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EDITORIAL

Are my Values Different from Yours? The Value of Coronary Artery Disease Invasive
Care in Brazil
Alexandre Siciliano Colafranceschi
Instituto Nacional de Cardiologia and Hospital Pró-Cardíaco, Rio de Janeiro, RJ – Brazil

Coronary Artery Disease (CAD) has been consistently
associated with the leading cause of death and disability
in most western industrialized countries since the
mid‑1950s. Although it still has a major impact on the
health of society in these countries, CAD rates have
considerably decreased in recent decades.1
There are significant differences in the prevalence of
CAD, as different world regions face varying stages of
this epidemic. An epidemiological transition model for
cardiovascular disease describes a series of stages starting
from a population profile with low life expectancy and
cardiovascular diseases mainly due to infectious diseases
and malnutrition, which is a pattern commonly observed
in developing countries. As the economic and public
health development improves the population’s nutrition
and decreases infectious disease rates, life expectancy
increases, and the pattern and rates of cardiovascular
disease are changed. In the last phase, commonly seen
in high-income countries, life expectancy increases, and
degenerative cardiovascular diseases at advanced age
predominate. Variable rates of incidence, prevalence,
and mortality reflect the different levels of risk factors,
other concurrent causes of death, and the availability of
resources to fight cardiovascular disease.2
Despite large variations in the number of
revascularization procedures in different countries, the
number of interventions does not seem to be related to
the incidence of CAD.3
The increase in the number of interventional
procedures for myocardial revascularization (angioplasty

Keywords
Coronary Artery Disease; Cardiovascular Diseases/
epidemiology; Minimally Invasive Procedures
Angioplasty; Balloon, Coronary

and surgery) in the last 20 years performed by the Unified
Health System (SUS) in Brazil follows this second CAD
epidemic wave in developing countries and may help to
rethink the model of care that we will need to build in
the next decades for our society.
The more expressive growth in the number of
angioplasties in relation to surgeries in SUS is also
paralleled by different countries worldwide in the same
period. The use of angioplasty has increased rapidly
over the past 20 years in most of the Organization for
Economic Cooperation and Development (OECD)
countries, surpassing myocardial revascularization
surgery as the preferred method for revascularization
in the mid-1990s.3 On average, in OECD countries,
angioplasty now accounts for 78% of all revascularization
procedures and exceeds 85% in France, Spain, and
Israel.3 In Brazil, 66% of myocardial revascularization
procedures performed by SUS in 2015 were carried out
by transcatheter approach.
Dissimilarly, following the last stage of this epidemic,
US hospitals observed a significant reduction in the
number of myocardial revascularization surgeries
and a non-significant reduction (stabilization) in the
number of angioplasties performed in the first decade
of the 21st century, during which time more hospitals
performed both procedures, reducing the average
volume of each institution, which can have a negative
impact on the quality, safety and costs associated with
these interventions.4
These observations have led several legislators and
managers to rethink the cardiovascular care model
through the construction of consolidated health systems
and through the creation of disease-specific centers of
excellence, which offer integrated care, per time cycle,
focused on the demands of the individual, as a way of
generating value for care in the United States.
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Value in coronary artery disease in Brazil

Coronary angioplasty is an expensive intervention,
but it is much less costly than coronary artery bypass
grafting, as it is less invasive. On average, the estimated
price of an angioplasty for the 24 OECD countries
was approximately US $7,400.00 in 2010, compared to
US$ 17,400 for conventional surgery.5 These are much
higher values than the ones that were reimbursed, on
average, by SUS per HAA for each of these interventions
in 2015 in Brazil. Consequently, for patients who would
otherwise receive a surgical (arterial and/or venous)
graft, the introduction of angioplasty not only reduced
the morbimortality of the interventional procedure,
but also reduced costs. Currently, up to 18% of elective
coronary angioplasty procedures in the United States
is performed without the need for hospital admission,
aiming to further reduce the costs associated with the
care of CAD patients.4
Inflation-adjusted aggregated hospitalization costs for
five of the six most expensive procedures in the United
States have increased since 1999.
In 2007, the United States spent US$ 697 billion
on in‑hospital patient care, where the more complex
procedures are performed and the more complex
technologies used, accounting for 37% of health care
costs in that year. Three of the six procedures that
contributed the most to hospital costs in the United States
are associated with cardiovascular diseases and include
coronary angioplasty, myocardial revascularization
surgery and pacemaker implantation, ventricular
resynchronization therapy and defibrillator implantation.
The number of hospital discharges after coronary
angioplasty has steadily increased since 1999 to 828,000,
and inflation-adjusted hospital costs have increased 108%
– to US$ 13.3 billion. In contrast, hospitalizations due to
myocardial revascularization surgeries decreased 24%,
to 245,000. However, the aggregate costs for conventional
surgery declined only 3 percent, to US$ 8.1 billion.5
Although more expensive and the fact that it is
associated with higher morbidity and mortality rates,
some patients benefit from myocardial revascularization
surgery, such as those with a more complex anatomy,
with left ventricular dysfunction and diabetic patients.
The selection of the best candidates for the best
intervention should always be considered and discussed
by teams of specialized professionals, who have
complementary technical skills for the care of patients
with CAD.
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Patient selection for one or another invasive strategy,
based only on available scientific evidence and
disregarding local institutional results, as well as patient
values and preferences, can impose a great burden on
society, especially in a poorly consolidated model of
institutions that are performing an increasingly lower
volume of tertiary-complexity procedures.4
Regional and national averages can mask important
variations in the assistance outcomes of different
institutions. Therefore, an important aspect to consider
is the adequacy of scientific study results to the local
scenario of each hospital due to the great variability
of the indicators, mainly those related to myocardial
revascularization surgery. In this analysis, performed
in Brazil in 2015, the mortality rate after myocardial
revascularization surgery non-adjusted by SUS varied
from 5.3% in the Southeast Region to 8.3% in the North of
the country, that is, a difference of 65%, while mortality
after angioplasty varied from 1.9% to 3.1% in the
Southeast and North Regions, respectively. Despite the
lower mortality rate (non-adjustably compared to
surgical mortality rates), regional differences also
exceed 60% for percutaneous interventions.
Many see quality health care as a comprehensive
umbrella, under which lies patient safety. For instance,
the Institute of Medicine (IOM) considers patient safety
“indistinguishable from the delivery of quality health care.”6
Working groups, such as the IOM, have tried to
define the quality of health care in terms of standards.
Initially, the institute defined quality as “The degree to
which health services for individuals and populations
increase the likelihood of desired health outcomes and
are consistent with current professional knowledge.”7
This led to a definition of quality, which seemed to be
a list of indicators that are expressions of the standards.
Most of these standards have been and generally continue
to comprise the five domains (death, disease, disability,
discomfort, and dissatisfaction) rather than more positive
components of quality.8
Periprocedural mortality, although still widely used
as a quality and safety standard, especially because it is
a simple and accurate measure, but also because of the
impact its measurement generates, cannot express other
domains related to the quality of care. High mortality
rates in relation to an established standard deserve
attention, as they definitely express a low care VALUE.
However, low mortality rates are not necessarily
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associated with high-VALUE care. The institutional
capacity to care for post-intervention complications
and morbidities (avoidable or not) can minimize the
impact of their occurrence on periprocedural mortality
rates, generating wastage and a negative impact on the
patient's experience.
The most recent work of IOM to identify quality
care components for the 21st century focuses on the
conceptual components of quality, rather than on
measured indicators: quality care is safe, effective,
patient-centered, timely, efficient, and equitable.
Thus, safety is the foundation upon which all other
aspects of quality care are built.9
In addition to the conceptual evolution on patient
quality and safety, in recent years there has been a
growing concern regarding cost control in the health
area. Several aspects justify this concern: the increasing
public spending in the area, problems related to the
financing of these expenses, the great need and the
still little dissemination of adequate cost calculation
or measurement methods, the importance of cost
management and monitoring, its control, and its use as a
tool for decision-making, analysis and choice of programs
and establishment of policies for the area.
Cost, price, and value are not synonymous. Value is a
difficult term to be defined, as it has several meanings,
depending on its context.
In philosophy, values are the set of characteristics of a
particular person or organization, which determine how
the person or organization behaves and interacts with
other individuals and with the environment. Emphasis is
placed on ethics as a vital value.
For economics, economic value is the non-monetary,
but estimated value of particular goods or services, that
is, the degree of importance of these goods or services
for society. The financial value can be understood as
how many monetary units – for instance, how many
dollars – one would be willing to pay to have access to
these goods or services.
Life has no price (since what is priced can be replaced
by something else, an equivalent). This aphorism
has justified the behavior of health professionals,
institutions and industries for the development and
incorporation (into care practice) of drugs, devices
and processes that, in general, add costs to the
health system. This development cycle and its costs,
however, are not necessarily directly related to concrete
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and proportionate benefits (quality of life and life
expectancy) for individuals and may have a negative
impact on society in general. The association between
health systems’ costs and health care outcomes is of
interest to managers, considering the steady increases in
health care spending for most industrialized countries.
For instance, the United States stands out because they
spend much more on health than any other country,
but the life expectancy of the American population is
not longer, it is actually shorter than in other countries
that spend much less. In the most extreme case, we
see that Americans spend more than five times what
Chileans do, even though Chileans actually live longer
than Americans.10
Nevertheless, the establishment of causal relationships
is complex because, first, health care costs comprise just
one of many quantitative and qualitative factors that
contribute to health outcomes, and second, health status
measurement is an imperfect process.
The meaning of VALUE in the health area, in addition
to not being well understood yet, is difficult to practice.
Conceptually, care VALUE can be determined as the
association between care outcomes (including patient
experience) and the economic costs related to the
individual’s care over an entire time cycle (not just for
specific interventions). Therefore, providing quality care,
without wastage, is one of the challenges of any health
system in the current global scenario.11
Myocardial revascularization surgery, coronary
angioplasty, or clinical treatment are care strategies that
need to be customized for the individual with CAD,
relying on the best current scientific evidence and the
results of the institution's assistance, considering the
patient’s values and preferences. The fee-for-service
and the misalignment of values among patients, health
professionals, hospital institutions, and paying sources
are at the center of discussions on the sustainability
of the health system. Only with clear and transparent
values, in an environment of trust, can new leaderships
support, with courage and resilience, a value-based
health system organized in high-reliability institutions,
in which high-performance teams and shared decisionmaking have great VALUE.
To understand, however, why the monetary values
of medical and institutional fee refunds in Brazil over
the last 20 years have remained on average well below
inflation, especially in the group of percutaneous
revascularizations – that is another story!
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Chimó, a Smokeless Tobacco Preparation, is Associated with a Lower Frequency of
Hypertension in Subjects with Type 2 Diabetes
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Abstract
Background: Tobacco use and hypertension are leading preventable causes of death globally. Tobacco is presented
as smoked or smokeless tobacco (ST). ST use has been related to cardiovascular disease, type 2 diabetes (T2D), and
cancer. In Venezuela, chimó is the most common ST preparation, and its relationship with hypertension is unknown.
Objective: To evaluate the relationship between chimó use and hypertension in a population with a high prevalence
of ST use in Venezuela.
Methods: From 2013-2014, a total of 1,938 consecutive subjects aged 20 years or older were evaluated in a medical center.
Anthropometrics and blood pressure (BP) measurements, and responses to a standard questionnaire were obtained.
Results: The participants had a mean age of 49.2 years, 59.5% were female, 38.9% had hypertension, 23.2% reported
ST use, and 11.6% reported having T2D. One-third of the subjects with T2D were ST users, and this group showed
lower heart rate, systolic BP, body mass index (BMI), and frequency of hypertension when compared with T2D
subjects who were not ST users (p < 0.05). In subjects with T2D who were 50 years or older, ST use was associated
with a 69% lower frequency of hypertension when compared with subjects without ST use. On logistic regression
adjusted by heart rate, age, occurrence of T2D, overweight/obesity, and family history of hypertension, ST use was
associated with a 30% lower frequency of hypertension (odds ratio 0.70; 95% confidence interval 0.55 – 0.90).
Conclusion: Chimó, a ST frequently used in the Andes region of Venezuela, is associated with lower BP, heart
rate, BMI, and frequency of hypertension in subjects with T2D older than 50 years. This counter-intuitive negative
association of chimó with some cardiometabolic risk factors highlights the complex nature of these relationships
and the need for further studies. (Int J Cardiovasc Sci. 2017;30(5):373-379)
Keywords: Tobacco Use; Tobacco Products; Hypretension; Coronary Artery Disease; Venezuela.

Introduction
Tobacco use and hypertension are leading causes
of disease burden worldwide. Together, they caused
globally 15.4 million preventable deaths in 2012,1 and
13.3% of disability-adjusted life years (DALY's) in 2010.2
Tobacco use is defined as current use of any tobacco
product in either smoked or smokeless form.3 Many forms
of smokeless tobacco (ST) products exist worldwide, and

it has been reported that tobacco use increases the risk
of coronary heart disease,4 stroke,5 metabolic syndrome,6
type 2 diabetes (T2D),7 and oropharyngeal cancer.8
The prevalence of ST use ranges from 2% to 40%
according to the region of the world.9 A high prevalence
of ST use (38%) has been described in the Andes region
of Venezuela. The prevalence was higher in men than
women (58% versus 18% respectively, p < 0.0001), and
increased with age.10 Chimó is the most common ST

Mailing Address: Juan P. González – Rivas
The Andes Clinic of Cardio-Metabolic Studies.
Av. Miranda, 3112, Sector Centre, Timotes, Mérida – Venezuela.
E-mail: juanpgonzalezr@hotmail.com; juanpgonzalezr79@gmail.com

DOI: 10.5935/2359-4802.20170066

Manuscript received June 28, 2016; revised manuscript December 28, 2016; accepted April 05, 2017

González-Rivas et al.

374

Int J Cardiovasc Sci. 2017;30(5):373-379
Original Article

Chimó use lowers the frequency of hypertension

preparation in this region, and is composed of tobacco
leaf, sodium bicarbonate, brown sugar, ashes from the
mamón tree (Melicocca bijuga), and vanilla and anisette
flavoring. The ingredients vary according to the region
in Venezuela. A small amount of chimó is placed
between the lip or cheek and the gum and is left there
for some time, usually 30 minutes. The mixture of chimó
and saliva is spit out.11
The relationship between ST use and hypertension
is not completely understood. In Sweden, the use of ST
is not banned as in other European countries, and has
an increased rate among men (27.2%).12 In a prospective
observational study, Hergens et al.5 reported a 36%
increased risk of hypertension among male Swedish users
of snuff (made from ground or pulverized tobacco leaves)
compared with non-users. In another cohort study using
data from the Swedish Annual Level-of-Living Survey,
Johansson et al.13 found no difference in the age-adjusted
incidence rates of hypertension between daily snuffers and
non-tobacco users. Additionally, subjects with T2D are
sensitive to nicotine via neuronal nicotinic acetylcholine
receptors (nAChRs),14, 15 which can impair insulin action
in the presence but not in the absence of T2D.16
The prevalence of hypertension in the Andes region
of Venezuela is elevated (25.0%)17 and similar to that in
the Barquisimeto city (24.7%),18 located in the Western
region of the country and identified as having the
second highest prevalence of hypertension according to
the Cardiovascular Risk Factor Multiple Evaluation in
Latin America (CARMELA) study, almost duplicating
the overall prevalence in Latin America (16.3%).18 Given
the global dimensions of hypertension and tobacco use,

along with the elevated prevalence of hypertension and
chimó use in the Andes region of Venezuela, a critical
goal of this study was to understand the relationships
and interactions among hypertension, tobacco use, T2D,
and other risk factors.

Methods

Population characteristics
From 2013 to 2014, a total of 1,938 subjects aged 20 years
or older consecutively attended a medical center located
in Timotes in the Andes Region of Venezuela. Timotes is
a mainly agricultural population in the Andean region of
Venezuela, with 18,179 inhabitants, located at an altitude
of 2,025 meters and with an average annual temperature of
16 °C. The study participants completed a questionnaire.
Information about age, gender, personal history of T2D,
family and personal history of hypertension and tobacco
use was obtained. The use of chimó was questioned, with
potential responses given in Table 1. Anthropometric
measurements were also obtained. Weight was measured
with the subjects wearing as few clothes as possible and
no shoes, using a calibrated scale. Height was measured
using a metric tape fixed on the wall. Body mass index
(BMI; kg/m2) was calculated. Blood pressure (BP) was
measured twice with an automated BP device (OMRON®
HEM-907XL; Omron Healthcare, Inc., 2007, Illinois,
USA)19 placed in the right arm at the heart level, with the
individual in the sitting position and after 5 minutes of rest.
All subjects signed an informed consent for participation.

Table 1 – Questionnaire of Smokeless Tobacco Use
Questions
Have you ever used smokeless tobacco, such as chimó, chewing
tobacco, or snus?

Answers
Yes, I currently use
Yes, but not within the past 12 months
No, I never used

Number of years of use
Frequency of use

_________ years
Daily
Weekly
Less than weekly
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Variables definitions
Hypertension was defined as a systolic BP ≥ 140 mmHg,
diastolic BP ≥ 90 mmHg, or current use of antihypertensive
medications.20 ST use was defined as daily or weekly
consumption of chimó for the past 12 months. T2D was
defined based on self-report.

Statistical analysis
All calculations were performed using the SPSS
20 program (IBM Corp., 2011, Armonk, NY, USA).
Data for continuous variables are presented as mean
± standard deviation. After evaluation for normality,
differences between mean values were assessed by unpaired
Student’s t test. Frequencies are presented as prevalence
rates and 95% confidence intervals (95%CIs). The chi‑square
test was applied to compare different frequencies. Logistic
regression was performed to estimate risk factors associated
with hypertension. Statistical significance was considered
at an alpha level of p < 0.05.

Results

Subjects characteristics
The study included 1,938 adults with a mean age of
49.2 years, 59.5% females, 38.9% with hypertension, 23.2%
users of ST, and 11.6% with T2D. One-third of the subjects
with T2D were ST users (Table 2). The subjects with
T2D who were ST users showed lower values of heart
rate, systolic BP, and BMI, as well as a lower frequency
of hypertension when compared with those who were
not ST users. In subjects without T2D, ST use was more
frequent in men and older individuals. Also, among those
without T2D, the heart rate was lower in ST users than
in non-ST users.

Smokeless tobacco and hypertension
The use of ST showed a significant relationship with
hypertension in subjects with T2D who were older
than 50 years (Table 3). In this group, ST users had a
69% lower frequency of hypertension compared with
non-ST users. The association between ST use and
lower frequency of hypertension remained significant
after the variables were adjusted according to BMI
(Figure 1). Logistic regression adjusted by heart rate,
age, T2D, overweight/obesity, and family history
of hypertension showed that ST use was associated

Chimó use lowers the frequency of hypertension

with a 30% lower frequency of hypertension (odds
ratio = 0.70, 95%CI 0.55 - 0.90) (Table 4).

Discussion
The use of chimó, a form of ST frequently consumed in
the Andes region of Venezuela, is associated with lower
BP, heart rate, BMI, and hypertension in subjects with
T2D older than 50 years. This is the first report associating
chimó and lower rates of hypertension, and the reason
for this counter-intuitive association is unknown.
This result fuels the controversy surrounding ST use and
hypertension and may be due to one or more factors.
India has a high prevalence of ST use.21 In a cross‑sectional
study in that country evaluating 443 men older than
15 years of age in a rural setting, the prevalence of
exclusive ST use (no smoked tobacco) was 21%. 22
The group that used only ST exhibited higher values
of diastolic BP and a higher prevalence of diastolic
hypertension compared with non-ST users, or with
users of ST plus smoked tobacco.22 The association
between high BP and ST use can be related to nicotine
levels and sodium concentrations in the ST composition.
This result could be explained as some ST products
contain large amounts of sodium, as part of the sodium
bicarbonate, an alkaline buffer that is necessary to
facilitate nicotine absorption. The sodium load (30 to
40 excess mEq sodium per day) could increase BP.23
However, in 1,061 professional baseball players, ST use
was not related to higher BP compared with non‑ST
users. 24 In that study, serum nicotine and cotinine
(a major metabolite of nicotine) were measured.
Participants who used snuff had higher serum levels
of both cotinine and nicotine than those who used
chewing tobacco. In participants with higher nicotine
levels, higher diastolic BP was found.24 Thus, the sodium
content and the nicotine content and absorption can vary
in different ST preparations potentially accounting for
different BP effects.
Another possible explanation for our result is the
occurrence of masked hypertension in tobacco users.
This effect has been previously reported in smokers, but
not in ST users. Smokers tend to have a high daytime
ambulatory BP (when they are more likely to be smoking)
in comparison with their office BP (when they are less
likely to be smoking).25 The Second Australian National
Blood Pressure Study also found that smoking predicted
masked hypertension.26
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Table 2 – Subject characteristics
Type 2 diabetes

Without type 2 diabetes

Smokeless Tobacco

Smokeless Tobacco

Users

Non-users

Users

Non-users

68

157

381

1332

51.5

40.1

55.6**

35.7

Age (years)

61.9 ± 9.6

62.6 ± 13.8

50.0 ± 17.7**

46.7 ± 16.9

Heart Rate

77.8 ± 11.7*

82.2 ± 13.2

74.3 ± 13.9*

78.6 ± 14.3

SBP (mmHg)

129.1 ± 22.8*

136.6 ± 25.1

126.9 ± 20.6

126.3 ± 20.6

DBP (mmHg)

76.2 ± 12.2

78.7 ± 12.8

78.2 ± 12.4

79.0 ± 12.3

BMI (kg/m2)

25.8 ± 4.2**

28.5 ± 4.8

27.5 ± 4.7

27.9 ± 5.1

Family Hypertension (%)

52.9 (41.04 – 64.76)

51.0 (43.18 – 58.82)

50.4 (45.38 – 55.42)

54.7 (52.03 – 57.37)

Overweight/Obesity (%)

61.8 (50.25 – 73.35)

74.5 (67.68 – 81.32)

69.8 (65.19 – 74.41)

70.2 (67.74 – 72.66)

Hypertension (%)

50.0 (38.12 – 61.88)*

69.4 (62.19 – 76.61)

33.3 (28.57 – 38.03)

36.3 (33.72 – 38.88)

4.4 (0.47 – 9.27)

4.5 (1.26 – 7.74)

5.5 (3.21 – 7.79)

7.9 (6.45 – 9.35)

Total: n
Male (%)

Current Cigarettes (%)

Continuous variables are expressed as mean ± standard deviation (SD).
Frequencies are expressed as percentages (95% confidence interval). *p < 0.05; **p < 0.0001 indicates differences between ST users and non-users using
Student’s t test for means and chi-square test for frequencies. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BMI: Body mass index.
Overweight/Obesity: BMI ≥ 25 kg/m2.

Table 3 – Relationship between ST use and hypertension in subjects with type 2 diabetes who were older than 50 years*

T2D

Hypertension

Normotension

ST users

23.2 (15.80 – 30.60)

49.2 (36.85 – 61.55)

ST non-users

76.8 (69.40 – 84.20)

50.8 (38.45 – 63.15)

ST users

21.4 (17.34 – 25.46)

27.3 (22.46 – 32.14)

ST non-users

78.6 (74.54 – 82.66)

72.7 (67.86 – 77.54)

OR (95% CI)

Smokeless Tobacco

Present

Absents

0.31 (0.16 – 0.59)

0.72 (0.51 – 1.02)

*Subjects younger than 50 years showed a non-significant relationship. Data are expressed as percentage (95% confidence interval [95%CI]).
OR: Odds ratio; ST: Smokeless Tobacco; T2D: Type 2 diabetes.

The effect of ST use on BP level observed in this report
was only significant in T2D subjects. The sensitivity to
nicotine in T2D has been evaluated comparing the effects
of acute nicotine infusion in patients with and without
diabetes. Nicotine infusion did not affect the amount
16

of insulin needed to maintain glucose levels in healthy
volunteers, but higher levels of insulin were required in

patients with diabetes, indicating that patients with T2D
are more susceptible to a negative effect of nicotine on
insulin sensitivity.16
In smokers, nicotine acutely increases energy
expenditure and may reduce appetite.27 This effect could
explain the trend of smokers having lower body weight
than nonsmokers, and weight gain generally occurring
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Figure 1 – Frequency of hypertension according to nutritional status and smokeless tobacco use. Obesity: Body mass index (BMI) ≥ 30 kg/m2;
Overweight: BMI 25 to 29.9 kg/m2; Normal weight: BMI < 25 kg/m2. p: differences between tobacco users and non-users by chi-square test.

Table 4 – Risk factors associated with hypertension*
OR

95% CI

Smokeless tobacco (chimó)

0.70

0.55 – 0.90

Heart rate

1.01

1.01 – 1.01

Age

1.06

1.05 – 1.06

Type 2 diabetes

1.62

1.17 – 2.22

Overweight/Obesity

1.65

1.30 – 2.09

Family hypertension

2.19

1.75 – 2.70

* Multiple logistic regression.
OR: Odds ratio; 95%CI: Confidence Interval. Overweight/Obesity: BMI ≥ 25 kg/m2.

after smoking cessation.28 In this report, subjects with
T2D that used ST had lower BMIs than those not
using ST, similar to the findings observed in smokers.
Also, this report found a lower heart rate in ST users,
which also may be due to exposure to a negative
chronotropic activity of some component of chimó.

which generate many different formulations for sale, with

The present study has some limitations. First, chimó in
Venezuela is mostly produced using traditional methods,

Third, oral examination was not used to evaluate the use of

no fixed doses, and therefore, dosing cannot be characterized
as with cigarettes. Moreover, the majority of the components
and their respective doses derived from the tobacco
leaf in chimó preparations are unknown. Second, blood
concentrations of nicotine or cotinine were not measured.
ST. Finally, T2D was only diagnosed by self-report.
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Conclusion
This study demonstrates for the first time a negative
association of chimó use and hypertension. Many forms
of ST have been associated (with contradictory evidence
in some cases) with cardiovascular disease, cancer, and
metabolic alterations. The biological basis of the findings
in this report remains elusive. Even though ST use was
not associated with a higher frequency of hypertension
in this study, it is stressed that ST use is not a healthy
practice in patients with T2D, and more importantly, ST
use should not be interpreted as a means to reduce the
risk of hypertension. The effects of chimó are complex,
overall unhealthy, and, in practice, a public health
problem requiring further scientific study.
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Temporal Evaluation of Coronary Revascularization Procedures Performed through the
Unified Health System (SUS) in Brazil: a 20-year overview
Igor Ribeiro de Castro Bienert,1,2 Alexandre Rodrigues,1 Érika Airi Harada,1 Karoline Lopes Silva,1 Amanda Ribeiro
Valente,1 Paulo André da Silva,1 Joao Carlos Moron Saes Braga,1 Fabio Salerno Rinaldi,2 Fábio Villaça Guimarães Filho,1
Pedro Beraldo de Andrade1,2
Hospital das Clínicas da Faculdade de Medicina de Marília - FAMEMA,1 Santa Casa de Misericórdia de Marília,2 Marília, SP – Brazil

Abstract
Introduction: The mortality rates associated with coronary atherosclerotic disease (CAD) have been declining over
the past decades driven, in part, by advances in revascularization techniques.
Objective: The aim of this study was to provide an overview of the past 20 years in the treatment of CAD delivered
by the Brazilian Unified Health Care System (SUS).
Methods: The data were obtained from SUS’s TABNET and SIGTAP systems and IBGE. The procedures were
grouped into the categories percutaneous, surgical, and primary percutaneous revascularizations. The analysis
included the number of hospital admission authorizations (AIH), mean length of hospital stay, in-hospital mortality,
mean total amount paid by procedure, and mean values paid per AIH and for professional and hospital services.
Results: Between 1995 and 2015, there were increases in the number of surgical revascularizations (from 13,198 to 22,559)
and percutaneous revascularizations (from 10,522 to 66,345). Similarly, the number of primary angioplasties increased
between 2004 and 2015 (from 1,901 to 8,524). There was a decrease in the mean length of hospital stay (from 14.4 to
12.8 days) and hospital mortality (from 7.6% to 5.9%) for surgical revascularizations, and decrease in mean length of
hospital stay (from 5.3 days to 3.7 days) but maintenance of the mortality rates (2.2%) for percutaneous revascularizations.
In primary angioplasties, the mean length of hospital stay varied from 5.3 to 5.6 days and the mortality rate varied from
7.94% to 7.43% between 2004 and 2015, respectively. The mean total amount paid for surgical revascularization varied
from R$ 4,327.57 to $12,839.13 and for percutaneous revascularizations from R$ 2,615.81 to $6,187.87 between 1995 and
2015, respectively. Corresponding values for primary angioplasties were R$ 5,415.58 in 2004 to R$ 6,581.51 in 2015.
Conclusions: The number of revascularization procedures increased in Brazil over the past 20 years, with an
improvement in mortality rates and decrease in length of hospital stay. There was a substantial lag in economic
values relative to the inflation accumulated during the period. (Int J Cardiovasc Sci. 2017;30(5):380-390)
Keywords: Myocardial Revascularization; Coronary Artery Diseases; Health Care Costs; Angioplasty, Balloon,
Coronary; Unified Health System.

