or other undesirable events).21,22 Important symptoms
include: palpitations, syncope, chest pain or discomfort,
exertional dyspnea, dizziness/asthenia, or any other symptom
triggered by exercise. Accurate sensitivity is needed to
determine whether mentioned symptoms indicate a disease
state or are merely the consequence of more intense training
or competition. For both amateur and professional athletes,
if syncope occurs during exercise rather than post-effort,
a detailed investigation should be conducted to discard a
primary arrhythmic event.23
The physical examination should include inspection for
certain clinical conditions, such as anemia, posture changes,
infectious foci (e.g., dental), severe systemic or infectious
diseases, bronchial asthma, obesity, diabetes mellitus,
systemic arterial hypertension, and changes in pulmonary
or cardiovascular auscultation. A search for signs related
to possible cardiovascular disease should be prioritized,
such as: heart murmur, third and fourth heart sounds, valve
clicks, pulse changes in the upper and lower limbs, signs of
Marfan syndrome or other aortic diseases (e.g., Loeys-Dietz
syndrome), as well as adequate blood pressure (BP) in both
arms at the first evaluation.14,24,25
Recommendation for anamnesis and
physical examination

Recommendation
grade

Evidence
level

Amateur athletes

I

C

Professional athletes

I

A

2.3. Complementary Exams
Laboratory tests, in principle, are unnecessary: requests
for them should be based on clinical data, especially
cardiocirculatory issues. Routine laboratory tests include:
complete blood count, fasting glucose, urea, creatinine, sodium

Table 1 – Details to be included in a personal and family history assessment for athletes
Has any doctor ever told you that you have a heart problem?
Precordial pain or discomfort on exertion or at rest
Pre-syncope or syncope, especially if related to exertion
Arrhythmias

Previously diagnosed pathologies

Do you feel chest pain when exercise?
Do you lose your balance due to dizziness and/or loss of consciousness?
Are there cases of heart disease, sudden death before age 50 or cardiac
arrhythmias In your family?
Observe palpitations (skipped beats or heart racing)
Previous history of heart murmur
Previous history of hypertension
Previous history of metabolic disease
Use of performance enhancing substances/ use of any medication
Live/lived in an area with endemic Chagas disease

Do you have any bone or joint problems that could be made worse by physical
activity?

Do you currently take some type of medication?
Question directly about anti-hypertensive, NSAID, anabolics, illicit drugs, and
alcohol consumption

Is there any other reason why you should not perform physical activity?

Family members with genetic diseases; hypertrophic cardiomyopathy, dilated
cardiomyopathy, channelopathies, arrhythmias, Marfan syndrome

NSAID: nonsteroidal anti-inflammatory drug.
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Have there been cases of sudden death or heart disease in your family?
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and potassium, complete lipid profile, uric acid, glutamicoxalacetic transaminase, glutamic-pyruvic transaminase,
gamma-glutamyl transpeptidase, bilirubin, prothrombin time/
international normalized ratio, and common urine testing.
Recommendation grade: I.
Evidence level: B.
For individuals who exercise or compete at altitudes
over 2,000 meters, it is important to perform hemoglobin
electrophoresis to rule out the possibility of hemoglobinopathies
(e.g., sickle cell anemia). In our country, especially in regions
of higher incidence, serology for Chagas’ disease may also be
recommended.3 Chest radiography may also be requested in
many cases.
2.3.1. Resting 12-Lead Electrocardiogram
2.3.1.1. Introduction
Use of this examination in groups of younger athletes
is controversial. Although the American Heart Association
(American College of Cardiology/American College of Sports
Medicine) does not include ECG in PPS, the European Society
of Cardiology, in addition to numerous sports organizations,
recommend it.4,5 For master athletes, resting ECG is mandatory,
since older adults have a higher prevalence of cardiovascular
diseases, especially coronary artery disease (CAD).26,27
2.3.1.2. Method
Conventional 12-lead ECG should be performed with the
individual in the supine position, recorded at a velocity of 25
mm/s and ideally obtained 24 hours after the last sporting
activity. At least 5 minutes of rest is recommended before
the examination.3,28
2.3.1.3. Analysis
Since there are peculiarities among the resting ECG
results of athletes, examinations should be interpreted by
physicians with experience in the area. This recommendation
is important, because it will prevent common alterations of
the athlete’s heart from being confused with heart disease.
However, in most countries medical knowledge regarding the
interpretation of athletes’ ECG is still limited, which prohibits
broader application of this method.29
2.3.1.4. Changes
Regular intense exercise can cause physiological changes to
the heart at structural, functional and electrical levels. The ECG
findings of more than 80% of high-performance athletes reflect
exercise-induced cardiac adaptations as a result of intrinsic
changes in automaticity and atrioventricular conduction,30
as well as of increased vagal tone and cardiac remodeling.
Due to the establishment of criteria that allow a
distinction between heart diseases and athlete’s heart
syndrome, interpretations of athletes’ ECG are becoming
more uniform.28,31 It is understood that the false positives
associated with athletes’ ECG depend on the criteria used in

their interpretation, as well as our current understanding of
variations of normality. Thus, new criteria represent a major
effort to refine the analysis and interpretation of ECG, making
it more specific without losing sensitivity. Variations in the
prevalence of these criteria are related to gender (higher in
males), age (genetic/congenital diseases in young athletes
and CAD in master athletes), ethnicity (black athletes have
more left ventricular overload and repolarization changes
than athletes of other races), training level (variation is more
frequent in professional athletes than amateurs) and type of
sport (predominantly regarding the dynamic component).28
It can be especially difficult to differentiate between
physiological and pathological adaptations in black athletes,
since they have a tendency to develop more hypertrophy
in response to exercise than whites. We should also point
out that more than 10% of black athletes may have a wall
thickness > 12 mm in the echocardiogram.32
Failure to distinguish between the physiological and the
pathological can have harmful consequences. Athletes can
be unnecessarily disqualified from competition due to ECG
changes that could be considered normal. Likewise, they may
undergo unnecessary examinations, which greatly increase
their costs. On the other hand, signs of life-threatening
cardiovascular disease may be erroneously interpreted as
normal variants of an athlete’s ECG, which could put the
individual at risk of SD.
Changes in the athlete’s ECG can be divided into two
groups: common and/or related to training; or uncommon
and/or suggestive of heart disease (Table 2). ECG is most
useful when performed as part of PPS, when it can identify
unexpected changes, such as previous myocardial infarction
(in older age groups), arrhythmias, conduction disorders, etc.
An ECG may also help diagnose less prevalent diseases, such
as hypertrophic cardiomyopathy (HCM), long QT syndrome,
short QT syndrome, Brugada syndrome, Wolff-ParkinsonWhite syndrome (or other pre-excitation syndrome), in
addition to arrythmogenic right ventricular dysplasia (ARVD).
A 12-lead ECG may also facilitate assessment of significant
atrioventricular and intraventricular conduction and rhythm
disturbances. It can also detect ST-segment changes, such
as early repolarization, T-wave inversion in precordial and/
or peripheral leads, and voltage criteria suggestive of left
ventricular hypertrophy (LVH).28,31
There may be variations in the prevalence of EGC changes,
which are more frequent in men than women. In relation
to age, we found a higher frequency of inverted T-waves in
precordial and/or peripheral leads in master athletes and older
adults, as well as criteria for LVH, in addition to conduction
disturbances (Table 3). There are also significant variations in
12-lead ECG results in different types of sports.
Recommendation grade: I.
Evidence level: A.
2.3.2. Electrocardiogram: Physiological Changes vs.
Changes Suggestive of Heart Disease
Athletes frequently show ECG changes (up to 80% in
some series), including: bradycardia/sinus arrhythmia (13%
to 69%), first degree atrioventricular block (35%), and early
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Table 2 – Electrocardiogram: changes due to exercise vs. changes suggestive of heart disease
Physiological ECG findings in athletes

Abnormal ECG findings in athletes

Sinus Bradycardia (HR > 30bpm)

T-wave inversion > 1 mm in 2 or more leads (except DIII, aVR and V1)

Sinus arrhythmia

ST-segment depression> 0.5 mm in 2 or more leads

Ectopic atrial rhythm

Pathological Q waves > 3 mm or > 40 ms in 2 or more leads (except DIII and aVR)

Junctional escape rhythm

Complete left bundle branch block

1 degree BAV (PR interval > 200 ms)

Nonspecific conduction delay with QRS > 140 ms

2nd degree AVB Mobitz I (Wenckebach)

Deviation of the electrical axis from – 30° to 90°

st

Incomplete right bundle branch block
Isolated QRS voltage criterion for LVH

Left atrial overload
Right ventricular hypertrophy pattern with RV1 + SV5 > 10.5 mm and axis deviation > 120°
Ventricular pre-excitation

Early repolarization

QT interval > 470 ms in men and > 480 ms in women
QT interval < 320 ms

ST-segment elevation accompanied by T-wave inversion in leads V1 to
V4 in Black athletes

Brugada pattern
Sinus bradycardia < 30 bpm or sinus pauses > 3 s
Atrial tachyarrhythmia
Ventricular extrasystoles with 2 or more 10-second ECG episodes
Paired ventricular extrasystoles and NSVT

AVB: atrioventricular block; BPM: beats per minute; ECG: electrocardiogram; HR: heart rate; LVH: left ventricular hypertrophy; NSVT: nonsustained ventricular
tachycardia.

Table 3 – Different types of electrocardiographic abnormalities in relation to age found in an unselected European population of 32,652
subjects who underwent sports pre-participation screening
< 20 years
(n = 2.430) %

20-29 years
(n = 2.430) %

> 30 years
(n = 2.430) %

Incomplete RBBB, increased PR interval, early repolarization pattern

73.1

37.9

30.1

Inverted T-waves

9.5

38.6

37.9

R/S wave voltage increase

3.1

4.6

7.2

RBBB

10.9

12.1

10.9

LAHB, LBBB

2.1

5.7

13.3

Pre-excitation pattern

1.3

1.1

LAHB: left anterior hemiblock; RBBD: right bundle branch block; LBBB: left bundle branch block. Adapted from Pelliccia et al.

repolarization (50% to 80%). Such findings are usually
due to physiological adaptations related to athlete’s heart
syndrome.33 Athletes may also present voltage criteria for
LVH, which reflects remodeling of this cavity, although
without pathological Q-waves, electrical axis deviation, atrial
overload or repolarization changes.31,32 These physiological
changes in ECG should be clearly separated from patterns
suggestive of heart disease, which can be recognized by
repolarization changes, pathological Q waves, marked
intraventricular conduction defects, pre-excitation, short or
long QT intervals, and Brugada syndrome. These findings are
rare (less than 5%) but may express some cardiomyopathy
or channelopathy that could predispose the athlete to SD.33
Another important point concerns atrial dilation (resulting
from regular training) to meet increased cardiac demand
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during exercise, although this is not fully understood.
Nevertheless, despite this dilation, atrial function seems to
be preserved in athletes, but not in patients with structural
heart disease.34
Other less common findings that can be identified
in athletes are sinus pauses < 3 s (mainly during sleep)
and second-degree bicuspid aortic valve (BAV) type I
(Wenckebach). Such findings generally disappear during effort
and with the administration of substances. Changes that can be
considered cardiac adaptations to physical exertion should not
cause alarm, and participation in competitive sports should not
be prohibited without further evaluation. On the other hand,
findings suggestive of heart disease, even if asymptomatic,
should be investigated, especially in the absence of a positive
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family history or the presence of abnormal findings during
physical examination.35,36
Recommendation grade: I.
Evidence level: A.
2.3.3. Exercise Stress Testing
As part of a strategy for early cardiovascular disease
identification, an exercise stress testing can be recommended
for the initial evaluation of amateur or professional athletes
of any age group. This test can contribute to the prognosis
of asymptomatic patients or when there are symptoms
potentially indicative of some pathological condition.37,38
Its may also be used to evaluate cardiorespiratory fitness
during training for certain sports, especially those with a
predominantly aerobic component.39,40
Asymptomatic individuals with no cardiovascular risk
factors can be cleared without this examination. However,
an exercise stress testing may be recommended in other
conditions.41 After 35 years of age, CAD is the main cause
of mortality. An exercise stress testing is recommended for
individuals in this age range, mainly to identify myocardial
ischemia, since the results can indicate the probable presence
of the disease. In asymptomatic individuals, and even in those
with known CAD, exercise stress testing is used for prescribing
an adequate level of physical activity.
Changes in resting ECG, often due to physiological LVH,
reduce the method’s accuracy for diagnosing myocardial
ischemia. Simultaneous analysis of other examination variables
contributes to a more global assessment.42 When a patient
mentions having palpitations during physical activity, this should
be investigated with an exercise stress testing to reproduce the
conditions of the complaint in a controlled environment.
2.3.3.1. Variables to be Evaluated in an Exercise Stress
Testing
2.3.3.1.1. Functional Capacity
Low functional capacity indicates a poor prognosis.
A number of observational studies have demonstrated an
inverse association between the metabolic equivalents
reached in the exercise stress testing and mortality.43-45
When an individual’s functional capacity is low compared
to predicted values for his or her gender and age group,
additional investigation may be necessary.46
2.3.3.1.2. Chest Pain
An exercise stress testing can reproduce the conditions of
chest pain or discomfort during exercise and allows a probable
diagnosis of myocardial ischemia due to CAD, which should
lead to further investigation and suspension of training. When
an exercise stress testing leads to non-ischemic pain similar
to that which motivated the test, but there are no changes in
any of the test variables, the probability of CAD is low and the
athlete can return to competition.47 On the other hand, chest
pain characteristic of angina, even if unaccompanied by STsegment changes, is usually associated with a poor prognosis.

Proper interpretation of an exercise stress testing requires prior
knowledge of normal findings for young athletes. Determining
whether ST-segment depression in master athletes is related
to CAD can be challenging. The possibility of a false positive
result related to LVH cannot be ruled out, but ischemia of
atherosclerotic origin should always be discarded. Additional
investigation may be required before returning to practice
and competition.48
2.3.3.1.3. ST-T Segment
ST-segment depression > 1 mm is suggestive of CAD,
especially when in a horizontal or descending pattern.
Such alterations have higher values when occurring
concomitantly with chest pain or other manifestations
that contribute to a diagnosis of myocardial ischemia.49
ST-segment elevation ≥ 1 mm at 60 ms after J-point, when
not observed in a Q-wave area (inactive zone), is very
suggestive of subepicardial (or transmural) injury,50 indicates
ischemia and must be managed as such.
In asymptomatic athletes, when ST alterations occur
during an exercise stress testing, even if unaccompanied by
chest pain, or when they occur with high double product
values and high exercise capacity, especially if associated with
frequent cardiac arrhythmias, training should be suspended
(temporarily or not). In such cases, it is of fundamental
importance to continue investigation into cardiovascular
disease. Such an approach is based on the increased
cardiovascular demand and increased risk of events during
exercise, especially in individuals over 35 years of age or
when one or more CAD risk factors are present.
ST-segment analysis should consider:
• Morphological characteristics, i.e., descending is more serious
than horizontal, which is more serious than slow ascending.51
• Early onset during exercise and persistent changes late in
the recovery phase indicate greater risk and severity.52
• ST-segment depression greater than 10% in relation to the
immediately preceding R-wave amplitude. This adjustment
in ST-segment evaluation should be considered due to
recurring high-amplitude R-waves, which can express
physiological LVH.53
Furthermore, regarding the ventricular repolarization
phase, it is important to point out that when starting from an
altered ECG, normalization during exercise can indicate a good
prognosis (if not accompanied by symptoms).54,55
2.3.3.2. Blood Pressure
Excessively high BP during an exercise stress testing in
patients who have not been diagnosed with hypertension
and who have normal resting levels could be a warning sign,
because there is a significantly greater risk of developing
hypertension in subsequent years. In patients with newly
diagnosed hypertension, laboratory investigation and
treatment should begin immediately. However, if there is a
progressive decrease in systolic BP during an exercise stress
testing, especially when it falls below the pre-effort value,
subsequent investigation for heart disease should be carried
out, especially in cases of stress-induced systolic dysfunction.
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2.3.3.3. Heart Rate

2.3.4. Cardiopulmonary Exercise Testing

Chronotropic incompetence indicates a poor prognosis
and has been associated with endothelial dysfunction, altered
autonomic modulation, elevated inflammatory markers and
CAD. An inadequate HR response can be considered as the
inability to achieve 85% of the estimated maximum HR. The
following equation can be used to predict maximum HR:
208 - (age × 0.70). A chronotropic index < 80% is another
way to identify chronotropic incompetence, which has
prognostic value. It is obtained by the following ratio: (HR
reserve obtained/estimated HR reserve) × 100.56

For a long time (including in Brazil), athletes and
individuals participating in high-performance activities
have undergone cardiopulmonary exercise testing (CPET)
to evaluate performance and prescribe aerobic training.60
As described in Table 4, CPET differs from an exercise
stress testing by adding measures and analyses of expired
gases.61 Unlike in exercise tests for clinical diagnosis, when
CPET is performed in apparently healthy athletes BP is
often not measured and even ECG is often not performed,
and HR is obtained by frequency meter. With so much
equipment available (e.g., in laboratories, clinics, hospitals,
clubs and sports centers) to perform these measures, there
is little sense in evaluating an athlete’s aerobic condition
through a exercise stress testing, which has an error rate
of approximately 20% when estimates based on formulas
developed for clinical protocols involving treadmills or cycle
ergometers are used.

