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EDITORIAL

Integrity in Scientific Research
Claudio Tinoco Mesquita
Teacher of Departamento de Medicina Clínica do Hospital Universitário Antônio Pedro, Universidade Federal Fluminense (UFF), Niterói, RJ − Brazil

“Science is composed of errors, but errors that it is right
to make, for they lead step by step to the truth”.
Jules Verne, Journey to the Centre of the Earth

The publication of a scientific paper is one of the
biggest goals of a scientist. It is fundamental for the
advancement of science, improvement of society and
the sovereignty of nations. The role played by editors of
biomedical journal is considered decisive for the integrity
of scientific research.1 The purpose of this paper is to offer
inputs about integrity and scientific fraud and discuss the
initiatives that have been taken for the promotion and
strengthening of good practices in research.
Brazil has seen progressive improvement in the
rates of scientific publication and currently ranks 15th2
in the ranking of SCImago countries, with more than
630,000 citable documents published in the past 20 years
(Figure 1) — although there is considerable debate about
the quality of the papers produced in the country, based
on the low impact factor of the journals where the papers
are mostly published2
The system that has led to increased academic
production on a global level and also in Brazil has many
merits, but it is imperfect, and incentives for researchers to
publish in increasing quantities can cause abnormalities.
In a recent publication, Edwards and Roy3 argue that
hypercompetition for research funds and for financial
and/or academic rewards has created an environment
that is conducive to the cementing of scientific progress
and to the rise of unethical actions.3 The quantitative metric
of scientific publications is dominant in the academic
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world. It is the basis for workers to be hired in universities,
for job promotions, awards and for obtaining financial
incentives.3 The direct consequence of this environment
is the increase of scientific misconduct which, according
to the National Science Foundation, can be classified
as follows: (1) fabrication, which is making up results
in research; (2) falsification, defined as manipulating
research materials, equipment or procedures, or changing
or omitting data so that the research does not accurately
represent the actual findings; and (3) plagiarism, which
is the appropriation of someone else’s ideas, processes,
results, or words, without giving proper credit.4
These unethical conducts led to 291 research papers
funded by the National Institute of Health (NIH) between
1992 and 2012 to be precluded from publication, at a cost
of US$ 58 million, not to mention the damage resulting
from researchers and health professionals unduly using
data.3 Fanelli5 has shown, in a meta-analysis, that 2% of
the scientists who have been heard acknowledged that
they have fabricated, falsified or modified data/results
on at least one occasion; while 14% of them claim to
know of data falsification in their colleagues’ research
studies.5 Lins and Carvalho6 published an analysis of
fraud cases in Brazil, listing episodes of plagiarism,
falsification and fabrication of results, and point out to
the need for further discussion on the subject. They have
also suggested the widespread adoption of good practices
in research and publication, such as those published by
Fundação de Amparo à Pesquisa do Estado de São Paulo
(FAPESP),7 as well as the active enforcement of research
integrity by regulatory agencies, such as Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior (CAPES)
and Conselho Nacional de Desenvolvimento Científico e
Tecnológico (CNPq).
Research integrity has been divided into five
dimensions: (1) data handling; (2) human aspects and
personal contact; (3) authoring and publishing; (4)
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Figure 1 – Ranking of top 20 countries according to the number of citable scientific papers registered in SCImago database from 1996 to 2016. Adapted
from SCImago. Retrieved on March 1, 2017.2

research sponsorship; and (5) research methodology.8
The strategies to be implemented by biomedical journals
to ensure these dimensions involve the requirement
of ethics committees to approve the study before it is
submitted, terms and conditions on conflicts of interest
specifying the specific contribution of each author,
independent statistical review, plagiarism detection
software and full adoption of the recommendations
of the International Committee of Medical Journals
Editors (ICMJE).9
Some of the most significant contributions of ICJME is
the definition of who should be an author of a scientific
paper, which is the individual who: (1) has helped
conceiving or designing the work; or has obtained,
analyzed or interpreted the research data; and (2)
has participated in the drafting of the manuscript or
critically revised it for important intellectual content;
and (3) has given final approval to the version of the
text to be published; and (4) agreed to ensure that the
questions regarding the accuracy or integrity of any part
of the work are properly investigated and resolved.9
Besides the importance of defining scientific
authorship, the ICJME calls the attention of the scientific
community to the so-called “predatory journals,”

which use unethical practices to attract publications
that are focused on business practices. It is the authors’
responsibility to evaluate the integrity of the journal to
which submit their work.9
The International Journal of Cardiovascular Sciences
(IJCS) fully supports and takes initiatives to promote
scientific integrity, such as detailed peer review; the
requirement of specifying any potential of conflicts of
interest after the conclusion of each paper; the need to
seek approval from the Research Ethics Committee of the
institution, according to CNS Resolution 466/12 when
the work involves human beings in their entirety or in
parts; and the author being required to fill out a form
to specify the contribution of all co-authors pursuant to
the ICJME’s recommendations.9 Initiatives that stimulate
ethical behavior in research are encouraging, such as those
proposed by the San Francisco Declaration on Research
Assessment (DORA), which recommends not using any
metrics, such as impact factors, in order to promote and
hire individual researchers.10 Taking these actions is of the
essence to strengthen the practice of delivering quality
research and it is crucial for the society to make the most of
the progress made by quality scientific research.
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Cardiovascular Lipid Risk Factors and Rate of Cardiovascular Events After
Myocardial Revascularization
Cosor Oana Catalina,1 Bucur Adina,1 Baibata Emilia Dana Smarandita,1 Dragomir Angela,2 Gaita Dan,1 Mancas Silvia1
University of Medicine and Pharmacy Victor Babes Timisoara1; The Institute of Cardiovascular Disease Timisoara2 - Romania

Abstract
Background: Coronary heart disease is a public health problem, and the leading cause of premature death in
Europe and worldwide. There is epidemiological evidence that the control of cardiovascular risk factors following
myocardial revascularization remains suboptimal.
Objectives: Analyze the incidence of cardiovascular events in patients receiving secondary prevention therapies
after myocardial revascularization.
Methods: Single-center study on consecutive coronary patients retrospectively identified, conducted at the
Institute of Cardiovascular Diseases in Timisoara, Romania. Patients with diagnosis of revascularization for
coronary artery disease (percutaneous coronary intervention, PCI or coronary artery bypass grafting, CABG) were
included, following the inclusion criteria of the EuroAspire IV study. Outcome measures were assessed at three
time points– at T0, when myocardial revascularization was performed; at T1 (interview with patients who had
undergone revascularization for more than 6 months and less than 5 years), and T2 (interview with patients who
had undergone revascularization for more than 5 years). Associations of primary and secondary lipid targets with
the rates of adverse cardiovascular events (MACE) were assessed at T2.
Results: Of 375 coronary patients, 341 were included in the study. At T1, 5% and 34.9% of patients reached the
LDL-c and non-HDL-c target respectively. MACE rate at T2 was 7.9% in a median of 4.33 years of follow-up. We
found a positive, statically significant association between MACE rate and LDL-c at T1 (p = 0.039). There were
significant differences in mean non-HDLc levels between MACE categories at T1 (p = 0.02). There was a significant
association between mean non-HDL with the incidence of heart failure (p = 0.007), newly diagnosed diabetes
(p = 0.017) and restenosis rate (p = 0.004).
Conclusion: The study highlights the need to control lipid risk factors after myocardial revascularization
procedures, even at long-term, to minimize the risk of cardiovascular events in patients with coronary diseases.
(Int J Cardiovasc Sci. 2017;30(1):4-10)
Keywords: Coronary Artery Disease; Risk Factors; Lipid; Metabolism; Myocardial Revascularization; Epidemiology.

Introduction
Coronary heart disease remains "the scourge of the
modern world" despite advances made in the field. It is a
public health problem, and the leading cause of premature
death in Europe and worldwide.1
In this study, we focused on understanding the
evolution of the atherothrombotic process in coronary
Mailing Address: Cosor Oana Catalina
Str.Arh.V.Vlad,bl 13 ,sc D,ap 2 – 13. Postal Code 035332, Timisoara - Romania
E-mail: andrei.csr@gmail.com

DOI: 10.5935/2359-4802.20170015

symptomatic patients who underwent coronary
revascularization: percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG).
The relationship between low-density lipoprotein
cholesterol (LDL-c) and the incidence of cardiovascular
events has been demonstrated by numerous epidemiological
studies: CARDS2 ASPEN3 ASCOT.4 The New European
Society of Cardiology (ESC) Guidelines for Cardiovascular
Disease Prevention recommended LDL-c target levels of
lower than 70 mg/dL for coronary patients at high risk and
very high risk5. In addition, patients under statin therapy
may also be at very high cardiovascular risk.5-6
Manuscript received October 03, 2016; revised manuscript October 21, 2016; accepted November 21, 2016.
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The EuroAspire III and IV trials represent the
epidemiological evidence that the control of modifiable
cardiovascular risk factors among coronary patients
remains suboptimal.6-7
The hypothesis of our research was that an inefficient
control of cardiovascular risk factors would have a
long-term effect on the incidence of fatal and non-fatal
cardiovascular events. In this context, our study aimed to
analyze the incidence of fatal and non-fatal cardiovascular
events in coronary patients under statin therapy years after
coronary revascularization, following the ESC prevention
of cardiovascular disease program criteria.5

Methods
This is a single-center study conducted at the Institute of
Cardiovascular Disease, Timisoara, Romania. The inclusion
criteria followed the EUROASPIRE IV protocol. A total of
375 consecutive coronary patients aged 18-80 years with
definite diagnosis of revascularization for coronary artery
disease (PCI, CABG) were retrospectively identified.
Of them, 341 were considered eligible and 341 were
included in the study (Figure 1). Clinical data of patients
were assessed at three time points – at T0, when successful
revascularization was identified, at T1 (from 6 months to
3 years post-myocardial revascularization), and at T2 (from
3 to 5 years post-myocardial revascularization).
The following data was collected on an electronic
database: lipid profile data – total cholesterol (TC);
triglycerides, (TG); high-density lipoprotein cholesterol
(HDL-c); LDL-c; non-HDL-c calculated as TC minus
HDL-c8 – number of fatal / non-fatal cardiovascular
events; major adverse cardiovascular events (MACE):
cardiovascular death, noncardiovascular death,

restenosis, stroke / transient ischemic attack (TIA) –
electrostimulation by pacemaker, hospitalization for
reintervention – percutaneous transluminal coronary
angioplasty (PTCA) or CABG, hospitalization for heart
failure, diagnosis of diabetes mellitus. New lipid risk
was evaluated at T0 and T1, following the European
Cardiovascular Prevention criteria (5). The rate of fatal
and nonfatal cardiovascular events was analyzed based
on the potential cardiolipidic risk.
Patients’ follow-up was conducted by a questionnaire
validated for the countries that participated in the
EUROASPIRE IV study.6 At inclusion, we used the
post-revascularization protocols specified in the ESC
guidelines for secondary cardiovascular prevention
(2012)9, adopted by the Romanian Society of Cardiology.

Statistical analysis
Statistical analysis was performed with SPSS 17.0
statistics, including 31 statistical variables (numerical
and categorical). Time variable was calculated from the
date the patient underwent coronary revascularization
until January 2015, when MACE events were detected
as present or absent. Normality of the variables was
tested by the Shapiro- Wilk test. Differences between
variables with only two categories were assessed by the
non-parametric Mann-Whitney test. A p-value < 0.05
was set as statistically significant.

Results
Of 375 consecutive coronary patients, 341 patients
(64.22 ± 8.90 years, 81.52% male) were included in our study.
Baseline characteristics of patients are presented in Table 1.

ELIGIBILITY
n = 341 (PTCA, CABG)

INFORMED CONSENT OBTAINED
n = 341
Declaration of Helsinki

T0 = baseline, unblocking of coronary artery

T1 = 6 months and < 3 years
after revascularization

ASSESSMENT OF CLINICAL
BIOLOGICAL PARAMETERS

T2 = reassessment of MACE prevalence,
survival analysis > 3 years < 5 years

Figure 1 – Study design; PTCA: percutaneous transluminal coronary angioplasty; MACE: major adverse cardiovascular events; CABG: coronary artery
bypass grafting
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Table 1.1 – Evaluation of cardiovascular risk factors atT0 (n = 341)

Table 1 – Baseline characteristics of patients (n = 341)

Variable

Characteristics
Age (years) (mean ± SD)
Male (%)

64.22 ± 8.90
81.52

Body mass index, kg/m2

30.47 ± 7.41

Cardiovascular events (%)

%

Arteial hypertension/ medication
Body mass index > 30 kg/m

Hypercholesterolemia / medication

59.82/94.8

Diabetes / medication

78.59/82.23

Smoking
–

Death for cardiovascular disease

–		

Death for other causes

27.56/54.25
36.07

2

48

0
1.17

–

Restenosis

0.9

–

AVC/AIT

0.29

–

Pacemaker Implant

0.87

–

New By-pass

1.46

Variable

–

New stent

0.87

LDLc < 80

mg/dL

23.8 %

–

Heart failure

1.46

Non HDL < 110

mg/dL

30.8%

–

Newly diagnosed diabetes

0.87

Ejection fraction (mean ± SD)

Table 2 – Lipid target levels and number of patients in
whom these levels were reached at T1
n = 341

47.56 ± 8.8

AVC: stroke; TIA: transient ischemic attack

At T0, 52.5% of patients had undergone CABG, 43.1%
PCI, and 4.4% had undergone both procedures.

There was a positive and statistically significant
association between primary lipid target of LDL-c at
T1 and MACE (p = 0.039, chi test, 95% CI) (Table 3).
In addition, there was a significant difference in
mean non‑HDL-c between the MACE categories at T1
(p = 0.02, Kruskal Wallis test, 95% CI) (Figure 2).

At inclusion in the study, there was a high prevalence
of modifiable cardiovascular risk factors (Table 1.1).

Restenosis rate was 0.9% and was significantly
influenced by average non-HDLc (p = 0.04, Mann‑Whitney
test, 95% CI).

Statin therapy for LDL-c control remains a pertinent
therapeutic target (Table 2)

The incidence of heart failure, defined by the value of
ejection fraction was significantly higher in patients with
increased non-HDL-c, not responsive to medications at
T1 (p = 0.007, Mann-Whitney test, 95% CI).

At T1, 76.2% of participants had LDL-c values ≥ 80 mg/dL.
In fact, only 5% of revascularized patients receiving statins
that reached the target LDL-c value recommended by the
ESC guidelines.5,10,11
Non-HDLc or secondary lipid target and residual
risk: using a non-HDL-c target < 110 mg/dL, we found
that 30.8% of patients at T0 and 34.9% at T1 achieved
these levels (p = NS) dL. There was no statistically
significant differences between mean non-HDL-c atT0
(135.2 ± 44.95 mg/dL) and T1 (129.13 ± 40.9 mg/dL).
MACE rates and post-revascularization cardiovascular
risk: the MACE rate at T2 was 7.9% in a median follow-up
time of 4.33 years.

Newly diagnosed cases of diabetes were significantly
more frequent in patients with increased non-HDL-c at
T1 (p = 0.017, Mann-Whitney test, 95% CI).
There was no significant difference between the incidence
of MACE and the type of revascularization procedures.

Discussion
Our study demonstrates a high cardiovascular
risk among coronary patients after 4.33 years of
myocardial revascularization.
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Table 3 – Relationship between LDL-c and major adverse
cardiovascular events (MACE) at T1
Crosstab
LDLc_T1categ
Count

MACE_T2

Total

.00

1.00

0

225

89

314

2

2

2

4

3

0

3

3

4

1

0

1

5

1

2

3

6

5

0

5

7

2

1

3

8

2

3

5

9

3

0

3

241

100

341

Total

Chi-Square Tests

Value

df

Asymp. Sig.
(2-sided)

Pearson
Chi‑Square

16.247a

8

.039

Likelihood Ratio

18.328

8

.019

Linear-by-Linear
Association

.394

1

.530

N of Valid Cases

341

a. 16 cells (88.9%) had expected count less than 5. The minimum
expected count was 0.29

dose of statin. Although the primary lipid target was
reached in only 5% of patients, better outcomes were
found in the secondary lipid target, non-HDL-c.
The high metabolic risk in these coronary patients is
supported by dyslipidemia and high incidence of diabetes
at T1, which justifies the implementation of energetic
approaches toward lifestyle changes associated with the
use of proper medication in revascularized patients.
Our study did not set out to analyze the compliance
of patients to post-revascularization recovery programs,
which would have contributed to interpretation of
our results. A low compliance to these programs and
cardiovascular preventive approaches may be related to
the development of atherothrombosis in coronary patients,
and might explain the prevalence of cardiovascular events
(7.9%) at T2 and a median survival time of 4.33 years in our
study group. Further studies to evaluate the compliance
of patients to these approaches would be helpful.
Our study corroborates the need for strategies to
control modifiable cardiovascular risk factors. 9,12,13
Despite the use of medications, patients undergoing
myocardial revascularization remain at risk of
cardiovascular events related to atherosclerosis
progression and other metabolic diseases.9,11
Results from the EUROASPIRE IV 6 pointed out
that the Joint European Societies Guidelines on
Cardiovascular Prevention recommendations are
achieved in a still low proportion of coronary patients
across Europe. In our study, only a modest percentage of
revascularized coronary patients met the ESC Guidelines
recommendations for LDLc -targets.10,11 Although statin
was prescribed to nearly 95% of patients at T1, the LDL-c
levels were not reached by most of them.

The drugs prescribed to be used in association
with statins were platelet aggregators, beta-blockers,
angiotensin converting enzyme inhibitors and angiotensin
receptor blockers, in accordance with the ESC guidelines
for secondary cardiovascular prevention.

Reiner et al.13 emphasized the need to reduce LDL-c
levels after a cardiovascular event to reduce coronary
heart disease mortality and morbidity.13 Other authors
suggested several reasons for the mediocre response
during statin therapy: inadequate dose, non-adherence
to prescribed dose, statin resistance and / or intolerance,
and side effects. 14,15 However, our results confirm
the association between increased LDL-c levels with
cardiovascular event rates.

Analysis of the relationship between the medications
and achievement of target values of modifiable risk
factors was previously published by our group. 9
Reduction in systolic blood pressure under medication
was achieved in 39.58% of subjects enrolled in this study;
cardiometabolic risk was reduced under the maximum

We wonder if we can predict residual lipid risk in
revascularized, coronary patients in use of statins. In our
study group, there were significant differences in mean
HDL-c and MACE rates at T2 as compared with other time
points. Furthermore, they were correlated with the rate
of restenosis, prevalence of heart failure and incidence of

7
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350.0

*

54

127

300.0

82
250.0
NONHDLc_T1

8

323
11
158

81

200.0

150.0
230
100.0

50.0
0

2

3

4

5

6

7

8

9

MACE_T2
Figure 2 – Mean LDL-c levels at T1 and major adverse cardiovascular events (MACE) rate at T2

diabetes. In ESC / European Atherosclerosis Society (EAS)
guidelines recommend the use of non-HDL-c as secondary
target, especially among diabetic coronary patients.11,14-16
It seems that non-HDL would be a better predictor than
LDLc of unstable atherosclerotic plaque.17

center, and therefore, the results cannot be to all patients
with coronary revascularization. However, there were
relatively small differences between our results with
those of previous studies conducted in Europe.16-21

Reiner et al. reported that 12.2% of coronary patients
in whom the LDLc target value was reached had
pathological levels of non-HDL-c. In our sample, only
7.33% patients had non-HDL-c levels > 110 mg/dL and
LDL-c < 80 mg/dL after myocardial revascularization.

Conclusions

The ESC/EAS guidelines recommend that patients
with such changes in the lipid profile should be identified
and treated as appropriate.18-20
Our study has some limitations. First, baseline
characteristics of participants were defined in a
relatively late stage of coronary artery disease, i.e. at the
time of myocardial revascularization. In addition, our
sample was somewhat biased, since it was composed
exclusively of patients treated at Timisoara Institute of
Cardiovascular Diseases, which is a specialized treatment

The study highlights the need to control lipid risk
factors after myocardial revascularization procedures,
even at long-term, to minimize the risk of cardiovascular
events in patients with coronary diseases.
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Cardiopulmonary Exercise Testing in Patients With Left Bundle Branch Block and
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Abstract
Background: Left bundle branch block (LBBB) has prognostic significance in patients with congestive heart failure.
However, its influence is not well established in patients with preserved systolic ventricular function.
Objective: To evaluate the implications of LBBB presence in the cardiovascular performance of patients with
preserved left ventricular systolic function (LVEF).
Methods: 26 LBBB patients (61.3 ± 8.2 years of age) and 23 healthy individuals (58 ± 6.8 years of age) with
LVEF > 0.5 underwent cardiopulmonary exercise testing (CPET).
Results: CPET analysis revealed: peak oxygen consumption (VO2) predicted in the LBBB group was 87.2 ± 15.0%
versus 105.0 ± 15.6% (p < 0.0001); peak oxygen pulse predicted in LBBB group was 98.6 ± 18.6% vs 109.9 ± 13.5%
(p = 0.02); VO2 predicted anaerobic threshold in LBBB group was 67.9 ± 13.6% vs 70.2 ± 12.8% (p = 0.55); ΔVO2/Δload
in the LBBB group was 15.5 ± 5.51 versus 20.7 ± 7.3 ml.min-1.watts-1 (p = 0.006); ventilation / carbon dioxide production
(VE/VCO2 slope) in LBBB group was 29.8 ± 2.9 versus 26.2 ± 2.9 (p = 0.0001) and VO2 recovery time in the LBBB group
was 85.2 ± 11.8 vs. 71.5 ± 11.0 seconds (p = 0.0001). LBBB was an independent marker for VE/VCO2 slope increase.
Conclusion: LBBB presence in individuals with preserved LVEF did not affect cardiovascular performance, but there
was an increase of the VE/VCO2 slope in comparison to the control group. (Int J Cardiovasc Sci. 2017;30(1):11-19)
Keywords: Exercise Test; Exercise; Bundle-Branch Block; Oxygen Consumption; Heart Failure; Stroke Volume.

Introduction
The isolated presence of LBBB, regardless of
cardiopathies, seems to be a slow progression marker of
degenerative cardiac diseases, ischemic or not, affecting
the myocardial conduction system and contractile
performance.1 LBBB can induce cardiomyopathy since
individuals with this condition, when submitted to
cardiac resynchronization therapy, may present left
ventricular reverse remodelling (LV).2,3 Thus, it should
not be considered a mere electrocardiographic finding, but
a “cardiac clinical entity”, as suggested by Kumar et al.4

Despite reports of LV structural alterations caused by
LBBB, there is, in literature, a lack of predicting factors
in the reduction of cardiovascular performance in these
patients. CPET is a non-invasive method used for the
diagnosis and prognostic stratification of congestive
heart failure (CHF) patients, through the analysis of
gases expired during stress tests. The main variables
assessed with this methodology are: peak oxygen
consumption (VO2 peak), VO2 at the anaerobic threshold,
oxygen pulse (PO2), ∆VO2/∆load, relation between
ventilation and carbon dioxide production (VE/VCO2
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slope) and VO2 recovery kinetics. On the other hand,
it has been documented that LVEF assessed through
echocardiogram does not show a satisfactory relation
to VO2,5,6 and thus does not constitute a good predictor
of functional capacity.
We can then hypothesize that CPET could show, in
asymptomatic LBBB patients, cardiovascular behavior
alterations that precede LVEF compromise. The present
research investigated if isolated LBBB in patients
with normal LVEF interferes in the cardiovascular
performance evaluated through CPET.

Methods

Design and study population
This is an observational cross-section analytical
study, in which we evaluated 26 LBBB patients
(LBBB group) and 23 individuals without LBBB (control
group). LBBB was defined according to the following
electrocardiographic criteria: enlarged QRS (with
duration ≥ 120 ms); wide S waves in V1 and V2 with the
absence of R waves, or its occurrence in an embryonic
form; and R waves predominant in leads D1, AVL,
V5, and V6.7 All volunteers presented LVEF, obtained
through transthoracic echocardiogram, superior to
0.50 and underwent CPET. Myocardial ischemia was
excluded through stress echocardiogram. All exams
were performed in the sector of graphic methods of a
hospital specialized in cardiology, which has a level 3
accreditation (IQG – Health Accreditation Services).

Exclusion criteria
Exclusion criteria included patients with: LVEF < 0.50
calculated by the Simpson method, previous coronary
artery disease (CAD), moderate to severe valvulopathy,
cardiac arrhythmia that hindered PO2 analysis, pulmonary
disease, and anemia (hemoglobin < 10 mg/dl).

Cardiopulmonary exercise test protocol
Analysis of minute ventilation (VE), VO 2 , and
production of carbon dioxide (VCO2) was performed
every 10 seconds through the gas analyser Cortex
Metalyser 3B (Micromed) connected to the computer,
equipped with the software Elite. We used: Micromed
digital electrocardiograph to register and analyse the
electrocardiogram during effort and an Inbrasport
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treadmill, model Super ATL. Negative chronotropic
medications were suspended three days before CPET.
Participants were encouraged to exercise to exhaustion,
according to the ramp protocol, which is characterized
by a duration between 8 and 12 minutes, with constant
gradual increase in speed and inclination. The test was
considered maximum when RER > 1.05 was reached.
The test was interrupted according to criteria established
by the III Brazilian Society of Cardiology Guidelines on
Exercise Tests.8
The following CPET variables were evaluated:
a. Peak VO 2 is the highest VO 2 value, reached
in the last 30 seconds of effort and expressed
in ml.kg –1.min –1. The predicted peak VO 2 was
calculated with base on age, gender, weight, and
level of physical activity using the Wasserman
equation.9,10 We evaluated the percentage reached
by the patient of the predicted VO2.
b. VO2 at anaerobic threshold was determined by the
“V slope method”. If that was not possible, it was
performed through the analysis of the plot graph of
ventilator equivalents. We also assessed the percentage
of VO2 predicted at anaerobic threshold.8,9,11,12
c. Peak VO2 was the highest value reached in the
last 30 seconds and was expressed in ml/beats.
We analysed the percentage of the predicted peak PO2,
obtained by the division of the predicted VO2 max by
the maximum heart rate predicted by age.8,9,11,12
d. The relation ∆VO2/∆load was calculated by the
difference between VO2 max and at rest, divided by
the maximum load and expressed in ml.min–1.watts–1.
For practical purposes, we considered VO2 at rest as
3.5 ml.kg–1.min–1. 8,9,11,12 Since the exam was performed
on a treadmill, we adapted the load to Watts.
Power calculation for the treadmill was: W (kgm/
minute) = mass (patient weight – Kg) x speed
(meters/minute) x sine of the alpha angle (which
is the angle between the treadmill and the ground).
The relation between kilogram-metres and watts is:
1 watt corresponds to 6.1 kilogram-metres/minute,
and the transformation of the load from Kgm/min
to Watts is done.
e. VE/VCO2 slope corresponds to the inclination of
the representative regression line between VE and
VCO2.8,9,11,12
f. T1/2VO2, the necessary time for a 50% drop of
peak VO2 in the recovery period, was quantified
in seconds.8,9,11,12
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Statistical analysis
Statistical analyses were processed through the
software SPSS Statistic 19.0 (IBM Corporation, 2010).
Quantitative variables were described as mean ± standard
deviation, fulfilled the assumption of normality, and
the comparison between the groups was done through
unpaired Student’s t test. Categorical variables were
summarized as percentages and compared between the
groups through chi-square test (X2) or Fisher’s exact test,
when appropriate. Significance level was set at 5% for
α error and tests were two-tailed. Relative risks with
confidence intervals (CI) of 95% were estimated. For the
multivariate analysis of covariance (MANCOVA), we used
the Trace of Pillai, power (≥ 0.8) and partial ETA2 (effect
dimension) as statistical tests. Partial ETA2 was applied to
infer clinical significance, considering the greatly elevated
effect dimension if values are > 0.5, and small effect
dimension if values are ≤ 0.05.