Introduction
Cardiovascular diseases (CVDs) are the main cause
of mortality and disability in Brazil and worldwide.1
In developing countries, there is a trend of increased
mortality and morbidity associated with these diseases,
making them an important public health care problem,
with imposition of high costs associated with medical

care. The World Health Organization (WHO) estimates
that CVDs account for 17.3 million deaths/year
worldwide and projects yearly death rates above
23.6 million for 2030.2
Coronary artery diseases (CADs) and, consequently,
acute coronary syndromes (ACSs) are the main causes of
death and hospitalization due to CVDs. ACSs represent
one of the most important causes of care and admissions
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to emergency departments in Brazil. 3 The growing
number of cases of acute myocardial infarction (AMI),
particularly in developing countries, is one of the most
relevant public health care issues today.

orthoses and prostheses were obtained from SUS’s
System of Management of the Table of Procedures,
Medications, and Orthoses, Prosthetics and Special
Materials (SIGTAP; http://sigtap.datasus.gov.br).11

According to the literature, the in-hospital mortality
rates associated with CAD range between 3 and 20%,
depending on the patient's status at admission, age,
gender, and quality of care received. As a result of
advances in ACS treatment, the mortality associated with
acute AMI cases has dropped from 30% in the 1950s to
less than 5%, as recently recorded in developed countries.
This is due in large part to developments observed in the
cardiology field with regard to percutaneous and surgical
myocardial revascularization techniques.4

The procedures were grouped into three analytical
categories, according to the interested result:
1 - percutaneous revascularization (32023014 coronary
angioplasty, 32035012 double coronary angioplasty
with intraluminal stent implantation, 48030066
coronary angioplasty, 48030074 coronary angioplasty
with implantation of intraluminal stent, 48030082
coronary angioplasty with double intraluminal stent
implantation), 2 - surgical revascularization (32011016
myocardial revascularization with cardiopulmonary
bypass, 32038011 myocardial revascularization without
cardiopulmonary bypass, 32039018 myocardial
revascularization with cardiopulmonary bypass with two
or more grafts, 32040016 myocardial revascularization
without cardiopulmonary bypass with two or more
grafts), and 3 - primary percutaneous revascularization
(48030112 primary coronary angioplasty). The analysis
excluded valvular procedures associated with surgical
revascularization due to specific characteristics of this
group. Analytical categories were specified for each of
the three groups: number of paid authorizations for
hospital admission (AIH), mean length of hospital stay
(in days), mortality rate, mean AIH value, mean amount
paid for professional services, mean amount paid for
hospital services, and total amount paid by the SUS.

According to American epidemiological data, more
than 1 million individuals present AMI episodes
annually, with about 370 thousand deaths attributed
to CAD.2 In Brazil, 31% of the deaths with a confirmed
cause are related to ACS.5 CAD is also responsible for
increased costs related to hospitalization in Brazil, with
a significant impact on the budget of health care funding
agencies, related to costs with medications, prolonged
hospitalizations, and high complexity care.6
Based on these considerations, the aim of this study
is to provide an overview of CAD treatment through
an analysis of revascularization procedures performed
through the Unified Health System (SUS) in Brazil,
evaluating the results of percutaneous coronary
intervention procedures and surgical revascularization
procedures between 1995 to 2015, including their clinical
outcomes and financial management, so as to provide a
20-year overview of the progression of these treatment
modalities among us.

Methods
The epidemiological information related to hospital
morbidity and mortality, as well as health indicators for
the period between January 1995 to December 2015 were
retrieved from the TABNET database of SUS's Hospital
Information System / Ministry of Health (http://tabnet.
datasus.gov.br).7 Data related to the Brazilian population,
estimated or gathered by censuses, were obtained from
information provided by the Brazilian Institute of
Geography and Statistics (IBGE; http://www.ibge.gov.
br)8 for the population residing in Brazil per geographic
region during the study period. The cumulative inflation
for the analyzed period was measured by IBGE's National
Consumer Price Index (IPCA).9,10 The data related to

The variables are expressed as mean or total values,
as provided by the TABNET system. The programs
Microsoft Excel 2010 (Microsoft Corporation, Redmond,
USA) and Statview 5.0 (SAS Institute, Cary, USA) were
used for the calculations and preparation of the graphs.

Results
The results of the categories of the described
procedures were grouped by region and processing year.
The total number of hospital admissions (according to
paid AIHs) are shown in the charts in Figure 1.
Table 1 shows the mean length of hospital stay
(in days) and Table 2 presents the mean mortality rates for
surgical revascularizations, both stratified by geographic
region and year of processing. The same data regarding
percutaneous revascularizations are presented in Tables 3
and 4, respectively, while those related to the primary
percutaneous revascularizations are shown in Tables 5
and 6, respectively.
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Figure 1 – Total number of admissions (AIHs) paid according to procedure, by year and region.

The data comparing changes in the total number of
procedures and mean and total amounts paid for the two
major groups of procedures (surgical and percutaneous
revascularizations, excluding primary angioplasties) are
shown in Figure 2.

of percutaneous revascularizations reached close to
20 thousand. Similarly, the mean total amounts paid
for each procedure were closest in 2001, with the
percutaneous revascularization group surpassing the
mark of 100 million reais.

Regarding the total number of procedures performed
annually, the number of surgical revascularizations
increased from 13,198 in 1995 to 22,559 in 2015,
reflecting a 70.93% increase, and the number of
percutaneous procedures increased from 10,522 in
1995 to 66,345 in 2015, reflecting a 530.53% increase.
The mean number of procedures in both categories
were closest in the year 2000 when the mean number

As for primary angioplasties, the data were only
available from 2004 onwards. Across the period of
10 years, the total number of primary angioplasties per
year increased from 1,901 in 2004 to 8,524 performed in
2015, a 348.39% increase.
An analysis evaluating the performed procedures
according to geographic region observed that the total
number of procedures was highest in the Southeast,
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Table 1 – Mean length of hospital stay (in days) by geographic region and year of processing for surgical
revascularization procedures
N

NE

SE

S

M

Mean

1995

21.4

12.3

15.4

13.0

14.3

14.4

1996

20.6

12.3

15.8

12.6

14.8

14.6

1997

19.4

11.8

15.4

13.0

13.8

14.4

1998

20.8

11.4

15.5

13.0

14.8

14.4

1999

15.3

11.6

14.6

12.6

14.7

13.8

2000

13.4

10.6

13.6

12.2

14.1

13.0

2001

14.4

10.9

13.3

12.5

13.9

12.8

2002

15.8

11.7

12.8

12.7

14.5

12.8

2003

15.5

10.9

12.6

12.6

13.3

12.4

2004

16.1

10.7

12.9

13.3

12.6

12.7

2005

15.8

10.2

12.3

11.9

11.7

11.9

2006

15.3

10.2

12.4

11.9

10.8

11.9

2007

14.5

10.3

12.3

11.7

12.2

11.9

2008

14.9

10.4

12.3

11.4

11.8

11.8

2009

16.8

10.2

13.1

12.3

11.7

12.5

2010

15.2

10.2

13.4

12.5

11.9

12.7

2011

15.7

10.2

13.6

12.6

12.2

12.8

2012

16.3

10.0

13.6

12.8

12.7

12.8

2013

17.7

10.4

13.4

12.6

12.7

12.7

2014

14.7

10.4

13.5

13.4

13.8

13

2015

15.5

10.5

13.2

13.3

12.9

12.8

Region

Abbreviations: N: Northern region; NE: Northeastern region; SE: Southeastern region; S: Southern region; M: Midwest region.

followed by the South region. The proportions of

period. For primary angioplasties, the mean duration of

procedures according to geographic region showed

hospital stay remained relatively constant, with a small

no significant variation over the period for any of the

increase from 5.3 days to 5.6 days, while the mortality

evaluated procedures. An individual analysis of each

rate showed a slight decrease from 7.94% to 7.43%.

region is beyond the scope of this article.

There was a significant variation among the evaluated

In regards to hospital outcomes, the mean length of

regions in regards to hospital-related outcomes.

hospital stay for surgical revascularizations decreased

Regarding the amount paid per surgical

from 14.4 days to 12.8 days, which was accompanied

revascularization procedures during the study period,

by a decrease in the in-hospital mortality from 7.6%

the mean amount paid to hospitals varied from R$ 4,327.57

to 5.9%. As for the mean duration of hospital stay

in 1995 to R$ 12,839.13 in 2015 (a 196.68% increase), while

for percutaneous revascularization, the mean length

the mean amount paid to health care professionals varied

decreased from 5.3 days to 3.7 days, while the mortality

from R$ 562.82 in 1995 to R$ 4,766,31 in 2015 (a 746.86%

rate remained constant at 2.2% across the evaluated

increase). As for percutaneous revascularization, the mean

383

Bienert et al.

384

Int J Cardiovasc Sci. 2017;30(5):380-390
Original Article

Revascularization through the SUS: a 20-year overview

Table 2 – Mean mortality rates (in percentage) by geographic region and year of processing for surgical
revascularization procedures
Region

N

NE

SE

S

M

Mean

1995

22.2

5.9

7.7

7.3

10.4

7.6

1996

11.4

7.5

7.6

6.7

9.5

7.5

1997

16.3

6.9

7.7

7.4

8.8

7.7

1998

7.3

5.7

6.5

6.2

8.2

6.4

1999

5.3

7.0

6.3

6.0

9.3

6.5

2000

9.6

6.7

6.2

7.4

11.2

7.0

2001

10.5

7.5

6.5

7.2

10.1

7.2

2002

7.0

5.9

7.0

6.5

9.4

6.9

2003

8.1

5.3

6.3

6.1

9.7

6.4

2004

11.1

6.0

6.5

7.3

10.2

7.0

2005

7.4

5.2

6.0

6.7

7.8

6.2

2006

7.3

5.1

6.0

6.5

8.8

6.2

2007

7.3

5.1

6.2

6.5

9.5

6.3

2008

10.0

5.5

5.7

7.2

9.4

6.3

2009

7.3

5.6

5.1

5.6

8.5

5.6

2010

8.3

4.8

5.1

6.0

7.2

5.5

2011

9.8

5.4

5.0

5.8

6.2

5.5

2012

7.8

4.5

5.0

6.1

6.9

5.4

2013

10.5

5.6

5.4

6.0

9.4

6.0

2014

7.5

4.9

5.3

6.1

7.3

5.7

2015

8.2

5.4

5.3

6.3

8.1

5.9

Abbreviations: N: Northern region; NE: Northeastern region; SE: Southeastern region; S: Southern region; M: Midwest region.

amount paid to hospitals varied from R$ 2,615.81 in 1995 to
R$ 6,187.87 in 2015 (a 136.55% increase), while the amount
paid for professional services varied from R$ 293.94 in 1995
to R$ 777.00 in 2015 (a 164.34% increase).

Discussion
The data found in this study allow for an evaluation across
a large time frame in the context of the treatment of coronary
disease through the SUS in Brazil. These data reflect the
progression of the treatment of these diseases in the largest
part of the Brazilian population, since the public network
covers more than 70% of the population in the country,
according to data from the Brazilian Ministry of Health.7

At the beginning of 1995, the amount paid for
professional services accounted for 13% of the total
amount paid for surgical revascularization and
11.23% of the total amount paid for percutaneous
revascularization. In 2015, these values represented
37.12% and 12.56%, respectively. In regards to primary
angioplasty, the mean total amount paid to hospitals
has remained constant over the past 10 years, from
R$ 5,415.58 in 2004 to R$ 6,581.51 in 2015 (a 21.55%
increase), while the mean amount paid for professional
services ranged from $449.41 to $961.87 (an 114.03%
increase), representing during this period 8.30% and
14.61%, respectively, of the mean total amount paid for
primary angioplasty procedures.
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Table 3 – Mean length of hospital stay (in days) by geographic region and year of processing for percutaneous
revascularization procedures
N

NE

SE

S

M

Mean

1995

19.0

4.9

5.1

5.7

5.4

5.3

1996

0.0

4.0

5.2

5.1

5.7

5.1

1997

2.3

3.4

4.7

5.1

5.2

4.8

1998

1.0

3.1

4.9

5.2

5.4

4.8

1999

0.0

3.3

4.6

5.2

4.7

4.6

2000

9.0

3.3

4.4

4.7

5.5

4.4

2001

6.0

3.6

4.2

4.5

4.4

4.2

2002

4.7

4.3

4.1

4.1

4.1

4.1

2003

3.6

3.6

3.8

4.3

5.0

4.0

2004

4.1

3.5

3.7

4.3

5.4

4.0

2005

4.1

2.7

3.2

3.8

3.3

3.4

2006

3.4

2.8

3.3

3.6

3.3

3.3

2007

4.9

2.8

3.1

3.6

3.5

3.3

2008

4.7

2.9

3.4

3.7

2.8

3.4

2009

4.0

3.2

3.6

4.0

3.2

3.7

2010

3.2

3.2

3.6

4.1

3.2

3.7

2011

4.2

3.4

3.6

4.2

3.3

3.7

2012

4.0

3.6

3.7

4.2

3.3

3.8

2013

3.9

3.6

3.7

4.2

3.3

3.8

2014

3.7

3.7

3.5

4.3

3.5

3.8

2015

3.8

3.6

3.6

4.2

3.3

3.7

Region

Abbreviations: N: Northern region; NE: Northeastern region; SE: Southeastern region; S: Southern region; M: Midwest region.

For comparative purposes, the inflation of the Real
Plan, as measured by the IPCA and accumulated between
July 1994 and December 2014, was 373.5%, with a mean
of 7.6% per year. Considering an inflation rate of 10.67%
in 2015, the cumulative inflation rate during the study
period was 384.17%, showing a dissociation in the
progression curves between the paid amounts and the
national economic scenario.

Conclusions
Considering the presented data, the possibility of
information underreporting to the SUS data management

system must be highlighted. There may also have been
inaccuracies due to the use of mean values, in which
the process of homogenizing the results with significant
variation arising from distinct regions or, even, from
annual outliers may be subject to criticism. In this sense,
the extrapolation of these parameters with the objective
of comparing health care services without overlapping
characteristics should be treated with caution.
There was a visible increase in the number of
procedures, with a substantial increase in the number
of all groups of procedures, led by percutaneous versus
surgical procedures from 2000 onwards. Among the
groups, the hospitalization and mortality rates, in
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Table 4 – Mean mortality rates (in percentage) by geographic region and year of processing for percutaneous
revascularization procedures
N

NE

SE

S

M

Mean

1995

0.0

2.3

1.8

2.8

2.3

2.2

1996

0.0

1.9

1.9

2.8

4.2

2.2

1997

0.0

1.8

1.9

3.0

4.7

2.3

1998

50.0

2.1

2.0

2.9

2.3

2.3

1999

0.0

2.4

1.9

3.4

2.8

2.4

2000

0.0

2.1

1.9

2.9

3.3

2.3

2001

0.0

2.4

1.8

2.9

3.5

2.3

2002

0.0

2.0

1.9

2.6

3.7

2.2

2003

0.5

2.5

1.8

2.3

2.9

2.1

2004

1.5

2.3

1.8

1.9

3.3

2.0

2005

1.5

1.7

1.2

1.5

1.9

1.4

2006

0.9

2.2

1.3

1.4

1.1

1.4

2007

1.1

2.1

1.0

1.7

1.4

1.4

2008

1.5

2.5

1.2

1.3

1.2

1.4

2009

1.4

2.6

1.6

1.8

1.8

1.8

2010

2.0

2.6

1.5

1.6

1.6

1.7

2011

2.0

2.6

1.6

1.9

1.9

1.9

2012

2.2

3.1

1.7

2.0

2.1

2.0

2013

2.4

3.2

1.7

2.0

2.4

2.1

2014

2.4

2.7

1.6

2.2

2.4

2.0

2015

3.1

2.7

1.9

2.2

2.6

2.2

Region

Abbreviations: N: Northern region; NE: Northeastern region; SE: Southeastern region; S: Southern region; M: Midwest region.

general, presented a slight decrease or remained stable.
Finally, even though the amounts paid to hospitals
and health care professionals increased during the
study period, they remained on average well below
the inflation rate, especially in the percutaneous
revascularization group.
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Table 5 – Mean length of hospital stay (in days) by geographic region and year of processing for primary percutaneous
revascularization procedures
N

NE

SE

S

M

Mean

1995

7.6

5.2

5.1

6.0

6.1

5.3

1996

7.9

6.0

5.6

6.6

6.9

6.0

1997

6.6

5.9

6.3

6.3

5.7

6.2

1998

7.1

5.3

6.3

6.1

5.9

6.1

1999

5.7

5.7

5.9

5.6

5.5

5.7

2000

7.7

5.7

5.7

5.7

5.1

5.7

2001

4.3

5.7

5.6

5.7

5.2

5.6

2002

6.1

5.6

5.6

5.4

5.7

5.5

2003

6.8

5.8

5.6

5.4

6.8

5.6

2004

6.6

6.2

5.8

5.3

5.8

5.7

2005

6.7

5.9

5.6

5.4

4.8

5.6

2006

4.5

5.6

5.5

5.8

4.9

5.6

2007

7.6

5.2

5.1

6.0

6.1

5.3

2008

7.9

6.0

5.6

6.6

6.9

6.0

2009

6.6

5.9

6.3

6.3

5.7

6.2

2010

7.1

5.3

6.3

6.1

5.9

6.1

2011

5.7

5.7

5.9

5.6

5.5

5.7

2012

7.7

5.7

5.7

5.7

5.1

5.7

2013

4.3

5.7

5.6

5.7

5.2

5.6

2014

6.1

5.6

5.6

5.4

5.7

5.5

2015

6.8

5.8

5.6

5.4

6.8

5.6

Region

Abbreviations: N: Northern region; NE: Northeastern region; SE: Southeastern region; S: Southern region; M: Midwest region.
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Table 6 – Mean mortality rates (in percentage) by geographic region and year of processing for primary percutaneous
revascularization procedures
N

NE

SE

S

M

Mean

1995

5.88

11.2

6.41

8.97

6.56

7.94

1996

7.91

6.2

5.91

8.67

5.74

6.65

1997

9.69

6.99

6.06

7.29

11.21

6.9

1998

7.69

7.06

6.82

8.45

8.71

7.44

1999

9.13

6.12

6.26

7.36

8.74

6.77

2000

5.76

7.1

6.57

7.17

6.72

6.87

2001

8.78

7.17

7.83

6.13

14.48

7.33

2002

7.04

7.15

7.89

6.95

9.55

7.44

2003

6.88

8.06

7.43

7.01

9.03

7.43

2004

5.39

8.66

6.75

6.39

8.08

6.96

2005

7.38

5.61

7.21

5.51

8.42

6.33

2006

6.77

6.13

7.18

6.56

6.05

6.66

2007

5.88

11.2

6.41

8.97

6.56

7.94

2008

7.91

6.2

5.91

8.67

5.74

6.65

2009

9.69

6.99

6.06

7.29

11.2

6.9

2010

7.69

7.06

6.82

8.45

8.71

7.44

2011

9.13

6.12

6.26

7.36

8.74

6.77

2012

5.76

7.1

6.57

7.17

6.72

6.87

2013

8.78

7.17

7.83

6.13

14.48

7.33

2014

7.04

7.15

7.89

6.95

9.55

7.44

2015

6.88

8.06

7.43

7.01

9.03

7.43

Region

Abbreviations: N: Northern region; NE: Northeastern region; SE: Southeastern region; S: Southern region; M: Midwest region.
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Hospital admissions per procedure category

Surgeries

2015

2014
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2012
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2010
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2007
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2005

2004

2003

2002

2001
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1999
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1997
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0
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70000
60000
50000
40000
30000
20000
10000

Angioplasties

Surgeries

2014
2015

2013

2011
2012

2010

2009

2007
2008

2006

2004
2005

2003

2001
2002

2000

1998
1999

1997

1996

1995

Mean AIH cost
R$ 14,000.00
R$ 12,000.00
R$ 10,000.00
R$ 8,000.00
R$ 6,000.00
R$ 4,000.00
R$ 2,000.00
R$ –

Angioplasties

Mean total payment
R$ 500,000.000.00
R$ 400,000.000.00
R$ 300,000.000.00
R$ 200,000.000.00
R$ 100,000.000.00
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

R$ –
Surgeries
Figure 2 – Comparison according to group of procedure, per year.
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Doppler Echocardiographic Follow-Up of Mitral and Aortic Regurgitation in Children
and Adolescents with Subclinical and Mild Rheumatic Carditis
Lelia Maria de Almeida Carvalho, Fátima Derlene da Rocha Araújo, Zilda Maria Alves Meira
Hospital das Clínicas, Universidade Federal de Minas Gerais, Belo Horizonte, MG − Brazil

Abstract
Background: Mild rheumatic carditis (MRC) and subclinical rheumatic carditis (SRC) are basically differentiated
through auscultation of mitral regurgitation murmur. The evolution of these forms is not well established
in the literature.
Objective: To evaluate the evolution of mild and subclinical rheumatic carditis, considering mitral and aortic
regurgitation (acute phase) and regression, maintenance or worsening of these diseases at the end of follow-up
(chronic phase).
Methods: Retrospective, longitudinal study, including patients with mild and subclinical rheumatic carditis.
The echocardiographic evolution of mitral and aortic regurgitation was compared in both groups, considering the
analysis at the end of follow-up. The Chi-square test and Kaplan-Meier survival curves were used, with significance
level established at p < 0.05.
Results: A total of 125 patients were included, 69 (55.2%) with subclinical rheumatic carditis and 56 (44.8%)
with mild rheumatic carditis, with a mean age in the acute phase of 10.4 ± 2.6 years and, at the end of study,
19.9 ± 4.6 years. The time of follow-up ranged from 2 to 23 years (mean: 9.38 ± 4.3 years). In the acute phase,
mild/moderate or moderate mitral regurgitation was more frequent in patients with mild rheumatic carditis
(p = 0.001). Mild or mild/moderate aortic regurgitation was also more common in the mild rheumatic carditis
group (p = 0.045). In the chronic phase, we observed that both mitral (p < 0.0001) and aortic regurgitation (p = 0.009)
were more frequent in patients with mild rheumatic carditis, and survival free of rheumatic heart disease was
higher in the subclinical rheumatic carditis group (p = 0.010). Residual mitral regurgitation was higher in the mild
rheumatic carditis group p < 0.0001), and residual aortic regurgitation was similar in both groups (p = 0.099).
Conclusion: Mitral regurgitation resolution was higher in patients with subclinical rheumatic carditis, and the
involution of aortic regurgitation was less frequent and similar in both groups. (Int J Cardiovasc Sci. 2017;30(5):391-400)
Keywords: Myocarditis; Rheumatic Heart Disease; Mitral Valve / abnormalities; Aortic Valve / abnormalities;
Echocardiography, Doppler; Child; Adolescent.

Introduction
Rheumatic fever (RF) is still responsible for high
morbidity and mortality in young individuals in
developing countries, despite the decline in Acute RF
(ARF) and Chronic Rheumatic Cardiopathy (CRC) in
developed countries.1-4 Brazil is considered a country
with a medium prevalence of the disease, with a rate of

3.6/1,000.2 Echocardiographic (echo) screening studies
carried out in schoolchildren in the metropolitan area of
Belo Horizonte, state of Minas Gerais, Brazil, showed a
prevalence of around 40/1,000.5,6
It is known that carditis is the most severe manifestation
of ARF, being the only one that can leave sequelae.
Carditis may be subclinical - normal cardiac auscultation
– or clinical – auscultation of Mitral Regurgitation (MR)

Mailing Address: Fátima Derlene da Rocha Araújo
Rua Indiana, 789, apto. 301. Postal Code: 30460-350. Jardim América, Belo Horiozonte, MG − Brazil
E-mail: fatima.derlene@hotmail.com; cleverpsi@hotmail.com

DOI: 10.5935/2359-4802.20170065

Manuscript received November 16, 2016, revised manuscript March 07, 2017, accepted April 17, 2017.

Carvalho et al.

392

Int J Cardiovasc Sci. 2017;30(5):391-400
Original Article

Follow-up of subclinical and mild rheumatic carditis

and/or aortic regurgitation murmurs, with or without
signs and symptoms of heart failure. Mild carditis is
characterized by MR murmur auscultation, whereas in
the subclinical form, cardiac auscultation is normal, and
the echocardiographic alterations are similar to those
observed in mild carditis. The evolution of these two
forms of carditis is not well established in the literature,
particularly in relation to subclinical carditis. In moderate
or severe carditis, a higher frequency of residual valve
lesions is expected. However, in mild and subclinical
cardiac involvement, the possibility of resolution of these
lesions is not known, or even if evolution to more severe
regurgitation or mitral stenosis will occur.7-9
In the last review of the Jones criteria,10 subclinical
carditis was considered the major manifestation in
all patients, whether from countries with high or low
prevalence. In our service, echocardiography has been
performed since 1992 in all patients diagnosed with
ARF, with or without cardiac auscultation, and during
patient follow-up.
The aim of this study was to evaluate the evolution
of mild and subclinical rheumatic carditis, considering
mitral and/or aortic valve regurgitation (acute phase)
and disease regression, maintenance or worsening at the
end of follow-up (chronic phase).

Methods
This was a retrospective, longitudinal, observational
study (concurrent cohort), carried out in an outpatient
clinic specific for the care of patients with RF.
The patients were recruited from data recorded in the
service, from 1992 to 2014.
Patients with a diagnosis of ARF according
to the Jones criteria, 10,11 with subclinical carditis
(normal cardiac auscultation and mitral and/or
aortic regurgitation in the echocardiography) and
mild carditis (MR murmur and mitral and/or aortic
regurgitation in the echocardiography) making
regular use of secondary prophylaxis were included.
All patients had echocardiographic examination
performed in the acute and chronic phases, after a
follow-up period of 2 or more years.
Patients were allocated to two groups, namely those
with subclinical rheumatic carditis (SRC) and mild
rheumatic carditis (MRC).
The degree of valvular regurgitation at the
echocardiographic Doppler examination in the acute

and chronic phases was classified as absent, mild, mild/
moderate, and moderate according to criteria established
by the American Society of Echocardiography (ASE)12.
The morphological and Doppler echocardiographic
criteria used for the definition of MR and nonphysiological Aortic Regurgitation (AoR) were based
on a consensus established by the World Health
Organization working group and other authors.11-15
In the analysis of the evolution of the valvular
lesions, the first echocardiography of the acute phase
and the last one of the chronic phase were considered.
Residual valvulopathy was defined as the presence of
any degree of MR associated with AoR or greater than
mild MR. The good evolution was defined as absence
of valvular dysfunction or permanence of mild MR in
the last evaluation.
The research protocol was approved by the UFMG
Research Ethics Committee (CAAE 31821614.0.0000.5149).