Vagal modulation of HR can be inferred from HR
reduction in the first minute of recovery in relation to HR
at peak exertion. This observation was initially identified
when comparing athletes with heart failure (HF) patients.57,58
Reductions ≤ 12 beats per minute have been associated with
higher mortality rates.59
2.3.3.4. Cardiac Arrhythmias
Less complex cardiac arrhythmias, such as occasional
ventricular extrasystoles during an exercise stress testing, often
express an increase in sympathetic autonomic modulation due
to graduated exercise. Such conditions alone, without other
alterations, do not justify limiting the activity of asymptomatic
individuals, nor do they require further investigation.
Symptomatic or asymptomatic patients who develop complex
ventricular arrhythmias, such as ventricular tachycardia
(whether sustained or not), must be investigated before they
return to training.
For mild-to-moderate intensity leisure activities in
asymptomatic individuals with a cardiovascular risk factor:
perform an exercise stress testing at the beginning of participation.
Recommendation grade: III.
Evidence level: C.
For amateur athletes participating in high-intensity sports
and competition: perform exercise stress testing at the
beginning of training.
Recommendation grade: IIa.
Evidence level: A.

In certain clinical settings and for certain groups of athletes,
including a CPET in PPS may be recommended (or even
critical for) individual risk stratification, especially due to the
data collected from expired gas measurement and analysis.
This could be relevant in master athletes, in individuals with
cardiovascular and/or pulmonary diseases who are involved
in recreational competition (e.g. half-marathons, marathons,
mountain climbing, cycling, water sports, etc.), as well as in
professional athletes. In these circumstances and whenever
possible, it is best to use an exercise stress testing that closely
approximates the patient’s sport.
Among the additional clinical information that CPET can
reveal about athletes or active, healthy individuals, two
types stand out: (a) more precise and objective identification
of limiting factor(s) for maximum effort (cardiovascular,
respiratory and muscular or metabolic) and (b) evaluation
of systolic volume behavior, which is obtained by analysis
of the curves and maximal values of oxygen pulse (VO2/HR)

Table 4 – Main differences between exercise stress testing and
cardiopulmonary exercise testing
Exercise testing

For professional athletes participating in high-intensity
athletic activity and competition: perform an exercise stress
testing at the beginning of the season.
Recommendation grade: I.
Evidence level: C.
Any time:
When a patient refers to chest pain or discomfort, fatigue or
dyspnea of unknown cause, palpitations, or when previously
non-existent arrhythmias, exercise-related pre-syncope or
syncope or elevated resting BP (with or without compromise a
target organ) are identified: perform an exercise stress testing.
Recommendation grade: I.
Evidence level: A.
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Exercise stress
testing

Cardiopulmonary
exercise testing

Functional capacity

Measured

Measured

Maximum aerobic power

Estimated

Measured

Anaerobic threshold

Undetermined

Determined

V/Q Ratio

Not evaluated

Evaluated

Limited evaluation

Excellent evaluation

Presumed

Measured

Variable

Inotropic response
Mechanical Efficiency
Protocol

More dependent

Less dependent

True maximum
cardiorespiratory capacity

Presumed

Probable/identified

Etiology of dyspnea

Unidentified

Probable/identified

V/Q ratio: ventilation/perfusion ratio.
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and ventilatory equivalents (VE/VO2 and VE/VCO2).62 CPET is
already included in cardiological evaluation of HF patients,63
in identifying the etiology of effort dyspnea64, and has more
recently been considered capable of identifying myocardial
ischemia65,66 or abnormal responses after cardiac surgery.67 In
patients with chest pain, changes in the oxygen pulse during
CPET make its diagnostic and predictive accuracy greater
than an exercise stress testing for detecting or excluding
myocardial ischemia.68 It is the procedure of choice when
a valid and precise measurement of an athlete’s aerobic
condition is required and HR thresholds must be determined
for exercise prescription.

Recommendation
Amateur athletes
Professional athletes
For more precise stratification of
exercise-limiting factors

Recommendation
grade

Evidence
level

IIa

C

I

B

IIa

A

CPET should be used when there is a change in resting
ECG that may interfere in its interpretation or when there are
suspicious hemodynamic responses.
Recommendation grade: IIa.
Evidence level: B.
The routine use of CPET to stratify risk of sudden death in
apparently healthy children and adolescents does not seem
especially useful.
Recommendation grade: III.
Evidence level: B.
2.3.5. Echocardiogram
An echocardiogram may play a relevant role in PPS since
it can diagnose the main diseases involved in SD in athletes
(Table 5). It can also help distinguish between physiological
alterations in the athlete’s heart and HCM painlessly, quickly
and at a relatively low cost. However, it should be reserved
for cases where there is a clinical/family history of heart
disease or when a physical examination gives suspicious
results, as well as when changes in resting ECG indicate
cardiomyopathy.69 Furthermore, in known cases of congenital
heart disease, especially those of low complexity, when
physical activity and even high-performance sports are not
contraindicated, a periodic ECG helps evaluate the evolution
of the condition in question and its correct management.
Doppler echocardiogram associated with physical effort is
important when verifying cardiac function during exercise,
and it can aid in diagnosis and determining the course of
treatment, especially for HCM patients.28

Table 5 – Main causes of sudden death in athletes
Age < 35

Age > 35

Hypertrophic cardiomyopathy

Coronary artery disease

Arrhythmogenic right ventricular dysplasia
Anomalous origin of coronary arteries
Myocarditis
Valve disease
Pre-excitation syndrome
Conduction system disease

for individuals between 12 and 35 years of age that includes
an initial examination consisting of family history, a physical
examination, and 12-lead ECG. Additional tests will only be
performed after positive findings in initial evaluation.70 Using
ECG in programs for young asymptomatic athletes (12 to 35
years of age) has proven to be a high-cost strategy, and no
population studies with adequate follow-up have proven its
efficacy. Although this test is considered the most practical
method for detecting cardiac structural changes, its use as a
screening tool is generally reserved for elite athletes, especially
in clubs or teams with the necessary financial resources. ECG
may indicate the presence of congenital abnormalities in
athletes, even when the results are normal. However, since
most of these changes are not implicated in the genesis of
SD, its use has not been routinely recommended, especially
given that its diagnostic power in asymptomatic athletes with
normal physical examination results is very low.71
When CAD is suspected in the initial evaluation, further
investigation should be carried out with more accurate
examinations: ECG with physical or pharmacological stress,
myocardial scintigraphy with physical or pharmacological
stress or dynamic cardiac MRI. Studies have suggested
introducing a limited echocardiogram that is restricted to
the two-dimensional mode, which can be performed in 5
minutes. The results showed good sensitivity and specificity for
diagnosing various SD-related conditions in athletes, especially
HCM,72 which is implicated in more than 30% of SD cases
in young athletes. At the present time, ECG is considered
a confirmatory diagnostic modality to be performed after
suspicious results are found in PPS.
Recommendation grade: I.
Evidence level: A.
There is no evidence to support the use of routine ECG in
population screening programs for asymptomatic individuals.
Recommendation grade: III.
2.3.7. Other Complementary Tests

2.3.6. Recommendations
The European Society of Cardiology, in light of the findings
of Corrado et al.6 (the previously mentioned 25-year Italian
follow up of athletes), has established a screening program

The use of other diagnostic tools, whether laboratory,
graphic, imaging, invasive or non-invasive, should comply with
clinical criteria and scientific evidence already established in
the literature, depending on the PPS findings.
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2.3.8. Final Recommendations
The recommendations in Table 6 can be used as a
population screening research strategy. Associations and
governing councils of professional athletes currently have their
own protocols, given the legal and economic issues involved.
PPS based on initial clinical consultation and 12-lead ECG can
help identify athletes at greater risk of SD.

3. Genetic Evaluation and Exercise
According to consensus and expert opinion, genetic
assessment is not routinely recommended for athletes. If the
question of whether a 12-lead resting ECG should be included
in routine PPS is still being discussed, it follows that there must
be a pressing reason for genetic investigation of an athlete.
There are two occasions when genetic evaluation is
especially well indicated when:74
a) there is a family history of hereditary heart disease
(cardiomyopathy, channelopathies, aortic diseases) or
suspicion thereof (episodes of syncope, arrhythmias, cardiac
arrest/SD). In such cases, it is important to point out that
genetic study must first be performed on the individual or an
effected family member. When a causal mutation has been
detected, then the other family members should be studied
(including the athlete if not initially tested);
b) the athlete has a phenotype that strongly indicates an
inherited disease (signs, symptoms and/or test results suggestive
or compatible with a specific disease).75,76
Clinical genetic assessment should always be the first step
before genetic testing is conducted. This assessment should
include a thorough anamnesis of family history as well as a
complete physical examination. Family history should include
aspects such as the age of symptom onset, the activities that
triggered the symptoms, diagnosed diseases, and the number
of affected relatives and degree of kinship. Thus, a thorough
understanding the family tree or “family pedigree” will guide
the investigation toward the affected side of the family. When
there are no suspect first-degree relatives, the study should be
extended to another generation if there is a great suspicion of
inherited heart disease.
More recent studies have highlighted the role of genetic
study in the “molecular autopsy” of individuals without
anatomical changes who died suddenly.77-79 A comprehensive

analysis of genes related to SD in subjects who died suddenly
during exercise has identified potential causative variants.
However, the effects of many genetic variants are still
undetermined and further study is needed to understand
their clinical significance. However, comprehensive genetic
analysis of individuals who died during exercise could
determine potential causative variants and help identify
relatives at risk.77 Specific recommendations about genetic
analysis are addressed in the sections on inherited diseases
in this Guideline.
3.1. Positive Genotype and Negative Phenotype
Individuals can be considered to have positive genotype/
negative phenotype when:
• They have a potentially pathogenic mutation.
• Complementary exams indicate no clinical manifestations
or structural/electrical changes in the heart.
The question is whether these subjects are at increased
risk of SD, even without the signs of structural heart disease.
This is of paramount importance because in certain cases
the adrenergic stress of intense or competitive exercise
can trigger complications and SD. Reviewing the family
history of inherited heart disease can be a great challenge,
which is mainly due to variable expressivity (i.e., severity
frequently varies, even within the same family), as well as to
reduced penetrance (i.e., some patients may never develop
the disease).80 Many investigated diseases are autosomal
dominant, although some are due to de novo mutations.
The age of onset may also vary, with patients remaining
asymptomatic over a long period of the disease, which makes
initial clinical diagnosis difficult.76
When faced with this diagnostic challenge, we must
determine that the phenotype is truly negative. A thorough
cardiologic investigation with ECG, echocardiogram, cardiac
magnetic resonance, Holter monitoring, and provocative tests
(exercise or drugs) should be performed when genetic disease
is suspected.81 The current European PPS recommendations
state that after a detailed questionnaire (including symptoms
and family history) and clinical examination, priority
should be given to 12-lead ECG. Athletes with two or more
“borderline ECG findings” or any “abnormal ECG findings”
require further investigation.76

Table 6 – Recommendations by age group and competitive level
Leisure

Amateurs

Professionals

Children/adolescents

Initial evaluation + 12-lead ECG

Initial evaluation + 12-lead ECG

Initial evaluation + 12-lead ECG

18-35 years

Initial evaluation + 12-lead ECG

Initial evaluation + 12-lead ECG

Initial evaluation + 12-lead ECG

35-59 years

Initial evaluation + CAD risk evaluation +
12-lead ECG + (consider functional test)

Initial evaluation + CAD risk evaluation +
12-lead ECG + (consider functional test)

Initial evaluation + CAD risk evaluation +
12-lead ECG + (consider functional test)

> 60 years

Initial evaluation + 12-lead ECG +
functional test

Initial evaluation + 12-lead ECG +
functional test

Initial evaluation + 12-lead ECG +
functional test

12-lead ECG: resting 12-lead electrocardiogram; CAD: coronary artery disease.
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The European Society of Cardiology reported that SD
occurs three times more in athletes (2.3 per 100,000
individuals) than non-athletes (0.9 per 100,000 individuals).76
There have been a limited number of SD cases in
asymptomatic HCM patients. Five cases of premature SD
have been reported in which the autopsy revealed no
macroscopic HCM or mutation of the TNNT2 gene.82 Two
patients were found with ventricular fibrillation and normal
hearts who subsequently developed HCM and MYH7 gene
mutation.83 In one ARVD case, a 13-year-old mutation
carrier in the non-clinically affected DSP (desmo- toquine)
gene suffered SD two years after the genetic study.84 In an
Italian study of 12,500 athletes, only one case of SD due
to ARVD was not clinically detected.85 In the context of
dilated cardiomyopathies, a case of SD was also described
in a 35-year-old female with LMNA gene (c908-909delCT)
mutation in whom no structural disease or conduction
disorder was detected.86
In assessing positive genotype/negative phenotype in the
early development of cardiomyopathy, it is important to
remember that intense sports activity can worsen the prognosis
for mutation carriers, as in ARVD and HCM.87,88
The current recommendations are controversial, being
based on expert consensus and the available few longitudinal
studies. Table 7 shows general differences between U.S. and
European recommendations. For example, the American
Heart Association and American College of Cardiology
state that patients with HCM-positive genotypes may
participate in competitive sports, as long as two-dimensional
echocardiogram indicates they are asymptomatic and
without evidence of LVH and they have no family history
of HCM-related SD (Class IIa; Evidence level C). However,
athletes with clinically expressed and diagnosed HCM should
not participate in most competitive sports.89 It is our opinion
that future studies should evaluate the pathogenic potential
and negative effects of intense exercise on individuals with
positive genotypes. Finally, we believe that disqualification
should only be used as a final intervention and that adequate
information and decision-making (by the family, athlete,
coach, sponsor, etc.) should be sought.