Ethical aspects
The project was submitted to the Research Ethics
Committee and approved under protocol number
0770.0.000.107-11. All patients who participated in the
research signed a free consent form.

Results
The sample was composed by 49 consecutive individuals
(18 men and 31 women; mean age of 59.8 ± 7.7 years)

who underwent CPET, distributed into: LBBB group
(26 patients) and control group (23 patients).
Those with LBBB presented a higher frequency of
systemic arterial hypertension (SAH), when compared
to the control group (73.1% vs. 30.4%; p = 0.007).
No substantial difference was observed between the
groups in relation to age (p = 0.13), gender (p = 0.36),
body mass index (BMI) (p = 0.79), sedentary life-style
(p = 0.13), smoking (p = 0.93), diabetes mellitus (p = 0.1),
and dyslipidemia (p = 0.72), as depicted in Table 1.
LBBB group present significantly higher values of
LV systolic and diastolic diameter in comparison to the
control group, with a mean difference of 0.34 ± 0.11 cm and
0.39 ± 0.13 cm, respectively. Left ventricular mass index
(LVMI) was also significantly higher in the LBBB group,
with a mean difference of 13.19 ± 6.18 g/m2 (p = 0.039).
LVEF was lower in the LBBB group, with a significant
mean difference of 0.12 ± 0.02% (p < 0.0001) (Table 2).
No significant difference was found between the groups
regarding the occurrence of diastolic dysfunction (Table 3).
Table 4 shows the hemodynamic and ventilatory
variables of the CPET between LBBB and the control
group. Through MANCOVA, we verified a significant
association between LBBB and the six-variable set of the
cardiopulmonary test, with an elevated effect dimension
(
0,578), and power above recommended
(βBRE = 0,997). Adjustment was done for sedentary life
style and the following covariables: age, gender, BMI,
arterial hypertension, LVMI, and LVEF (Table 5).

Table 1 – Clinical characteristics of LBBB patients and the control groups
Variables

LBBB group (n = 26)

Control group (n = 23)

Total (n = 49)

p

Age (years)

61.3 ± 8.2

58.0 ± 6.8

59.8 ± 7.7

0.13

Female, n (%)

18 (69.2)

13 (56.5)

31(63.0)

0.36

Weight (kg)

70.7 ± 11.2

73.7 ± 16.2

72.1 ± 13.7

0.46

BMI (Kg/m )

26.9 ± 3.6

26.7 ± 3.8

26.8 ± 3.7

0.79

Sedentary life style, n (%)

18 (69.2)

11 (47.8)

29 (59.2)

0.13

Smoking, n (%)

01 (3.8)

01 (04.3)

02 (04.1)

0.93

SAH, n (%)

18 (73.1)

07 (30.4)

26 (53.1)

0.007

Diabetes Mellitus, n (%)

07 (26.9)

02 (08.7)

09 (18.4)

0.10

Dyslipidemia, n (%)

08 (30.8)

06 (26.1)

14 (28.6)

0.72

2

Categorical variables expressed in absolute frequency – n (relative frequency - %); Continuous variables expressed as mean ± SD; Chi-square test; Student’s t test;
significance level p ≤ 0.05; SD: standard deviation; LBBB: left bundle branch block; BMI: body mass index; SAH: systemic arterial hypertension.
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Table 2 – Echocardiographic variables of LBBB patients and control group
Variables

LBBB group n = 26

Control n = 23

p

Left atrium (cm)

3.76 ± 0.37

3.58 ± 0.40

0.11

Septum thickness (cm)

0.84 ± 0.11

0.89 ± 0.15

0.21

Posterior wall (cm)

0.85 ± 0.11

0.81 ± 0.10

0.19

Relative thickness of the LV (%)

33.07 ± 5.15

33.24 ± 4.09

0.91

LV diastolic diameter (cm)

5.26 ± 0.51

4.87 ± 0.41

0.005

LV systolic diameter (cm)

3.22 ± 0.41

2.89 ± 0.37

0.004

Ejection fraction (%)

59.00 ± 7.00

71.00 ± 6.00

< 0.0001

LV mass index (g/m2)

96.10 ± 22.9

82.9 ± 17.90

0.039

Continuous variables expressed as mean ± SD. Student’s t test; significance level p ≤ 0.05. SD: standard deviation; LBBB: left bundle branch block;
LV: left ventricle.

Table 3 – Diastolic function between LBBB patients and the control group (p = 0.47)
Diastolic Function

LBBB Group n = 26

Control n = 23

Normal

18(69.2%)

18(78.3%)

Mild dysfunction

6(23.1%)

5(21.7%)

Moderate dysfunction

2(7.7%)

0

Categorical variables expressed as absolute frequency = n (relative frequency = %). Chi-square test; significance level p ≤ 0.05. LBBB: left bundle branch block.

There was a second multivariate analysis to identify
if LBBB had an effect on one or more of the six outcome
variables of CPET (Table 6). It was observed that LBBB
interfered only in the analysis of VE/VCO2 slope, with
elevated effect dimension (
0,504) and elevated
power (β > 0,80).
Figure 1 shows the study sensitivity analysis,
considering the sample dimension (n), α = 0.05, and
power of 0.80 (1-β). With the sample size (we considered
a n = 48, value multiple of 4, corresponding to the
number of groups to be compared: LBBB and SAH)
and the assumed power and statistical significance,
it was verified that the study was able to detect effect
dimensions above 0.18 through MANOVA.

Discussion
In the studied population, VE/VCO2 significantly
increased in the LBBB group in relation to the control group.
The ventilatory equivalent of carbon dioxide represents
how much it is necessary to ventilate to eliminate a certain
amount of produced carbon dioxide. This relation is
analysed by linear regression, which reflects the slope
of the line. VE/VCO2 slope is already established in
literature as a marker of poor prognosis in CHF patients,
when it reaches a value > 34.13 There is a relation between
VE/VCO2 slope increase and the presence of LBBB in
dilated cardiomyopathy patients, regardless of CAD.14
However, the literature is still scarce in the analysis of this
variable for those without ventricular dysfunction.

14
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Table 4 – Hemodynamic and ventilatory variables of CPET between LBBB patients and the control group
Variables

LBBB group (n = 26)

Control group (n = 23)

p

Peak heart rate. % of the predicted

94.8 ± 9.0

98.6 ± 6.3

0.10

Maximum ventilation. % of the predicted

59.0 ± 13.0

63.2 ± 11.0

0.23

Respiratory quotient

1.08 ± 0.07

1.10 ± 0.08

0.30

Peak VO2 (ml.kg ¹.min ¹)

21.7 ± 5.4

29.07 ± 6.7

< 0.0001

Peak VO2. % of the predicted

87.2 ± 15.0

105.0 ± 15.6

< 0.0001

VO2 at the anaerobic threshold (ml.kg–¹.min–¹)

15.5 ± 2.1

18.7 ± 4.4

0.002

Anaerobic threshold. % of the predicted VO2

67.9 ± 13.6

70.2 ± 12.8

0.55

Peak O2 pulse (ml/beat)

10.3 ± 2.6

13.54 ± 4.6

0.003

Peak O2 pulse. % of the predicted

98.6 ± 18.6

109.9 ± 13.5

0.02

∆ VO2/∆ load (ml.min-1.watts-1 )

15.5 ± 5.5

20.7 ± 7.3

0.006

T½ VO2 (seconds)

85.2 ± 11.8

71.5 ± 11.0

0.0001

VE/VCO2 slope

29.8 ± 2.9

26.2 ± 2.9

0.0001

–

–

Continuous variables expressed as mean ± SD; Student’s t test; significance level p ≤ 0.05; SD: standard deviation; VO2: oxygen consumption;
O2: oxygen; VE: ventilation; VCO2: carbon dioxide production.

Table 5
Multivariate analysis to assess LBBB and sedentary life style influence in CPET variables, adjusted for covariables
Variables

Trace of Pillai

p

Partial ETA2

Power

LBBB

0.578

0.0001

0.578

0.997

Sedentary life style

0.324

0.052

0.324

0.727

LBBB x sedentary life style

0.318

0.058

0.318

0.713

Age

0.365

0.079

0.298

0.666

Gender

0.174

0.413

0.174

0.348

BMI

0.281

0.104

0.281

0.622

SAH

0.143

0.554

0.143

0.277

LVMI

0.163

0.460

0.163

0.322

LVEF

0.472

0.002

0.472

0.959

Covariables

MANCOVA: multivariate analysis of covariance. Fixed factors: LBBB and sedentary life style. Covariables: age, gender, BMI, SAH, LVMI, and
LVEF. Significance level p ≤ 0.05; power ≥ 0.80. LBBB: left bundle branch block; SAH: systemic arterial hypertension; BMI: body mass index;
LVMI: left ventricular mass index. LVEF: left ventricle ejection fraction.
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Table 6 – Multivariate analysis to identify outcome variables, influenced by fixed factors and covariables, on
significance, effect dimension and power
Variables

p

Partial ETA2

Power

% peak VO2 predicted

0.37

0.024

0.145

% VO2 predicted at anaerobic threshold

0.13

0.063

0.320

% peak O2 pulse predicted

0.94

< 0.0001

0.051

∆VO2/∆load

0.39

0.021

0.136

T½ VO2

0.21

0.045

0.237

< 0.0001

0.504

1.000

LBBB

VE/VCO2 slope

MANCOVA: multivariate analysis of covariance. Fixed factors: LBBB and sedentary life style. Covariables: age, gender, BMI, SAH, LVMI, and LVEF.
Significance level p ≤ 0.05; power ≥ 0.80. LBBB: left bundle branch block; SAH: systemic arterial hypertension; BMI: body mass index; LVMI: left ventricular
mass index. LVEF: left ventricle ejection fraction; VO2: oxygen consumption; O2: oxygen; VE: ventilation; VCO2: carbon dioxide production

F tests – MANOVA: Global effects
Number of groups = 2, Response variables = 6, α err prob = 0.05
1

Power (1 –β err prob)
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Figure 1 – Study sensitivity analysis.

In patients with CHF, the VE/VCO2 slope increase

of CHF through autonomic imbalance. The autonomic

generally occurs by hemodynamic compromise, caused

nervous system allows the body to adjust circulation

by cardiac debit reduction and consequent pulmonary

and ventilation to keep oxygen supply to the tissues.

hypoperfusion, demonstrating an advanced stage of CHF

The autonomic balance is kept through the complex

and poorer prognosis.15 However, there is evidence that

interaction of the arterial baroreflex, peripheral and central

VE/VCO2 slope increase may occur since the initial stage

chemoreflex, ergoreflex, and pulmonary stretch reflex.16
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Chemoreflexes are the main control and regulation
mechanisms of ventilatory responses to changes in oxygen and
carbon dioxide concentrations. Peripheral chemoreceptors
located in the carotid bodies respond primarily to hypoxia,
and central chemoreceptors, located in the ventral surface
of the spinal cord, respond primarily to hypercapnia. It has
been proven that there is a potential selection of central
chemosensitivity in CHF patients functional class I and II.17
Ponikowski et al.18 studied CHF patients with preserved
tolerance to exercise and observed that the normal
increase of ventilatory response to exercise occurred due
to the high sensitivity of the cardiorespiratory system
control reflex. They showed the increase of central
and peripheral chemosensitivity, compromise of the
sympathovagal system with sympathetic predominance,
hyperactivity of peripheral muscles ergoreceptors, and
reduction of circulation baroreflex control.
The present work showed a VE/VCO2 slope increase
in the LBBB group with preserved LVEF. It is more likely
that the mechanism responsible for this alteration is the
initial imbalance of the autonomic system, because this
population does not present hemodynamic compromise.
Echocardiographic results suggest that LBBB presence
may trigger LV remodelling. These data were also
presented in studies, such as the one by Melek et al.,19
who evaluated LBBB patients without cardiomyopathy
though echocardiography and observed that the end
systolic diameter was larger and LVEF was smaller
in the LBBB group (54 ± 7%) in relation to the control
group (61 ± 6%, p < 0.001). Valenti et al.20 studied LV
and LVEF through cardiac MRI, and demonstrated that
LBBB patients presented higher LV and LVMI volumes
and lower LVEF in comparison to control individuals.
It is established in the literature that there is no
good correlation between peak VO2 and ventricular
function.5,6 VO2 during exercise provides an objective
parameter of functional capacity, and indirectly reflects
cardiovascular function. Impairment of exercise capacity
is an independent predictor of adverse prognosis. In our
work, we evaluated the main CPET variables related to
cardiovascular performance. LBBB patients reached a
lower percentage of the predicted peak VO2, but in the
multivariate analysis, it was shown that the predicting
factor for the referred reduction was sedentary life style,
and not LBBB. Duncan et al.14 studied functional capacity
predictors in dilated cardiomyopathy patients, and LBBB
was also not an independent predictor of the percentage
of the peak VO2 predicted in the multivariate analysis.
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PO2 is representative of LV systolic volume and of the
arteriovenous difference of O2 during effort, and it reflects
O2 supply to the myocardial and the cardiac functional
reserve under physiological stress. Generally, it increases
gradually and linearly with the load increase until it
reaches its highest value. In ventricular dysfunction
patients, PO2 may be reduced, despite the increase in
load, or reach an early plateau even before reaching effort
exhaustion.11,12 In LBBB patients, LV shape is distorted
during pre-ejection, as a result of the flattening of the
septal curvature and simultaneous stretching of the
lateral wall activated late.21 The present work showed that
the LBBB group reached peak PO2 > 85% of the predicted
value, and presented ascending behavior of the PO2 curve
during effort. Even though there are structural alterations
in the LV, LVEF was preserved, without cardiovascular
performance deficit.
It was demonstrated that isolated LBBB did not
interfere in the ∆VO2/∆load – VO2 was adequate for the
applied workload. There was also no LBBB interference
in T1/2 VO2. T1/2 of VO2 is a prognostic marker, and its
value increases according to the severity of CHF. It was
demonstrated that the association of T1/2 VO2 with peak
VO2 improves the prognosis evaluation and identifies
higher risk groups.22 The groups had T1/2 VO2 lower than
90 seconds, a time considered to be within normality.
Our results show that CPET is a non-invasive,
physiological, low cost method that could contribute in
the follow-up of LBBB patients. We have demonstrated
that, even though the LBBB group with preserved LVEF
presented LV structural alterations within thresholds
considered normal, cardiovascular performance was not
impaired in the analysis of CPET metabolic variables,
but there was an increase in the VE/VCO 2 slope in
relation to the control group. It is not yet possible to
identify which individual with isolated LBBB will
develop ventricular dysfunction. Further studies should
evaluate the impact of VE/VCO2 slope increase by
following up this sample of the population.
During this research, there were difficulties in the
selection of LBBB patients, due to this pathology’s
concomitance with SAH, ventricular dysfunction and/or
myocardial ischemia. SAH was not considered an exclusion
criterion due to its high prevalence in this population,
making it necessary to adjust its influence through
statistical analysis. Another limitation was the exclusion
of myocardial ischemia through echocardiography
during physical stress, for which the ideal exam would be
coronary angiotomography or coronary cineangiography,
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due to the asynchrony between the intraventricular
septum and LV contraction caused by LBBB.

Conclusions
The presence of LBBB with preserved LVEF did not
compromise cardiovascular performance. LBBB did not
interfere in the percentage of the predicted peak VO2,
percentage of the predicted VO2 at the anaerobic threshold,
oxygen pulse, ∆VO2/∆load and T1/2 VO2.
LBBB was an independent marker for VE/VCO2 slope
increase, possible representing an early marker in the
course of ventricular dysfunction.
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Effect Of Resistance Training On Myocardial Contractility In Vitro After Sleep Deprivation
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Abstract
Background: Resistance training promotes cardiovascular health benefits that may affected by sleep deprivation.
Objective: To evaluate the effect of high-intensity resistance training on myocardial contractility in rats subsequently
subjected to paradoxical sleep deprivation.
Methods: Forty male Wistar rats were distributed into control group (CTRL), resistance training (REST), 96-hour
paradoxical sleep deprivation (PSD96) and resistance training followed by 96-hour paradoxical sleep deprivation
(REST/PSD96). The animals underwent high-intensity resistance training for 8 weeks, 5x/week. Twenty-four
hours after the last training session, the PSD96 and REST/PSD96 groups were submitted to paradoxical sleep
deprivation, which was followed by the in vitro study of isolated papillary muscle contractile mechanics.
Results: In comparison with the CTRL group, a lower papillary muscle length and increased cross sectional area
were found in PSD96 and RETS/PSD96, which were associated with decreased temporal parameters of contraction
force and relaxation. Decreased resting tension and slowing of relaxation time were found in the PSD96 group only.
This effect was attenuated by previous resistance training.
Conclusion: Resistance training partially prevented contractile changes induced by PSD, minimizing the slowing
in relaxation time. Thus, high-intensity exercise seems to not fully protect the cardiac tissue from PSD-induced
effects. (Int J Cardiovasc Sci. 2017;30(1):20-31)
Keywords: Resistance Training; Sleep Deprivation; Cardiovascular Diseases; Myocardial Contraction; Rats;
Animal Experimentation.

Introduction
Sleep duration is one of the determining factors of
cardiovascular health. Studies have demonstrated that a
shorter time allocated to sleep is closely associated with
increased prevalence and incidence of cardiovascular
diseases, such as hypertension.1 Among the possible
mechanisms, an increased sympathetic activity
and catabolism is evidenced by increased levels of
catecholamine and cortisol/corticosterone2-6 which
leads to molecular and morphological changes7 that may
negatively affect cardiac tissue.

In this scenario, resistance training stands out as a
possible tool to minimize of even reverse the impact
of sleep debt on cardiovascular health. In addition
to reducing resting arterial pressure, left ventricular
systolic pressure and heart rate,8,9 resistance training
can also increase papillary muscle isometric strength
and its contractile performance.10 Also, due to its effect
on endocrine axes, resistance training can mitigate the
catabolic effect of sleep deprivation.11
Despite studies showing the impact of sleep debt on
cardiovascular health,4,12 little is known about its effects
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on cardiac contractile machinery and the role of resistance
training as a preventive tool. Therefore, the aim of this
study was to evaluate the effect of high-intensity resistance
training on myocardial contractility in rats subsequently
subjected to paradoxical sleep deprivation.

Methods
Using a convenience sample, forty 3-month old male
Wistar rats, weighing 300-350 g, obtained from the
Center for the Development of Experimental Models in
Medicine and Biology of Sao Paulo Federal University
was used in the experiment. The animals were kept in
polypropylene boxes in a temperature-controlled room
(22 ± 1ºC), light/dark cycle (12:12h), and given water
and food ad libitum.
All procedures were performed according to the Guide
for the Care and Use of Laboratory Animals - National
Research Council, NIH Publication N° 85-23 (revised 2011).
The study protocol was approved by the Ethics Committee
(#0764/10).
The animals were distributed into four groups:
control (CTRL, n = 10), resistance training (REST, n = 10),
paradoxical sleep deprivation (PSD) for 96 hours (PSD96,
n = 10), and resistance training followed by 96-hour PSD
(REST/PSD96, n = 10). During the experiment, animals of
the CTRL group were kept in the boxes and manipulated
exclusively for laboratory routine practices.

Resistance training
Resistance training was performed for 8 weeks as
described elsewhere.13 A ladder (110cm high, 18 cm wide,
2 cm space between steps) was placed at an 80º inclination,
and a resting chamber (20x20x20 cm) was placed on the
top of the ladder. The animals climbed the ladder carrying
weights attached to the base of the tail, and the weights
were gradually increased with exercise progression.
Familiarization of the animals with the exercise
apparatus was performed during three consecutive
days by nine repetitions per day. After this period, the
maximum load (ML) test was performed, which was
repeated every week.
Training sessions consisted of 4-8 sets of climbing,
using progressive loads, interspaced with 60-second
intervals. The animals had to perform 8 - 12 repetitions
to go from the base to the top of the ladder. The load was
progressively increased from 50% of maximum load in the
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first series, through 75%, 90% until 100% of maximum load
in the fourth series. After that, resistance was increased in
increments of 30 g per attempt until failure.13 Training was
performed in the afternoon, 5 times a week, from Monday
to Friday. Monday session was replaced by the maximum
load test. In order to prevent overtraining caused by the
high intensity of exercise, a prophylactic rest was adopted
at weeks 6, 7 and 8; in these weeks, the animals trained
on Monday, Tuesday, Thursday and Friday. Forty-eight
hours after the last training session, the CTRL and REST
animals were euthanized and the PSD96 and REST/PSD96
groups underwent the PSD protocol.

Paradoxical sleep deprivation
PSD was conducted for 96 hours by the modified
multiple platform method,14 which totally promotes the
total suppression of paradoxical sleep and the decrease
in slow wave sleep by 37%.15 Five socially stable animals
were placed inside a stainless steel tank (123 cm length x
44 cm height x 44 cm width) on round platforms 10 cm
distant from each other. The tank was filled with room
temperature water until 1cm below the platform surfaces,
so that the animals could walk from one platform to
another one. When paradoxical sleep was achieved, the
animals woke up as they touched the water due to muscle
atonia accompanying this sleep stage. During the protocol,
the room was maintained at optimal conditions,i.e.,
22±1ºC, light-dark cycle (12h) and water and chow
ad libitum. The CTRL group was kept in the same room to
experience the same conditions.

Isolated cardiac muscle mechanics
Immediately after the PSD protocol for PSD96
and REST/PSD96 groups, or 48 hours after the last
resistance training sessions for the REST group, or after
a corresponding period for the CTRL group, in vitro
preparations were made of papillary muscle isolated
from the left ventricle.
Rats were anesthetized with urethane (Urethanechloride,
0,3 ml/100 g, i.p., Sigma-Aldrich, St. Louis, Mo, USA),
and the heart was rapidly removed and placed in
Krebs‑Henseleit solution previously bubbled with oxygen
100% at 30ºC. Papillary muscle was dissected from the
left ventricle and its tendinous and parietal ends were
attached to a strength transducer by stainless steel rings.
The papillary muscle was then suspended vertically in a
glass chamber containing Krebs-Henseleit (mM) solution
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(132 NaCl, 4.69 KCl, 1.5 CaCl, 1.16 MgSO4, 1.18 KH2PO4,
5.50 glucose and 20 HEPES), buffered at pH 7.4.16 The ring
attached to the lower end of muscle was connected to the
hook fixed to the glass chamber, and the upper ring was
connected to an isometric force transducer (model FT03E,
Grass Instrument, Quincy, MA) via a stainless steel wire.
The force transducer was attached to a micromanipulator
for muscle length adjustments. The papillary muscle was
electrically stimulated by two parallel platinum electrodes
using square wave pulses of 5ms of duration, frequency of
0.2Hz,16,17 and voltage approximately 20% higher than the
minimum required to induce a maximal muscle response.
After 60 minutes of stabilization of the preparation in
isotonic condition and low preload (0.4g), the muscle was
loaded to contract isometrically and then stretched until the
peak of the length-tension curve was reached (Lmax: diastolic
length of the muscle associated with maximal isometric
tension). The tests were performed in Lmax, and isometric
tension was assessed by force normalized for muscle fiber
cross-sectional area (CSA) (g. mm- 2). Muscle CSA was
calculated from molecular weight and length of the fibers,
based on the assumption that the muscle was a uniform
cylinder of specific gravity 1.04.
The following outcome measures were assessed for
contraction function: developed tension (DT/ g.mm‑2),
resting tension (RT g.mm -2), temporal variation of
contractile force (+dT/dt; g.mm-2.s-1), temporal variation
of relaxation force (-dT/dt; g.mm-2.s-1), time to DT peak
(TTP; ms) and time to a 50% decrease in maximum DT
(RT50% ms). Mechanical behavior of papillary muscles
was assessed (1) at baseline; (2) for length-tension
relationship (variation of muscle length as a function of
92%-100% Lmax); (3) for post-rest potentiation (after 10,
20, 30, 60 and 120 seconds of rest); and (4) for contractile
response to calcium (Ca+2) (increase in Ca+2 concentration
from 1.5mM to 2.5mM in the bathing solution).

Statistical analysis
Statistical analysis was performed using the
Statistica® software (Stat Soft, Inc, version 12.0).
Measures of central tendency were calculated for
descriptive analysis of data. Data normality was
examined by the Shapiro Wilk test. Data with parametric
distribution were analyzed by one-way or two-way
ANOVA with Duncan post-hoc test, and after Z-score
transformation, non-parametric data were analyzed by
ANOVA. In the analyses of length-tension relationship
and post-rest potentiation, linear regression was used

for comparisons between slopes and between areas
under the curves, respectively. Values in each group
(slope and area under the curve) were analyzed by
ANOVA. Statistical significance was set at α = 0.05.

Results

Biometric parameters of papillary muscle
No difference in papillary muscle mass was found
between the groups (F(3,23) = 0.16005, p > 0.05). There was
a significant decrease in Lmax in the PSD96 (p = 0.03) and
REST/PSD96 (p = 0.002) groups as compared with CTRL,
and Lmax was significantly different between REST/PSD96
and PSD96 (p = 0.005), (F(3,21) = 6.0487, p < 0.01). In addition,
CSA significantly increased in the REST (p = 0.02), PSD96
(p = 0.02) and REST/PSD96 (p = 0.01) groups compared
with CTRL (F(3,19) = 3.1706, p < 0.05) (Table 1).

Contractile mechanics of papillary muscle under
isometric contraction (baseline)
There was a significant decrease in DT in the REST/
PSD96 group as compared with the CTRL group
(F(3,23) = 33049, p = 0.009). RT was lower in PSD96 than in
REST (F(3,22) = 3.6623, p=0.01). A significant decrease in
+dT/dt was observed in the PSD96 (0.006) and REST/
PSD96 groups as compared with CTRL (F(3,20) = 8.0313,
p < 0.05), whereas -dT/dt significantly decreased in PSD96
(F(3,26) = 2.7244, p = 0.01) (Figure 1).
Similar behavior of time parameters of cardiac
contraction was observed between the groups (F(3,23) = 0.00,
p > 0.05). However, with respect to RT50%, a prolongation
of muscle relaxation was observed in PSD96 as compared
with the other groups (F(3,26) = 3.9344, p < 0.05).

Contractile mechanics of papillary muscle in lengthtension relationship
Slopes of DT were significantly lower in the REST
(p = 0.02), PSD96 (p = 0.03) and REST/PSD96 (p = 0.0001)
groups than in CTRL group, and in the REST/PSD96
when compared with the REST (0.03) and PSD96
(p = 0.02) groups (F(3, 24) = 7.0880, p < 0.01). In addition,
a reduction in RT was observed in PSD96 as compared
with REST (F(3,23) = 2.5483, p < 0.05) (Figure 2).
Slopes of +dT/dt in PSD96 and REST/PSD96 were
significantly lower than in CTRL (p < 0.01) and REST
(p < 0.05), and significantly higher in PSD96 than
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Table 1 – Effect of resistance training and paradoxical sleep deprivation on biometrical parameters of papillary muscle
Variables

CTRL

REST

PSD96

REST/PSD96

Papillary muscle mass (mg)

5.96 ± 2.02

5.98 ± 1.43

6.35 ± 0.89

5.77 ± 1.64

Lmax (mm)

5.86 ± 0.84

5.71 ± 0.73

4.91 ± 0.64*

4.40 ± 0.60*. †

CSA (mm2)

1.00 ± 0.27

1.30 ± 0.19*

1.29 ± 0.12*

1.35 ± 0.21*

Data in mean ± standard deviation; Lmax – maximum papillary muscle length; CTRL: control group; REST: resistance training group; PSD96: paradoxical
sleep deprivation for 96 hours ; REST/PSD96: resistance training followed by 96-hour paradoxical sleep deprivation; CSA: cross-sectional area; *different
from CTRL; † different from REST group
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Figure 1 – Effect of resistance training and paradoxical sleep deprivation on contractile mechanics of the papillary muscle under isometric contraction. Oneway ANOVA with Duncan post-hoc test. Data expressed in mean ± standard error, with significance set at p = 0.05. DT: maximum developed tension; RT:
isometric resting tension; +dT/dt: temporal variation of contraction force; -dT/dt: temporal variation of relaxation force; TTP: time to developed tension peak;
RT50%: time required for maximum developed tension to decrease by 50%; CTRL: control group; REST: resistance training group; PSD96: paradoxical sleep
deprivation for 96 hours; REST/PSD96: resistance training followed by 96-hour paradoxical sleep deprivation. *significantly different from CTRL; †different
from REST group; ‡ different from all groups
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Figure 2 – Effect of resistance training and paradoxical sleep deprivation on papillary muscle contractile parameters in terms of length-tension
relationship. One‑way ANOVA with Duncan post-hoc test. Data expressed in mean ± standard error, with significance set at p = 0.05. DT: maximum
developed tension; RT: isometric resting tension; +dT/dt: temporal variation of contraction force; -dT/dt: temporal variation of relaxation force;
CTRL: control group; REST: resistance training group; PSD96: paradoxical sleep deprivation for 96 hours; REST/PSD96: resistance training followed by
96-hour paradoxical sleep deprivation. *significantly different from CTRL; †different from REST group; ‡ different from all groups

in REST/PSD96 (p = 0.01), (F(3,21) = 15.741, p < 0.01).
No difference in -dT/dt slopes was found between the
groups (F(3,20) = 2.4210, p > 0.05).
Also, TTP was not different between the groups.
The PSD96 group had higher RT50% for all stretching
percentages tested as compared with the other groups
(F(3,25) = 5.1010, p < 0.05) (Figure 3).