Statistical Analysis
The analyses were processed using the Statistical
Package for Social Sciences (SPSS), version 22.0 (SPSS
Inc., Chicago, IL, USA). The normal distribution of
the variables was tested by the Shapiro-Wilkstest.
The continuous quantitative variables with normal
distribution wereshown as mean and standard deviation,
and the variables with non-parametric distribution,
as median and their maximum and minimum values.
Categorical variables were described as numbers and/
or percentages. The unpaired Student’s t test was used
to compare age means. For the categorical variables,
Pearson’s chi-square test or Fisher’s test was used, as
appropriate. For the evaluation of survival free of residual
valvulopathy, the Kaplan-Meier curve was used with
the log-rank test. All tests were performed considering a
significance level of 5%, two-tailed probability and 95%
Confidence Interval (95% CI).

Results
Of the 462 patients who were regularly followed at
the service and underwent echocardiography assessments
in the acute and chronic phases, 330 had carditis, of which
135 (40.9%) were classified as having mild rheumatic
carditis and 72 (21.8%) as subclinical rheumatic carditis.
Of these, 125 patients met the inclusion criteria, of
which 69 (55.2%) were allocated in the MRC Group and
56 (44.8%) in the SRC Group (Figure 1).
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Figure 1 – Flowchart: selection of patients with subclinical and mild rheumatic.

The age of presentation of the acute phase was 5 to
15 years (mean of 10.4 ± 2.6 years). The age at the end
of the study was 10 to 34 years (mean 19.9 ± 4.6 years),
and follow-up ranged from 2 to 23 years (mean of 9.38 ±
4.3 years). At the end of the study, 51.2% patients were
aged between 10 and 20 years and 47.2% between 21 and
30 years. There was a predominance of females (64%)
and ARF was more frequent in the age range of 5 to
10 years (54.4%).
There was a higher association of chorea with
subclinical carditis (p < 0.0001) and of arthritis with

mild carditis (p < 0.0001). The general characteristics of
the population of the two groups are shown in table 1.
None of the patients in the MRC and SRC groups
used corticosteroids in the acute phase, even those
in which moderate valve regurgitation was observed
at the echocardiography. According to the current
therapeutic protocol in the service, corticosteroids
were used only in patients with moderate or severe
carditis. All patients were receiving regular secondary
prophylaxis with penicillin G benzathine every 21
(most) or 28 days. No recurrence was reported in any
of the patients.

Table 1 − General characteristics of patients with subclinical (n = 69) and mild (n = 56) carditis

Characteristics

Rheumatic carditis

p value

Subclinical

Mild

Female gender

44

36

0.551

Presenceof chorea

53

16

< 0.0001

Presenceofarthritis

24

47

< 0.0001

Ageat theacute phase, mean, years

10.3 ± 2.6

10.4 ± 2.7

0.913

Age at theendof the study,mean, years

19.2 ± 4.1

20.7 ± 5.0

0.071
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Echocardiographic analysis of rheumatic mitral and
aortic valve disease (acute phase)

moderate or moderate MR when compared to the SRC
Group (p = 0.001).

All patients with mild rheumatic carditis had MR at

AoR was present in 20 (29%) patients with subclinical
rheumatic carditis and 27 (48%) with mild rheumatic
carditis. In the SRC group, all AoR cases were mild ones,
but in the MRC group, there were four cases of mild/
moderate AoR (p = 0.045). The mitral and aortic valve
involvement in each group is shown in table 2.

the echocardiography performed in the acute phase.
Only one patient with subclinical rheumatic carditis
did not have MR, but showed altered mitral valve
morphology and mild non-physiological AoR. In the
MRC Group, there was a higher frequency of mild/

Table 2 − Valvular involvement in subclinical and mild rheumatic carditis

Valve involvement

Rheumatic carditis
Subclinical

Mild

Isolated MR

49

29

Isolated AoR

1

1

RM + AoR

19

26

MR: mitralregurgitation; AoR: aortic regurgitation.

Echocardiographic analysis of rheumatic mitral and
aortic valve diseases (chronic phase)
In the chronic phase of RF (Figure 2), according to
the echocardiographic evaluation, MR was present in
47 (68%) patients of the SRC Group, and in only two the
degree of the lesion was mild / moderate. In the MRC
group, MR persisted in 54 (96.4%), of which 15 (28.8%)
had mild / moderate or moderate degree (p < 0.0001).
Regarding the echocardiographic assessment of the
aortic valve in the chronic phase (Figure 3), AoR was
mild in nine (13%) patients of the SRC Group and in
19 (34%) patients in the MRC Group, whereas mild/
moderate AoR was found in four patients from the MRC
Group (p = 0.009).
The type of mitral and aortic valve involvement in
each group is described in table 3.

Evolutionary analysis of valve lesions
The time of echocardiography in the chronic phase
ranged from 2 to 23 years, with a mean of 9.38 ± 4.3 years
(median of 9 years).
Regarding the MR evolution, it was observed that
of the 69 patients in the SRC Group, 22 (31.9%) had full
resolution. Among those who had full resolution, in 18
(81.8%) the MR was mild and in four (18.2%) the MR was
mild / moderate in the acute phase. Of the 56 patients in

the MRC Group, only four (7.1%) had full MR resolution,
one (25%) mild MR and three (75%) moderate MR in the
acute phase. A higher rate of MR resolution was observed
in the SRC Group (p < 0.0001). MR also regressed more
frequently when it was isolated and not associated with
AoR (p < 0.0001, odds ratio 2.51, 95%CI: 1.53-4.09) in
both groups. None of the patients showed evolution to
stenotic lesions. Only two patients from the SRC group
had mild worsening of the MR: from mild in the acute
phase to mild/moderate in the chronic phase.
Regarding the evolution of the AoR, in patients with
subclinical rheumatic carditis, resolution occurred in 13
(18.8%) of them, all of them with previously mild AoR.
In patients with mild rheumatic carditis, AoR resolution
was observed in nine (16.1%) patients, all of them also
with previously mild lesions. There was no difference
between the groups (p = 0.099). Neither of the two groups
showed mild to moderate AoR resolution.
Data on the echocardiographic evolution of mitral and
aortic valve lesions are shown in Figures 2 and 4.
The evaluation of Kaplan-Meier survival curves
regarding survival free of residual valvulopathy (CRC),
defined as the presence of MR greater than mild or mild
MR associated with AoR, showed a difference between
the two groups (p = 0.010), being higher in SRC patients,
due to the higher MR resolution. When considering the
AoR-free survival, there was no difference between the
two groups (p = 0.099).
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Figure 2 – Echocardiographic evolution of mitral regurgitation in patients with subclinical (A) and mild (B) rheumatic carditis.

The survival curves for residual valvulopathy (CRC)
and for residual aortic valvulopathy are shown in
Figures 3 and 5.

Discussion
The frequency of mild and subclinical rheumatic
carditis in the study population was 40.9% and 21.8%,
respectively. The literature shows great variation in the
frequency of subclinical rheumatic carditis, varying
from 16.7 to 43.3%,7,16-20 the same occurring in relation to
mild rheumatic carditis, which can be explained by the
difference in the classification criteria.7,8,16,19
The highest observed association frequency between
arthritis with mild rheumatic carditis and of chorea with
subclinical rheumatic carditis agrees with that described
by other authors. 8,19-24 There was also agreement on

the predominance of mitral valve involvement in both
groups, both in the acute and chronic phases. 7-9,25
Previous studies have concluded that CRC progression
is proportional to the severity of carditis: the more
severe the valve lesion in the initial outbreak, the worse
the valve damage in the chronic phase.7 However, the
echocardiographic evolution of valvular lesions (mitral
and aortic) observed in patients with SRC and MRC
regarding progression to greater severity or onset of
stenotic lesions, or whether they remain stable or regress,
remains to be elucidated.
Historically, prior to the use of the echocardiographic
examination, Décourt 26 described that, in patients
with mild carditis, approximately 80% of clinical
manifestations disappeared, as well as residual valvular
lesions. Thomas,27 in the 1960s, also reported that the
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Figure 3 – Echocardiographic evolution of aortic regurgitation in patients with subclinical (A) and mild (B) rheumatic carditis.

Table 3 − Chronic rheumatic valve disease in patients with subclinical and mild carditis
Valve involvement

Rheumatic carditis
Subclinical

Mild

Absent

20

1

Isolated MR

38

36

Isolated AoR

2

1

MR + AoR

9

18

MR: mitral regurgitation; AoR: aortic regurgitation.

clinical examination remained normal in the follow-up

showed that the valvular lesion persists at a higher

of patients who had no cardiac abnormalities in the acute

frequency. Of the 56 patients with mild rheumatic carditis

phase, without murmurs. Differently from this pre-

evaluated here, only four (7%) showed MR regression,

echocardiographic era, when only the clinical evolution

according to the echocardiographic evaluation. In the

(murmur persistence) was considered, later studies

69 patients with subclinical rheumatic carditis, 22 (31.9%)
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Figure 4 – Kaplan-Meier curve of survival free of residual valvulopathy (greater than light mitral regurgitation, associated or not to aortic
regurgitation) in patients with subclinical and mild carditis.

had total MR resolution. These data corroborate the
findings of a previous study, in which MR resolution
was observed in 28% of patients with subclinical
rheumatic carditis.8

The echocardiographic analysis in this period showed

Several authors have concluded that subclinical
valvular lesions may persist for a long time. Figueroa
et al.18 observed that half of the patients, at the end of
5 years of follow-up, remained with valvular lesions at
the echocardiographic examination, with no evolution
being observed to severe regurgitation or stenotic lesion.
Of the 40 patients with subclinical rheumatic carditis
from the Ozkutho and Hallioglu study,28 33 had MR,
6 has AoR and only one had MR associated with
AoR. After a mean follow-up period of 18 months, it
was observed that the valvular lesion disappeared in
23 patients (57.5%). However, in the present study,
considering a mean evolution of 10 years, there was a
lower frequency of total MR regression, which occurred
in 22/69 patients (31.9%). Karaaslanet al. 29 followed
23 patients with subclinical rheumatic carditis (19
with MR, one with AoR and three with MR and
AoR), for a mean follow-up period of 9.91 months.

Meira et al., 7 in a comparative study of the

that the degree of MR improved in 13 patients (59.1%)
and disappeared completely in six (27.3%). The AoR
improved in two and disappeared completely in two.
echocardiographic evolution of valvular lesions in 258
children and adolescents with RF during a follow-up
period of 2 to 15 years, observed the regression of the
lesions in 25% in the patients with mild rheumatic
carditis, 2.5% of those with moderate carditis and in
none of those with severe carditis. When compared to
the present study, regression in the MRC group occurred
in 7% of patients.
Pekpaket al.,30 when assessing 56 patients with ARF,
observed that 103 (66%) had carditis, of which 29 (28.2%)
had subclinical rheumatic carditis. After 1 year or more
of follow-up, none of the patients had worsening of
the valvular lesion; in four (15%), valvular dysfunction
remained unaltered; and in 25 (85%), the lesion regressed.
The regression rate was higher than that observed in the
present study (37.6%).
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Figure 5 – Kaplan-Meier curve for survival free of residual aortic valvulopathy in patients with subclinical and mild carditis.

Basturk et al.31 followed 30 patients with subclinical
rheumatic carditis and compared their echocardiographic
evolution with that of 82 patients with clinical carditis
after at least 2 years of disease. They observed that the
regression rate was similar in both groups and there was
no resolution of isolated AoR, but there was a significant
recovery of the isolated MR or when associated with AoR.
The current study is the first to compare the
echocardiographic evolution of subclinical with mild
rheumatic carditis, during a mean period of almost
a decade. The most favorable evolution was that of
MR in the SRC Group and was associated with the
occurrence of MR alone in ARF. A greater persistence of
alterations was observed in patients with an association
of MR and AoR. In this association, there is a lower
probability that the mitral and aortic dysfunctions will
be physiological. This fact allows us to infer it may be
difficult to differentiate non-physiological mild MR from
physiological MR. When murmur corresponding to MR
occurs, there is more significant valve dysfunction at
the echocardiographic examination, and the possibility
of confusion with physiological MR is also less likely.
Physiological AoR is rare at the assessed age range, and
neither patients with mild rheumatic carditis nor those
with subclinical rheumatic carditis had a corresponding
murmur in the acute phase.

In patients with other major manifestations in the acute
phase (chorea and / or arthritis), the echocardiographic
assessment at this phase does not influence the diagnosis
or the therapeutic approach, but it is important to
determine if there is persistence or worsening of valve
involvement during the follow-up of these patients, with
echocardiographic assessment being carried out at the
end of the period proposed for secondary prophylaxis.
Patients with normal auscultation at 25 years of age or
after 10 years of secondary prophylaxis may present with
greater than mild valvular dysfunction or even progress to
mitral stenosis (valve area < 4 cm2 and > 2.5 cm2).8

Limitations
This study has limitations inherent to a longitudinal
study, with a long follow-up period. In the initial
phase of the study, the echocardiographic criteria of
valvular disease/ mitral and aortic valvulopathy were
not well established yet. This may have influenced
the findings, especially regarding the differentiation
between physiological mild MR and non-physiological
MR. Echocardiographic evaluations of mitral and aortic
valve dysfunctions carried out after the publication of
the World Heart Federation criteria in 2012 might have
been more accurate after this date.32
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Conclusion
The best evolution of subclinical rheumatic carditis
was attributed to the lower frequency of residual mitral
regurgitation. However, considering the evolution of
aortic regurgitation, there was no difference between
patients who had subclinical or mild rheumatic
carditis. This fact may be related to the difficulty in
the echocardiographic differentiation between mild
physiological and non-physiological mitral regurgitation.
Despite well-established echocardiographic criteria
for the determination of mild non-physiological
mitral regurgitation, there is still the influence of the
echocardiographist’s experience. Considering the
evolution of aortic regurgitation, both in patients with
subclinical rheumatic carditis and in those with mild
rheumatic carditis, the medical conduct regarding the
duration of secondary prophylaxis should be similar in
the two groups, that is, up to 25 years of age or more,
if there is worsening of the valve lesion. Thus, patients
with subclinical or mild rheumatic carditis and aortic
regurgitation alone or associated with mild mitral
regurgitation would undergo prophylaxis for a similar
period of time. As for patients in the subclinical rheumatic
carditis group with isolated mild mitral regurgitation,
whose evolution is more favorable, prophylaxis could

Follow-up of subclinical and mild rheumatic carditis

be maintained up to 21 years, as currently recommended,
unless there is worsening of the valve lesion.
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Hypertensive Adolescents: Correlation with Body Mass Index and Lipid and Glucose Profiles
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Abstract
Background: The occurrence of hypertension during adolescence correlates with metabolic changes, obesity,
and overweight.
Objective: To correlate the lipid and glucose profiles of hypertensive and nonhypertensive adolescents with age,
gender, body mass index (BMI), weight, and height.
Methods: We selected 53 hypertensive adolescents and 182 healthy, nonhypertensive adolescents. The adolescents
were divided into three groups: group I (GI; n = 108, 58 males, mean age 15.2 ± 2.2 years), consisted of healthy,
nonhypertensive adolescents of healthy parents without a diagnosis of hypertension, dyslipidemia, or diabetes;
group II (GII, n = 53, 28 males, mean age 13.9 ± 1.4 years), consisted of adolescents with confirmed hypertension;
and group III (GIII; n = 74, 31 males, mean age 14.9 ± 2.2 years), consisted of healthy, nonhypertensive adolescents
of parents with a diagnosis of hypertension, dyslipidemia, or diabetes.
Results: Gender and weight did not differ significantly among the groups. The subjects in GII were overall younger
(around 1 year), shorter, and had a higher BMI compared with those in GI and GIII. After adjustment for age
and BMI, GII presented higher glucose and LDL-C levels and lower HDL-C levels compared with GI and GIII.
Total cholesterol and triglycerides levels showed no differences between groups. GI and GIII had no significant
differences with regard to the analyzed variables.
Conclusion: Hypertensive adolescents showed higher values of BMI, and serum glucose and LDL-C levels, and
lower serum HDL-C levels. These findings reveal that the changes in lipid profile and glucose metabolism that
occur during adolescence may be influenced by the occurrence of hypertension during this developmental phase.
(Int J Cardiovasc Sci. 2017;30(5):401-407)
Keywords: Adolescent; Hypertension; Dyslipidemias; Obesity; Body Mass Index; Overwehight.

Introduction
The continuously growing rates of obesity and
overweight in children and adolescents has led to
an increased prevalence of metabolic syndrome and
hypertension in this population. 1-3 Children with
primary hypertension are usually overweight and
obese, which complicates the dissociation of the effects
of the blood pressure (BP) levels from those of the
metabolic abnormalities.4 The prevalence of hypertension
increases progressively with increasing values of body

mass index (BMI), and both the aging process (with
physiological and biochemical changes) and obesity are
known to contribute to BP changes during adolescence.5,6
Furthermore, hypertension in childhood and adolescence
can lead to hypertension in adulthood.7
Guidelines for the diagnosis of high BP in children
and adolescents provide reference BP levels based on
gender, age, and height.5 Particularly during puberty,
accelerated rates of BP changes may be associated with
height and Tanner stage of pubertal development. 8
Height and serum lipid levels are associated with the
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process of sexual maturation, and the levels of total
cholesterol (TC) show a negative association with height.5,7
According to findings by Kouda et al.,7 height velocity
is inversely associated with dynamic changes in serum
lipids during puberty. These metabolic changes at puberty
could reflect a potential cardiovascular risk in adulthood
since a shorter stature is associated with a higher risk of
development of coronary artery disease (CAD).9
Based on these observations, the objective of the
present study was to assess and correlate the lipid and
glucose profiles of hypertensive and nonhypertensive
adolescents with these individuals’ age, gender, BMI,
weight, and height.

Methods

Patients
We selected 148 consecutive adolescents regularly
attending a hypertension ambulatory of a Pediatric
Nephrology Clinic at the public health care system due
to a diagnosis of hypertension. All hypertensive subjects
had an office systolic and/or diastolic BP equal to or
above the 95th percentile for gender and height on three
or more occasions (office hypertension). The diagnosis of
hypertension was confirmed by 24-hour ambulatory blood
pressure monitoring (ABPM), in which the presence of
hypertension was defined as an average daytime and/or
nighttime BP equal to or above the 95th percentile for gender
and height according to ABPM pediatric standards.10
We excluded from the study subjects without confirmed
hypertension and included those with essential or
secondary hypertension. For the control group, 182 healthy
adolescents (90 males, mean age 15.1 ± 2.2 years) were
selected from the public healthcare unit.
Each adolescent had their height and weight
measured at the time of their appointment. In regard
to BP assessment, all measurements were obtained
from non-sedated subjects in the supine position
and at rest. Systolic and diastolic BP recordings were
obtained from the right arm with appropriately sized
cuffs, after a minimum of 30 minutes of rest. Three BP
measurements were obtained using a standard manual
mercury sphygmomanometer, and the average of the
three readings was used in the analysis. Levels of BP
were classified according to established guidelines:11
normal (systolic < 120 mmHg; diastolic < 80 mmHg),
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prehypertension (systolic 120-139 mmHg; diastolic
80-89 mmHg), or hypertension (systolic ≥ 140 mmHg;
diastolic ≥ 90 mmHg). Participants who reported taking
BP medications were considered as having hypertension
regardless of their BP measurements.
The adolescents were considered overweight or obese
when presenting BMI values equal to or above the 85th
and 95th percentiles for age and gender, respectively.12-14
The BMI was calculated using the standard formula.12,15
Both parents and adolescents were asked to collect blood
samples between 1 week before and 1 week after the
appointment, for assessment of fasting serum glucose,
TC, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), triglycerides
(TG), and creatinine. The parents’ data were only used
to establish diagnoses of diabetes and dyslipidemia and
were not further analyzed in the study.
In the hypertensive and control groups, the exclusion
criteria were subjects without blood samples and
adolescents with a diagnosis of diabetes, dyslipidemia,
and chronic kidney disease. The presence of obesity or
overweight was not considered an exclusion criterion.
The following tests were additionally obtained from the
subjects in the hypertensive group: microalbuminuria
(abnormal values between 30 to 300 mg/g creatinine),16
glomerular filtration rate (GFR; abnormal values below
75 mL/min/1.73 m²),17 and basal insulin (normal values
between 5 and 25 µU/mL).6
The adolescents were divided into three groups:
group I (GI; n = 108, 58 males, mean age 15.2 ± 2.2 years),
comprising healthy, nonhypertensive adolescents born
to healthy parents without a diagnosis of or taking any
medication for hypertension, dyslipidemia, or diabetes;
group II (GII; n = 53, 28 males, mean age 13.9 ± 1.4 years),
comprising adolescents with confirmed hypertension; and
group III (GIII; n = 74, 31 males, mean age 14.9 ± 2.2 years),
comprising healthy, nonhypertensive adolescents whose
parents a) were being treated for dyslipidemia or presented
baseline levels of TC ≥ 200 mg/dL, LDL-C > 130 mg/dL,
HDL-C < 40 mg/dL, or TG ≥ 150 mg/dL; b) had diabetes
mellitus or a fasting plasma glucose ≥ 100 mg/dL; and
c) were taking medications for hypertension or presented
a systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg.18,19
The study was approved by the institution’s Ethics
Committee. The legal representative of each adolescent
signed an informed consent form before the examination.
All adolescents also signed a consent form.
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Blood sample analysis
Levels of fasting serum glucose, TC, HDL-C, LDL-C,
TG, creatinine, GFR, and microalbuminuria were
determined using standard techniques and assays at
a central laboratory. Briefly, for measurements of TC,
LDL-C, HDL-C, TG, and glucose values, approximately
5 mL of venipuncture blood were collected from each
subject and placed in Vacutainer tubes after a 12- to
14‑hour fast. The serum was separated from the red cells
by centrifugation at 3,000 rpm for 10 minutes at 4ºC up
to 2 hours after the venipuncture procedure. The serum
was then placed in microtubes and stored at –20ºC for
subsequent determination of lipid fractions and glucose
levels. Serum levels of TC, HDL-C, TG, and glucose were
determined by enzymatic methods (Roche Diagnostics),
while LDL-C values were estimated by the Friedewald
formula: LDL-C = TC - (HDL-C + TG / 5).13

Statistical analysis
The results of the quantitative variables are described
as means and standard deviations. Frequencies and
percentages for gender as a variable are presented, and
the chi-square test was used to compare the groups.
For age, weight, height, and BMI, the groups were
compared using one-way analysis of variance (ANOVA).
Lipid variables were compared with analysis of
covariance (ANCOVA) including age, height, and BMI as
covariables. The least significant difference (LSD) test was
used for post hoc multiple comparisons. Values of p < 0.05
were considered statistically significant. The data were
analyzed with the program IBM SPSS Statistics, v.20.

Results
A total of 95 hypertensive adolescents from the GII, who
were younger than 12 years of age and lacked laboratory
tests, were excluded from the study. Since the information
regarding the Tanner pubertal stage was unavailable, the
age of 11 years was used as a surrogate marker for the
onset of puberty. A total of 53 hypertensive adolescents
(28 males, mean age 13.9 ± 1.4 years) remained in the study.
All these subjects were receiving antihypertensive therapy
comprising angiotensin-converting enzyme inhibitors
(ACEIs; n = 19), amlodipine (n = 5), propranolol (n = 1), or
combinations of ACEI and amlodipine (n = 11), amlodipine
and propranolol (n = 2), ACEI and propranolol (n = 1),
and ACEI and angiotensin II receptor blockers (n = 1).
None of the patients was using diuretics. In 19 adolescents

Hypertensive adolescents and metabolic disorders

(35%), we identified potential causes of secondary
hypertension including coarctation of the aorta, reflux
nephropathy, ectopic kidney, polycystic kidney disease,
chronic pyelonephritis, renal artery stenosis, solitary
kidney, and renal atrophy.
Levels of creatinine (0.6 ± 0.14 mg/dL),
microalbuminuria (12.1 ± 16.7 mg/g creatinine), and
GFR (161 ± 47 mL/min/1.73 m²) were normal in the
hypertensive adolescents. There were no significant
differences in gender and weight among the three groups.
The subjects in GII were younger (maximum 1 year),
shorter, and had higher BMI values compared with those
in GI and GIII (Table 1). After adjustment for age and BMI
values, the subjects in GII presented higher glucose and
LDL-C levels and lower HDL-C levels when compared
with those in GI and GIII (Table 2). Levels of TC and TG
did not differ between groups. In regard to height, 25
adolescents (23%) in GI, 12 (22%) in GII, and 12 (16%)
in GIII were considered short or very short for age. In
regard to weight, 25 adolescents (22%) in GI, 28 (52%)
in GII, and 16 (21%) in GIII were considered obese or
overweight for age. When only the GII was analyzed,
there was no significant difference in relation to age,
height (p = 0.8), weight (p = 0.1), or levels of TC, LDL-C,
HDL-C, TG, and glucose in adolescents with essential
or secondary hypertension (data not shown). In both GI
and GIII, there were no significant differences in regard
to the analyzed variables.