4. Individuals with Cardiomyopathies and
Myocarditis
4.1. Hypertrophic Cardiomyopathy
HCM is one of the major causes of sports-related SD
in individuals under 35 years of age.90,91 The U.S. National
Registry of Sudden Death in Athletes evaluated the causes
of SD in competitive athletes between 1980 and 2011. Of
2,406 total deaths identified in young athletes (mean age:
19 years), 842 had some cardiovascular diagnosis. HCM
was the most common cause of SD, occurring in 36% of the
cases.92 However, its contribution to SD in athletes has been
systematically overestimated. Recent evidence from a metaanalysis92 indicates that HCM caused 10.3% of athlete deaths,
while 27.5% had structurally normal hearts.
HCM is an autosomal dominant genetic disease characterized
by myofibrillar disarray in myocytes, accompanied by
hypercontractility and asymmetrical hypertrophy (with
or without obstruction of the outflow tract), which are
unexplained by pressure, volume overload, or another
underlying systemic condition. Ventricular hypertrophy
(determined by an imaging method) > 15 mm in any segment
with no other apparent cause is highly suggestive of HCM.93
For hypertrophy between 13 and 14 mm, other factors, such
as family history, specific ECG changes, symptoms, another
imaging method and even genetic evaluation should be
considered in the differential diagnosis.94 In first-degree
relatives of a HCM patient, hypertrophy greater than 13
mm is also highly indicative of this disease.91 Hypertrophy
related to pressure overload, physical training and basal
septal hypertrophy in the elderly should be considered in the
differential diagnosis.
HCM patients may be totally asymptomatic or present
symptoms such as lipothymia, syncope, dyspnea, palpitations
or angina, especially when related to increased myocardial
demand or obstruction of the outflow tract, as occurs during
exercise. SD in these patients occurs primarily due to
ventricular arrhythmias, although other complications such as
supraventricular arrhythmias (with or without pre-excitation),

Table 7 – U.S. vs. European recommendations for athletes with positive genotypes
American Heart Association/American College of
Cardiology

European Society of Cardiology

No restrictions (e.g., asymptomatic and without left
ventricular hypertrophy)

Competitive sports prohibited: only non-competitive sports
and leisure activities permitted

No restrictions (except QTL1 and swimming)

Competitive sports prohibited: only non-competitive sports
and leisure activities permitted

Competitive sports prohibited

Competitive sports prohibited

Brugada syndrome

No restrictions

No restrictions

Marfan Syndrome

Mild-to-moderate activity only (no family history of aortic
dissection or SD)

Competitive sports prohibited

Heart Disease
Cardiomyopathies (HCM, DCM, ARVD)
Long QT
Catecholaminergic tachycardia

HCM: hypertrophic cardiomyopathy; DCM: dilated cardiomyopathy; ARVD: arrhythmogenic right ventricular dysplasia.
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advanced atrioventricular block, asystole, and myocardial
infarction may also be the cause of this undesired event.
4.1.1. Genetics and Hypertrophic Cardiomyopathy
At present, at least 20 genes have been implicated in the
genesis of this disease,95 and more than 1,700 mutations
related to contractile myocardial protein have been
discovered. Mutations in at least 11 different genes that code
for sarcomeric proteins have been identified in up to 70% of
family cases.96,97 Mutations of genes in the beta-myosin heavy
chain (MYH7) and myosin-binding protein C (MYBPC3) are
the most frequent. Together, MYBPC3 and MYH7 account
for up to half of all clinically recognized cases of HCM, and
make up at least 75% of the index cases in which a mutation
is identified.98 Other less frequent mutations are related to
the troponin I and troponin T genes (TNNI3, TNNT2) and
alpha-tropomyosin-1 (TPM1), whose frequency is often less
than 5%. Still less common (less than 1%) are mutations
of muscle LIM protein (CSRP3), troponin C (TNNC1) and
titin (TTN). Genetic phenotypes such as Fabry disease,
amyloidosis, Danon disease and Friedreich ataxia should also
be considered.95 Mutations in troponin genes, although less
common (15% to 30%), have been most closely associated
with SD,99 including, in some reports, individuals with no
phenotypic manifestations of the disease.
Genetic counseling by a multidisciplinary team experienced
in genetically determined heart disease is recommended for
individuals with HCM.
Recommendation grade: I.
Evidence level: C.
Genetic sequencing study for patients with clinically
diagnosed HCM (index cases).
Recommendation grade: I.
Evidence level: B.
Assessment for specific mutations in direct relatives of
patients diagnosed with genetically determined HCM.
Recommendation grade: I.
Evidence level: B.
4.1.2. Complementary Exams in Hypertrophic
Cardiomyopathy

4.1.2.2. Echocardiogram
This exam play a fundamental role in HCM assessment.
In addition to the degree of hypertrophy, they can determine
the gradient between the left ventricle (LV) and the aorta,
as well as the presence of mitral valve abnormalities:
systolic anterior motion and altered patterns of diastolic
function.93,102 Echocardiograms also have an important role
in differentiating between hypertrophy due to HCM and
that due to physical training (ventricular hypertrophy in the
athlete’s heart). A variety information, such as the pattern and
distribution of hypertrophy, parietal thickening, cavity size,
assessment of diastolic function by tissue Doppler imaging,
and family history are required. 103 When not clinically
differentiated, ECG, echocardiograph, functional or other
imaging methods, such as serial ECG, may be useful when
evaluating athletes with suspected HCM before and after a
detraining period (Table 8).104 Regarding prognosis, LV wall
thickness > 30 mm is a major risk factor for SD, especially
in adolescents and young adults.105 A gradient above 50
mmHg between the LV and the aorta is also associated with
worse prognosis.106
When comparing athletes and non-athletes with HCM
from an echocardiographic point of view, athletes present
the following characteristics: lower LV wall thickness, higher
left ventricular end-final diastolic diameter and higher
ejection fraction.
4.1.2.2.1. Transthoracic Doppler Echocardiogram
Confirm clinical suspicions of HCM by determining parietal
thickening and whether there is a dynamic gradient.
Recommendation grade: I.

4.1.2.1. Electrocardiogram

Evidence level: B.

ECG should be performed in all patients with suspected
HCM.

Investigate the presence of HCM in first-degree relatives.

Recommendation grade: I.
Evidence level: B.
About 90% of patients with HCM have ECG changes, with
ST-segment and T-wave being the most common. Athletes
with HCM have a higher prevalence of T-wave changes
(especially deep T-wave inversion in the lateral leads) and
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ST-segment changes than non-athletes with the disease. In
addition to these changes, there is left atrial enlargement,
which is identified by a prolonged P-wave duration (> 120
ms) in leads I or II with a negative P-wave portion ≥ 1 mm
in depth and ≥ 40 ms in duration in the V1 lead. Complete
left bundle branch block may also be suggestive of HCM.
In the past, some ECG changes in athletes were considered
potentially pathological, such as: left atrial enlargement and left
axis deviation, T-wave inversion confined to V1-V4 preceded
by J-point elevation (especially in blacks), Q-waves ≥ 3 to 4
mm (with an amplitude less than one-quarter of the R-wave
and a duration < 0.04 s). However, such changes are now
considered physiological responses in the athlete’s heart, and
do not require additional clinical evaluation.100,101
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Reassessment of clinical evolution, as well as therapeutic
interventions.
Recommendation grade: IIa.
Evidence level: C.
Annual reassessment of family members of HCM patients
aged 12 to 18 years.
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Table 8 - Factors indicative of athlete's heart syndrome (vs. HCM)
in athletes with left ventricular hypertrophy in the "gray zone" (i.e.,
wall thickness: 13-15 mm)
Clinical
No family history
Absence of diffuse T-wave inversion in ECG
Nuclear magnetic resonance
Homogeneous distribution of left ventricular hypertrophy
No late gadolinium enhancement (fibrosis)
Echocardiogram
Increased left ventricular diameter (LVDD > 55 mm)
Symmetrical hypertrophy (septum, posterior wall, apex and base)
Normal diastolic function (E/A ratio > 1, peak velocity to E' > 11.5 cm/s)
Hypertrophy regression after detraining
No HCM-causing mutations found in genetic analysis
LVDD: left ventricular diastolic diameter; ECG: electrocardiogram; HCM:
hypertrophic cardiomyopathy.

In individuals over 21 years of age, reevaluation should be
done every 5 years.
Tissue Doppler imaging should be performed to differentiate
HCM from physiological or pathological cardiac hypertrophy
(e.g. hypertension).
An exercise echo stress test should be used in asymptomatic
patients who do not show significant gradients at rest or with
the Valsalva maneuver.
Recommendation grade: IIa.
Evidence level: C.
4.1.2.2.2. Transesophageal Doppler Echocardiogram
Patients with an inadequate transthoracic window.
Transesophageal Doppler echocardiogram is used to assess
valve damage and the mechanism and magnitude of mitral
regurgitation when this is unclear after transthoracic ECG.
Intraoperative evaluation for myomectomy and alcohol
septal ablation.
Recommendation grade: I.
Evidence level: B.
To clarify the mechanism of atypical mitral regurgitation.
Recommendation grade: IIa.
Evidence level: B.
4.1.2.3. Cardiac Magnetic Resonance Imaging
Cardiac magnetic resonance imaging (CMRI) is used to
evaluate patients with suspected HCM when an ECG is
inconclusive. Although ECG is the first imaging choice for
patients with suspected HCM, this method may be limited

by poor acoustic windows, particularly for areas such as the
cardiac apex.107 CMRI can also be used in highly suspicious
cases that are not confirmed by ECG. Its excellent spatial
resolution provides exclusive information about cardiac
muscle and tissue, helping in the differential diagnosis of
secondary causes of hypertrophy, such as amyloidosis and
sarcoidosis. This examination allows the visualization of
subtle changes in the thickness and contractility of the LV
over time, as well as the detection of fibrotic areas, and
recent studies have reported the presence and amount of
fibrosis with prognosis.107,108
CMRI is used to evaluate athletes with ECG abnormalities
that are suspicious of HCM and inconclusive ECG findings.
Recommendation grade: I.
Evidence level: B.
CMRI should be used for myocardial fibrosis screening in
every athlete with suspected HCM.
Recommendation grade: IIa.
Evidence level: B.
4.1.2.4. Exercise Tests and Hypertrophic Cardiomyopathy
The exercise stress testing is an independent means of
identifying patients at increased risk of SD. Since the presence
of marked ST-segment changes in HCM patients may indicate
ischemia but not necessarily heart disease, the exercise stress
testing has little diagnostic value. However, it could be a
prognostic marker to be taken into consideration, especially
when associated with expired gas measurements (CPET).109,110
For these patients, a ramp protocol should be used
first. This test avoids sudden changes in the recruitment
of neuromuscular motor units and the metabolic changes
associated with incremental protocols due to the constant
and continuous increase of external work. The slope of the
ramp should be individualized to last, preferably, from 8 to
12 minutes.109
4.1.2.4.1. Exercise Testing Recommendations for Patients
with Hypertrophic Cardiomyopathy
The exercise stress testing is recommended for asymptomatic
HCM patients who do not present high risk criteria as an
associated element in prognostic stratification.
Exercise stress testing is recommended for asymptomatic
patients without high risk criteria, but who wish to participate
in recreational physical activity.
It is an additional element in differential diagnosis between
athlete’s heart syndrome and HCM.
Recommendation grade: I.
Evidence level: B.
The exercise stress testing can be used for patients with
doubtful symptoms that are not associated with other high-risk
criteria (preferably CPET).
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It can be used to assess functional capacity and heart rate
response to exercise in patients with an implanted defibrillator
who wish to participate in low-intensity physical activity.
Recommendation grade: IIa.
Evidence level: C.
In athletes with high risk criteria (symptomatic), it can
facilitate differential diagnosis between HCM and physiological
hypertrophy.
Recommendation grade: III.
4.1.2.4.2. The Role of Maximal Cardiopulmonary Exercise
Testing in Hypertrophic Cardiomyopathy
A maximal CPET can stratify HCM patients regarding
cardiovascular morbidity and mortality, helping guide
treatment. In athletes who are in the “gray zone” between
physiological hypertrophy and the pathological hypertrophy
of HCM, measuring oxygen consumption and peak oxygen
pulse with a CPET can be of great assistance. In general, highly
trained athletes have values between

55 and 70 mL.kg-1.min-1.
111
Sharma et al. demonstrated that healthy athletes can actually
achieve significantly higher peak oxygen consumption than
athletes with HCM (66.2 mL.kg-1.min-1 vs. 34.3 mL.kg-1.min-1).
Since there was no overlap between groups, the researchers
postulated a cutoff of 50 mL.kg-1.min-1 to discriminate between
the pathological hypertrophy of HCM from the dynamic
component of the athlete’s heart.
Finally, since there are conflicting data regarding CPET
and specific predictions of SD in patients with HCM based
on VE/VCO2 slope, neither VE/VCO2 slope nor peak VO2 are
currently used in risk stratification.112
Recommendation grade: IIa.
Evidence level: B.
4.1.3. Sports and Hypertrophic Cardiomyopathy
Why is there a low prevalence of HCM among high-level
athletes? The response seems to be related to a natural
selection process that excludes individuals with HCMrelated functional and structural alterations from the highintensity training required to become a professional. So, is
being a competitive athlete with HCM synonymous with
SD? The answer is no. We all know cases of athletes who
were diagnosed with this disease well into their professional
careers or after they had already retired. The problem is that
intense exercise can trigger severe arrhythmias, increased left
ventricular outflow obstruction and/or ischemic compression
in small blood vessels (possible fibrosis due to repetitive
ischemia) during training and competition.
Based on the premise that strenuous exercise can be
an important trigger for SD, athletes with a probable or
unequivocal diagnosis of HCM should be excluded from most
competitive sports. However, it should be pointed out that
only a minority of HCM patients have SD or cardiac arrest
during exercise.113 This recommendation is independent of
age, sex, phenotype, symptoms, LV outflow tract obstruction,
drug treatment, septal ablation, or pacemaker or implanted
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defibrillator.89 Although criteria have been suggested114,115 for
establishing SD risk factors in HCM patients (Table 9), it should
be pointed out that such criteria should be used with caution,
since they do not take important HCM-related aspects into
account, such as genetics and CMRI results.
Individuals classified as low risk (especially those without
a gradient at rest or during effort)116 may participate in
sports such as golf, billiards, bowling and shooting (group
IA). Recreational sports that require high intensity or abrupt
changes of intensity are not recommended. Individuals
with positive genotype/negative phenotype (without clinical
evidence of disease) may participate in sports, provided
they are assessed periodically, since the chance of SD is
directly related to the presence of hypertrophy and fibrosis.
A recent study evaluated vigorous exercise in HCM patients
and individuals with positive genotype/negative phenotype.
Exercise was associated with higher cardiac volumes and
better diastolic function, but not with a higher incidence of
ventricular arrhythmias.117
Participation in competitive sports for clinically diagnosed
HCM patients.
Recommendation grade: III.
Evidence level: B.
4.2. Arrhythmogenic Right Ventricular Dysplasia
ARVD is a cardiac muscle disease of genetic origin
characterized by changes during the formation of desmosomes.
It is clinically manifested by the replacement of myocardial
tissue with fatty and/or fibrous tissue, generally affecting
the right ventricle and with more pronounced clinical
manifestations when the apical septum of the LV is affected.
Mutations in non-desmosomal genes have also been
identified, such as filamin C, TMEM43 and phospholambam,
especially in cases involving the LV.118,119 Among athletes from
the Veneto region of Italy, ARVD is a major cause of SD: one
study found a five-fold increase in SD risk for young athletes
who participated in competitive sports.120 Based on recent
data, ARVD is ranked as the third most frequent cause of
SD the United Kingdom.88 ARVD is a rare condition in the

Table 9 – Risk factors for sudden death in HCM patients
Greater risk factors
Cardiorespiratory arrest survivor
Spontaneous sustained ventricular tachycardia
Family history of SD in patients < 40 years
Unexplained syncope or pre-syncope
Interventricular septum > 30 mm
Minor risk factors
Abnormal blood pressure response to exercise
Patients under 30 years of age
Nonsustained ventricular tachycardia
HCM: hypertrophic cardiomyopathy; SD: sudden death.
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general population, with an estimated prevalence of 1 in
5,000, although in some European countries, such as Italy and
Germany, the prevalence is 1 in 2,000.121 Diagnosis can be
challenging given the need to exclude other disorders that may
present with similar signs and symptoms.122 The main clinical
manifestations are palpitations, syncope, chest pain, complex
ventricular arrhythmias and SD. Since highly trained athletes
may have right ventricular (RV) hypertrophy, in addition to a
variety of changes in depolarization, repolarization, and nerve
conduction, a differential diagnosis between “athlete’s heart
syndrome” and ARVD should always be performed. Since an
echocardiogram may have technical limitations with respect
to RV images, its structural and functional analysis may be
impaired. However, akinesia, dyskinesia or RV aneurysms
associated with the dilation of this chamber are among the
most important criteria in the revised classification. CMRI is
a noninvasive imaging technique that has become the main
tool for diagnosing ARVD. Segmental or global dysfunction
of the RV or a substantial increase in this cardiac chamber,
associated with myocardial thinning and presence of late
enhancement (fibrosis and/or edema), supports a diagnosis
of ARVD.121,123 A 12-lead resting ECG and Holter monitoring
can help with diagnosis, principally by detecting arrhythmias
such as branch block pattern ventricular tachycardia, inverted
T-waves in the right precordial leads (V1 to V3) and epsilon
waves (present in 30% of ARVD patients). Family history
should always be investigated, and a confirmed case in a
first degree relative is a major criterion. Thus, suspected firstdegree cases or confirmed second-degree cases are minor
criteria. In especially difficult cases, a biopsy of the RV can
be performed. The final clinical diagnosis may not be simple.
The presence of two major criteria, one major and two minor
criteria (different categories) or four minor criteria (different
categories) confirm the diagnosis.
New evidence suggests that ECG adaptations, such as
isolated right ventricular overload or T-wave inversion from
V2 to V4 (associated with right axis right deviation in black
athletes) are related to benign structural adaptations of the
heart in competitive athletes. In these individuals careful
investigation for the other criteria is necessary, and research
on family history is of fundamental importance.124
4.2.1. Diagnosis and Management of Athletes with
Suspected Arrhythmogenic Right Ventricular Dysplasia
4.2.1.1. Echocardiography
In athletes with a family history of ARVD or with ECG
changes suggestive of ARVD.