Contractile mechanics of papillary muscle in postrest potentiation
There was a decrease in DT in REST/PSD96 compared
with CTRL (p = 0.01), (F(3,22) = 2.2722, p < 0.05). RT decreased
in PSD96 compared with CTRL (p=0.02) and REST
(p = 0.03), (F(3,21) = 2.9579, p < 0.05), similarly to –dT/dt
(F(3,23) = 4.3408, p < 0.05). In addition, +dT/dt was lower in
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Figure 3 – Effect of resistance training and paradoxical sleep deprivation on papillary muscle temporal parameters in terms of length-tension
relationship. Two‑way ANOVA with Duncan post-hoc test. Data expressed in mean ± standard error, with significance set at p = 0.05. TTP: time to
developed tension peak; RT50%: time required for maximum developed tension to decrease by 50%; CTRL: control group; REST: resistance training
group; PSD96: paradoxical sleep deprivation for 96 hours; REST/PSD96: resistance training followed by 96-hour paradoxical sleep deprivation;
Lmax: maximum papillary muscle length. ‡ different from all groups in each stretching percentage tested

PSD96 (p = 0.02) and REST/PSD96 (p = 0.002) than in CTRL,
and significantly different between RST/PSD96 and REST
(p = 0.01) (F(3,23) = 4.6147, p < 0.05) (Figure 4).

Similarly, reduced–dT/dt was observed at Ca2+ 1.5 mM and
Ca2+ 2.5 mM in the PSD96 group as compared with CTRL
(p = 0.03) and REST (p = 0.02), (F(3,20) = 3.6516, p < 0.05).

No difference in time parameters was observed between
the groups (F(12,96) = 0.7959, p < 0,05), except for RT50% at
60s in comparison with other rest times – 10 (p = 0.00004),
20 (p = 0.001), 30 (p = 0.004) and 120 seconds (p = 0.0006),
(F(4,88) = 3.8313, p < 0.05) in REST/PSD96 (Figure 5).

TTP increased at Ca2+ 2.5mM in PSD96 as compared
with CTRL (p = 0.003), REST (p = 0.02) and REST/PSD96
(p = 0.01) (F(3,19) = 5.538, p < 0.05). No difference in RT50%
was found between the groups (F(3,19) = 0.69, p < 0.05).

Discussion
Contractile mechanics of papillary muscle in response
to extracellular calcium
There was an increase in DT in the REST group
(F(1,18) = 5.1523, p = 0.02), and hence greater response to
calcium-induced inotropy. RT was lower at Ca2+ 2,5 mM
as compared with Ca2+ 1.5 mM levels in CTRL (p = 0.001)
and REST/PSD96 (p = 0.04) (F(1,18) = 14,0730, p < 0,01),
and lower at both Ca2+ 1.5 mM (p=0.009) and 2.5 mM
(p = 0.02) in the PSD96 group than in CTRL group
(F(3,18) = 3.2331, p < 0.05) (Figure 6).
Regarding +dT/dt, this variable was higher at
Ca2+ 2.5 mM than Ca2+ 1.5 mM (p = 0.03) in the REST/
PSD96 group, however, at both concentrations (Ca2+ 1.5 mM,
p = 0.01 and Ca2+ 2.5mM, p=0.03), +dT/dt was lower in this
group as compared with CTRL (F(1,18) = 9.354531, p < 0.01).

Our results demonstrated the deleterious effect
of PSD on myocardial contractility and the role of
resistance training on partially attenuating such
effect. Resistance training and PSD cause myocardial
hypertrophy associated with reduced Lmax. This may
be due to an increase in cardiac collagen content18 and
reduced papillary muscle elongation resulting from
an increase in corticosterone levels induced by PSD.5,19
Baseline measures indicated depression of myocardial
function in the groups subjected to PSD. Interestingly, these
data are similar to those reported in previously infarcted20 or
nephrectomized rats,21 strongly suggesting a marked effect
of PSD on contractile and temporal parameters of papillary
muscle in just 4 days.
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Figure 4 – Effect of resistance training and paradoxical sleep deprivation on papillary muscle contractile parameters in terms of post-rest potentiation.
One‑way ANOVA with Duncan post-hoc test. Data expressed in mean ± standard error, with significance set at p = 0.05. DT: maximum developed tension;
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Effect of resistance training and paradoxical sleep deprivation on papillary muscle temporal parameters in terms of post-rest potentiation.
Two‑way ANOVA with Duncan post-hoc test. Data expressed in mean ± standard error, with significance set at p = 0.05. TTP: time to developed
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Temporal parameter of cardiac relaxation was increased
in PSD96, possibly due to cardiac muscle myosin
composition22 and calcium transient duration,23 both
influenced by calcium signaling dysfunction.24 On the other
hand, resistance training prevented the slowing down of
relaxation time of papillary muscle, although it was not
effective in preventing DT decrease.
The decrease in DT in the REST/PSD96 group may be
explained by the high intensity of the resistance training.
Nevertheless, although it promotes beneficial changes,
high‑intensity resistance training combined with PSD
resulted in papillary muscle contractile function depression.
No difference in DT between CTRL and REST was observed,
suggesting preservation of contractile function of papillary
muscle. In contrast, resistance training at pre-determined

loads (60-70% of 1RM) has been shown to improve myosin
ATPase activity and papillary muscle contractility. 8
Regarding aerobic training, previous studies have shown
higher DT in trained animals than in controls.16,25
Analysis of contractile response of papillary muscles to
stretching allowed the assessment of the Frank‑Starling
relationship. All groups, except the CTRL group, showed
a depressed contractile response, suggesting a failure
or exhaustion of the Frank-Starling mechanism in the
myocardium. When +dT/dt was evaluated, a failure in
this mechanism was detected in the PSD96 group only.
Contractile response to stretching is generally related
to the increase in the number of actin‑related myosin
heads associated with actin. Elongation of a muscle
promotes the sliding and linkage between thick and thin
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filaments, and consequent binding of Ca2+ to troponin.
Therefore, it is plausible to say that the distance between
the filaments is a determining factor for cardiac muscle
physiological behavior.26,27
The decrease in RT corroborates the lower contractile
response in the PSD96 group in relation to the
Frank‑Starling mechanism, indicating stiffness and
reduced contractility and relaxation capacity, as
observed in infarcted animals.20 The lower the RT,
the higher the muscle distension capacity, which is
associated with increased collagen type III: collagen
type I ratio.28 Another hypothesis is an impaired muscle
oxygenation.29-31 Besides, similarly to baseline analysis,
there was an increase in the relaxation time in the PSD96.
In our study, there was no increase in contractile
parameters in the REST group. However, data on the
literature have shown that regular exercise has an
impact on length-tension relationship of left ventricular
cardiomyocytes, thereby increasing contraction
force.29-31 On the other hand, length-DT relationship
was decreased in animals subjected to aerobic
exercise, suggesting no effect of this type of exercise on
attenuating this parameter.25
Post-rest potentiation of electrical stimulations allows
to indirectly determine the balance between the processes
of Ca+2 reuptake, storage and release, controlled by
sarcoplasmic reticulum, and intracellular Ca+2 release
through the sarcolemma. A pause in electrical stimulation
potentiates contraction, due to Ca+2 accumulation in
sarcoplasmic reticulum during such pause, increased
Ca2+released by sarcoplasmic reticulum, and reduced
Na+/Ca+2 exchange activity in removing Ca+2 from the
cells.32,33 In infarcted rats, post-rest potentiation was
decreased in papillary muscle.20,25 These processes could
be evidenced in our study when temporal variations
of contraction (+dT/dt) and relaxation force (-dT/dt)
were assessed in the PSD96 group, suggesting a possible
kinetic dysfunction of Ca2+ associated with increased
Na+/Ca+2 exchanger activity.
Therefore, our findings suggest that PSD can affect cardiac
function, and such effect is not prevented by high-intensity
resistance training, since a +dT/dt depression was found in
animals subjected to the exercise. It is possible that protocols
of moderate- or low-intensity resistance training or even

aerobic exercise would be more effective in improving
contractile function of papillary muscle. Experimental data
have shown an increased post-rest potentiation in infarcted
rats submitted to aerobic training, which highlights the
preventive role of this type of exercise.
Finally, we evaluated the contractile response of
papillary muscle to increasing concentrations of Ca2+
in bathing solution. This approach aims to evaluate
whether there is an improvement in contractionrelaxation behavior in response to increasing availability
of Ca2+.34 Our results have shown that, in response to
increasing Ca2+ concentrations, DT increased in the REST
group and both RT and –dT/dt decreased in PSD96.
The variable +dT/dt decreased in the REST/PSD96
group and temporal variation of cardiac contraction
increased in the PSD96 group, suggesting an increase
in the time to systole.
Altogether, these results suggest that both contractile
and temporal response was negatively affected by PSD.
In response to Ca2+, regardless of the ion concentration,
there was an impaired response of papillary muscle
of animals submitted to PSD. These findings are in
accordance with those reported in infarcted animals.35

Conclusion
High-intensity resistance training was effective in
improving temporal but not contractile parameters.
Less intense exercise protocols may be more effective for
myocardial protection, represented by the papillary muscle.

Study limitations
The present study aimed to investigate the effects
of sleep deprivation on myocardial contractility in the
absence of associated comorbidities, which may represent
confounding factors in clinical trials. For this reason,
caution is needed in extrapolating these results to the
clinical setting.
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The Relationship Between Gensini Score and In-Hospital Mortality in Patients with STSegment Elevation Myocardial Infarction
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Academia Médica Militar Gulhane1, Departamento de Cardiologia, Ankara; Hospital Militar Girne2 – Turquia

Abstract
Background: To date, several validated patient-based risk scores have been established to predict mortality and
morbidity in patients presenting with ST-segment elevation myocardial infarction (STEMI). The Gensini score was
originally developed to quantify the severity of coronary artery disease (CAD).
Objectives: We intend to assess the association between severity of CAD assessed by Gensini score and in-hospital
mortality in patients with STEMI undergoing primary percutaneous coronary intervention (P-PCI).
Methods: A total of 539 patients presenting with acute STEMI, who underwent P-PCI within the first 12 hours from
the onset of symptoms, were included. The severity of CAD was expressed as the sum of the Gensini scores for each
lesion. Patients’ demographic variables, medical histories and clinical features, as well as in hospital major adverse
events were obtained from the medical reports.
Results: Of these 539 patients, 416 (77.2%) were male and mean age was 59.14 ± 12.68 years. In-hospital mortality rate
was 5.4% (29 patients; 16 men). Mortality rate was 10.5% in female patients and 3.8% in males (P = 0.004). Mean Gensini
scores were significantly different in the comparison between patients who survived (54.54 ± 26.34) and those who
died (80.17 ± 26.51) (P = 0.001). The multivariable Cox proportional hazards regression analysis model revealed that the
Gensini score (P = 0.037), female gender (P = 0.039), serum urea levels (P = 0.041), uric acid levels (P = 0.008) and LVEF
(P = 0.001) were independently associated with in-hospital mortality in patients with STEMI undergoing P-PCI.
Conclusion: The Gensini score is independently associated with in-hospital mortality in STEMI patients treated
with P-PCI. Therefore, it might play an important role in risk stratification of STEMI patients. (Int J Cardiovasc
Sci. 2017;30(1):32-41)
Keywords: Myocardial Infarction; Hospital Mortality; Data Interpretation, Statistical; Percutaneous Coronary Intervention.

Introduction
Although primary percutaneous coronary
intervention (P-PCI) has been contributing to a
decrease in mortality in recent years, ST-segment
elevation myocardial infarction (STEMI) is still one of
the leading cause of mortality and morbidity all over
the world.1 In-hospital mortality rates were reported as
7-10% in some registries.2 Currently, several validated
risk factors and scoring systems are used to predict
mortality in STEMI patients. In the fibrinolytic era,

thrombolysis in myocardial infarction (TIMI) risk
score was developed as a clinical risk score to predict
30-day mortality in patients with STEMI.3 TIMI score
was derived and validated among fibrinolytic-eligible
patients enrolled in clinical trials, so it can not be easily
applied in STEMI patients undergoing P-PCI. Recently,
the Global Registry of Acute Coronary Events (GRACE)
score has been defined for predicting mortality at
6 months in patients with acute coronary syndromes
(ACS), but critically ill patients such as those who
died early may be underrepresented. 4 In addition
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to these clinical scores, some coronary angiography
based scoring systems such as Gensini, SYNTAX
(synergy between percutaneous coronary intervention
with Taxus and cardiac surgery) and ACC/AHA have
been established to assess the severity of lesions and
provide some prognostic information for patients with
coronary artery disease (CAD). Although these scoring
systems provide quantitative evaluation, the valuable
detailed information derived from angiography is not
sufficiently used. In clinical practice, there is a need for
an initial stratification of STEMI patients, which aims to
identify those at higher risk and decrease the incidence
of major adverse cardiovascular events through more
appropriate targeting of preventive measures.
The Gensini scoring system is an objective method
to determine the severity of CAD according to
angiographic findings. 5 It was originally developed
to quantify the severity of CAD; however, subsequent
studies have demonstrated its ability to identify
patients who are at high risk of adverse events who are
treated with PCI.6 However, little is known about the
association between the severity of CAD assesed by the
Gensini score and in-hospital mortality in patients with
STEMI undergoing P-PCI.

Objective
The aim of the present study was to evaluate the
predictive role of Gensini score to detect in-hospital
mortality in STEMI patients treated with P-PCI.

Methods
Our single-center study was retrospective and
non‑randomized (prospective researching the
information, retrospectively). A total of 539 consecutive
patients presenting with first acute STEMI who
underwent P-PCI within the 12 hours from the onset
of symptoms, between 2004 and 2013, were included
in our study. Patients` demographic variables, medical
histories and clinical features, as well as in hospital major
adverse events were obtained from medical reports. Since
our institute is a tertiary center, P-PCI was conducted
as the preferred reperfusion strategy for most STEMI
cases. Briefly, the diagnosis of STEMI was made through
the criteria of classical symptoms of coronary ischemia
(chest pain lasting > 30 minutes), detection of > 1 mm
ST-segment elevation in at least two contiguous leads
and elevation in cardiac biomarkers, and defined by
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the guidelines of the American College of Cardiology
and the European Society of Cardiology.7 All STEMI
patients were admitted and followed up in intensive
coronary care unit and hospital stay was defined as this
first admission period of STEMI patients. Previous CABG
(coronary artery bypass graft) or PCI, previous STEMI
history, reperfusion with thrombolytic drug, known
malignancy and severe liver diseases, insufficient data
from the clinical recordings and angiographic recordings
were all defined as exclusion criteria.
The severity of CAD was calculated using the
Gensini score, in which the calculation is based on the
evaluation of the number of stenotic segments along
with their respective degrees of luminal narrowing and
localization within the coronary tree.5 The severity of the
disease was expressed as the sum of the scores for each
lesion. Two investigators blinded to the patient’s clinical
data analyzed the results of the coronary angiography.
The study protocol was approved by the local ethics
committee (2013-157).

Statistical analysis
Data was processed through SPSS 16.0 statistical
package (SPSS Inc, Chicago, IL, USA). All data are
expressed as numbers and percentages and continuous
variables were tested for normal distribution using
the Kolmogorov-Smirnov test. Continuous data
with normal distribution are presented as mean and
standard deviation and compared by the unpaired
T-test, and non-normally distributed data are presented
as median and interquartile range and compared
through the Mann‑Whitney U test. Categorical data
are presented as counts and percentages and compared
using the chi‑square test. Logistic regression analysis
was performed to identify independent predictors of
in-hospital mortality. For the multivariate analysis, a
forward stepwise logistic regression was performed using
the variables which were significant at the univariate
analysis, together with risk factors. P values < 0.05 were
considered statistically significant.

Results
The study population consisted of 539 patients with
first STEMI that underwent P-PCI. Of these 539 patients,
416 (77.2%) were male and 123 (22.8%) were female.
Mean age of the study population was 59.14 ± 12.68 years.
The baseline characteristics are presented in Table 1 and
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Table 1 – Baseline demographical and clinical features of the groups
Survival (n = 510)

Death (n = 29)

p value

58.58 ± 12.52

68.96 ± 11.52

0.001*

Sex (men), n (%)

400 (%78.4)

16 (%55.2)

0.004

Smoking, n (%)

233 (%45.7)

13 (%44.8)

0.928

Heart rate (beats/minute)

79.90 ± 16.99

86.51 ± 24.64

0.004

Systolic blood pressure, (mmHg)

132.23 ± 24.96

116.96 ± 24.67

0.756

Diastolic blood pressure, (mmHg)

77.73 ± 14.60

69.29 ± 17.43

0.119

Diabetes mellitus n (%)

116 (%22.7)

10 (%34.5)

0.146

Hypertension, n (%)

218 (%42.8)

19 (%65.5)

0.017

Hyperlipidemia, n (%)

96 (%18.8)

5 (%17.29)

0.832

Chronic renal disease, n (%)

18 (%3.5)

10 (%34.5)

0.001

Coronary artery disease, n (%)

84 (%%16.5)

6 (%20.7)

0.553

Left ventricular ejection fraction, (%)

50.98 ± 8.50

34.72 ± 5.66

0.028

Left ventricular end diastolic diameter, (mm)

48.52 ± 5.58

29.38 ± 4.17

0.436*

Age (years)

*Data without normal distribution compared through Mann-Whitney U test.

Table 2. In-hospital mortality rate was 5.4% (29 patients;
16 men). Twenty‑nine patients (5.3%) died during the
hospital stay. Causes of death for these 29 patients
were: malignant cardiac arrhythmias such as VT/VF in
8 patients (27.5%), cardiogenic shock in 8 patients (27.5%),
acute pulmonary edema in 4 patients (13.7%), right heart
failure in 3 patients (10.3%), bleeding complications in
2 patients (6.8%), septic shock in 1 patient (3%), acute
mitral regurgitation in 1 patient (3%), ventricular septal
rupture in 1 patient (3%), and ventricular free wall
rupture in 1 patient (3%). Mortality rate was 10.5% for
female patients and 3.8% for males (P = 0.004). Of these
539 patients who underwent P-PCI, 454 (84%) were
treated successfully with BMS. From the remaining
85 patients, 18 (4%) were treated with DES, 26 (5%) with
plain PTCA, in 18 (3%) patients the procedure failed, and
23 (5%) patients underwent CABG. In-hospital mortality
did not differ between the groups on different therapies
during P‑PCI (P > 0.05).
In the initial statistical analysis, we found that
some variables significantly differed between patients
who survived and those who died. Female gender,
history of hypertension, chronic renal disease, age,
admission blood glucose, urea, creatinine and uric

acid levels, heart rate, leukocytes, hemoglobin, platelet
and neutrophil count, and LVEF were found to be
statistically significantly different between the two
groups. (P < 0.05 for all). Angiographic data is shown in
Table 3. Mean Gensini scores were significantly different
in the comparison between patients who survived
(54.54 ± 26.34) and those who died (80.17 ± 26.51)
(P = 0.001) (Figure 1). The infarction-related vessel was
the left anterior descending coronary artery (LAD) in
224 patients (41.5%), the circumflex coronary artery
(CFX) in 104 patients (19.2%), and the right coronary
artery (RCA) in 196 patients (36.3%). In-hospital
mortality did not differ between the groups of different
infarction-related vessels (P > 0.05).
We applied a logistic regression analysis to identify
independent risk factors for in-hospital mortality in
patients with STEMI undergoing P-PCI. The results of
the univariable logistic regression analysis are shown
in Table 4. For the multivariate analysis, a forward
stepwise logistic regression was performed using the
variables which were significant at the univariate
analysis, together with risk factors. The multivariable
Cox proportional hazards regression analysis model
revealed that the Gensini score (P = 0.037), female

Int J Cardiovasc Sci. 2017;30(1):32-41

Yildirim et al.

Original Article

Gensini Score and Mortality in STEMI

Table 2 – Laboratory findings of the groups
Survival (n = 510)

Death (n = 29)

p value

Glucose (mg/dL)

149.37 ± 68.17

199.42 ± 103.91

0.048*

Urea (mg/dL)

38.09 ± 17.82

59.03 ± 35.34

0.001*

Creatinine (mg/dL)

1.05 ± 0.49

1.41 ± 0.66

0.001*

Uric acid (mg/dL)

5.52 ± 2.01

7.59 ± 2.97

0.002*

High density lipoprotein, (mg/dL)

42.13 ± 23.01

40.00 ± 7.82

0.670

Low density lipoprotein, (mg/dL)

113.74 ± 36.70

112.95 ± 46.49

0.881*

Triglycerides (mg/dL)

140.06 ± 100.43

128.20 ± 76.43

0.569*

3.40 ± 0.54

3.15 ± 0.57

0.085*

Leukocytes (n/μL)

11.695.39 ± 4.031.71

14.646.42 ± 7.062.39

0.017*

Hemoglobin (g/dL)

13.77 ± 1.97

12.55 ± 2.07

0.006*

Hematocrit (%)

41.19 ± 5.18

37.68 ± 5.60

0.202

Platelet (x10 /μL)

248.37 ± 70.35

253.25 ± 100.67

0.010

Neutrophil (n/μL)

7.953.01 ± 3.384.94

10.045.93 ± 6.286.28

0.032*

Lymphocyte (n/μL)

2531.72 ± 2362.84

2407.87 ± 2173.31

0.279*

Albumin (g/dL)

3

*Data without normal distribution is compared by Mann-Whitney U test.

gender (P = 0.039), urea levels (P = 0.041), uric acid levels
(P = 0.008) and LVEF (P = 0.001) were independently
associated to in-hospital mortality in patients with
STEMI undergoing P-PCI (Table 5).
We independently examined 25 randomly chosen
angiograms, visually estimated lesion scores, and calculated
Gensini scores. The intra-observer and inter-observer
correlation coefficient was 0.96 and 0.95 for the Gensini
score, indicating good reproducibility and reliability.

Discussion
The main finding of this study was that the Gensini
score is independently associated to in-hospital mortality
in STEMI patients treated with P-PCI. Nonetheless, the
female gender, higher serum urea and uric acid levels,
and lower LVEF were also associated to in-hospital
mortality in this group of patients.
STEMI is the most important part of ACS.
Consistently with our data, in-hospital mortality
rates ranged between 6% and 14%. 8 Many factors
such as previous MI, door to balloon time, presence

of diabetes, anemia, chronic renal failure, and
ejection fraction on admission are known to be
predictors of mortality in this era.9 To date, several
validated patient-based risk scores such as TIMI,
GRACE, ZWOLLE, CADILLAC and PAMI have been
established for predicting mortality and morbidity
in patients presenting with STEMI.10-13 Most of these
scores were based on clinical parameters such as
age, gender, Killip class, serum creatinine levels, and
degree of ST-segment change. This is not surprising,
as these scores were developed before the widespread
adoption of P-PCI for STEMI. TIMI and GRACE scores
are valuable tools for initial risk stratification of STEMI
patients. TIMI is widely accepted due to its ease of
use. Despite its good predictive power, the GRACE
score has limited bedside use because of the necessity
to use specialized computer software and graphs.
These scores were not specifically optimized for
patients with STEMI undergoing P-PCI. In the P-PCI
era, some of the scoring systems such as CADILLAC
(Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications),12 Stent-PAMI
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Figure 1 – Gensini score

Table 3 – Angiographic data
Survival (n = 510)

Death (n = 29)

LAD, n (%)

210 (41.1)

14 (48.2)

CFX, n (%)

104 (20.3)

5 (17.2)

RCA, n (%)

196 (38.4)

10 (34.4)

54.54 ± 26.34

80.17 ± 26.51

p value

Coronary artery involvement

Gensini score

0.148

0.001

LAD: left anterior descending coronary artery; CFX: circumflex coronary artery; RCA: right coronary artery

(Stent-Primary Angioplasty in Myocardial Infarction),10
and MCRS (The Mayo Clinic Risk Score) 14 included
angiographic variables in the scoring algorithm.
The CADILLAC risk score was able to accurately
predict 30-day and 1-year mortalities after P-PCI in
STEMI patients. Baptista et al. 15 applied the PAMI

risk score to a small population of STEMI patients
and revealed that this method was able to predict
in‑hospital, 30-day and 6-month mortality. The MCRS
is also a validated risk model for pre-procedure
risk stratification and has been showing a good
capacity for the prediction of in‑hospital mortality.11
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Table 4 – Results of univariable logistic regression analysis
Variable

OR

p value

Female gender

2.955

0.005

Gensini score

1.029

0.001

Urea

1.026

0.001

Uric acid

1.363

0.001

LVEF

0.797

0.001

History of hypertension

1.007

0.020

History of chronic renal disease

14.36

0.001

Age

1.076

0.001

Admission blood glucose

1.007

0.001

Creatinine

1.811

0.001

Uric acid

1.363

0.001

Heart rate

1.022

0.048

Systolic blood pressure

0.974

0.002

Diastolic blood pressure

0.962

0.004

Leucocytes count

1.000

0.004

Neutrophil count

1.156

0.001

Hemoglobin

0.733

0.002

Hematocrit

0.879

0.001

Albumin

0.424

0.044

Table 5 – Effects of several variables on in-hospital mortality by the multivariable regression analysis
Variable

Adjusted OR

95% CI

p value

Female gender

7.780

1.10-54.66

0.039

Gensini score

1.033

1.00-1.06

0.037

Urea

1.030

1.00-1.06

0.041

Uric acid

1.544

1.11-2.13

0.008

LVEF

0.761

0.65-0.88

0.001

*By entering gender, age, history of hypertension, chronic renal disease, admission blood glucose, urea, creatinine, uric acid, heart rate, SBP, DBP,
leukocytes count, neutrophil count, hemoglobin, hematocrit, albumin, LVEF and the Gensini score

In addition to those scores, which were established
from combination of both clinical and angiographic
variables, some scoring systems based solely on

angiographic data such as SYNTAX are associated to
short and long‑term follow‑up in patients with STEMI
undergoing P-PCI.16-18
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The purpose of coronary scoring systems is to quantify
the severity of coronary stenosis. Different coronary
arteries carry different volumes of blood to the heart,
and coronary scores take this into account. The degree
of stenosis was also considered in these scoring systems.
Overall, the individual ability of these angiography based
scores to predict mortality is uncertain, and an important
limitation is that these scores have been largely limited
to elective patients.19 Although the SYNTAX score is
frequently used for predicting mortality in patients
with STEMI undergoing P-PCI, the percent diameter
stenosis is not considered in scoring and a distinction is
made only between occlusive (100%) and non-occlusive
(50‑99% stenosis) disease. Furthermore, stenosis is
considered severe when it causes ≥ 50% reduction in
the luminal diameter by visual assessment in vessels
≥ 1.5 mm. However, in the Gensini score, lesions causing
< 50% reduction in the luminal diameter in vessels
< 1.5 mm diameter are considered in the scoring algorithm.
The Gensini score was originally developed to quantify
the severity of CAD. It has been widely used in clinical
trials to assess the extent and severity of CAD. However,
subsequent studies have demonstrated its ability to
identify patients treated by PCI who are at high risk of
adverse events. Nevertheless, little is known about the
correlation between the Gensini score and short-term
mortality in STEMI patients.20-23 There are few recently
published studies that have evaluated the Gensini score in
the context of P-PCI. In a recent report, the Gensini score
was found to be associated with lower MACE during
hospital stay and at 6 months after PCI in acute STEMI
patients.24 Thus, the authors concluded that it could be
used to predict short-term MACE in STEMI patients
during the post PCI period. Acet et al.25 found that the
TIMI risk index is significantly related to the Gensini score
in predicting the extent and severity of CAD in patients
with STEMI.
This study represents the analysis of the relationship
between the Gensini score and in-hospital mortality in
patients with STEMI undergoing P-PCI. The current
study has demonstrated that STEMI patients with higher
Gensini scores, regardless of other clinical variables, are
at increased risk of in-hospital mortality. According to
our study, a 1 point increase in the Gensini score is related
to a 3% increase of in-hospital mortality risk in patients
with STEMI undergoing P-PCI. Several factors could
account for this finding: the Gensini score concentrates
on the LMCA, proximal LAD, and mid‑LAD arteries,
which are assigned relatively higher weighting factors.