Discussion
The present study revealed that hypertensive
adolescents, regardless of the cause of hypertension and
after adjustments for age and BMI, presented higher
glucose and LDL-C values and lower HDL-C levels when
compared with nonhypertensive adolescents. Additionally,
among the nonhypertensive patients, even those born to
parents with diagnosed dyslipidemia, hypertension, and
diabetes, the values of glucose and lipid variables did not
differ significantly. These findings suggest a correlation
between hypertension and metabolic abnormalities
during adolescence. The increased BMI in the group of
hypertensive adolescents was mainly associated with
height since weight did not differ significantly among the
groups. Although the hypertensive group was somewhat
younger (about 1 year in relation to the other groups), the
values of height related to age in both males and females in
this group were considered short or very short in only 22%
of the cases. A similar finding was identified in GI and GIII,
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Table 1 – Basal characteristics of each group
Variable

Group

N

Mean

Standard Deviation

Age (years)

I

108

15.2

2.2

II

53

13.9

1.4

III

74

14.9

2.2

p value

*0.001

GI x GII

**< 0.001

GI x GIII

**0.392

GII x GIII

**0.005

Weight (kg)

Height (cm)

I

108

58.3

15.7

II

53

62.8

20.8

III

74

56.3

15.0

I

108

1.65

0.11

II

53

1.60

0.12

III

74

1.62

0.11

*0.093

*0.024

GI x GII

**0.007

GI x GIII

**0.147

GII x GIII

**0.195

Body Mass Index (kg/m²)

I

108

21.2

4.3

II

53

24.5

6.7

III

74

21.1

4.1

*< 0.001

GI x GII

**< 0.001

GI x GIII

**0.844

GII x GIII

**< 0.001

*One-way analysis of variance (ANOVA), p < 0.05. **Least significant difference (LSD), p < 0.05.

which comprised nonhypertensive adolescents. We were
unable to rule out the possibility that this age difference
of 1 year could have influenced the final height of the
subjects in this group when compared with those in GI
and GIII. Moreover, these findings corroborate those from
other studies that have revealed an inverse relationship
between height and lipid profile.20,21
Adolescents with a significant increase in height are
likely to present decreased serum lipid levels, whereas
those with a lower increase in height are likely to
present increased serum lipid levels.22 A short height
is also associated with other CAD risk factors such
as hypertension, high LDL-C levels, and diabetes.
A prospective study involving these adolescents would

be required to analyze their final height and correlate it
to their lipid profile.
As far as diabetes is concerned, the present study
also identified higher glucose levels in hypertensive
adolescents. However, this association between metabolic
and lipid profiles, which was not the objective of the
present study, may also be genetically determined, as
indicated by Nelson et al.22 Several changes occur during
puberty, the developmental period of the population
analyzed in this study. These changes include an
increase in height, development of secondary sexual
characteristics, and modifications in the cardiovascular
system, which may lead to electrocardiographic and
BP abnormalities.23 It is known that BP and arterial
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Table 2 – Lipids and glucose levels
Variable

Group

N

Mean

Standard Deviation

I

108

77.5

11.3

II

53

88.7

9.8

III

74

78.8

9.8

Glucose

p value

*< 0.001

GI x GII

**< 0.001

GI x GIII

**0.409

GII x GIII

**< 0.001

LDL-C

I

108

68.2

26.4

II

53

82.4

20.5

III

74

72.9

28.3

*0.018

GI x GII

**0.001

GI x GIII

**0.240

GII x GIII

**0.042

HDL-C

I

108

62.7

13.9

II

53

46.3

14.2

III

74

61.3

13.5

*< 0.001

GI x GII

**< 0.001

GI x GIII

**0.507

GII x GIII

**< 0.001

Triglycerides

Total cholesterol

I

108

79.6

37.8

II

52

99.7

63.2

III

74

82.3

42.2

I

108

146.8

26.2

II

53

148.0

23.9

III

74

150.1

27.8

*0.814

*0.643

*One-way analysis of variance (ANOVA), p < 0.05. **Least significant difference (LSD), p < 0.05. LDL-C: low-density lipoprotein cholesterol;
HDL-C: high-density lipoprotein cholesterol.

stiffness increase with age and that an early hormonal

Height, as a means to calculate BMI, is widely

control (hormone levels and expression of receptors)

used to quantify the risk of CAD. Recent studies

may simultaneously influence the growth of long bones

have questioned the direct or inverse association of

and arteries, leading to further developmental changes

BMI values with CAD severity, which would explain

in vascular structure and function, as well as changes in

the obesity paradox,28 considering that most studies

the susceptibility to artery stiffness and hypertension.24,25

consider only the final BMI value, instead of weight

These alterations may also influence the thickness of

or height values alone. Additionally, results from

the media layer which, when increased, is considered a

meta‑analysis have suggested that height may be

marker of atherosclerotic disease.

regarded as an independent factor in the calculation
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of coronary risk.28 Unfortunately, few studies have
correlated the progression of height with the lipid
profile, glucose levels, and hypertension in children
and adolescents, as most seek to associate these
variables with childhood and juvenile obesity. 29-32
A study by Batide-Alanore et al.33 including 865 families
has confirmed that short height is associated with
an adverse cardiovascular profile. Despite the
small number of participants, the findings of this
study, showing that hypertensive adolescents (with
essential or secondary hypertension) were shorter
and presented higher glucose and LDL-C serum levels
and lower HDL-C serum levels, may contribute to the
development of further prospective studies assessing
the behavior of these variables at adult age and their
correlation with the incidence of CAD. These findings
show the correlation and complexity of the mechanisms
involving hypertension in growing adolescents, who
are constantly affected by metabolic changes.

Study limitations
The present study has some important limitations,
including a small number of assessed individuals, lack
of fasting insulin levels6 in all groups, younger age of
subjects in GII (which may have influenced their shorter
height in relation to the other groups), the inclusion of
adolescents with primary and secondary hypertension,
and the absence of Tanner stage information to determine
the sexual development of the participants (considering
that early puberty is associated with short height, lipid
profile alterations, and increased cardiovascular risk).20
In regard to essential and secondary hypertension, we
only included in the present study those adolescents
without chronic kidney disease, confirmed by levels
of GFR, creatinine, and microalbuminuria, and chose
adolescents with similar weight and height in both

groups. Also, we lacked data on the birth weight and
abdominal circumference of the subjects, which could
have added more information about these individuals.

Conclusion
Hypertensive adolescents had higher BMI values
and increased serum glucose and LDL-C levels, and
lower serum HDL-C levels. These findings reveal that
the changes in lipid profile and glucose metabolism that
occur during adolescence might be influenced by the
presence of hypertension at this developmental phase.
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Effectiveness of Medical and Revascularization Procedures as the Initial Strategy in
Stable Coronary Artery Disease: A Cohort Study
Mariana Vargas Furtado, Gustavo Neves de Araujo, Mariana Ferreira Jost, Andre Dias Americo, Nicolas Peruzzo,
Guilherme Nasi, Guilherme Heiden Telo, Flavia Kessler Borges, Carisi Anne Polanczyk
Faculdade de Medicina, Universidade Federal do Rio Grande do Sul and Serviço de Cardiologia, Hospital de Clínicas de Porto Alegre, Porto Alegre – Brazil

Abstract
Background: Coronary artery bypass grafting surgery (CABG) and percutaneous coronary intervention (PCI) are
widely-used strategies in the management of stable coronary artery disease (CAD).
Objective: To evaluate the prognosis of patients with stable CAD initially treated by medical therapy (MT),
compared to the patients who were submitted to revascularization procedures.
Methods: We conducted a prospective cohort study of 560 patients from an outpatient clinic in a tertiary hospital,
with a mean follow-up of 5 years. Patients were classified into MT (n = 288), PCI (n = 159) and CABG (n=113)
groups according to their initial treatment strategy. Primary endpoints were overall mortality and combined events
of death, acute coronary syndrome, and stroke.
Results: During follow-up, death rates were 11.1% in MT, 11.9% in PCI and 15.9% in CABG patients, with no
statistical difference (hazard ratio [HR] for PCI, 1.05; 95% confidence interval [95%CI], 0.59 to 1.84; and HR for
CABG, 1.20; 95% CI: 0.68 to 2.15). Combined outcomes occurred more often among patients initially submitted to
PCI compared to MT (HR 1.50, 95% CI 1.05 to 2.14), and did not differ between MT and CABG patients (HR 1.24,
95% CI 0.84 to 1.83). Among patients with diabetes (n=198), PCI was the only therapeutic strategy predictive of
combined outcomes (HR 2.14; 95% CI 1.25 to 3.63).
Conclusion: In this observational study of stable coronary artery disease, there was no difference in overall
mortality between initial medical therapy or revascularization surgery strategies. Patients initially treated with
PCI had greater chance to develop combined major cardiovascular events. (Int J Cardiovasc Sci. 2017;30(5):408-415)
Keywords: Coronary Artery Disease / surgery; Myocardial Revascularization; Medication Therapy Management;
Percutaneous Coronary Intervention; Cohort Studies.

Introduction
Coronary artery bypass grafting (CABG) surgery and
percutaneous coronary intervention (PCI) are widely
used strategies in the management of coronary artery
disease (CAD), associated with optimized medical therapy
(MT). However, in the last years, evidence has narrowed
the indication of revascularization procedures in stable
patients, with conflicting results regarding the benefits and
impact on mortality when comparing the initial treatment

options.1-9 Prior studies have suggested that PCI decreases
symptoms without a long-term prognostic effect, even
when compared to medical treatment alone.7,8 More recent
data reinforced the superiority of CABG in preventing
major cardiac events in patients with multivessel disease,
especially in patients with more complex coronary artery
disease and diabetes.10-12 However, these studies showed
similar results between CABG and PCI when patients with
less complex disease were evaluated.10,12
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Between 2005 and 2008, 166,514 PCIs were performed
in Brazil by the Brazilian Public Health System (Sistema
Único de Saúde - SUS), an annual average of 41,628
procedures or 22/100,000 inhabitants. Of these, 37%
were elective in patients with stable CAD. Drug-eluting
stents (DES) are not covered by SUS, and probably
a significant proportion of the Brazilian patients do
not have optimized medical therapy and access to
revascularization procedures, with differences among
geographic regions of Brazil.13 Therefore, the results
of many clinical trials might not be generalizable to
real-world clinical practice.
Even in developed countries, there are gaps in literature
regarding the effectiveness of treatment strategies in
patients with stable CAD. There are few clinical trials
comparing the therapeutic options and this lack of
knowledge brings complexity to the decision-making
process. The purpose of this study was to evaluate the
long-term prognosis of patients with stable CAD treated
with medical therapy alone as the initial treatment option,
compared with patients submitted to PCI or CABG in a
public hospital in Brazil.

Methods

Study population
This was a prospective cohort study in patients
from an outpatient clinic in a tertiary care university
hospital in Southern Brazil. Between 1998 and 2011,
560 consecutive patients with stable CAD were
enrolled. All patients had documented CAD, which
was defined by the presence of at least one of the
following: documented history of acute myocardial
infarction (AMI), surgical or percutaneous myocardial
revascularization, a lesion > 50% in at least one coronary
artery assessed by angiography, or the presence of
angina and positive noninvasive testing of ischemia.14
Patients were divided into three groups, according to the
baseline intervention strategy: MT, PCI, or CABG, which
was adopted prior to study enrollment. During follow‑up,
patients were managed by a multidisciplinary team
according to current guidelines and at the discretion
of attending physicians. Patients who underwent PCI
or CABG during follow-up were identified, although
they were analyzed as originally classified. All enrolled
patients had complete clinical and laboratory data at
baseline, at least three visits and one year of follow-up.

Initial strategy in stable coronary artery disease

This study was approved by the Institutional Research
and Ethics Committee.

Follow-up and endpoints
Stable patients were periodically assessed every
3-6 months. At each visit, a standardized register was
filled in, which included the current disease history,
cardiovascular risk factor control, new cardiac events
(including admission data and invasive procedures),
laboratory and cardiac exams and pharmacological and
non-pharmacological treatment. Relevant comorbidities
were evaluated by questionnaire and chart review.
The primary outcomes of interest were death from any
cause and occurrence of a major adverse cardiovascular
event (MACE), defined as acute coronary syndrome
(ACS), stroke and death. Acute coronary syndrome was
defined as a hospital admission for chest pain or related
symptoms and a discharge diagnosis by a physician of
AMI or unstable angina. All-cause mortality and need
for revascularization (either surgical or percutaneous)
were also assessed.

Statistical Analyses
Continuous variables were expressed as
mean ± 1 Standard Deviation (SD) and non-continuous
ones were expressed as median and interquartile
range (IQR) and were compared using paired t-test
or the Wilcoxon signed-rank test, as appropriate.
Categorical data were presented as frequencies and
were compared by Qui-square or Fisher’s exact test.
All tests were two-sided. Long-term outcomes were
compared for those who initially underwent medical
treatment, with the outcomes for those who underwent
CABG and PCI, irrespective of stent type. The primary
analysis evaluated the time to the first MACE.
Survival curves were derived by Kaplan–Meier analysis
and compared using log-rank tests. Multivariate Cox
analyses were used to compare event-free survival
among groups. In the multivariate analyses, parameters
that were clinically or significantly associated with main
outcomes were included in the models. Outcomes were
adjusted for gender, age, diabetes, smoking, ventricular
dysfunction, chronic kidney disease and presence of
comorbidities such as peripheral vascular disease,
cerebrovascular disease, chronic obstructive pulmonary
disease (COPD), liver disease and cancer. Variables that
had any effect on the variable of interest were selected
by the manual and stepwise method (p < 0.10). All data
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were analyzed using SPSS program (version 11.0.0;
SPSS, Chicago, Illinois, USA) and P values less than
0.05 were considered significant.

Results
The mean follow-up of the study was 5.1 years. Of the
560 patients, 288 (51.4%) were initially managed with
MT, 159 (28.4%) with PCI and 113 (20.2%) with CABG.
Baseline characteristics of patients according to the
management strategy are shown in Table 1. Patients in
the PCI group were more likely to have previous AMI
than the other two groups. Patients in the CABG group
had more hypertension, dyslipidemia, left ventricular
dysfunction and, as expected, greater proportion of
patients with three-vessel coronary disease.
All-cause mortality occurred in 69 patients (12.3%),
with an annual mortality incidence of 2.5%/year
(13 events/year). The cumulative survival rates for
patients assigned to each group were 89% for MT, 88%
for PCI, and 84% for CABG (p = 0.82). During follow-up,
115 patients (20.5%) underwent PCI and 56 patients (10%)
underwent CABG. The rate of events and comparisons

between groups are shown in Table 2. Patients from
PCI and CABG groups had more ACS (22.6% and
23.9% respectively) when compared with MT group
(14.9%, p = 0.04). On the other hand, the rate of CABG
revascularization during the follow-up was higher in the
MT (14.2%) and PCI (6.9%) groups when compared to
CABG (3.5%) (p < 0.01).
At the end of follow-up, there was no significant
difference in adjusted mortality between groups (hazard
ratio [HR] for the PCI group, 1.05; 95% confidence
interval [CI], 0.59 to 1.84; and HR for the CABG group,
1.20; 95% CI 0.68 to 2.15), with virtually identical survival
curves (Figure 1A). In the multivariate Cox-model
analysis, age, male gender, diabetes, and cerebrovascular
disease were predictive of overall mortality (Table 3).
Considering the occurrence of combined major events,
PCI was independently associated with worse prognosis
(HR 1.50, 95% CI 1.05 to 2.14), with no difference between
MT and CABG (HR 1.24, 95% CI 0.84 to 1.83) (Figure 1B).
Ventricular dysfunction, diabetes and cerebrovascular
disease were also predictive of major events (Table 3).
Both groups of MT and PCI were more likely to
require further revascularization (PCI or CABG)

Table 1 – Baseline Characteristics of the Patients
Total n = 560

MT n = 288

PCI n = 159

CABG n = 113

p Value

62 ± 11

62 ± 11

61 ± 12

63 ± 10

0.16

Male

329 (58.8)

170(59)

85 (53.5)

74 (65.5)

0.14

Diabetes Mellitus

198 (35.4)

110 (38.2)

47 (29.6)

41 (36.3)

0.18

Hypertension

438 (78.2)

226 (78.5)

114 (71.7)

98 (86.7)

0.01

Dyslipidemia

355 (63.4)

178 (61.8)

96 (60.4)

81 (71.7)

0.05

Smoking (current)

83 (14.8)

45 (15.6)

31 (19.5)

7 (6.2)

0.02

Smoking (previous)

264 (47.1)

132 (45.8)

67 (42.1)

65 (57.5)

0.02

Myocardial infarction

289 (51.6)

130 (45.1)

108 (67.9)

51 (45.1)

< 0.001

Cerebrovascular disease

58 (10.4)

33 (11.5)

15 (9.4)

10 (8.8)

0.67

Renal failure

86 (15.4)

36 (12.5)

25 (15.7)

25 (22.1)

0.06

LVEF (%)

54 ± 13

55 ± 14

54 ± 13

50 ± 11

0.01

LVEF < 50%

188 (33.6)

94 (32.6)

43 (27)

51 (45.1)

< 0.01

Three-vessel disease

81 (14.5)

30 (17.3)

14 (10.8)

37 (41.6)

< 0.001

Age, years

Data are expressed as mean ± Standard Deviation or as a number (%).
P-values were obtained through chi-square test for categorical variables and Student's t-test for continuous variables.
MT: medical therapy; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; LVEF: left ventricular ejection fraction.
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Table 2 – Primary and secondary outcomes
Total n = 560

MT n = 288

PCI n = 159

CABG n = 113

p Value

168 (30)

77 (26.7)

52 (32.7)

39 (34.5)

0.21

Death

69 (12.3)

32 (11.1)

19 (11.9)

18 (15.9)

0.41

ACS

106 (18.9)

43 (14.9)

36 (22.6)

27 (23.9)

0.04

14 (2.5)

9 (3.1)

5 (3.8)

0

0.16

Cardiovascular death

40 (7.1)

23 (9)

7 (4.4)

10 (8.8)

0.27

Heart failure

24 (4.3)

10 (3.5)

6 (3.8)

8 (7.1)

0.26

115 (20.5)

54 (18.8)

37 (23.3)

24 (21.2)

0.51

56 (10)

41 (14.2)

11 (6.9)

4 (3.5)

< 0.01

Combined Outcomes

Stroke

Subsequent revascularization*
PCI
CABG

Data are expressed as total number of events (%).
P-values were obtained through Fisher`s exact test for categorical variables.
ACS: acute coronary syndrome; MT: medical therapy; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting
Some patients had a nonfatal myocardial infarction or stroke before their subsequent death, so the number of combined events is lower than the sum of
each single event. In the survival analyses, the time until the first event was used.
* Values represent the first revascularization procedure in patients who were originally assigned to the medical therapy group.

during the follow-up, after the multivariate analysis
(HR =1.55, 95% CI 1.01 to 2.41 and HR = 1.85, 95%
CI 1.13 to 3.02, respectively) (Figure 1C). The median
time to subsequent revascularization was 32 months
(IQR - 11 to 79) in the MT, 32 months (IQR - 8 to 79) in
PCI and 38 months (IQR - 24 to 83) in the CABG group
(P=0.019). Ventricular dysfunction and diabetes were also
predictive of additional revascularization and previous
acute myocardial infarction was inversely associated with
this outcome (Table 3).

Subgroup analyses
We also analyzed rates of combined major events
in patients with diabetes and three-vessel coronary
disease, factors identified as determinants in the choice
of therapy in patients with stable CAD. There was
no significant difference in outcome between initial
management strategy in patients with 3-vessel coronary
disease (HR = 1.22, 95% CI 0.36 to 4.15 in the PCI group
and HR = 1.05, 95%, CI 0.40 to 2.73 in the CABG group).
However, in patients with diabetes, the PCI group was
predictor of combined major events in the multivariate
analyses (HR = 2.14, 95% CI 1.26 to 3.63).

Discussion
The present study reports the results of a cohort
from an outpatient clinic in a tertiary care university
hospital in Southern Brazil. Developing countries are
characterized by a limited access to therapies and
difficulties in incorporating new technologies, where
the gap in applying the results of clinical trials is even
more evident.
National and international guidelines for the
management of patients with stable CAD recommend
revascularization with CABG for symptomatic patients
with unprotected left main coronary artery disease,
3-vessel disease with or without proximal left anterior
descending artery disease or 2-vessel disease with
proximal left anterior descending artery (Class I
recommendation). For the same patients, PCI has
a Class IIa recommendation to improve survival.
However, all revascularization recommendations to
improve survival are based on level of evidence B or C.14-16
Guidelines emphasize the importance of using a Heart
Team approach to decide which therapy is best for each
patient, demonstrating that the optimal therapeutic
strategy in stable CAD patients is not straightforward.15
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Figure 1 – Unadjusted probability of event-free survival in patients in the MT, CABG, and treatment groups, adjusted for clinical parameters.
A: overall mortality; B: combined events of death, myocardial infarction, and stroke; C: revascularization.

The Second Medical, Angioplasty, or Surgery
Study (MASS II) was the first randomized clinical
trial with stable multivessel CAD that compared the
3 current therapeutic strategies: PCI with bare-metal
stents versus CABG versus MT alone. 9 The 5-year
and 10-year follow‑up data showed no differences
in overall mortality between the groups. CABG was
superior to MT and PCI for the combined endpoints
of AMI, additional revascularization and mortality.17,18
Our study results were consistent with MASS II
findings regarding overall mortality and subsequent
revascularization, suggesting that the initial strategy
with MT can be considered, while acknowledging
that during a long-term follow‑up a revascularization
procedure may be necessary. However, the MASS II
10-year follow-up showed a higher incidence of AMI
in MT and PCI compared to CABG patients, which
demonstrates the better prognosis of surgical patients.18

The lack of difference in mortality between MT and
PCI strategies in our study corroborate the findings of
the Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation (COURAGE) trial which
showed death rates of 7.6% in PCI group and 8.3% in
MT group.8 The COURAGE nuclear substudy, however,
observed a graded relationship between risk of events
and the extent and severity of residual ischemia in the
end of follow-up. In addition, revascularization with
PCI resulted in a more effective reduction of ischemia
than MT alone. Although not evidenced by the clinical
trial, a pragmatic interpretation of these data indicates
revascularization for patients with more than 10% of
ischemia during stress testing.19 Our study did not
evaluate data from stress testing and did not consider
the degree of ischemia in the analysis, limiting the ability
to identify a subgroup of patients with worse prognosis
in the MT group. On the other hand, a sub-analysis of
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Table 3 – Multivariate analyses comparing event-free survival between groups, adjusted for clinical parameters
Outcome

HR

95%CI

p

Age

1.04

1.01 – 1.07

0.005

Male gender

2.17

1.14 – 4.13

0.018

Diabetes

2.22

1.28 – 3.86

0.005

Cerebrovascular disease

5.07

2.89 – 8.90

< 0.001

Renal failure

1.65

0.93 – 2.91

0.086

Left ventricular dysfunction

1.43

1.06 – 1.95

0.022

Diabetes

1.58

1.16 – 2.15

0.004

Cerebrovascular disease

1.73

1.16 – 2.59

0.008

PCI group

1.50

1.05 – 2.14

0.026

CABG group

1.24

0.84 – 1.83

0.270

Left ventricular dysfunction

1.46

1.05 – 2.05

0.025

Diabetes

1.88

1.37 – 2.59

< 0.001

Previous myocardial infarction

0.58

0.42 – 0.82

0.002

PCI group

1.85

1.13 – 3.02

0.015

Medical therapy group

1.55

1.01 – 2.41

0.049

Death

Death, myocardial infarction, and stroke

Revascularization

HR: Hazard Ratio; 95% CI: 95% confidence interval; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting

the STICH trial showed that in patients with CAD with
severe left ventricular dysfunction (ejection fraction
≤ 35%), inducible myocardial ischemia did not identify
patients with worse prognosis or those with greater
benefit from CABG revascularization over MT alone.20
Similar results concerning overall mortality were
observed in the BARI 2D trial, in which cumulative
survival did not differ significantly between the
revascularization (88.3%) and MT groups (87.8%,
p = 0.97).11 These rates are very similar to those found in
our study. However, we observed a worse prognosis in
the PCI group when combined events were analyzed,
especially in the subgroup of diabetic patients.
This difference may be attributable to the use of
bare‑metal stents in our patients (the option available
at the public health system in our country), as opposed
to the wide use of drug-eluting stents in BARI 2D.
The significantly reduced major cardiovascular events

in patients who were selected to undergo CABG when
compared to MT differ from our results.
The FREEDOM Trial showed that the combined
events of death, AMI and stroke occurred more
frequently in patients who underwent PCI compared to
CABG (26.6% vs. 18.7%, respectively).12 These findings
are consistent with the ARTS,21 CARDia22 and SYNTAX
(subgroup analysis) 10 trials, where higher rates of
major adverse cardiovascular events were observed
in diabetic patients assigned to undergo PCI, rather
than CABG. Similar to our results, revascularization
rates were significant in the PCI group. Likewise, a
recent meta‑analysis of six randomized trials using
contemporary therapy strategies compared CABG and
PCI with DES.23 Although there were no significant
differences in death or AMI rates at 1 or 2 years, these
differences were evident after 5 years of follow-up,
favoring CABG.

413

Furtado et al.

414

Int J Cardiovasc Sci. 2017;30(5):408-415
Original Article

Initial strategy in stable coronary artery disease

The subgroup analysis performed in our patients
with three-vessel disease showed no difference in
combined events between initial management strategies.
Although multivessel disease is considered a complex
CAD, results of the SYNTAX trial demonstrated the
importance of estimating lesion severity, and showed that
major cardiac events did not significantly differ between
PCI and CABG in patients with low SYNTAX score.10
The present study did not measure coronary disease
complexity, limiting its ability to provide comparative data
regarding better optimum revascularization strategy for
multivessel-disease patients. In a large North-American
observational study, patients older than 65 years with
multivessel CAD had a better long-term survival when
submitted to CABG, when compared to patients who
underwent PCI.24 Similar results were found in a pooled
database of three large randomized trials that compared
long-term outcomes between these groups,25 showing
lower rates of AMI and repeated revascularization in
patients with multivessel or left main CAD and previous
AMI. We have also demonstrated a worse prognosis in
PCI group in overall patients, but could not show any
differences in the multivessel-disease subgroup.
Our study had limitations inherent to observational
studies. Moreover, it used data from a single center
in a reference hospital, in which the results may not
be generalized. However, our results represent the
real‑world practice in a public health system.

Conclusion
The present study shows that stable CAD patients
who are initially treated with medical therapy instead

of coronary revascularization have similar rates of
death from any cause and major cardiovascular events
compared to those initially treated invasively.
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Association of Central Obesity with The Incidence of Cardiovascular Diseases and
Risk Factors
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Gabrielle de Souza Rocha
Universidade Federal Fluminense, Niterói, RJ – Brazil

Abstract
Background: Obesity has been identified as a major risk factor for cardiovascular disease.
Objective: To evaluate the association of central obesity with the incidence of cardiovascular diseases and risk factors.
Methods: This was a cross-sectional study, carried out with patients treated at a metabolic syndrome outpatient
clinic, with body mass index ≥ 24.9 kg/m2. Nutritional status, laboratory tests (lipid and glycemic profile) and
blood pressure status were analyzed. Participants were stratified into groups regarding the presence or absence of
risk factors: diabetes, hypertension, and dyslipidemia.
Results: Women (n = 39), mean age of 44.18 ± 14.42 years, of which 70% were obese and 38% were hypertensive,
corresponded to most of the studied sample. Abdominal circumference was 110.19 cm ± 15.88 cm; levels of
triglycerides were 153.72 mg/dL ± 7.07 mg/dL; and fasting glycemia was 188.6 mg/dL ± 116 mg/dL. A significant
association was found between the waist/height ratio and the findings of hypertension (p = 0.007); between visceral
fat volume and diabetes (p = 0.01); between the conicity index and the findings of hypertension (p = 0.009) and
diabetes (p = 0.006). No significant association was found between body mass index and waist circumference with
findings of hypertension, diabetes and dyslipidemia.
Conclusion: Central obesity was associated with a higher incidence of development of risk factors related to
cardiovascular diseases. (Int J Cardiovasc Sci. 2017;30(5):416-424)
Keywords: Obesity; Cardiovascular Diseases; Risk Factors; Metabolic Syndrome; Abdominal Circumference.

Introduction
Metabolic Syndrome (MS) is a condition in which
risk factors for cardiovascular disease and diabetes
mellitus occur in the individual,¹ represented by the
combination of at least three of the following five
components: abdominal obesity; hypertriglyceridemia;
low High‑Density Lipoprotein-cholesterol (HDL) and
Low-Density Lipoprotein (LDL); arterial hypertension;
and fasting hyperglycemia.² Among the metabolic
alterations associated with abdominal obesity that
contribute to the increase in the occurrence of MS, the

glycemic disorder is significant, which is associated with
the risk of cardiovascular disease (CVD).³
Obesity is defined as excess body fat, resulting from
the chronic imbalance between food consumption and
energy expenditure, which has been growing annually
and acquiring alarming proportions.4
The World Health Organization (WHO) indicates
obesity as one of the most important public worldwide
health problems. In 2014, more than 1.9 billion adults
were overweight. Of these, 600 million are already obese.
From 1980 to 2013, both obesity and overweight increased
27.5% among adults and 47.1% among children.5
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In Brazil, obesity rates grow continuously. Some surveys
indicate that over 50% of the population has excess weight,
that is, in the overweight and obesity range.6,7
According to the 2008-2009 Household Budget Survey
(HBS), there has been an inversion of groups in the
Brazilian food pyramid: the fruit and vegetable group
exchanged places with the groups of oils and fats, and
sugars and soft drinks groups, demonstrating that these
foods are highly consumed.7 Inadequate consumption
of fruits and vegetables and excessive consumption of
foods high in fats and sugars are associated with the
development and increased incidence of obesity and
other chronic noncommunicable diseases, such as CVD.7-9
CVD is the leading cause of death in Brazil and
worldwide. Data published by the WHO indicate that
around 27% of the world's mortality records were caused
by CVD, while in Brazil they were responsible for 31%
of deaths.8 This epidemiological scenario is of concern,
because it implies a decrease in the quality of life of
populations, as well as high and increasing costs for the
government, society, family and individuals.9
In view of the above, the present study is justified by
the influence of MS occurrence on the risk of developing
CVD and the effects of these disorders on the health
status of the individual, which are becoming more
frequent in the population. Therefore, it is necessary to
study the anthropometric and biochemical parameters
of patients with MS to help health professionals working
specifically with this group.
The aim of this study was to evaluate the association
of central obesity with the incidence of cardiovascular
diseases and risk factors.