Competitive physical activity in patients with a definite or
probable diagnosis of ARVD.
Recommendation grade: III.
Evidence level: B.
There is sufficient evidence that exercise can trigger SD in
individuals with ARVD. Probable causes include: increased
sympathetic tone and even greater dilation of the ventricular
chambers during exercise, which, associated with myocardial
fibrosis, leads to the appearance of complex arrhythmias.125,126
Adhesion between the cells could be compromised by genetic
factors, and in the meantime, mechanical stress from exercise
can lead to cardiomyocyte apoptosis and worsening of the
disease.127,128 Group 1A sports can be allowed on an individual
basis. More recent studies have confirmed the deleterious
role of sustained vigorous physical activity (> 6 metabolic
equivalents) in the occurrence of ventricular arrhythmias
in ARVD patients, and reducing exercise after diagnosis is
associated with a lower occurrence of severe arrhythmias.129,130
4.3. Myocarditis
Myocarditis has a heterogeneous clinical profile and,
although not very prevalent, it is the probable cause of 5 to
22% of SD cases in athletes, depending on age and region.88,131
This disease is characterized by an inflammatory process with
consequent non-ischemic degeneration and necrosis of the
myocardium. Generally, myocarditis is the result of an infection
(viruses, bacteria, fungi, protozoa), but it may be associated
with substance use or autoimmune diseases.132 SD may
occur in the acute phase (when a myocarditis patient does
not abstain from sports for 6 months), or even in the chronic
phase, when there is already scar tissue in the myocardium,
which is a consequence of complex arrhythmias triggered by
an unstable electrical substrate. In this phase, exercise may
be the arrhythmogenic trigger due to increased venous return
and muscle fiber stretching from physical activity.133,134
In athletes, the main symptoms are palpitations,
precordialgia, dyspnea, fatigue and syncope. ECG changes
include ventricular arrhythmias, ST-T segment changes, and
rhythm and conduction disorders. It may evolve with left
ventricular enlargement due to the disease, hypertrophy due
to physical training or a combination of both.135,136 CMRI and
myocardial biopsy (although less common in our country) may
facilitate diagnosis. Due to their prevalence in Brazil, we point
out that myocarditis may also be caused by the dengue and
HIV viruses, as well as by Chagas’ disease.

Recommendation grade: I.

4.3.1. Recommendations for Athletes with Myocarditis

Evidence level: C.

Competitive physical activity for patients with active
myocarditis.

4.2.1.2. Cardiac Magnetic Resonance Imaging

Recommendation grade: III.

CRMI should be used when there is a strong suspicion,
despite a non-diagnostic ECG or in cases where an
echocardiogram could not adequately assess the RV.

Evidence level: B.

Recommendation grade: I.
Evidence level: C.

Athletes diagnosed with myocarditis should be advised
against practicing any competitive sports and should undergo
a period of convalescence. Although there is no consensus,
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many experts recommend that this period be at least six
months after the onset of clinical manifestations. However,
some experts have been more “liberal”, recommending
shorter periods of convalescence.
These athletes may resume training and competition after:
• Left ventricular function, ventricular wall motion, and
cardiac dimensions return to normal values (based on stress
and resting echocardiography and radionuclide imaging).
• Complex or frequent forms of ventricular and supraventricular
arrhythmias and clinically relevant arrhythmias are absent.
• Inflammatory and heart failure markers are normalized.
• Resting ECG is normalized, although the persistence of
ST-segment changes alone should not impede the athlete’s
return to training and competition.
4.4. Dilated Cardiomyopathy
Dilated cardiomyopathy (DCM) has an estimated
prevalence of 40 cases per 100,000 individuals. It is defined as
a myocardial disease, characterized by LV dilation and global
systolic dysfunction, and there may be overlapping segmental
abnormalities with increased myocardial mass. DCM includes
disorders of genetic origin, disorders due to infection,
inflammation, exposure to toxic substances or metabolic
diseases, and disorders of idiopathic origin (although at least
40% of disorders classified as idiopathic are, in fact, of genetic
origin). Up to 40 genes have been identified, with proteins
from several cellular structures being affected (sarcomere,
sarcolemma and intercellular junction).137 DCM patients vary
widely in clinical presentation and hemodynamics.138
Long-term aerobic training may lead to changes in cardiac
morphology, including increased LV cavity size and mass.
Increased cavity size may produce a greater systolic volume
and thus, the resting ejection fraction may be at the lower limit
of normal or slightly reduced. In this context, it is important to
differentiate between LV increase due to systematic training
and that due to DCM.138
4.4.1. Complementary Examinations for Dilated
Cardiomyopathy
4.4.1.1. Exercise Stress Testing and Cardiopulmonary
Exercise Testing
Although exercise performance may only be slightly
reduced in young DCM patients, arrhythmias are usually
present at a very early stage of the disease (including
supraventricular and ventricular tachyarrhythmia, as well as
conduction delays).

Ia

B

Exercise stress testing to identify
pathophysiological mechanisms and clarify
symptoms

IIb

B

I

B

CPET to identify pathophysiological
mechanisms and clarify symptoms
CPET: cardiopulmonary exercise testing.

4.4.1.2. Echocardiogram
An echocardiogram is more sensitive than ECG for
diagnosing LVH and accurately quantifies LV mass. Thus,
cardiac abnormalities detected by an echocardiogram have
additional predictive value.138,139
Recommendations for performing
ECHO

Recommendation
grade

Evidence
level

Assessment of patients with suspected
DCM or heart failure

I

B

Assessment for differential diagnosis
between DCM and “athlete's heart
syndrome”

I

B

Echo: echocardiogram.

4.4.1.3. Cardiac Magnetic Resonance Imaging
CMRI can clearly and effectively demonstrate and
quantify anatomical and functional changes in DCM. This
examination has been found useful for evaluating HF patients
by accurately calculating the function of both ventricles.
It also helps distinguish idiopathic DCM from other forms
of ventricular dysfunction, such as ventricular dysfunction
caused by coronary artery disease. 140 In addition, the
method makes an important contribution to prognostic
evaluation. Determining the presence and extent of fibrosis
by myocardial late enhancement has good prognostic value,
since it represents a substrate for arrhythmia and SD. Further
research is needed to confirm the role of CMRI in the
prognostic stratification of DCM, especially when defining
the arrhythmic risk of these patients.141
4.4.2. Sports and Dilated Cardiomyopathy
DCM is an uncommon myocardial disease that deserves
consideration because it is a potential cause of SD in
athletes.142-144 In reality, there is little information on the risk
of SD during physical activity or the relative risk of physical
training for athletes with DCM. Thus, it is not clear whether
asymptomatic DCM patients are at risk of SD during physical
activity or competitive sports, since tachyarrhythmias are much
more common in patients with more advanced disease, i.e.,
with explicit cardiac symptoms and reduced ejection fraction.

Recommendations for exercise stress
testing and CPET38

Recommendation
grade

Evidence
level

Exercise stress testing or CPET to assess
individuals with known or suspected
ventricular arrhythmias during exercise,
regardless of age

I

C

4.4.2.1. Recommendations for Athletes Diagnosed with
Dilated Cardiomyopathy

B

Until further information is available, symptomatic DCM
athletes should not participate in competitive sports except
for those in class IA and selected cases.

Exercise stress testing to assess DCM
severity

343

CPET to assess DCM severity
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Recommendation grade: III.
Evidence level: B.
Athletes with a definite DCM diagnosis but a low risk
profile (asymptomatic, no family history of SD, slightly reduced
ejection fraction, normal pressure response to exercise and no
complex ventricular arrhythmias) could participate in low-tomoderate intensity dynamic exercise and low-intensity static
exercise (recommendations IA and IB).
These recommendations apply to competitive exercise.
Physical activity of a therapeutic nature (cardiac rehabilitation)
is indicated for all DCM and heart failure patients.145
4.5. Non-Compacted Cardiomyopathy
Non-compacted cardiomyopathy is a rare cardiac disease
that has been recently recognized. It is due to embryonic
interruption of myocardial compaction and is characterized by
segmental thickening of the LV walls that consists of two layers:
a compacted epicardial layer and an endocardial layer with
marked trabeculations and deep intratrabecular recesses that
are filled by blood flow. In non-compacted cardiomyopathy,
left ventricular capacity is usually increased and the ejection
fraction is reduced.146,147
Although considered a rare condition by some
researchers, the incidence and prevalence of non-compacted
cardiomyopathy are uncertain. Using echocardiography, a
study at a large institution found a prevalence of 0.05%.
Among HF patients, the prevalence of non-compacted
cardiomyopathy is 4%.148 Diagnosis is quite difficult due
to the lack of clear criteria, as well as the condition’s
heterogeneous clinical spectrum and the usual need for MRI
for a reliable diagnosis.
This disease may be asymptomatic or present with
HF, ventricular and/or atrial arrhythmias, pre-excitation,
thromboembolic events or SD. However, the risk of adverse
consequences, including SD, seems to be associated with
the degree of LV systolic dysfunction and/or ventricular
tachycardia.149 There are no universally accepted criteria or
precise guidelines for morphological diagnosis. However, a noncompacted/compacted myocardium ratio of > 2.1:1 at the end
of systole in an echocardiogram or of 2.3:1 at the end of systole
in CMRI is currently the most widely accepted criterion.150
Non-compacted cardiomyopathy can be found alone
or combined with congenital heart defects, neuromuscular
disorders or as part of genetic syndromes.149 It is a genetically
heterogeneous disease, with familial or sporadic cases,
and with pathogenic mutations involving the cytoskeleton,
mitochondria, sarcomeres and z-line proteins. Therefore,
different forms have been described: autosomal dominant,
autosomal recessive, X-linked, and with mitochondrial patterns
of inheritance, although the most common form has an
autosomal dominant trait.146
4.5.1. Sports and Non-Compacted Cardiomyopathy
Neither the extent to which physical training can alter
non-compacted cardiomyopathy nor the prevalence of non-