Occlusion of these coronary arteries causes large areas
of infarction which may be related to higher mortality
rates. One of the limitations of using the Gensini score for
risk stratification is the absence of any clinical variables.
This deficiency can be successfully addressed through
its combination with clinical-based risk models. In our
study, we also found that female gender, higher urea
and uric acid levels and lower LVEF were associated
to in-hospital mortality in STEMI patients undergoing
P-PCI. These findings were consistent with previous
studies in literature.20-23 In the univariate regression
analysis, differently from other variables, hemoglobin,
hematocrit, albumin and LVEF were found to be
negatively correlated to in-hospital mortality, meaning
that lower values in these variables were associated
to a higher mortality. However, this association was
no longer significant after the multivariate analysis,
except for LVEF. Mortality rate was 10.5% (13/123) in
women and 3.8% (16/416) in men. Higher in-hospital
mortality in women is often attributed to a delayed
hospital admission, a higher clustering of comorbidities,
older age and more bleeding complications after
interventions.26-28 Our study highlights the importance
of adjusting mortality to these variables. We did not find
a difference in the presence of diabetes, even though
others have reported that this tends to be more common.
The result of our study was an improvement of
existing conventional risk factors and scoring systems
for STEMI patients. A particular strength of our
study is that all patients admitted to hospital with
a diagnosis of STEMI were included, unlike reports
from some registries, in which only data from selected
patients were analysed. Improving the prediction of
mortality is a major challenge and selecting the proper
therapy is difficult, but we think that the combination
of established risk factors such as TIMI and GRACE
with angiographic score assessment provides the best
information to predict in-hospital mortality in STEMI
patients undergoing P-PCI. Readily available risk
factors such as hypertension, smoking, diabetes, LDL,
family history of MI and clinical variables such as age,
gender, door to balloon time and biomarkers should also
be considered to improve the prediction of mortality.

Limitations
Our study has some important limitations. First and
foremost, this study has a retrospective and single‑center
design. The results of this study may not be extrapolated
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to all patients such as those who present with other
form of ACS or those who were not treated with PCI.
The relatively small sample size of the current study
indicates the need to validate the findings with a larger
patient cohort. Door to balloon time and onset of the
infarction are important parameters which may also be
associated to in hospital mortality. However, due to our
retrospective design and insufficient medical reports,
a considerable amount of patient data about the onset
of the infarction or door to balloon time were lacking
or unreliable. Therefore, these parameters could not
be studied. In clinical practice, angiographic scores
are calculated by visual lesion assessment (rather than
laboratory determination), which would likely lead
to greater interobserver variability. Also, we did not
compare the Gensini score to other angiographic score
systems such as the SYNTAX, which is frequently used
to predict mortality in STEMI patients undergoing
P-PCI. Further prospective randomized studies with a
large sample and attendance of multicentre are required
to confirm this hypothesis more effectively.

Gensini Score and Mortality in STEMI

risk stratification of STEMI patients undergoing P-PCI.
However, the Gensini score should be improved through
a combination that includes clinical, procedural and
laboratory variables.
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Prevalence of Hypertension in Children from Public Schools
Camila Brandão de Souza1, Cláudia de Souza Dourado2, José Geraldo Mill2, Luciane Bresciane Salaroli2,
Maria del Carmen Bisi Molina2
Universidade Federal de São Paulo (UNIFESP)1, São Paulo, SP; Universidade Federal do Espírito Santo (UFES)2, Vitória, ES – Brazil

Abstract
Background: There is a discrepancy between protocols used for the diagnosis of childhood hypertension, and the
most recommended one is the measurement of blood pressure in at least three different moments.
Objective: To identify the prevalence of hypertension in children, and to associate it with the nutritional
status variable.
Methods: This is a longitudinal study, which included all children aged 7 to 10 years enrolled in public schools and
had the authorization of their parents/guardians, totaling 722 children. In the first evaluation, the child's family
answered a questionnaire, and the child was submitted to anthropometric and hemodynamic evaluation. Blood
pressure was measured three times at three different times. Children who had high blood pressure at the first
moment were reassessed at a second time; those who persisted with high blood pressure were re-evaluated at a
third moment.
Results: The prevalence of high blood pressure at the first moment was 8.1%, being 3.2% in the second and 2.1%
in the third. The nutritional status was significantly associated with the increase in systolic and diastolic blood
pressures, being higher in overweight and obese children. The highest prevalence of high blood pressure was
found in children classified as obese, at all moments.
Conclusion: By performing blood pressure measurements of children at different moments, it was possible to
reduce false-positive cases for arterial hypertension. The nutritional status was directly associated with the increase
in blood pressure values. Performing the measurements in routine consultations becomes essential for diagnosis
and early intervention. (Int J Cardiovasc Sci. 2017;30(1):42-51)
Keywords: Child; Hypertension / epidemiology; Prevalence; Overweight; Obesity, Nutritional Status.

Introduction
Systemic arterial hypertension (SAH) is one of the
biggest public health problems worldwide.1 In 2012,
it was responsible for 5.92% of all hospital admissions
through the Unified Health System (SUS).2 It is one of the
main risk factors for diseases of the circulatory system,1
which in 2011 were responsible for 335,213 deaths in
Brazil3 and represent 30% of all deaths worldwide, and
50% of deaths from chronic non-communicable diseases.1

There is evidence that adult SAH has its onset in
childhood,4 but as its symptoms are more unspecific
in children, they might not show signs they already
have elevated blood pressure (BP) levels.5 Studies have
shown that hemodynamic changes are observed in
these individuals as early as in the second decade of
life, or even earlier,6,7 hence the importance of routine
evaluation of BP in childhood,8 according to the
recommended protocol.9

Mailing Address: Camila Brandão de Souza
Rua Herculano de Freitas, 73. Apt. D. Postal Code: 01308020, Bela Vista, São Paulo, SP – Brazil
E-mail: milaunifesp@gmail.com; ufesmila_enfer@yahoo.com.br

DOI: 10.5935/2359-4802.20170023

Manuscript received September 26, 2016; revised manuscript October 24, 2016; accepted January 24, 2017.

Int J Cardiovasc Sci. 2017;30(1):42-51
Original Article

There is evidence that protocols are implemented in
the pediatric care routines, but there is a discrepancy
between the used protocols and the prevalence of
hypertension or elevated BP found in the population
studies.7,10-12 Additionally, the diagnosis of SAH can
only be attained after BP is measured three times at
different moments.13
Considering the difficulties of carrying out an
extensive protocol in population studies, it is possible
that the evaluation in a sample can provide important
information for decision-making and recommendations
for the monitoring of cardiovascular risk factors in
children. Moreover, data and analyses carried out after
a single BP measurement may lead to misinterpretations
of the context of the pediatric population.
Based on the need to confirm the diagnosis of SAH
in risk situations found during studies on this subject,
the present study aimed to identify the prevalence of
SAH in children based on BP measurements at three
different moments, as well as to evaluate the association
with the nutritional status variable. It is expected that
the results contribute to a better understanding and
new insights on the diagnosis of hypertension in the
pediatric population.

Methods
This is a longitudinal study on the health and
nutritional status of children aged 7 to 10 years,
enrolled in 13 public elementary schools in two health
regions (Maruípe and Continental) in the city of Vitória,
state of Espírito Santo, Brazil, selected by drawing lots.
The “health region” is understood as the “continuous
geographical area consisting of groups from bordering
municipalities, delimited by cultural, economic and
social identities and shared communication networks
and transport infrastructure, aimed at integrating the
organization, planning and the performance of health
actions and services.”14
All children aged 7 to 10 years were invited to
participate, and the exclusion criterion was presence
of some comorbidity that could result in secondary
SAH. Data collection started in 2010 and ended in
2012. The study was divided into three moments,
with a 1-year interval between the first and second
moments and a 6-month interval between the second
and third moments.
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At the first moment, sociodemographic, anthropometric,
and hemodynamic data were collected from 722
children in the recommended age group. Data were
analyzed and the prevalence of high BP in the sample
was obtained. After 1 year, the children with pressure
alterations were contacted through a letter sent to
the household, inviting them to remain in the study.
The children’s parents or guardians had to reauthorize
the participation of their children in the protocol
by signing a new FICF, so that the BP levels could
be verified at two other moments to confirm the
diagnosis of SAH.
At the second moment, the participants had
hemodynamic and anthropometric data evaluated under
the same protocol. There was a loss of ten children who
were going to be assessed at the second moment, because
they were transferred to another school and /or did
not return with the new FICF signed by the parents/
guardians. Data were analyzed and, after 6 months, the
children who remained with high BP were recruited for
the third moment. they were re-evaluated under the
same protocol and those who remained with high BP
were diagnosed as having SAH.
Three different measurements were performed
at each of the moments, totaling nine measurements
at the end of the study. All procedures were carried out at
the schools, in ventilated, illuminated and silent rooms,
by adequately trained examiners and experienced in
population studies with childhood BP assessment.
For anthropometric and hemodynamic evaluation,
electronic scales, anthropometric measuring tapes,
and an automated BP measurement device (OMROM
Healthcare Europe BV, Hoofddorp, The Netherlands,
model HEM-705CP, validated for the study) were
used.15 A structured questionnaire was used to collect
sociodemographic data, containing information such as
ethnicity/race, age, origin, and physical activity habits.
BP was measured at each of the three moments, according
to the VI Brazilian Guidelines for Arterial Hypertension.9
Systolic or diastolic BP was classified as normal
(BP < 90th percentile), borderline (BP between the 90th
and 95th percentiles or if the BP exceeds 120/80 mmHg,
always < 90th percentile up to < 95th percentile) and
elevated (95th percentile).9 The Body Mass Index (BMI)
was used to classify the nutritional status according
to the World Health Organization (WHO),16 into the
following categories: low weight (BMI < 3rd percentile),
normal weight (3rd percentile and < 85th), overweight
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(85th percentile and < 97th percentile) and obesity
(97th percentile). The height deficit was determined
when stature for age was < 3rd percentile. The ethnicity/
race variable was defined as white, black, brown,
and Asian/indigenous and age was defined as 7, 8, 9
and 10 years.17

Statistical Analysis
Data were entered in duplicate and consistency
analysis was performed in 10% of the questionnaires.
Statistical Package for Social Science (SPSS), version
17.0 was used for the analysis. Pearson’s chi-square
and Fisher’s exact tests were used for the comparison
of proportions.
The Kolmogorov-Smirnov test was used to evaluate
the normal probability distribution of data. To evaluate
the differences between means, Student’s t-test for
independent samples and Analysis of Variance
(ANOVA) were used with Tukey’s multiple comparisons
test. A significance level of 5% and a confidence interval
of 95% were considered for the analysis.
This study was approved by the Research Ethics
Committee. There were no conflicts of interest.

Results
Only the comparison of nutritional status between
the genders showed statistical significance (p < 0.05).
We observed a higher proportion of girls with normal
weight (66.4%) and a higher proportion of boys with
obesity (24.7%) (Table 1).
Mean waist circumference in boys (62.6 cm ± 9.8 cm;
p = 0.01) was higher than that of girls (60.4 cm ± 8.3 cm).
Mean arm circumference was similar between the genders,
being 20.9 cm (± 3.6) for girls and 21.1 cm (± 3.6) for boys.
There was a significant difference in mean systolic
BP for age, ethnicity/race and nutritional status.
Thus, the highest systolic BP means were observed
at ages 9 (103.9 mmHg ±11.2 mmHg) and 10 years
(104.3 mmHg ± 11.7 mmHg). The Asian/indigenous
ethnicity showed the highest mean systolic BP
(107.6 mmHg ± 12.9 mmHg). The highest mean values
of systolic BP in the nutritional status were those of
overweight (105.1 mmHg ± 10.6 mmHg) and obese
children (106.3 mmHg ± 10.8 mmHg). The other means
of systolic BP were considered similar for gender
and height deficit.
The highest diastolic BP mean for age was found in
children aged 9 (63.2 mmHg ± 10.1 mmHg) and 10 years

(62.4 mmHg ± 8.1 mmHg). The overweight (64.2 mmHg ±
8, 2 mmHg) and obese ones (65.0 mmHg ± 9.5 mmHg)
reached the highest means of the nutritional status. The
other means of diastolic BP were considered similar for
gender, ethnicity/race, and height deficit (Table 2).
At the first moment, elevated BP was observed in
58 (8.1%) children; these were referred to the second
moment, in which 23 (3.2%) remained with elevated BP.
This last group was referred to the third moment, when
there was confirmation of hypertension in 15 (2.1%)
children (Table 3).
The mean systolic and diastolic BP at the three
moments can be seen in Figure 1. The mean values of
the systolic BP at the first moment were significantly
different from those at the second moment (p = 0.05),
different from what occurred with the diastolic
BP (p = 0.42). From the first to the third moment, both
the systolic and diastolic BP did not show significant
differences. The same occurred from the second to
the third moment.
Figure 2 shows that, at all the three moments, the
children classified as obese had a higher prevalence of
high BP, being, at the last moment, five times higher
than the prevalence found in the group of children
with normal weight.
The Kolmogorov-Smirnov (K-S) test did not reject
(p > 0.05) the normality hypothesis of the data.

Discussion
Obesity has always been a matter of concern,
especially in children. The diagnosis is a complex one,
and the pediatrician must detect eating disorders as
soon as possible, so that multidisciplinary actions can
reverse the situation.18 The present study showed a
higher prevalence of obesity in boys (24.7%), similar to
that found in another study carried out in Brazil,19 but
different from a study carried out in Mexico,20 which
found a predominance of obesity in girls. A study carried
out in Fortaleza, Brazil,21 agrees with the results found in
this study, by stating that systolic BP rises concomitantly
with increasing age. In relation to the nutritional status,
there is an association between the systolic and the
diastolic BP22 and between the diastolic BP and weight,23
in agreement with the findings. Regarding ethnicity/
race, indigenous individuals showed the highest mean
systolic BP; a study that analyzed racial differences
and childhood SAH identified higher values in nonHispanic blacks.24
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Table 1 – Sample characterization according to gender
Characteristics

Total
n (%)

Male gender
n (%)

Female gender
n (%)

7

223 (30.9)

102 (33.1)

121 (29.2)

8

178 (24.7)

73 (23.7)

105 (25.4)

9

168 (23.3)

67 (21.8)

101 (24.4)

10

153 (21.2)

66 (21.4)

87 (21.0)

White

173 (24.0)

80 (26.0)

93 (22.5)

Black

121 (16.8)

57 (18.5)

64 (15.5)

Brown

407 (56.4)

166 (53.9)

241 (58.2)

21 (2.9)

5 (1.6)

16 (3.9)

26 (3.6)

13 (4.2)

13 (3.1)

Normal weight

442 (61.2)

167 (54.2)

275 (66.4)

Overweight

121 (16.8)

52 (16.9)

69 (16.7)

Obesity

133 (18.4)

76 (24.7)

57 (13.8)

Yes

6 (0.8)

4 (1.3)

2 (0.5)

No

716 (99.2)

304 (98.7)

412 (99.5)

1

26 (3.7)

13 (4.3)

13 (3.2)

2

370 (52.0)

164 (53.9)

206 (50.5)

3

303 (42.6)

122 (40.1)

181 (44.4)

4

13 (1.8)

5 (1.6)

8 (2.0)

Always participates

573 (79.4)

250 (81.2)

323 (78.0)

Sometimes participates

139 (19.3)

52 (16.9

87 (21.0)

10 (1.4)

6 (1.9)

4 (1.0)

722 (100.0)

308 (100.0)

414 (100.0)

p value

Age

0.658*

Ethnicity/race

0.137*

Asian/indigenous
Nutritional status
Low weight

0.001*

Height deficit

0.217†

Frequency of physical education classes per week

0.621*

Behavior in physical education class

Never/almost never participates
Total

*Pearson's chi-square test; † Fisher's exact test. Kolmogorov Smirnov (SBP) p value = 0.057; Kolmogorov Smirnov (DBP) p value = 0.093; (-)

0.237*
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Table 2 – Mean differences between systolic and diastolic blood pressure in schoolchildren by age, gender, ethnicity/
race, nutritional status and height deficit
Characteristics

SBP (mmHg)
Mean ± SD

DBP (mmHg)
p value

Mean ± SD

p value

Age
7

100.3 ± 10.8ᵃ

8

101.1 ± 10.9ᵃ

9

103.9 ± 11.2ᵇ

10

104.3 ± 11.7ᵇ

61.5 ± 10.5ᵃᵇ
< 0.001*

60.8 ± 9.5ᵃ
63.2 ± 10.1ᵇ

0.040*

62.4 ± 8.1ᵇ

Gender
Male

102.6 ± 11.7

Female

101.9 ± 10.9

0.237†

61.5 ± 10.3
62.2 ± 9.3

0.159†

Ethnicity/race
White

102.7 ± 10.6ᵃ

63.0 ± 10.3

Black

102.5 ± 11.0ᵃ

Brown

101.6 ± 11.5ᵃ

Asian/indigenous

107.6 ± 12.9ᵇ

63.0 ± 10.5

100.3 ± 11.2ᵃ

60.5 ± 9.9ᵃ

0.047*

61.5 ± 9.0
61.6 ± 9.6

0.146*

Nutritional status
Normal weight
Low weight

99.5 ± 9.3ᵃ

Overweight

105.1 ± 10.6ᵇ

Obesity

106.3 ± 10.8ᵇ

< 0.001*

59.3 ± 8.3ᵃ
64.2 ± 8.2ᵇ

< 0.001*

65.0 ± 9.5ᵇ

Height deficit
No

97.5 ± 16.6

Yes

102.2 ± 11.2

Total

0.189†

102.2 ± 11.3

60.0 ± 14.4
62.0 ± 9.7

0.210†

61.9 ± 9.7

Kolmogorov Smirnov (SBP) p value = 0.057; Kolmogorov Smirnov (DBP) p value = 0.093. Different letters indicate differences between means (Tukey’s
test), *Analysis of variance; † Student’s t test for independent samples, SBP: systolic blood pressure; DBP: diastolic blood pressure; SD: standard deviation.

Table 3 – Prevalence of elevated blood pressure at three different moments
Moment

Normal
n (%)

Borderline
n (%)

Elevated
n (%)

534 (75.0)

120 (16.9)

58 (8.1)

Second

28 (3.9)

7 (1.0)

23 (3.2)

Third

6 (0.8)

2 (0.3)

15 (2.1)

First
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Figure 1 – Box-plot of the distribution of systolic and diastolic BP, according to the nutritional status at the three different moments. SBP: systolic blood
pressure; DBP: diastolic blood pressure.
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Figure 2 – Prevalence of high blood pressure at the three moments, according to the nutritional status.

A study with children aged > 6 years verified a
prevalence of sedentary lifestyle in more than 50% of
the sample.21 More sedentary children tend to be obese
or overweight, showing a worse physical condition,25
which results in severe health complications, mainly
noncommunicable diseases (NCD). In the present
study, all children had one physical education class at
least once a week, and most of them always participated
in the activities.
The greater waist circumference in the boys
corroborated the fact that they have a higher prevalence
of obesity, a result similar to that of a study carried
out with Chinese children, which also associated this
alteration with increased BP.26 A prevalence of 2.1%
of SAH was found in the sample, following a protocol
that considers three measurements at three different
times, totaling nine measurements. Sorof et al.,12 using
a very similar protocol, which recommended three
BP measurements at three different consultations, at
least 2 weeks apart, obtained a prevalence of 19.4%
at the first consultation, 9.5% at the second and 4.5% as
the final diagnosis.
Pavicević et al.,10 in a study of 3,000 children and
adolescents, obtained a prevalence of high BP in
0.93% in the sample, using the protocol of the mean
of three measurements performed at a single moment.
Monge et al.,27 found a prevalence of 2.7% in population
of 328 children and adolescents, after obtaining three

measurements and considering only the mean of
the last two. A study11 carried out in Canada, with
130 children aged 3 to 8 years, obtained a high BP in
24.8% of them, using, for the diagnosis, the mean of the
three measurements obtained in a single consultation.
In Vitória, Brazil, a study7 carried out with 1,282 children
was based on a protocol with two BP measurements;
if the difference between the measurements was greater
than 5 mmHg, a third measurement was performed, and
the mean of the last two measurements was considered
for diagnostic purposes, with a prevalence of 13.8%.
It can be observed, at the first moment, the presence
of innumerable outliers, representing children with BP
values that are very distant from the means and standard
deviations. At the second moment, this number of children
decreases considerably, persisting only in the mean
diastolic BP. At the third moment, there are no outliers, a
fact that corroborates previous studies12,28 showing lower
BP variance and the “white coat effect” from the moment
when more BP measurements are performed.
The phenomenon of “white coat hypertension”
tends to overestimate BP levels, contributing to falsepositive SAH diagnoses.28 The mechanisms that explain
this effect in children are still poorly understood, but
it is already known that anxiety and/or alertness and
conditioned responses greatly influence them,29 leading
to sympathetic hyperactivity and increased levels of
noradrenaline.30 On average, during a consultation,
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BP levels may increase from 14 to 27 mmHg, and such
change is more evident in the first 4 minutes, decreasing
in approximately 10 minutes and persisting through
several consultations.31,32
According to the VI Brazilian Guideline for Arterial
Hypertension, 9 the white coat hypertension should
already be treated with care, as these individuals have a
worse cardiovascular prognosis,33 and it may represent
a pre-hypertensive state in adults.30
The fact that obese individuals have a higher prevalence
of elevated BP corroborates studies in Brazil and worldwide
that reinforce the existence of a definite association between
overweight, obesity and SAH.7,22,34 The chance of an obese
individual to also have SAH is 7.53-fold higher than that
of an overweight individual.35 Mavrakanas et al.36 state
that obese children have five to six-fold higher BP than
non-obese children. When compared to individuals with
normal weight, overweight ones have the risk to develop
hypertension increased by 180%.37
The stigma of obesity with the increase of elevated BP
may also have other triggering variables. Fante38 states that
children with marked physical characteristics are more
vulnerable to psychological aggressions, called bullying,
with that being the case of obese children, who may
have other vulnerability traits, such as low self-esteem,
insecurity, anxiety, and shyness. Thus, it is possible for
these children to go through more stressful situations.
When facing a stressful situation, the neural axis is
triggered instantaneously, causing activation of the
autonomic nervous system (sympathetic bundle) and
peripheral nervous system. This activation results in
some effects, including an increase in BP and heart
rate.39 It is clear that the association between emotional
disorders and changes in visceral functions, such as SAH,
is evident from the moment when the limbic structures,
responsible for the emotions, are activated and generate
cardiovascular and respiratory responses.40

Hypertension prevalence in children

possible to determine risk situations for monitoring and
investigation of secondary hypertension.
One study limitation was the fact that the blood pressure
measurements were not always taken at the same time, and
this factor could have generated hemodynamic changes,
such as in pre- and post-school recess measurements,
when feeding and active playing occur. This factor
was minimized by respecting the rest period before the
measurements, as well as the care in performing the
procedure in a well-ventilated, quiet and illuminated room.
Initiatives should be taken so that life habits, which
are more easily moldable in children, can be modified
and public policies should prioritize their health.
The measurement of blood pressure in children in
Primary Care is important and necessary for the
early detection of high blood pressure, and may
be an important tool in the prevention of future
complications. Health promotion goes beyond the limits
of conventional institutions, by providing in spaces
such as the school, alternative health education
sites, aiming at the dissemination and awareness of
healthy practices. This study contributed to a better
understanding of childhood hypertension, collaborating
to decision-making in this context.
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Hierarchical Analysis of Hypertension with the Polymorphic Variant of the ACE Gene
and Other Risk Factors in the Elderly
Breno Barreto Ribeiro,1 Pedro Eleutério dos Santos Neto,2 Jairo Evangelista Nascimento,1 João Marcus Oliveira
Andrade,1 Alanna Fernandes Paraíso,3 Sérgio Henrique Sousa Santos,4 Marise Fagundes Silveira,1 Andréa Maria
Eleutério de Barros Lima Martins1
Universidade Estadual de Montes Claros;1 Faculdades Unidas do Norte de Minas;2 Faculdades Santo Agostinho,3 Montes Claros, MG; Universidade
Federal de Minas Gerais,4 Belo Horizonte, MG – Brazil

Abstract
Background: Hypertension is a clinical condition of multifactorial etiology that imposes serious harm to the health
of elderly individuals. Despite the fact that cardiovascular disorders influence the development of hypertension in
this age group, several other genetic and environmental factors have been described in the literature, including the
polymorphic variant of the angiotensin-converting enzyme (ACE) gene and the distribution of body fat.
Objective: To assess the prevalence of hypertension among elderly individuals and its possible correlation with the
I/D polymorphic variant of the ACE gene and other associated risk factors.
Methods: Population-based study using a hierarchical model and including 387 elderly individuals residing in the
urban area of Ibiaí (Minas Gerais, Brazil).
Results: On statistical analysis, the polymorphic variant of the ACE gene was not associated with hypertension
(p = 0.316). On the other hand, there was a significant association between hypertension and the variables female
sex, absence of a partner, consumption of more than one portion of salt per day, and changes in body mass index
and waist-to-hip ratio.
Conclusion: Although the polymorphic variant of the ACE gene showed no influence on the prevalence of
hypertension in elderly individuals, some variables such as individual, socioeconomic, metabolic, and behavioral
habits were associated with this condition. (Int J Cardiovasc Sci. 2017;30(1):52-60)
Keywords: Hypertension; Peptidyl-Dipeptidase A; Polymorphism, Genetic; Aged; Risk Factors; Prevalence.