Methods
This is a cross-sectional study of patients treated at the
Metabolic Syndrome Outpatient Clinic of the Faculdade
de Nutrição Emília de Jesus Ferreiro, Universidade
Federal Fluminense (UFF), from March to November
2016. The project was approved by the Ethics and
Research Committee of the School of Medicine of UFF,
under number 59604916.0.0000.5243. All patients signed
the Free and Informed Consent form.
The study included patients who met the following
criteria: female gender, aged between 18 and 59 years,
with a Body Mass Index (BMI) > 24.9 kg/m2 and the
requested biochemical tests.
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Weight, height and waist circumference were used to
evaluate the nutritional status, after being measured at
the routine consultation. The weight was measured on
an Even® electronic scale with a total capacity of 300 kg.
To measure height, a stadiometer with a total capacity
of 200 cm and a minimum capacity of 100 cm was used.
Based on these measurements, the BMI [weight (kg)/
height (m)²] was calculated. The WHO classification was
used to evaluate BMI: normal weight if the BMI was
between 18.5 and 24.9 kg/m2; overweight, if between 25.0
to 29.9 kg/m2; and obesity between 30.0 and 34.9 kg/m2.7
Abdominal obesity was defined based on the
abdominal circumference cut-off point for the
increased cardiovascular risk in women (≥ 80 cm), as
defined by the American Heart Association (AHA).10
For the waist‑to-height ratio (WHtR), the cutoff point
used was the median one found in the sample (50th
percentile) of 0.65.11 The Visceral Fat Volume (VFV)
was estimated by using a predictive equation, which
uses WHtR and Fasting Glycemia (FG) as independent
variables. The cutoff point of 100 cm2 was considered
for the VFV. 12 The conicity index was calculated
through the Valdez formula, and the value of 1.18 was
considered the best cutoff point.13
FG was assessed considering adequacy cutoffs up to
99 mg/dL for healthy subjects and those individuals with
FG ≥ 126 mg/dL14 or those who used hypoglycemic agents
were classified as having diabetes; as for triglycerides
(TG), values up to 150 mg/dL were considered adequate.15
The values adopted by the American Heart Association
(AHA)16 were used for High‑Density Lipoprotein (HDL)
values, being considered adequate when > 50 mg/dL
for women; Low Density Lipoprotein (LDL) calculation
was performed using Friedewald formula, 17 with
values < 160 mg/dL being considered adequate.15,16
Patients with values above the pre-established ones or
who were taking lipid-lowering drugs were considered
as having dyslipidemia.
Patients who had a medical diagnosis of hypertension
and those who used classes of antihypertensive
drugs defined for hypertension drug treatment:
diuretics, adrenergic inhibitors, direct vasodilators,
calcium‑channel blockers, Angiotensin-converting
enzyme inhibitors (ACEIs), AT1 receptor blockers and
direct renin inhibitors, were classified as hypertensive.18
People who had no previous diagnosis of hypertension
and who did not use antihypertensive drugs were
excluded from the sample.
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Statistical analysis
The results are expressed as descriptive statistics as
mean ± standard deviation, and normality was verified
by the Shapiro-Wilk test. Because of medication use,
we chose to use categorical data (diagnosis) to verify
the association between anthropometric measures and
the presence of diabetes, hypertension or dyslipidemia,
using Fisher's exact test, so that medication use did not
influence the analysis, also calculating the odds ratio
(OR) to verify the associations between anthropometric
indexes and risk factors for cardiovascular diseases. Due
to the sample size, we chose not to use prevalence ratios.
The results were considered significant when p <0.05.
GraphPad Prism 5.0 software was used for these analyses.

Results
The Metabolic Syndrome outpatient clinic treated
98 patients during the study period; of these, 60 were
women, but only 39 met all the pre-established inclusion
criteria and agreed to sign the Free and Informed
Consent form.
According to the BMI, 30% (n = 12) of the patients had
nutritional status of overweight and 70% (n = 27) were
obese, and 63% of the obese patients were over 40 years old.
Table 1 shows the anthropometric data of this population.
Regarding risk factors, 38% (n = 15) of the sample had
hypertension; 26% (n = 10), diabetes; and 79% (n = 31)
had dyslipidemia (Table 2). It is possible to observe that

95% (n = 37) of the studied population had an abdominal
circumference ≥ 80 cm, and almost half of the sample
(48%; n = 19) had TG levels >150 mg/dL.
The statistical analysis showed an association between
waist-to-height ratio (WHtR) and hypertension findings
(p = 0.007). Regarding the other parameters, diabetes and
dyslipidemia, no significant results were found (Table 3).
The association between VFV and the findings of
hypertension, diabetes and dyslipidemia are shown in
table 4. A significant association (p = 0.01) was found
between VFV and diabetes, but no significant association
was found when other parameters were analyzed.
The association between the conicity index and findings
of hypertension (p = 0.009) and diabetes (p = 0.006)
showed significant results. Although no association was
found regarding dyslipidemia, according to the risk ratio,
a 6.6-fold increased chance was observed in the studied
population for the development of dyslipidemia (Table 5).
The association between BMI and the findings of
hypertension, diabetes and dyslipidemia is shown in table
6, and no association was found between the analyzed
parameters. However, according to the calculation of
the risk ratio, an increased chance was observed in the
studied population for the development of hypertension
(3.6-fold), diabetes (2.5-fold) and dyslipidemia (3.3-fold).
No association was observed between abdominal
circumference and the findings of hypertension,
diabetes and dyslipidemia at the cutoff point used
(≤ 80 cm and ≥ 80 cm).

Table 1 – Overall sample characterization
Mean ± SD

Min-Max

Age, years

44.18 ± 14.42

18-60

Weight, kg

90.48 ± 20.25

52.4-132.2

Height, m

159.6 ± 7.1

150-175

BMI, kg/m2 (overweight)

27.67 ± 1.44

25.1-29.44

BMI, kg/m2 (obesity)

37.78 ± 8.03

31.5-54.32

Waist circumference, cm

110 ± 16.07

80.0-140.0

Waist-to-height ratio

0.69 ± 0.1

0.55-0.88

Visceral fat volume, m3

96.8 ± 90.1

63.2-492.1

Conicity index

1.34 ± 0.09

1.16-1.57

Characteristics

Values expressed in absolute numbers. SD: standard deviation; BMI: body mass index.
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Table 2 – Risk factors found in the studied population, by groups
Factor

N

%

Mean ± SD

Min-Max

Overweight

11

30

27.67 ± 1.45

25.1-29.45

Obesity

28

70

37.78 ± 8.04

31.5-54.32

Abdominal circumference ≥ 80 cm

37

95

110.19 ± 15.88

89-142

Triglycerides > 150 mg/dL

19

48

153.72 ± 7.07

151-394

HDL < 50 mg/dL

14

36

47.97 ± 11.95

29-48

LDL > 160 mg/dL

2

5

182.5 ± 30.4

161-204

Fasting Glycemia > 126 mg/dL

10

26

188.6 ± 116

129-396

Hypertension

15

38

-

-

Dyslipidemia

31

79

-

-

Table 3 – Association between waist-to-height ratio and hypertension, diabetes and dyslipidemia
Cutoff point

≥ 0.65

< 0.65

Hypertensive

12

2

Non-hypertensive

9

18

Diabetics

6

15

Non-diabetics

3

17

Dyslipidemics

13

6

Non- dyslipidemics

15

7

p value

OR

0.007*

8.7

0.26

2.9

1

0.9

Values expressed in absolute numbers. * Fisher's exact test (p < 0.05). OR: odds ratio.

Discussion
The population analyzed in the study was mostly
classified as obese, according to the mean BMI, in
addition to showing higher mean values of abdominal
circumference, conicity index, and WHtR than the cutoff
points established for the evaluation of abdominal
obesity. Despite this fact, they had a mean VFV < 100 cm2.
The prevalence of obesity in the study (70% of the
population) is noteworthy, as it is a relatively young and
still active population, which shows the impact of current
eating habits on health. It can be observed that 95% of
the sample had abdominal obesity, which is an important
risk factor for CVD and other associated morbidities.
Similar findings were observed by Petribú et al.19,
who observed a population with 517 women with a

median age of 29 years, of which 32.5% was overweight
and more than half of the sample with abdominal and
non-visceral obesity when waist circumference, WHtR
and VFV were analyzed. The authors call attention to the
fact that women tend to accumulate subcutaneous fat in
the abdominal region, which may justify the findings.
The prevalence of abdominal obesity has increased in
recent years and is currently higher than the prevalence
of overall obesity, especially in women.20 This can also
be observed in our study, which found a prevalence of
70% of overall obesity and 95% of abdominal obesity,
according to the abdominal circumference.
It was observed that 48% of the patients studied had
dyslipidemia and, of these, 46% were obese. This fact can
be explained by the accumulation of adipose tissue and the
release of free fatty acids, which are easily directed to the
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Table 4 – Association between visceral fat volume and hypertension, diabetes and dyslipidemia
Cutoff point

≥ 100 cm²

< 100 cm²

p value

OR

Hypertensive

12

1

0.09

8.4

Non-hypertensive

10

7

Diabetics

15

1

0.01*

15

Non-diabetics

7

7

Dyslipidemics

16

2

0.07

6.6

Non- dyslipidemics

6

5

Values expressed as absolute numbers. * Fisher's exact test (p < 0.05). OR: odds ratio.

Table 5 – Association between the conicity index and hypertension, diabetes and dyslipidemia
Cutoff point

≥ 1.33

≤ 1.33

Hypertensive

12

9

Non-hypertensive

3

16

Diabetics

11

10

Non-diabetics

2

18

Dyslipidemics

16

6

Non- dyslipidemics

8

11

p value

OR

0.009*

7.1

0.006*

9.9

0.06

3.6

Values are expressed in absolute numbers. * Fisher's exact test (p < 0.05). OR: odds ratio.

Table 6 – Association between body mass index and hypertension, diabetes and dyslipidemia
Cutoff point

Overweight

Obesity

Hypertensive

2

12

Non-hypertensive

9

15

Diabetics

2

9

Non-diabetics

7

18

Dyslipidemics

3

13

Non-dyslipidemics

10

3

p value

OR

0.15

3.6

0.44

2.5

0.17

3.3

Values expressed as absolute numbers. * Fisher's exact test (p < 0.05). OR: odds ratio.

liver for a higher production of TG and Very Low‑Density
Lipoprotein (VLDL). 15,21 Therefore, it is possible to
associate this complication with the increased risk of
developing CVD, which is directly related to obesity.20,22

There was an increase in the prevalence of abdominal
obesity in the population. In women, this could be
attributed to the higher concentration of body fat
commonly reported in females, due to pregnancies and
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hormonal differences. This is added to the fact that the
aging process causes a decrease in growth hormone
production, basal metabolic rate and a natural reduction
in physical activity levels, as well as a worsening of
healthy eating habits, thus progressively increasing the
redistribution of fat; thus, women start to accumulate
more abdominal fat.20-22
The WHtR has been pointed out as an effective
way of discriminating abdominal obesity related to
cardiovascular risk factors.11,23
In the present study, it was necessary to use other
cutoff points for the WHtR, in addition to those
suggested in the literature, since it was observed that
most of the sample was above this range; thus, we used
a cutoff point of 0.65 for WHtR, which represents the
50th percentile of the sample.
The women in the study with WHtR above the
cutoff point had a higher frequency of hypertension
when compared to those below the cutoff. This finding
corroborates current studies, which demonstrate
that visceral fat accumulation tends to compress
renal mechanics, which is a determinant of higher
sodium absorption in the proximal segments of the
nephron, causing the activation of the renin‑angiotensin
aldosterone system in the dense molecule for the
preservation of renal plasma flow and glomerular
filtration rate. Hydrosaline retention, and increased blood
pressure and intraglomerular pressure levels would
occur through this mechanism.24
Regarding the conicity index, some authors suggest
a variation between 1.0 (a perfect cylinder) and 1.73
(a perfect double cone) at the cutoff points; the increase
in values agrees with fat deposition in the central region
of the body, that is, the closer to 1.73, the greater the
central fat deposition.25-27
According to Andrade et al.25, who studied the conicity
index in women and their association with hypertension
and diabetes mellitus, women with high conicity index
values had 72% and 75% more chances of having diabetes
mellitus and hypertension, respectively.
Pitanga and Lessa27 suggested 1.18 as the best cutoff
point the conicity index in Brazilian females of fertile age,
with sensitivity (73.39%) and specificity (61.15%) values,
as well as area under the ROC (Receiver Operating
Characteristic) curve of 0.75 (95% Confidence Interval
- 95% CI = 0.70-0.80). The authors concluded that the
conicity index can be used to discriminate cardiovascular
risk even if the sensitivity and specificity values are not
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very high. However, incorrect classifications are possible,
which leads to a greater number of false-positive results.27
In the present study, we used 1.33, the median
value of the sample, as the cutoff point for the conicity
index, since only 4% (n = 1) of the population had
an index < 1.18. This parameter was associated with
hypertension (p = 0.009) and diabetes (p = 0.006), which
are risk factors for CVD. These findings corroborate
those found by Ghosh et al. 28, who compared the
association of obesity indicators and eating habits with
metabolic risk factors for heart disease, and found an
association between high conicity index with high blood
glucose, TG and total cholesterol levels.
This fact can be explained because adipose tissue is
influenced by several signals, such as insulin, cortisol
and catecholamines, and, in response, it secretes other
substances that act both locally and systemically,
participating in several metabolic processes. Some of these
secreted substances, such as leptin, adiponectin, Tumor
Necrosis Factor Alpha (TNF-a), among others, play a key
role in insulin resistance, with abdominal fat having the
greatest impact on this process. This fact suggests that
this is a consistent indicator in the association of body fat
distribution with cardiovascular risk factors.28,29
The literature also reports that there is a lower
tendency in women to have areas of visceral adipose
tissue when compared to men. However, they have
greater areas of subcutaneous fat.12,19,29
The metabolic behavior of visceral fat differs from
that of subcutaneous adipose tissue. The first is more
subject to lipolysis, expressing a greater number of
glucocorticoid receptors and is more sensitive to
catecholamines, showing a lower expression of IRS‑1,
which leads to a greater deterioration of insulin
sensitivity and an increase in blood pressure and in
the atherosclerotic process. For these reasons, VFV
quantification is important, since the visceral fat
deposition profile is more associated with CVD.29
Computed tomography, nuclear magnetic resonance
and ultrasonography are the best methods of VFV
quantification, but they have disadvantages, such as
the high cost.30,31
Several studies have developed predictive equations
to estimate VFV, which are easy to use and low cost.
Most of them have been performed in populations that are
very different from the Brazilian population and in male
individuals.19,30-32 The equation developed by Petribú et al.19
is the one closest to the study population.
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In the present study, VFV showed a high-risk chance
for diabetes mellitus and a slight chance for systemic
hypertension. However, the sample had a mean of 96 cm2
of VFV, that is, it was below the established cutoff point.
Piernas Sánchez et al.31 obtained similar data in their
study, in which they applied a predictive equation to a
population of women with a mean age of 39 ± 2 years
and mean BMI of 29 ± 5 kg/m2. The authors observed
that, even though they were overweight, had high body
fat percentage and high cardiovascular risk, according to
the waist circumference, the women had subcutaneous
fat, and not visceral fat, according to the VFV.
These authors draw attention to the fact that women
tend to gain more subcutaneous fat in the abdominal
than in the visceral region, which could justify the
observed results.
When analyzing the BMI with risk factors for
cardiovascular diseases, no association was observed
with these parameters. The BMI is the most popular
measure among health professionals to diagnose obesity
because it is easy to apply. However, this index does not
predict body fat distribution and does not distinguish
lean mass from fat mass, and should be associated with
other anthropometric parameters of body fat distribution
to establish an increased risk of developing CVD, which
is directly associated to central fat deposition.32,33
R e g a r di ng th e m eas u rem ent of a b dominal
circumference, the studied sample can be diagnosed
with abdominal obesity and increased risk for CVD,
with a mean of 110 ± 16.07 cm. However, this measure
showed no association with the analyzed risk factors,
highlighting only a slight risk of dyslipidemia.
This finding can be explained by the fact that age is one of the
important risk factors for CVD development19,20,30 and the
studied population had a mean age of 44.18 ± 14.42 years,
suggesting that women who participated of this study did
not yet have some of the assessed morbidities, since they
were still fertile (10 to 49 years).34,35 During menopause,
changes in body fat distribution increase the risk of
cardiovascular and metabolic diseases.35,36
In a study carried out in Africa with 169 postmenopausal
women, abdominal circumference was correlated with
systemic arterial hypertension. The results can be
explained by the typical hormonal changes that occur
in menopause, most prevalent at this age, when women
are more vulnerable to metabolic diseases, such as
dyslipidemia and systemic arterial hypertension, and
which may increase the risk of CVD.36

Other studies have shown equivalent results.
Moraes et al.37 found a high percentage of participants
with an increased risk for CVD. Silva38 found 91.6%
of females with altered abdominal circumference and
BMI. Cristóvão et al.4 investigated women treated at the
Family Health Strategy units in the eastern region of
São Paulo and observed that 57.4% of the participants
had values >80 cm.
The multiplicity of anthropometric indicators to estimate
obesity contributed to the selection of one of them that
considered criteria such as the studied population, gender,
age and, mainly, evidence based on population studies or
clinical interventions. It is worth noting that tools are needed
to take the necessary measurements, which must be always
available and feasible. Through the results shown in this
study, it is suggested that all the anthropometric indicators
used showed different performances to differentiate
cardiovascular risk in women.
This study has as limitations the small number of
participants in the sample, due to resource limitations,
non-assessment of the participants’ ethnicity and
patients who missed the consultations. Furthermore, the
diagnosis of hypertension and/or diabetes was reported
by the participants according to the knowledge of prior
medical consultations.

Conclusion
Overweight and obesity were observed in the studied
population, which showed greater accumulation of fat
in the abdominal region, associated with diseases such
as systemic arterial hypertension, diabetes mellitus and
dyslipidemias. These facts are of concern, as they are
associated with the risk of developing cardiovascular
diseases, increased metabolic complications and other
health problems.
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Cardiorenal Syndrome Type 2: A Strong Prognostic Factor of Survival
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Abstract
Background: Renal failure is common in patients with chronic heart failure, with a prevalence ranging from 20 %
to 57% worldwide. It is associated with a poor prognosis and a high risk of readmission.
Objectives: The purpose of our study is to show the epidemiological, clinical, paraclinical and therapeutic features
of Moroccan patients with chronic heart failure who had developed a chronic renal failure. The endpoints were
cardiac death and any cause of hospitalization.
Methods: 563 patients followed for chronic heart failure at the heart failure unit in the Department of Cardiology
of the University Hospital Ibn Rushd of Casablanca in Morocco, between July 30, 2012 and July 30, 2016 were
assessed. Patients were divided into two groups according to the presence or absence of cardiorenal syndrome.
Results: Compared to patients who had no cardiorenal syndrome, patients with cardiorenal syndrome tended to
be more aged, hypertensive and diabetic. Clinically more patients were at dyspnea stage III or IV. Biologically their
hemoglobin was lower and their blood uric acid level was higher. Regarding echocardiography, their ejection
fraction of the left ventricle was lower, with more of systolic dysfunction of the right ventricle and pulmonary
hypertension in the CRS group, with a higher risk of readmission (p < 0.0001). The mortality was significantly
higher in the group CRS (p < 0.0001).
Conclusion: The deterioration of renal function in chronic renal failure is associated with poor prognosis, including a high
risk of rehospitalization, cardiovascular events and death. Patients who are elderly, diabetic, with a low left ventricular
ejection fraction and pulmonary hypertension are the most concerned. (Int J Cardiovasc Sci. 2017;30(5):425-432)
Keywords: Cardio-Renal Syndrome; Heart Failure; Renal Insufficiency, Chronic / mortality, Renal Insufficiency,
Chronic / prognosis, Patient Readmission.

Introduction
Renal failure is common in patients with chronic heart
failure, with a prevalence ranging from 20 % to 57%
worldwide. It is associated with a poor prognosis and a
high risk of readmission.1
There is a complex relationship between heart and
kidney in patients with heart failure, and the exact
pathophysiological mechanisms of this association
remain unclear.² Important pathophysiological triggers
of renal disease progression include chronic increases
in renal venous pressure, maladaptive activation of the

renin-angiotensin –aldosterone axis and the sympathetic
nervous system, as well as a chronic inflammatory state.3
The purpose of our study was to show epidemiological,
clinical, paraclinical and therapeutic features of Moroccan
patients with chronic heart failure who had developed
chronic renal failure.

Methods
We conducted a monocentric, cross-sectional study
on 563 patients attending the Unit of Heart Failure of
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the Department of Cardiology of the University Hospital
Ibn Rushd of Casablanca in Morocco, during the 3-year
period between July 30, 2012 and July 30, 2016.
The Unit of Heart failure is a day hospital attended only
by stable patients, who are checked up every 3 or 6 months.
Our patients were clinically stable and were followed up
for the occurrence of cardiac events. The endpoints were
cardiac death and any hospitalization due to worsening
heart failure with or without an aggravation of renal
function, acute coronary syndrome and severe arrhythmia.
The mean follow up was 681 ± 105 days. Follow-up and
events were adjudicated using medical consultations each
three months and/or phone calls.
Patients were divided into two groups depending on
whether they have developed a cardiorenal syndrome
(CRS) or not.
Diagnosis of CRS type 2 was established based on
Kidney Disease: Improving Global Outcomes (KDIGO)/
Kidney Disease Outcomes Quality Initiative (KDOQI)
guidelines: albuminuria and/or GFR < 60 mL/in/1,73 m²,
or a sustained decrease in GFR > 5ml/min/1,73 m²/year
or > 10 ml/min/1,73 m²/5 years or sustained increase
in albuminuria, along with documented or suspected
appearance of congestive heart failure before the onset
or progression of chronic kidney disease, and association
of the event or degree of kidney disease with underlying
heart disease.
Regarding echographic findings, a left ventricle was
considered dilated when its diameter diastolic was
above 57 mm in men and 53mm in women. The left
atrium was considered dilated when its surface was
greater than 15cm² or diameter greater than 35 mm.
The right ventricle was considered in systolic dysfunction
if TAPSE (tricuspid annular plane systolic excursion)
was less than 16mm, S-wave longitudinal velocity using
DTI (Doppler tissue imaging) was less than 11.5 cm/s,
or the fractional shortening was less than 30%.
We defined pulmonary hypertension as any value of
systolic pulmonary artery pressure, measured by the
flow of tricuspid insufficiency greater than 40 mmHg.
The echocardiography was performed one month after
starting treatment.
Baseline characteristics were the data recorded
during the first consultation at the Heart Failure Unit.
We included all patients who developed CRS at any time
of the follow‑up, even if it was at the first consultation.
Among the causes of readmission we selected patients
who were admitted to emergency care for acute coronary

syndrome, congestive heart failure or severe arrhythmia.
We defined severe arrhythmia as any atrial or ventricular
arrhythmia causing hemodynamic instability or requiring
drug treatment.
We excluded all patients with renal failure secondary
to another etiology including other CRSs, patients
who did not meet the definition of CRS type 2, and
hemodialysis patients.

Statistical analysis
Results are presented as the mean ± SD for continuous
variables and as numbers and percentages for
categorical variables. If data were not normally
distributed, the Mann-Whitney U test was used.
Baseline characteristics of patients in the two groups
specified above were compared using the chi-square
test for dichotomous variables and paired student’s
t-test for continuous variables. A p value < 0.05 was
considered statistically significant. Significant variables
selected in the univariate analysis were entered into the
multivariable analysis. The cardiac event-free survival
rates were calculated using the Kaplan-Meier analysis.
All analyses were performed using SPSS statistical
package, version 17.0(SPSS Inc, Chicago, IL).

Results

Clinical findings
Among the 563 patients analyzed, 46.5 %( 262 patients)
had CRS type 2.
The mean age was significantly higher in the group
CRS (67 years vs. 61). By dividing patients into four age
brackets, CRS was more common in patients over 70
years (Figure 1).
Higher frequency of male was observed in both
groups, 53.1% in the CRS group and 60.1% in the group
without CRS, but the difference was not statistically
significant (p = 0.105).
Concerning the risk factors, the percentage of patients
with hypertension and diabetes was significantly higher
in the CRS group compared to the group without CRS
(55.3% and 42%, respectively, in the CRS group vs. 39.5%
and 26.6%, respectively, in the group without CRS,
p < 0.0001). Among hypertensive patients, the proportion
of those with uncontrolled hypertension was significantly
higher in the CRS group (16.8% vs. 9.3%).
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Figure 1 – distribution of patients with and without cardio-renal by age.

No difference between the two groups was observed
for other risk factors.
Clinically, New York Heart Association class III and IV
was reported in 25.6% in the CRS vs. 13.3% in the group
without CRS (p < 0.0001). Mean heart rate was slightly
higher in the group CRS (p = 0.453).
Higher, but not significant proportion of patients
with atrial fibrillation was observed in the CRS group
(17.2% vs. 13%).
Table 1 summarizes all these features.

Biological findings
The mean serum levels of sodium, calcium, and
hemoglobin were significantly lower in the CRS group
(139.1, 91.4 and 12.3, respectively) than in the group
without CRS (140.1, 93.5 and 13.05, respectively).
Inversely, mean levels of serum potassium, uric acid
and C-reactive protein (CRP) were significantly higher
in the CRS group (4.8, 71.4 and 24.6, respectively) than in
the group without CRS (4.5, 53.3 and 11.5, respectively).

Echographic findings
Mean ejection fraction (EF), left atrial dimensions and
deceleration time of mitral flow were significantly lower

in the group with CRS cardiorenal syndrome (33.50%, 43.6
and 137.70 , respectively) than in the group without CRS
(37.57%, 39.96, and 161.59, respectively). Systolic right
ventricular function was impaired in 19.1 % of patients
with CRS, and only 12% in the group without CRS
(p = 0.025). Compared with the group without CRS, 56.5%
of the patients who developed CRS had a pulmonary
hypertension (p < 0.0001) (Table 1).