compacted LV morphology among healthy athletes have been
determined.151,152 Since forensic reports of SD in young athletes
do not include non-compacted cardiomyopathy as a possible
cause, it is not possible to apply risk stratification strategies for
new patients with this disease.
Recent studies have found a higher prevalence of increased
LV trabeculation among athletes than controls (18.3% vs. 7%).
It is believed that these abnormalities represent a non-specific
epiphenomenon that increases with higher image resolution in
echocardiography. In addition, increased LV trabeculation or
isolated echocardiographic criteria for cardiomyopathies are
likely to be of little significance and may be a part of the athlete’s
heart.153,154 Thus, not all athletes with isolated ventricular
non-compaction should be diagnosed with non-compacted
cardiomyopathy. Therefore, functional parameters such as
ejection fraction must be considered in patient management.154
4.5.1.1. Recommendations for Athletes Diagnosed with
Non-Compacted Cardiomyopathy
Athletes with an unequivocal diagnosis of non-compacted
cardiomyopathy and compromised systolic function, major
ventricular tachyarrhythmias in Holter monitoring or at an
exercise testing or a history of syncope should not participate
in competitive sports, with the possible exception of lowintensity sports (class IA), at least until more clinical information
becomes available.
Recommendation grade: III.
Evidence level: C.
4.6. Chagas Disease
Chagas disease continues to be one of the most important
causes of non-ischemic cardiomyopathy in Latin America.
Approximately 8-10 million people are estimated to be infected
with Trypanosoma cruzi,155 and this protozoa is responsible for
approximately 12,000 deaths per year.156 The disease usually
manifests itself in 30% to 40% of those infected, and clinical
findings usually appear 10 to 30 years after initial infection.157
Cardiac arrhythmias and SD are common and may occur at
any stage of progression, even in individuals without significant
structural disease.158,159 Sustained ventricular tachycardia is
the main cause of SD, and is associated with LV dysfunction,
syncope and non-sustained ventricular tachycardia in Holter
monitoring or the exercise testing.160,161 In addition, sinus node
dysfunction, atrioventricular and intraventricular conduction
disorders are common findings in patients with Chagas disease
and may progress to complete atrioventricular block. Few
studies have evaluated the risk of SD in Chagas patients during
intense exercise, and a lack of symptoms does not exclude
the presence of cardiomyopathy, even in high-level athletes.162
Diagnosis involves epidemiological and serological evaluation
(immunofluorescence). ECG and echocardiogram facilitate
diagnosis of cardiomyopathy and conduction disorders. An
exercise stress testing or a CPET, MRI, Holter monitoring and
even electrophysiological study can more accurately assess
the risk of SD. The exercise recommendations are similar to
those for individuals with DCM.
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5. Channelopathies
5.1. Introduction
Channelopathies are inherited arrhythmogenic heart
diseases that do not involve structural impairment and are
caused by genetic changes that result in dysfunction of the
cardiac ion channels, which leads to risk of SD.163 The most
commonly known channelopathies are long QT syndrome,
short QT syndrome, Brugada syndrome, and catecholaminergic
polymorphic ventricular tachycardia (CPTV)75 Sinus node
disease and Lenegre disease or conduction system disease
are also examples of channelopathies.
Ion channels, the ion currents moving through these
channels, proteins that attach to the membrane structure
of myocardial cells, and the junctions between these
structures are involved in electrical impulse formation and
the synchronous transmission of these impulses throughout
the heart, which generates cardiac action potential.164,165
The performance of each of these functions is determined
by different genes. Mutations in related genes cause specific
dysfunctions and cause channelopathies. 166,167 The ion
channels in the cell membrane allow ions to enter and exit
following a voltage gradient. Genetic mutation in these
channels can lead to gain or loss of function. With the recent
increases in knowledge about these entities, defibrillator use
and easier access to genetic evaluation, decisions shared
between the medical team and the family have allowed a
more permissive stance toward exercise in individuals with
channelopathies.168 Detailed recommendations on the most
prevalent syndromes are described below.
5.2. Long QT Syndrome
Long QT syndrome (LQTS) is the prototype channelopathy.
First described more than 50 years ago as an autosomal recessive
disease, Jervell and Lange-Nielsen syndrome169,170 includes
congenital deafness, increased QTc intervals, and syncope
or SD. Subsequently, an autosomal dominant form called
Roman-Ward syndrome (prolonged QTc without deafness) was
discovered. Several types of LQTS are currently known, which
are determined by gene mutations that cause distinct changes
in ventricular depolarization and repolarization.
The typical clinical features of LQTS include syncope or
SD associated with increased QTc intervals and ventricular
tachyarrhythmias such as torsade de pointes.171 Typically,
certain factors trigger syncope in LQTS, which are related
by subtype and genotype. The most common triggers are:
adrenergic activity in SQTL1, sudden awakening and an acute
auditory stimulus in SQTL2 and sleeping/resting in SQTL3.
However, phenotypic presentations vary widely. Carriers can
be asymptomatic, have no increase in QTc interval or have
syncope or SD in the first days of life. Thus, diagnostic criteria
were developed to score alterations, which are divided into
three main groups: clinical history, family history and ECG.163
5.2.1. Genetic Alterations in Long QT Syndrome
Genetic alterations are known in approximately 60%
of the clinical cases of LQTS, and at least 17 genes have
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been associated with this clinical entity. Generally, patients
have mutations in three specific genes: KCNQ1, KCNH2
or SCN5A.172 Hundreds of mutations have already been
described, with the most prevalent type being cardiac.173 The
most common mutation occurs in the KCNQ1 gene, which
is responsible for more than 30% of the genetic variants
and pathological mutations identified in LQTS and causes
SQTL1.173 This type of mutation causes a loss of function in
the IKs potassium current,166 which plays an important role in
cell repolarization and QT interval adaptation to heart rate.
SQTL5, a mutation caused by the KCNE1 gene, is much less
frequent (considered rare) and is responsible for IKs loss-offunction.166 The KCNH2 (HERG) gene, which encodes the
alpha subunit of the fast potassium channels, and KCNE2,
which encodes the beta subunit, are responsible for the rapid
entry of potassium during phase 3 of the action potential.174
Loss of alpha subunit function accounts for 40% of genotyped
LQTS and is responsible for SQTL2.175 SQTL3 accounts for
approximately 10% of all mutations diagnosed in LQTS, due to
changes in the SCN5A gene, whose functional gain produces
a continuous sodium input during the plateau phase, which
facilitates early depolarization in cardiac cells. Although
hundreds of other mutations have been described, treatment
and follow-up of LQTS patients and families are restricted to
the most known forms.176
5.2.2. Risk Stratification in Long QT Syndrome
Genetic analysis has been widely used for risk stratification
and determining specific therapeutic interventions in LQTS
patients and their relatives. Since LQTS is an uncommon
clinical condition and data have only been obtained through
cohort studies, the evidence level for recommendations about
risk stratification and treatment strategies has been limited to
B. The most robust risk marker of LQTS is a previous episode
of aborted SD, and its most common cause is polymorphic
ventricular tachycardia, degenerating or not into ventricular
fibrillation. Patients who have experienced such a condition
have a 13-fold increased risk of new SD episodes. Previous
syncope is also an extremely unfavorable risk marker, which
could double the risk.177
However, the risk of having an arrhythmic event is not the
same for all patients. Evidence shows that individuals with
SQTL2 and SQTL3 have a higher risk of events than those with
the mutations that cause SQTL1. In addition, individuals with
a QTc duration > 500 ms are at higher risk than those with
shorter QTc durations.172 Mutations involving the gene segment
that encodes the channel pore are also related to poorer
prognosis. Therefore, once again, the value of genotyping in
patients with this syndrome is clear. A family history of SD did
not prove to be a higher risk marker for events.178
5.2.3. Recommendations for Athletes with Long QT
Syndrome
A few years ago, LQTS patients were advised not to
participate in competitive sports based on the understanding
that they were exposed to an increased risk of SD. In 2015,
Aziz et al.179 studied more than 100 patients with a positive
LQTS genotype, all engaged in some type of sports program.
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Of these, 25% practiced competitive sports. Interestingly, the
authors found no disease-related symptoms during sports,
confirming that no event or SD had been described in those
undergoing proper treatment.179 This and other evidence
led to a revision of the recommendation to universally
restrict LQTS patients from competitive sports. Thus, the
American Heart Association/American College of Cardiology
published new eligibility recommendations for athletes with
channelopathies.180 Participation in competitive sports was
reconsidered for athletes with LQTS due to a lack of evidence
that asymptomatic athletes with positive genotype/negative
phenotype may be at increased risk of malignant arrhythmias
during sports. However, athletes must be under treatment
and asymptomatic for 3 months before returning to training.
Furthermore, precautionary measures, such as an automatic
external defibrillator (Table 10), are advisable. However, it is
important to stress that water sports are contraindicated for
athletes with SQTL1.
Recommendation grade: IIb.
Evidence level: C.
Regarding water sports, Ackerman et al.180 described the
follow up of swimmers diagnosed with SQTL1 and treated
with beta-blockers, many with an implantable cardioverterdefibrillator (ICD), who chose to continue competing. The
incidence of events was low, with only two events (both in the
same individual) among 74 patients diagnosed with LQTS. It
should be noted that this individual had a history of aborted
SD and was not using beta-blockers.
Beta-blockers are the basis for managing LQTS, and are
indicated for all symptomatic or asymptomatic individuals
with a QTc interval ≥ 470 ms. Therefore, all patients with a
prolonged QT interval should receive beta-blockers, although
protection is incomplete for patients with LQTS2 and 3 (class I
intervention). For patients with a mutation (positive genotype)
but a normal QT interval, prophylactic use of beta-blockers is
also recommended, given their good tolerability and the fact
that at least 10% of asymptomatic individuals will develop
symptoms over time.181,182
Recommendation grade: IIa.
Evidence level: B.
An ICD is recommended for all cardiac arrest survivors with
good functional status and life expectancy > 1 year.

Table 10 – Precautionary measures for patients with
channelopathies
Avoid substances that prolong the QT interval (www.crediblemeds.org)
Avoid substances that exacerbate Brugada syndrome (www.brugadadrugs.org)
Hydration and replacement of electrolytes: avoid dehydration (trigger)
Avoid hyperthermia, whether due to fever or excessive heat in athletes with long
QT and Brugada syndrome
An external automatic defibrillator should be part of the athlete's equipment
Establish an emergency action plan

Recommendation grade: I.
Evidence level: B.
Patients who develop syncope despite the use of betablockers may also benefit from ICD.
Recommendation grade: IIa.
Evidence level: B.
An ICD can be considered in patients at high risk of SD,
such as those with SQTL3, even if asymptomatic. Individuals
with a QTc interval > 500 ms present a very high risk.183
Recommendation grade: IIb.
Evidence level: B.
Sympathetic denervation may be considered for patients
with syncope or CPTV who are already using betablockers.181,184
Recommendation grade: IIb.
Evidence level: B.
5.3. Short QT Syndrome
Short QT syndrome is a very rare condition that has been
known for less than 20 years.185 In this disease, shortening
of repolarization occurs, which favors the development of
ventricular arrhythmias by reentry. It is characterized by a
short QT interval (QTc < 320 ms) with peaked T-waves (that
could have increased amplitude) with a normal ascending
phase and a rapid descending phase.186,187 A QTc interval
≤ 340 ms is a risk marker. Short QT syndrome should
also be considered when the patient has a QTc interval ≤
360 ms in association with a confirmed genetic mutation,
a family history of short QT syndrome, a family history of
SD in individuals under 40 years of age and/or in survivors
of cardiorespiratory arrest.188 Since the clinical parameters
are still unclear, genetic analysis is useful to confirm the
diagnosis in suspected cases. Mutations in three genes that
encode potassium channels have been described: KCNH2,
KCNQ1 and KCNJ2, all resulting in function gains in the IKr,
IKs and IK1 channels, respectively, and determining short QT
syndrome types 1, 2 and 3.187 Three other genes that encode
calcium channels, CACNA1C (short QT syndrome type 4),
CACNB2 (short QT syndrome type 5) and CACNA2D1 (short
QT syndrome type 6) were also identified.188 Given that the
number of patients with a confirmed diagnosis is very small,
it has not yet been determined whether any specific type
of mutation determines a worse prognosis. Moreover, new
generation sequencing does not identify any genetic cause
in up to 40% of individuals with a clear phenotype.188 Risk
factors for arrhythmias are also not known. Treatment for this
condition is still controversial: in patients with a KCNH2 gene
mutation, quinidine has been shown to prolong refractoriness
and suppress the induction of arrhythmias during an
electrophysiological study,189 although for other mutations its
usefulness has not been established. The disease appears to
be highly lethal, but there may be a diagnostic bias toward
severe cases. Although the use of ICD may be considered,
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inappropriate shocks may occur due to the double-counting
phenomenon (QRS complexes and T-waves).190,191
Regarding exercise recommendations, participation in
competitive sports may be considered for short QT patients
as long as they are asymptomatic, have been under treatment
for 3 months and precautionary measures are taken (automatic
external defibrillator).
Recommendation grade: IIa.
Evidence level: C.
5.4. Brugada Syndrome
This syndrome is characterized by the occurrence of
syncope or SD caused by polymorphic ventricular tachycardia
in structurally normal hearts. Its diagnosis may be based on
a specific EGC pattern, defined as an ST-segment elevation
≥ 2mm (0.2 mV) in the right precordial leads. However, this
diagnosis may be unstable.192 Its most peculiar aspect is J-spot
elevation in the right precordial leads (V1 to V3), although this
phenomenon has also been described in lower leads.193-195
However, the ECG results may be unimpressive, requiring
the use of sodium channel blockers to unmask the condition.
The tracking and proper identification of these patients are
essential, since SD is rarely the first symptom.192
This syndrome is highly influenced by gender, since 90%
of cases occur in men. To date, only functional loss mutations
in SCN5A, present in about 20% of those affected, have been
identified. Currently, a total of 23 genes have been implicated
in Brugada syndrome (BrS1-BrS23), and the vast majority of
them are very rare.196 Clinically, the disease manifests with
syncope or SD, predominantly in the third or fourth decade
of life, with fever as a trigger for arrhythmias.
In risk stratification, individuals with spontaneous J-point
elevation have a worse prognosis than those in whom the
typical pattern was observed only after infusion of flecainide,
procainamide or ajmaline. The occurrence of syncope,
associated with spontaneous J-point elevation, increases the
risk of SD by up to 6 times. Neither a family history of SD
nor detecting a mutation in the SCN5A gene proved useful
for risk stratification.197,198
Sports have not been described as a SD risk factor in Brugada
syndrome. However, since there is a greater risk of events related
to parasympathetic activity in this syndrome, arrhythmias can
occur after exercise/training, a point in which there is vagal
recovery and sympathetic withdrawal. In addition, significant
elevations in body temperature due to intense physical activity
in unfavorable environments may also trigger SD.
Defibrillators are recommended for:
Aborted SD patients.
Recommendation grade: I.
Evidence level: B.
Patients with spontaneous J-point elevation and syncope,
or with previously documented ventricular tachycardia.

347

Exercise and competitive sports may be considered for
Brugada patients, provided they are asymptomatic and have
been undergoing treatment for 3 months.
Recommendation grade: IIa.
Evidence level: C.
5.5. Catecholaminergic Polymorphic Ventricular
Tachycardia
Catecholaminergic polymorphic ventricular tachycardia
(CPVT) is triggered by physical exertion or emotional stress in
children and young adults with structurally normal hearts.199,200
The patient’s resting ECG will appear normal, except for
relative bradycardia for age and frequent U-waves. The disease
manifests clinically as syncope.199
At least four mutations have been described in several
genes (RyR2, CASQ2, TRDN, CALM1) that potentially
cause CPVT. The most common cause is functional gain
mutation in RyR2 (about 60% to 75% of cases), the gene
that encodes type 2 ryanodine receptor, which is the protein
responsible for releasing calcium from the sarcoplasmic
reticulum. Anomalies in the CASQ2, the gene that encodes
cardiac calsequestrin, which is a calcium-binding protein in
the sarcoplasmic reticulum, account for up to 5% of CPVT
cases. The CALM1 gene encodes calmodulin, a protein
that binds to calcium and stabilizes the RyR2 channel, and
accounts for less than 1% of the cases. Finally, there is also
the TRDN gene (identified in two families with CPVT), which
encodes triadin, a protein that binds RyR2 and calsequestrin
to the sarcoplasmic reticulum.201-203 Genetic analysis does
not contribute to risk stratification, but it is important for
identifying mutation carriers that have not yet manifested
symptoms. The initial presentation of about 30% of patients
is SD, and up to half of the patients suffer cardiac arrest
between the ages of 20 and 30 years.204 CPVT is a penetrating
disease, and the prevalence of “silent” cases could be up
to 20%.205 However, cardiac events may occur even in this
subgroup of individuals, who should be treated according
to current guidelines. In these cases, genetic analysis plays
a central role.206,207
Arrhythmias during exercise are the typical manifestation,
frequently 120 to 130 beats per minute, beginning with
isolated ventricular extrasystoles and progressing to episodes
of unsustained and sustained ventricular tachycardia if
effort is continued, usually with 180° rotation in the front
plane (bidirectional). Atrial arrhythmias, atrial fibrillation
and supraventricular tachycardia are also common in the
syndrome. Beta-blockers, the main therapeutic pillar for
CPVT,208,209 are very effective and are recommended for:
Patients with clinical manifestations.
Recommendation grade: I.
Evidence level: B.
Asymptomatic mutation carriers.

Recommendation grade: IIa.

Recommendation grade: IIa.

Evidence level: B.

Evidence level: B.

Arq Bras Cardiol. 2019; 112(3):326-368

The Brazilian Society of Cardiology and Brazilian Society of Exercise and Sports Medicine
Updated Guidelines for Sports and Exercise Cardiology - 2019

Updated
An ICD is recommended for individuals with aborted SD.
Recommendation grade: I.
Evidence level: B.
Individuals with sustained syncope or ventricular
tachycardia despite the use of beta-blockers.
Recommendation grade: IIa.
Evidence level: B.
Recommendations about competitive sports in this
disease are quite restrictive: athletes with symptomatic or
asymptomatic CPVT should not participate in competitive
sports (except class IA).
Recommendation grade: III.
Evidence level: C.