Introduction
The population older than 60 years is progressively
increasing in our country and it is believed that by 2020
it will exceed 30 million individuals.1 This aging process
entails numerous physiological and functional changes
in the human body, hindering elderly individuals more
susceptible to the development of chronic diseases,
especially cardiovascular ones.2

hypertensive elderly individuals, the cardiovascular
risk is higher than that in normotensive ones of similar
age.3 Genetic and environmental factors are associated
with the chronic maintenance of elevated blood pressure
(BP) levels, and this correlation in the hypertensive
population is 30% and 70%, respectively.4 Hypertension
may be considered a polygenic clinical condition in which
changes in multiple genes interact with each other and
with various other risk factors.5

Hypertension is one of the main clinical conditions
harming the health of elderly individuals, and in

The angiotensin-converting enzyme (ACE), a
key component of the renin-angiotensin system
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(RAS), converts the decapeptide angiotensin I into the
octapeptide angiotensin II, the most powerful circulating
vasoconstrictor in the human body. This way, ACE plays
a fundamental role in BP control.6 Intraindividual
serological levels of ACE remain stable, but its
interindividual variation is high and is attributed to
polymorphic ACE gene variants (DD > DI > II).7 It should
be pointed out the lack of recent studies evaluating
the association of these polymorphic variants with
hypertension exclusively in elderly individuals.8
In addition to genetic factors, other factors have
been reported as being a risk for hypertension: age
above 60 years, gender (postmenopausal women),
ethnicity (non-white skin color), diet, sedentary lifestyle,
obesity, alcoholism, and smoking, among others.9
The interaction of these various factors over time
contributes to the development and worsening of
hypertension, and the greater the number of risk factors
to which individuals are exposed, the higher their
chance of becoming hypertensive.10
Therefore, the objective of this study was to assess the
prevalence of hypertension among elderly individuals,
and its possible correlation with the polymorphic
variant I/D of the ACE gene and with other associated
risk factors.

Methods
Study design
This was an epidemiological, cross-sectional, and
population study including elderly individuals aged
60 years or more, resident and domiciled in the
municipality of Ibiaí, north of Minas Gerais (MG), Brazil.

Procedure and instrument for data collection
The data collection was carried out between 2011
and 2012. The elderly individuals were evaluated by
health professionals who were trained and calibrated
(kappa = 0.63) to the demographic, socioeconomic,
behavioral, anthropometric, and laboratory
characteristics, and genotypic variant of the polymorphic
ACE. According to the 2010 census, a total of 505 elderly
individuals aged 60 or more years were registered in
the Primary Care Information System. Of the 479 names
obtained from the Family Health Strategy (FHS) list,
449 (93.74%) were found. The registration also included
27 elderly people whose names were not listed, but
who were nonetheless also added, yielding a total of
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476 elderly individuals. Of these, 387 (84.31%) answered
the questions and/or were assessed in regards to the
main variable of interest in this study (hypertension).
The measurement of BP levels was conducted
by the auscultatory technique with a calibrated
sphygmomanometer. The BP measurements were
performed with the individual seated and after a
5-minute rest. The individuals were questioned about
being with an empty bladder, having avoided physical
activity, food, smoking, ingestion of alcoholic beverages
or coffee (at least 30 minutes before the measurement)
and if they had taken drugs that could interfere with
the mechanisms of BP regulation.11 A total of three BP
measurements were obtained; the first was discarded
and the mean of the second and third measurements
was considered. The patients were instructed about the
procedure beforehand, with an explanation of its steps and
objectives. The diagnosis of hypertension was established
in the presence of a mean diastolic BP ≥ 90 mmHg and/
or mean systolic BP ≥ 140 mmHg and/or use of systemic
antihypertensive medication.11
To achieve the objective of the study, the variables
were grouped into individual, socioeconomic, behavioral,
metabolic, and health-related, as described below:
Individual: age (60 to 69 years and ≥ 70 years), sex
(male and female), self-declared skin color (White/
Yellow and Brown/Black), I/D polymorphic variant
(rs 4646994) of the ACE gene (II, DI, and DD).
Socioeconomic: marital status (with a partner
[married and stable union] and without a partner
[single, widowed/divorced]), education (≥ 4 years
and 0 to 3 years), household crowding (less than one
person/room and more than one person/room),
material goods (at least one material goods [house
and/or automotive] or lack of material goods), work
status (yes [employed, self-employed, informal work,
retired/employed] and no [retired/without work,
does not work/never worked, and unemployed]), and
income (assessed by the monthly individual income
in Brazilian real).
Behavioral disorders: dietary factors (consumption
of fruits and vegetables [more than 3 servings/
day and less than 3 servings/day] and salt intake
[one portion per day and more than one portion
per day]),12 smoking (non-smokers and smokers),
alcoholism (never consumed versus consumption of
alcohol), physical activity (active [moderately active,
active, and very active] and not active [inactive and
little active]).
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Metabolic and health-related: optimal total cholesterol
(< 200 mg/dL), optimal high-density lipoprotein
(HDL; women ≥ 50 mg/dL and men ≥ 40 mg/dL),
optimal low-density lipoprotein (LDL; < 130 mg/dL),
optimal triglycerides (< 150 mg/dL), and optimal waistto-hip ratio (WHR; women < 0.85 and men < 0.95).
We evaluated the glomerular filtration rate (GFR)
using the Cockcroft-Gault formula: [GFR (mL/min) =
(140 - age) x weight (kg)/72 x serum creatinine
(multiply by 0.85 for female individuals)], in which
values < 60 mL/min/1.73 m² are considered abnormal
and ≥ 60 mL/min/1.73 m² are considered normal.13
The anthropometric variables weight and height were
used to calculate the body mass index (BMI), with results
< 25 kg/m2 considered as optimal.

ACE polymorphism evaluation – polymerase chain
reaction
In order to investigate the genotypic frequencies of the
polymorphic variant I/D (rs 4646994) of the ACE gene
(II, DI, and DD), saliva samples were obtained.
Gene samples were obtained with a swab from buccal
mucosa smears, which was stored at a temperature of
-20 ºC in test tubes with Krebs solution. The samples
were isolated with silica particles, which absorb the
DNA. Subsequently, the DNA was washed to remove
impurities and suspended with TE buffer. The genomic
DNA was amplified with the polymerase chain reaction
(PCR) technique.

Statistical analysis
All data were tabulated and analyzed using the
program Statistical Package for the Social Sciences for

Windows, version 20.0. The variables investigated were
described as distributions of frequencies. In the univariate
analysis, we estimated the crude odds ratios values with
95% confidence intervals. The variables with descriptive
level p ≤ 0.20 were selected for the multivariate analysis.
In the multivariate analysis, we adopted the model of
hierarchical logistic regression, and the order of entry of
the blocks was determined from a theoretical model and
involved known factors associated with hypertension.11
For the hierarchical analysis in this study, we followed
the diagram shown in Figure 1, which guided the order
of entry of the variables blocks in the model. The block
“individual factors” was the first to be included in the
model and remained as a factor of adjustment for the
other variables. We then included “socioeconomic
factors”, and only those presenting a descriptive
level p < 0.05 remained in the model after adjustment
for the variables in the “individual factors” block.
After that, we included the “behavioral habits” block
and maintained in the model only those variables
with descriptive level p < 0.05 after adjustment for
“individual factors” and “socioeconomic factors”.
For inclusion of the remaining blocks, we adopted the
same procedure of the previous blocks.

Ethical aspects
The project was conducted in accordance with the
Resolution 196/96 of the National Health Council of the
Ministry of Health and presented a favorable opinion
of the Research Ethics Committee at the Universidade
Estadual de Montes Claros (CEP/Unimontes) with the
unified opinion number 2903/11. The elderly subjects
signed a free and informed consent form agreeing to
participate in the study.

Figure 1 – Hierarchical model of variables analyzed in elderly individuals in Ibiaí municipality, MG.
ACE: angiotensin-converting enzyme; HDL: high-density lipoprotein; LDL: low-density lipoprotein.
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Results

population studied, with a significant association with

The prevalence of hypertension among the 387 elderly
individuals evaluated was 76%. As for the individual
characteristics, the following ones prevailed: age range
of 60-69 years (n = 131, 78.7%), females (n = 184, 80.7%),
skin color brown/black (n = 252, 77.3%), and genotype II
(n = 67, 82.7%). Most subjects lived without a partner
(n = 155, 82%), had a low education level (n = 231, 76.2%),
lived in households with little crowding (n = 251, 75.8%),
had at least one material goods (n = 269, 75.8%), did not
work (n = 212, 77.4%), and had an average income of
R$ 531.97 ± 219.86 (Table 1).
As for behavioral habits, low consumption of

greater involvement of the disease in elderly individuals
who were female, had no partner, consumed more than
one portion of salt per day, and with changes in the WHR
and BMI indices.
The present study found no association between
hypertension and the I/D polymorphic variant of the
ACE gene. Studies assessing the association of this
polymorphic variant with hypertension in elderly
individuals are scarce and show no relationship; in this
sense, this study corroborated the results of this literature
suggesting, perhaps, a slight genetic influence of this
variant in increased BP in this age range.14

vegetables (n = 225, 76.5%) stood out, whereas the

Our findings corroborate those of another Brazilian

consumption of salt was within the level considered as

epidemiological study that showed a prevalence of

ideal (n = 206, 80.2%). Most participants did not consume

hypertension of approximately 65% in the elderly, with

alcohol (n = 173, 77.6%) and were not smokers (n = 178,

a higher prevalence among women older than 75 years,

78.8%). Among metabolic and health-related conditions,

potentially reaching 80%.15 In the present research, this

most subjects showed change in BMI (n = 134, 81.2%),

clinical condition was similar to that observed in other

WHR (n = 209, 80.1%), and GFR (n = 143, 76.9%) (Table 2).

population studies.9,16

In the univariate analysis, the age range of 60-69

The greatest chance of presenting hypertension was

years showed a positive association with hypertension,

observed in women (p = 0.009). The literature highlights

with women having a greater chance of hypertension

a greater prevalence of hypertension among elder women

when compared with men. Elderly individuals without

when compared with men at the same age.9 A previous

a partner also showed this association, as well as those

study had already demonstrated this greater probability

who had altered BMI and WHR (Tables 1 and 2).

of association with hypertension.17 Up until menopause,

In this study, the distribution of the polymorphic

women are hemodynamically younger than men at the

variant I/D of the ACE gene showed no association

same age and, thus, less vulnerable to BP increases.

with hypertension (p = 0.316).

However, after menopause and due to weight gain and

In the multiple logistic regression analysis after
hierarchical adjustment, the following variables were

hormonal changes, women become more vulnerable to
increased BP.18

maintained in the model after presenting statistically

Despite the direct and linear relationship of BP with

significant differences: gender, marital status, and

increased age, this association did not remain, possibly

WHR. The remaining variables lost the effect after this

due to the fact that the age range in this population

adjustment (Table 3).

was more homogeneous. The literature highlights
a greater chance of hypertension in Blacks.19 In the

Discussion

present study, the skin color was not associated with
hypertension, which was comparable with another

The hierarchical approach is an alternative applicable

study that included this variable in its analyses. 17

to epidemiological studies with a large number

This shows that the extension of the impact of the

of variables. This study attempted to establish an

Brazilian miscegenation on hypertension is still unclear.

interrelationship between several risk factors and at

A recent study on the genomic ancestry in our country

various levels, evaluating the importance of each block on

observed that the Brazilian genome is much more

hypertension. The main findings of this study indicate a

uniform than otherwise expected with its large racial

prevalence of 76% of hypertensive elderly patients in the

mixture over the past two centuries.20
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Table 1 – Distribution of non-hypertensive and hypertensive elderly individuals according to individual and
socioeconomic factors (Ibiaí, MG)
Non-hypertensive
n
%

Hypertensive
n
%

Total

ORcrude 95%CI

p value

Individual factors
Age
60-69 years

44

21.3

163

78.7

207

1.00

≥ 70 years

49

27.2

131

71.8

180

1.39 (0.87-2.21)

Male

49

30.8

110

69.2

159

1.00

Female

44

19.3

184

80.7

228

1.86 (1.16-2.98)

White/Yellow

19

31.1

42

68.9

61

1.00

Brown/Black

74

22.7

252

77.3

326

1.54 (0.84-2.80)

II

14

17.3

67

82.7

81

1.00

DI

31

24.8

94

75.2

125

0.63 (0.31-1.28)

DD

35

25.9

100

74.1

135

0.60 (0.30-1.19)

0.171

Sex
0.009

Skin color
0.156

ACE*

0.316

Socioeconomic factors
Marital status
With a partner

59

29.8

139

70.2

198

1.00

Without a partner

34

18.0

155

82.0

189

1.93 (1.20-3.13)

≥ 4 years

19

26.4

53

73.6

72

1.00

0-3 years

72

23.8

231

76.2

303

1.15 (0.64-2.07)

< 1 person/room

80

24.2

251

75.8

331

1.00

≥ 1 person/room

12

25.5

35

74.5

47

0.93 (0.46-1.88)

Has

86

24.2

269

75.8

355

1.00

Does not have

6

26.1

17

73.9

23

0.90 (0.35-2.37)

Works

30

29.1

73

70.9

103

1.00

Does not work

62

22.6

212

77.4

274

1.40 (0.84-2.34)

0.007

Education*
0.640

Home crowding*
0.839

Material goods*
0.840

Work*

Income (mean ± SD)

511.73±506.42

531.97±219.86

1,00
1.00 (0,99-1.00)

*n < 387. OR: odds ratio; CI: confidence interval; ACE: angiotensin-converting enzyme; SD: standard deviation.

0.191
0.597
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Table 2 – Distribution of non-hypertensive and hypertensive elderly individuals according to behavioral, metabolic, and
health-related factors (Ibiaí, MG)
Non-hypertensive
n

%

More than 3x/day

11

Less than 3x/day

73

More than 3x/day

15

Less than 3x/day

69

One portion/day
More than one portion/day

Hypertensive

Total

ORcrude 95%CI

n

%

22.0

39

78.0

50

1.00

24.0

231

76.0

304

0.89 (0.43-1.83)

25.0

45

75.0

60

1.00

23.5

225

76.5

294

1.09 (0.57-2.07)

51

19.8

206

80.2

257

1.00

33

34.4

63

65.6

96

0.47 (0.28-0.80)

Does not drink alcohol

50

22.4

173

77.6

223

1.00

Drinks alcohol

15

34.1

29

65.9

44

0.56 (0.28-1.12)

Non-smokers

48

21.2

178

78.8

226

1.00

Smokers

44

28.0

113

72.0

157

0.69 (0.43-1.11)

Active

22

24.2

69

75.8

91

1.00

Inactive

69

24.2

216

75.8

285

1.00 (0.57-1.73)

p value

Behavioral habits
Fruit*
0.756

Vegetables*
0.800

Salt intake*
0.004

Alcoholism*
0.099

Smoking*
0.126

Physical activity*
0.995

Metabolic and health-related conditions
WHR*
Normal

41

37.6

68

62.4

109

1.00

Altered

52

19.9

209

80.1

261

2.42 (1.48-3.96)

Normal

55

29.6

131

70.4

186

1.00

Altered

31

18.8

134

81.2

165

1.81 (1.10-3.00)

Optimal

42

25.5

123

74.5

165

1.00

Risk

40

26.7

110

73.3

150

0.94 (0.57-1.55)

Optimal

35

31.0

78

69.0

113

1.00

Risk

44

23.5

143

76.5

187

1.46 (0.86-2.46)

Optimal

40

26.1

113

73.9

153

1.00

Risk

39

26.5

108

73.5

147

0.98 (0.59-1.64)

Optimal

38

30.4

87

69.6

125

1.00

Risk

43

23.1

143

76.9

186

1.45 (0.87-2.42)

0.000

BMI*
0.019

Cholesterol*
0.807

HDL*
0.156

LDL*
0.939

Triglycerides*
0.151

GFR*
Normal

38

30.4

87

69.6

125

1.00

Altered

43

23.1

143

76.9

186

1.45 (0.87-2.42)

0.151

*n < 387. OR: odds ratio; CI: confidence interval; WHR: waist-to-hip ratio; BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; GFR: glomerular filtration rate.
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Table 3 – Results of the hierarchical logistic multiple regression analysis (Ibiaí, MG)
Block 1 - Individuals1

Model 1
Block 1
ORcrude

ORadjusted 95%CI

p value

ᵡ2HL

Sex
Male
Female
Block 2 - Socioeconomic

2

1.00

1.00

1.39

1.88 (1.17-3.02)

0.009

0.402

Model 2
Blocks 1 and 2

Sex
Male

1.00

Female

1.59 (0.97-2.63)

0.067

0.567

Marital status
With a partner

1.00

1.00

Without a partner

1.93

1.73 (1.05-2.86)

Block 4 - Metabolic and health-related3

0.032

Model 3
Blocks 1, 2, and 4

Sex
Male

1.00

Female

1.03 (0.52-2.02)

0.941

0.561

Marital status
With a partner

1.00

Without a partner

1.59 (0.88-2.89)

0.126

WHR
Normal

1.00

1.00

Altered

2.42

2.01 (1.00-4.04)

0.050

OR: odds ratio; CI: confidence interval; ᵡ2HL: Hosmer-Lemeshow test; WHR: waist-to-hip ratio.
1
Adjusted by individual variables among each other; 2Set by individual factors; 3Adjusted by personal and socioeconomic factors.

After control for socioeconomic factors, the variable
gender lost the strength of its association (p = 0.067),
while marital status (p = 0.032) was shown to be
statistically significant. There are few studies specifically
correlating marital status with hypertension.21,22 In the
present study, elderly individuals without a partner
had a greater chance of hypertension and one of the
possible explanations may be the fact that the elderly
living alone has a greater probability of having emotional

disturbances, influencing the BP increase.23 However, it
is worth noting that in another study, the greatest risk of
hypertension was observed among married individuals
or among those living with a partner.17
The WHR presented a positive correlation (p = 0.050)
with hypertension. There are few studiesspecifically
investigating the relationship between different
fat indicators (body/corporal and/or abdominal)
with hypertension. 24,25 Excess weight among older
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individuals is still a reality, especially among women.26
Munaretti et al. 24 published the first populationbased and domiciliar study verifying an association
between hypertension and anthropometric indicators
of fat (corporal and abdominal) in elderly Brazilians.
In that study, fat anthropometric indicators (corporal
and abdominal) were associated with hypertension,
corroborating the results of other s tudies conducted
with individuals from different populations and age
groups, which found that excess fat, regardless of the
anthropometric indicator used, is one of the main risk
factors for hypertension.27-29 Although no consensus
exists on an adequate criteria and values to define
obesity among the elderly, BMI is the indicator most
often used in epidemiological studies at this age range.28
However, some authors have suggested that BMI alone
is unable to identify the association betweenbody fat
and hypertension.30
Similarly, in a study conducted with 9,936 men and
12,154 women aged 45 to 79 years, the indicators WHR
and BMI showed an association with hypertension.28
Such fact can probably beexplained by the physiological
changes that occur in obese individuals, such as the
activation of the s ympathetic nervous system, the
SRA, endothelial dysfunction, and insulin resistance
(increasing tubular sodium reabsorption).28 It should be
emphasized that the predominance of obesity tends to
be higher in lower socioeconomic classes, as was the case
in the population investigated.30
The fact that the other study variables showed no
association strength with hypertension may be due to
the sample size and the possibilities of selection biases
and/or information involving confounding factors and
occasional findings from the analysis, which constitute
limitations of observational studies in general.

Hypertension and I/D ACE gene polymorphism in the elderly

factors such as female gender and marital status
(absence of a partner), and modifiable risk factors such
as excessive salt consumption and alterations in WHR
and body weight. The study proposes the adoption of a
healthy lifestyle to prevent the disease, since modifiable
factors correlated significantly with hypertension.
In addition, studies addressing this issue in population
groups at greatest risk are fundamental in improving
the knowledge of genetic polymorphisms in the etiology
of the disease.
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Who Are the Super-Responders to Cardiac Resynchronization Therapy?
Eduardo Arrais Rocha,1 Francisca Tatiana Moreira Pereira,1 Ana Rosa Pinto Quidute,1 José Sebastião Abreu,1
José Wellington Oliveira Lima,2 Carlos Roberto M. Rodrigues Sobrinho,1 Maurício Ibrahim Scanavacca3
Universidade Federal do Ceará (UFC)1, Fortaleza, CE; Universidade Estadual do Ceará (UECE)2, Fortaleza, CE; Faculdade de Medicina da Universidade de
São Paulo (USP)3, São Paulo, SP – Brazil

Abstract
Background: Patients submitted to cardiac resynchronization may develop response patterns that are higher than
expected, with normalization of clinical and echocardiographic parameters.
Objective: To analyze the clinical and echocardiographic characteristics of this population of super-responders,
comparing them with the other patients submitted to cardiac resynchronization therapy.
Methods: A prospective, observational cohort study involving 146 patients consecutively submitted to cardiac
resynchronization implants. Fisher's exact test and Mann-Whitney test were performed to compare the variables.
Patients with ejection fraction > 50% and functional class I/II (New York Heart Association) were considered superresponders after 6 months of cardiac resynchronization therapy.
Results: Mean age was 64.8 ± 11.1 years, with 69.8% of males, with a median ejection fraction of 29%, 71.5%
with left bundle-branch block, 12% with right bundle-branch block associated with hemiblocks; 16.3% wearing a
definitive cardiac pacemaker, 29.3% with ischemic cardiomyopathy, 59.4% with dilated cardiomyopathy, and 11.2%
with Chagasic cardiomyopathy. Twenty-four (16.4%) super-responders were observed, and 13 (8.9%) showed
normalization of the ejection fraction, left ventricular diastolic diameters and functional class. When compared
to the non-super-responder patients, in relation to the pre-implantation characteristics, the super-responders
were more often females (58.3% vs. 22.8%, p = 0.002), had higher body mass index (26.8 vs. 25.5, p = 0.013),
higher baseline ejection fraction (31.0 vs. 26.9, p = 0.0003), and lower left ventricular diastolic diameters (65.9 mm
vs. 72.6 mm, p = 0.0032). Ten patients (41.6% of super-responders) with right bundle-branch block and hemiblock
progressed to super-responders, although there was only one patient with Chagas' disease among them, and only at
the first assessment.
Conclusions: Super-responders had less advanced heart disease at baseline and no differences regarding the type of
conduction disorder at baseline. Patients with right bundle-branch block and hemiblock, but without Chagasic heart
disease may also progress as super-responders. (Int J Cardiovasc Sci. 2017;30(1):61-69)
Keywords: Heart Failure; Cardiac Resynchronization Therapy; Echocardiography; Defibrillators, Implantable.

Introduction
Cardiac Resynchronization Therapy (CRT) has shown
good results in the treatment of Congestive Heart Failure
(CHF) in patients with conduction disorders, marked
left ventricular dysfunction and outpatient New York
Heart Association (NYHA) functional classes (FC) II,
III and IV, being included as class I and higher level of

scientific evidence in the several guidelines for cardiac
device implants and CHF.1
However, 30 to 40% of the patients may not have
a good outcome after CRT, thus being called nonresponders. The classification of responders and
non-responders is very heterogeneous in the several
performed studies.2 The fact is, the criteria for the
definition of an adequate CRT response is still in question
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and it is not possible to define response predictors with
precision and consensus.2,3
Some authors have described groups of patients that
progressed with higher responses than the expected
ones, with normalization of left ventricular function,
FC, and ventricular diameters, thus being called hyperresponders or Super-Responders (SR), ranging from
9 to 21% in several studies.4-6 The characteristics of these
patients have been assessed, and the super-response is
interpreted as a possible cardiomyopathy induced by
cardiac dyssynchrony, caused by the intra-ventricular
conduction disorder.7 Predictors of super-response are
the female gender, non-ischemic heart disease (Chagas
cardiomyopathy not included) and Left Bundle-Branch
Block (LBBB).8
This study aimed to analyze the clinical and
echocardiographic characteristics of a cohort of patients
submitted to cardiac resynchronization implants that
progressed as SR, comparing them with other patients
implanted in the same period.

Who are the super-responders to resynchronization?

Table 1 – Description of baseline variables
Baseline variables
Male gender
Female gender
Age

30.2%
64.8 ± 11.1
68.1%

FC IV

31.9%

Use of beta-blocker

88.7%

Use of ACEI

97.4%

Use of high-dose diuretics
BMI
Cardiac cachexia
Number of previous hospitalizations

31.9%
25.8 ± 4.1
6.36%
108

At least 1 hospitalization

64.3%

Chagasic heart disease

11.2%

Ischemic heart disease

29.3%

Dilated heart disease

59.4%

Right QRS axis deviation

1.8%

Left QRS axis deviation

87.0%

Normal axis

10.1%

Previous QRS width

160 ms

Post-implant QRS width

This was a prospective, observational, and singlecenter study of a cohort of 146 consecutive patients
submitted to cardiac resynchronization implants at
a tertiary university hospital during a 3-year period.
Only patients who failed to successfully receive an
electrode implant in the coronary sinus were excluded
from the analysis. Implant indications comprised patients
with Ejection Fraction (EF) ≤ 35%, outpatient FC III or IV
(NYHA), intraventricular conduction disorder with QRS
width ≥ 120 ms and optimized CHF treatment.

Atrial fibrillation

The patients were submitted to clinical and
echocardiographic assessment in the first year (6 to
12 months after the implantation) and in the second year
(18 to 24 months after), as well as clinical consultations
every 4 months for therapeutic optimization and
programming of the implanted devices. The characteristics
of patients included in the study are shown in Table 1.

69.8%

FC III

Methods

Patients were divided into two groups after clinical
and echocardiographic analysis in the first year.
Group I comprised SR and Group II, Non-SuperResponders (NSR). Patients who died before the
protocol was finished were considered as Group II.
Patients who did not maintain the pattern defined as
SR during the second year of assessment were kept in
Group I and their characteristics were analyzed.
There was no loss to follow-up in either group.
Patients in FC I or II and EF ≥ 50% after 6 months of
implantation were considered SR.5

Results

QRS delta
LBBB
RBBB with hemiblocks

140 ms
28.6 ± 24.8
12%
71.55%
12%

Pacemaker rhythm

16.3%

Pacemaker carrier

28.3%

Ejection fraction

29%

DD, grade
IV

11.8%

III

29.7%

II

23.7%

I

34.6%

MVR mild

50.4%

IM moderate

30.4%

IM severe

15.6%

RV dysfunction

20.9%

LVDD

70 mm

Systolic BP

115 ± 17 mmHg

Diastolic BP

70 mmHg

Posterolateral vein

45.4%

Anterolateral vein

52.5%

Dyssynchronization*

80. 4%

Creatinine
ICD

1.1 mg/dL
54.2%

The pre- and post-implant QRS widths, the R wave size at V1 shunt in
patients with LBBB, the ejection fraction and LVDD were expressed as
medians (non-normal variables). Age and BMI are shown as means with
standard deviation. *Dyssynchronization was analyzed in 46 patients.
FC: functional class; ACEI: angiotensin-converting enzyme inhibitors;
BMI: body mass index; LBBB: left bundle branch block; RBBB: right
bundle branch block; DD: diastolic dysfunction; MVG: mitral valve
regurgitation; RV: right ventricle; LVDD: left ventricular diastolic
diameter; BP: blood pressure; ICD: implantable cardioverter-defibrillator.
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Analyzed variables
The following clinical, electrocardiographic and
echocardiographic variables were analyzed: clinical
variables – age, gender, Body Mass Index (BMI),
presence of cardiac cachexia, NYHA-FC, baseline heart
disease, cardiac vein in which the LV electrode was
placed, plasma creatinine levels, systolic blood pressure,
diastolic blood pressure, use of high dose-loop diuretics
(≥ 80 mg/day of furosemide), hospitalizations from
CHF; Electrocardiographic variables – presence of atrial
fibrillation, type of block, cardiac pacing, presence of
first-degree atrioventricular block (AVB), QRS duration,
QRS narrowing after implantation (QRS delta), QRS
axis in the frontal plane, before and after implantation;
Echocardiographic variables: LV diastolic and systolic
diameters, EF measured by the Simpson method,
diastolic dysfunction degree from I to IV, degree of mitral
regurgitation from I to III, presence of right ventricular
dysfunction, presence and type of cardiac dyssynchrony.
The American Society of Echocardiography guidelines
were followed for the analysis of echocardiographic
and dyssynchrony parameters.9,10 Recommendations
for clinical studies involving echocardiography were
strictly followed, in accordance with this specific
North-American guideline.10 The GE, Vivid 7® model
(GE Healthcare, Fairfield, CT, USA) echocardiography
equipment was used. The physicians performing the
examinations were blinded for the patients’ previous
clinical and echocardiographic findings, and had
experience in evaluating patients, such as those included
in the study.
The variables selected to constitute the models
represented relevant, practical and conventional parameters
in the electrocardiographic and echocardiographic
evaluation of patients with cardiomyopathy – several
already showing a positive association with clinical
and / or prognostic improvement.11
The systolic function analysis was performed using
the Simpson method, in two- and four-chamber twodimensional mode, followed by the mean. Ventricular
diameters were obtained in M mode according to the
standardization of the guidelines. 10 Right ventricular
function was qualitatively analyzed, differentiated between
the presence or absence of any degree of dysfunction.
The diastolic function analysis was performed by
assessing mitral flow (at rest and after the Valsalva
maneuver), tissue Doppler, and the flow propagation
velocity in the M mode with color, being classified

into four different diastolic dysfunction degrees
(I for Mild, II for moderate or pseudonormal, III for
severe or restrictive, and IV for severe or irreversible
restrictive pattern).
The degree of mitral regurgitation was assessed using
color Doppler, according to the percentage of left atrial
filling. In mild regurgitation, the percentage was less
than 20%; in the moderate, between 20% and 40%, and
values above this percentage were considered important.
In this practical context, the Coanda effect was interpreted
as moderate reflux, when restricted to the lateral atrial
wall and, as marked, when it extended through the upper
pole of the left atrium.