Therapy
Mean ejection fraction (EF) and deceleration time
of mitral flow were significantly lower in the group
with CRS (33.50% and 137.70 ms, respectively) than
in the group without CRS (37.57% and 161.59 ms,
respectively). Left atrial area was significantly higher
in the group with CRS (21.73 cm² vs. 18.95 cm²).
Systolic right ventricular function was impaired in
19.1% of patients with CRS, and only 12% in the group
without CRS (p = 0.025). Compared with the group
without CRS, 56.5% of the patients who developed CRS
had a pulmonary hypertension (p < 0.0001) (Table 1).
The multivariate analysis showed that age,
hypertension, diabetes, low ejection fraction, pulmonary
hypertension, left atrium diameter, time of deceleration
of mitral flow, anemia, high CRP and hyperuricemia are
independents risks factors of CRS.
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Table 1 – Baseline characteristics by the presence or absence of cardiorenal syndrome
CARDIORENAL SYNDROME
n = 563

p value
NO n = 301 (53,5%)

YES n = 262 (46,5%)

Multivariate
analyses

Age (years)

61.45 ± 12.60

67.53 ± 10.80

‹0.0001

‹0.0001

Male

181(60.1%)

139(53.1%)

0.105

0.274

Smokers

111(36.9%)

77(29.4%)

0.073

0.182

Hypertension

113(39.5%)

145(55.3%)

< 0.0001

< 0.0001

Balanced

91(30.2%)

101(38.5%)

Unbalanced

28(9.3%)

44(16.8%)

Diabetes

80(26.6%)

110(42%)

< 0.0001

< 0.0001

Hyperlipidemia

43(14.3%)

48(18.3%)

0.208

0.329

Dyspnea stage III or IV

40(13.3%)

67(25.5%)

< 0.0001

Heart rate

68.58 ± 12.59

69.42 ± 14.03

0.453

BMI (kg/m²)

25.407 ± 3.70

25.474 ± 3.54

0.848

0.395

Atrial fibrillation

39(13%)

45(17.2%)

0.192

0.804

IHD

202(67.1%)

179(68.3%)

DCM

58(19.3%)

63(24%)

Valve disease

8(2.7%)

6(2.3%)

0.096

NS

Others

33(11%)

14(5,3%)

LVDd (mm)

57.71 ± 11.51

59.11 ± 8.01

0.1

NS

LVDs (mm)

44.23 ± 9.45

46.79 ± 9.46

0.001

0.085

LVEF (%)

37.57 ± 7.50

33.50 ± 8.52

< 0.0001

< 0.0001

DcT (msec)

161.59 ± 47.45

137.70 ± 50.62

< 0.0001

< 0.0001

18.95 ± 6.25

21.73 ± 6.82

< 0.0001

< 0.0001

RV dysfunction

36(12%)

50(19.1%)

0.025

0.168

Pulmonary hypertension

64(21.3%)

148(56.5%)

< 0.0001

< 0.0001

Hemoglobin

13.05 ± 1.52

12.34 ± 1.75

< 0.0001

< 0.0001

BUN (mg/l)

0.36 ± 0.11

0.67 ± 0.36

< 0.0001

Serum creatinine (mg/l)

9.51 ± 1.85

16.84 ± 8.72

< 0.0001

Serum sodium

140.1 ± 3.8

139.4 ± 4.2

0.044

Serum potassium

4.53 ± 0.50

4.83 ± 0.64

< 0.0001

Serum calcium

93.56 ± 4.98

91.447 ± 4.84

< 0.0001

0.758

CRP

11.51 ± 18.22

24.65 ± 40.65

0.037

0.135

Uric acid

53.33 ± 14.52

71.47 ± 19.53

< 0.0001

< 0.0001

Etiologies

Echographic parameters

Area of the left atrium (cm²)

Biological parameters

NS
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Continuation
Medication
β-blocker

287(95,3%)

237(90.5%)

0.030

ACE inhibitor or ARB

298(99%)

257(98.1%)

0.482

CCB

39(13%)

55(21%)

0.013

Antiplatelet agents

249(82.7%)

234(89.3%)

0.029

Statin

248(82.4%)

234(89.3%)

0.022

Spironolactone

135(44.9%)

138(52.7%)

0.076

Readmission

16(5.30%)

78(30.20%)

< 0.0001

Mortality

6(2%)

34(13%)

< 0.0001

BMI: body mass index; IHD: ischemic heart disease; DCM: dilated cardiomyopathy; LVDd: left ventricular end-diastolic diameter; LVDs: left ventricular
end-systolic volume; LVEF: left ventricular ejection fraction; DcT: deceleration time; RV: right ventricular; BUN: blood nitrogen urea; CRP: C reactive
protein; ACE: angiotensin-converting enzyme; ARB: angiotensin-receptor blocker; CCB: calcium channel blocker.

Readmission
Readmission for congestive heart failure, severe
arrhythmia or acute coronary event was more frequent
in the group CRS, observed in 30.2% of patients vs. 5.3%
(p < 0.0001) (Table 1).

Mortality and cardiac events
The mortality was significantly higher in the group
CRS 13% vs. 2% in the group without CRS. Patients
with CRS had higher rates of cardiac death and
re‑hospitalization due to worsening heart failure than
those without CRS. This was also clearly demonstrated
by Kaplan-Meier analysis (Figure 1).

Discussion
The major finding in our study was that, compared
with patients without CRS, patients with CRS tended to
be older, hypertensive and diabetic. Clinically, higher
percentage of patients had dyspnea stage III or IV.
Biologically, patients with CRS had lower hemoglobin
and higher blood uric acid. Regarding echocardiographic
findings, these patients also showed lower left ventricular
EF, with higher prevalence of right ventricular and
pulmonary hypertension, and higher risk of readmission.
The CRS is characterized by chronic abnormalities in
cardiac function leading to kidney injury or dysfunction.4
Worsening cardiac performance in heart failure
results in renal hypoperfusion, with subsequent

activation of the renin-angiotensin-aldosterone
pathway and the sympathetic nervous system, which
can further impair renal function. Chronic kidney
disease and consequent uremia can lead to abnormal
regulation of myocyte calcium homeostasis and
contractile function, increased sympathetic activity,
endothelial dysfunction, microvessel dysfunction and
accelerated atherosclerosis.5,6
Pre-existing chronic renal failure is found in 45% of
chronic heart failure patients, and is associated with a
higher risk of hospitalization and death7. This percentage
is consistent with that of our series (46.5 % of patients
with CRS).
Deterioration of renal function increases with age.
In our study, patients with CRS were relatively older
than patients with normal renal function. In all the
studies that have been conducted, advanced age was
a factor associated with the occurrence of the CRS.
In the study by Lu et al.,8 mean age of patients with CRS
was 77 ± 8 years.
In our study, diabetes and uncontrolled hypertension
were the major risk factors found in patients with CRS.
It has been suggested an interplay of diabetes and/
or hypertension- induced and heart failure-associated
renal injury with a related and mutually perpetuating
pathophysiology, as it was demonstrated in the model
of Kishimoto et al.9
Anemia is associated with high mortality in all
patients with heart failure and reflects an advanced state
of the disease. Also, it is particularly considered as an
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Figure 2 – Kaplan-Meier cardiac event-free survival analysis in patients with and without cardiorenal syndrome

independent risk factor of morbidity and mortality in
all CRSs.10 Sato et al.11 reported that peak VO2, B-type
natriuretic peptide levels, anemia and uric acid levels
were independent prognostic factors of type 2 CRS11.
Anemia, chronic heart failure and chronic kidney
disease are capable of causing or worsening each other,
forming a vicious circle.12 Recently, a new term has been
used – cardiorenal anemia syndrome. In all studies
on heart failure, the average hemoglobin level was
lower in the group with chronic renal failure, which
was associated with a risk of re-hospitalization and
higher mortality rates. Lu et al.8 had reported a 4-year
death rate of 51% in patients with cardiorenal anemia
syndrome vs. 26% in those without the syndrome.
Age and serum potassium were the predictive factors
cardiorenal anemia syndrome progression among
patients with heart failure.13 More recently, it has been
shown that anemia is common in diabetes mellitus, with
chronic kidney disease and functional erythropoietin
deficiency hypothesized as major contributing factors.14
Recent progresses in the treatment of anemia in
heart failure have focused on the use of erythropoiesisstimulating agents and intravenous iron transfusion.

A recent meta-analysis involving more than 11 studies
concluded that erythropoiesis-stimulating agents
help improve symptoms, reduce hospitalization,
and mortality.15
In our study, patients with CRS were less likely
to be treated with beta-blocker, and more likely to
receive loop diuretics and calcium channel blockers.
This is explained by a higher rate of congestive heart
failure, difficulties in the control of blood pressure
and symptoms, and diuretic resistance. The cause of
diuretic resistance is multifactorial: inadequate dosing
of diuretic, increased sodium intake, delayed intestinal
absorption of drugs, decreased diuretic tubular
secretion, renal underperfusion and use of non-steroidal
anti‑inflammatory drugs.16
Our study had some limitations. This is an observational
study and reflects the data from patients only from a
single center, which is not representative of the Moroccan
population. Some patients were not included, such as
hemodialysis patients, who have a worse prognosis,
to not create an ambiguity between all types of CRS.
For this reason, a cause-consequence relationship has not
been clearly established.
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high risk of rehospitalization, cardiovascular events
and death. More attention should be paid to elderly,

Deterioration of renal function in chronic renal
failure is associated with poor prognosis, including a

diabetic patients, with a very low left ventricular EF or
pulmonary hypertension.
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Arterial Stiffness: Pathophysiological and Genetic Aspects
Rafael de Oliveira Alvim,1,2 Paulo Caleb Junior Lima Santos,1,3 Luiz Aparecido Bortolotto,1 José Geraldo Mill,2
Alexandre da Costa Pereira1
Instituto do Coração (InCor), Faculdade de Medicina da Universidade de São Paulo, SP;1 Departamento de Saúde Coletiva, Universidade Federal do
Espírito Santo, Vitória, ES; 2 Departamento de Farmacologia, Universidade Federal de São Paulo (EPM-UNIFESP),3 SP – Brazil

Abstract
Cardiovascular diseases (CVD) are the main cause of
mortality and it represents a significant percentage of
hospitalizations. In the scenario of minimization of costs
of the health system, methods that identify subclinical
CVD would be important. Some guidelines include the
measures of aortic stiffness and intima-media thickness
of the carotid artery as methods to identify subclinical
CVD in hypertensive patients. The pulse wave velocity
(PWV) is the gold standard for the evaluation of arterial
stiffness. In this review, we report the pathophysiology,
the determinants of arterial stiffness, and justify its
inclusion in the assessment of hypertensive patient due
its direct association with cardiovascular risk, as show
in the I Diretriz Brasileira de Prevenção Cardiovascular.
In addition, we raised the main genetic studies of this
phenotype, due to its complexity, can be modulated by
dozens of genes. However, a better understanding of
the relationship genetic-arterial stiffness and, even an
intervention based on genotypes, should be achieved in
future studies.

Introduction
Circulation, “Cardiovascular Health in Brazil - Trends
and Perspectives”, addressed an issue of aging and
an increasing prevalence of obesity, hypertension and
diabetes in the Brazilian population. Despite the 24%
reduction in mortality rates for CVD, on the period
from 2000 to 2011, since CVD is a major public health

Keywords
Vascular stiffness; polymorphism; heritability;
pathophysiology.

problem in the country, it is a leading cause of death and
represents a significant percentage of expenditures on
health with hospital admissions.1
The VII Brazilian Guideline of Hypertension includes
the measurement of arterial stiffness and the intimamedia thickness of the carotid artery as methods to
assess the additional risk in the hypertensive patient.
The PWV measurement constitutes the gold standard
for the evaluation of arterial stiffness, due to the
reproducibility and reliability of the method, as well as
the demonstration of its association with cardiovascular
risk in different populations.2,3
In this narrative review, we address the pathophysiology
and determinants of arterial stiffness. Still, we raised the
main genetic studies for this phenotype.

Aspects of arterial stiffness
Pathophysiology
Increased arterial stiffness is a complex phenomenon
characterized by decreased complacency (distensibility)
of the large arteries. The phenomenon occurs with aging4
and in the presence of diseases associated with the
cardiovascular system, such as: diabetes5, atherosclerosis6
and chronic kidney disease 7. Clinically, increased
arterial stiffness may be manifested by increased pulse
pressure (PP) and isolated systolic hypertension.8,9
Aortic stiffening results in elevated systolic blood
pressure (SBP) and decreased diastolic blood pressure
(DBP). Thus, arterial stiffness is associated with increased
post-load of the left ventricle and decrease in mean
coronary perfusion pressure10, which occurs mainly in
the diastole. These changes result in hypertrophy of the
left ventricle11, worsening of coronary ischemia12 and
increased stress in the vascular wall13 which, in turn, may
facilitate the rupture of atherosclerotic plaques.14
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Figure 1 – Diagram of the main effectors involved in the regulation of arterial stiffness.
NaCl: sodium chloride; VSMC: vascular smooth muscle cell; AGE's: advanced glycation end product; MMP: matrix metalloproteinases; I-CAM: intercellular
adhesion molecule; TGF-β: transforming growth factor-beta.

Arterial stiffening occurs through a complex
interaction between dynamic and stable adaptations
involving cellular elements and the extracellular matrix
of the vascular wall. These changes are influenced by
hemodynamic forces 15,16 and extrinsic factors, such
as hormones17 and inflammatory mediators18, which
may be related to sodium and glucose balance. 19
Arterial rigidity is modulated by means of a fine balance
between production and degradation of elastin and
collagen. The loss or disorganization of elastin and its
replacement by collagen determines the increase in wall
stiffness. Therefore, imbalance of this system, which may
be caused by pro-inflammatory substances, alterations
in the inhibition or activation of metalloproteinases and
pressure overload may lead to collagen overproduction
and/or reduction of elastin, thus contributing to a
decrease in vascular distensibility,20 as shown in Figure 1.

Evaluation of arterial stiffness and cardiometabolic
phenotypes
The evaluation of arterial stiffness can be performed
by invasive and non-invasive methods. In the clinic,

non-invasive methods are increasingly applicable and
three techniques can be used: assessment of distensibility
(given by simultaneous measurement of intravascular
volume and pressure),21 arterial pulse waveform analysis
(arterial tonometry), 22 and measurement of PWV.
The latter, according to consensus, is the gold standard
method for measuring arterial stiffness.23
The consolidation of the PWV measure in the
evaluation of arterial stiffness led several studies to
demonstrate the association of this phenotype with
several pathological conditions. Blacher et al.24, studying
individuals with atherosclerosis, showed that PWV
is associated not only with the presence but also with
the extension of the atherosclerotic process. In another
study, London et al.25 showed higher PWV values in
patients with chronic kidney disease compared to healthy
controls. Toto-Moukouo et al.26, evaluating the properties
of large arteries of obese and non-obese individuals
with essential hypertension, observed that PWV was
higher in obese subjects. In addition, epidemiological
studies have reported the role of arterial stiffness in
predicting morbidity and mortality, independently of
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other cardiovascular risk factors. Recently, Vlachopoulos
et al.27, in a meta-analysis with 17 studies, reported that
elevated PWV (≥ 12 m / s) predicted a 102% increase
in the risk of mortality from cardiovascular events.
In addition, they showed that the 1 m/s increase in PWV
corresponded to a 15% increase in cardiovascular risk.
These data led to the inclusion of carotid-femoral PWV
as part of the evaluation of cardiovascular risk in primary
and secondary care.

Determinants of arterial stiffness
The main biological factor associated with
increased arterial stiffness is the progression of age.4
Hypertension,28 diabetes,5 dyslipidemia29 and obesity30 are
pointed out as potential promoters of increased arterial
stiffness. Some studies have argued that African ancestry
would be associated with greater arterial stiffness. 31
Of all the above factors, age and high blood pressure are
the most relevant.32
Data from the Framingham Heart Study show that, up
to 50 years of age, the proportion of individuals with
high PWV (≥ 12 m / s) is relatively low (only 5-10%).
This proportion increases rapidly from this age, so that,
in the age group over 70 years, the prevalence is greater
than 60%.33 In recent years, studies have shown that the
increase in PWV with aging is not uniform throughout
the aorta. 34,35 Hickson et al. 34 reported that much of
the vascular stiffening occurs in the abdominal aorta
and presents an increase rate of 0.9 m/s per decade.
Recent studies have shown that increased arterial
stiffness associated with aging is closely related to
increased sympathetic nerve activity36 and, consequently,
exacerbation of the inflammatory process.37 It is important
to note that the chronic diseases most associated with
increased PWV (diabetes, hypertension and obesity
itself) have an underlying inflammatory component.
Thus, the PWV measurement could represent the clinical
sentinel monitoring the chronic inflammatory process in
these conditions.
The association between arterial hypertension
and increased arterial stiffness is well established.
Increased pressure causes increased pulsatile stress in
the vascular wall resulting in more rapid degradation
of elastin fibers.38 However, the cause/effect relationship
between hypertension and elevated arterial stiffness has
been much discussed in the last decade. Studies indicate
that high blood stiffness in normotensive individuals is
associated with the progression of blood pressure levels
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and an increased risk of hypertension,39,40 suggesting that
stiffness could also be a cause and not a consequence of
pressure increase. The most probable is the existence of
a biunivocal relationship between these two variables.
Only long-term longitudinal studies can delimit the
contribution of pressure increase to increase stiffness or,
conversely, increase stiffness (which raises the afterload)
by determining adaptive pressure rise response.
Increased arterial stiffness associated with
diabetes has been widely reported in recent years.41,42
Alvim et al.,5 studying individuals from the Brazilian
general population, showed that diabetics had higher
PWV values compared to non-diabetics. The presence
of diabetes represented a 127% greater risk for increased
arterial stiffness when compared to the group of
individuals without diabetes. Experimental studies
have demonstrated that elevated glycemic levels may
intensify the inflammatory process, increase advanced
glycation products, and reduce NO bioavailability in
vessels.43,44 Despite the data presented, the association
between diabetes and increased arterial stiffness has been
contested. A systematic review, published in the journal
Hypertension,45 indicated that only 52% of the studies
suggested an association between these variables.
The inadequate lipid profile is recognized as an
important cardiovascular risk factor. In the last decades,
numerous studies have demonstrated the relationship
between LDL-c, HDL-c, triglycerides and total cholesterol
concentrations and the progression of atherosclerotic
disease.46,47 Part of these results can be explained by the
vascular dysfunction generated by the inflammatory
process increase, increase of the oxidative process, and
oxidation of the particles of LDL-c.48,49 However, despite
the strong correlation between atherosclerosis and
vascular dysfunction, the results of the studies associating
the lipid profile with arterial stiffness phenotypes are
controversial.50,51 Part of these contradictions can be
justified, however, or by the differences between the
populations investigated or by the different methods
used in the determination of arterial stiffness.
The increased incidence of diabetes, metabolic
syndrome and systemic arterial hypertension is strongly
related to the obesity epidemic.52 In addition, obesity
is known to significantly increase CVD mortality.53
Recently, it has been suggested that vascular dysfunction,
Including increased arterial stiffness, may be the link
between obesity and CVD.54 Some studies have shown
that adults 55,56 and obese children 57 have increased
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arterial stiffness compared to their eutrophic pairs.
However, inverse association,58 or absence of association
after adjustment for blood pressure59 between PWV and
visceral obesity were also reported in other studies,
indicating the need for additional investigations to detect
the causal link between these phenotypes.
The more robust studies show that age and blood
pressure are the main determinants of arterial stiffness.
However, it is possible that other variables, such as
diabetes, dyslipidemias and obesity, are important actors
in this complex scenario.

Treatment
Due to the proven impact of increased arterial
stiffness on the risk of cardiovascular morbidity and
mortality, one issue that arises is the possibility of
treatment. Considering that the structural degeneration
of the elastic components of the great arteries is little
reversible with current pharmacological therapies,60 it is
extremely important to evaluate the impact of preventive
interventions, that is, to reduce the impact of aging on
increasing stiffness. The factors proposed so far include
sodium restriction in diet,61 regular physical exercise,62
elimination of smoking 63 and reduction of alcohol
consumption,64 use of fish oils65, and consumption of
foods rich in isoflavonoids66. There are controversies
about the contribution of drugs in reducing arterial
stiffness. Some studies have identified positive results
using antihypertensives67,68 and hypolipidemic agents.69,70
The effect of antihypertensives, however, is due to the
reduction of blood pressure. Thus, pharmacological
treatment for other diseases, associated with the
measures mentioned above, which may attenuate the loss
of elastic fibers in the arteries, may have an additional
effect on the control of arterial stiffness.

Genetic aspects of arterial stiffness
Heritability of arterial stiffness
Several studies have shown the influence of genetic
factors in the modulation of phenotypes related to arterial
stiffness.71,72 Concomitantly, numerous investigations
with families have shown moderate heritability (21-66%)
for traits associated with arterial stiffness.73,74
In a study of 1480 individuals belonging to 817 nuclei
of the Framingham Study Offspring Cohort, Mitchell
et al.75 demonstrated that the heritability of PWV was
40%. In another study involving pairs of dizygotic and

monozygotic twins living in Hungary and the United
States, Tarnoki et al.76 observed 51%, adjusted for age,
gender and country of origin. A study of 930 individuals
in the family of the Erasmus Rucphen Family Study (SayedTabatabaei et al.77) found that the heritability of PWV
was 26%, adjusted for several risk factors (gender, age,
mean arterial pressure, LDL-c , heart rate, and fasting
glycemia). Alvim et al.78 studying 1675 individuals from
a Brazilian population (Baependi Heart Study), observed a
moderate heritability of PWV (26%), after adjusting for
several confounding factors.
Thus, these studies indicate a significant variation
in the heritability values of PWV. Much of this
discrepancy could be explained by differences related
to the study design (twins or family nuclei), population
differences (ethnicity), and types of adjustments used
in statistical analyzes.

Genetic markers and arterial stiffness
The number of genetic studies involving vascular
phenotypes has grown exponentially in recent years.
Investigations using genome scanning methods have
pointed out that the arterial stiffness phenotype can
be modulated by different chromosomal regions.75,79
Despite the increasing investment in more sophisticated
methods of genetic evaluation, the association studies
with candidate genes remain the most abundant in
literature. Considering the arterial stiffness phenotype,
the most investigated polymorphisms come from
systems that directly or indirectly interact in the vascular
enhancer pathophysiology, such as the renin-angiotensinaldosterone system (RAAS), proteins of the structure
Vascular, effectors related to endothelial function and
pro-inflammatory agents (Table 1).
RAAS, in addition to its important function in
the regulation of blood pressure, is prominent in the
vascular remodeling process. Therefore, it is evident
that genetic variants capable of affecting the activity
of its effectors (angiotensin, angiotensin-converting
enzyme, angiotensinogen and renin) could significantly
influence vascular pathophysiology. In this sense,
several studies have observed an association between
some polymorphisms in RAAS genes with arterial
stiffness phenotypes. Benetos et al.,80 studying healthy
and hypertensive individuals, demonstrated that
the presence of the I allele I/D polymorphism of
angiotensin-converting enzyme (ACE) was associated
with increased arterial stiffness in both groups.
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Table 1 – Genetic variants associated with arterial stiffness
Polymorphism

Association with arterial stiffness
phenotypes

Angiotensin converting enzyme (ECA), chromosome 17;
Location 17q23.3

rs4340: I/D
(Instron insertion 16)

Allele I: increase of PWV73

Angiotensinogen (AGT), chromosome 1: location 1q42-q43

rs699: c.704T>C
(Exon 2, p.Met235Thr)

Allele T: reduction of carotid
distensibility74

Endothelial nitric oxide synthase (eNOS), chromosome 7;
Location 7q36

rs1799983: c.894G> T
(exon 7, p.Glu298Asp)

Genotype GG: high central PP76

Endothelin β receptor (ETBR), chromosome 13;
Location 12q22

rs5351: c.831A>G
(exon 5, p.Leu277Leu)

Allele G: increase in PWV, only
in women77

P22phox subunit of NADPH oxidase (p22phox or CYBA),
chromosome 16; Location 16p2

rs4673: c.242C>T
(exon 3, p.Tyr72His)

TT genotype: increased PWV, increased
risk of increased arterial stiffness 79

Thioredoxin interacting protein (TXNIP), chromosome 1;
Location 1p13

rs7212: 1035C>G
3’UTR (Untranslated region)

Allele G: increase of PWV78

rs1800629: -308A>G
(Promoter region)

Allele A: increased carotid stiffness index
in patients with Kawasaki disease81

C-reactive protein (CRP), chromosome 1; Location 1q22-q25

rs1130864: 1444C>T 3’UTR
(Untranslated region)

T allele: increased carotid stiffness index
in patients with Kawasaki disease81

Vascular cell adhesion molecule (VCAM-1), chromosome 1;
Location 1p32-p31

rs3176878: c.2079T> C
(exon 9, p.Asp693Asp)

CC genotype: increase in PWV82

Metalloproteinase 9 from the matrix (MMP-9), chromosome 20;
Location 20q11.2-q13.1

rs17576: c.855A>G
(exon 6, p.Arg279Gln)

Allele G: increase in PWV84

Elastin (ELN),
Chromosome 7; Location 7q11.23

3'UTR - / A
(untranslated region)

Allele A: increase in PWV83

Gene

Tumor necrosis factor alpha (TNF-α), chromosome 6;
Location 6p21.3

PWV: pulse wave velocity.

Bozec et al., 81 studying hypertensive patients,
demonstrated that the presence of the TT genotype of
the p.Met235Thr polymorphism of angiotensinogen (AGT)
was associated with lower compliance and greater carotid
artery wall stiffness.
Endothelium, which also plays a key role in vascular
physiology, mainly acts in the control of vascular tone
and flow through the release of nitric oxide and other
vasoactive peptides.82 The importance of endothelial
integrity and function in vascular function is proven.
Evaluated the impact of genetic variants linked to
endothelial physiology with arterial stiffness phenotypes.
Mitchell et al.,83 studying the Framingham Heart Study
population, demonstrated that the GG genotype of
the endothelial nitric oxide synthase (eNOS) enzyme
p.Glu298Asp polymorphism was associated with
high central PP, especially in women. However, the
data were not reproduced, as expected, for VWP.

Lajemi et al.,84 studying untreated hypertensive patients,
demonstrated the association of the G allele of the
c-30G> A polymorphism of the endothelin β receptor
(ETBR) with higher levels of PWV in women.
In addition, two studies with the Brazilian general
population observed associations of polymorphisms in
the p22phox and TXNIP genes with PWV.85,86 The first
showed that individuals with TT genotype for p22phox
c.242C>T polymorphism had a higher mean of PWV and
greater risk for increased arterial stiffness compared to
individuals with CC or CT genotypes.86 The second one
identified individuals with CG or GG genotypes for the
TXNIP rs7212 polymorphism had a higher mean of PWV,
compared to individuals with genotype CC.85
The remodeling of the vascular wall results
from the interaction of several mechanisms, among
them, the inflammatory process. Numerous studies
have demonstrated the role of inflammatory agents
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in endothelial dysfunction and atherosclerosis. 87
Thus, researchers investigated the possible impact of
genetic polymorphisms on proinflammatory genes
on arterial stiffness phenotypes. Cheung et al., 88
studying patients with a history of Kawasaki disease,
demonstrated the synergistic effect of the A-allele’s
308 A> G polymorphism of tumor necrosis factor alpha
(TNF-α) and the T allele of the 1444 C> T polymorphism Of
the C-reactive protein (CRP) with the high arterial stiffness
index in the carotid artery. Moreover, considering the
pathophysiological role of adhesion molecules, Zhu
et al.89 demonstrated in young and healthy individuals
the association of the CC genotype of the p.Asp693Asp
polymorphism in the VCAM-1 gene (vascular cell adhesion
molecules) with higher levels of PWV.
In addition to the endocrine, inflammatory and
vasoactive endothelium-derived components, the
structural components of the vessel wall are also
protagonists in the vascular stiffening process, since
imbalance in the synthesis of collagen and/or elastin
contributes to the decrease of vascular distensibility.20
Iwai et al.,90 evaluating individuals from the Japanese
population, demonstrated the association of allele
A of the 3’-UTR elastin polymorphism (ELN) with higher
values of PWV. The influence of polymorphisms on
genes of some metalloproteinases was also investigated.
Yasmin et al.,91 studying healthy subjects, demonstrated
the association of the G-allele of the c.855A> G
polymorphism of matrix metalloproteinase-9 (MMP-9) with
increased values of PWV.
The above studies reinforce the hypothesis that
genetic variants, located in different genes, contribute
to the modulation of the arterial stiffness phenotype.
Within this theme, larger studies that evaluate
the use of genetic markers in the prevention,
diagnosis, treatment and prognosis of the patient are
still necessary.