6. Athletes with Valvular Heart Disease
6.1. Introduction
The assessment and follow-up of physically active individuals
with valve disease are important pillars of sports cardiology. For
athletes with valvular heart disease, eligibility criteria are based
on cohort studies and expert consensus. However, randomized
clinical trials with prospective data are scarce.
Athletes with intermediate degrees of valve disease are the
most challenging group. Serial evaluation and stratification of
disease severity are fundamental. As new symptoms develop,
they should be treated promptly.
To qualify for competition, athletes must initially be
classified according to symptoms, degree of valvular damage
and left ventricular dysfunction.
Stage A: Asymptomatic athletes at risk of developing
stenosis or significant valve regurgitation, e.g., mitral valve
prolapse or BAV, as well as individuals whose physical
examination is consistent with the underlying pathology
(mitral, aortic ejection), but not classic valve dysfunction.
Stage B: Asymptomatic athletes with mild-to-moderate
valve disease with preserved LV function.
Stage C: Asymptomatic athletes with severe valve disease with
preserved LV systolic function (C1) or LV systolic dysfunction (C2).
Stage D: Symptomatic athletes with severe valve disease
(with or without LV dysfunction).
6.2. Aortic Valve Disease
Aortic impairment is usually degenerative and is a result
of aortic stenosis in middle-aged/elderly athletes and BAV
in younger athletes. In Brazil, rheumatic etiology should be
considered. Primary aortic diseases are common causes of
aortic regurgitation, although there are also rheumatic and
congenital causes (e.g., BAV).210,211
6.2.1. Aortic Stenosis
Aortic stenosis is considered a progressive disease
and survival during the asymptomatic phase has been

found similar to that of age-matched controls.212 In 2010,
approximately 40 million people worldwide aged 65 or older
had aortic stenosis, and this number is expected to reach 72
million by 2030.213 Lower exercise tolerance, effort dyspnea,
and angina in athletes with systolic murmur are suggestive
of clinically important aortic stenosis. Dyspnea is due to
increased LV filling pressure or an inability to increase cardiac
output with exercise.
Aortic stenosis is also recognized as responsible for SD in
young athletes, although the prevalence of less than 4%.214 It
is important to point out that almost 70% of SD episodes in
subjects with severe aortic stenosis were not preceded by any
of the classic symptoms of the disease.212
Echocardiography with Doppler color flow mapping is the
method of choice for diagnosis, classification and evaluation
of aortic stenosis215 (Table 11).
Transthoracic echocardiography provides evidence of aortic
valve anatomy (e.g., the number of cusps and the extent of
calcification), as well as valve hemodynamics (to confirm
severity) and their consequences on LV function. Pulmonary
hypertension, concomitant valvular disease and aortic root
dilation can also be evaluated.216
Cardiac MRI is useful for patients with an unfavorable
transthoracic window and/or when there is disagreement
between two-dimensional echocardiographic parameters.217
Computed tomography of the heart can be used to quantify
valve calcification. A calcium score of less than 700 Agatston
units excludes severe aortic stenosis and has a high negative
predictive value. On the other hand, scores over 2,000
Agatston units suggest severe aortic stenosis.213
Due to potential progressive aortic valve narrowing, athletes
with mild or moderate (stage B) aortic stenosis should be
assessed annually.
In asymptomatic or oligosymptomatic patients, exercise
testing (exercise stress testing or CPET) could reveal those
with low functional capacity, intraoperative hypotension
and/or electrocardiographic changes during exercise. Such
findings will conflict with the recommendations about sports
participation. Recently, Saeed et al.218 analyzed almost 800
exercise tests and found that patients with moderate-to-severe
asymptomatic aortic stenosis can perform the test safely and
with good tolerability. In addition, event-free survival at 1 year
was almost 90% in asymptomatic patients, but less than 70%
in those who reported symptoms during exercise.
BAV patients without stenosis (stage A) should have an
annual physical examination to detect new heart murmurs.
Athletes with mild-to-moderate aortic stenosis (stage B) should

Table 11 – Aortic stenosis severity rating
Jet velocity
(m/s)

Medium
gradient
(mmHg)

Aortic valve area
(cm2)

Mild

<3

< 25

> 1.5

Moderate

3-4

25-40

1.0-1.5

Severe

>4

> 40

< 1.0 (< 0.6 cm2/m2)

Impairment
(degree)
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undergo anamnesis, a physical examination, echocardiography
(to evaluate disease progression), and exercise testing to ensure
that their exercise tolerance is compatible with their physical
activity, that no episodes of hypotension occur during exercise,
and that there is no electrocardiographic evidence of complex
ischemia/arrhythmia.
6.2.1.1. Recommendations and Evidence Level
Athletes with aortic stenosis should be evaluated annually
to continue participating in sports.
Recommendation grade: I.
Evidence level: C.
Athletes with discrete aortic stenosis (stage B) and an
appropriate physiological response to a maximal exercise
testing may participate in any sport.
Recommendation grade: IIa.
Evidence level: C.
Athletes with moderate aortic stenosis (stage B) can
participate in competitive sports with low-to-moderate static
and dynamic components (classes IA, IB and IIA) if the exercise
testing results are sufficient for the activity level required in
competition, with clinical, hemodynamic and ECG responses
to exercise and without ventricular tachyarrhythmias.
Recommendation grade: IIa.
Evidence level: C.
Asymptomatic athletes with severe aortic stenosis (stage C)
should not participate in competitive sports, except for those
with low static and dynamic components (class IA).
Symptomatic athletes with aortic stenosis (stage D) should
not participate in competitive sports.
Recommendation grade: III.
Evidence level: C.
6.2.2. Aortic Regurgitation
The prevalence of aortic regurgitation increases with age,
although it is very low (1%) in individuals less than 70 years
of age. After that age, its prevalence increases to over 2%.219
In the native valve, aortic regurgitation may be the result of
abnormalities of the valve leaflets, the aortic root or both.
The main causes of aortic regurgitation are diseases that
affect the aortic ring or root without directly involving the
aortic valve: BAV, connective tissue genetic disorders (Marfan,
Ehlers-Danlos and Loeys-Dietz syndromes), inflammatory
diseases (in particular syphilitic aortitis, Takayasu arteritis and
giant cell arteritis), rheumatic heart disease and hypertensive
dilation. In fact, so-called “idiopathic” aneurysms of the
ascending aorta have a genetic diagnosis in at least 30% of
the cases.210,219 Aortic regurgitation is invariably well tolerated
and asymptomatic for years; however, eccentric hypertrophy
progressively develops and LV systolic and diastolic volumes
increase, which could lead to LV systolic dysfunction.
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Aortic regurgitation is diagnosed in asymptomatic athletes
when physical examination reveals wide arterial pulse
pressure, a diastolic murmur in the aortic area or Erb’s point,
or a systolic murmur related to increased systolic volume.
An echocardiogram is definitive for diagnostic confirmation
and classifying aortic regurgitation. With color Doppler
echocardiography, the size of the regurgitant jet and the flow
convergence can be determined, allowing the regurgitant
orifice area to be calculated.210,220
CMRI may be used as a complement to echocardiography
when quantifying aortic regurgitation. In fact, it has been
reported that quantitative volume and regurgitant fraction
can be calculated with better reproducibility through CRMI
than echocardiography.221,222
Because the pathophysiology of aortic regurgitation leads
to LV dilation in elite athletes, it must be differentiated from
the physiological alterations in athlete’s heart syndrome.
Therefore, when evaluating increased LV volume in elite
athletes with suspected or diagnosed aortic regurgitation,
only LV volumes that exceed normal physiological response
to sports training should be considered.
Although up to 45% of male athletes have a LV end-diastolic
diameter (LVDD) > 55 mm, only 14% of elite male athletes
have a LVDD > 60 mm, and LVDD rarely exceeds 70 mm.
A LVDD > 55 mm occurs in < 10% of elite female athletes,
while only 1% have a LVDD > 60 mm.223-225 The same is true
for LV end-systolic diameter (LVSD): in elite athletes, the upper
limit for LVSD is 49 mm for males and 38 mm for females.
Only index data on body surface area and height are available
regarding LVDD, which indicate upper limits of 35.3 mm/m2
and 40.8 mm/m2 for male female athletes, respectively.223-226
A normal LV ejection fraction response to exercise
is observed in aortic regurgitation patients until there is
significant LV dilation. When evaluating the progressive
effects of severe aortic impairment in athletes with normal
LV ejection fraction, serial analysis of LVSD is of great
value. The American Heart Association/American College
of Cardiology define preserved systolic function (stage
C1) in patients with significant aortic impairment as a LV
ejection fraction ≥ 50% and LVSD ≤ 50 mm or index
LVSD ≤ 25 mL/m2.210,227 Thus, in athletes with significant
aortic impairment and a LVDD that exceeds the abovementioned reference values. There is a higher probability
that severe aortic impairment contributes to LV dilation.
Such athletes require a more careful evaluation to verify
that no ventricular increase has occurred and whether signs
and/or symptoms occur during exercise, such as dyspnea
on exertion or reduced functional capacity.
6.2.2.1. Recommendations and Evidence Level
Athletes with aortic regurgitation should be evaluated
annually to continue participating in sports.
To confirm that athletes with aortic regurgitation are
truly asymptomatic, they should undergo an exercise testing
involving at least the activity level achieved during training and
competition and have a physiological hemodynamic response.
Athletes with mild-to-moderate aortic impairment (stage B),
a physiological response to a maximal exercise testing, normal
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or discretely dilated LV and a normal ejection fraction may
participate in any sport (with frequent reassessment).
Recommendation grade: I.
Evidence level: C.
Athletes with mild to moderate aortic regurgitation (stage
B), a physiological response to a maximal exercise testing, a
moderately dilated LV (LVSD < 50 mm [men], < 40 mm [women]
or < 25 mm/m2 [both sexes]) and a normal ejection fraction may
participate in any sport (with frequent reassessment).
Recommendation grade: IIa.
Evidence level: C.
Athletes with severe aortic regurgitation (stage C1), a
physiological response to a maximal exercise testing, a
moderately dilated LV (LVSD < 50 mm [men], < 40 mm
[women] or < 25 mm/m2 [both sexes]), a normal ejection
fraction and no progression of aortic impairment or LV
regurgitation according to echocardiography may participate
in any sport (with frequent reassessment).
Athletes with aortic regurgitation whose aortic diameters
are 41 to 45 mm may participate in sports in which there is
no risk of collision (with frequent reassessment).
Recommendation grade: IIb.
Evidence level: C.
Symptomatic athletes with significant aortic regurgitation
(stage D), LV systolic dysfunction with an ejection fraction <
50% (stage C2), LVSD > 50 mm or > 25 mm/m2 (stage C2)
or a significant increase in LVDD (> 70 mm or ≥ 35.3 mm/
m2 [men], > 65 mm or ≥ 40.8 mm/m2 [women]) should not
participate in competitive sports.
Recommendation grade: III.
Evidence level: C.
6.2.3. Bicuspid Aortic Valve
BAV is the most common congenital heart disease,
affecting 1.3% of the population. 228 There is already
consensus that an association exists between BAV and
changes in vascular connective tissue, and that dilation of
the aortic root can occur, including a risk of dissection, even
in the absence of hemodynamically significant aortic stenosis
or aortic regurgitation.229,230
6.2.3.1. Recommendations
Athletes with BAV but not aortic root dilation (less than
40 mm, or equivalent in children and adolescents according
to body surface area), significant aortic stenosis, or aortic
regurgitation may participate in any competitive sport.
Athletes with BAV and aortic root measurements between
40 and 45 mm may participate in competitive sports with
a low-to-moderate static component or a low-to-moderate
dynamic component (classes IA, IB, IIA and IIB) but should
avoid sports that involve a risk of collision or trauma.

Athletes with BAV and aortic root dilation greater than 45
mm may participate only in competitive sports with low static
and dynamic components (class IA).
6.3. Mitral Valve Disease
6.3.1. Mitral Stenosis
A mitral valve area of 4 to 6 cm2 is considered normal.
Mitral stenosis affects women twice as frequently as men.231
As mitral stenosis progresses, particularly when the area
becomes smaller than 2 cm2, a diastolic pressure gradient
develops between the left atrium (LA) and the LV, causing
elevation in LA pressures and decreased flow towards the
LV.232 Frequently of rheumatic origin, mitral stenosis rarely
causes SD. However, exercise may lead to a marked increase
in pulmonary and pulmonary capillary pressure, sometimes
culminating in acute pulmonary edema.233 Athletes with
mitral stenosis are more likely to develop atrial fibrillation as
a result of strenuous exercise in an already enlarged atrium.
Systemic embolization is the main complication, but there
is no evidence that strenuous exercise increases risk. When
atrial fibrillation occurs in an athlete with mitral stenosis,
anticoagulant therapy should be applied.
As in other valvular heart diseases, the evaluation of
athletes with mitral stenosis requires a well-documented
anamnesis, as well as an echocardiogram (Table 12).215 This
disease is considered severe when there is a resting mean
transmitral gradient of 5 to 10 mmHg, which is dependent
on transvalvular flow and the diastolic filling phase, factors
that vary widely with increased heart rate during exercise.210
Athletes with mitral stenosis, whether asymptomatic or
with minimal symptoms, should perform an exercise testing
involving at least the activity level achieved during training/
competition, especially if the disease severity is uncertain.
The intensity of physical activity should depend on the size
of the left atrium and the severity of the defect. Pulmonary
artery systolic pressure during exercise can be estimated
noninvasively with an echocardiogram, which can be of
great value in quantitative analysis of the safe training range
for mitral stenosis patients.210
6.3.1.1. Recommendations and Evidence Level
Athletes with mitral stenosis should undergo an annual
evaluation to continue participating in sports.
An exercise testing should be performed involving at least
the activity level achieved during training/competition with a
hemodynamic response to confirm the symptom status.

Table 12 – Echocardiographic features of severe mitral stenosis
Mitral valve area < 1.5 cm2
Mean left atrial/left ventricular diastolic gradient ≥ 10 mmHg
Pulmonary artery systolic pressure ≥ 50 mmHg at rest
Pulmonary artery systolic pressure ≥ 60 mmHg on effort
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Recommendation grade: I.
Evidence level: C.
Athletes with mild mitral stenosis (mitral valve area >
2.0 cm2, mean gradient < 10 mmHg at rest) in normal sinus
rhythm may participate in any competitive sport.
Recommendation grade: IIa.
Evidence level: C.
Athletes with significant mitral stenosis should not
participate in competitive sports, with the possible exception
of sports with low static and dynamic components (class IA).
Athletes with any degree of mitral stenosis and atrial
fibrillation or who have a history of atrial fibrillation on
anticoagulant therapy should not participate in competitive
sports involving collision/trauma risk.
Recommendation grade: III.
Evidence level: C.
6.3.2. Mitral Regurgitation
The prevalence of mitral regurgitation is age dependent,
with a frequency > 6% in adults over 65 years of age.234 The
pathogenesis varies from mitral-valve prolapse (sometimes with
myxomatous degeneration) to rheumatic causes, connective
tissue diseases (e.g ., Marfan syndrome) and infective
endocarditis, to secondary causes such as coronary artery
disease and dilated cardiomyopathy. Diagnostic suspicion
arises from auscultating a systolic murmur at the apex,
which is confirmed and quantified by echocardiography.220
Generally, athletes with mild or moderate mitral regurgitation
are asymptomatic (Stage B).
The severity of mitral regurgitation is related to LV
regurgitant volume into the left atrium, with increased atrial
pressure, increased ventricular diastolic volume and posterior
LV dilation.235 Due to overestimation of the LV ejection fraction,
LV systolic dysfunction in athletes with mitral insufficiency is
defined as a LV ejection fraction < 60% or LVSD > 40 mm.
As in aortic regurgitation, it is difficult to distinguish LV dilation
due to exercise from that caused by major mitral regurgitation
when LVDD is < 60 mm (or < 40 mm/m2). However, LVDD
> 60 mm strongly suggests significant mitral regurgitation, thus
justifying subsequent investigation.210
Dynamic exercise generally decreases the regurgitant
fraction due to reduced systemic vascular resistance. On the
other hand, static exercise with increased systemic BP, HR
and systemic vascular resistance increase regurgitant volume,
which increases the pressure in pulmonary capillaries. The
assessment of athletes with mitral regurgitation, which should
occur at least annually, should include complete anamnesis
and an echocardiogram. This test can noninvasively estimate
pulmonary artery systolic pressure during exercise and is useful
for decision making about the intensity of safe physical activity,
especially in those with more severe mitral regurgitation.210
The recommendations listed below should be considered
in patients with secondary causes of mitral regurgitation (e.g.,
infective endocarditis, rupture of the mitral valve chordae)
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due to a marked increase in LV systolic pressure, which could
further damage valve tissue.
6.3.2.1. Recommendations and Evidence Level
Athletes with mitral regurgitation should be evaluated
annually to continue participation in sports.
Athletes with mitral regurgitation should undergo an
exercise stress testing or CPET involving at least the activity
level achieved in during training and competition, with a
hemodynamic response to confirm symptom status.
Athletes with mild-to-moderate mitral regurgitation, normal
sinus rhythm, normal LV diameter and function, and normal
pulmonary arterial pressures (stage B) may participate in any
competitive sport.
Recommendation grade: I.
Evidence level: C.
Athletes with moderate mitral regurgitation (stage B), normal
sinus rhythm, normal LV ejection fraction, and moderate LV
dilation (compatible with that resulting exclusively from
exercise [LVDD < 60 mm or < 35 mm/m2 in men or < 40
mm/m2 in women) may participate in any sport.
Recommendation grade: IIa.
Evidence level: C.
Athletes with significant mitral regurgitation, normal sinus
rhythm, a normal LV ejection fraction at rest, and mild LV
dilation (compatible with that which can only result from
exercise [LVDD < 60 mm or < 35.3 mm/m2 in men or <
40 mm/m2 in women]) (stage C1) may participate in sports
with a low-to-moderate static component and a low dynamic
component, as well as in sports with a low static component
and a moderate dynamic component (classes IA, IIA and IB ).
Recommendation grade: IIb.
Evidence level: C.
Athletes with mitral regurgitation and significant LV dilation
(LVDD ≥ 65 mm or ≥ 35.3 mm/m2 [men] or ≥ 40 mm/m2
[women]), pulmonary hypertension and LV ejection fraction
< 60% or LVSD > 40 mm should not participate in any
competitive sport, with the possible exception of low static
and dynamic component sports (class IA).
Athletes with mitral regurgitation and a history of atrial
fibrillation and long-term anticoagulation therapy should not
participate in sports that involve a risk of collision/trauma.
Recommendation grade: III.
Evidence level: C.
6.3.3. Mitral-Valve Prolapse
This pathology, which has an estimated prevalence of 2%
to 4% in the general population, appears to be more common
in women. Diagnosed with echocardiography, it is defined as
systolic displacement of one or both mitral leaflets ≥ 2 mm
into the left atrium, as well as by the mitral annular plane in the
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parasternal cross-section of the long axis.235,236 It occurs in two
forms: the classical form, with diffusely thickened leaflets (≥ 5
mm) with bileaflet prolapse; or the non-classical form, in which
there is limited (< 5 mm) or absent thickening and segmental
prolapse. Classical prolapse can be further subdivided into
symmetrical (when the leaflets meet at a common ring point)
and asymmetrical (when one leaflet is moved further towards
the atrium).237 A mitral valve leaflet thickness > 5 mm in the
echocardiogram has been associated with an increased risk of
SD, stroke and endocarditis in patients with classic prolapse.236
The etiology can be primary (degenerative disease) or
secondary (Marfan syndrome, Ehlers-Danlos syndromes,
pseudoxanthoma elasticum). These patients can be identified
through auscultation by the presence of a meso-telesystolic
click and/or a mitral regurgitation murmur, as well as by chest
pain, dyspnea, exercise intolerance, syncope and/or dizziness.
The major risks related to mitral-valve prolapse include
severe progressive mitral regurgitation requiring valve surgery,
infective endocarditis, embolic events, atrial and ventricular
tachyarrhythmias and SD (which appears to be associated with
structural abnormalities of the mitral valve, as in the classical
form), with diffuse thickening, stretching and redundancy, and,
in some cases, rupture of chordae tendineae.