Statistical Analysis
The Shapiro-Wilks normality test was performed to
classify the normal variables. The variables creatinine,
diastolic blood pressure, R wave length, QRS width, EF
and left ventricular diastolic diameter (LVDD) were not
normally distributed.
The behavior of the variables of interest was compared
through the Mann-Whitney test for ordinal, discrete
and continuous variables, and Fisher’s exact test and
its extensions for the categorical variables, with a
significance level of 5% to determine the statistically
different behaviors in the two groups. The data were
analyzed using Stata / SE, version 12.1 (StataCorp LP,
College Station, TX, USA) and R software (R Foundation
for Statistical Computing, Vienna, Austria).
The study was approved by the Ethics and Clinical
Research Committee of the university hospital, and all
patients signed the free and informed consent form.
The study protocol followed the ethical standards of the
Helsinki Declaration.

Results
There were 30 deaths during the follow-up of
34.0 ± 17.9 months, which represents 23.1% of overall
mortality. Analyzing all patients together, 88.6%
improved at least one degree in FC (NYHA); 51.7%
reduced the number of hospitalizations from CHF;
50% improved more than 5% in absolute EF values and
87% decreased more than 5 mm in the LVDD. Of the
46 patients evaluated for the presence of dyssynchrony,
37 (80.4%) had some degree of previous dyssynchrony;
35 (76%) intraventricular, 16 (34.7%) interventricular,
15 (32.6%) atrioventricular and 9 (19.5%) had
no dyssynchrony.
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There were twenty-four (16.3%) SR (Group I) and
13 (8.8%) patients had EF, LV diastolic diameters and
FC normalization. Compared with the NSR patients
(Group II) in relation to baseline, pre-implantation
characteristics, Group I patients had more women
(58.3% vs. 22.8%, p = 0.002), higher BMI (26.8 vs. (p < 0.05),
higher baseline EF (31.0% vs. 26.9%, p = 0.0003) and lower
LVDD (65.9 mm x 72.6 mm, p = 0.0032) (Tables 2 and 3).
The SR had a higher incidence of pre-implantation
dyssynchronization at the 10% level of significance
(p = 0.072) and a lower percentage of patients using
high-dose loop diuretics (p = 0.087). Regarding the type
of cardiopathy, no differences were observed when
comparing the three types simultaneously (dilated
cardiomyopathy – DCM, Chagasic cardiomyopathy
and ischemic cardiomyopathy). When DCM vs. other
cardiomyopathies were analyzed together, the SR
showed a higher incidence of DCM (p = 0.035).
Ten patients (41.6% of total SR) with Right BundleBranch Block (RBBB) and Hemiblock (HB) became SR,
with no difference in relation to patients with self-LBBB
or LBBB induced by stimulation. When we analyze LBBB
vs. RBBB/HB and induced LBBB, the SR showed a lower
incidence of LBBB alone (p = 0.043).
In the group of patients with Chagas cardiomyopathy
(11.2%) submitted to CRT, only 15.3% had RBBB /HB;

30.7% had artificial stimulation rhythm and 54% had
LBBB. Only one patient with Chagas’ disease evolved as SR
and it occurred temporarily, limited to the first evaluation.
One patient from the SR group lost control of
the coronary sinus electrode in the third year after
implantation, showing clinical worsening and
hemodynamic deterioration. After implantation of a
new epicardial electrode, a new normalization of left
ventricular function and diastolic diameters occurred
at 4 months.
Of the 15 patients with complete clinical and
echocardiographic normalization, only two were
observed late (in the second year of evaluation), whereas
of the other nine SR patients, it occurred late in five, but
without complete normalization of all parameters and
in two, it occurred transiently and limited to the first
year of evaluation.
Regarding the diastolic function, two patients
developed grade II diastolic dysfunction and the
others, grade I. All SR progressed to grade I of mitral
regurgitation. No patient with complete normalization of
EF, LVDD and FC migrated to Group II during follow-up.
Three patients in SR group died: one due to breast
cancer, the other due to respiratory infection and
another was transplanted due to persistent ventricular
arrhythmia and died postoperatively.

Table 2 – Comparison of numerical variables between Group I, Super-Responders (SR), and Group II, Non-SuperResponders (NSR), pre-implantation
Variable

Group I

Group II

p value

BMI (kg/m2)

26.8 ± 4.6

25.5 ± 3.9

0.013*

Age (years)

65.2 ± 7.6

64.7 ± 11.9

0.994

QRS width

162.6 ± 20.0

166.2 ± 23.8

0.644

Post-implant QRS width

124.3 ± 13.7

129.7 ± 22.3

0.706

Delta QRS

38.1 ± 17.0

26.2 ± 26.0

0.673

Ejection fraction

31.0 ± 3.5

26.9 ± 5.1

0.0003*

LVDD

65.9 ± 8.3

72.6 ± 9.8

0.0032*

Creatinine

0.97 ± 0.2

1.2 ± 0.3

0.75

Diastolic pressure

75.0 ± 9.7

70.8 ± 11.5

0.77

Systolic pressure

120.4 ± 18.9

113.7 ± 16.3

0.65

*Significant variable at the 5% level. BMI: body mass index; LVDD: left ventricular diastolic diameter.
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Table 3 – Comparison of the categorical variables in Group I, Super-Responders (SR), and Group II, Non-SuperResponders (NSR) pre-implantation
Variable

Group I (%)

Group II (%)

p value

Female gender

58.3

22.8

0.002*

Cachexia

8.3

5.8

0.645

Chagas vs. other cardiopathies

4.1 vs. 95.8

13.0 vs. 86.9

0.29

DCM vs. other cardiopathies

79.1 vs. 20.8

54.3 vs. 45.6

0.035*

LBBB/PM vs. RBBB/HB

87.5 vs. 12.5

88.0 vs. 11.9

≈1

LBBB vs. RBBB/HB/PM

54.1 vs. 45.8

76.0 vs. 23.9

0.043*

Grade 1 AVB

42.6

26.0

0.160

Atrial fibrillation

16.6

10.8

0.483

62.5 vs. 37.5

69.5 vs. 30.4

0.623

RV dysfunction

22.7

20.2

0.775

Diastolic dysfunction Grade III/IV

47.3

33.3

0.293

66.6 vs. 20.8 vs. 8.3

50 vs. 32.6 vs. 17.3

0.115

90

75

0.072†

62.5

64.8

0.815

56.5 vs. 43.4

63.1 vs. 36.8

0.628

Previous pacemaker

37.5

26.0

0.312

Beta-blocker

87.5

89.1

0.730

ACEI

95.8

97.8

0.504

≥ 80 mg furosemide

16.6

35.8

0.087†

FC III vs. IV

MR Grade I/II/III
Dyssynchrony
Hospitalization from CHF
AL vs. PL coronary vein

*Significant variable at 5% level; † significant variable at the 10% level. DCM: dilated cardiomyopathy; LBBB: left bundle branch block; PM: pacemaker;
RBBB: right bundle branch block; HB: hemiblock; AVB: atrioventricular block; FC: functional class; RV: right ventricle; MR: mitral regurgitation;
CHF: congestive heart failure; AL: anterolateral; PL: posterolateral; ACEI: angiotensin-converting enzyme inhibitors.

Discussion
The SR were predominantly female patients, with
a likely better nutritional status, higher EF and lower
LVDD. Patients receiving lower amounts of high-dose
loop diuretics (≥ 80 mg furosemide a day), and with a
higher degree of pre-implant dyssynchrony showed
a trend towards statistically significant results when
compared to NSR.
Less advanced heart disease has shown better results
with CRT, disclosing good results in recent studies with
patients in FC II, and unsatisfactory results in subanalyses
of patients with FC IV, particularly when hospitalized
or dependent on vasoactive drugs. The results of this

study corroborate that of others who also demonstrated
hyper-responsive patterns in patients with less advanced
heart disease.5,6,12
In the MADIT-CRT (Multicenter Automatic Defibrillator
Implantation Trial with Cardiac Resynchronization
Therapy) study, in patients with mild symptoms of heart
failure, the female gender, absence of infarction, LBBB,
QRS > 150 ms, BMI < 30 kg/m2 and reduced left atrial
volume were predictors of SR.8 Our study included a
group of patients with very symptomatic CHF, with
64% of patients having been previously hospitalized for
recently decompensated CHF. These differences in the
population characteristics may explain some differences
in the observed results.
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Patients with RBBB + HB showed super-response
with no difference in relation to LBBB or patients
with LBBB induced by cardiac stimulation. When we
analyzed the conventional LBBB in relation to the other
electrocardiographic patterns (right branch and LBBB
induced by the PM), we observed a lower chance of SR
with conventional LBBB. These results show differences
in comparison to the literature, which demonstrates
a clear advantage of classic RBBB in the CRT results.
However, in relation to hyper-responsiveness or superresponse, the studies do not attain a consensus in their
conclusions. We believe that the patients in our study
with RBBB, because they had associated HB and a wider
QRS (median of 160 ms), should have a significant degree
of dyssynchrony, which could justify the absence of
differences. Another reason may be due to the lower
number of patients analyzed in our study, determining
a statistical limitation.
However, in a study of 200 patients with CHF,
Haghjoo et al.13 evaluated 110 patients with RBBB with or
without Left Anterior-Superior Hemiblock (LASHB) and
90 patients with LBBB. Mechanical dyssynchrony was
investigated through tissue Doppler echocardiography.
Patients with isolated RBBB had a lower prevalence
(33%) of interventricular dyssynchrony (defined as a
delay of more than 40 ms in the aortic and pulmonary
pre-ejection intervals) than patients with LBBB (54%) or
RBBB plus LASHB (50%), with statistical significance.
As for the intraventricular dyssynchrony (defined by
standard deviation of 12-segment pre-ejection intervals
greater than 34 ms), it was more prevalent in patients
with LBBB (58%) than in those with RBBB (28%) or
RBBB with LASHB (42%), with p < 0.001. The presence
of intraventricular dyssynchrony, in this case considered
an important predictor of resynchronization response,
could not be correlated to the presence of HB: patients
with RBBB, with or without LASHB, did not show
statistical difference.13
To date, most of the information that has accumulated
regarding the role of CRT in the treatment of CHF comes
from studies that evaluated patients predominantly
with LBBB. Patients with RBBB were less representative
in clinical trials (less than 15%) and, therefore, little
can be definitively inferred regarding the efficacy of
resynchronization in this scenario.14,15 Our study shows
that RBBB patients when associated with HB can also
become as hyper-responders, especially in the absence
of Chagasic heart disease.
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Even though the changes induced by dyssynchrony
are proposed as an essential condition for the
resynchronization response, the effect of this therapy
can be mediated by other pathways, such as the
previous degree of diastolic dysfunction and ventricular
dilatation. 16 The multicenter study, PROSPECT
(Predictors of Response to Cardiac Resynchronization
Therapy) was unable to correlate the different types of
dyssynchronization, evaluated by 12 echocardiographic
parameters, with the response to CRT, having as
justifications the variabilities in the techniques used
and the method interpretations. 17 However, in the
SR subgroup, the PROSPECT study showed a higher
incidence of previous dyssynchrony, in addition to a
larger group of women, non-ischemic heart disease
and wider QRS.18
LV reverse remodeling has been used as a standard to
define response in most new studies.2,19,20 Patients with
LV end-systolic volume shortening > 10%, in analyses of
3 to 6 months, would be considered responders; greater
than 15%, hyper-responders; and below 10%, nonresponders, with a sensitivity of 70% and specificity of
70% in predicting total mortality. For cardiac mortality,
the sensitivity was 87% and the specificity was 69%.
Other studies used the LV end-systolic volume > 30% to
define the SR and, more classically, the EF normalization12
associated with the reduction in FC.5
When DCM was compared to other heart diseases, a
greater chance of hyper-responsiveness was observed
in the DCM, as described in the literature. The degree
of fibrosis observed in patients with ischemic and
Chagasic cardiomyopathy could explain these findings.
However, these patients were not previously submitted
to cardiac viability assessment or nuclear magnetic
resonance imaging to confirm such hypothesis.
Chagasic heart disease has been associated with a lower
response rate in CRT, probably related to the higher
severity of this cardiopathy and higher incidence of
RBBB.21 In our study, 15.3% of the patients with Chagas
disease had RBBB, and only one became a SR and then,
only transiently.
The reasons for better responses among the female
patients in the group submitted to CRT and better
results among males submitted to ICD implants have
raised discussions in the literature, without definitive
conclusions. We also observed a higher BMI in the SR
group, which could reflect better nutritional status
and, consequently, less advanced heart disease, but the
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numerical differences are clinically difficult to evaluate
and may reflect small variations in volume retention.
The use of high doses of loop diuretics has been shown
to be a marker of severity in cardiomyopathy, including
in the group of patients submitted to CRT, when analyzed
before implantation, as well as 1 year after the CRT.22
The presence of a higher incidence in the NSR group
may reflect this aspect.
Regarding the cardiac function normalization time,
most SR showed these results in the first year, with a
small portion showing slight worsening in parameters
in the second year. Therefore, the SR pattern occurs more
frequently in the first 12 months after CRT, a finding also
observed in other studies.23
The possibility of cardiac function normalization in
15 to 20% of patients submitted to CRT has been an
intriguing and encouraging finding, considering they are
severe patients, with poor prognosis in the medium and
long term.7 Cay et al.24 demonstrated cardiomyopathy
recurrence and ventricular function worsening in the
SR group when multisite stimulation was switched off.
Thus, it is necessary to analyze the group of hyper- or
SR in greater depth. They may represent an important
target in CRT, constituting the possibility of cure in a
subgroup of patients.

Limitations
This was a single-center study, which involved a not
very large population of 147 patients submitted to CRT
and analyzed 24 (16.3%) SR. No intra- or inter-observer
analysis was performed on electrocardiographic and
echocardiographic variables. The dyssynchrony analysis
was performed in only 46 patients, without the possibility
of statistical analysis of subgroups. No adjustments were
made for the AV interval by the echocardiogram after
the implant. Feasibility and fibrosis assessments were
not performed by magnetic resonance imaging prior to
implantation. New echocardiographic techniques, such
as strain, were not evaluated. Patients with isolated
RBBB were not included in the analysis. The study did

not have statistical power of mortality analysis between
the studied groups.

Conclusions
The super-responders represented 16.4% of the patients
submitted to cardiac resynchronization therapy, 8.9%
with functional class, left ventricular diastolic diameter
and ejection fraction normalization. These patients had
less advanced heart disease at baseline and no differences
regarding the type of baseline conduction disorder.
Patients with right bundle-branch block associated
with left hemiblocks may also develop a super-response.
Chagasic heart disease was less likely to be overresponsive,
even in the presence of left bundle-branch block.
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Cardiotoxicity of Doxorubicin Treatment and Physical Activity: A Systematic Review
Tauan Nunes Maia, Gustavo Bento Ribeiro de Araujo, José Antônio Caldas Teixeira, Edmundo de Drummond
Alves Junior, Kátia Pedreira Dias
Universidade Federal Fluminense – Niterói, RJ - Brazil

Abstract
The present study investigated whether the practice
of exercise has a protective effect against cardiac toxicity
induced by doxorubicin (DOX). A systematic review of
randomized clinical trials evaluating the role of exercise in
the control or prevention of DOX-induced cardiotoxicity
was performed in MEDLINE and LILACS databases.
Studies that did not address the main subject of this review,
did not mention physical exercise or DOX, studies that
evaluated other types of anthracycline-induced toxicities
only (muscle, hepatic and renal toxicity) or other effects
of exercise on DOX toxicity (fatigue) were excluded.
With respect to the variables related to aerobic exercise
prescription, there was no direct relationship between the
frequency of exercise and the results of the studies. Also,
intensity of exercise was not decisive for preservation of
cardiac function, although a more intense exercise was
associated with improvements in the antioxidant system,
which was not observed in studies on lower intensity
exercises. No significant differences in exercise effects
were observed when it was performed before, during or
after the treatment. Therefore, aerobic exercise may exert
a protective effect of cardiac functions when performed
before, during or after treatment with DOX. However, the
mechanisms of this effect are still unknown.

Introduction
Cancer refers to a group of more than 100 diseases
that have uncontrolled cell multiplication as the

Keywords
Exercise; Physical Exertion; Anthracyclines;
Doxorubicin; Cardiotoxicity; Review.

main characteristic. 1-3 According to the National
Cancer Institute estimates, 2 the number of cases
has drastically increased in the last decades. Today,
neoplasms represent an important cause of morbidity
and mortality, accounting for more than 12% of deaths
in the world.4
In parallel with the increase in the number
of confirmed cases of cancer, new modalities
of treatment has increased cancer survival and
possibilities of cure. 3 However, the treatment may
cause several adverse effects, 5 including treatmentrelated cardiotoxicity that may lead to poorer
prognosis than cancer itself, and also affect treatment
continuation. 6 Depending on the therapy, users of
oncology services may have a 15-fold increased
chance of suffering heart failure. 7
In this regard, it is worth mentioning the
cardioprotective properties of exercise in the context
of cardiovascular diseases, highlighted by previous
studies,8 as an incentive for studies on exercise and
cardiotoxic chemotherapy agents. Doxorubicin (DOX)
was selected for this review, since it is a chemotherapy
drug used in the treatment of a wide range of cancers,
with a high evidence level of cardiotoxicity.6 Our
hypothesis is that the exercise can have a protective
effect against DOX-induced cardiotoxicity.
The aim of this article is to review the literature
and verify whether the practice of exercises has a
protective effect against DOX cardiotoxicity.
Randomized clinical trials that evaluated the role
of exercise in the control or prevention of DOXinduced cardiotoxicity, published in Portuguese,
English or Spanish from 2003 were included in this
review. Only open access articles or those available
on CAPES (Brazilian Federal Agency for Support and

Mailing Address: Gustavo Bento Ribeiro de Araujo
Instituto de Educação Física - UFF
Rua Prof. Marcos Waldemar de Freitas Reis s/n. Postal Code 24201-201, Niterói, RJ – Brazil
E-mail: gbraraujo@id.uff.br

DOI: 10.5935/2359-4802.20170004

Manuscript received March 08, 2015; revised manuscript April 26, 2015; accepted August 10, 2015.

Int J Cardiovasc Sci. 2017;30(1):70-80

Maia et al.

Review Article

Doxorubicin and Effect of Physical Exercise Effect

Evaluation of Graduate Education) web search engine
were considered eligible.

of aerobic exercise on DOX-induced cardiotoxicity were
identified (Chart 1).

The Medical Literature Analysis and Retrieval
System Online (MEDLINE) accessed via Public Medline
(PubMed), and the Literature in the Health Sciences in
Latin America and the Caribbean (LILACS) databases
were used for the search.

In 20 studies evaluated, 19 were carried out on rats
or mice, 14 of them on adult male rats to isolate the
cardioprotective effect of estrogen estrogênio.10-15,17,18,20,
22-25,27
. A study7 on male rats aimed to determine whether
physical exercise had a cardioprotective effect on juvenile
rats treated with DOX. Four studies9,16,19,26 were performed
on female animals due to protocol particularities and/or
to simulate treatment conditions as similar as possible
to human conditions. A study by Hornsby et al.21 was
conducted on women with operable breast cancer
receiving neoadjuvant chemotherapy.

The descriptors were selected based on direct
representation of the theme and frequency of appearance
in studies used for the theoretical foundation of this
review. Also, all terms used for the search for articles
published in Portuguese, English and Spanish were
available at Health Sciences Descriptors, and those used
for the search for articles published in English at the
US Library of Medicine (NLM). The descriptors used
were: exercise (or the corresponding physical conditioning
for studies conducted with animals, according to
DeCS’ recommendations); Anthracyclines; Doxorubicin;
Adriamycin; cardiotoxic agents. The descriptor cardiotoxicity
was included in the search. Although it had not been
available in the databases as an indexed term, it is
widely used in articles published in the field, including
the I Brazilian Guideline for Cardio-Oncology from the
Brazilian Society of Cardiology.6
We used the advanced search tools that limit and
specify all terms available at each database. The
initial search yielded 145 articles. After analysis of
the abstracts, 123 articles did not meet the aim of this
review and three did not have an open access or were
available at Capes website and were excluded. Exclusion
criteria were: studies that were out of the main subject
of this review (cardioprotective effect of exercise on
the use of DOX), studies that did not mention physical
exercise or DOX, studies on other types of anthracyclineinduced toxicities (muscle, hepatic and renal toxicity),
studies that evaluated other effects of exercise on DOX
toxicity (fatigue), studies published before 2003, other
study formats (review) and studies published in other
languages.
All articles included were fully examined for a
critical evaluation and data collection. Data analysis,
presentation and interpretation were conducted
subsequently; data were stratified and recorded in
a sheet, which was used for the description of final
results. Finally, the refinement and update of data was
performed by a new search on May 05, 2015.
According to the inclusion criteria and the search
tools, 20 randomized, clinical trials evaluating the effect

Treatment protocols
There were some differences between treatment
protocols. In six studies,15,16,20,22,23,26 the DOX dose was
10 mg/kg. Chicco et al.9 found that exercise provides
resistance against cardiac dysfunction and oxidative
damage associated with DOX. Hydocket et al.,19 using the
dose of 10mg/kg (administered at 1mg/day), observed
a protection against DOX acute effect for over 10 days,
hence preventing cardiac dysfunction and distribution of
myosin heavy chain isoforms. Using the same dose, Jensen
et al.26 observed a significant reduction of myocardial DOX
accumulation in all subgroups. At 10mg/kg and especially
at 20mg/kg, a protective effect of exercise was observed on
cardiac biological functions related to cardiac system.22,23
Four studies used a single dose of 15 mg/kg.13,14,19,24
In the study by Chicco et al., 13 exercise attenuated
cardiac dysfunction and lipid peroxidation induced
by DOX, and increased HSP72 levels. This is a heat
shock protein (HSP) found in cardiomyocytes in
exercise, and increased HSP72 levels are associated
with preservation of cardiac functions during oxidative
stress.17 Wonders et al.14 observed that the acute effect
of exercise prevented the decrease of cardiac function
at this dose. Martins et al.24 investigated the protective
effect against DNA damage in cardiac cells in male rats
receiving DOX, and obtained a positive result.
Studies by Chicco et al. 11 and Hayward et al. 7
used fractionated doses of 15mg/kg and 14mg/kg,
respectively. The first study11 used a fractionated dose
of 2.5mg/kg three times a week; the results indicated
a protection against left ventricular dysfunction and
inhibition of the increase in apoptosis signaling.
Also, no effect of exercise was observed on HSP levels
or antioxidant metabolism.11 The second study7 used
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Chart 1 – Clinical trials evaluated (n=19)
Authors

Chicco et al.9

Ascensão et al.10

Chicco et al.11

Ascensão et al.12

Chicco et al.13

Wonders et al.14

Population

Treatment protocol

Exercise

Female rats
(n=28)

10 µ DOX for 60 min

Voluntary 8 weeks
before DOX

Male rats
(n=40)

Male rats
(n=28)

Male rats
(n=44)

Male rats
(n=42)
Male rats
(n=not specified)

20 mg/kg single dose

2,5 mg/kg 3 x / week for
2 weeks (15mg/kg)

Treadmill running
60 min/day,
5 days/week,
14 weeks before DOX
Treadmill 60 min/day,
5 days/week, 2 weeks
during DOX treatment

Protective effects identified
Resistance against cardiac dysfunction
and oxidative damage, increase in heat
shock protein (HSP72)
Maintenance of homeostasis, increase
in mitochondrial defenses and reduced
oxidative damage.

Attenuated left ventricular dysfunction
and apoptotic signal activation.

20 mg/kg single dose

Swimming 1h/day,
5 days/week for 14
weeks before treatment

Increase in cardiac muscle tolerance
to DOX, with increased response of
antioxidant system.

15 mg/kg single dose

Treadmill 1h/day,
5 days/week for 14
weeks before treatment

Attenuated cardiac dysfunction and lipid
peroxidation, and increased HSP72.

15 mg/kg single dose

Treadmill 1 hour on a
single day before DOX

Prevented cardiac dysfunction.

Voluntary and treadmill,
1h/day, 5 days/week for

Protected against cardiotoxicity for up
to 10 days, preserving cardiac function

8 weeks before treatment

and myosin heavy chain expression.

DOX 10mg/kg single
dose + GW2974

Treadmill 60 min/day,
5 days/week for 8 weeks
before treatment

Preserved cardiac function and
decreased apoptosis signaling and
lipid peroxidation.

Male rats
(n=28)

20 mg/kg single dose

Treadmill 60 min/day,
5 days/week for one week

Attenuated mitochondrial damage and
preserved the antioxidant metabolism.

Male rats
(n=20)

20 mg/kg single dose

Treadmill, 1hour on a
single day before DOX

Prevented the decrease in mitochondrial
function and antioxidant metabolism

Hydock et al.19

Female rats
(n=49)

15 mg/kg single dose +
goserelin acetate

Treadmill 60 min/day, for
8 weeks during treatment

Attenuated dysfunction of left ventricle
and mitral and aortic valves.

Hydock et al.20

Male rats
(n=94)

1 mg/kg/day for 10 days
(10 mg/kg)

Voluntary and treadmill,
1h/day, 5 days/week for
8 weeks before treatment

Prevented cardiac dysfunction and
expression of myosin heavy chain even
after 1 month of treatment.

Hornsby et al 21

Humans
(n=20)

60 mg/m² + 600 mg/m²
cyclophosphamide
One dose every 3 weeks
for 12 weeks.

Cycle ergometry
60 min/day,
3 days/week for
12 weeks during
treatment.

Attenuated the increase in
natriuretic peptides.

Hayward et al.7

Rat pups
(n=64)

2 mg/kg/day during 12
days (14 mg/kg)

Voluntary for 10 weeks
during and after treatment

Preserved cardiac growth curve
and body mass, and attenuated
cardiac dysfunction.