Conclusion
Knowing the physiopathological aspects, as well
as the determinants of arterial stiffness, it is plausible
that PWV is included as one of the components in CVD
prevention efforts, at least in hypertensive patients, as
indicated in the VII Brazilian Hypertension Guideline
and in the I Brazilian Guideline on Cardiovascular
Prevention. The assessment of arterial stiffness
can be done by the measurement of PWV or other
previously validated methods. Genetic data indicate
that dozens of genes can modulate this complex
phenotype. However, a better understanding of
the genetic-arterial rigidity relationship, and even a
genotype-based intervention, should constitute goals
to be achieved in future studies.
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Abstract
Under balanced conditions, hemostasis is maintained
by a complex interaction between endothelium, platelets,
and coagulation factors. Situations involving injury
and discontinuation of the endothelial lining stimulate
the adhesion, activation, and aggregation of platelets,
culminating in the formation of arterial or venous thrombi.
In this context, antiplatelet therapy occupies a prominent
role in the management of pathologies arising from this
process, notably acute coronary syndromes. The increased
conceptual understanding of receptors, agonists, and
antagonists of the pathophysiological cascades involved in
this process has allowed the development of new drugs and
refinement of the current therapy, demanding a complete
knowledge of the arsenal of antiplatelet agents with respect
to their indication, dosage, moment of administration,
and duration of treatment. The objective of this review is
to define the role of antiplatelet drugs in the management
of acute coronary syndrome, revisiting aspects that have
been already consolidated and addressing current and still
controversial topics on the subject.

Introduction
Ischemic heart disease is the single leading cause of death
and loss of quality of life worldwide.1 In Brazil, it is estimated
to be related to an annual rate of approximately 55 deaths
per 100,000 inhabitants.2,3 Acute coronary syndrome (ACS),
with its broad range of manifestations, takes on a leading
role in these statistics, and myocardial revascularization
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procedures and antithrombotic pharmacotherapy are
fundamental pillars of its treatment.
Hemostasis is a physiological process maintained
through a complex interaction between endothelium,
platelets, and coagulation factors. Under conditions of
emergency and imbalance, hemostasis can lead to the
formation of arterial or venous thrombi, resulting in the
occurrence of acute coronary events, cerebrovascular
events, or episodes of thromboembolism. In this context
and along with anticoagulant therapy, antiplatelet drugs
stand out in the management of these conditions.4
Situations involving injury and discontinuation of
the endothelial lining stimulate platelet adhesion to
subendothelial matrix proteins. This interaction activates
intracellular signals that promote the release of adenosine
diphosphate (ADP), adrenaline, serotonin, thrombin and
thromboxane A2, potent agonists of platelet activation.
Once platelets are activated, glycoprotein IIb-IIIa
complexes bind to fibrinogen to constitute the final stage
of platelet aggregation and thrombus formation.5
The factors activating this process and the receptors
involved in it have become targets for the development
of antithrombotic agents. Evidence-based medicine
enabled the advent, implementation, and refinement of
the current therapeutic approach. However, by increasing
the population’s life expectancy and the coexistence of
multiple comorbidities, we often find clinical scenarios
in which the risk of ischemic complications goes hand
in hand with the risk of hemorrhagic complications.6
This demands complete knowledge of the arsenal of
antiplatelet agents in regards to their indication, dosage,
and moment of administration.
The objective of this review is to define the role of
antiplatelet drugs in the management of ACS, revisiting
aspects that have been already consolidated and addressing
current and still controversial topics on the subject.
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a) Acetylsalicylic acid
Acetylsalicylic acid (ASA) at low doses selectively
inhibits cyclooxygenase (COX)-1, establishing antiplatelet
activity, while at high doses it inhibits COX-1 and
COX-2 with anti-inflammatory and analgesic effects.
This medication is rapidly absorbed, reaching a peak
plasma concentration 30 minutes after intake, in the case
of a regular formulation, and 4 hours after intake, in the
case of an enteric release formulation.7
Since the gastrointestinal side effects of ASA increase
in proportion to its dose, an oral loading dose of
150-325 mg (swallowed, if a regular formulation, and
chewed, if an enteral one) is recommended for ACS, or
80-150 mg intravenously in locations in which this
presentation is available, followed by 81-100 mg
as maintenance. 8 In the pioneering study Second
International Study of Infarct Survival (ISIS)-2, ASA
promoted a significant 23% reduction in cardiovascular
mortality compared with placebo after 5 weeks of
treatment in patients with acute myocardial infarction
(AMI) with ST-segment elevation, with this effect
being additive and synergistic when associated with
streptokinase, reducing the rate of events by 42%.9 These
benefits were corroborated by several subsequent studies
and by the compilation of their data in large meta-analyses,
thus becoming one of the pillars of antithrombotic
pharmacotherapy in the different spectra of ACS.10
Situations that constitute a clear contraindication to
ASA are rare, and include mainly active digestive bleeding
and known hypersensitivity (urticaria, bronchospasm, or
anaphylaxis), although different desensitization protocols
have been described allowing the chronic use of this
medication with proven efficacy and safety.11

B) P2Y12 platelet receptor antagonists
The association between ASA and a P2Y12 receptor
antagonist, known as dual antiplatelet therapy, is
the treatment foundation of patients with ACS and
those undergoing percutaneous coronary intervention
(PCI). Ticlopidine is a first generation thienopyridine
derivative that, despite its efficacy and due to its
hematological (thrombocytopenia, aplastic anemia,
thrombotic thrombocytopenic purpura, neutropenia) and
gastrointestinal side effects, has been rapidly replaced
by clopidogrel.12

Antiplatelet agents in acute coronary syndromes

b.1) Clopidogrel
Clopidogrel is a thienopyridine agent that irreversibly
blocks the P2Y12 receptor. The steady-state inhibition
of platelet function with clopidogrel is achieved with a
maintenance dose of 75 mg after 5-7 days from treatment
initiation, whereas with the administration of 300 mg
and 600 mg loading doses, this effect is reached in 6 and
2 hours, respectively, a relevant aspect in the context of
medical emergencies.13
In the landmark clinical trial Clopidogrel in Unstable
Angina to Prevent Recurrent Events (CURE), 12,562
patients with non-ST elevation AMI treated with ASA
were randomized to receive clopidogrel or placebo for
3 to 12 months.14 The clopidogrel group exhibited a
significant 20% reduction in the risk of cardiovascular
death, reinfarction, or stroke when compared with the
placebo group, with benefits already apparent in the
first hours after initiation of therapy and independent
of invasive stratification. In the scenario of AMI
with ST-segment elevation, two important studies
validated clopidogrel as an effective adjuvant therapy.
Among 3,491 patients randomized to 300 mg of
clopidogrel and 75 mg of clopidogrel maintenance versus
placebo in the clinical trial Clopidogrel as Adjunctive
Reperfusion Therapy–Thrombolysis in Myocardial
Infarction (CLARITY-TIMI) 28, of whom 99.7% underwent
thrombolysis, a 36% reduction was observed in the risk of
death, recurrent AMI, or occluded infarct-related artery
by the time of angiography.15 In contrast, in the study,
Clopidogrel and Metoprolol in Myocardial Infarction
Trial (COMMIT), among 45,852 randomized patients,
with 50% undergoing thrombolysis, the administration
of a daily dose of 75 mg clopidogrel over a mean period
of 28 days resulted in a 9% reduction in the rates of death,
reinfarction, or stroke compared with placebo.16
Thus, supported by the results of randomized
controlled trials in ACS and by the pharmacodynamic
and pharmacokinetic characteristics of clopidogrel, a
loading dose of 600 mg is recommended for patients in
whom invasive risk stratification is predicted or who
are referred for primary PCI, and 300 mg for patients
undergoing fibrinolytic therapy. An exception should
be made to patients with a history of thrombolysis who
are aged ≥ 75 years, in whom the loading dose should
be omitted. In the absence of a clear benefit from
maintaining clopidogrel at a double dose (150 mg), the
dose should be 75 mg.8
However, clopidogrel exhibits unmet limitations and
needs, partly explained by its properties, such as slow

443

Andrade & Borges

444

Int J Cardiovasc Sci. 2017;30(5):442-451
Review Article

Antiplatelet agents in acute coronary syndromes

onset and withdrawal and limited platelet inhibition
potential. The interindividual variability of the drug’s
action is large, with the percentage of patients exhibiting
inadequate therapeutic response estimated at up to 35%.17
The mechanisms involved are multifactorial and include
drug interactions (e.g., proton pump inhibitors such as
omeprazole and esomeprazole), the environment and
clinical comorbidities (e.g., adherence to therapy, smoking,
diabetes mellitus, obesity, ACS), in addition to genetic
polymorphisms, with emphasis on the alleles that determine
a loss of CYP2C19 function.18 It is known that patients with
these variants are at increased risk of stent thrombosis, AMI
recurrence, and death.19 However, although the subject
is still under scrutiny in ongoing studies, the evidence
currently available does not endorse the individualization
of therapy based on the results of genetic tests or the
measurement of platelet function.20,21 With that, a vast
field of research has opened up with different treatment
proposals, new P2Y12 receptor antagonists, and blockade
of new targets on the surface of the platelets.

b.2) Prasugrel
Similar to clopidogrel, prasugrel is a secondgeneration thienopyridine that is a prodrug and requires
biotransformation to become an active metabolite.
However, it has an earlier onset of action, about
30 minutes after the administration of a 60 mg loading
dose, in addition to a more predictable response, due to
its broad absorption, a need for a single oxidation step
mediated by CYP3A4 and CYP2B6, conferring greater
bioavailability, higher levels of platelet inhibition, and
less variability of response among patients.22
In the Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition with
Prasugrel (TRITON)-TIMI 38 clinical trial, 13,608
patients admitted for ACS with or without ST-segment
elevation undergoing PCI were randomized to
receive a 60 mg loading dose of prasugrel and 10 mg
maintenance dose, or a 300 mg loading dose of clopidogrel
and 75 mg maintenance dose for up to 15 months.23
Prasugrel treatment was shown to be superior with a
significant 19% reduction in the risk of cardiovascular
death, AMI, or nonfatal stroke, with a reduction of
infarction of 24% and stent thrombosis of 52%, with an
even greater benefit among patients with diabetes.
Consistent with the increased antiplatelet potency of
prasugrel, the study found a significant 32% increase
in the risk of severe bleeding, including fatal and lifethreatening bleeding. In some patients’ profiles, the net

clinical benefit, which considers anti-ischemic efficacy
and safety, was unfavorable to prasugrel, including
patients with a prior stroke or transient ischemic attack
(TIA), aged ≥ 75 years, and with a body weight < 60 kg.
In the latter two situations, in case there is a need to
prescribe the drug and a lack of therapeutic alternatives,
a maintenance dose of 5 mg is recommended.24 There are
no indications to date in terms of prescribing prasugrel
to ACS patients who did not undergo PCI, or in a time
frame other than after the knowledge of the coronary
anatomy and the realization of the interventional
procedure. In patients with an indication for myocardial
revascularization surgery, prasugrel should ideally be
discontinued for 7 days.

b.3) Ticagrelor
The first clinically available representative of the
cyclopentyltriazolopyrimidine class, ticagrelor is a
reversible P2Y12 receptor antagonist, exerting its inhibitory
effect through a noncovalent attachment to a different
platelet binding site than ADP. Unlike thienopyridine
agents, ticagrelor is not a prodrug and acts immediately
after oral absorption. It exhibits, thus, a rapid onset
of action following the ingestion of a loading dose of
180 mg and a peak action in 2 hours. With a plasma
half-life of 8-12 hours, ticagrelor requires a maintenance
dose of 90 mg every 12 hours, and because it binds to
the receptor in a reversible fashion, it has an earlier
termination of action, around 2-3 days, even though the
package insert recommends its suspension for 5 days
before a surgical intervention. Since the metabolism
of ticagrelor is mediated by CYP3A4 or CYP3A45,
concomitant administration of strong inducers or
CYP3A4 inhibitors during its use should be avoided.25
In the clinical trial Platelet Inhibition and Patient
Outcomes (PLATO), 18,624 patients featuring all ACS
manifestations (with the exception of those with AMI
with ST-segment elevation who underwent thrombolysis)
were randomized to receive ticagrelor or clopidogrel for
12 months.26 In the ticagrelor arm, there was a significant
16% reduction in the risk of cardiovascular death, AMI or
stroke. In a prespecified hierarchical analysis, ticagrelor
alone reduced the occurrence of cardiovascular death (21%),
AMI (16%), and definitive stent thrombosis (33%), with no
difference in the rate of severe or fatal bleeding. Despite
the consistency of the results obtained among the different
subgroups analyzed, there was an interaction between
patients treated in North America and the rest of the world,
without a clear benefit of ticagrelor in the first group.
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The use of high maintenance doses of ASA (≥ 200 mg)
is believed to be a probable justification for this finding,
prompting an alert for the prescription of doses < 200 mg
in chronic use.27
Ticagrelor exhibits pleiotropic effects not mediated
by its blocking of the P2Y12 receptor, including the
inhibition of adenosine uptake by erythrocytes,
which increases the circulating levels of adenosine.28
Adenosine is known to have several properties,
including coronary vasodilation, reduction of ischemia
and reperfusion injury, inhibition of inflammatory
responses to stress conditions, negative chronotropic
and dromotropic effect, reduction of glomerular
filtration rate, and stimulation of vagal C fibers in the
lungs. These effects are still under investigation and
would justify, among the users of ticagrelor, a higher
prevalence of dyspnea without alteration of pulmonary

function tests, ventricular pauses without clinical
impact or requirement of a definitive pacemaker,
elevated serum creatinine and uric acid levels, as well
as greater electrical stability and a reduction of sudden
arrhythmic deaths, the latter still under speculation.29,30
Table 1 provides a compilation of the main indications,
dosages, and recommendations regarding the prescription
of P2Y12 receptor antagonists in ACSs.

c) Glycoprotein IIb-IIIa inhibitors
The glycoprotein IIb-IIIa inhibitors approved for
clinical use – abciximab, tirofiban and eptifibatide – are
potent platelet antagonists of parenteral administration,
of which only the first two are commercially available
in Brazil. The pharmacological characteristics of these
agents are summarized in Table 2.

Table 1 – Indications of the P2Y12 receptor antagonists in acute coronary syndromes
Drug

Indication

Loading dose

Maintenance dose

Duration of
treatment

Suspension for
surgery

Clopidogrel

AMI with post-thrombolysis ST
elevation

300 mg*

75 mg/day

1 year

5 days

Clopidogrel

ACS without ST elevation
Primary PCI

300-600 mg

75 mg/day

1 year

5 days

Prasugrel

ACS treated with PCI

60 mg

10 mg/day†

1 year

7 days

Ticagrelor

ACS (except post-thrombolysis)

180 mg

90 mg every 12 hours

1 year

3-5 days

AMI: acute myocardial infarction; ACS: acute coronary syndrome; PCI: percutaneous coronary intervention. * The loading dose is omitted if aged ≥ 75 years.
† Maintenance dose of 5 mg if weight < 60 kg or age ≥ 75 years.

Table 2 – Pharmacological properties of glycoprotein IIb-IIIa inhibitors
Abciximab

Tirofiban

Monoclonal antibody

Nonpeptide antagonist

Molecular weight

48 kDa

< 1 kDa

Onset

Rapid

Rapid

Slow (12 hours)

Fast (2 hours)

Half-life

10-30 minutes

2 hours

Excretion

Unknown

Renal (40-70%) and biliary

0.25 mg/kg

25 μg/kg

Maintenance dose

0.125 μg/kg/min for 12 hours

0.15 μg/kg/min for 18 hours

Dose adjustment

No

↓ 50% if clearance ≤ 30 mL/min

Structure

Reversibility

Loading dose
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Abciximab is a monoclonal antibody with a high affinity
for glycoprotein IIb-IIIa receptors. Following a loading
dose of 0.25 mg/kg, more than 80% of the receptors
are blocked, with a reduction of platelet aggregation in
response to ADP stimulation to less than 20% of the baseline
value. This inhibition is maintained by a continuous
infusion of abciximab at a dose of 0.125 μg/kg/min, up to
a maximum of 10 μg/min. Thrombocytopenia is reported
in 1-4% of the patients treated with the drug, commonly
detected within the first 24 hours and up to 2 hours after
the initiation of its administration. This is believed to be an
antibody-mediated complication, with a reversal in most
cases after its suspension and an occasional requirement
of platelet transfusion.31
Tirofiban is a nonpeptide tyrosine derivative that
acts through a reversible and selective blockade of
the glycoprotein IIb-IIIa receptor, preventing its
binding to fibrinogen and to the von Willebrand factor.
With renal and bile excretion, tirofiban has a plasma halflife of 1.5-2 hours, with a requirement for dose adjustment
in patients with renal insufficiency and creatinine
clearance ≤ 30 mL/min, but not in cases of liver disease.
When administered at a loading dose of 25 μg/kg, tirofiban
exhibits similar efficacy to that of abciximab. Cases of
severe thrombocytopenia, although rare and reversible,
have also been reported. The occurrence of severe
thrombocytopenia is attributed to an immune-mediated
phenomenon, since the binding of tirofiban promotes a
conformational change in the receptor, with generation
of antibodies against the new exposed epitope.32
The evidence that has validated the use of glycoprotein
(GPIs) IIb-IIIa inhibitors in PCI, given the ability of these
agents to reduce periprocedural AMI and the need
for emergency revascularization, originated mainly
from clinical studies conducted prior to the advent of
thienopyridine agents and routine stent implantation.
In the contemporary era of interventional cardiology,
meta-analyses have been performed to evaluate the actual
role played by these agents as adjunctive therapy for PCI.
In the treatment of non-ST–elevation ACS, a metaanalysis involving 31,402 patients demonstrated a mild
but significant benefit in the reduction of death and
AMI at 30 days, favoring the use of glycoprotein IIb-IIIa
inhibitors, especially among patients considered to be at
high risk (e.g., patients with positive myocardial necrosis
markers, increased thrombotic load, or complex lesions).33
A meta-analysis involving seven randomized trials and
19,929 patients evaluated the most appropriate timing
for administration of glycoprotein IIb-IIIa inhibitors.34
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A strategy of early infusion prior to the admission of the
patient to the catheterization laboratory was unable to
reduce the incidence of mortality at 30 days or recurrent
AMI. However, it was associated with a higher rate of
severe bleeding.
Although primary PCI reduces mortality compared
with fibrinolysis, suboptimal reperfusion is observed
in a non-negligible proportion of patients, with distal
embolization playing a central role in the genesis of this
phenomenon. In this sense, there has been great interest
in the role of glycoprotein IIb-IIIa inhibitors in this clinical
scenario. A meta-analysis including large contemporary
clinical trials conducted during pretreatment with
clopidogrel and including 10,085 patients, assessed the
efficacy and safety of glycoprotein IIb-IIIa inhibitors
as adjunctive therapy for primary PCI in AMI with
ST-segment elevation.35 No reduction was observed in
mortality at 30 days with the use of these inhibitors or
recurrence of AMI, but there was an increased rate of
severe bleeding. However, a meta-regression analysis
observed a benefit favoring glycoprotein IIb-IIIa
inhibitors among patients at higher risk (age ≥ 65 years,
hemodynamic instability, anterior AMI, diabetics).
Based on the hypothesis that an increased local
concentration of abciximab would enhance its
antiplatelet, antithrombotic, and anti-inflammatory
effects, intracoronary bolus administration of this drug
has been tested during primary PCI. A meta-analysis
including six randomized trials and 1,246 patients
concluded that compared with intravenous infusion,
intracoronary administration of abciximab resulted in
a significant reduction of 57% in mortality and 43% in
the need for target vessel revascularization at 30 days,
without an increase in severe bleeding rate, although
these findings were not subsequently confirmed in a large
randomized study involving 2,065 patients.36,37
Thus, glycoprotein IIb-IIIa inhibitors play an important
role as adjunctive therapy in PCI, but the prescription of
these agents is restricted to non-programmed situations,
especially in the catheterization laboratory, with
emphasis on patients with high-risk non-ST–segment
elevation ACS and without previous treatment with
P2Y12 receptor inhibitors, from the presence of thrombotic
complications during PCI (abrupt vessel occlusion,
slow epicardial flow, coronary dissection, lateral branch
occlusion) to AMI with ST-segment elevation in high-risk
patients or in the presence of an increased thrombotic
load. Upon consideration of these agents, the risk profile
of the patients should be considered in regard to the
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occurrence of hemorrhagic events, which are known
promoters of increased morbidity and mortality.
Although the use of glycoprotein IIb-IIIa inhibitors has
no influenced on the efficacy of the new oral antiplatelet
drugs (ticagrelor, prasugrel) in the treatment of ACS,
further research is required regarding their use in patients
treated with the new P2Y12 receptor inhibitors, or those
with CYP2C19 genetic variants or low clopidogrel
response, or regarding the option of reducing or
suppressing its maintenance dose.

d) Pretreatment with P2Y12 receptor antagonists
In the acute phase of ACS, a scenario characterized by
a prothrombotic status and intense platelet activation,
dual antiplatelet agglutination represents an important
therapeutic step, and it is intuitive to assume that a
potent and early pharmacological action is capable of
conferring anti-ischemic efficacy, reducing thrombotic
events (periprocedural infarction, stent thrombosis,
coronary reocclusion), especially among patients
undergoing invasive risk stratification and PCI.
However, counterpoints to pretreatment with P2Y12
receptor antagonists include the increased prevalence
of hemorrhagic complications with antithrombotic
therapy, as well as a possible delay in implementing
surgical treatment in patients with multivessel disease
and indication of revascularization, prolonging the
hospitalization duration and increasing the risk of
bleeding related to surgery. Still, there is scarce evidence
from randomized clinical trials with adequate casuistry
and statistical power for a clear and definitive response
to this topic.
The trial Clopidogrel for the Reduction of Events
During Observation (CREDO) is one of the pioneer
studies suggesting a benefit from early dual antiplatelet
therapy initiated immediately after diagnosis. This trial
randomized 2,116 patients, including 66% diagnosed
with ACS.38 The objective of the trial was to evaluate
the benefit of a loading dose of 300 mg of clopidogrel
3-24 hours prior to PCI and maintenance of the dual
therapy for 12 months. Pretreatment with clopidogrel
was associated with a nonsignificant reduction of 18% in
the risk of death, AMI, or emergency revascularization at
28 days. However, in a prespecified subgroup analysis,
a significant reduction of 38.6% in the primary outcome
was observed in patients whose therapy was initiated
6 hours before PCI, the conceptual basis for the adoption
of this strategy.
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In the era of new and potent P2Y12 receptor inhibitors,
the study Comparison of Prasugrel at the Time of
Percutaneous Coronary Intervention or as Pretreatment at
the Time of Diagnosis in Patients with Non-ST–Elevation
Myocardial Infarction (ACCOAST) randomized 4,033
patients with non-ST–segment elevation ACS to receive
a 30 mg dose of prasugrel at the time of diagnosis
(pretreatment) plus 30 mg in case of PCI, compared with
60 mg immediately prior to the procedure.39 The primary
efficacy endpoint, composed of cardiovascular death,
AMI, stroke, urgent revascularization, or unplanned use
of glycoprotein IIb-IIIa inhibitors at 7 days did not differ
between groups, whereas the safety outcome, severe
bleeding occurrence by TIMI classification, was almost
double among those pretreated with prasugrel, with its
use in such circumstances being discouraged.
Even though ticagrelor was administered early in the
PLATO study, prior to invasive stratification, the study
did not evaluate pretreatment or not with the drug.
In contrast, the study Administration of Ticagrelor in
the Cath Lab or in the Ambulance for New ST Elevation
Myocardial Infarction to Open the Coronary Artery
(ATLANTIC) randomized 1,862 patients with ST-segment
elevation AMI to ticagrelor at a dose of 180 mg, prior to
transfer to primary PCI, including prehospital transport,
against a loading dose administered in the catheterization
laboratory. 40 The ≥ 70% resolution of ST-segment
elevation or TIMI 3 flow in the infarct-related artery at
angiography, surrogate endpoints that comprised the
investigation hypothesis of the study, did not differ
between the strategies. The authors observed a highly
significant interaction related to the use of prehospital
morphine, evidencing a benefit in the primary objective
among patients who did not use the opioid derivative.
Ongoing studies are evaluating the effects of morphine on
the pharmacokinetic and pharmacodynamic properties
of P2Y12 receptor inhibitors.41 An interesting finding
in one of the study’s secondary endpoints, concerning
the occurrence of definite stent thrombosis at 30 days,
consisted of a significant reduction of this complication
favoring pretreatment, despite a difference of only
31 minutes between administration of the drug in the two
groups. Despite generating a hypothesis, this evidence
supports the early onset of the double antiaggregation.
Head-to-head comparisons between ticagrelor
and prasugrel are necessary. A randomized study
evaluating the occurrence of ischemic or hemorrhagic
complications in 1,230 patients diagnosed with AMI
who underwent PCI showed no difference between
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the drugs and was prematurely interrupted because
of futility. 42 Designed to access the superiority of
ticagrelor versus prasugrel in 4,000 patients with ACS
and invasive stratification planning, the Rapid Early
Action for Coronary Treatment (ISAR-REACT) 5, with
greater statistical robustness, will contribute to the
definition of future regulations.43 On the other hand, the
comparison between pretreatment and no pretreatment
with dual antiplatelet aggregation will be investigated in
the currently ongoing clinical trial Downstream Versus
Upstream Strategy for the Administration of P2Y12
Receptor Blockers (DUBIUS), which plans to include
2,520 patients with non-ST–segment elevation ACS
undergoing an early invasive strategy (NCT02618837).

e) Optimal duration of dual antiplatelet therapy
Dual platelet inhibition for a period of 1 year is
recommended for patients diagnosed with ACS,
especially those who underwent percutaneous
myocardial revascularization, regardless of the type
of stent; this recommendation is based on the results
of randomized clinical trials such as CURE and, more
recently, TRITON-TIMI 38 and PLATO, indicating an
early and continuous benefit of dual antiplatelet therapy
over 12 months of treatment.44,45
A recent topic of discussion is the maintenance of
dual antiplatelet therapy for more than 12 months
among individuals undergoing PCI. A meta-analysis
encompassing six randomized clinical trials and 33,435
patients with a previous history of AMI showed that
extending the dual antiaggregation after 1 year promotes
a significant reduction of combined cardiovascular events
compared with monotherapy with ASA, demonstrating
an isolated reduction of cardiovascular death, AMI,
stroke, and stent thrombosis at the expense of an
increased occurrence of severe bleeding.46
Thus, the prescription of dual antiplatelet therapy for
more than 12 months in patients undergoing PCI in the
presence of an ACS can be considered.47 Such a decision
should be based on a risk and benefit analysis, offering
this option to patients predisposed to recurrence of
ischemic events (e.g., previous AMI; diabetes mellitus;
left ventricular dysfunction; type, diameter, and extent
of implanted stent; chronic renal failure; peripheral
arterial disease) but without a high risk of bleeding.
The adoption of risk scores is an auxiliary tool in the
decision-making process, and a judicious clinical
judgment should prevail, especially the individualization

of behaviors. Other speculative topics of interest
and under current investigation consist of long-term
monotherapy with an antiplatelet agent of higher
inhibitory potency, such as ticagrelor (NCT01813435;
NCT02270242), as well as the association between a P2Y12
inhibitor and factor Xa inhibitors, in detriment to ASA,
in the management of patients with ACS.48

f) Patients requiring oral anticoagulation
Patients with atrial fibrillation, a recent episode of
venous thromboembolism, and those with mechanical
valve prostheses may require PCI in the occurrence
of an ACS. In this scenario, the treatment involves
triple therapy, consisting of an anticoagulant agent
and two antiplatelet drugs, including ASA, a situation
that exponentially increases the risk of hemorrhagic
complications.49 Considering the increased potency and
current absence of scientific evidence, the use of prasugrel
or ticagrelor should be avoided, with clopidogrel
being the P2Y12 antagonist of choice in this situation.
Reducing the duration of triple therapy would add
greater safety to the treatment, with the discontinuation
of an antiplatelet therapy as early as possible. 50
Although there are proposed flowcharts by expert
consensus (Figure 1), the issue is still controversial and
ongoing research evaluating the efficacy and safety of
new oral anticoagulants associated with clopidogrel or
ticagrelor will influence future standards on the subject.
In the study What is the Optimal antiplatElet
and Anticoagulant Therapy in Patients with Oral
Anticoagulation and Coronary StenTing (WOEST),
573 patients using oral anticoagulation with warfarin
undergoing PCI, including approximately 30% during
an ACS, were randomized to receive clopidogrel
alone or in combination with ASA. 51 At the end
of 1 year of follow-up, triple therapy promoted a
significant increase in the risk of bleeding, including
severe manifestations, with no benefit in reducing
death, AMI, stroke, revascularization of the target
vessel, or stent thrombosis. Based on this research
hypothesis, the Open-Label, Randomized, Controlled,
Multicenter Study Exploring Two Treatment Strategies
of Rivaroxaban and a Dose-Adjusted Oral Vitamin K
Antagonist Treatment Strategy in Subjects with Atrial
Fibrillation who Undergo Percutaneous Coronary
Intervention (PIONEER AF-PCI) trial demonstrated
that the association between rivaroxaban 15 mg and a
P2Y12 inhibitor, as well as rivaroxaban 2.5 mg twice daily
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and dual antiplatelet therapy, reduced the occurrence
of clinically significant bleeding when compared with
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triple therapy with warfarin, in addition to general or
recurrent hospitalization due to adverse events.52,53