supraventricular or unsustained tachycardia or complex
ventricular tachycardia according to 24 h Holter monitoring,
severe mitral regurgitation according to an echocardiogram,
LV systolic dysfunction (LV ejection fraction < 50%), previous
embolic event or family history of SD related to mitral-valve
prolapse may participate in any competitive sport.
Athletes with mitral-valve prolapse who exhibit any of the
above characteristics may participate in competitive sports
with low static and dynamic components (class IA).
Recommendations for athletes with mitral-valve prolapse
and hemodynamic overload secondary to moderate-to-severe
mitral regurgitation should be guided by the mitral regurgitation.
6.3.4. Tricuspid Stenosis
In isolation, tricuspid stenosis is rare. It is mainly caused
by rheumatic disease and is usually associated with mitral
stenosis. Although less common, tricuspid stenosis may
result from congenital/genetic abnormalities, such as
Ebstein’s anomaly, Fabry disease, Whipple disease, or active
infective endocarditis. 247 In summary, tricuspid stenosis
patients should be considered according to degree of
severity (Table 13).215

The prognosis for mitral-valve prolapse is controversial. For
example, the Framingham Heart Study238 described mitralvalve prolapse as a benign entity, but other studies indicate
that a subgroup of patients may be at a greater risk of cardiac
arrest, which is the most devastating consequence. Thus,
the risk for serious adverse events secondary to mitral-valve
prolapse remains uncertain.239,240

6.3.4.1. Recommendations

SD associated with isolated mitral-valve prolapse is rare
among young people, particularly with respect to exercise,
and is also rare among professional athletes: its frequency in
these groups is no greater than that of the general population.
It predominantly occurs in patients over 50 years of age
with severe mitral regurgitation and/or systolic dysfunction.
However, Basso et al.241 have shown a growing interest in mitralvalve prolapse, highlighting this entity as a neglected cardiac
abnormality that could be associated with severe cardiac events,
including SD in youth and adults. Caselli et al.242 evaluated a
large cohort of competitive athletes from 2000 to 2010, finding
that mitral-valve prolapse was a relatively common finding,
although predominantly benign. In addition, they recommend
that detecting moderate-to-severe mitral regurgitation, as well
as ventricular arrhythmias, may be useful for identifying athletes
with mitral-valve prolapse who are at greater risk.

Tricuspid regurgitation is reported as the most common
heart valve disease, affecting up to 85% of the population.248
It is divided into two categories: primary (or organic) and
secondary tricuspid regurgitation, which is the most common
form. Namely, only 8% to 10% of tricuspid regurgitation cases
are primary,246 being associated with rheumatic heart disease,
pacemaker electrode and defibrillator leads (iatrogenic
complications) myxomatous degeneration, myocardial
degeneration, tricuspid valve prolapse, infectious diseases
(e.g., endocarditis) and congenital heart diseases (e.g.,
Ebstein’s anomaly). It may also be related to postoperative
complications. Physical examination and chest X-ray may help
estimate tricuspid regurgitation, but echocardiogram is the
gold standard for assessing the mechanism and severity of the
condition. Three-dimensional echocardiography is even more
sensitive, allowing a simultaneous view of all the leaflets.249 If
RV function cannot be adequately evaluated with this method,
CMRI, due to its capacity to quantify RV volumes and ejection
fraction, is an important introductory step.248 If these measures

Some individuals with mitral-valve prolapse present a
phenotype described as MASS (mitral valve, aorta, skeleton,
and skin), which involves connective tissue changes, long
limbs, deformity of the thoracic cage, and joint hypermobility).
In such patients the risk of progression to aortic dilation/
dissection or SD is greater. The MASS phenotype only applies
if the aortic diameter z-score is < 2, the systemic score is ≥
5 and the patient is at least 20 years old.243-246
6.3.3.1. Recommendations
Athletes with mitral-valve prolapse but no prior
syncope (especially if of arrhythmogenic origin), sustained

Asymptomatic athletes may participate in any competitive
sport. An exercise testing involving at least the activity level
achieved during training and competition should be performed.
6.3.5. Tricuspid Regurgitation

Table 13 – Echocardiographic features of severe tricuspid stenosis
Tricuspid valve area ≤ 1.0 cm2
Mean diastolic gradient right atrium/right ventricle ≥ 5 mmHg
Isolated right atrial enlargement
Tricuspid pressure half-time ≥ 190 ms

Arq Bras Cardiol. 2019; 112(3):326-368

352

The Brazilian Society of Cardiology and Brazilian Society of Exercise and Sports Medicine
Updated Guidelines for Sports and Exercise Cardiology - 2019

Updated
cannot be estimated/determined non-invasively, right cardiac
catheterization is used for such evaluation.

participate in competitive sports (class IA, IB and IIA) if there
is no risk of collision/trauma.

“Physiological” tricuspid regurgitation can be detected by
echocardiography in approximately 80% of healthy athletes
and does not imply any structural valve abnormality.231

Athletes who have undergone successful mitral balloon
valvuloplasty or surgical commissurotomy may participate in
competitive sports based on the severity of their residual mitral
regurgitation or aortic stenosis and their pulmonary arterial
pressure during rest and exercise.

6.3.5.1. Recommendations
Athletes with primary tricuspid regurgitation, regardless of
severity, and normal RV function, in the absence of right atrial
pressure > 20 mmHg or elevated RV systolic pressure, may
participate in any competitive sport.
6.3.6. Multivalvular Heart Disease
Multivalvular heart disease, a combination of stenotic and/
or regurgitant lesions of two or more heart valves, is a highly
prevalent clinical condition among patients with valvular
heart disease. It occurrence is mainly due to rheumatic
heart disease, although the incidence of this etiological
factor has decreased dramatically in the last five decades.250
Myxomatous valvulopathy and infective endocarditis are also
associated with multivalvular disease. Diagnosis is through
physical examination, echocardiogram (the main imaging
mode for diagnosis and follow-up), and sometimes cardiac/
coronary angiography.
6.3.6.1. Recommendations
The cumulative effects of multiple significant valve
lesions on an individual’s physiological response to exercise
may be difficult to predict, and multiple moderate lesions
may also have physiological effects on the somatosensory
system. Generally speaking, athletes with moderate-tosevere multivalvular disease should not participate in
competitive sports.
6.4. Sports after Valve Surgery
Although much progress has been made in cardiac surgery,
mortality after valve replacement is still higher than that of the
general population of the same age group.
Mechanical heart valve prosthesis requires anticoagulant
therapy and transvalvular gradients of varying degrees, which
could be exacerbated by exercise. Thus, for athletes who
have had a valve replacement, such factors determine their
adequacy for competitive sports.251
An exercise stress testing or CPET involving at least at the
activity level achieved during training and competition is of
great value for analyzing the functional capacity of the athletes
who have undergone valve replacement/repair.
6.4.1. Recommendations and Evidence Level
Athletes with an aortic or mitral bioprosthesis who are not
on anticoagulant therapy and have normal LV ejection fraction
and valvular function may participate in competitive sports
(class IA, IB, IC and IIA).
Athletes with an aortic or mitral mechanical heart valve
prosthesis who are undergoing anticoagulant therapy and
have normal LV ejection fraction and valvar function may
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Athletes who have undergone mitral valve surgery to correct
mitral regurgitation or aortic valve repair, having no residual or
moderate mitral regurgitation and having normal LV ejection
fraction, may participate in sports (class IA, IB and IIA), but
only at the discretion of the attending physician and if there
is no risk of collision/trauma.
Recommendation grade: IIa.
Evidence level: C.
6.4.2. Transcatheter Aortic Valve Implantation
Transcatheter aortic valve implantation is a minimally
invasive percutaneous procedure that was performed for
the first time in 2002. It is considered the gold standard for
patients with aortic stenosis who are at high surgical risk,
especially older adults.252 Since these patients often have
low functional capacity, therapeutic exercise intervention
can improve their physical integrity and performance in
activities of daily living.
Several recent studies have confirmed the benefits of
exercise in patients who have undergone transcatheter aortic
valve implantation. They are unanimous in reporting improved
functional capacity (as measured by CPET or the 6-minute walk
test).253-256 Altisent et al.,257 in a 4-year follow-up, found that
an increase < 20% in the 6-minute walk test 6 months after
the procedure correlates with an all-cause mortality of 65%.
Therefore, exercise increases the functional capacity of these
individuals, improving prognosis and quality of life. It should
be pointed out that we are not aware of any studies on athletes
who have undergone transcatheter aortic valve implantation.

7. Athlete’s Heart Syndrome in Women
7.1. Introduction
Since the passage of Title IX in 1972, women’s participation
in sports has increased dramatically. During the 2014-2015
school year, approximately 8 million United State. high school
students participated in sports, over 40% of whom were girls.258
Female athletes have been historically underrepresented
in research that has guided exercise and sports cardiology.
However, in the last three decades there has been an
exponential increase in the number of women participating in
competitive sports. Thus, female gender should be considered
an important biological variable in this context.
As in men, the body of female athletes also undergoes
physiological adaptations to physical training and may
present structural and electrical changes compatible with
athlete’s heart syndrome. Such adaptations can occur in all
athletes, but their magnitude depends on several factors,
including gender. There are anthropometric, physiological
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and biochemical differences between men and women,
including smaller stature, lower body mass, smaller LV
diameter, less testosterone and a different physical work
capacity.259 In hemodynamic terms, higher resting HR have
been observed, although maximum levels during exercise are
reached in a manner similar to men. Systolic BP and systolic
volume increase less on effort, and maximal O2 consumption
(VO2max) is lower. Nevertheless, female cardiac output is 5%
to 10% higher than that of males at any level of submaximal
oxygen consumption.260 In absolute values, female work
capacity is lower, but when assessed at the same intensity
percentage, the cardiovascular performance of men and
women are similar.
Since physical training can result in a series of cardiovascular
system modifications and adaptations, knowing how to
differentiate physiological responses due to regular exercise
from pathological ones can be a challenge when performing
detailed clinical evaluations of athletes.
7.2. Complementary Exams
7.2.1. Twelve-Lead Electrocardiogram
7.2.1.1. Electrocardiogram: Physiological Changes vs.
Changes Suggestive of Heart Disease
Both physiological and pathological adaptations may
differ between female and male athletes in ECG. However,
data on specific ECG differences between genders are
limited. Using the criteria of Pelliccia et al. (2000),261 women
had a higher prevalence of normal ECG than men (78%
vs. 55%) in a cohort of European Olympic athletes. On
the other hand, according to the latest Seattle criteria,262
no significant differences were observed between genders
(96% of males and 97% of females had normal ECG). This
contrast could be justified by the fact that the Seattle Criteria
are much more rigorous, which increases specificity without
sensitivity loss.
Female athletes appear to have a lower prevalence of
physiological changes in ECG, especially regarding isolated
increases in QRS complex amplitude (in about 10% of
women), incomplete RBBB and early repolarization (four
times less than men).263,264 However, female athletes had a
higher frequency of QT interval increase, as well as inverted
T-wave in the V1-V2 leads (1% vs. 0.2% in male athletes),265
such findings are considered non-pathological adaptations.
Inverted T-waves in the inferior and/or lateral walls are
more prevalent in male athletes, being more commonly
associated with underlying structural heart disease.266 On
the other hand, anterior precordial T wave inversion is more
common in women and, when limited to V1-V3 leads, does
not appear to be related to structural heart disease.267,268
However, ventricular repolarization changes in lateral leads
are less common and should always serve as a warning for
a possible pathology.269
One important point to consider is that the international
guidelines for interpreting ECG in athletes do not differ
according to gender, but are unanimous in stipulating a higher

QTc interval cut-off point for women than men, since women,
regardless of cardiac remodeling, have longer QTc intervals
than men (≥ 480 ms vs. ≥ 470 ms, respectively).101,270
7.3. Echocardiogram
The echocardiogram is one tool available for PPS and
determining sports eligibility. In a study of 600 female athletes
who participated in different sports, it was found that the
LV cavity is rarely greater than 54 mm (a threshold value for
normality in women) and never above 66 mm. The thickness
of the LV wall rarely measures over 11 mm, reaching a
maximum of 13 mm, usually in blacks.225,271 Finocchiaro et
al.264 confirmed these findings: none of the women in their
sample had an LV wall thickness > 12 mm, and only 7%
had a LV end-diastolic diameter > 54 mm. In fact, these
results are clinically relevant, since a LV cavity < 54 mm can
distinguish, for example, an “athlete’s heart” from HCM with
excellent sensitivity and specificity.272
It has long been known that one adaptation to regular
physical training is increased LV mass, observed mainly in
endurance athletes. However, when LV wall thickness is
accompanied by a reduction in cavity size, a pathological
process such as HCM should be suspected. LV wall thickness
> 12 mm in men or > 10 mm in women is considered
abnormal in white athletes, and further investigation is
necessary.273 In black athletes, an LV wall thickness of 11
mm can be observed, which can reach up to 12 or even 13
mm in exceptional situations.271 Since none of the athletes
Finocchiaro et al.’s sample had a LV wall ≥ 13 mm, it would
be reasonable to infer that an LV wall thickness of 13 mm
probably represents the upper physiological limit of LV
hypertrophy in black and asymptomatic athletes where there
is no family history of HCM.
Recent experiments have demonstrated that women with
“athlete’s heart” have eccentric LV hypertrophy. Initially, there
is an increase in the cavity which, although smaller (5%) than
that of a man, is larger when indexed to body surface. LV
wall thickness and LV mass do not increase proportionally,
being smaller than those of male athletes (23% and 31%,
respectively). It is suggested that a relative LV wall thickness
> 0.48 is a marker of pathology.269
D’Ascenzi et al.274 investigated the morphology and function
of the left and right atria in competitive volleyball athletes,
observing a biatrial increase with normal filling pressures
and low complacency. In women, these characteristics are
typical of athlete’s heart and should be thus interpreted as a
physiological adaptation to intense physical training.
7.4. Exercise Testing
Prior to this decade, the exercise stress testing was
considered less accurate when diagnosing CAD in
women. However, more recent studies have vindicated its
effectiveness, especially for variables besides ST-segment.
Women are more likely to have baseline ST-segment
and T-wave changes, as well as ST-segment depression,
during exercise. This is believed to be a consequence of
a “digoxin-like” estrogen effect, since the changes seem
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to vary according to menstrual cycle and postmenopausal
hormone replacement.275 Unlike men, ST-segment change in
asymptomatic women does not correlate with mortality. In
many circumstances, due to the relatively higher prevalence
of false-positive traits in women, those with ST-segment
depression generally receive non-cardiac diagnoses, with
no additional exams or subsequent cardiac treatment.276
In men and women, a chronotropic index < 0.8 and
HR recovery < 12 bpm after the first minute correlate with
increased mortality and are valuable measures for prognostic
evaluation.
Functional capacity, obtained though the exercise stress
testing, is especially useful for athletes, besides being an
independent predictor of CAD and mortality. For accurate
evaluation of exercise capacity, as well as for training
adjustments, an association of exercise ECG and expired gas
measurements (CPET) is recommended.259
Recommendation
grade

Evidence
level

Exercise stress testing in initial
assessment for competition or a series of
tests for training load adjustment

IIb

B

CPET (previous item)

IIa

B

Recommendation

CPET: cardiopulmonary exercise testing.