Ashrafi and

Male rats

10 mg/kg, 20 mg/kg

Treadmill warm up + 39
min/day, 5 days/week

Male rats
(n=147)

10 mg/kg single dose

Wonders et al.16

Female rats
(n=45)

Kavazis et al.17

Ascensão et al.18

Hydock et al.15

Roshan22

(n=48)

for 4 weeks before DOX

Protected against oxidative damage
and preserved the balance between
production and catabolism of oxidative
agents oxidative.
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Continuation
Shirinbayan
and Roshan

Male rats
23

Martins et al.24

Smuder et al.25

(n=48)

Male rats
(n=12)

Male rats
(n=24)

10mg/kg, 20mg/kg

Treadmill warm up +
39 min/day, 5 days/week
for 4 weeks before DOX

15 mg/kg single dose

Swimming 60 min/day,
5 days/week, for over
21 days of treatment

20 mg/kg single dose

Treadmill 60 min/day,
5 days/week for one
week before treatment

Decrease the risk of cardiac disturbance
and preserved the antioxidant systems.

Protection to cardiac cell DNA.

Inhibited the increase in lysosomal
autophagy signaling.

Voluntary and treadmill,
Jensen et al.

26

Female rats
(n=77)

10 mg/kg single dose

1h/day, 5 days/week
for 10 weeks before

Reduced the time and the level of
myocardial DOX accumulation.

treatment
Marques-Aleixo
et al.27

Male rats
(n=36)

2 mg/kg/ week for
7 weeks

Voluntary and treadmill
1 h/day, 5 days/week
for 12 weeks

Improved mitochondrial bioenergetic
fitness and prevented the damage
caused by oxidative stress.

DOX: doxorubicin; HSP: heat shock protein

a fractionated dose of 2mg/kg/day for one week.
In this study,7 the exercise was effective in preventing
the decrease in cardiac growth curve, body mass and
cardiac functions. The study by Marques-Aleixo et al.27
also used a treatment protocol with a fractionated dose
of 2mg/kg (one dose per week) for 7 weeks; exercise
improved mitochondrial bioenergetics and prevented
oxidative stress-induced damage.
The maximal dose of DOX in the studies was 20 mg/kg,
found in five studies.10,12,17,18,25 Ascensao et al.12 observed
attenuation of cardiac muscle stress and improvement
of antioxidant system. The others10,17,18,25 demonstrated
that exercise was effective in preventing oxidative
stress-induced damage, preserving homeostasis and
mitochondrial functions, and inhibiting the increase
in apoptosis signaling induced by DOX. In addition,
Smuder et al.25 found that exercise inhibited the increase
of lysosomal autophagy signaling.
With respect to the protocols that combined more
than one chemotherapy agent, three studies evaluated
the effect of DOC combined with other medications.16,20,21
Wonders et al.16 examined the combination of DOX and
GW2974, a HER-2 (human epidermal growth factor
receptor 2) inhibitor. The HER-2 gene is associated with
normal growth and development of breasts, and its
overexpression occurs in 30% of breast cancers.16 GW2974
is a trastuzumab analog, a monoclonal antibody used
in breast cancer treatment.16 This treatment protocol

is associated with increased incidence of cardiac
dysfunction and heart failure.6,16 At the end of the training
period, there was a reduction in lipid peroxidation and
a possible protection against apoptosis induction.16
Hydock et al.19 used a protocol of DOX (15 mg/kg)
combined with goserelin acetate. After treatment, cardiac
function was analyzed in vivo by echocardiography and
ex vivo. The results indicated that cardiac dysfunction
was significantly attenuated in the group subjected
to exercise.20
The possible cardioprotective mechanisms of aerobic
exercise are presented in Chart 2.

Exercise protocols according to the F.I.T.T principle
As described in Chart 1, all studies included in this
review evaluated the capacity of aerobic exercises to
provide cardioprotection against DOX adverse effects.
Therefore, the following factors will be discussed:
frequency, intensity, duration and type of exercise,
following the F.I.T.T. (acronym for frequency,
intensity, time and type) principle, used in aerobic
exercise prescription.28

Frequency
With respect to how often the animals exercised, two
studies14,18 conducted two weeks of acclimation and a
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Chart 2 – Cardioprotective mechanisms of aerobic exercise
Studies

Cardioprotective mechanisms
Maintenance of internal pressure and attenuation of lipid peroxidation in left ventricle. Increased expression of the

Chicco et al.9

heat shock protein HSP7. No significant results in mitochondrial expression of superoxide dismutase (or isoforms)
in the heart of trained animals.

Ascensão et al.10

Completely prevented the effect of DOX on state-3 respiration, respiratory control ratio, and uncoupled respiration.
Decreased DOX-induced increase in calcium sensitivity, increase in mitochondrial protein carbonyl groups,
malondialdehyde, Bax, Bax/BCLW ratio, tissue caspase-3 activity. Training also increased the expression of
mitochondrial HSP-60 and tissue HSP-70.

Chicco et al.11

Low-intensity exercise did not provide a sufficiently intense stimulus to change HSP72 and SOD expression. On the
other hand, exercise attenuated left ventricular dysfunction and apoptotic signal activation induced by DOX.

Ascensão et al.12

The levels of oxidative stress markers indicated that exercise decreased acute DOX-induced disturbances. The authors
suggested that glutathione and HSP responses may have been essential for the defense against DOX-related free radicals.
Attenuated the decrease in cardiac functions: heart rate, left ventricular developed pressure, left ventricular systolic

Chicco et al.13

function, dP/dt max, left ventricular relaxation, minimum DT/DP. Completely prevented DOX-induced MDA+4HAE
increase, protecting against lipid peroxidation. No significant changes in SOD or HSP72 in left ventricle.

Wonders et al.14

Attenuated the decrease in the end-diastolic pressure/left ventricular diastolic pressure ratio and prevented the
DOX-induced increase in MDA + 4 HAE, suggesting that exercise reduced left ventricular lipid peroxidation.

Hydock et al.15

Attenuated DOX-induced α-MHC upregulation

Wonders et al.

Preserved cardiac functions, decreased MDA+4-HAE, caspase-3 and caspase-8 levels.

16

Protected against deleterious effect of DOX on cardiomyocytes, by increasing the expression of antioxidant
enzymes and HSP72 in cardiomyocytes. However, a model of HSP72 isolation, tested by the authors, did not
eliminate the exercise-induced cardioprotective effect, suggesting that such effect was caused by the increase in

Kavazis et al.17

antioxidant enzymes.

Ascensão et al.18

Prevented the decease in cardiac mitochondrial functions, preserved mitochondrial phosphorylation capacity, attenuated
the decreased tolerance to mitochondrial permeability transition pore opening, protected the activity of cardiac
mitochondrial chain complexes I and V, and increased caspase 3 and 9 and mitochondrial SOD activities.

Hydock et al.19

Prevented a 22% reduction in left ventricular ejection fraction and depressed aortic and mitral valve blood
flow. Preserved MHC, but had no effect on sarcoendoplasmic reticulum Ca2+ ATPase 2a expression.

Hydock et al.20
Hornsby et al.

Preserved maximal and mean mitral valve blood flow.
21

Attenuated the increase in natriuretic peptides.

Hayward et al.7

Preserved diastolic and systolic function by preventing the decrease in heart rate, blood flow velocity, and
isovolumetric time increase, and decreased the frequency of intrinsic depolarization. There was no significant
effect on α- and β-MHC expression.

Ashraf e Roshan22

Increased Apelin and SOD, and decrased MDA.

Shirinbayan e Roshan23

Increased HSP72 and SOD, and decreased MDA.

Martins et al. 24

Decreased DNA damage in cardiac cells without a defined mechanism. The authors hypothesized that exercise
provided protection against oxidative stress and upregulation of apoptotic pathways.

Smuder et al. 25

Prevented myofiber ultra-structure damage, inhibited Beclin-1(BCL1) increase and Beclin-2 (BCL-2) decrease,
and decreased the BCL1/BCL2 ratio; reduced DOX-induced increase of TAG12, TAG4, TAG7, LC3, Cathepsin-B
and Cathepsin-L.

Jensen et al.26

Reduced cardiac DOX by unspecified mechanisms.

Marques-Aleixo et al.27

Increased the percentage of normal mitochondria and mitochondrial density. Improved state 3 respiration, decreased
the delay phase of ADP phosphorylation, enhanced electron transport chain activity at complex I and IV.

ADP: adenosine diphosphate; BAX: apoptosis regulator; BCL:Beclin; BCLW: Beclin W; DNA: Deoxyribonucleic acid; DOX: Doxorubicin; dP/dt
max: maximal derivativves of left ventricular pressure HAE: Hydroxy alquenal; HSP: heat shock protein; LC3: autophagy marker LC3; MHC: myosin
heavy chain; MDA: malonaldehyde; MHC: major histocompatibility complex; SOD: superoxide dismutase; TAG: triacilglicerol
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single 60-minute exercise bout. In the study by Wonders
et al.,14 acute exercise prevented cardiac dysfunction and
had no effect on change lipid peroxidation markers.
Acensao et al. 18 demonstrated that the same study
protocol also prevented mitochondrial dysfunction and
increased antioxidant enzymes’ levels.
Three studies evaluated the effect of a training period
shorter than one month.11,17,25 Chicco et al.11 evaluated
whether low-intensity exercise, practiced five days a
week at 8-10 m/min-30 m/min, had a protective effect
against DOX cardiotoxicity. The results suggested an
attenuation of left ventricular dysfunction and inhibition
of apoptosis signaling in cardiac cells. In the protocol
used in the study by Kavazis et al.17 e Smuder et al.,25 the
animals exercised on a treadmill five times a week for
one week. The results of both studies17,25 indicated that
the exercise was effective in attenuating mitochondrial
damage by preserving the antioxidant metabolism, and
inhibiting lysosomal autophagy signaling, respectively.
Some studies included voluntary exercise on running
wheels and measured the distance run.7,9,15,20,26,27 Two of
these studies used voluntary exercise only: Chicco et
al.9 detected resistance against cardiac dysfunction
and increased HSP72 levels, whereas Hayward et al.7
found that voluntary exercise preserved cardiac
growth curve and body mass, and prevented cardiac
dysfunction in rat pups. Four studies15,20,26,27 compared
voluntary exercise, in which the distance run was not
measured, with treadmill training based on a previously
established protocol of exercises five times a week for 12
weeks. The results did not show difference between the
groups, except for the level of cardiac function damage,
which was attenuated only in treadmill training group
in the study by Hydoch et al.15
In the other eight studies, 10,12,13,16,19,22-24 the animals
exercised five times a week for 12 week. Two were
evaluated the effect of swimming 12,24 and six used
motorized treadmill. 10,13,16,19,22,23 All of these studies
indicated a cardioprotective effect of exercise
independently of the mechanisms or other differences
between their protocols.
Based on these findings, we cannot affirm that there
was a direct relationship between exercise frequency
and the results, since frequencies varying from acute
session to exercise at random times showed evidence
to exert protective effects, mainly on DOX-induced
cardiac dysfunction. Although the study by Hydock
et al.15 suggests a difference in relation to the damage
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caused by oxygen reactive species, DOX-induced effects
were evaluated at 5 and 10 days after treatment, and the
intensity of exercise was different between the groups.

Intensity
There were some differences in the relationship
between the intensity of exercises and the results
described. The study by Chicco et al. 11 was the
only one aimed to evaluate the protective effect of
low‑intensity exercise on DOX-induced cardiotoxicity.
In this study, an aggressive exercise protocol, in terms
of intensity and duration was used, starting with
5 minutes of daily exercise at 8-10 m/min and 0%
inclination, followed by a 10-minute increase per
day, until the duration of 60 min/day at 30 m/min
was achieved on the last day of the second training
week. This study indicated that this exercise modality
performed during DOX treatment was capable to
inhibit apoptotic signal induction and attenuation of
left ventricular dysfunction. However, exercise did
not provide a sufficiently intense stimulus to change
HSP and superoxide dismutase (SOD) expression.11
Ascensao et al.10 studied the effects of moderate
exercise on treadmill on reduction of DOX-induced
mitochondriopathy and apoptosis signaling.
The animals were first subjected to one week of
acclimation to the treadmill, followed by 14 weeks
of training at 30 m/min and 0% of inclination.
This mitigated changes in mitochondrial homeostasis
and oxidative stress levels, and increased antioxidant
metabolism and mitochondrial defenses.10
In another study on moderate intensity exercise,
Shirinbayan and Roshan23 subjected the animals to eight
weeks of treadmill training, with 5-minute warm-up
and 39 minute-running at 17 m/min. According to the
authors, the results suggest that exercise decreased
the risk for cardiac disturbances caused by acute DOX
administration, by preservation of SOD and HSP
protection systems.23
Two studies were conducted with swimming
training programs,12,24 but the exercise intensity was
not reported. Ascensao et al. 12 evaluated whether
1 hour of daily swimming training, performed with a
weight (corresponding to 4% of body weight) attached
to the tail increased cardiac muscle tolerance to DOX.
The results indicated protection against oxidative
stress, detected by the decrease in troponin levels and
increase of HSP and glutathione (GHS), an antioxidant
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enzyme commonly found in the mitochondria.12 Martins
et al. 24 evaluated the effect of swimming training
performed with a weight (8% of body weight) attached
to the tail. The results indicated that the exercise
protected cardiac cell DNA against DOX‑induced
damage.24
Only voluntary exercise on running wheel was
used in the study by Chicco et al.13 According to the
references cited by the authors, in this protocol, lower
exercise intensities are reached, as compared with
intensity-controlled treadmill running. Eight weeks
after the training period, exercise training attenuated
cardiac dysfunction and oxidative damage compared
with sedentary animals.13 Hayward et al.7 also used
voluntary running wheel exercise only; ten weeks of
exercise preserved cardiac growth curve, body mass
and cardiac functions in trained rats in comparison
with the control group.
Hydock et al.15 and Jensen et al.26 compared voluntary
running wheel exercise with treadmill training, using
the same progressive-intensity protocol, starting with
13 m/min and 5% inclination for 20 minutes, reaching
the final velocity of 30 m/min and 18% inclination for
60 minutes within 4 weeks. Hydock et al.15 evaluated
the effect of exercise preconditioning on DOX-induced
changes, cardiac function and myosin heavy chain
isoforms. Cardiac dysfunction was attenuated only
in the group subjected to more intensive treadmill
training.
Jensen et al.26 evaluated the effect of both treadmill
running and running wheel on cardiac function
and myocardial DOX accumulation. The animals
were assessed at 1, 3, 5, 7 and 9 days after DOX
administration. The results indicated a significant
difference in DOX accumulation levels, and a complete
elimination of the medication at 5 days, with no
significant difference between the exercise modalities.26
Marques-Aleixo et al.27 also used different exercise
intensities to compare treadmill and running wheel
training. The treadmill intensity was gradually
increased from 18 m/min in the week of acclimation of
the animals to the treadmill to 27 m/min in the 7th week.
From this point, the velocity was adjusted at 20 m/min
from the 7th to 12th week in DOX group, whereas in
the placebo group (saline solution), the velocity was
increased until 30 m/min. Both modalities prevented
the oxidative stress.27

Also using a progressive intensity protocol, Hornsby et
al.21 evaluated the effect of cycle ergometry for 12 weeks,
with intensities varying from 60% to 100% of maximal
oxygen uptake, measured before the beginning of the
exercise program. No significant differences between
the interventions were detected by echocardiography.21
Other studies 13,14,16-19,22,25 used motorized treadmill
protocols that included progressive exercise intensity
and duration, starting with low intensity, and velocities
and inclination varying from 25-30 m/min and 5 to
18%, respectively during the training period. It is worth
mentioning that in the study by Smuder et al.,25 the
animals trained at 70% of maximal oxygen uptake.

Time or Duration
Exercise duration is an important factor in aerobic
exercise prescription to establish the training volume to
be periodically performed, due to its direct relationship
with intensity and frequency.28 In 13 studies 10-13,15-17,19,20,24-27
the training period was one hour of exercises per day,
five times a week (5 hours/week), independently of the
total number of weeks in each study.
In two other studies, animals were also subjected
to 60 minutes of daily exercise, in a single session
though.14,18 In the study by Ashrafi and Roshan22 and
Shirinbayan and Roshan, 23 a protocol of 39-minute
daily exercise for 5 days a week (total of 3 hours and
15 minutes per week) was used. Hornsby et al.21 used a
protocol of 60-minute daily exercise, three times a week,
totaling 3 hours a week. Chicco et al.9 and Hayward
et al.7 used voluntary exercise in a running wheel and,
for this reason, the duration and intensity of exercise
were not quantified and could not be analysed.
In general, the studies analyzed here 9-27 did not
aim to specifically evaluate the cardioprotective
effects of training-related variables against DOX,
but rather investigate the mechanisms involved
in this protection. Although many studies have
systematically elaborated the exercise protocols, none
of them evaluated the cause/effect relationship of
each exercise-related variable.
In this context, exercise duration is important to be
considered. In addition to its direct relationship with
total training volume,7 one of the major difficulties faced
by cancer patients is to perform long-duration exercise3
due to fatigue and other adverse effects that hamper the
desire and possibilities to exercise.3
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Type
Different types of exercise or sports modalities may
exert different effects on individuals, and thereby
directly influence the objectives of exercise
prescription.28 In this review, only aerobic exercise was
identified in the studies, with variations of modalities,
intensity, frequency and time.
Fifteen studies were performed with at least one
group subjected to treadmill running, and all of them
included one week of acclimation of the animals to this
procedure. 10,11,13-20,22,23,25-27
The results indicated that treadmill training protected
against DOX-induced cardiac dysfunction in all
eight studies in which this outcome was one of the
main objectives.13-16,19,20,23 Exercise was also effective in
preventing lipid peroxidation and oxidative damage
in four studies.10,13,16,22 Regarding the oxidative stress,
exercise protected, or even improved antioxidant
activity.10,17,18,22,23
Four studies investigated the effect of exercise
on mitochondrial function, defenses and apoptosis.
The results indicated that treadmill training had a
protective effect against damage and dysfunction,
attenuated the increase in DOX-induced apoptosis, and
increased mitochondrial defenses.10,17,18,27 With respect to
programmed cardiomyocyte death, exercise inhibited
the increase in DOX-induced apoptosis signaling in
three studies.11,16,25 Other beneficial factors included the
increase in HSP72 levels,13 and preservation of HCM
isoforms.15,19
Voluntary exercises in running wheels were used
in four studies,7,9,15,26 due to their lower intensity as
compared with preprogrammed treadmill exercises, and
to the possibility for the animals to perform the exercises
by their will. These aspects have a connection with
oncologic patients, who may have difficulties in adhering
to exercise programs at pre-established schedules and
high intensities.3
Chicco et al.9 suggested that regular voluntary exercise
may provide resistance against DOX-induced cardiac
dysfunction and oxidative damage in long term, and
increase HSP72 levels. Hayward et al.7 concluded that
exercise was effective in preventing changes in cardiac
growth curve, systolic and diastolic dysfunction, and
depolarization velocity decrease, and had no effect on
body mass loss. This was the only study to evaluate
cardiac functions during exercise.

Doxorubicin and Effect of Physical Exercise Effect

Hydock et al.15 compared groups of animals subjected
to running wheel and treadmill running. In this study,
attenuation of cardiac dysfunction was observed only
in the group that underwent high-intensity, treadmill
testing. Finally, Jensen et al.26 evaluated the effect of
pre-treatment exercise in both treadmill and running
wheel. Both modalities led to significant reductions
in DOX accumulation and significant increase in total
elimination of DOX after five days, with no significant
difference between them.26
Two studies evaluated the possible effect of swimming
against cardiotoxicity.12,24 Ascensao et al.,12 after treatment
and analysis of data, found a cardiomyocyte protection
in exercised animals by reduction of cardiac stress, which
may be associated with the reduction in stress markers,
and by preservation of antioxidant enzyme levels as
compared with sedentary animals. Martins et al.,24 using
a pre-treatment swimming program, demonstrated a
protective effect against DNA damage in cardiac cells.
The study by Hornsby et al.21 was the only study to
use cycle ergometry, and the only statistically significant
result was the attenuation of the natriuretic peptide
increase in the exercised group as compared with the
control group.

In humans
Hornsby et al.21 evaluated the safety and efficacy of
aerobic training in improving chemotherapy adverse
effects, and Jones et al.29 evaluated its cardioprotective
effect on DOX-induced cardiotoxicity. According to Jones
et al.,29 aerobic exercise had no cardioprotective effect in
humans. It is worthy of note that this was the only study
to use this protocol. Also, cyclophosphamide has a high
level of evidence for cardiotoxicity.6
The studies by Hornsby et al. 21 and Jones et
al. 29 evaluated 20 women with stage IIB and IIIC
operable breast cancer, receiving neoadjuvant
therapy with DOX 60 mg/m 2 and cyclophosphamide
600 mg/m 2 in four cycles (one cycle every 21 days
for three months). Patients were randomized to
one of the two groups: DOX + cyclophosphamide
and cyclophosphamide + aerobic training. Aerobic
training was performed by cycle ergometry, 3 times
a week for 3 months, following an individualized
program with progressive intensity, prescribed based
on ergospirometry performed in the beginning of the
study (Chart 3).
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Chart 3 – Aerobic training performed in the studies analyzed
Week

2nd to 4th

5th and 6th

7th to 9th

Duration

Intensity

Incremental training from the fifth week onwards

3 sessions of 15-20 min

60% VO2max.

-

3 sessions of 30 min

65% VO2max

-

2 sessions of 30-45 min

60-65% VO2max

1 session of 20-25 min at ventilator threshold
determined by a systematic increase in the VE/VO2
ratio while VE/VCO2 remained constant.

2 sessions of 60 min

65-70% VO2max

1 session of 20-25 min at ventilator threshold
determined by a systematic increase in the VE/VO2
ratio while VE/VCO2 remained constant.

10th to 12th

2 sessions of 60 min

60-70% VO2max

The effects of aerobic training were analyzed by
ergospirometric test and transthoracic echocardiography.
The results reported in both studies21,29 indicated that
there were no significant differences in protection against
DOX-induced cardiotoxicity after training or between
the groups. However, Hornsby et al.21 demonstrated
that high intensity interval aerobic training is safe and
well tolerated by participants; it reduces therapy adverse
effects, and attenuates the increase in natriuretic peptide
levels, cardiopulmonary dysfunction and VO2max.
In summary, the results of the studies indicated that
aerobic exercise can exert a protective effect on cardiac
functions when performed before, during or after training,
and may be an adjuvant therapy to DOX. Nevertheless, the
mechanisms associated with this protective effect are
controversial and have been associated with several
hypothetical mechanisms, thus requiring further research.
In general, the studies analyzed differed in protocols:
intensity, time of training in relation to the treatment,
methods and objective of study.
Concerning the variables related to aerobic exercise
prescription, no relevant differences in cardioprotective
effects were observed between the time of training
– before, during or after treatment. However, some
results in relation to the total training time may be
pertinent if extended to the oncologic treatment reality,
since acute training sessions or only one week of
exercises before DOX administration showed effective
results. There was no direct relationship between the
frequency of exercise and the results of the studies;
regardless of frequency variation, there was evidence of

Interval trainings of 30 seconds at 100% VO2max,
followed by 60 s of active recovery (total of 10-15 cycles).

protective effect of exercise, especially on DOX-induced
cardiac dysfunction. The intensity of exercise was
also not decisive for preservation of cardiac function,
although a more intense exercise was associated with
improvements in the antioxidant system, which was
not observed in studies on lower intensity exercises.
New studies including different populations and types
of exercise prescriptions are needed before concluding
that the exercise would be effective against cardiotoxicity
induced by treatment with DOX.
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Abstract
Heart failure is one of the most important and
challenging public health problems of the 21st century
and is associated with hard outcomes, such as death
and hospitalization. New treatments for heart failure,
despite the decrease in mortality, have not contributed
to the decrease in hospitalization rates. Patients admitted
with heart failure have a high event rate (> 50%) with a
mortality rate between 10 and 15% and a rehospitalization
rate within 6 months after discharge of 30 to 40%.
Three major causes seem to directly affect the
rehospitalization of patients with heart failure:
comorbidities, congestion and target-organ lesion.
The transition from inpatient to outpatient is a period of
vulnerability, due to the progressive nature complexity
of heart failure, with an impact on prognosis and which
can extend for up to 6 months after hospital discharge.
The physician has an important role in the actions that
can minimize the risk of hospitalization for heart failure
and the multidisciplinary approach, associated with
the implementation of good practices supported by
scientific evidence, can reduce the risk of hospitalization.
The use of routines that have been proven to reduce
hospitalization should be used in Brazilian hospitals.
The objective of this review was to discuss the main
causes of hospitalization, their impact on heart failure
evolution and strategies that can be used to reduce it.

Introduction
Heart failure (HF) is one of the most important
and challenging public health problems of the 21st

Keywords
Heart Failure / mortality; Hospitalization / trends;
Comorbidity; Prognosis; Medication Adherence.

century and is associated with hard outcomes, such
as death and hospitalization.1-3 HF is highly prevalent,
resulting in decreased life expectancy and quality
of life. The cost related to its treatment, especially
regarding hospitalization, is quite high, regardless of the
presentation characteristics, HF with Reduced Ejection
Fraction (HFrEF), HF with ejection fraction in the middle
range (40-49%)4 and HF with Preserved Ejection fraction
(HFpEF).5
In 2007, HF was responsible for 2.6% of hospitalizations
and 6% of deaths recorded by the Unified Health System
(SUS) in Brazil, consuming 3% of the total resources
used to meet all admissions performed through system.6
It is estimated that 26 million individuals have HF
worldwide.4
The prevalence of HF is increasing worldwide, mainly
due to the improvement in the care of ischemic disease
and HF treatment with medications and devices, such
as pacemakers and artificial ventricles, as well as the
aging of the population, which leads to the increase in
hospitalization costs for the health system.7
Many patients with heart failure are elderly and have
multiple comorbidities, both cardiac and extracardiac,
such as chronic kidney disease, depression, sleep apnea,
arterial hypertension, atrial fibrillation, coronary artery
disease, diabetes and chronic lung disease, which
are accentuated with aging and can contribute to the
increased risk of events such as hospital admissions and
readmissions. The long-term prognosis is poor and half
of the patients diagnosed with heart failure die within
5 years after the first hospitalization.8 The survival rate at
5 years is lower than that observed in most cancer cases.9,10
The good response of individuals with HF to new
forms of treatment does not contribute to the decrease
in hospitalization rates related to the syndrome.
Some recent publications suggest the opposite trend,
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in which a decrease in mortality and increase in
hospitalizations was observed.11 This apparent paradox
between the use of new methods of treatment in heart
failure and increased hospital admissions can be partly
explained by the use of devices, such as artificial ventricles,
resynchronizers and defibrillators in patients with HF.
Another reason is related to the use of medications for
HF, which increase survival at suboptimal doses. A recent
study carried out in European countries showed that
only 25 to 30% of patients in the real world receive the
doses of beta-blockers recommended by the guidelines.12
The difficulty in reaching the maximum recommended
doses of medications may be related to the fact that
patients with HF are elderly with multiple comorbidities
and, therefore, the prescribed medication may be poorly
tolerated. Other reasons are related to polypharmacy,
the complexity of prescription regimens to achieve the
optimum dose and the fact that recently hospitalized
HF patients are not adequately monitored by health
professionals, especially in the first 30 days, when the
risk of rehospitalization is very high.13 Studies show
that less than one third of patients hospitalized for HF
was assessed by a cardiologist in the first 3 months after
hospital discharge.14
HF patients have a high risk for the development of a
new condition: the post-hospitalization syndrome,15 due to
the association of the high complexity of care in intensive
care units and the presence of multiple comorbidities,
leading to the exposure to different homeostatic stressors
during the hospitalization period.16-19
The relevance of the “rehospitalization” topic in the
last decade involves two important points: first, the
perception that reducing these rates would be a window
of opportunity to decrease the waste of resources in
the health system and, second, that the hospitalization
causes additional damage to the heart and other
organs. Hospitals in the United States with high rates
of rehospitalization have started to be penalized, which
led to a search for evidence-based strategies capable of
improving the performance of these instituitions.20
Rehospitalization remains a challenge. New ways to
care for HF patients at advanced stages, such as home
care, long-term care hospitals and strategies involving
palliative care, have started to be implemented in our
country for this group of patients at advanced stages.
The integration of cardiologists, family doctors and
multidisciplinary teams has been increasingly used in HF
care, aiming to prolong life, improve patient functional
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capacity and reduce hospital length of stay. These results are
considered effective markers of therapy in large HF studies.21
The present study aimed to discuss the main causes of
hospitalization, its impact on HF evolution and strategies
that can be used to reduce it.