Figure 1 – Triple therapy, after percutaneous coronary intervention in acute coronary syndrome, in patients requiring oral anticoagulation.
Source: Adapted from Roffi et al.44

Conclusion
Antiplatelet pharmacotherapy plays a decisive role in
the clinical and invasive management of ACS. The greater
knowledge of the pathophysiology of the cascades
involved in this process has allowed the advent of more
effective types of treatment, often associated with an
increased risk of bleeding. However, the safety of any
prescription is paramount in contemporary practice,
since hemorrhagic complications carry a high risk of
morbidity and mortality. Many ongoing research studies
keep this topic current, controversial, and subject to
constant regulatory changes. Thus, by always guiding
ourselves by common sense, individualized approaches,
and estimation of risks and benefits, we can directly
interfere in the patients’ prognosis and evolution.
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Use of Thrombolysis in PE Said to be of no High-Risk, which Presents Acute Cor Pulmonale
Nicolle Lopes Guenther,1 Nágela Simão Vinhosa Nunes,2 Valdênia Pereira de Souza,2 Ronaldo Vegni e Souza2
Universidade Federal Fluminense,1 Complexo Hospitalar de Niterói (CHN),2 Niterói, Rio de Janeiro – Brazil

Introduction
PE is a condition that is often difficult to recognize due
to its varied clinical presentation, ranging from unclear
symptoms to severe conditions that quickly leading the
patient to shock and death.1 It is the third most common
cardiovascular disease worldwide, of high mortality and
morbidity, with an estimated incidence of 100-200 per
100,000 inhabitants, according to the Guidelines of the
European Society of Cardiology.2
There is a variety of related risk factors, including
major orthopedic surgeries, traumas, prolonged
immobilization, malignant neoplasia, spastic and
flaccid paralysis, hormonal contraception, congestive
heart failure, thrombophilia, obesity and pregnancy.3,4
However, PE can occur even in the absence of known
risk factors.2
About 10% of all PE patients die within three
months after the diagnosis, which is established by
right ventricular failure caused by massive occlusion of
pulmonary circulation.2 Acute cor pulmonale in PE is an
important determinant of the severity and early clinical
outcome. Therefore, rapid recognition of serious medical
conditions is of the essence.
Diagnosis should be suspected in patients with
suggestive clinical symptoms in the presence of risk
factors. The most common symptoms are non-specific,
such as dyspnea, pleuritic pain and hemoptysis.1-3
Syncope is not a common symptom and may occur

Keywords
Pulmonary Embolism; Thromboembolism; Ventricular
Dysfunction,Right; Hypertension, Pulmonary; Indicators
of Morbidity and Mortality.

even in the absence of hemodynamic instability, where
brief and self-limited hypotension may occur due to
vasovagal reflection.5,6
The Wells and Geneva probability scores include
clinical criteria for the diagnosis of PE,7 simply obtained
and validated on three levels (high, intermediate and
low probability) or two levels (probable or improbable
PE), as shown in Table 1.2 The investigation continues
with complementary tests to confirm or rule out the
diagnosis. For patients with improbable PE, a D-dimer
test is run. D-dimer is a fibrin degradation product with
high negative predictive value for the diagnosis of PE.
A low D-dimer value in this context can virtually rule out
such diagnosis.2,3 The method of choice for diagnosing
patients with probable PE and D-dimer greater than 1. 600
is the computed tomography angiography of the chest,
which shows thrombi in the pulmonary tree.8
Despite the applicability of probability scores,
diagnosis only considers clinical parameters, leaving
out an essential tool for the evaluation of most cardiac
disorders: ECG. PE may present abnormalities on
electrocardiogram, such as T-wave inversion on leads
V1 to V4, QR complex on V1, S1Q3T3 pattern and
right bundle branch block, suggesting RV overload.1,2,9
These signs point to a more serious condition associated
with pulmonary hypertension and acute cor pulmonale
in cases of suspected PE, confirmed with relative ease by
transthoracic echocardiogram (TTE).2,3
We describe a clinical case in which, despite the low
pretest probability found by the scores of Wells and
Geneva, and no high-risk of death detected by PESI and
simplified PESI, ECG drew attention to the presence of
pulmonary hypertension, serving as useful tool not only
for the diagnosis but also for the prognosis of this disease
with well-established severity.
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Table 1 - Wells and revised Geneva score
Wells score

Original version

Simplified version

Previous PE or DVT

1.5

1

HR >100 bpm

1.5

1

Surgery or immobilization in the past month

1.5

1

Hemoptysis

1

1

Active malignant neoplasia

1

1

Clinical signs of DVT

3

1

Another diagnosis less probable than PE

3

1

Low

0-1

NA

Intermediate

2-6

NA

High

≥7

NA

Improbable PE

0-4

0-1

Probable PE

≥5

≥2

Original version

Simplified version

Previous PE or DVT

3

1

HR 75-94 bpm

3

1

≥ 95 bpm

5

2

Surgery or fracture in the past month

2

1

Hemoptysis

2

1

Active malignant neoplasia

2

1

Unilateral lower limb pain

3

1

Unilateral lower limb pain on palpation and unilateral edema

4

1

Age ≥ 65 years

1

1

Low

0-3

0-1

Intermediate

4-10

2-4

High

≥ 11

≥5

Improbable PE

0-5

0-2

Probable PE

≥6

≥3

Clinical probability
Score on three levels

Score on two levels

Revised Geneva score

Clinical probability
Score on three levels

Score on two levels
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Case report
Female, 35-year-old patient, black ethnicity,
overweight, sedentary and hypertensive, under regular
use of clonidine, losartan and amlodipine. She was
an assistant nurse and reported palpitation preceding
fatigue and dyspnea on great exertion for three months,
progressively worsening in the last month, which made
it impossible for her to work.
The patient was admitted to the emergency service
after a syncope episode preceded by tachycardia and
dyspnea on moderate exertion. That episode was the
third similar episode in the last four days. The patient
had a questionable history of thrombophlebitis a year
ago and miscarriage 10 years ago in the fourth month of
pregnancy. Patient is currently not using contraception.
On admission, she reported dyspnea and fatigue
on exertion and 90% saturation in ambient air, blood
pressure (BP): 140x100 mmHg; heart rate (HR): 98 bpm and
respiratory rate (RR): 22 irpm. On physical examination,
the patient was bruised on her left eyebrow and in the
parietal and occipital region due to traumatic brain injury
(TBI) in the first two syncope episodes. There were no
signs of deep vein thrombosis.

Figure 1 – ECG showing S1Q3T3 pattern and RV strain.
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Laboratory tests found 0.035 troponin (VR<0.015)
CK-mass 5.3, D-dimer 6,400 and BNP 729. On admission,
ECG showed S1Q3T3 pattern and right ventricular
(RV) strain, and negative and symmetric T-waves in
THE right precordial leads, from V1 to V4 (Figure 1).
Chest X-ray was normal and computed tomography of
the head revealed subgaleal hematomas in the parietal,
occipital and frontal left regions.
Full anticoagulation with enoxaparin 1 mg/kg 12/12h,
O2 by nasal catheter and medication reconciliation
were initiated.
Due to clinical suspicion, TTE, lower limb venous
Doppler and chest computed tomography angiography
were requested. ECHO revealed increased right cavities
with RV failure, pulmonary hypertension (pulmonary
artery pressure (PAP): 86 mmHg), correction of
interventricular septum and bulging into the left ventricle
(LV) without LV systolic dysfunction. Lower limb venous
Doppler showed recent-looking thrombosis in the left
popliteal vein and fresh thrombus in the left common
iliac vein. Finally, computed tomography angiography of
the chest revealed bilateral thrombosis in the pulmonary
arteries (PA) with dilated main PA (3.5 cm), confirming
severe PE diagnosis (Figure 2).
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Figure 2 – TCA angiography with bilateral thrombosis of pulmonary arteries.

The therapy chosen was chemical thrombolysis with
intravenous rTPA 100 mg as the patient was young,
at major negligible risk of bleeding and computed
tomography scans of the chest showing only subgaleal
hematomas, no intracranial bleeding or subarachnoid
hemorrhage. After thrombolysis, there was significant
increase of subgaleal hematomas, reports of pain, but
without major bleeding. Thrombolysis was successful,
regular analgesia was established for pain control, as
well as ice packs on hematomas.
The day after thrombolysis, further TTE was done,
showing increased right cavities with significant drop
in PAP from 86 to 35 mmHg and normal RV systolic
function. Fatigue and shortness of breath disappeared
completely after the 2nd day of hospitalization. TTE and
lower limb venous Doppler were repeated on the 5th
day of hospitalization with evolutionary improvement
in volumetric RV overload, maintaining normal
function, and no more thrombi in the deep lower limb
veins. Computed tomography of the head CT was also
repeated on the 6th day of hospitalization and showed
persisting yet not increased left parietal, occipital and
frontal subgaleal hematomas. There was no bleeding
at other sites.
The patient was discharged from the Intensive Care
Unit (ICU) to the room on the 4th day of admission under
coumarin, full anticoagulation and enoxaparin to stay
in hospital until the target International Normalized
Ratio (INR) was reached — between 2 and 3 — and was
discharged on the 9th day of hospitalization.

Discussion
The case described above is about a young woman with
few comorbidities, with submassive PE, as she was not
in shock, but with signs, symptoms and laboratory tests
compatible with the presence of acute cor pulmonale.2,3
Although controversial and open to interpretation, the case
is undoubtedly rich in terms of lessons learned.
The first lesson was the need to give greater value to
easier and cheaper cardiology tests, which can give valuable
information about the cardiac impact of PE. The patient was
not in shock, but ECG showed inverted T-waves deeper
than 2 mm, rS pattern in D1, qR in D3 and T-wave inverted
in D3. In 2001, Kurt et al.9 published a paper studying
61 patients with PE and analyzed ECG scans 48 hours prior
to pulmonary arteriography, where 25 patients died from
PE, 26 had PE and did not die, and the remaining 34 did
not have PE. Based on the ECG scans of patients confirmed
as having PE (tachycardia, complete or incomplete right
bundle branch block, inverted T-wave in the right precordial
leads and S1Q3T3 pattern), a 21 point (Table 2) score was
drawn up, where a score > 10 points is highly suggestive
of massive PE with severe pulmonary hypertension.
Our patient had an ECG and score=14, which led us to
proceed with the investigation, although she presented
inconsistent Wells and Geneva probability scores with
intermediate PE probability (on 3 levels) or improbable PE
probability (on 2 levels). The lesson learned here was that
ECG should not be underestimated and it can bring decisive
information both for diagnosis and for the stratification of
death risk.9
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Table 2 – ECG score
Tachycardia > 100 bpm

2

Incomplete RBBB

2

Complete RBBB

3

T-wave inversion in leads V1 to V4

4

T-wave inversion in V1

T-wave inversion in V2

T-wave inversion in V3

< 1 mm

0

1-2 mm

1

> 2 mm

2

< 1 mm

1

1-2 mm

2

> 2 mm

3

< 1 mm

1

1-2 mm

2

> 2 mm

3

S-wave in DI

0

Q-wave in DIII

1

T-wave inversion in DIII

1

S1Q3T3

2

The patient had slow onset of clinical symptoms,
which started three months ago, but with significant
worsening in the last month and three episodes of
syncope in the past four days, which could be signs
of chronic PE with new acute episodes in past days
which eventually led the patient to present acute cor
pulmonale with very high PAP, but with no circulatory
shock. Another interesting fact is the absence of
tachycardia that accompanies severe cases as the one
reported above, which may be due to the chronic use of
centrally acting alpha 2 agonist medication (clonidine)
which, therefore, had a lowering effect on adrenergic
flow, which may have contributed to the absence of
tachycardia in the context of acute cor pulmonale.
Therefore, we assumed that the absence of tachycardia
in this patient was not synonymous with benignity, so
we proceeded with the treatment.
The main treatment for PE is systemic anticoagulation
allowing the dissolution of the thrombus by the
fibrinolytic system of the individual itself. For PE with
circulatory shock and persistent hypotension, the use
of thrombolytic agents is well established to speed up
this process and reduce mortality, but in the absence
of hemodynamic impairment, its use is controversial.
About 10% of patients die three months after diagnosis,

and acute cor pulmonale in PE is an important
determinant of the severity and early clinical outcome
of this disease.1-3
According to the Guidelines of the European Society
of Cardiology, the best-validated prognostic score
is the PESI (Pulmonary Embolism Severity Index).2
Analyzing it in Table 3, we found that the patient had
an intermediate to high risk of death, with an original
PESI=105 or simplified PESI=2, echocardiographic image
and laboratory markers showing RV failure.
The multicenter, double-blind, randomized,
placebo-controlled PEITHO (Pulmonary Embolism
Thrombolysis)10 study has recently revealed that rapid
thrombolysis reduces the combination of death from
any cause and hemodynamic instability in seven days
in patients with RV failure and myocardial injury
without circulatory shock and this is mainly due to
decreased risk of hemodynamic decompensation in
these patients.10 Therefore, these patients, stratified as
intermediate risk, who would only receive treatment
with anticoagulants, are also thrombolysis candidates
with proven benefit. In this study, there was increased
risk of major bleeding, more evident in the groups
of patients older than 75, which leads us to consider
the risk/benefit ratio of this therapy in the young
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Table 3 – PESI score
PESI score

Original version

Simplified version

Age

Age in years

1 (If > 80 years)

Male

+ 10

-

Cancer

+ 30

1

Chronic HF

+ 10

Chronic pulmonary disease

+ 20

HR ≥ 110 bpm

+ 20

1

SBP < 100 mmHg

+ 30

1

HR > 30 irpm

+ 20

-

Temperature < 36º

+ 20

-

Impaired mental state

+ 60

-

O2 < 90% saturation

+ 20

1

Early mortality risk

1

Shock

PESI > 85 or sPESI ≥ 1

ECHO or biomarkers of RV failure

Yes

Yes

Yes

Intermediate - High

-

Yes

Yes

Intermediate - Low

-

Yes

Only one or none

Low

-

-

-

High

population without many comorbidities.10 Our case,
a young patient with intermediate risk PE, RV failure
and myocardial injury, underwent thrombolysis
successfully and without major bleeding, despite
mild TCE prior to thrombolysis, which we believe
to be not enough to contraindicate the thrombolytic
drugs. Subsequent head scans and clinical outcome
without significant increase in subgaleal hematomas
or emergence of further intracranial hematomas
corroborate our initial thoughts. However, the PEITHO
study found potential bleeding risk, stressing the
importance of proper selection of patients, as well as the
need of an experienced medical team and the support
of a tertiary institution prepared to address potential
bleeding complications.10
Thrombolysis does not change the hospital mortality
rate in these cases of intermediate risk but ensures
clinical improvement and decreases the chance of
hemodynamic decompensation and progression to
chronic cor pulmonale, which may lead to late mortality,
at the expense of greater bleeding risk, though. 10
Further studies comparing different doses of
thrombolytics and methods for local thrombolysis with

lower risk of bleeding can bring great benefits to such
patients, with a smaller risk of bleeding.
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Risk Correlation between Obstructive Sleep Apnea and Heart Failure in Primary Care
Adson Renato Leite, Erica de Abreu Macedo, Antonio José Lagoeiro Jorge, Maria Luiza Garcia Rosa
Universidade Federal Fluminense, Niterói, Rio de Janeiro, RJ – Brazil

Introduction

Methodology

Obstructive sleep apnea syndrome (OSAS), a chronic,
progressive disease, with high mortality and morbidity,
which has been associated with cardiovascular diseases,
including heart failure (HF).1

Observational, cross-sectional, and part of DIGITALIS
study,6 involving 633 randomly selected, 45-99 aged
individuals, registered in the Niterói’s Programa Médico de
Família program, with data obtained from August 2011 to
December 2012. The Berlin Questionnaire was used to classify
the high risk for OSAS and cardiac structural and functional
abnormalities, using transthoracic echocardiography.

The pathophysiological changes related to OSAS and
its contribution to cardiovascular risk are consequences of
increased sympathetic activity, increased oxidative stress,
pro-inflammatory changes and endothelial dysfunction.2
In addition to the polysomnography, considered the
gold standard for OSAS diagnosis, there are scales that
do not diagnose the disorder but indicate individuals
at risk, among which is the Berlin Questionnaire (BQ).
Individuals classified as high risk for the syndrome
showed a rate five times higher than the others in the
Respiratory Disturbance Index (RDI). BQ showed a
sensitivity of 86% and specificity of 77%, compared to
that found by polissonografia.3
Doppler echocardiography is a method that can early
identify cardiac structural and functional abnormalities
in patients at risk for developing HF.4
Because diastolic dysfunction is commonly found
in patients with OSAS, the routine assessment in these
patients is required. This change is presented as an
independent risk predictor, even in the absence of
respiratory severity variables.5
Investigating the association of the risk for OSAS,
with identification of cardiac abnormalities on
echocardiography in patients without heart failure
symptoms (stage A and B) can help in understanding
the relationship between both syndromes.

Keywords
Sleep Apnea,Obstructive; Heart Failure;
polysomnography; Echocardiography.

The units and individuals at each unit was selected
through computer-generated random sequence, where
the weight of each unit was proportional to the number
of assisted individuals.
All individuals selected in the study underwent
an evaluation in a single day, which consisted of the
following: blood and urine collection, consultation
and clinical examination, filling out of a questionnaire
that included the Berlin Questionnaire, nutritional
assessment, 12-lead electrocardiogram (ECG) and tissue
Doppler echocardiogram (TDE).
Inclusion criteria were: age from 45 to 99 years and
signed Informed Consent Form. Individuals with clinical
heart failure (using the major and minor clinical criteria
– Table 1) and those impeded to carry out the necessary
procedures for the evaluation were excluded.
Two devices were used to perform the echocardiogram
and tissue Doppler imaging: Cypress 20 Acuson
(Siemens, Mountain View, EUA) and AU-3 Partner
(Esaote, Florence, Italy). The examinations were
performed by two experienced echocardiographers
without prior knowledge of the results of other clinical
and laboratory tests. Three repeated measurements were
obtained for each parameter and the resulting mean was
used in the study. The tests were performed according to
the recommendations for the quantification of chambers
of the American Society of Echocardiography (ASE) and
European Association of Echocardiography (EAE).7
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Table 1 – Clinical criteria for the diagnosis of heart failure - modified Framingham
Major criteria

Minor criteria

Paroxysmal nocturnal dyspnea
Orthopnea
Abnormal jugular venous distension

Edema
Nocturnal cough
Dyspnea on exertion

Lung crackles

Hepatomegaly

Cardiomegaly

Pleural effusion

Pulmonary edema
Hepatojugular reflux

Tachycardia (> 120 bpm)
Weight loss > 4.5 kg in 5 days

Heart failure is considered to be present if two major criteria or one major and two minors criteria are present.

Systolic function was assessed by measurement of
left ventricular ejection fraction (LVEF) using Simpson's
method and the longitudinal axis stretching (S’).
Diastolic function parameters were obtained using
tissue Doppler (TDE).
Diastolic diameter in women of 3.9-5.3 cm, and man,
4.2‑5.9 cm, indexed to 2.4-3.2 cm/cm2 and 2.2-3.1 cm/cm2,
and systolic diameter of 2.1-4.0 cm, indexed to 1.4-2.1 cm/2.8
The left atrial volume (LAV) was obtained using
the biplane area-length method, wherein the areas are
obtained in the apical positions, excluding the left atrial
appendage and the confluence of the pulmonary veins; the
perpendicular length is measured between the MV annulus
plane and the upper portion of the LA. LAV reference value
for both sexes is 28 mL/m2.9 In the study, increase in LAV-I
from 29 mL/m2 was considered. LAV-I increase was not
used to characterize patients with stage B HF.
All valves and their flux patterns were assessed for
valvular diseases.
Systolic dysfunction was defined by measuring LVEF
using the Simpson's method, and resulting values smaller
than 50% were considered abnormal.
Diastolic dysfunction has been defined as the presence
of ventricular relaxation abnormalities, assessed by the
measurement of the septal E’ wave less than 8 cm/s and/
or the presence of increased filling pressures of the left
ventricle, using E/E’ greater than or equal to 15 and the
increase in the indexed left atrial volume greater than or
equal to 34 mL/m2.10
The TDE measurements for the mitral annulus
velocity in early diastole in the septal wall (E’ wave)

reflects left ventricular relaxation and, together with
the measurements for transmitral flux in early diastole
(E wave), E/E’ ratio, it can be used to predict LV filling
pressures. Using the measurements obtained for the
septal wall, an E/E’ ratio <8 is usually associated with
normal ventricular filling pressures, while an E/E’ > 15
ratio is associated with high filling pressures.10
DD grades were established according to the
following criteria:
Grade I DD (mild) - presence of E’ < 8 and/or LAV-I
≥ 34 ml/m2 with E/E’ ratio < 8.
Grade II DD (moderate) - presence of E’ < 8 and/or
LAV-I ≥ 34 ml/m2 with E/E’ ratio ≥ 8 and < 15.
Grade III DD (severe) - presence of E/E’ ratio ≥15.
Cardiac structural abnormalities used in this study were:
Increasing mass and LV dilation (LVM-i).
The presence of left ventricular hypertrophy was
defined on echocardiography by the presence of indexed
LV mass > 95 g/m2 in women, and > 115 g/m2 in men.
Left ventricular dilation was defined by the presence
of indexed EDV ≥ 97 mL/m2.
Individuals with moderate or severe lesions in mitral,
aortic, pulmonary or tricuspid cardiac valves were
deemed to have valve disease
Data for LV wall abnormalities were achieved
through wall motion-related abnormalities (hypokinesia,
dyskinesia or akinesia).
Interest exposure definition: high risk for OSAS. Berlin
Questionnaire (BQ) and its scale score.
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The BQ includes 10 items organized into 3 categories
related to snoring and witnessed apnea (5 items), daytime
sleepiness (4 items) with a sub-question of drowsiness at
driving (episodical naps while driving a motor vehicle) and
hypertension (SAH)/obesity (1 item). Information on genre,
age, height, weight, neck circumference and ethnicity is also
required (Table 2). The determination of high or low risk
for OSAS is based on responses to each category of items.
In category 1, high risk was defined as persistent
symptoms (> 3-4 times/week) in two or more questions
about snoring.
In category 2, high risk was defined as persistent
symptoms (> 3-4 times/week), when with excessive
daytime sleepiness, drowsiness while driving a motor
vehicle or both.
In category 3, the high risk for sleep apnea was defined
as the presence of high blood pressure history or body
mass index over 30 kg/m2.

Risk correlation between OSAS and HF

For a patient to be considered as high risk for sleep
apnea, she had to score for at least two classes of
symptoms. Those who have denied persistent symptoms
or who scored for only one category were placed in the
low risk group for sleep apnea.
Item 9 (Do you have high blood pressure?) is analyzed
separately, as the response already predicts whether
there is or not a risk.3,11

Statistical analysis
The SPSS software (version 21.0, SPSS Inc. Chicago, IL)
will be used for statistical analysis. All data will be
presented using descriptive, summarized tables.
The data will be submitted as means ± standard
deviation for continuous variables and as frequency for
categorical variables. The analyzed outcomes will be
presence of cardiac remodeling, measured by systolic

Table 2 – Berlin Questionnaire.12
CATEGORY 1
1. Do you snore?
( ) Yes
( ) No
( ) I don’t know

CATEGORY 2
6. How often do you feel tired or fatigued after waking up?
Almost everyday
3-4 times a week
1-2 times a week
Never or almost never

2. Your snoring is:
Little louder than your breath?
Far louder than your breath?
Louder than talking?
Loud enough to be heard from close rooms?

7. When you are awake you feel tired, fatigued or not feeling well?
Almost everyday
3-4 times a week
1-2 times a week
Never or almost never

3. How often do you snore? Almost everyday
3-4 times a week
1-2 times a week
Never or almost never

8. Have you ever nodded off or fallen asleep while driving?
( ) Yes
( ) No

4. Does your snoring bother anyone?
( ) Yes
( ) No

CATEGORY 3
9. Do you have high blood pressure?
( ) Yes
( ) No
( ) I don’t know
BMI=

5. Has anyone ever noticed that you stop breathing while sleeping?
Almost everyday
3-4 times a week
1-2 times a week
Never or almost never
Question scoring: any ticked response is considered positive. Category scoring: Category 1 is positive with 2 or more positive responses to questions 1-5;
Category 2 is positive with 2 or more positive responses to questions 6-8; Category 3 is positive if the response to question 9 is positive or BMI > 30.
Results: 2 or more positive categories indicate high risk for OSAS.

461

Leite et al.

462

Int J Cardiovasc Sci. 2017;30(5):459-463
Brief Communication

Risk correlation between OSAS and HF

dysfunction, diastolic dysfunction, mass increase and
LV wall thickness. Groups will be compared using the
Pearson chi-square test for categorical variables and
the t-Student test for continuous variables with normal
distribution and the Mann Whitney test for the others.
When comparing continuous variables for more than two
groups, ANOVA and Kruskal-Wallis test will be used.
Only variables showing, on univariate analysis, statistical
significance up to 0.05 will remain in the multiple model,
estimated by logistic regression. A p-value ≤ 0.05 was
considered a statistical significance indicator.

Conclusion
The study of the association of obstructive sleep
apnea syndrome (OSAS) and the emergence of cardiac
structural and functional abnormalities may contribute
to the discussion about the adoption of one more criteria
for the selection of individuals at risk of developing HF
in primary care.
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NEWS
Calendar
24º Congresso de Ergometria

XIII Congresso Sergipano de Cardiologia

21 a 23 de setembro

19 a 21 de outubro de 2017

Goiânia (GO)

Aracaju (SE)

http://departamentos.cardiol.br/sbc-derc/
congresso2017/default.asp

http://sociedades.cardiol.br/sbc-se/
72º Congresso Brasileiro de Cardiologia

4th World Summit on Echocardiografy

3 a 5 de novembro de 2017

7º Congresso Brasileiro de Imagem Cardiovascular

São Paulo (SP)

5 a 7 de outubro de 2017

http://www.cardiol.br/

Rio de Janeiro (RJ)
http://departamentos.cardiol.br/dic/

AHA Scientific Sessions
11 a 15 de novembro de 2017

XIV Congresso do Departamento de Hipertensão
Arterial/SBC
05 a 07 de outubro
Campos do Jordão (SP)

Anaheim (USA)
http://professional.heart.org/professional/
EducationMeetings/MeetingsLiveCME/
ScientificSessions/UCM_316900_Scientific-Sessions.jsp

http://departamentos.cardiol.br/sbc-dha/congresso2017/
XIV Congresso Brasileiro de Cardiogeriatria

XXXIV Congresso Brasileiro de Arritmias Cardíacas
da SOBRAC

06 a 07 de outubro

29 de novembro a 02 de dezembro

São Paulo (SP)

Recife (PE)

http://departamentos.cardiol.br/decage/congresso2017/

http://sobrac.org/cbac2017/
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