7.5. Sudden Death
Curiously, the occurrence of SD differs between male and
female athletes. Several types of evidence indicate that SD
is overwhelmingly more prevalent in male athletes.277-280 This
disproportional occurrence would seem to suggest that women
have some “protective factor” against heart disease, in whom
SD is less likely than men under similar conditions. However,
little is known about other factors that could be decisive in
this outcome. Moreover, it has been shown that 92% of young
athletes with SD were men, and that only 53% of women had
some structural change.281
The proportion of women among master athletes (> 40
years of age) has grown. There has been much discussion
about whether intense exercise over a period of many years
has deleterious effects. Myocardial fibrosis, atherosclerotic
plaques, and a higher incidence of atrial fibrillation have been
found in some groups of athletes.282 However, whether the
additional risk from very intense exercise applies equally to
men and women has also been questioned. A recent metaanalysis involving more than 149,000 women283 found that
moderate exercise reduces the chance of developing atrial
fibrillation, especially in comparison to sedentary women,
and that women who exercised intensely on a regular basis
had a 28% lower risk of atrial fibrillation. In contrast, a
prospective study suggested that the risk of atrial fibrillation
in women followed the same pattern as in men.284 According
to this study, the risk in more active women was higher than
in moderately active women and similar to that of sedentary
women. Thus, further investigation is necessary to better
understand the relationship between exercise and atrial
fibrillation in women.
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8. Basic Life Support for Athletes
8.1. Sudden Death among Athletes
Although rare, SD at a sporting event causes a public
commotion, especially when involving elite athletes. Statistics
show that in the general population the incidence of SD during
exercise is approximately 0.46 cases per 100,000 personyears.285 In young athletes this incidence is also low: (a) 0.5
for every 100,000 person-years among athletes in Minnesota;
(b) 2.3 per 100,000 person-years among competitive athletes
in northern Italy;7 (c) 1 to 3 for every 100,000 person-years
in professional American football players. 286 However,
the true incidence of cardiac SD in athletes still requires
further investigation. More recently, Emery and Kovacs144
pointed out that the studies estimating these events vary
methodologically, diverging between the number of athletes
who suffered SD (numerator) and the number of athletes at
risk (denominator). In addition, some included only events
that resulted in death, while others also included those who
survived cardiorespiratory arrest.
Several structural and non- structural changes
(channelopathies) are responsible for most cases of cardiac
arrest among athletes. Studies conducted in the 1990s
pointed to HCM as the main cause of SD,287,288 and data
from another experiment conclusively showed that HCM is
the main cause of SD in young athletes, accounting for 26%
of cases.289 Nevertheless, a meta-analysis of retrospective
cohort studies, registries, and autopsy series by Ullal et al.290
challenged these conclusions: in more than 4,000 young SD
victims, structurally normal hearts were the most common
findings (26.7%). Interestingly, the proportion of HCM was
much lower among their sample (10.3%). Irrespective of these
controversies, however, vigorous exercise, when associated
with heart disease, appears to trigger malignant events.
PPS generally consists of a detailed history, a physical
examination and resting 12-lead ECG, although whether ECG
should be mandatory has been debated in the international
scientific community.5 An important Italian study showed that
mandatory ECG use reduced the annual incidence of cardiac
SD by 90%.291 The American Heart Association/American
College of Cardiology question the cost-effectiveness of
this strategy, the high rate of false-positive results, and the
availability of qualified personnel to interpret the results.292
On the other hand, the European Society of Cardiology
recommends ECG for PPS.35 Regardless of this controversy,
PPS cannot eliminate SD among athletes. Thus, a second pillar
must be further developed: basic life support.
8.2. Initial Care for Athletes
The basic emergency care strategy can be summarized
as a set of actions taken in the first few minutes following
a sudden cardiac event: (1) the organization and planning
of an emergency response team at the activity site; (2)
training first responders in cardiopulmonary resuscitation
and AED use. Places where sports activities occur (e.g.,
training centers, schools, colleges, gymnasiums, etc.) must
have a well-organized emergency care plan, including
personnel trained in basic life support and fast and effective
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communication with emergency services who can perform
advanced cardiac life support.
Effective treatment for an athlete who has suffered
sudden cardiorespiratory arrest depends on a sequence of
interdependent actions that, when linked together, form a
chain reaction that increases the victim’s chance of survival.
The American Heart Association calls this a “chain of survival”
that consists of the following links: rapid access, early
cardiopulmonary resuscitation, early defibrillation and early
advanced cardiac life support .
Most sudden cardiorespiratory arrest in athletes is due
to tachyarrhythmia (ventricular fibrillation),293 and can be
treated with immediate defibrillation and cardiopulmonary
resuscitation (CPR). Reducing mortality among athletes who
have suffered sudden cardiorespiratory arrest requires CPR
training programs and AED use, as well as personnel who
can recognize emergencies, activate the emergency system,
provide quality CPR, and use an AED. Current guidelines for
sports facilities require the installation of strategically placed
defibrillators in those with more than 2,500 patrons or those
that host activities for individuals in certain at-risk groups (e.g.,
heart disease patients or older adults).294,295
It is a well-established fact that for each minute without
CPR, the cardiorespiratory arrest victim’s chance of survival
decreases from 7% to 10%. However, regarding structural
diseases, ventricular arrhythmias appear to be more
susceptible to minor delays in defibrillation than structurally
sound hearts,296 which might explain why the survival rate of
athletes declines more significantly when AED use is delayed.
This highlights the extreme importance of early defibrillation,
the third link in the chain.
Numerous studies have documented increased survival
rates due to programs promoting public access to defibrillation,
including locations such as casinos, 297 airports 298 and
airplanes.299 If resuscitation is delayed until the arrival of
emergency services, survival rates are very low, around 1 to
2%.300 The use of AED in public places has led to survival rates
of up to 74% for out-of-hospital cardiac arrests.301 However,
due to the rarity of such events among athletes, little is known
about this initiative’s specific impact on them.
An important risk marker, PPS should be mandatory, since
it can detect cardiovascular changes that predispose an athlete
to SD. Despite differing international recommendations,
there is consensus that the assessment of every athlete should
include clinical history, a physical examination and 12-lead
ECG, being complemented with other exams according to
the degree of suspicion.
Athletes who experience SD require immediate highquality cardiopulmonary resuscitation to provide vital
blood flow to the brain and heart. Defibrillation should be
performed, ideally, 3 to 5 minutes after collapse to increase
the chance of success. If, as in most cases, the post-shock
rhythm cannot achieve effective perfusion, CPR should be
restarted immediately.
Finally, periodic medical evaluation, an effective local
emergency protocol, and personnel trained in basic life
support can ensure high-quality CPR and early defibrillation.
This, plus quick access to centers with advanced cardiac life

support are fundamental for decreasing the number of SD
cases in athletes and increasing their chance of survival.
8.3. Special Aspects in Preventing Exercise/Sports-Related
Sudden Death
8.3.1. Doping: Illicit Substances in Sports
Some substances used for doping can have deleterious
repercussions especially on the cardiovascular system, including
SD. Among the most commonly used substances, we highlight
anabolic steroids, ephedrine and amphetamines. Among
recreational drugs, we will address the use of cocaine and 3,
4-methylenedioxymethamphetamine, also known as ecstasy.
8.3.1.1. Anabolic Steroids
Anabolic steroids cause a number of side effects, including
undesirable cardiovascular effects. Anabolic steroids can
induce secondary hypertension and nephrosclerosis.
Testosterone may increase the vascular response to
norepinephrine and, as a consequence, promote fluid
retention and elevated peripheral vascular resistance, leading
to increased blood pressure.
Tagarakis et al.302 were the first to describe another
important effect of steroids at the microscopic level:
the adaptation of cardiac capillaries and myocytes to
concomitant steroid use and physical training, which leads to
a disproportionate increase of in myocardial mass in relation
to the cardiac capillaries. The results of this study suggest
that anabolic steroids could cause an imbalance between
oxygen supply and consumption, especially during exercise.
Recently, it has been shown that the long-term administration
of nandrolone decanoate to rats affects the physiology of the
cardiac autonomic system, resulting in a greater predisposition
to cardiovascular risk and SD. In addition, discontinued usage
did not result in an immediate return to normality.303 In
humans, anabolic steroids may be associated with a shortened
QT interval, thus negatively impacting cardiac electrical
activity.304 In addition, indiscriminate use of anabolic steroids
seems to be an independent risk factor for morbidity and
premature death.305
8.3.1.2. Ephedrine
In general, stimulants lead to tachycardia and increased
myocardial oxygen consumption, which may lead to
arrhythmias and acute myocardial infarction in susceptible
individuals. Ephedrine may cause symptomatic ventricular
tachycardia, frequent ventricular extrasystoles, atrial
fibrillation, and SD. It is important to point out that many
products called “natural” or “herbal” contain ephedrine-like
substances that go unmentioned in the product description.
8.3.1.3. Amphetamines
Amphetamines are the prototype central nervous
system stimulants. They come in a great variety of formulas
and presentations, with the most commonly used being
dextroamphetamine sulfate. This substance directly
stimulates adrenergic receptors at the cortical level and the
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ascending reticular activating system, and its indirect action
includes displacing endogenous catecholamines from their
sites in nerve endings. Its most pronounced general side
effects are insomnia, dizziness, profuse sweating, tremors
and euphoria; the cardiovascular effects are palpitations,
tachycardia and precordial discomfort; cerebral hemorrhage
is the neurological effect.

Cocaine causes generalized vasoconstriction, with the
main consequence being hypertension. Although cocaine use
causes more intense vasoconstriction in the central nervous
system, it can also affect other organs such as the kidneys,
resulting in glomerular, tubular, vascular and interstitial
changes that lead to renal damage.306,307 Cocaine may also
cause acute myocardial infarction, cardiac arrhythmias,
congestive cardiomyopathy, myocarditis, subarachnoid
hemorrhage, aortic rupture, rhabdomyolysis, arterial
hypertension, spontaneous or exercise-induced myocardial
ischemia, and cardiac SD.

The clinical examination should ideally include a resting 12lead ECG. Although there is disagreement between U.S. (who
recommend only anamnesis and physical examination) and
European authorities (who recommend adding 12-lead ECG
to anamnesis and clinical examination),314 the Brazilian Society
of Cardiology considers 12-lead ECG as mandatory at the
first cardiological examination.315 Resting ECG can diagnose
numerous heart diseases that can lead to SD, including long
QT syndrome,316 Brugada syndrome,193 Wolf-ParkinsonWhite syndrome317 and HCM.318 The European protocol,
which includes anamnesis, physical examination and ECG, is
currently used by the International Olympic Committee, the
Italian Olympic Committee, FIFA and the Union of European
Football Associations.292,319,320 The clinical examination should
include family and personal history and specific screening
for Marfan syndrome.312 A more detailed approach to PPS is
available in another section of this Guideline.

8.3.1.5. Ecstasy

8.4.1.2. Regarding the Athlete’s Preparation

Ecstasy is a hallucinogen similar to amphetamine. Due to
its low cost and availability in tablet form, its popularity and
consumption have increased significantly. Ecstasy increases
the release of serotonin, dopamine and norepinephrine by
presynaptic neurons. It also prevents the metabolism of these
neurotransmitters by inhibiting monoamine oxidase. Its main
cardiovascular effects are hypertension, tachycardia and
arrhythmias, which can lead to SD.308-310

Follow-up for athletes must be thorough. To prevent
clinical and cardiovascular events, basic preventive measures,
such as adequate nutrition and hydration are also important,
respecting rest periods and avoiding training and competition
during the hottest periods of the day. Athletes in training and
competition must be monitored and observed by qualified
medical staff, preferably who have experience in sports
medicine and first aid in case of emergency.

8.4. Evaluating Athletes and the Organization and Planning
of Emergency Care

8.4.2. Aspects Related to Training Venues and Competition

Sports-related SD is a dramatic event, and some measures
can (and should) be taken by doctors to try to prevent this rare
but tragic complication of sports/exercise.

8.4.2.1. Emergency Care and Medical Contingency Planning

8.3.1.4. Cocaine

8.4.1. Aspects Related to the Athlete
8.4.1.1. Pre-participation Screening
Considering that, in most cases, sports-related SD is caused
by known or undiagnosed heart disease, everyone who intends
to participate in sports should undergo PPS, regardless of age.
This clinical examination should be preceded by a thorough
anamnesis with particular attention paid to family history of
cardiovascular disease and SD.
PPS, in attempting to detect these pathologies, is the
most efficient way to prevent a fatal cardiovascular event.311
In 2009, the International Olympic Committee published a
paper on the importance of periodic medical evaluation in
elite athletes.312,313
Although isolated clinical examination may fail to detect
all forms of heart disease with the potential to cause SD, this
procedure, whose emphasis on examining the cardiovascular
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system is preceded by a thorough anamnesis and previous
pathological history (including family history), is nevertheless
the first step in proper evaluation of the athlete.
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In addition to procuring the necessary equipment for cases
of cardiorespiratory arrest, training and competition venues
should develop a medical contingency plan that includes
personnel trained in cardiorespiratory resuscitation and
optimized transport to a hospital with advanced cardiac life
support when applicable.286,321
8.4.2.2. Automatic External Defibrillators
The AED is a computerized device that can identify the
occurrence of ventricular fibrillation and tachycardia, the
cardiac abnormalities that respond to shock. These devices
should be available for use in less than 5 minutes at training
venues and competitions, clubs, arenas, stadiums, gyms and
cardiovascular rehabilitation clinics, which should also have a
team trained in cardiopulmonary resuscitation.145,322
Among young athletes, CPR arrest usually occurs after
intense training sessions or during a competition. Although
the occurrence of these events is rare (corresponding to 1% of
those occurring in middle-aged or older adults), prompt care
and successful resuscitation increase long-term survival.323,324
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Erratum
In the “The Brazilian Society of Cardiology and Brazilian Society of Exercise and Sports Medicine Updated Guidelines
for Sports and Exercise Cardiology - 2019”, the following names have been omitted from the publication: Japy Angelini
Oliveira Filho, associate editor and fifth name in the authorship, from the Universidade Federal de São Paulo (UNIFESP);
Antonio Claudio Lucas da Nobrega, from the Universidade Federal Fluminense; Luiz Gustavo Marin Emed, from the Hospital
Cardiológico Costantini; and Roberto Vital, from the Comitê Paralímpico Brasileiro (CPB) and Universidade Federal do Rio
Grande Do Norte (UFRN), inserted at the end of the authorship, in this order, and their respective institutions.
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