Heart Failure and Hospitalization
The absolute number of cases of HF has increased
due to the aging of the population, improved survival
rates after myocardial infarction and modern HF
treatment strategies 21 (Chart 1). Throughout life,
patients with HF can have a sudden worsening of their
symptoms, requiring emergency room care and hospital
admission due to acute HF syndrome. These frequent
decompensations lead to progressive deterioration of
cardiac function and quality of life22 (Figure 1).
Patients admitted for HF have a high event rate
(> 50%), with a mortality rate between 10 and 15% and
a rehospitalization rate within 6 months after discharge
of 30 to 40%.24
The improvement of post-discharge outcomes for
HF remains a major focus of the needs that are unmet in
clinical practice. Better understanding of the mechanisms
that worsen the prognosis of patients hospitalized for
HF and have a direct impact on rehospitalization, can
provide better care and then reduce hospital readmission
rates.
The increasing prevalence of HF has direct
consequences for hospitalizations, which is currently
recognized as one of the most important results in
cardiology. The worsening in HF symptoms results in
hospitalization and is associated with a high mortality
rate and post-discharge rehospitalization, being the most
important parameter related to the cost of care for patients
with HF.25 The causes for hospitalization are difficult to
assess, as they are influenced not only by clinical factors
but also by social, cultural and economic factors. 21
The cardiologist, as a leader of the multidisciplinary
team, develops a treatment plan focused on the clinical
aspects of HF and the comorbidity approach. Patients
with HF in primary care with a history of previous
hospital admissions must be accompanied both by the
family doctor and a cardiologist. This strategy improves
medication adherence and decrease HF mortality26 and it
has been demonstrated, in a population study including
10,599 patients with HF, that patients treated by both a
primary care doctor and a specialist within 30 days after
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hospital discharge showed a lower rate of death at
1 year (7.2%), when compared to those who were
treated only by a primary care doctor (10.4%; p < 0.001).
When care is provided exclusively by a cardiologist,
there is an increasing trend of mortality (hazard

ratio - HR: 1.41 vs. Primary Care; 95% confidence
interval - 95% CI: 0.98 to 2.03; p = 0.067). Patients who
had shared care had higher rates of ejection fraction
and noninvasive tests for detection of ischemia and
cardiac catheterizations.26

Chart 1 – The heart failure (HF) scenario
1 in 5 adults aged > 40 years will have HF
1 in 5 patients with HF will die within 1 year
3 of the major risk factors for HF have been increasing – age, obesity and diabetes
HF is the main cause of hospitalization in Brazil (SUS) in individuals older than 60 years
The prevalence of HF in Europe and the United States will increase from the current 3% to 3.5% by 2030
The risk of sudden death in HF is 6 to 9 times higher when compared to the population without HF
There are 600,000 new cases of HF in Europe and 500,000 in the United States per year
There are 26 million individuals with HF worldwide
US$ 28 billion was the cost of the HF in 2010 in the United States, with a predicted cost of US$ 77.7 billion in the year 2030
SUS: Unified Health System (Sistema Único de Saúde)23. Adapted from: Lopez-Sendón J, Montoro N,21 The changing landscape of heart failure
outcomes. Medicographia; 2015;37:125-34.

Figure 1 – Heart failure as a progressive disease with deterioration of cardiac function and quality of life.
Adapted from Gheorghiade M, et al. Pathophysiologic Targets in the Early Phase of Acute Heart Failure Syndromes. Am J Cardiol; 2005;96:11G-17G

Main Factors Influencing Results After Hospital
Discharge
The first hospitalization can be a consequence of an
acute event by myocarditis, coronary heart disease, cardiac

arrhythmia or acute valvular disease and may also occur
due to the decompensation of a chronic HF picture due
to infection, non-adherence to pharmacological and nonpharmacological treatment, use of medications such as
nonsteroidal anti-inflammatory medications, among others.
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Outpatients with stable chronic HF have an annual rate
of hospitalization of around 31.9%. This rate increases to
43.9% in patients who were hospitalized for acute HF.27
Longitudinal prospective studies show similar results
when comparing stable patients with those hospitalized
for HF, but hospitalization is associated with increased
risk of death and its effect on prognosis is similar to that
described in patients with acute coronary syndrome.28
Three major causes seem to directly affect the
rehospitalization of patients with HF: comorbidities,
congestion and target-organ lesions.28
Cardiovascular and non-cardiovascular comorbidities
play an important role in post-discharge events in
patients with HF. Cardiovascular comorbidities that
may result in rehospitalization are myocardial ischemia,
arrhythmias (such as atrial fibrillation) and uncontrolled
hypertension. All of them can potentially be treated at
the first hospitalization.28
Non-cardiovascular comorbidities are also important
in the rehospitalization process and it has been observed
that, after the first hospitalization due to HF, 65% of
patients are readmitted for another cause rather than
decompensated HF. Therefore, most rehospitalization
have another cause other than HF.19
A study showed that diabetes, chronic kidney
disease and anemia are independent factors associated
with higher mortality and/or rehospitalization rates.
Other non-cardiovascular comorbidities, such as
infections and chronic lung disease can also be causes
of rehospitalization.29
In the analysis of the Cardiovascular Health Study of
risk factors for all hospitalization causes among elderly
patients with a new diagnosis of HF, three conditions
(decreased muscle strength, reduced gait speed and
depression) were considered independent risk factors
for hospitalization after a HF diagnosis, even when
considering other social, demographic and clinical
factors.30
Other factors related to patient characteristics, such as
non-adherence to treatment, food abuse, drugs, alcohol,
family and social support and access to health care,
directly affect rehospitalization.28
Congestion is considered the leading cause of
hospitalization for HFrEF and HFpEF and plays an
important role as a cause of rehospitalization and as a
death marker after hospital discharge.28,31,32
The slow resolution of congestion signs and symptoms
during the first days of hospitalization for HF is
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associated with adverse outcomes and its more severe
presentation form, represented by a worsening in HF
during hospitalization. This event is an independent
predictor of increased mortality.32 The assessment of
clinical signs of congestion, such as pulmonary rales,
jugular venous pressure, peripheral edema and weight
gain, is important at the time of hospital discharge and
the first days after leaving the hospital. Clinical signs,
however, are less effective than hemodynamic worsening
markers to rule out congestion. Serum levels of natriuretic
peptides can identify persistent congestion, even in the
presence of an apparent improvement in the clinical
picture.28,32
Studies have shown that congestion markers, such as
weight gain and poor response to diuretics, are associated
with rehospitalization and short-term outcomes, but not
with long-term mortality.33,34
The risk of death after hospitalization for HF remains
increased between 12 to 18 months after the event.35
These data indicate that persistent target-organ lesions,
such as heart, lungs, kidneys, liver and brain, are associated
with hospitalization. Additionally, other markers related
to organ lesions and/or loss of function are associated with
hard outcomes after hospitalization for HF.28
The association between chronic kidney disease and
worsening of outcomes in patients with HF has been well
established.36 Recently, the role of liver dysfunction has
been demonstrated. The increased pressure in the inferior
vena cava caused by congestion is transmitted to the liver,
leading to cholestasis and death of hepatocytes, with
an increase in serum transaminases. This fact has been
associated with worse prognosis, including mortality
from all causes.37 (Figure 2)

Vulnerable Phase of Heart Failure
The vulnerable phase of HF is characteristic of patients
with acute heart failure and is defined as the period
during which microenvironmental changes in lifestyle,
after an episode of decompensated HF, can cause an
increased risk for adverse cardiovascular events, such
as death and rehospitalization from HF. Patients who
overcome this phase uneventfully can remain stable for
a long period.38
The vulnerable phase of HF, which occurs in each
episode of acute HF, can be divided into three sub-phases:
very early stage, early stage and late stage – having a
variable impact for each individual38 (Figure 3).
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Figure 2 – Mechanisms of increased risk of death and rehospitalization in patients hospitalized for HF.
Adapted from Medicographia; 2015;37:139-43.

Figure 3 – The vulnerable phase of heart failure.
Adapted from Medicographia; 2015;37:144-7.

Very-early vulnerable stage of heart failure
The very early vulnerable stage begins with an acute
episode of HF and extends until a few days after hospital
discharge. After the initial stabilization period of an acute
episode, approximately 15% of patients may experience

an in-hospital worsening of HF, which is associated with
the risk of adverse events.39
This phase is more often observed in patients who are
discharged before full congestion improvement, which
usually occurs between 4-5 days of hospitalization, or
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who are affected by comorbidities, target-organ lesions
and post-hospitalization syndrome. 15 The pressure
exerted by the public health system, encouraging early
hospital discharges, leads doctors to use higher doses
of diuretics within shorter periods of time to achieve
congestion improvement.38 High doses of diuretics can
quickly relieve congestion, but increase the cost of renal
function worsening, and many patients could remain
relatively congested at the time of hospital discharge.
Kidney and liver dysfunction may determine the prognosis
of these patients at the very early vulnerable stage. 37
The presence of anemia at admission also contributes to
a worse outcome, if not correctly managed at this phase.38
Continuous-use drugs that modify the evolution of
HF are not easy to be started within a short period of
hospital stay, and patients may experience an increased
risk of rehospitalization or death after discharge,
simply because the correct therapy was not provided.
These patients require a follow-up carried out by a
multidisciplinary team at short time intervals. Guidelines
recommend phone contact within 3 days and a medical
consultation within two weeks after discharge.9

Early vulnerable stage of heart failure
The early vulnerable phase starts after hospital
discharge of the patient with an acute HF episode.
The hospital length of stay was adequate for congestion
improvement; however, problems related to HF as
well as to other comorbidities may be present because
they have been aggravated by hospitalization.
During the hospital-to-home transition, HF specialist
nurses, nutritionists, physical therapists and pharmacists
should be involved in the process of educating the HF
patient for self-care, including the rehabilitation process
and the medication reconciliation in the outpatient
setting. These factors (medication management,
dietary counseling and cardiac rehabilitation) are
important determinants of vulnerability after acute HF38.
This vulnerability phase is also related to the attitudes
of patients, family members and caregivers, i.e.,
incorporation of the lifestyle changes required after
hospital discharge.
Among the rehospitalization cases, 30% occur in
the first 2 months after discharge and are preceded
by cardiovascular events, which can be prevented by
the multidisciplinary team actions.40 Simple processes,
although effective, such as adequate use of medication,
can reduce the rehospitalization rates, since for 50% of
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patients with HFrEF, medications are not prescribed
according to the recommendations in the guidelines.41
HF rehospitalization rates in young adults and
the elderly are similar, suggesting that the risk of
rehospitalization is present regardless of age.42
Viral and bacterial infections are important causes of
HF decompensation at this stage and can be prevented
by vacination.43
The transition from inpatient to outpatient can be
very difficult in vulnerable period due to the complexity
of the HF progressive nature. Multiple comorbidities,
continuous use of polypharmacy and patients’ difficulty
to perceive the severity of their problem are important
factors in determining the risk of vulnerability in the
post-discharge stage.38

Late vulnerable stage of heart failure
The late vulnerable phase, which extends up to
6 months after discharge, is related to the reactivation
of the renin–angiotensin–aldosterone system (RAAS)
and hemodynamic alterations occur prior to systemic
congestion. Regardless of the medical practice habits in
different areas of the world, the prognosis of patients for
different continents is similar in that phase.38
The worst prognosis at this stage could be prevented
by optimizing treatment adherence. Adherence to
medication and social support improves the survival free
of cardiac events in patients with HF.44
After the late phase, adverse events decrease over
time and then reach a plateau, which can be sustained
for several months. During the plateau, the optimization
of disease-modifying measures, including the use of
devices, is the main target for hospitalization control.38
HF vulnerability phases can last approximately
6 months after an acute HF episode and is determinant
of prognosis. To prevent the occurrence of outcomes,
patients should be discharged at least 24 to 48 hours
after hemodynamic stabilization, while euvolemic, with
optimized oral medication and stable function of vital
organs, especially the kidneys and the liver.38

Measures to Reduce Rehospitalization

Optimized heart failure treatment
The in-hospital care of patients with HF should be
considered as a continuum, with consecutive phases
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(immediate, intermediate and pre-discharge phases),
each consisting of different treatment goals.45,46
The immediate phase begins at admission and
aims at clinical stabilization (peripheral oxygenation,
ventilation support and adequate perfusion), symptom
improvement (especially dyspnea), reduction of
target-organ lesions (myocardium, kidneys and liver),
reduction of the risk of early complications and reduced
length of stay in the intensive care unit.45
With the clinical picture stabilization and symptom
improvement, the patient is transferred to the ward,
where the next phases (intermediate and pre-discharge)
are initiated. This period is the beginning of the
hospital-to-home transition.
The process involves the use of a multidisciplinary
team and the recommendations should consider a
moment of better responsiveness of patients and their
families for the implementation of a long-term care
plan. In this phase, the following objectives should be
prioritized:45 maintaining patient stabilization with
treatment optimization; initiating and titrating the
medication doses that modify the disease; identifying the
underlying etiology of HF and associated comorbidities;
minimizing hospital stressors; careful assessment for
use of devices in appropriate patients; optimization of
hemodynamics (euvolemia); stratification of pre-hospital
admission risk in order to identify vulnerable and
high-risk patients; involvement of the patient, their
families and caregivers in a program of HF education
and care; and cardiac rehabilitation program.

Promotion of self-care
The promotion of self-care is defined as encouraging
a process of naturalistic decision-making that patients
use in selecting behaviors that maintain physiological
stability and response to symptoms once they occur.
It can be a great ally for physicians who care for patients
with HF.47
A systematic review of randomized trials on
multidisciplinary care programs of patients with HF
showed that the increase in patient self-care activities
effectively reduced hospitalization for HF (Hazard Ratio RR = 0.66; 95% confidence interval - 95%CI = 0.52- 0.83),
and hospitalization for all causes (RR = 0.73, 95%CI:
0.57 to 0.93), but with no effect on mortality (RR = 1.14,
95%CI: 0.67 to 1.94).48

Another systematic review of randomized studies,
which specifically focused on self-care interventions
(six studies with 857 patients), showed that self-care
activities reduced rehospitalization for HF (Odds ratio OR = 0.44; 95%CI = 0,27- 0.71; p = 0.001) and hospitalization
for all causes (OR = 0.59; 95% CI = .44-.80; p = 0.001),
without a significant effect, however, on mortality
(OR = 0.93, 95%CI: 0.57-1.51; p = 0.76).49 In this review,
the patients maintained the primary role in caring for
their health condition, which included educational
sessions or an educational software offering information
on signs and symptoms of HF, the importance of daily
weight control, dietary restrictions and the importance
of medication adherence.

Biomarker monitoring
Scientific evidence suggests that serial measurements
of plasma natriuretic peptides (Brain Natriuretic
Peptide - BNP and N-terminal portion of prohormone
natriuretic peptide type B - NT-proBNP) can promote a
significant improvement in reducing hospitalizations for
HF. A recent meta-analysis, which included 14 studies
with 3,004 patients with HF, assessed whether the use
of BNP to guide treatment would reduce the risk of
rehospitalization for HF. The study found a decreased
risk of rehospitalization for HF (RR = 0.79; 95% CI = 0.63
to 0.98; p = 0.03), but had no effect on the risk of death (RR
0.94, 95 % = 0.81 to 1.08; p = 0.39) or on rehospitalization
for all causes (RR = 0.97, 95% CI 0.89 to 1.07; p = 0.56).
The study also observed that alterations in BNP values
can have significant effects on clinical outcomes of
patients with HF. Therapy guided by BNP was not
associated with an increased risk of adverse effects.50
Although the use of the BNP strategy has beneficial
effects with decreased mortality in patients younger
than 75 years, it was not effective in patients older than
75 years, which represents most of the patients with HF.13
Recently, the European Guideline on HF recommended
the use of natriuretic peptides as a new strategy to
optimize the treatment of patients with chronic HF.4

Telemedicine
Telemedicine is a generic term, which encompasses
different situations of patient control, using telemonitoring
and a structured telephone support system. Thus, it
is a type of remote monitoring of markers, such as
weight, heart rate, blood pressure, pulse oximetry,
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electrocardiogram and also the pulmonary arterial
pressure through sophisticated implantable devices.13

hospitalization for heart failure is a major public health

A meta-analysis evaluated 9,805 patients to
demonstrate the effectiveness of telemonitoring and a
structured telephone support system in patients with HF.
The study showed that telemonitoring reduced all-cause
mortality (RR = 0.66, 95% CI 0.54 to 0.81; p < 0.0001), and
the structured telephone support system showed similar
results, although non-significant (RR = 0.88, 95% CI 0.76
to 1.01; p = 0.08). Both telemonitoring (RR = 0.79; 95%
CI = 0.67 to 0.94; p = 0.008) and telephone support (RR =
0.77, 95%CI: 0.68 to 0.87; p < 0.0001) reduced HF-related
hospitalizations. Both procedures improved the quality
of life and functional class; reduced costs; and were
well accepted by patients, with improvement in medical
prescription adherence and self-care. Telemonitoring
and a structured telephone support system are effective
interventions to improve outcomes in patients with HF.51

with the implementation of good practices based on

The use of an implanted device in the pulmonary
artery of patients with advanced HF was recently
approved by the Food and Drug Administration (FDA)
and has shown to reduce morbidity and mortality in HF.52

concern. The multidisciplinary approach associated
scientific evidence can reduce the risk of hospitalization.
The application of these routines, which have shown to
reduce hospitalization, should be carried out in Brazilian
hospitals.
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Epipericardial Fat Necrosis. An Important Differential Diagnosis of Chest Pain
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Introduction
Epipericardial fat necrosis (EPFN) is a rare, benign,
and self-limiting condition, first described in 1957
by Jackson et al.1 Currently, there are only 33 cases
described in the literature.1-9
The pathophysiology of the disease remains
uncertain. Likely predisposing factors include torsion
of the vascular pedicle of adipose tissue, structural
alterations that make the tissue more vulnerable and
obesity, which, like the Valsalva maneuver, can lead to
increased capillary pressure, causing hemorrhage into
the adipose tissue. There are also reports of association
with chest trauma or infections.9
It presents as an acute pleuritic pain, being an
important differential diagnosis of chest pain in
healthy patients who maintain stable vital data and
unaltered laboratory tests.
EPFN is generally diagnosed by Computed
Tomography (CT) and, in some cases, paracardiac
opacification is seen on chest radiography.3

Case Report

Case 1
Male individual, neurosurgeon, 62 years old,
healthy, was admitted to the emergency room with
ventilator-dependent chest pain for 2 days, associated
with dyspnea on medium exertion. Physical and
laboratory examination showed no alterations.

Keywords
Fat Necrosis / physiopathology; Pericardium; Obesity;
Chest Pain; Dyspnea.

At the chest angiography, there was no vascular filling
failure. The remaining assessment showed preserved
tomographic aspects. Magnetic resonance imaging
(MRI) of the chest identified an elongated image with
fat signal intensity in the epipericardial fat, showing
enhancement by contrast of the surrounding tissues,
suggesting fat infarction with adjacent inflammatory
alterations (Figures 1 and 2). The diagnosis of
epipericardial fat necrosis was suggested, and the
patient was discharged with Non-Steroidal AntiInflammatory Drugs (NSAIDs). Symptom remission
occurred within 2 days.

Case 2
A 60-year-old man, healthy, sought emergency
services for ventilator-dependent chest pain associated
with recent-onset dyspnea. Laboratory tests and
electrocardiogram showed no alterations. At the CT
angiography, there was no vascular filling failure.
In the mediastinal evaluation, densification of
the epipericardial fat was identified with contrast
enhancement, suggesting infarction associated with
inflammatory alterations (Figures 3 and 4). The patient
was discharged with NSAIDs.

Discussion
Necrosis of epipericardial fat is an uncommon
or poorly reported cause of chest pain. It generally
manifests as pleuritic chest pain and dyspnea, being
a differential diagnosis of severe conditions, such as
pulmonary thromboembolism and acute myocardial
infarction. The pain usually lasts a few days, but may
eventually last for months. In cases reported to date, it
equally affects both genders and the mean age group
is 50 years.
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Figure 1 – T1-weighted image of MRI sagittal section with post-contrast fat saturation.

Figure 2 – T1-weighted image of MRI axial section with post-contrast fat saturation. Patient is in the prone position.

The EPFN is similar to appendagitis, the necrosis

sign, typical of adipose tissue edema, with moderate

of the epiploic appendix, which presents as localized

enhancement after administration of gadolinium,

abdominal pain and is also self-limited.

suggestive of an active inflammatory process. At

The difficulty attaining the diagnosis lies in the
unspecificity of the signs and symptoms, making
imaging tests essential, since the electrocardiogram
and the laboratory tests are, in most part, normal. The
CT shows an encapsulated, rounded, fat-containing,
epipedicardial lesion, associated or not with adjacent

the x-ray, which is less specific, paracardiac opacity
may be seen, with or without obliteration of the
costophrenic sinus. The radiological differential
diagnosis includes primary or secondary pericardial
neoplasia, pericardial cyst, lung cancer, Morgagni
hernia or bronchogenic cyst.

pericardial thickening and pleural effusion. The

The definitive diagnosis is attained by

MRI shows an epipericardial lesion with a high T2

anatomopathological analysis of the surgically
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Figure 3 – Axial section of chest computed angiotomography.

Figure 4 – Coronal section of chest computed angiotomography.

resected fragment, which has fallen into disuse due
to the accuracy of the imaging tests and to the benign
and self-limiting characteristic of the disease. When
performed, the described pathological findings consist

of necrotic adipose cells surrounded by macrophages,
neutrophils, or fibrous tissue.
Treatment is carried out in symptomatic patients
with non-steroidal anti-inflammatory drugs.
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Since 2005, when the first case of successful conservative
treatment was described,3 radiology has played a key role
in the diagnosis and follow-up of EPFN.

Conclusion
Necrosis of epipericardial fat is a poorly reported
condition due to possible underdiagnosis, and
it is important that clinicians, cardiologists and
radiologists use it as a differential diagnosis of acute
chest pain, after ruling out more severe causes, such
as pulmonary thromboembolism or acute myocardial
infarction.
The definitive diagnosis is attained by the
anatomopathological analysis, but EPFN has been
increasingly diagnosed based on imaging tests
associated with a suggestive clinical context. The
current facilitation of diagnosis, together with a
favorable clinical outcome, reinforces the safety of
the conservative conduct.
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Introduction
Hypertensive crisis (HC) is a clinical situation
characterized by the quick, inappropriate, intense and
symptomatic elevation of blood pressure, with or without
risk of target-organ deterioration.1 HC has shown a decrease
in incidence, most likely due to the advancement of
outpatient antihypertensive therapy,2 but it still represents
a challenge in emergency clinical practice. In over 80%
of cases, patients already have a previous diagnosis of
arterial hypertension (AH).3 However, undiagnosed AH
or secondary causes may be the etiology of HC.

Case report
Female patient, 49 years old, from Angola, went to the
emergency unit of a secondary hospital. She presented with
lethargy and mental confusion, profuse cold sweating,
elevated blood pressure levels (238 x 146 mmHg)
and tachycardia (102 bpm). Cardiac and pulmonary
auscultation were normal and without focal neurological
signs. It was characterized as hypertensive emergency.
She reported similar episodes during adolescence, with
profuse cold sweating, followed by erection of hairs,
but with spontaneous resolution and short duration.
The patient denied the use of illicit drugs, contraceptives
and hormone replacement therapy.
Lab exams such as hemogram and serum blood
glucose, sodium, potassium, CK-MB, and troponin 1 came
back normal. ECG (Figure 1) showed sinus tachycardia.
Head CT was normal. Diagnostic investigation was
complemented with a transthoracic echocardiogram,

Keywords
Hypertension / complications; Hypertensive
Encephalopathy / complications; Epilepsy;
Hypothalamic Diseases.

echo-doppler of renal arteries, and aortography, as well
as a lab research for pheochromocytoma, Cushing’s
syndrome, acromegaly, hyperaldosteronism and
dosage of thyroid hormones, with all exams within the
parameters of normality.
The patient was started on treatment for hypertensive
emergency, and the patient was transferred to the intensive
care unit (ICU) on venous nitrate, reaching a value of
162 x 104 mmHg in the fourth hour after admission.
During her stay in the infirmary, antihypertensives
were suspended since the patient showed intolerance
to the medications, with hypotension maintained with
minimal doses (enalapril maleate 5 mg, twice a day).
During outpatient follow-up, the patient remained
asymptomatic, with physical examinations persistently
normal even without the use of antihypertensives.
Approximately three months after the first episode, the
patient manifested the same symptoms, with new admission
to the ICU, where she displayed a similar clinical behavior;
that is, notably elevated levels of blood pressure responsive
only to intravenous nitrate, with posterior hypotension and
intolerance to low doses of antihypertensives.
Based on the clinical history of the first admission, an
electroencephalogram (EEG) was performed (Figure 2)
during this second hypertensive crisis, showing positive
spicules (14 and 16 per second); and so the diagnosis was
of diencephalic epilepsy. Plasma catecholamines were
measured at the time of the crisis and 24 hours after that.
The first one was elevated, and the second was normal, which
corroborated the diagnosis.4 Treatment with carbamazepine
was initiated,4 which yielded good therapeutic response.
The patient had a third episode nine months after
the first one; however, during her stay, she admitted to
having suspended the treatment with carbamazepine.
Since then, she has remained asymptomatic under regular
outpatient follow-up and on continuous carbamazepine.
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Figure 1 – ECG: tachycardic sinus rhythm, PR 0.16 seconds, heart rate 150 bpm; Superior divisional block.

Discussion
Even though most cases of HC occur in previously
hypertensive patients, especially those on irregular
treatment, and the main etiology is idiopatic,2 secondary
causes must always be on the assisting doctor’s radar.
With the patient in question, the crises were due to a
diencephalic epilepsy. It is important to highlight the
importance of epilepsy in developing countries of Africa,
Latin America, and Asia, where the prevalence rate is 4 to
5 times higher than in industrialized countries.5
The diencephalon is the central nervous system
structure formed by the thalamus, hypothalamus,
epithalamus and subthalamus. In the context of
this clinical case, it is worth mentioning the role
of the thalamus in the emotional behavior and
cortical activation, and of the hypothalamus in the
regulation of the autonomous nervous system and
body temperature. Diencephalic epilepsy is a clinical
entity, in which discharges from the hypothalamus or
from the anterior portion of the thalamus may cause
tremors, erection of hairs, sensation of fear, sweating,
plenitude, nausea, and dyspnea, as well as tachycardia

and blood pressure elevation, among other signs of
sympathetic dysfunction. EEG, in addition to the
clinical evaluation and response to anticonvulsants,
is an important diagnostic instrument, because it
demonstrates positive spicules (14 and 16 seconds).
Anxiety disorders are included in its differential
diagnosis. It is worth mentioning that in a HC
derived from a status epilepticus and not related to
hypertensive encephalopathy, the patient may present
with hypotension after the first acute hypertensive
event, 5 just like the patient in question. It is also
important to mention that most cases of diencephalic
epilepsy associated to severe hypertension are reported
in comatose patients, victims of serious traumatic
brain injury;6,7 however, the patient in question did
not present a history of brain injury. Treatment
with carbamazepine yields good responses, 4 with
gabapentin as a second option.7
In conclusion, despite being a rare cause for HC,
diencephalic epilepsy must be considered when other
differential diagnoses are ruled out and the patient
presents with hypotension secondary to the use of
maintenance antihypertensives.
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Figure 2 – EEG: positive spicules (14 and 16 per second).
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